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The following studies were carried out with the purpose that the variation of environmental gamma-ray
dose rate was determined due to radioactivity discharged from nuclear fuel cycle facility;
1) development of calculation code system (SIERRA-II) in order to determine in quasi-real time the
variation of environmental gamma-ray dose rate due to the operation of reprocessing facility,
ii) examination for determining the variation of environmental gamma-ray dose rate due to the
operation of reprocessing facility using SIERRA-II,
1ii) measurement ofthe concentration of **’Rn decay products in rainwater deposited to the ground
surface by rainfall, and construction of the wet scavenging model for the atmospheric ***Rn decay
products,
iv) determination of the variation of environmental gamma-ray dose rate due to the discharged BKr
during rainfall,
By these studies, it became clear that the developed SIERRA-II could determined the variation of

environmental gamma-ray dose rate during the operation of reprocessing facility with practical accuracy.

Keywords: Reprocessing Facility, *Kr, Environmental Gamma-ray Dose Rate, SIERRA-II, “**Rn Decay

Products, Rainwater, Wet Scavenging Model

This report, based on the author’s research work using facilities of Japan Atomic Energy Agency, was
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Fig.1-1 Variety of the environmental radiation sources which affect gamma-ray dose rate
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Determination of the variation
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ronmental gamma-ray dose rate during
rainfall due to the deposition of atmos-
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A
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. . .. 222 i i
calculation code/system for radioactivity Rn decay products in rainwater and

release from nuclear fuel cycle facility establishment of the ‘_Net deposition
model for atmospheric ?>2Rn decay

products

Fig. 1-3 Approach to the determination of the variation of environmental gamma-ray dose
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using KDE method

Air concentration, air absorbed

dose rate, external and internal
doses

Fig. 2-1 Calculation procedures of the SIERRA-II
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Fig. 2-2(a) Pasquill horizontal dispersion parameter, o5, as functions of the

atmospheric stability and downwind distance
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Fig. 2-2(b) Pasquill vertical dispersion parameter, o,

as functions of the
atmospheric stability and downwind distance
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Table 2-1 Functions of the SIERRA-II

Objective facility Facilities in the Tokai Works and the O-arai Engineering Center

Horizontal : 40 km with the grid interval of 1.25km, especially 4 km

Vertical : 400 m with the grid interval of 20 m

Objective period Up to the maximum 48 h in forecast with time resolution of 1 h

Real-time local meteorological and effluent data of every 10 min in the
Input data Tokai Works and the O-arai Engineering Center, and local
meteorological prediction data of every 1 h

Output data Vector plots of wind fields, contour maps of air concentration and
dose rate, and table of dose for arbitrary period

Operation GUI(graphical user interface) operation on Windows PC

O-arai Engineering Center

!' - Nuclear Emergency Assistance
and Training Center

Meteorological instruments | | Effluent monitors

|
|

|

i

:Windows PC i
telemetric system i
i

|

|

|

|

|

Unix work station
(atmospheric dynamic model)

e

Local meteorological observation data

Local meteorological
prediction data

Effluent monitor data

Tokai Works
Windows PC
Meteorological instruments | | Effluent monitors (SIERRA-IT) JE—
v alculation
Unix work station Wind field, atmospheric dispersion zgtrtlidnltlon GUTI operation
(telemetric system) and dose calculations g

Y

3

Graphical output

—

Local meteorological observation data Wind field, air concentration,

air absorbed dose rate, internal
and external doses

Effluent monitor data

Fig. 2-3 Data flow of the SIERRA-II
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40
km

Fig. 2-4 Examples of the vector plots of horizontal wind fields,
(a) wind in the area of 40 kmx40 km, (b) wind in the area of 4 kmx4 km

B A ARMBEFESAT A - [1/5-BI(2.1) [7-2£:20040518]] o B
] #70) »-MD 2k A'H ERIR) #5760 _ =l x|
BTyl : OB/ Famied BORRM | Eet A% SLEEE N | A 0 TR
ZERRITER R (D591 o $8) (hSET)
" T4 3 o mm iz [EE ~
[%10 fsed B0E /EMRe THRE | | ZF 80 pos ~xfio F[Af B

i7  ~sfo <%  Beres |
EFPIEE : [TRROBEECIN T ) =l

FRZE: s =]
IR A ¢ 3.008E+13 [Bo/h]

