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Guide for Decontaminating Swimming Pool at Schools
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Engineering Services Department, Nuclear Science Research Institute,
Tokai Research and Development Center

Nuclear Science and Engineering Department

Japan Atomic Energy Agency

Watanuki-machi, Takasaki-shi, Gunma-ken

(Received December 21 2011)

Because of TEPCO Fukushima Dai-ichi Nuclear Power Plant accident due to the Great East Japan
Earthquake, a huge amount of radioacitive materials was widely dispersed and precipitated into the
environment. Swimming pools in Fukushima prefectures were contaminated with the radioactives. We JAEA
carried out several demonstration tests to decontaminate the radioactives and discharge the pool water safely.
We concluded the results obtained from the tests as "Guide for decontaminating Swimming Pool at School"
and released it quickly. Following this, we also released the guide in English. This manuscript, as an
experimental report of the swimming pool water decontamination, is consisted from the guide in Japanese and

English prepared.

Keywords: Decontamination, Swimming Pool, Fukushima Dai-ichi Nuclear Power Plant Accident,

Radioactive Materials
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1 BRI 100LAY 7 AR
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CEREUICHETI, CNZBZRICUTRSL,

B B ¥ LIZE HABIREE2 SOFhod D2 ==liv} ARES - 155 (A&, )
IKALIBRSIR CAS51 ~ (42) kg
R (PAC) (84) L
pH BEEH kg (EKRRBEKET RUDL)
pHX—5— (1) 1 P
INEYDFE 2)) 5 &8 O1g DIEET 1kg TTENDED
REIDFE &P, 1 8 30kg FTENDED
ENvT 3 3 @&
T —)LKIREESE 1) 1 vk [ EE10. 50. 90cm BREDKR—AH 0
(JRET8EE) DB Es (50) @
AV v— D
1 cINUBSYD 18) 18 @
100L 5>V D 3 3 1@ (HEK, BPASo FRIBICES)
INT\WVEE (20) 50 @ (M8 D¥E. R TDMZK)
IVIVIRYT (K) 2) 2 8 O% 80mm. A 950L/min  (T—)LKigH)
IVIVIRYT () (3 3 8 O 50mm. &K 600-650L/min  (T—)LKig#, HEK)
TIUIVRYT ()N) 2 2 [ O% 25mm. A 115L/min. E8) - TVYY CEREREEDSLIKDEE)
TYI VR TRRK L NESETEZR
BN T &P, 1 f) (T=ILKOYYTUVT, HKk (DFBRESOREERITEZNES)
KPR T 1) 1 &8
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h—2 (BOK) 1) 1 Fa (RE 80mm. 50mm. 25mm 7£&)
Th—RIBHTE0/ Ny F 1) =
h—2J\Y R 4 @
M—2I314V K (Ffm)
m—21J)—)U 1) 1 @
J—RUJ—=)L 1)
s£570v7D 4) 4 @ Skg
BEVD DB B) 5 N
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RO ) 2 @
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(7570 B | (500) /5% Fy v IHE

T= (50) @&
J)I—y—+k 10) /3%
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(4) FEEITDRT Y2 —-I)LatHET

T—=ILDORES OKDR). ERFTETDIEMODH. FEICSNTESDIDOAE, £
ADOFETRE, CTETICHNANLZD, B UTCWERWESMZES LT, I5iE—5
R TIY21—-ILR] Z2FDET,

ERICE2I IBEDBEZIIUTDEDTI,

(FEOBERERE] 1 56

EERRIBRIICTVE T, FERERDOCEZSNSNDIIEE TR I DITHDFRA
&L ENZNOEFEZIBETDITIV—T T, BRNBHEEDIERSEEDRAZTL)
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(BEKRRSOER (TWHEE)] O05B/[
HOKBSICBE o ISR OBDLEEFOMDFE LI,

({FZEFRICRIDMAEERIE] 35/

T—ILDRIERZ R, TV T VTURKICDWNT, METEERIRERE TKP DK
FIHMBOREZAE LI T, AREBMRBCRNGESIE. TYTILEESTTHD
EEERI DIMEN DD XTI,

(EEHKOHEE] 1 B[
T=ILDKICSENDHEEMBEDRED . BEKDEEBRIDIENZESIE. T—IU
DEICBF 2LROEZRSEZRN LITRNKDISEFRLSNS, TVIVYRYTITE
EBHKEFEHULET,

(1 FYRUSYDOTOWIE] 1 RYRUSY D1 BHIZD 1.5/
RSB RENEIKDEEBLIOBNBER. KET—ILOEICBX TR DOE
5% 1 YRSV DITRS EITTIRZTNET, BZS51 k- BEH - PR0E|
DEAIC20 DEEDDDE T IMERE+DICHRESEICHIC 30 DEBELE T,
EBHKDOBEBIC 15 D MUY VD DEICHE > IZREBRYIOLUIRIC 15 DFENDD
x9.

CLEOXRE] FBE~2 BE
BSMEEDIE 2B CTREDDET, MERIIDEVIARE. KRUCK 2 TKIRESICIA
RSHHEE>ENDODET,

(BEKEEZBC IRV VKOWIE (2 RWE)] 1 B[
T=IVICHE SIS ESEKE 1 F RIS Y DITR& EITET, ZNZNOR
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B DLEEHKPOBETENEDREZRRE L. BKEEZBIZ L TNDEDIE
HEKULET,

HEKEEZTBZ UCVWRWRUSVDE, E5—EBWEEZLEXT, 251 k- 5
EXZNZ (2 RNEB) —BBEFT, TH. LEHAKPOBRSUENEDREZRIE
L. HEKEEBUTR THDC EEERDOLETHIKRUET,

CLEMOIE - &558) 1.5~2 BHE

SV DDEICE SITLEIE. WETFTDAMZED/CDBIFTHEL C. KEIDX
g_o
KIS MEHEMBDREZRAE L, BKEEZRBIZ U CUWNIEEERLET, WU
TWEWEEIE. B2 51 FUEBE LT,

BOITEEMIEL. AMCEEZ-IILRICAN., BHULET,

(T—-IUER] 05 B[
KDMELSIZ T —ILORBFO T —)LDOBEZESHELE T,
ERMD DR - LREBDDIFE EMITT U TIT D CENHEFE T,

(BA{ET] SEH

EEOERR{YTZ LTRSS,
REIC. FEZEUCHORII<IREZER L. iR LE T,
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4. FRZRIBLET
(1) FREICBZDIADZENERTECNDINZERLE L&D
@ FREIDERZERLEILLD

A. BARESTZIITTNEIN?

AR CEZIB/ARESTOHICH U T, SAIDINZTROTHIS, REBFHESHT
DRIL REFTDBES. HBRI. SALILCESDBE. —BOEEDERT LIZEE DB
Z [k —6 BAREsTDEiR] [CEEALTRS),

B. F¥Z2Jd3ZELTESTNEIN?
KEBRNEIDO, Rt RANVEERE U TR, ERIFHBTHENETE A,
A5 MUETHIEMRDZROFRRETE. TAFROERANMUEELDET,

C. RPEOXRIIERTNEIN?

EHEOFETIE. RPEXIREANTYRTY, IBFOSH. BFEITIEDDER. KD
DEREEDERZ L TR,

KARAGEF O TR CEEBERHTT,

D. fF¥Z9 3N HE L CERT IERRIIAT TSI LEN?
BOWTAZUCEZSOUNBZTOLHOMRIEDO. DITR, 5L, TLAFE,
VR E, BPTHUBICEDERGRZERLUTCRNTRSU,

E. JIZDITUDTEDLDIC, TJSREAR LTRSS,
PREADIERCEBEEE UL IIE, BRRIFEEIRIOMTHRE UIEIIE DRI LT
QUIRLZFET., ZNZNDRECDCEDBNKLDIC, BIRODIZRZAE L TR,

@ BH—=0TAOBEADIMZEFOETR L THNTRS)

T—ILBDTOEFEERDET, BODOIVNDT, SsATTHELZD, T—IUIC
BHRNED. FROWETY, BIC. BEHOT—ILT A REBHBECRDRLT
BERICEVET, BSTEDDBOULICHHDDMEDE T, BETIEIBZ SN
KOBTTIOBHMNRCDFTINS, +DRBIXIREZR D> TR,

A. BOEBDEIDEICHEZ T, MBBZRELTRNTTS0),

EOTECUFOIZEEICIE. ENVVBKTEOZEZ > THSFIEE LTRSS,
FE. EOBROIERICEIZSNURNRDICUTRSLY,
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B. B2 TCT—IVICERBLIZD. IR TDKDKREICHD CIHE H RZRE.
SNVZKTOSEZRFEK O TRV, ZOET. BEOREERDSNDOT—A
A A= THEBLUTREV),

T—=ILDKERATLUEEZEEE. ONPZRSITINTLIIZE),

BRUVEHRIL. IREZERL T, RENGNKDTHNIEIEEL TR,

C. BZ5+ HOEERI (PAC BR) NBICA-RIHBSIE. KTHDICHO>TR
=0, EFMRBA D DRI DOTHNIE. ITICHPIEICEZTES D TR,

@ 1EENS—FNICEENDEE., EENRDOEEEE. BIKSEAZVDEER L
ThraW

A. FETHE ULZHEMEMBZHEHBETRVNEDIC, FREDSENDESICE,
SNUVVEKTEESMZRL. F2ko TR,

B. BEIMEMBEDNENRNCEE, Y—RAA=—ITHERL TSN,
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[5cix— 6 BAMERE5TD5CER

=] B () =] B () =] 8 C) =] B () =] 8 C) =] 8 C)

NE=T=]]] NE=T=]]] PBE NE=T=1]] PBE PBE]
EXa1 | EER EZa1 | 1FERE EZa1 | FERE EZa1 | 1FEE EZa1 | FERE EZRl | 1FER

RBIHES : ; : ; ; :

uSv i USv USv | USv USv i uSv USV USv USV | USv uSv i USv
SBHES , ‘ , ‘ ‘ ,

uSv | LSV uSv | LSV uSv | 1Sv uSv | 1SV uSv | U Sv uSv | LSV
RETES : : : : ! !

uSvi USv uSvi USv uSvi USv uSv§ USv uSv§ USv uSvi USv
RBIHES , ‘ : ; ; :

uSv | 1 Sv uSv | 1 Sv uSv | uSv uSv | 1 Sv uSv | uSv uSv | 1 Sv
IRSE5TES - ; ; . ‘ ‘ ;

uSv | 1 Sv uSv | 1 Sv uSv | ©Sv uSv | USv uSv | U Sv uSv | ©Sv
EES : 1 : 1 1 :

uSvi USv uSv§ USv uSvi USv uSv§ USv uSv§ USv uSvi USv
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USV | ©Sv USv | ©Sv USV | uSv USv | ©USv USv | ©USv USV | ©USv
HEES , ‘ , ‘ ‘ ,

uSvi USv uSvi USv uSvi USv uSv§ USv uSv§ USv uSvi USv
%E%g-l-%% ' ! ' ! ! '

uSvi USv uSv§ uSv uSvi uSv uSv§ USv uSv§ USv uSvi USv
IREETES ; ‘ ; ‘ ‘ ;

©Sv | ©Sv uSv | ©Sv ©Sv | ©Sv ©Sv | ©Sv uSv | ©Sv ©Sv | ©Sv
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(2) KPDOMSIHEMEDRENHIKDEEETGIZ I T —)LIKDHEK

3. (2) FXBRIBRIDMEIRERIEZITVNE T ] DR, LEHKPOMEIED
BORENBIKEELDENSSIE. BZ251 MUBZE FICZOIFIHRLUET,
ZOR. oHZRE L, RIBEEOHKEEZRIZLUCTNDTEZER LU TR,

@ HOKBZEBRRT DICHIC, T-ILDRBEICHDIBKED, BHENGRE, BEEE
EEwIC UICBPKZR I KBICBE o IR OEHEEZFHORDFEE T,
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(5o —7 HEKIBOREEZANZRORE CORERATELTR