EFEE: @ MEEM © E57 L
1

TOB0  HTHA: nGy/h
5.0E+00
TOEH0 @ : BEMBIMS
BOEOT L BriEmEMs
1.0E-01
BE : 1Bl
I oA osw
% RE: 051 Lol
o

A [
Bxs | m=matEE | ro-eEs | Rl B
BIEA=2—%BRRLT TS, | 2004/05/18 18:19

MS : monitoring station, MP : monitoring post

Fig. 2-5 Example of the output of the contour map of air absorbed dose rate
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Table 2-2 Main GUI windows for the operation of the STERRA-II

Windows Functions

System starting Ini‘tiati'on of the system opf:ration, apd the sele‘ction of the
objective area for calculation (Tokai or O-arai)

Facility selection Selection of the objective stack of the facility or the set of the
release point

Calculation Set of radioactivity release condition(the use of effluent

condition setting monitor data or the assumption of continuous release of unit

and calculation radioactivity), the set of the evaluation period, and the

execution storage of calculation conditions and the calculation
execution

Graphical output Selection of the item for the output (wind fields, air

concentration, dose rate, and so on), and the graphical output
of the calculation results

System exit Storage of the calculation results, and the termination of
the system operation
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BKr IR, iR D5 km OFEIRT ¥Kr O KK FREZBIIL -, ZOBIIFESLE, SIERRA-IT T
DFHFRERA 52 L1280, SIERRA-IT OVEREAFTAMIL 72, KR IR IL, BREEN L~ H
BKr ORZILHCIRRER LV EHICR TR TH D, Lo T, KR THE CORR R LB ROk
S13, BREERO XD SIERRA-TT O KZIEEG R OMEREHKIZ A2 Th D,
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TAT R P CHEI S B K C 30m TdD, K A AL, ST FRALER G 3% o fic B C S-S & 6
FRIRBED S PRI CHE S 96m(H b 90m) i SOPER D kS NS, PEXUREITH 40000 m® h
THY, k& EF@mSI3RHEICH LD, 5+ m ThD, JERENHO YK Ok, 575 GM Bt

A LZHER BT =2ICX0llES NS, SEREE=21280% PKr Of T IREIX, 1.8X107°
Bq cm”® Th%, ¥Kr ORGHILEEL, 1986 4E7H 11 H 10 BAHE) B km ORI CHIMRIL-, Zh
SOBMT —21F, 7 b— LT T I IESSRENE R - M8 = — N (DIAMOND) 0 3224 PR L
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BU7=, SRRSO T, HES DS P Ke 23S T, Fig. 2-6 12, HERRIR L U240
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FOMERIL 72 22 em® DIRIAL > FL—FITHED LTz, ZL T AR Y27 T Rk v F L —ar iy
> #(model LSC-LB1; 7k &4)T 250 min BIRIEZFT 72, ¥Kr O R O R HIBR A,
33X10?Bgm” Tk,

l»—n

WSW

‘w

SSW S shoreline

A :Stack, @ : Air sampling point, © : Instruments for the wind at the height of the
stack and the vertical air temperature profile, O : Instruments for the surface wind, the
insolation and the net radiation, @ : Instrument for surface wind

Fig. 2-6 Location of the stack, samplers, and meteorological observation

instruments
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Fig. 2-7 Structure of an air sampling device
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Fig. 2-8 Time variation of the discharge rate of 85Kr on July 11, 1986, effluent speed 18

m s’1, stack diameter 2.9 m
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Fig. 2-9 Time variations of the observed wind direction, wind speed and atmospheric

stability
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Table 2-3 Comparison of calculated and observed air concentrations of

85Kr on July 11, 1986

85Kr Concentration (Bq m™)

Sampling point
Observed Calculated (%)

A 1.8 X 10? 1.8x 10 9.5
B-1 7.5 6.9x 10! 9.2
B-2 2.0x103 8.1x 103 4.0
B-3 2.1%102 5.5 %102 2.6
B-4 8.7x10"  5.0x10? 5.7%102
C-1 2.3 3.3x107 1.4%x10?
C2 4.4%103 7.7 %103 1.7
C-3 1.3x 103 5.5 %102 0.4
C-4 1.3 1.9%x 101! 0.2
D-1 1.1 2.5%10? 2.3x%x10?
D-2 4.6 %103 6.1 X103 1.3
D-3 1.6 X 10? 2.1%x10? 1.3
D-4 1.2 0 0

E 26%103  25%10° 1.0

The observed concentration is which the background concentration was
subtracted, and the calculated concentration disregarded the internal
boundary layer.

1.0E+5

1.0E+4

1.0E+3

1.0E+2

® Observation — Calculation

Concentration (Bq m'3)

1.0E+1

1.0E+0

0 1 2 3 4 5 6 7
Downwind distance (km)

Fig. 2-10 Comparisons of the #Kr concentration in the downwind direction

between the calculation and the observation on July 11, 1986
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VL ED IS, ¥Ke R T GBq h' B &, JER RO R T HIchHD MS BLUNMP 1238
WCBRBE N o~ MR BB MBS o, H Y~ IR E RO SRR K 20 nGy b R2E, —[El0
ZEEEEANI 30 DLANTH o7, H~ A ERO EFEIL, JER 00 PKr i sRICIZIE
FIL T, ZEHIIL, “Kr ORHARGEIFR LI ZIEREL TV, 2RBDZEND, ¥Kr OftHiFRE
JE A DT —Z IS E | H o~ R RO LN PKr ORI A B THHZ LN E TE S,

3.5 SIERRA-II % VW 7= BREE N o ~ MR R T DL 2L —ay

S P ALt % D LA | 6 L, S5 27 TR L7 SIERRA-TL Z VT ¥Kr S tHICAED
R DEREE N o~ R R AR LT, 7235, 1990 AEARIZ HE FRALBRAE 3% DR B s K ) 38 BTN
D T=DHD N THIV, B R LB X MR BRI 2km NERISALE T 58012728 o7, 16> T,
RETTHNTEATH T —ZIZR LT, 8 2.4.4.3 HiCELRLIZNER R OB T/ NS RoTo B 25
N5, REiTO SIERRA-II # W EIZB W TUINHERA B EZ BT AT 7 —2% A T)
T —H LU THEER R CHBE LR ROV T - R 21T o7,

H2FD Fig. 2-512, 2003 45 10 A 20 B 17 FF 40 571233112 SIERRA-IT (IZ LV FHESNIZBREEH
VAR AR OB Z R LT, Fig. 2-5 K0, BREE U~ B BRI PR B 1 5 TE<,
MS2 DAL E TEREEN <~ E RN E o Te ZENHLN TH D, BRI~ B R R o A\ H £
FHia ML ECOIEAITNSL, BEEET D MPS CTEREEN <R IL LA Uk ol ZOFHERS
RIEL Fig. 3-2(a) T MPS CEREEN -~ &N EHLTOZRUWRERE— BT,

RSN~ R SR | Fig. 3-2(a)& Fig. 3-3(a) T/RL7Z MS BL O MP TS - BREEH
<R R RO R YN EE O % | Fig. 3-4 & Fig. 3-5 (RLTz, ZHHDEICB WL, HRSh-
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B~ AR, YK B O 8 5 CEBR BN L~ BRAR B SR VA B L7 1 8 0D AT 0D 3 i 44 )
DI = B~V OBLANEIZ, GRS ERAIMNE LT, Fig. 3-4 £V, 2003 410 H 20 H
17 1§ 40 433 LN 18 IKF 20 4312 MS2 CRUIIS I BREE T L~ Mg B D Z58h 5% SIERRA-IT & V=
AFICKVEBLATEE Th o7, 17 B 40 23 BT ARSI BRBE T o~ SR R O ZE BN 13 nGy h!
ThoT=DIZH L, FHEENLHE 4 nGy h! Th-o7-, 18 B 20 531 2B W TEHIS - BREE T~
HREROLEEN 3 nGy h'! THH7=DITH L, FHETIZ 2 nGy b Tho7-,