AIREB © EAY & A B
KA CODIRER
ROBS CLSv/h) g (ke)
1 uSv/h ke
2 uSv/h ke
3 uSv/h ke
4 uSv/h ke
5 uSv/h ke
6 uSv/h ke
7 uSv/h ke
8 uSv/h ke
9 1Sv/h kg
10 1Sv/h ke
11 1Sv/h kg
12 1Sv/h ke
13 1Sv/h ke
14 1Sv/h ke
15 uSv/h ke
16 uSv/h ke
17 uSv/h ke
18 uSv/h ke
19 uSv/h ke
20 uSv/h ke
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HKDSEMH. KA T —ILDEISELZE>THS5E. RUVAHFDZEEZY FTDEE
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YYD, RO, BEEODRBZE Y k UZIRRET, BEDDN > TNDY VD Z(E
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EICshE/Ny bET—ILOEE® BOKIEX2BEBOT—ILOE
BICHR— 2D VAHDEE LIAH Ok T CHREEHN6
SRS R VAFEIRNEDITEEL

EAB, MY THSITD

REHICIE. 5em < BWEXTHIKIDCENTSNIFIEETT, E5R A, EP
THOKPOBRESHMBEDREMEZ TEED. HKTDIIYI VNI TORZRST
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A,
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[Fefx—8 [REWNIBZE U\ EEKDPOREIMHEEDRE KIS — ( )]
ORY T EICHERD
ST 08 : ERK F =) =|
AIEB © YRR F =) =|
FyT ST R i i ’,jéd)»%g (Ba/L) :
YO NA-134 IO ANA-137 &5t
i5] pa) Ba/L Ba/L Ba/L
i5] pa) Ba/L Ba/L Ba/L
153 ya) Ba/L Ba/L Ba/L
15 pa) Ba/L Ba/L Ba/L
i5] pa) Ba/L Ba/L Ba/L
i5] pa) Ba/L Ba/L Ba/L
i5] pa) Ba/L Ba/L Ba/L
153 ya) Ba/L Ba/L Ba/L
i5] pa) Ba/L Ba/L Ba/L
i5] pa) Ba/L Ba/L Ba/L
i5] pa) Ba/L Ba/L Ba/L
B pa) Ba/L Ba/L Ba/L

B U2 K ZHK U CRVBBTEIIB DIRE
(BB Ba/L
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(3) T-ILDEICBFEO>TNDBLEREZNDIFEXT

T—ILDEICBFE > TNDBEERE, ASRILEMZRIND OIS ETHRDIIES
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iR LE T,
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(28R —9 T—ILDEDELERSEEANTCEORE CORERAERBR

AIREB © EAY & A B
ROBE B CORER g (ke)
(uSv/h)
1 1Sv/h ke
2 1Sv/h ke
3 1Sv/h ke
4 1Sv/h ke
5 uSv/h ke
6 uSv/h kg
7 uSv/h kg
8 1Sv/h kg
9 1Sv/h kg
10 1Sv/h kg
11 1Sv/h ke
12 ©Sv/h kg
13 1Sv/h ke
14 1Sv/h ke
15 1Sv/h ke
16 1Sv/h kg
17 uSv/h ke
18 uSv/h ke
19 1Sv/h kg
20 1Sv/h kg
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1 EYIRUS Y DTORIRE, 1 DOUWN'6 RDONIS YD EBHLET, 1 S
6ANBLTY, Fc. BAS+ FEREER (PACBR) OFBZIBII DN 1 Al
METEERIEZBE I D75 1 ADMETT,

1 bYRUSYDCKERHI ETTEASA FUIBZELET, €451 MLEC(.
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o
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PREFIEIE D
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B H1150mL
chR0El '
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1ThYRUSD B IKD LI
BORECoHDRIE
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ERALET., BAULCESER (PAC) BROREBERHFZZ T5KiE—10 1 FVIR
OV DICKDIFETHER (1 RB) ) (LR ULET,

@ INUFIDICANIZIKD A EVICIEDIEECTH T KD pH Z& pH X —5THER
LE9

fEsm LI oH & 182828 —10 1 FYMUS Y DICKDIEESS R (1 RUIB) ) IC52
ZLUE T, pH DHIKDEEBIDENGEIE. PF0EI FEKREKRT ~UDL)
iU T pHZRBELET,

@ RUYVD=EHELET

MU YDIPFZOFE 30 pEFE LT MEDN+DICALBOEHFHII, HEL
TVBFICKBISEDATELRE, BZIIDMWRETI L, EZ—)LERICOIR
L/g g_o

® WEBZEUZRISIVDDKEFKTEDINERLET

ZNZNONISI VDD EBHKET YT IVTUT, REIEMBDOREAIE S,
pH DR ZETNE T, BIECEDDOBRE [508E—10 1 FYRUSYVDICKDIE
5ok [CEExLE T,

VAQAQAQI St OAGAGI St LQAGIS IS LQAGASISLGAGASI QLS LQAGI St AQAGA SO AGAGA @k e

COF3ITIE. T=IbDKESHHLT1 FYRISFYDDPT, €245
1~ ERERDOWIEZET DTNEZRBNTLE T,

FEL. TIVICBBEA ST FERERZEANT—RICIBET DA
CDONTEHLTNET, MRLERNDTIN, MsMEMEZE EFJRE-
MBSV DICEDNTERNWIRDEDHDTENS, CCTIH BRICWEZE
FRITEELUC 1 FYMRUS YD ERESSEEHBLET,
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(5288 —10 1 RYMUSYDICKDIEZEER (1 RWE) ) RISV D TETERD

NI DDES - - HE K CTEI3METEMNEDRE : Ba/L - HEIKTED pH -
¥, £ A
nEES PAS1 FDEAS GERIDBAS R AL FERMKEY YT VT LR PRIRIDIRAS \
o EEHD pH HEKDTS
A LR B L2857 M pH RS E DR (&)
S - g BAE : mL 357 - B %
1 T - ;g
B2 : B 857 ; B 5 B E DR Ba/L &
, S g BAE L B2 B A I
Bzl B D B2 : B 5 BB DR - Ba/L &
. S g RS : L 857 : B % I
Bzl B D B2 : B 4 B E DR - Ba/L &
. S g RS : L 857 : B % I
Bzl B D B2 : B 5 B E DR - Ba/L &
- AS - = BAE : mL w7l ; B 2 I
Bl B9 857 B 5 B E DR Ba/L &
. AR = BAE : mL B2l ; B 2 I
Bl B9 857 B 5 RS E DR Ba/L &
7 AR = BAE : mL B2l ; B 2 I
Bl B9 857 B 5 B E DR Ba/L &
AR : e RS : mL B2 ; B %
8 T - ;g
Bzl B9 851 - B 5 BB E DR Ba/L &
AR : e BB mL B2 ; B %
9 T - ;g
Bzl B9 851 - B 5 BB E DR Ba/L &
MAE e RS : mL w57 ; B %
10 T - ;g
Bzl B9 85l - B 5 RS E DR Ba/L &
A | g PR : L 357 : B %
11 T - ;g
Bzl B D 357 : B 5 B DRSS - Ba/L &
S - g BAE : mL 57 : B %
12 T - ;g
Bzl B D 357 : B 5 B DRSS - Ba/L &
S - g BAE : mL 57 : B %
13 T - ;g
Bzl B D B2 : B 5 B DRSS - Ba/L &
4 AS - g RS : L B2 : B A I
Bzl B D B2 : B 5 RS E DR - Ba/L &
s S g RS : mL B2 : B % I
Bzl B D 857 : B 5 BB DR - Ba/L &
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(5) MEEHR LT, LEHKZBIKULET
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2. TEETHNEL (kg BRITHRVNEBAND) ESZED>TRSL), BTEDH
EfERZ [50iz—7 HEKBOSEREZANLEROXE COREFRAIERR] IC505%
LEd,

HOKICIE, PEDI VI VIRY TZENET, TEDILITEEMEISBRNKDIC
KzRWETS, NTD 1)L —Z@ U THIKLET,

LB HADR LT INTD = T I —EEUEEEK

(6) 1 FYIRUSYDDEICHE SISOV ZETNET

MEDIE. KDZETEDETHRE. BEEIDCHDIBUNIEZTNET,
ROBEDKDIC, 1 FYRUIVDDEISBE I E. NREITYIVRY
TJTLHE U Y=YERELZIVTT (REWHD) CDLUIFDORLAHET . S
Ra2TDN\Ny FEDVTTFT (RN Z2REBIEIEF 2 HARLTREXT,
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JEKDHTEFET, DROBOMBHICEDIZS. DREZTDNY FEBZFET, &
MICHTELARIE, EOI—E. BUY—YZEEILCIBHICANT, 2BLFET,
COEREZ. NWDDDY—=VYZBoc28352E o T, lifT U TGEDET,

BRICR DEARICTEEDDIZHIC, DBFENREZTIIC/NY 5%
DBWRT /Ny HICRRESED

ﬁ’___._w :

B BETABEEIKINE > TS

V—=YDORDDICMEREZBICEDTEEDDE T, MEEY—VICLENBHUHEN)
DTZBICHDDEBEIRTIDRAD DD EI AN D EERDIIENSIRITT
LEDSEIIEHDET,

1 bYMUS YD DEICESITEERIDIE. ROBEDKDIC, MNTIZIDET
I\ BRZEOEB3EEEICANTT, BEBEICDONTVDILERMICDEDKEKZ
MITYFISIYTIITDBEU I VDDREZFNEKT, IV DZFHDNTE L,
EOoTCNDILEMZHBD EDIRETTEILHISNERD, ¥Y—YZEoE38:5(C
AMNFET, REE DIXATHEWMDET,
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IDEDKEKEMNT, FTwvF
B OB ERN T RE8ICBT TSYTHUDREERD
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ZBRICET
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MOAASRNEDICTI -V = FREDD/N-2MF, FEUTREZNEDICL
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[CNE o oz & 54
[CNE o 61 & 54
[CNE o 31 & 54
oY o Ll & 54
[CNE o ol & 54
oV o Sl & 54
oY o vl & 54
oY o el & 54
[CNE o zl & £
[CNE o Ly & £
[CNE o ol & £
[CNE o 6 & £
[CNE o 8 & 54
oy o L & 54
oY o 9 & 54
oY o S & 54
[CNE o v & 54
oY o e & 54
oY o Z & 54
oY o 1 & 54
g - ~ — <
SoONEH e - \cwvm WMMMM&_@E YELTTora SROLPC RSN GANLAL
= = ES Wik B
[BEEOEUFEHOFENET S P2ILS || —¥0L ]
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(7) T—ILDEICESTKENBRMENIE (2R, 3RWNIB) LET

@ T—ILDEICHESTEKEXEMZ, TVIVYRYTITRNEL. 1 FYRUSY
DICHLET

T—ILDEICHDHKODUBZEND. ROBTEDLDIC, D /N—="THKOIC
QN> T, MEMZEKE—ICEDDILDICLET, COEEL, BKONSIVY
YNYTTA bYRUS Y DTKERBEMERN EITEDSEDE T, KEITZW >
TLEDE MBRIMDKRNEFAREICZDEI DT, TEILCIT LRI ERN LT
BDRDICUFET,

Do NI EROKOICEH B SN Y TTRNGT

RV ETEEEMESTKIE, ROBEDKDIC 1 FYRUIYDICANET,

B ZZE T —ILKERY TT RS U ONEE]

ROBEDEXDIC. T—I)LDEBOHKODDICHE > 12K ELEEYDIL, pEI~I\EY
DIVIVRY TEE>TRNEITTT FYRUSYINANKT, BEEREEH
BITZE>TINERD, #BNZICHBLUTKELDDET, KII/Ny FRETSZITT
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1 YUY DICANET,

@ 1 RYRUSYDICHE UILKELBEMOREIENEREZAE LET

1 EYRUS YD DPDKIIZDEFFRE LT MRS DZRFEE T, MK
MMEHEDE. ROBEDKDIC, NSRRI ESITIKOBED EMERDEFDDNL
SODHINZET,

_60_



JAEA-Testing 2011-007

MUY DDPDKELBIDDDDINE S, ZNENDRIY Y DINHS EEHKE
TYTIYTUT, SINDIGFENEOREZATE LET, RIEDHBRIE. [508%
—12 T—)UK+HREID 2 RUVEBFIORSMEMEDRE | ICEERLE T,

HIKDEEBRIDIENEEHKE TVIVRY T&E>THKLE T, COESE,
EEMDENENSIZ0, RUVAFRVKDICIVIVIRY TDORNODIIEZBER
UTHEEZETNET,

HOKDOEEEIDSNEEHKE, BFS( FEE>T2RULEZLET,
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[oy [o ve & £
[oy [o ec & £
[oy [o [44 & £
[oy [o lc & £4
[oy [o 0 & £4
[oy [o 6l & £4
[oy [o 8l & £4
[oy [o Ll & £4
[oy [o ol & £4
[oy o Sl & £4
[oy o 145 & £4
[oy o el & £4
[oy [o cl & £
[oy [o L & £
[oy [o Ol & £
[oy [o 6 & £4
[oy [o 8 & £4
[oy [o L & £4
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@ 1 FYRUSYDICESIZKD 2 REZ LET

NI TOEEEFRIC, 1 FYRUSYYD 1 X2, BF5+ ~Z& 100g.
R (PAC) Bilz#) 150mL BALE T,

X BIDBBETEA S FZKITHESE T, COBBREN ISV DICIRAL,
MORVWRNWTEBHLUET., 30 BIEELCOZECAT, &&EE (PAC) BRK
150mL Z&A U, MOKRVWANTERF LTI,

A5 FERERDNRE+DSISEICHIC, RISV DFZOIFI—RME
LET,

TASA FEESE2RE : ¥A 51 F100g/ 20 BEHR (PAC)
BERF00mL/ AR AR, —BREE

BAS1 baERA L. WNTER PACEZERA L. WNTER

@ LEEHKOBSIENEOREZAEL T, BEERLC U CONIEIBEKULET

ZNZNORII VDD EEHCEFNDIWETEMEDREZRAELE T, AIEL
ICHERIS. [5288—13  T—)UK+HILERID 2 RIVBE DI ME DIRE | IC5eHk
L/ga_o

EEHKPOBSIENEDRED, HKOEEZRBIZLTLINE, PROTIVIY
MY TZE 5T EBRERIVGATBENLDICKRZEDIIBNSHIKUE T, HkDEE
Zmic UCWEWBEIE. ROBDXDIC 3 RWEZTNET,
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BY - b ve & 59
BY - b ez & 59

BY - b ze g 59

BY - B 1z =2 5

BY - b oz =2 5

BY - B 6l =2 5

BY - @B 8| & 5
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BY - @B ol & 5

BY - B Sl e &

BY - B vl e &

BY - B el e &

BY - b zl g 59

BY - b m & 59
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(1/09) FHOBUFIEL ,,
= Mk B

[EROEGUHEINOHE WY, ¢ OUHANN—L €1 —E2E]
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® LEEHKETEID 3 RWBZITNET

2 RNIBED EEBHKICSINDIHEUMEDRENEEBZH-Z TNDHBEIC
[F. RDBEDLDIC, 1 FYRUIYIRSINETYIVRYTT 100L V2
[CKZERLUT, BASA hafEoflc 3RWEEITNET, B UILKICSEN DS
MBOREZAEL., [5082—14 3 RWIBRID LEHKOMSIHEMBDIRE ] [C50
RUET,

100L H U DICH UIZKIC. BA S+ FZERIILE T . 3 RWETIT, ZEFI(PAC)
(XENFE A,

e E DR ENBORODEEEZH A TS LBHKIE. NNV TT
100LY VDI L. EA S b EROEIRVIEZETD

SRUIETIE. BAS M EOHERINT D

HVDDEICE ST 1(6) 1 bYRUSYDDEICHE > 2B DUNIE
ZiTV\ET I THIo2. MUY DDEICE IR ER USETUELET,

—BRME LT Ny FITBE S IZ3ROBAMEMEDREZAELE T . fERE5C
ix—15 BMICKDIIBNEBEERDHAMEMEDRE ] [C5eRULET,

BESTHEMEDREDVHIKOEEBIDECINE Ny FOPDKREFKLUET,

METHEMEDRENBIKDEEBZEBZ CU\DIHEIE. KBKTHRL, BEEZ
i U CND T EZ#ERBUIZ ETHKULET,
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BY - B zL & &
Y - B n & 59
Y - B ol & &9
Y - B 6 & 59
Y - B 3 & &9
Y - B L o2 59
Y - @ 9 [ 59
Y - B S & &9
Y - @ v & 59
BY - B £ & &9
BY - B z & )
Y - B ] & &9
BN e LEVVorA VELVORE | cawnis00r | BERNGAACAG
(1/°9) FEOBHTEL
= =] E=” PG il = F=AA 1=

[EROBUFIMERONT OIEEX € V1 —ED2]
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I[N =] cl & 29
IENA =] Ll & £
I[N =] Ol & £9
I[N [© 6 & £
By =] 8 & 29
[ENA [© ya & £
By =] 9 & £
By =] g & 28
By =] 14 & £
By =] e & £9
By =] c & 20
I[N =] L & £9
2 LEV-NYT i vel-\7Griad
SoONGEH (/50 EEOBGTE SROEFS RSN G MLl
= = ES i - B

[BROEUREHNOEENE S PR S —EdE)
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(8) Z2BTEUNDITILERMOUNIE - REFDHZTNET

Y —VEE O BEEICHE OSBRI, RDBEDKDICY —YDimzitU\ E
“oILRICANE T, ROMUICIE. EDY—VYEFEDIZDBHFTUWEE LIZHDHD
NBDBKDIC, BSEZVIVITENTREFT,

KOO RC>TADERL, BR/NY FTEHUET, CORESSICEZ—)UER
[CAN, EZ-IVRZ 2EICUET, SMIDERDOBRA L > TAD®R UL, #BER/NY R
TRALUET,

V=Y DimEisiSt

—E8. TEEZNPNCTLT, OF SR E S — O LS AN, ©
NUOROEL, BR/NY ETHLS NESBICE= — LS AN TSI 2h

ZNZNORICDNT, MEHRATES CTROXKB CORERZTATEL TR, X
2. & (kg BUTHFINEBA) Z5to TRV, BRTEDAIEBRZ 5CiR—
16 T—ILOEDLEMEANTTEORE COREFATERBR [CEHELET,

TERIDIE. MAMMEEZISTD T, FEPDOIRESEHN. —BREFI DHMD
BRI+ L TR0,
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[Ee8R—16 T—ILOEDEMEANTTERORE CORESRAERBR

AIREB © EAY & A B
ROBE B CORER g (ke)
(uSv/h)
1 1Sv/h ke
2 1Sv/h ke
3 1Sv/h ke
4 1Sv/h ke
5 uSv/h ke
6 uSv/h kg
7 uSv/h kg
8 1Sv/h ke
9 1Sv/h ke
10 1Sv/h kg
11 1Sv/h ke
12 ©Sv/h kg
13 1Sv/h ke
14 1Sv/h ke
15 1Sv/h ke
16 1Sv/h kg
17 uSv/h ke
18 uSv/h ke
19 1Sv/h ke
20 1Sv/h ke
21 1Sv/h ke
22 1Sv/h ke
23 ©Sv/h kg
24 1Sv/h kg
25 1Sv/h ke
26 1Sv/h ke
27 1Sv/h ke
28 1Sv/h ke
29 uSv/h ke
30 uSv/h ke
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(9) T-IUBHRELET

T %z, BEDBEREFUIETHR D TRSW, KEKZEENEDSDIEE
THENFB A, FE. BOEH. KISHEIEMBDREZRAE L THSHIKLTL
Eéb\o

(10) BAYTZELET

@ FEERONEHREZHERLET

BABREFHZT T THERULEHE, IRESTOREZHEFW LT, T50ix—6 BEAR
S5tD5ciR] [CEBALUTREL),

@ FFRPRFZEICERUCSEEOEE, REUCIIBEEZAMITET

ETHEMNBIMNE U CUVDRREL, BRI E E—RIC—IFHRETDEHIC, &
BOIIEDITTEZ-IVRICANT T, ROMIICIE. BLESEVYY Y ITEN
THREFT.

LDOE. RU>THDEL, BR/NYRTEHAUET., CORESSICEZ—)ULE
[CAN. EZ—)LL EZ%L&&? MEIDLEDOEERKIC. RUD>THDR L. #3
RNV FTEHUET,

ZFNZNOLICDNT, BEHFRIESE CTROKXKA COREXRZTAE L TRV, X
2. B (kg BITHEINFEEA) ZE2 TR, BTCEDRIERBRE MEeix—
17 BRNITEETRE UCEEMZANTCEROKRE COMEFRATIER] (C5fk
LEI,

_74_



JAEA-Testing 2011-007

(508 —17 BRITDIEFRETRE UCEENZ ANZROREB COMRERAITEIER

AIREB : ERY & A B
ROBS KB COBEFE g (ke)
(uSv/h)
1 1Sv/h ke
2 1Sv/h ke
3 1Sv/h ke
4 1Sv/h ke
5 uSv/h ke
6 uSv/h kg
7 uSv/h kg
8 1Sv/h kg
9 1Sv/h kg
10 1Sv/h kg
11 1Sv/h ke
12 ©Sv/h kg
13 1Sv/h ke
14 1Sv/h ke
15 1Sv/h ke
16 1Sv/h kg
17 uSv/h ke
18 uSv/h ke
19 1Sv/h kg
20 1Sv/h kg
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@ BFRETREUCEEMZ—BRELIT
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F&LUET,

BREICE S ETETHEHIRA+HDICERSN TN ENER TEC O, ADER
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U/AsT u/AST U/ASTi w F I
: B

U/AsT u/AsT u/AsT w F I
: B

U/AsT u/AsT u/AsT w F I
: B

U/AsT U/AsT u/AST w FTIE"
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5. REOITEITTY
(1) T—=IVISKDBA D TV VRRE TOZEIREXRZAIND XTI
@ TILOEBET—ILY A FOZEMIFERZAIFE L TR

AEIL, IFREZRRIST DRICAIELIZEE ([58R—2 1FEBBRIOT—ILET
=LA ROEERERY Y T EAUBPATITNET,

T—IVOEAIS 4 BEPRD S EANERTT, HkORE, HKDEX DB
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TEEFEREEE L. ZORBRE, 508F—20 (EERTH) FXESEHOZEIR
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U/AgT U/AST U/AST
O O O
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(2) REICIFEZROERZLET
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7. DPSRBNCEDDOIZEEEF  « « TRHDICT ORHDID)
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Contents

1. Introduction

2. What should be checked at first?

(1) Check what needs to be done and by when.

(2) Confirm policy of the national and local governments.

3. Preparation
(1) Gather workers and assign them tasks

(2) Measure radioactivity before the work

*  Record 1: Radioactivity concentration of the pool water
*  Record 2: Ambient dose rate map of the swimming pool and pool side before
the procedures

+  Record 3: Ambient dose rate map in the work area (before the procedures)

(3) Procure materials and tools required for the work
*  Record 4: Material and tools list

(4) Set a time schedule of the work
*  Record 5: Time schedule of the work

4. Start decontamination procedures

(1) Confirm that the safety of the workers is ensured.