Fig. 3-5 TlZ. 2002 4F 10 H 31 H 10 IF 40 432 MP5 CHLHISH - BREE N ~ MR B RO B4
—> &, SIERRA-IT Z U= 3R B i U7, BLIS N BB~ MRS O S B 15 nGy h!
ThoT=DIZH L, FHEEN-L81E 2 nGy h'! Th-o7=, Fig. 3-5 TiL, FHESA-L8L, BHShz-
BB L0/ NSUMEZ R LT, Fig. 3-5 CRHRUELBLANEZ Lesk U7 Rs oo R m O R 24k i%., Fig. 3-4 T
gL 7e bx o A M ORI ZE L L KRED T,

Fig. 3-6 (Zi%, JA\A ORI AT et 32 31 BRI O — Bl £ B W OB A R LTz, Fig. 3-6 &
V. B A DR ZEAL DY NSO, FHEELBLANE O — B L@ W Z e BN THD,

SIERRA-II Tl&, Y v#R RO EOTZDIZ, 10 3 DR T — X &L T\D, ZD720,

3 AL T T D72 RGN Tl 10 2 FO R 7 — & 8 RERO B 2 b2 1B O EIL7R U,
Fig. 3-5 T/RLZIIC, 53 BN CRIMNZE(LT 589703561, EEORINE(LA R T 52N TET,
T~ MR BB A BRI GIE T 22 LM TERNEE ZHND,
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Fig. 3-4 Comparison of the calculated variation of environmental gamma-ray

dose rate to the observed one in Oct. 20, 2003
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Fig. 3-5 Comparison of the calculated variation of environmental gamma-ray

dose rate to the observed one in Oct. 31, 2002
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RO P AL i 03 8 2 PRI R R ML XTI, SRR DFFEE L CL FKITAE R 0 8 RS 2 < BT 5,
BRI, o> B\ A oD JRLL D JRL A Ak e A3 R v — 5 MR VIR BR IR L NS R & A R 281 E
MHND 2, Fig. 3-1 TRELE 10 KD MS 5L MP TOREEN -~ i &R LB L, Zhbodri
JEGS F OV R R D RE IS TNDEB X LD, 22T, MABNIEREET o~ M &R LB O F
LA R L OBUAIRE SRICOWTHEELT,

Table 3-1 12, BEXE O HFALIZELES L7 MS BLOY MP /12, 2003 4F9H ~11 HIZEHEBLID
BLISN- W o~ SR R A TR L2, MS2 BE O MPS TR R O/ 5 B L OIS E L, ALH o
TIREZALD D RNVR IR TH o~ R B R NEB L =L DO ThD, T~ R RO 2 Bk

Table 3-1 Results of the agreement of the calculation results of the SIERRA-II
with the observed ones for each monitoring station/post. The data was

obtained during the period from Sep. to Nov., 2003

MS1(24) MS2(100) MP1(8) MP2(18) MP3(7)

FAS 0.79(19) 0.70(70) 18) 0.89(16) 1(7)
FA2 0.42(10) 0.55(55) 0.63(5) 0.28(5) 0.71(5)
MFB 0.60 035 0.65 0.56 0.32

() : number of data

MP4(101) MP5(34) MP6(27) MP7(45) MPS(75)

FA5  081(82) 0.82(28) 0.56(15)  0.67(30) 0.61(46)
FA2  042(42) 0.56(19) 0.195)  0.53(24) 0.19(14)
MFB 0.14 0.04 1.12 0.45 0.72

() : number of data

M EWEEAME D MS,MP OZEDH 2\, MS2 & MPS TO7 7742 TO—HEIZZNTI 0.55,
0.56. MFB (Mean Fraction Bias)iZZ1ZH 0.35, 0.04 Tho7=, 777 X2 TO—EFE I, o> MS,MP
F0b A EME Tdh o 72, MS2 & MP5 TO MFB DAL, 10> MSMP DZ L0 E bl it/ &<
SIERRA-II TOFFHE TOM/ Nl O A VTR STz,