* Record 6: Record of personal dosimeters

(2) Discharge pool water whose radioactivity concentration meets the criteria for

drain

*+ Record 7: Dose rate measured on the surface of bags that contains mud
accumulated at the discharge flow path
* Record 8: Radioactivity concentration of discharged water without

decontamination treatment — Sampled at ( )
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(3) Remove fallen leaves and other objects accumulated on the bottom of the

swimming pool

*  Record 9: Dose rate measured on the surface of bags that contain fallen leaves,
etc. collected from the pool

(4) Pump the pool water into 1 ton plastic tanks for the treatment using zeolite
(first treatment)
+  Record 10: Work record using 1 ton plastic tanks (1st treatment)

(5) Discharge the supernatant, while leaving precipitate
*  Record 11: Radioactivity concentration in the water after filtration using a
filter with a filter cloth

(6) Treat the precipitate left on the bottom of the 1 ton plastic tanks

(7) Treat water and precipitate left in the pool (2rd and 3d treatment)

*  Record 12: Radioactivity concentration in the pool water and precipitate
before the 2nd treatment

* Record 13: Radioactivity concentration in the pool water and precipitate
after the 2nd  treatment

*  Record 14: Radioactivity concentration in the supernatant before the 3rd
treatment

*  Record 15: Radioactivity concentration in the water after filtration with a
filter cloth

(8) Bag in the sludge after filtrating the precipitate

*  Record 16: Dose rate measured on the surface of bags that contains the filter
sludge

(9) Clean the swimming pool wall

(10) Clearance

*  Record 17: Dose rate measured on the surface of bags that contains waste
generated during the clearance

*  Record 18: Ambient dose rate at the temporary storage of the waste

5. Final finishing
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(1) Measure ambient dose rate at the condition without pool water

*  Record 19: Ambient dose rate map at the pool and pool side

+  Record 20: Ambient dose rate map in the work area (after the work)
(2) Review the entire work

(3) Measure the radioactivity concentration of the pool water after filling water

into the swimming pool

6. References
(1) Criteria that you should be familiar to

(2) Radioactivity measurement methods
7. When you find anything you want to know - For concluding remarks
Appendix *

List of schools where the decontamination a swimming pool was conducted and
photos of the decontamination work.

a. Fukushima University Kindergarten

b. Fukushima University Junior High School

c. Tominari Elementary School, Date-city

d. Hashirasawa Elementary School, Date-city

e. Tsukidate Elementary School, Date-city

f. Hobara Elementary School, Date-city

* In this report, the appendix was omitted.
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1. Introduction

Radioactive materials released into the environment during the accident at the
TEPCO Fukushima Daiichi Nuclear Power Plant due to the Great East Japan
Earthquake were dispersed widely and precipitated in different areas. Swimming

pools that children are awaiting opening in summer are not the exception.

The radioactive materials in the swimming pool could be removed safely by
processing the pool water according to correct treatment procedures based on
knowledge obtained to date.

The method we employed utilizes a mineral called zeolite and poly-aluminum
chloride (PAC) as a flocculant, which are commonly used for processing water.
Based on data and previous experience in decontamination tests of the swimming
pool water using this flocculant, we determined the essential elements of the work
flow and practical procedures, and compiled them as a guide for the

decontamination of the swimming pool water.

By following the procedures described and using materials and tools shown in this
guide, teachers, parents or volunteers could decontaminate the swimming pool

water, or private companies could establish a decontamination business.

Thus, this guide has two major purposes: to serve as a manual for the steady
step-by-step implementation of decontamination procedures of swimming pool
water, and to make records that allow verification of what works and how
correctly the work was completed, at a later stage.

As adults, all of us will cooperate to allow children to return to the swimming
pools — this is our desire. We prepared this guide with the hope that it will help
those adults engaged in this work in the future.

In presenting this guide, we also have a request to those of you using it. We
compiled all of our knowledge and our experience into this document, realizing
however, that this guide will not be complete. We would like to improve the guide
with you. Please inform us anything you notice about the guide that could be
changed or added to make it better.

The figure below show a whole picture of work described in the guide, intending to
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show more clearly how the work should be done.

OPreparation Guide 2. What should be checked?
3. Preparation

OTreatment of pool water and precipitate
Guide 4. Start procedures (1) — (8)

Pool water Leaves on the bottom of pool
e 1st treatment (zeolite + @ Filtration of IS %
5 “flocculant precipitate - %:‘é
111 [

E _ Filtrated 28

= 2nd treaﬁcment (zeolite + @ water S
Qv 8 ﬂocculant hﬁ é o
§ ,_,; g')n 3rd treatment (zeohte): @
=) g3

s

5 Fg Dilution _ ©

= P

=8l”

QCleéning/clearance of the pool
Guide4. Start procedures (9) — (10)

OFinishing Guide5. Final finishing
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2. What should be checked at first?

(1) Check what needs to be done and by when.

Define a goal with respect to time when the decontamination of the pool water be
completed. Then check other relevant activities planned such as decontamination
of the entire school and decontamination activities by local municipalities or

communities.

A. When do you plan to complete the decontamination of the pool water?

* Target date: Month Day Year

B. Are decontamination activities planned at school or communities? When are
they?
[Decontamination at school)

* To be started on  Month Day Year

* To be completed on  Month Day Year

[(Decontamination at communities)

* To be started on  Month Day Year

* To be completed on  Month Day Year

C. Isthere any other plan that has to be taken into account?

(Event name: ]
* To be started on  Month Day Year
* To be completed on _ Month Day Year
(Event name : ]
* To be started on  Month Day Year
* To be completed on  Month Day Year
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(2) Confirm policy of the national and local governments.

The decontamination of the swimming pool water should follow policies of the
national and local governments with respect to timing of restarting utilization of
the swimming pool, drainage of the pool water after decontamination and

temporary storage of sludge generated from the decontamination activities.

Key persons responsible for planning and implementation of the plan should
check relevant criteria. Responsible persons from municipalities and the school as
well as program staffs should be share information about the criteria through

meetings before starting the decontamination procedures.

Documents describing key principles and criteria to be aware of before starting
the decontamination program are listed in the section, “6. References (1) Relevant

criteria”.

A. Check conditions to reopen the swimming pool.
[Common understanding among communities or schools or other consent])

[Criteria on radioactivity concentration)

* Swimming pool water: < Bq/L
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B. Check conditions to discharge pool water after decontamination to the
environment.
[(Common understanding with relevant communities or schools)

[Criteria for discharging pool water after decontamination]

* Radioactivity concentration in the water to be discharged:

< Ba/L
(Other criteria)
s [tem : Criteria -
» [tem : Criteria -

C. Confirm the place to manage waste (e.g. temporary storage) such as zeolite
precipitate generated during the decontamination and fallen leaves and
mud collected by cleaning drain gutters.

[Place to manage (temporarily store) wastes)
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3. Preparation
(1) Gather workers and assign them tasks

Define key staffs that are responsible for total coordination of the program,
communication with the school and municipalities, and recording of the

decontamination procedures.

Check contact persons of the school, municipalities and other relevant

organizations.

Determine the number of staffs assigned to each task considering total number of
staffs involved in the program and details of the task. The task will include;
treatment with zeolite in plastic tanks (one six-member group assigned to six
plastic tanks), weighing of zeolite and flocculant (PAC solution) (one staff) and
radiation measurement (one staff). Details of the staffing will follow the section,
“3. (4) Establish a schedule”.

A. Select key persons for communication and decontamination

* Total coordinator : Name

* Communication with the school and communities :
Name

* Recording secretary : Name

Name

B. Check contact persons in the school and communities

* School : Name

Name

* Communities : Name

Name

* JAEA ! Name
Name
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(2) Measure radioactivity before the work

Estimate the volume and measure radioactivity concentration of the pool water to
establish a decontamination strategy and a detailed decontamination plan. The
pool water may be discharged directly depending on the radioactivity

concentration.

(a) Estimate the volume of the pool water based on dimensions of the swimming

pool.

Calculate the volume of the pool water based on dimensions of the swimming

pool

* Length : m

* Width : m

* Depth (Max.) : m Depth (Min.) : m
(You may use nominal depth (posted at the swimming pool) at the full

capacity)

Volume of the pool water : m3

l

(Calculate according to the following formula)
Length x Width Xx (Max. Depth + Min. Depth) % 0.5

(b) Measure radioactivity concentration of the pool water

Described below is an example for the swimming pool with dimensions of

256mlx14mWx1-1.3mP as shown in the figure below.

Take water samples at four corners of the pool (A through D), locations 1.5 — 2 m
from the side wall (blue line). At each location, take samples at three different
depth; near the water surface (10 cm from the surface), middle (50 cm) and near
the bottom (90 cm).
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(Full capacity: 1.20 m)

(Full capacity: 1.30 m) Drain ditch at the center of the pool

Sampling Drain ditch at the center of the pool
Depth A1 0em
50cm
90cm

! Length x Width Xx (Max. Depth + Min. Depth) x 0.5
i 25m %X 14 m X (1.08 m + 0.98 m) X 0.5 = 360.5 m?

Actual sampling activities are shown in the photos shown below. Water samples

are taken using a small pump and filled in analysis cells.

.............

Suction with a small engine  Being suctioned witha ~ Stop pumping for
pump pump sampling

Write a memo of sampling place and sampling time with a permanent marker on
the cap of the cells.

Measure the radioactivity concentration of the sample water with a radiation
counter. The results shall be put in the “Record 1: Radioactivity concentration of
the pool water”.
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(c) Measure ambient dose rates at and around the work place to make a dose map

before starting decontamination procedures

Survey ambient dose rates around the swimming pool, at and around the drain
gutter and outlet to external waterway, along work flow lines and temporary
storage of radioactive waste at the height of 100 cm to make a map allowing

knowing dose rate at anywhere you want.

The surveys are required for determining the change in dose rates before and
after the procedures, and confirming that no radioactive material is taken away
from the work place, and that the dose rate has not been increased due to water

discharged after the treatment.

Utilize any available site layout drawing of the school. If not available, prepare a
simple layout drawing that shows location of measurement points relative to the

school buildings and facilities.

Use the form, “Record 2: Ambient dose rate map of the swimming pool and pool
side before the procedures” to write down the survey results for the swimming

pool and the pool side.
Use the form “Record 3: Ambient dose rate map in the work area (before the

procedures)” to write down the survey results for outlet to external waterway,

along work flow lines and temporary storage of radioactive wastes.
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(3) Procure materials and tools required for the work

Identify materials and tools and their numbers required for the work, and
determine how to procure them. Those we feel highly required and practical
based on our experiences are listed in “Record 4: Material and tools list”. We hope
it will help you in procuring the materials and tools.

Not all of materials and tools need to be prepared. The procurement may be
adapted depending on the conditions such as availability and time required to

procure.

Photos below show some of typical materials and tools.

Materials and tools (1)
Chemicals/Treatment vessels

Zeolite Flocculant (PAC

U Analysis
solution) container

1 ton plastic tank 100 L tank

Filtration Jute bag Net basket  Container with meshed
sheet side and bottom

Materials and tools (1)
Chemicals/Treatment vessels
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Materials and tools (2)
Pumps and related components

5 oyl - J_pi'
Engine pump Engine pump Engine pump Motor pump and
(large) (medium) (small) cord reel

Hose band Hose joint

Materials and tools (3)
Safety /cleaning tools

Personal Large balance Measuring cup and
dosimeter small balance

Dustpan Brushes Long handle ladle

Wiper Long boot Rubber gloves Mask
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* Numbers in the parenthesis are those estimated for the decontamination of a swimming pool with a capacity of 420 tons of water (25mIx14mWx1.2mP). These numbers may be referred to

in establishing a plan.
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To be procured for

Prepared Obtained from . .
Items i the Unit Remarks (Size, features, purpose, etc.)
quantity JAEA ) .
decontamination
For the
treatment of Zeolite (42) kg
water
Flocculant (PAC) (84) L
Neutralizer kg (Anhydrous sodium hydrogen carbonate)
pH meter (1) 1
Small balance (2) 5 Up to 1 kg, with an accuracy of 0.1g
Large balance (D 1 Up to 30kg
Measuring cup (3) 3
Pool water sampling tools (D 1 Set Depths of 10, 50 and 90 cm, with a dedicated hose
(Radioactivity) sample (50)
cell
Tape measure @D)
1ton plastic tank (18) 18
100 L tank (3) 3 (For drain and treatment with zeolite)
bucket (20) 50 (For cleaning of equipment, and fetching a pump)
Engine pump (large . . .
) (2) 2 80 mm caliber, Max.950 L/min  (For stirring pool water)
capac1ty)
Engine pump (medium (3) 5 50 mm caliber Max 600 — 650 L/min  (For stirring pool water, and
capacity) disicharge)
Engine pump (small (2) 2 25 mm caliber, Max.115 L/min, motor/engine (For transfer of
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capacity) contaminated water after removing sludge)
Engine pump fuel L Secure required quantity
(Sampling of pool water, discharge of water (used to avoid noises in the
Motor pump (D 1 .
evening))
Submersible pump (1) 1
hose (water sampling) (D 1 Set (inner diameters of 80 mm, 50 mm, 25 mm, etc.)
Hose connecting packing (D Set
Hose band (4)
Hose joint (Backup)
Hose reel (D 1
Cord reel (D
Heavy block (4) 4 5kg
Fish net (5) 5
For the
filtration of Tray (12) 12
precipitate
Container (12) 12 With meshed side and bottom
Net basket (12) 12
Filter sheet (12)
Jute bag (50)
Long handle ladle (2) 2
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Bag filter (20) 100 pm mesh
Plastic bag
(For temporary (100) For fallen leaves and flocculation/precipitation product
storage)
(For radioactivity | (100)
measurement)
(For zeolite) (500) With a zipper
Sand bag (50)
Blue sheet (10)
Cleaning tools | Wiper (4)
Dustpan (2)
Scoop, Trowel
Brush (2)
Paper towel
Waste cloth
High pressure water
sprayer
Trash bag (for trash generated during the work)
Neutral detergent
Radiati
adiation Radiation detector (D Set
detectors
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Survey meter (D
Personal dosimeter
Others First-aid kit (D Set
Stationary (1 Set
Tools @D) Set
Plastic sheet @D) Role | To prevent decontamination of the pool side.
Rubber tape (10) Role | To tape plastic sheets in place
Rope

Rubber gloves

Masks
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(4) Set a time schedule of the work

Set a time schedule of the work using the form, “Record 5: Time schedule of the
work” based on information obtained in the precedent steps such as dimension of
swimming pool (volume of pool water), number of available materials and tools,

available number of staffs and overall schedule.
Approximate times that are assumed to require for each task are shown below.

[Briefing of the procedures] 1 hour
Briefings are held before starting the procedures. It will include explanation to
all of the program members to inform about the entire procedures and detailed
explanation to each task group members about practical method and note to be

aware of.

[Securing of a discharge flow path (removal of sediment)] 0.5 day

Remove mud and fallen leaves accumulated in the discharge flow path.

[Radiation survey before work] 3 hours
Sample swimming pool water at predetermined sampling points, and measure
radioactivity concentration with a radioactivity detector. If the radioactivity
detector is not available at the site, time required to transport the samples

needs to be added to the above time.

[Discharge of supernatant] 1 day
When the radioactivity concentration in the pool water is lower than the
criteria for discharge, discharge the supernatant with engine pumps, while
taking care of not to pumping up mud or fallen leaves accumulated on the

bottom.

[Treatment in 1 ton plastic tank) 1.5 hour/one tank
When the radioactivity concentration is higher than the criteria for the
discharge, pump up the pool water together with mud and fallen leaves
accumulated on the bottom. It takes 20 minutes to feed zeolite, flocculant and
neutralizer. Leave at rest 30 minutes to allow sufficient precipitation. It takes
15 minute for discharging the supernatant and 15 minutes for recovery of the

precipitate on the bottom of the plastic tank.

- 123 -



JAEA-Testing 2011-007

[Remove water from the precipitate] 0.5 — 2 days
Drip water using a filter with a filter cloth. The time required will depend on

volume and condition of the precipitate as well as weather.

[Treatment of water not meeting the criteria for discharge (2nd treatment)] 1
day
Pump up the pool water containing precipitate in the swimming pool into the 1
ton plastic tanks. Measure radioactivity concentration of the supernatant in

each tank, and if it meets the criteria for discharge, discharge the supernatant.
If it does not meet the criteria, provide additional treatment. Feed the zeolite
and flocculant and leave it at rest for one night (2nd treatment). The next day,
measure the radioactive concentration of the supernatant to confirm the
compliance to the criteria, and discharge it.

[Conditioning and packing of the sludge] 1.5 — 2 days
Feed the precipitate left on the bottom of the tanks to the filter with a filter

cloth at a small feed rate to remove water.

Discharge the filtrated water after confirming the compliance to the criteria for

discharge, or if not, provide further treatment using the zeolite.
Pack residual sludge into plastic bags together with the filter cloths.

[Cleaning of the swimming pool] 0.5 day

Clean inside and around the swimming pool without water.
It can be conducted in parallel with the treatment and packing of the sludge.

(Cleanup] 3 hours

Cleanup the work area.

Finally, check the personal dosimeters and make documents of personal

exposure doses of the staffs.
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Month

Day

Month

Day

Month Day

Month

Day

Month

Day

Month

Day

PM

PM AM

PM

PM

PM

PM

Briefing
Staff :

Securing of a discharge flow path
(Removal of mud and fallen leaves)
Staff :

Number of workers :

Measurement of radioactivity
Staff :
Number of workers

Treatment of pool water (1t treatment)
Group 1
Staff :

Number of workers :

Treatment of pool water (1t treatment)
Group 2
Staff :

Number of workers :

Treatment of pool water (1t treatment)
Group 3
Staff :

Number of workers :

Treatment of waster containing
precipitate (2nd & 3rd treatment)
Staff :

Number of workers :

Conditioning and packing of precipitate
Staff :
Number of workers

Cleaning of the swimming pool
Staff :

Number of workers :

Cleanup

Staff :

Number of workers :
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4. Start decontamination procedures
(1) Confirm that the safety of the workers is ensured.
(a) Check the progress of the preparation before starting the procedures

A. Do the workers wear a personal dosimeter?
Determine who wears a personal dosimeter depending on how many they are
available. Let each staff who wears the dosimeter fill the dosimeter number, his
name, reading of the dosimeter when he worn and reading at the end of the

day’s work in the form, “Record 6: Record of personal dosimeters”.

B. Are the worker ready for starting the procedures?
Wear, in principle, long boots and long pants because the workers will handle
water. Half-leaved working jacket may be allowed. The workers require
wearing rubber gloves when handling precipitate generated during the

treatment using zeolite.

C. Are the workers prepared for heat stroke?
Measures against heat strokes are essential for the work during summer
season. Prepare hats, sunscreen and water with them. A water fountain may be

effective.

D. Have consumables commonly used by the workers been prepared?
Consumables to be required during the work should be prepared in advance,
which include first-aid kit for the treatment of slight injuries, waste cloths,

paper towels, rubber gloves and masks.

E. Prepare trash bags for segregation of waste
Wastes generated directly from the decontamination procedures and those
generated in other work than decontamination should be recovered in separate

bags to prevent their mixing.
(b) Confirm responses in case of injury or accident
The procedures are conducted at the slippery place around the swimming pool.

Caution will be required not to tumble or fall into the pool. Particularly in

summer, 1t tends to be hot at the pool side due to a combination of direct and
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reflected sunshine. The heat will compromise the worker’s judgment more than
they imagine, which could lead to incomprehensive injuries or accident under

normal circumstances. Sufficient measures against heat will be required.

A. Prepare first-aid kit in case of abrasion or cut.
When injured, clean the wound with clean water before dressing it. It should be
noted that not let the staff join the work after the treatment.

B. In case of falling into the swimming pool or got wet with a large volume of
pumping water, take off clothes and rinse the body with clean water. Then
check surface contamination of the body with a survey meter. If he has drunken
the pool water, rinse his mouth. Check radioactivity of the clothes, and dispose
them if the radioactivity should be high.

C. When the zeolite or flocculant (PAC solution) should leap into worker’s eye,
clean the eye well with water. If he felt something wrong, consult with a

specialist.

(c) Check contamination of the body when the workers leave from the work place

or they have finished the work.

A. Wash shoes and hands with clean water to prevent the radioactive materials

attached on them being transported to other uncontaminated area.

B. Check for radioactive contamination using a survey meter.
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Month Day ( ) Month Day ( ) Month Day ( ) Month Day ( ) Month Day ( ) Month Day ( )
Name Name Name Name Name Name
Before After Before After Before After Before After Before After Before After

Dosimeter No. : ; : ; : : :
nSv nSv nSv nSv nSv nSv nSv nSv nSv nSv nSv nSv

Dosimeter No. : ; : 1 : : :
nSv | nSv nSv | nSv nSv | nSv nSv | nSv nSv | nSv nSv | nSv

Dosimeter No. : ; : ; : : :
nSv | pSv nSv | pSv nsv | pSv nSv | pSv nSv | pSv nSv | pSv

Dosimeter No. : ‘ , ‘ , , ,
pnSv nSv nSv nSv nSv nSv nSv nSv nSv nSv nSv nSv

Dosimeter No. : ; , : . . :
pSv | nSv pSv nSv pSv | nSv pSv nSv pSv nSv pSv nSv

Dosimeter No. : : ! ! ! : :
nSv nSv nSv nSv nSv nSv nSv nSv pSv pSv nSv nSv

Dosimeter No. : 1 : ; ! : ]
pSv nSv paSv nSv nSv nSv nSv nSv paSv nSv paSv nSv

Dosimeter No. : ; : ; : : :
nsv | pSv nsv | pSv nsv | pSv nsv | pSv nsv | pSv nsv | pSv

Dosimeter No. : ; : 1 : : :
pnSv nSv nSv nSv nSv nSv nSv uSv pSv nSv nSv nSv

Dosimeter No. : : . : : : :
nsv | nSv nsv | nSv nsv | nSv nsv | nSv nsv | nSv nsv | nSv
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(2) Discharge pool water whose radioactivity concentration meets the criteria for

drain

When radioactivity concentration of the supernatant is lower than the criteria for
discharge based on the results in the step “3 (2) Measure radioactivity before the
starting the procedures”, the supernatant can be discharged without providing a
treatment using the zeolite, however, pH of the supernatant needs to be checked
for the compliance with the criteria for discharge established by the Ministry of
Environment.

(a) In order to secure a discharge flow path, remove mud and fallen leaves
accumulated in the flow path such as drain gutters and foot washing pond
around the swimming pool for discharging water that meets the criteria for

discharge.

Put collected mud and fallen leaves into plastic bags with a serial number. The
mouth of the bags shall be twisted, folded back and closed with a banding band.
Put the bags into additional plastic bags, forming a double packing. The outer bag
shall also be twisted, folded back and closed with a banding band.

Measure the dose rate of each bag at the surface using a radiation detector. If
possible, weigh the bag (weight by the kilogram is acceptable). Write down the
results in the form, “Record 7: Dose rate measured on the surface of bags that

contains mud accumulated at the discharge flow path”.
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Record 7: Dose rate measured on the surface of bags that contains mud

accumulated at the discharge flow path

Measurement date:  Month Day Year
Bag No. Dose ratfposril /t}l:)e surface Weight (kg)
1 uSv/h kg
2 uSv/h kg
3 uSv/h kg
4 uSv/h kg
5 uSv/h kg
6 pSv/h kg
v’ pSv/h kg
8 pSv/h kg
9 puSv/h kg
10 uSv/h kg
11 uSv/h kg
12 uSv/h kg
13 uSv/h kg
14 uSv/h kg
15 pSv/h kg
16 nSv/h kg
17 pSv/h kg
18 pnSv/h kg
19 puSv/h kg
20 puSv/h kg
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(b) Set up discharge pumps as shown in the figure below.