—J5. MP6 TOZ 7742 TO—EEIL 0.19, MFB OfEIE 1.12 THY, fthod> MS,MP OZ bbbkl
T HEIHEL, /Nl OE AWK ED -T2, MP6 TEREL L~ MR B SR NEBH L7 T, Bk
RERFEI NG B 03 o7z, ZHUE, MP6 TEREE » ~ it RSN AB LR ORGSR L LT 1
B2 R LD JE M AL DA KR EZD S T2 ENMRN—FHE DK EL TE X HID, ZILHDZEN D, SIERRA-
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I COFEIZ, ALHRDR M ZEALD D 72N B DG I BLIIRE L O — B 2R EL | Wk R BR RE D
JE A ZEAL S R E ORI B RS R e D — B E D NENZENB 2 BND, 728, RILRAE X TiX, A
AL REVRGURIN S AT DML BAEBE DN NSOEHBSHS 27, B EAKRENE
SRR DI AEBAPE D NS TIL, FHER R EBLAIRE R O— BN BLRDEE A BND,

Fig. 3-7 12, SR BIOBIIS IR o~ # it B R O WU K&~ UTZ, ZO#UAKIEL, 2003 49

A5 11 A OV fE % O EERR I 2350 T Fig. 3-1 1R L7z 10 Hi0 MS BE Y MP Thg
R=5 R=2

100
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Fig. 3-7 Scatter plots of calculated and observed air absorbed dose rates
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(Z%4% SIERRA-II TOFFHEE, 3L SIERRA-II TORRIENA E T ATk T 28R
R EROBIANE O LB B2 R LT, BUAISIUZBREI N ~ S B RO LB 813, PKr o ek
HEIFREZRTHY, PKr O g H BRI I D SRE DBREEA L~ MR B R O BB & BRET AT L~ ik
FREFROBFEEL TELGIKZEIZEVRD T, BUISIIZBREE T L~ A BRI T 05 R S BR
BN~ MR E RO I R TRLUTWS, & Eo A%, 1 nGy b LT OF SIS B\ I BLIME
Tbb, Fig3-7 &0, 7775228077725 TO—HEIX, ZNEI 42%, 74% Th->7-, MFB DI
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1% 0.41 THY, SIERRA-IIZ LD ILIE/ N X A Tz,

SKr SIS BB~ B R O BT, FERREAD0 UK ORI E BRI 5,
BREE N L~ B B OBk, BEteda 30 AN TH o7z, ZO LBk IS
B~ RO LB ORI, PKr ORI IMBIR L 725, 2003 49 A ~11 H O FHALELj
AROIEEAHI IV T AR L7 MS 38K U MP CRLUIS T2 BRBET o~ MR B SR O 28 Bhk foe 1 [ 412
FRER O A B A FEHE L, SIERRA-IL ICRVFHRENTZBREE T o~ i & 2O LB ORI L L
72 Fig. 3-8 |2, 1[EIDBREEA o~ it 2 o0 2 Bk fse 1 1 45 | TR SR ST BREE T U~ iR B D 8 By
BIZOWT, AR BLUOBHIS R AT EO BN XA~ 7, Fig. 3-8 Ti&, 1[EIOZE Bk
NOFEE TR ROV T, BIISN - RBEERRE 0.1 nGy LA EDOBAITKT5 SIERRA-II TOFt
BE, BELO SIERRA-IT TRHFASHFERBREN 0.1 nGy LA L&~ B ATk T 8IS - A
MR Ui, BLIS V2B o~ BB R A B BT, PKre ISR WEB L SR OFERLE T
HY, PKr ORHBAE SO T RO BBE N~ MR B R O Z BREE A~ MR B SR O3 i &
LTELGIKZEICIYRD 7o, BUISHIZBREE N o~ B A A B Bk D3 Sl o ix R
TRLTe, A AR o0 RUE, 0.1 nGy BLTFOHBEHESHLIWIFBIIE ChD, 777228077745
TO—EE L, ZNEH 48%. 75% TV, MFB 1% 0.43 L72-7=, Fig. 3-7 CRUIZEREN L~ iR E
FOFHERE RN REDO LI BII DR RLFIFR T EE /2T,

3.6 5

FRALFR A R AR IS PR SRR PSR SV B, R E I CERBE AT~ MR B R O L B )M
REND, ZEAVBLIIS AL, FABERER) B0 SKr ORI LR GR IS DO #ANLE S
. BEROEBOIFK A YKr it T oL RN FE A e &5, ABE T, BUlSH - HiEE
WL B0 PKr SIS BB L ~ SR SR O ZE B | 9527 TR L7- SIERRA-IT % I\ C
YRal—varHZEICRY, PKr BIHICH BN U~ R RO LB E E RAL T 5 EE R AT,
FEFIE LT Th b,