Determine capacity and locations of engine pumps considering locations of the
gutter to discharge the water and foot washing pond as well as size of the
discharge hoses. Engine pumps with excessively large capacity could cause
overflow of the gutter. In order to prevent such a case, it is suggested to use

several engine pumps with medium to small capacities.

Discharge to the
pool side gutter

Discharge to the
pool side gutter

Depth of residual water :
about 0.1 m

Discharge to foot washing
pond

(b) Set suction ports of the pump
Set suction ports (nozzle of a hose to be set in the pool) so that they are set in the

tank or tray depending on the water level in order to prevent pumping up the

precipitate.

Water level - High Water level - Low

Pump

Supernatant

\_‘Leaves.precipitate ||

Supernatant

I oves. precipitate R
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Take care not to raise the precipitate during setting the suction port when water
level comes near the bottom at a later stage.

For further discharge
of the water, set two
trays using weight on
the bottom at the
center of the pool.

The tank allows
dlschargjnF the water
to the level o

height E

the tank
40 cm

20 cm: lowest at the
center

g

Pepare a 10

0L ta Prepare a tray and

and weight weight
The tank produces
slow_  suction flow,
causing little )
disturbance of the Pour water into the tray

bottom region Set a tank on the bottom to with a ladle to set slowly

pump up with a medium on the bottom For f th\ disch
pump or further discharge

of the water, change
the tray wi
shallower ~ ones to
continue discharging
water at two points 1n
the center.

————
I 10cm J
JIPFLEDD

Set shallow tray on the

bottom with a weight

Tray (15 cm H) set on
the bottom

Contir_nie discharging with
a medium pump

(d) Start discharging.

Discharge to the pool side gutter Periodical sampling & radioactivity
concentration check

Control discharge rates while observing the flowing condition at the drain gutter.
The capacity (flow rate) of each engine pump described in catalogues may vary
depending on the difference of heights between suction and ejection ports and
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viscosity of the water. The actual flow rate shall be obtained by the measurement
using a tank with a known volume or change in water level of the swimming pool

under the final set up of engine pumps, and suction and ejection ports.

(e) Take samples from the discharge water approximately every one hour to check
for the radioactivity concentration.

Water for sampling shall be put into a 10 L tank temporally as shown in the photo
below, and then samples shall be taken from the tank. Write down the obtained
radioactivity concentration of the discharge water in the form, “Record 8:
Radioactivity concentration of discharge water without decontamination

treatment — Sampled at ( )” for each pump.

Put the hose nozzle in the space Bottom of the pool just after the
between the tray set on the bottom and discharge has been completed.

the side wall of the pool, and pump up

water while taking care of not pumping

precipitate.

(f) When the water level decreased to that lower than containers such as tray, put
the hose nozzle in the space between the tray and the side wall of the pool
where less precipitate is left (see photos below), and continue discharging of the
pool water.
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Put the hose nozzle in the space Bottom of the pool just after the
between the tray set on the bottom and discharge has been completed (6 tons of
the side wall of the pool, and pump up sludge).

water while taking care of not pumping

precipitate.

The discharge will e successful if pool water could be discharged to the level of 5
cm from the bottom. It will be obvious that, when radioactivity concentration
should be increased, then discharge rate should be decreased by reducing the
number of pumps, and you should be prepared for stopping anytime necessary.
The water level of 5 cm is just a target but 10 cm or 15 ¢cm could be acceptable.

- 136 -



JAEA-Testing 2011-007

Record 8: Radioactivity concentration of discharge water without decontamination

treatment — Sampled at (

)

(To be prepared for each pump)

Sampling date: Month

Day Year

Measurement date: Month

Day Year

Radioactivity concentration

(Bg/L)

Sampling time : -
Cesium-134 Cesium-137 Total
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bq/L Bq/L Bq/L
(AM, PM) Bq/L Bq/L Bq/L
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bq/L Bq/L Bq/L
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bg/L Bq/L Bq/L
(AM, PM) Bq/L Bq/L Bq/L

Radioactivity concentration limit for dischargeable water
(Criteria) :
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(3) Remove fallen leaves and other objects accumulated on the bottom of the

swimming pool

Scoop up large items in the precipitate such as fallen leaves accumulated on the
bottom using fishing net or other tools. The scooped items such as fallen leaves
shall be collected in a basket to drain water. Collect the water passing through the

basket in a tray and return it to the pool.
Put the drained fallen leaves in plastic bags with a serial number.

The mouth of the bags shall be twisted, folded back and closed with a banding
band. The bags shall be put into additional plastic bags, forming a double packing.
The outer bags shall also be twisted, folded back and closed with a banding band.

Measure the dose rate of each bag at the surface using a radiation detector. If
possible, weigh the bag (weight by the kilogram is acceptable). Write down the
results in the form, “Record 9: Dose rate measured on the surface of bags that

contain fallen leaves, etc. collected from the pool”.
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Record 9: Dose rate measured on the surface of bags that contain fallen leaves, etc.

collected from the pool

Measurement date: Month Day Year
Bag No. Dose rate on the surface Weight (ke)
(uSv/h)
1 puSv/h kg
2 puSv/h kg
3 puSv/h kg
4 uSv/h kg
5 pSv/h kg
) pSv/h kg
7 uSv/h kg
8 uSv/h kg
9 uSv/h kg
10 uSv/h kg
11 uSv/h kg
12 uSv/h kg
13 pnSv/h kg
14 nSv/h kg
15 nSv/h kg
16 pSv/h kg
17 pSv/h kg
18 pSv/h kg
19 uSv/h kg
20 uSv/h kg
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(4) Pump the pool water into 1 ton plastic tanks for the treatment using zeolite
(first treatment)

For the treatment in 1 ton plastic tanks, one group will be responsible for six
tanks. One group will consist of approximately six members. In addition, an
operator responsible for preparation of zeolite and flocculant (PAC solution) and

an operator responsible for radioactivity measurement are required.

Pump up the pool water into the 1 ton plastic tanks for the treatment with zeolite.
The treatment involves adsorption of cesium dissolved in water with the zeolite
and flocculation/precipitation of the zeolite together with blue-green algae and
mud with the flocculant (PAC solution), as shown in the figure below.

Bag filter

TR,
CLCEett)

sissanned]
e

Measure

radioactivit
Flocculant (PAC) concentratign
solution: 150 mL Pump
© Zeolite: N '
100g Neutralizer

(as necessary) .

D »

. Measure radioactivity
1 ton plastic tank concentration and pH of the
supernatant

(a) Feed 100 g of zeolite into each of the six 1 ton plastic tanks.

Write down the fed amount of zeolite and the fed time in the form, “Record 10:
Work record using 1 ton plastic tanks (1st treatment)”.
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(b) Pump up the pool water into each of the six plastic tanks in series with an

engine pump.

Add approximately 150 mL of flocculant into the tank when approximately 0.8
tons of the pool water is pumped. Write down the volume of added flocculant and
added time in the form, “Record 10: Work record using 1 ton plastic tanks (1st
treatment)”.

(c) Check for the pH of the water in the plastic tanks when one ton of water has
been pumped.

Write down the measured pH in the form, “Record 10: Work record using 1 ton
plastic tanks (1st treatment)”. When the pH is lower than that in the criteria for

discharge, add neutralizer (anhydrous sodium bicarbonate) to adjust the pH.
(d) Keep the plastic tank at rest

Keep the plastic tank at rest for 30 minutes to allow sufficient precipitation. Scoop
algae floated to the surface during the resting time with fish net or other tools to
recover in plastic bags.,

(e) Check for the water in the tank if it can be discharged.

Take samples from the supernatant in each plastic tank to measure radioactivity
concentration and pH. Write down the results in the form, “Record 10: Work

record using 1 ton plastic tanks (1st treatment)”.

AP PXPAQAQX gk gAQA QX g3k gAQA QX A GA QA Ok GA GA QK Ok GA GAQK gk GA QA QX g3k GA QA QX g3k GA QA O ik GA QA Ok ik gA QX 9
This guide introduces the method in which the pool water is pumped up
into 1 ton plastic tanks where it 1s treated with zeolite and flocculant.

We tested a method in which zeolite and flocculant are added directly into
the pool. This method seems effective but there is a risk of insufficient
flocculation/precipitation of radioactive materials. Therefore, we
introduced here the method to use 1 ton plastic tanks as a more reliable
one.

P R R R RO R R RO I RN O ROR
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Record 10: Work record using 1 ton plastic tanks (15t treatment)
(To be prepared for each tank)

Plastic tank No. : Acceptable radioactive concentration for discharge : Bq/L Acceptable pH for discharge :

Date: Month Day Year
Treatment no. Quantity of added zeolite Quagtity of added pH after addition Supernatant sampling time Quantity Olf added pH of the .
Added time A do(;c(;ll? nt of flocculant Radioactivity concentration neut(ra) 2ot supernatant Discharge
ed time g
’ Added quantity g | Added quantity mL Time (AM, PM) Yos o N
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L g o8 o
5 Added quantity g | Added quantity mL Time (AM, PM) Yos o N
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L g o8 o
3 Added quantity g | Added quantity mL Time (AM, PM) Yos o N
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L g o8 o
4 Added quantity g | Added quantity mL Time (AM, PM) o Yos « No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
5 Added quantity g | Added quantity mL Time (AM, PM) o Yos « No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
5 Added quantity g | Added quantity mL Time (AM, PM) o Yos « No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
e Added quantity g | Added quantity mL Time (AM, PM) Yes « N
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bqg/LL & ©s ©
3 Added quantity g | Added quantity mL Time (AM, PM) Yes « N
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bqg/LL & es ©
9 Added quantity g | Added quantity mL Time (AM, PM) Yes « N
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bqg/LL & ©s ©
10 Added quantity g | Added quantity mL Time (AM, PM) o Yes » No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
1 1 Added quantity g | Added quantity mL Time (AM, PM) o Yes » No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
_ Added quantity g | Added quantity mL Time (AM, PM) o Yes » No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
13 Added quantity g | Added quantity mL Time (AM, PM) o Yos » No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
14 Added quantity g | Added quantity mL Time (AM, PM) o Yos » No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
15 Added quantity g | Added quantity mL Time (AM, PM) o Yos » No
Time (AM, PM) | Time (AM, PM) Rad. concentration : Bq/L
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(5) Discharge the supernatant, while leaving the precipitate

Discharge the water in the plastic tank when it meets the criteria for discharge
with respect to radioactivity concentration and pH.

In accordance with the section 4.(2)(a), remove mud and fallen leaves accumulated
in the discharge flow path such as drain gutter around the swimming pool and
foot washing pond to discharge water compliant to the criteria.

Put collected mud and fallen leaves into plastic bags with a serial number. The
mouth of the bags shall be twisted, folded back and closed with a banding band.
The bags shall be put into additional plastic bags, forming a double packing. The
outer bags shall also be twisted, folded back and closed with a banding band.

Measure the dose rates of each bag at the surface using a radiation detector. If
possible, weigh the bag (weight by the kilogram is acceptable). Write down the
results in the form, “Record 7: Dose rate measured on the surface of bags that
contains mud accumulated at the discharge flow path”.

Use medium capacity engine pumps for the discharge. Take care to pump up as
little precipitate as possible, and discharge it through a bag filter.

"""""""""

Filtrated water with the
bag filter

{‘. r‘

Pumping the supernatant Bag filter

(6) Treat the precipitate left on the bottom of the 1 ton plastic tanks

Apply filtering to the precipitate to remove water as much as possible for disposal.
Pump up precipitate accumulated on the bottom of the 1 ton plastic tanks with a
small capacity engine pump into a container covered with a sheet (or basket) at a
low flow rate. Prepare two sets of tray to receive the filtrated water and a
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container (or basket) stand.

Because turbid liquid
containing high
concentration of radioactive
materials is produced at first
in the filtration using a
sheet, move the filter to the
fresh empty receiving tray
when the filtrated water has
become clear.

Prepare a destination tray in
advance

Transfer sludge using a
small pump

Prepare two sets of a filter stand in a tray. Prepare a filter by putting a
sheet on the net basket or container on the filter stand.

Tray for collecting
mitially filtrated water

Sheet

Use Jacquard or Flat sheet.
The former is coarser, and
thus shows faster filtration.

Precipitate receiving net
basket covered with a
sheet.

Use a basket with a net
side and bottom.

Tray to receive filtrated water Filter stand
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During the filtering using a sheet, turbid liquid containing high concentration of
radioactive materials is produced at first as is seen in the photo. Change the
receiving tray when the filtrated water has become clear. Apply filtration to the

water produced at first again.

Conduct the filtration using several filters with a sheet in parallel.

Change a tray from the initially used one to a new empty one to collect
clear filtrated water

Turbid liquid produced just Filtrated clear water

after starting the filtration

Jute sacks may also be used for the filtration instead of the sheet. The jute sack
that is coarser than the sheet has an advantage of short filtering time, but also

has a disadvantage of passing fine precipitate through.

Scoop precipitate left in the bottom of the 1 ton plastic tank as much as possible
using ladles and put it into filters with a filter cloth. Wash inner wall of the tank
by adding small quantity of the tap water and rub away the precipitate on the
wall. Tumble the tank gently to scoop the residual precipitate as much as possible
using a dustpan or other tools, and feed it into the filter. Finally, wipe the inner
wall of the tank with waste cloths.
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-

Take out with a ladle

Wash inner wall of the tank
with a small volume of tap
water and using a deck brush

Transfer the precipitate to

the filter using a ladle
Treatment of precipitate left on the bottom of
the plastic tank

Transfer to the filter

Wipe with waste cloth X‘f’%:}g vvzgc&]? ;an aa;%);’gll)gg?e‘ Scoop with a dustpan

Cover the filters with a sheet with a blue sheet and keep it for one night as shown
in the photo below. The next day, measure the radioactivity of the filtrated water
in the tray. Write down the results in the form, Record 11: Radioactivity
concentration in the water after filtration using a filter with a filter cloth. When
the radioactivity concentration is lower than the criteria for discharge, then

discharge the water in the tray.
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Cover the filter with a blue sheet and put weights to prevent blowing out
in order to protect it from rain water, and leave it for one night. Put an
indication “Caution: Radiation source” on the blue sheet. On the next
day, recover the filtrated water in the tray.

TR i

before discharging the filtrated water
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ON - S°A 0¢ (Nd ‘NV)
ON - S°A 61 (Nd ‘NV)
ON - S°A 81 (Nd ‘NV)
ON - S°A LT (Nd ‘NV)
ON - S°A 91 (Nd ‘NV)
ON - S°A g (Nd ‘NV)
ON - S°A 4t (Nd ‘INV)
ON - S°A el (Nd ‘INV)
ON - SOX 4 (WNd ‘TNV)
ON - SOX 11 (Nd ‘TNV)
ON - SO )1 (Wd ‘TNV)
ON - S°A 6 (Nd ‘NV)
ON - S°A 8 (Nd ‘NV)
ON - S°A L (Nd ‘NV)
ON - S°A 9 (Nd ‘NV)
ON - S°A S (Nd ‘NV)
ON =+ SOx 14 (Nd ‘INV)
ON - Sox € (Nd ‘INV)
ON - Sox c (Nd ‘INV)
ON =+ SOk | (Nd ‘INV)
1e1q], LET-WNISa)) PET-wnisa))
98 IBOSI(] "ON O] owny surjdureg
("I/bg) UOIIRIIUSOUOD A}TATIOROIPRY
Teax Le( quopy  :91BP JUSUWIAINSBIN

31070 99 B YIIM J993]1J B SUISN UOIJRII[LJ 197J€ J9)eM 93} UI UOTJRIJUSIUO0D AJIATIOROIPRY :TT PI029Y]
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(7) Treat water and precipitate left in the pool (2nd and 3rd treatment)

(a) Pump up water and precipitate left on the bottom of the pool into 1 ton plastic
tanks.

Find a drain port on the bottom of the swimming pool and wipe precipitate with
water using wipers toward the drain port (photos below) while pumping up
precipitate with water at the drain port using an engine pump into 1 ton plastic
tanks. Avoid pumping up water only, because it leads to a difficult condition for
the precipitate being pumped up. Make efforts to pump up precipitate as much as
possible.

Wipe precipitate with water using wipers toward the drain port
while pumping up precipitate with water.

Pour the pumped up water containing precipitate into the 1 ton plastic tanks as
shown in photos below.

Transfer pool water containing precipitate into 1 ton plastic tanks.

Pump up water and precipitate lesft in the drain port on the bottom of the pool
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into 1 ton plastic tanks using a medium to small capacity engine pump. Scoop
fallen leaves with trowels and put into a basket to drain the water. Put the

drained water received in the tray into the 1 ton plastic tank.

(b) Measure radioactivity concentration of the water and precipitate in the 1 ton

plastic tanks

Leave the water in the plastic tank at rest to allow precipitation. When the
precipitation is completed, water and precipitate phases are clearly separated as

shown in the photo below (side view).
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Take samples from the supernatant of each plastic tank to measure radioactivity
concentration when water and precipitate have been separated. Write down the
measurement results in the form, “Record 12: Radioactivity concentration in the
pool water and precipitate before the 2nd treatment”.

Discharge the supernatant with radioactivity concentration lower than the
criteria for discharge using an engine pump. Adjust position of the hose nozzle of

the engine pump not to raise or pump up the precipitate.

Provide secondary treatment with the zeolite to the supernatant with
radioactivity concentration higher than the criteria for discharge.
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ON - S9K 14 (Nd ‘TAV)
ON « SoA €é (Nd ‘TNV)
ON - S9K (4 (Nd ‘TAV)
ON - SOK 12 (Nd ‘TAV)
ON « SoA 0¢ (Nd ‘TNV)
ON - Sox 61 (Nd ‘TNV)
ON =« SO% 8T (Nd ‘TNV)
ON - So% LT (Nd ‘TNV)
ON =« SOk 91 (Nd ‘TNV)
ON =« SO% a1 (Nd ‘TAV)
ON =« SOK 71 (Nd ‘TNV)
ON =« SO% €1 (WNd ‘TAV)
ON =+ SOk 4\ (INd ‘INV)
ON =« SOK 1T (Nd ‘INV)
ON =+ SOk 1] (Nd ‘INV)
ON = SO% 6 (Nd ‘TAV)
ON =+ SO% 8 (Nd ‘TAV)
ON =+ SO% ya (Nd ‘TAV)
ON « S°A 9 (Nd ‘NV)
ON « S°A g (Nd ‘TNV)
ON « S°A 14 (Nd ‘TNV)
ON « S°A e (Nd ‘TNV)
ON « S°A c (Nd ‘TNV)
ON « S°A I (Nd ‘TNV)
93IBISI(] 1e19], LET-WNIsSa)) EI1-wnisa) 'ON yue) onserd uoj 1 o surfdureg

("I/bg) UOIIBIIUSIU0D A}TATIOROIPRY
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(c) Secondary treatment of the water left in the 1 ton plastic tanks

Similar to precedent works, feed 100 g of the zeolite and 150 mL of the flocculant
(PAC solution) into each 1 ton plastic tank.

Pour suspended zeolite solution prepared in a separate container and stir it with a
long handle ladle. After 30 minutes, add 150 ml of the flocculant (PAC solution)
and stir it with a long handle ladle.

Keep the plastic tank at rest for one night to allow the zeolite and flocculant

functioning sufficiently effective.

Secondary treatment using the zeolite: Feed 100 g/ton of zeolite, and
150 ml/ton of flocculant (PAC, and leave it for one night.)

Feed the zeolite and stir with a ladle. Feed the PAC and stir with a ladle.

(d) Measure radioactivity of the supernatant, and discharge it when it meet the

criteria.

Measure the radioactivity of the supernatant in each plastic tank. Write down the
measurement results in the form, “Record 13: Radioactivity concentration in the
pool water and precipitate after the 2nd treatment”

Discharge the supernatant using a medium capacity engine pump while taking
care of not to pump precipitate when the radioactivity concentration meets the
criteria for discharge. When it does not meet the criteria for discharge, provide 34
treatment as described in the section (e).
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ON .+ S9K 24 (WNd ‘INV)
ON .+ S9K €3 (Nd ‘INV)
ON .+ S9K (e (Nd ‘INV)
ON - S9% 1G (Nd ‘TAV)
ON - SeA 0¢ (Nd ‘INV)
ON - Sox 61 (Nd ‘TNV)
ON =« SO% 8T (Nd ‘TNV)
ON =« SO% LT (Nd ‘TNV)
ON =« SO% 91 (Nd ‘TNV)
ON =« SOK GT (Nd ‘TNV)
ON =« Sox 4! (Nd ‘TNV)
ON =« SOK et (Nd ‘TNV)
ON =+ SOK 4l (Nd ‘INV)
ON =« SOK 1T (Nd ‘TNV)
ON =+ SOK 0] (Nd ‘INV)
ON = So% 6 (Nd ‘TAV)
ON =+ SO% 8 (Nd ‘TAV)
ON = SO% A (Nd ‘TAV)
ON - SOx 9 (Nd ‘INV)
ON - SOx g (Nd ‘INV)
ON - SOx 1% (Nd ‘INV)
ON - SOx e (WNd ‘INV)
ON - SOx c (Wd ‘INV)
ON =« SOK | (Nd ‘TNV)
oSxeyosI(] 5L LET-TM00 VEL-TEe0 ‘oN ue) ouyserd 3 T owry Surjdwreg

("I/Pg) UOI}BIIUSIU0D A}TATIOROIPRY

RS Le(q
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(e) 3vd treatment of the supernatant and precipitate

When the radioactivity concentration of the supernatant after secondary
treatment is higher than the criteria for discharge, transfer the water in the 1 ton
plastic tank to 100 L tank using a small capacity engine pump where 3
treatment is conducted using the zeolite (photos shown below). Measure the
radioactivity of the transferred water and write down the measurement results in
the form, “Record 14: Radioactivity concentration in the supernatant before the
3rd treatment”.

Add zeolite to the water in the 100 L tank. No flocculant (PAC) is used in the 3rd

treatment.

Transfer supernatant with the radioactiviticoncentnation higher
than the criteria for discharge to the 100 L tank using a small
capacity engine pump, and provide 3 treatment using the zeolite.

Add zeolite only for the 3rd treatment

Treat the precipitate left on the bottom of the tank using the same method as that
applied to the precipitate left on the bottom of the plastic tank, as described in the
section “(6) Treat the precipitate left on the bottom of the 1 ton plastic tanks”.

Keep at rest for one night and measure radioactivity concentration of filtrated
water accumulated in the tray, and write down the results in the form, “Record 15:
Radioactivity concentration in the water after filtration with a filter cloth”.

When the radioactivity concentration is lower than that in the criteria for

discharge, discharge the water in the tray. When it is higher, dilute the water with
the tap water, and discharge it after checking for the compliance.
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(8) Bag in the sludge after filtrating the precipitate

Bag in the sludge left on the filter cloth (sludge) after binding both ends of the
sheet as shown in the photo. Mark a number with a felt pen on the surface of the
bag to identify which sheet was used for the filtering.

The mouth of the bags shall be twisted, folded back and closed with a banding
band. Put the bags into additional plastic bags, forming a double packing. The
outer bags shall also be twisted, folded back and closed with a banding band.

Bind both ends of the sheet.