(DI THHED PKr IS BREED o~ R B RO ZBE, PR B O T L0 MS BX
O MP CEIISZ, BRI~ SR RO ZBHIRIT K Ok LS LT,
ZRBEDTENS, PKr Ot R EAADOERICIE-SE ¥Kr OIS LB BN~ MR R O
AR E LT,

(2)SIERRA-II (ZRVFHHE SN BREL N o~ MR B SR OB # ) S F— %, fisk JEiL O MS B8LOY MP
TEIS BTN o~ R R OB By 7 — L L Iig ) L < — 8 L7z, 2003 AE9H ~11 A DI
Y P AL B it 5 S fGE EEHA F (2 DU C . SIERRA-IT (IS KV EREE N v~ R RO L Bhig &, Bl
TeBREE T o~ B E RO LR A LR LT, TNOD—HE X, 77742T 42%, 77745T
74% Cdh-7=, MFB ( Mean Fraction Bias )iZ 0.41 TV, SIERRA-II (2 &5 5H 5 Fidid/ T
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Fig. 3-8 Scatter plots of calculated and observed cumulative air absorbed doses

during one series of the increase period
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4. BERRICRO TR~ T L=’ 222Rn 8225 4 R BE O

4.1 HE5

FRUCERN)IL, N 3.82 HTHY, HHET > °Ra DEELIC IR T 50 AR O PR
Td5, *Rn 1T, #IFHS KK P ~HHL ., ZEROBFEIEBI L > TRE T ~ER D, 2L T, JE8
V72730, *¥Po, 21*Pb, 2 1Bi ~& | BEZE RINCHE S THEZEL TV,

REFNHEA 572 R BEZEAERIIT, BEFRIELS, RO PR E I L0 R~ T35, 20k
B I CTOT <R EFENRE L7 T5, ZORET <~ EROLI T, R IisE 50
TIPS E DR OB E > TR AR E N 725 >, ZOBTICHEIBREE N~ B
RO LHUALN | R e E L CEIISIV CWDERED o~ BEROJR KM EDT 7o ar
LAV EBZ D ESENBIENT ), ZhBDZEnE, R ALY OIS L BREE Y o~
MR O LRI IR, BB~ AR O L H O RN E ISR 5720 I BT
oYaR

INFETIZELOBFEEICED BRICED A~ FUZRAKH O 2 Ro BEA LR OB DA S
ITETZ, KEERIL . BRI ZK O EE GM B iR D\ T Nal(Tl)Y > T L—a fitdng
FINTHIEL, fIK D 2R BEZE A SR IR B 2 E LIZAIFZE0 0% V0, B/ L~ = Wi des
B, RO~ AT IV OB ZRE T HZ LY, BERICED *PRn BEZE AR O M T
R BOLERELIZE DS 7T, BRICED P Rn BEERYOWAET LBIRESN TS
0D e RNIFDBRESH L~ R RO LB T —F IS E BRI PR LR OB 2 R
STFZEL D %), LinL, ZRLOMFZEDIFEAL 1L, FIKFICE £z 2R B AR OB R
(CRALTZFZECTHY, R S5 A A OAE 2 ORI BITHRFTRIT D220, BREEN L~ R R A 258
&% Rn B ERMIT, 2UPb & 2B Th, 2MBi DI~ ROTFAE—F P DA RO~
FAF—IDRENZD, 2 Bi OB BRI~ B EROE BT, 2 *Pb DILE I TRLVE
K& 9 LoT, PR EEEAEFONE # ORRFEZRIET D LT, BRFFOBREA L~ iR RO %
e EE&LTA7-OITUETHS,

AT TIE, KREBRIL  BRIRAK DT o~ AT NVET )V~ =0 D8RR a2 O CRIE
L7z, ZL T, RKFICEEND R EEABDOMEBIEEBLOENLORETA L, SHIC, B
L&D 2R A KM OVRIEET L& VT, 2SO REBIH 522l A7,