For both plastic bags, the mouth shall be Put the sludge together with the filter
twisted, folded back and closed with a sheet into a plastic bag, which is again
banding band. put into a plastic bag.
Measure the dose rate of each bag on the surface using a radiation detector. If
possible, weigh the bag (weight by the kilogram is acceptable). Write down the
results in the form, “Record 16: Dose rate measured on the surface of bags that

contains the sludge”.
A tentative storage area during the work and the place for the temporary storage

of the sludge needs to be selected after careful consideration, since the sludge

contains relatively large quantity of radioactive materials.
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Record 16: Dose rate measured on the surface of bags that contains the filter

sludge
Measurement date: Month Day Year
Dose rate on the surface )
Bag No. (uSv/h) Weight (kg)
1 pSv/h kg
2 pSv/h kg
3 pSv/h kg
4 pnSv/h kg
S pnSv/h kg
6 nSv/h kg
I pSv/h kg
3 pSv/h kg
9 pSv/h kg
10 uSv/h kg
11 pSv/h kg
12 pSv/h kg
13 pSv/h kg
14 pSv/h kg
15 pSv/h kg
16 uSv/h kg
17 pnSv/h kg
18 pnSv/h kg
19 pSv/h kg
20 pSv/h kg
21 pSv/h kg
22 pSv/h kg
23 pSv/h kg
24 pSv/h kg
25 pSv/h kg
26 pSv/h kg
27 pSv/h kg
28 pnSv/h kg
29 pnSv/h kg
30 uSv/h kg
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(9) Clean the swimming pool wall

Clean the swimming pool by a conventional method. Cleaning using tap water will
be acceptable, however, to be safe, the water would be better off discharging after
checking the radioactivity concentration.

(10) Clearance
(a) Check the radioactivity after the work

Check the reading of the personal dosimeter, and fill in the form, “Record 6:
Record of personal dosimeters”.

(b) Put tools and equipment used for the decontamination and generated waste

away.

Put clothes contaminated with radioactive materials in plastic bags separately
from conventional trash so that they can be stored together with those containing
the precipitate. Mark a serial number on the bag with a felt pen .

The mouth of the bags shall be twisted, folded back and closed with a banding
band. Put the bags into additional plastic bags, forming a double packing. The
outer bags shall also be twisted, folded back and closed with a banding band.

Measure the dose rate of each bag on the surface using a radiation detector. If
possible, weigh the bag (weight by the kilogram is acceptable). Write down the
results in the form, “Record 17: Dose rate measured on the surface of bags that
contains waste generated during the clearance”.
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Record 17: Dose rate measured on the surface of bags that contains waste
generated during the clearance

Measurement date:  Month Day Year
Dose rate on the surface )
Bag No. (uSv/h) Weight (kg)
1 pSv/h kg
2 pSv/h kg
3 pSv/h kg
4 pnSv/h kg
5 pnSv/h kg
© nSv/h kg
I pSv/h kg
8 pSv/h kg
9 pSv/h kg
10 nSv/h kg
11 uSv/h kg
12 nSv/h kg
13 pSv/h kg
14 pSv/h kg
15 pSv/h kg
16 uSv/h kg
17 nSv/h kg
18 pnSv/h kg
19 uSv/h kg
20 nSv/h kg
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(c) Temporary storage of waste generated from the decontamination

Temporarily store safely the mud and fallen leaves collected during the
decontamination, a flocculation/precipitation product generated by the treatment
of the pool water and materials and tools used in the work but that cannot be
decontaminated. The storage procedures are as follows.

Spread water sealing sheets such as blue sheet double at the predetermined place.
Stack the waste bags to be stored temporarily.

Fold up the blue sheets so that the stacked bags are packed with the sheet. Put a
blue sheet cover to protect it from rain water.

Put soil on the cover sheet to stabilize the sheet, which 1s also expected as a
shielding against the radiation.

Measure the ambient dose rate at different conditions; the condition before
carrying in the waste, that in which waste bags are stacked at the planned
location, that after the blue sheets, covering the waste bags, have been fixed with
sand and soil, in order to recognize changes in the ambient dose rate. Write down
a rough map indicating the location of the waste and measurement results in the
form, “Record 18: Ambient dose rate at the temporary storage of the waste”.
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When sufficient shielding by the sandbag used for stabilizing the sheet is
confirmed, barricade the area to prevent unnecessary human access. Sufficient
care should be provided against thefts. The figure shown below is an example of
the barricade.

Site boundary

Temporary
storage area

(] .
e DBarricade .
° Barricade

Gym
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5. Final finishing
(1) Measure ambient dose rate at the condition without pool water

(a) Measure the ambient dose rate at the bottom of the swimming pool and pool
side.

Survey ambient dose rates at the same measurement points as those before
starting the work (Record 2: Ambient dose rate map of the swimming pool and
pool side before the work)

Measurement points are at four corners and the center, in principle, of the bottom
of the swimming pool. Add locations where drain water is collected such as drain

port as measurement points.

Write down the measurement results in the form, “Record 19: Ambient dose rate
map at the pool and pool side”.

(b) Survey ambient dose rate at the places used for the work

Survey ambient dose rate at the same measurement points as those in the
swimming pool, outlet to external water way, along work flow lines, temporary
storage of waste surveyed before starting the procedures, and write down the
measurement results in the form, “Record 20: Ambient dose rate map in the work
area (after the work)”.
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(2) Review the entire work

Review the following check list to verify the completion of the work.

Is there any place where the ambient dose rate has changed significantly from
that before starting the work, as checked in the section 3. (2) (c)?

( ) No significant change at any point. — Acceptable!

( ) Significant change at some points.
!
— Investigate the causes, and provide decontamination there, if
necessary.
!
— Measure the dose rates again.
!
( ) Dose rates comparable with those before starting the
work.

—  Acceptable!

( ) Dose rates significantly higher than those before

starting the work.

!

— Fixed contamination is assumed.
Consult with responsible persons from the school,
communities and JAEA.

How to deal with the fixed contaminations
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(3) Measure the radioactivity concentration of the pool water after filling water

into the swimming pool

Fill the swimming pool with water. When filled, measure radioactivity
concentration of the fresh pool water to verify the compliance with the criteria for
utilizing swimming pools with respect to radioactivity concentration, as defined in
the section 2.(2)A..

» Radioactivity concentration of the fresh pool water :
Bag/L

This 1s the end of the decontamination procedures.

You did a fine job!
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6. References
(1) Criteria that you should be familiar to

(a) Utilization of swimming pools

O Utilization of outdoor swimming pool at schools in Fukushima (July 16, 2011,
MEXT)

O Guideline for radioactivity concentration in swimming areas (June 24, 2011,
MOE)

(b) Quality of swimming pool water at schools
O School environmental health standard (march 31, 2011, MEXT Notice No. 60)
O Criteria for the school environmental health (February 10, 2004, MEXT

decision)

(c) School life
O Basis of the tentative policy issued on May 27, 2011, stating that radiological

exposure at schools shall be suppressed below 1 mSv in a year (July 20, 2011,
MEXT)

(d) Tap water

O Measures against accidents in Fukushima Daiichi and Daini Nuclear Power
Plants (March 19, 2011, MHLW)

(e) Waste

O Policy on the treatment of wastes and refuses due to disaster in Fukushima
(June 23, MOE)

O Policy on handling of byproducts from supply water purification/sewage
treatment processes in which radioactivity was detected (June 16, 2011,
NISA)

(f) Effluent

O Water Quality Pollution Control Act (December 25, 1970, Law No. 138)
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(2) Radioactivity measurement methods

There are several types of radioactivity measurement method, and each of these

methods has its own merits and demerits. Here, we listed features of two typical

types of detector, germanium (Ge) solid-state detector and sodium iodine (Nal)

scintillation counter.

Ge solid-state detector

Nal (TD

scintillation counter

(Commercially available as
food monitor, etc.)

* Place a sample cell on the
detector within a radiation
shield, and output signals are
subjected to the pulse-height
discriminator.

* Place a sample cell on the
detector within a radiation
shield, and output signals are
subjected to the pulse-height
discriminator.

Description
A (¢}
Operability
* Operation by experts * Some types are operable by
* Difficult to quantify at the site non-expert operators
© o
» Standard radiation » Standard radiation
Accuracy measurement method measurement method .
* Superior energy discrimination | * Good energy discrimination
capability capability
+ Detection limit (10 minutes « Detection limit (10 minutes
measurement): < 30Bq/L measurement): < 60Bq/L
X
Cost °
*>10 M Yen * 2-5 M Yen
* 10-20 thousands yen/sample * Aloca: CAN-OSP-NAI
Other when commissioned to * ORTC: FoodGurard-1™
romarks specialized institutions (e.g. « Berthold: LB200,1.B2045

Institute of Radiation
measurements)

*+ OHYO KOKEN: FNF-401

- 184 -




JAEA-Testing 2011-007

7. When you find anything you want to know - For concluding remarks

This guide intended the use by the general public who have not involved in any
radiological work when they will be involved in decontamination of a swimming
pool while ensuring their own safety. Also intended was to make the guide generic
so that the guide could be used for decontamination of swimming pools as many as
possible.

Therefore, there may be many questions or vague points on details of the work or
adaptation to a specific swimming pool when implementing the guide. Please
don’t hesitate to consult us in those cases.

As described in the introduction of the guide, please inform us anything you notice
about the guide that could be changed or added to make it better.

We will support you using all of experiences and knowledge we have. We will be
happy if we could get contacted by you.

Contact information

Japan Atomic Energy Research Agency
Headquarters of Fukushima Partnership Operations
Fukushima Environmental Safety Center
Address: Yunix Building 7 F
6-6, Sakae-cho, Fukushima-city, Fukushima-pref. 960-8031
Phone:  +81-24-524-1060
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2 = /U bar |1bar=0.1MPa=100kPa=10"Pa
KEFE U A— kL lmmHg 1mmHg=133.322Pa
Fr 72 ku—2n A |1 A=0.1nm=100pm=10""m
it Bl M |1M=1852m
2 — b [1b=100fm*=(10"%cm)2=10*m"
J v M kn |1kn=(1852/3600)m/s
O Np}sltﬁ{\‘/,&mfﬂﬂﬂﬁf;&ﬁ%i.
S Mo SRR D EFRIT AR
T D% ~ /vl dB
#£9. BEADLFZE H OCGSHIN HAL
i Eokea ST HfL CF S 55
= v 7| erg [1erg=10"J
Vs E | dyn |1 dyn=10"N
R 7 Z| P |1P=1dynscm”=0.1Pas
2 b — 7 Z| St [1St=lem?s'=10"m?s"
2 F 7| sb |1sb=lcdcm®=10%d m?
7 *+ I ph |1 ph=lcd srem?10%x
Vil /M| Gal |1 Gal =lem s=102ms”
~ 7 A % z M Mx [1Mx=1Gcm’=10*Wb
H 7 Z[ G |1 G=1Mxem?=10"T
127y F )| Oe |10e2 10%4m)A m?
() 3IEHRDOCCGSHNIF & SITHEBIL TE R, %5 [ 2
BB 27T b 0T 5,
#10. SLICJR S 7202 Dt o> BT O i
B0 ik ST HhL TR Sh 55
¥ = U —| Ci |1Ci=3.7x10"Bq
L v b % | R |1R=258x10"C/kg
7 Rl rad |1 rad=1cGy=102Gy
1% L[ rem |1 rem=1 cSv=10?Sv
7 v ~| v |1v=1nT=10-9T
7 £ v S 17 =/ 3=1fm=10-15m
A—=RMIVRAT v b 1A— hV%RH 7 v b =200 mg = 2x10-4kg
k Ju| Torr |1 Torr = (101 325/760) Pa
£ # K X | atm |1 atm =101 325 Pa
5 my | cal [teal=418587 (5T = ut) , 4.1868J
(ITIA 7 ) —) 4.184] (MBYL 1w Y —)
3 7 = it 11 =1um=10"m

(8RR, 20064FEE4RT)
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