42 WETIE

FAEP R AP FZBRATIC IO T, 1992 4E3 H 25 1993 A3 A £ CTOREIHRIL CHIEETT-7, JIE
ZATOTZBEMIE, 24 [FIDRENHFR THD, 5 KPR FIFEBRFTOMEA Fig. 4-1 (¥, 7m0 Ml
FEFTIER(100 cm X 100 cm)Z AV TRIZKEBRI 250 cm® 27R) =F L U258 2% (72 mm ¢ X 60 mm) (ZEREL
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Fig. 4-1 Location of the sampling of rainwater

U7, MZKGREHRBURITIE 30 S LANTHD, RBILIZEIO T~ AT MV BB T 5H1345y
Bl AR I T TR N~ =0 MR RRR s 2 T 30 S RIIE LTz, ZHubOFIAZ R 23k
L COD I, MEDIRLAT o7, 7038, IAKEERIUT 2720 OEREEL TUE, 49, Fbe =1 #D2o0
LA (A:480 cm X240 cm, B:480 cm X210 cm) , W ONZ, BAELI=AT L ABID 25D ERI# (C:70
emX70 cm, D:100 emX100 cm) Z ATz, Ll FIZAKFICE £4072 PR BEZE AR Z LD
EFBARIA B L, SRR R ALK OT X CEHE TEARWZEBHLIE 0T, D
728, R SRS E LN T 72 —R (100 em X 100 em) ZEEFM#E L TERA LI, AL
T~ =0 MR AR SRS L~ =0 AR HHERCRZ 8L, 50 mm ¢ X 60 mm)THY, 76 mm (3 in.)
¢ x76 mm (3 in)) Nal (Tl) P> FL—aMHanihsrd il <, MxhEIE 32.4%, “Co @ 1.33
MeV DFT o~ BUIKRET D50 R 1.75 keV ThD, o~ — 7RI, FEH- DT L~ #ikzfd
537027 (NLAB-GAMMA)Z W TR LT, 7L~ = SO R #1%, “Co, 'Cs %D
BESN B D BUFH AR AR 2 A 72 R Y JSRR IR 2l > TR E L. KRB BRZR O TR O RS X35
146 MeV & YK DA~ e’ — 73 8o R a2 O THRIEL T2, FKREBIO T < AT ML O fil%
Fig4-2 |27, Figd-2 /nb, A~ —2DiEe A 813, 2R B2 E /. 37205 24Pb & 2Bi 725
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DI~ RETHDHZENDID, T Pb & *Bi DH L ~BLHERIT, ZN2h 352 keV & 609 keV 23K
Thb, LT, ZNEDH L~ — 75D, R ALK O 2 OREFEZFFR L, FHHRICH
TeoTlhE, MZKEUBHRITUREH  SUBHR B O <~ AT IV I E BRAAIREH] £ C ORI REH | I ONZ
ER A BB LT,

REOFEIL, LUTFOIUEICE DN T ToT,

(i) Miyake Hi%, FIKTIZ R 1HFEA L EENTORNWIEEFAZHIE ST DL IR 7,
Lo T, FiAKFICEEND R OBZI I A O A BUT IR 5, SHIC, HE~FT
LRI, 2P0 IZEENARNET S, 2T, *Po OHRHINKISH THEHDOT, EZ22D
MEKFICEENZ *®Po IZFKD T ABET DIEATHEEL 2Pb (72> TLESTVDE
BRHENDNHTHD, Lo T, MR FLZFRAKTICEENLEH M P Ro BEERDOIL,
T B HIC BT B RERRIL, 21 Pb & 2 Bi DA TH D,

(i) FIAKRUEHRIERINICIN T, I~ T DRAKPICE £05 21Pb & 2Bl ORI DN
IR —E ThHET D, AT EST-ARE I E ENS 2Pb & 2VBi 13, HL R
FNZHE, RER ORI E EHITHEZEL TS,

3
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Fig. 4-2 Example of the gamma-ray spectrum of rainwater (date of measurement: Dec. 7, 1992; sampling

amount of rainwater: 250 cm’; measuring time: 30 min)
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L EDIREDS LT, RARBHRE 36 LR BHR I TE% CORARE g ENS Pb &
2UBi DEREIL. L TR TEENS,

ANy (T,) = Nng(l —e it ) (4-1)

NS (i o @2

A ()= 0 3 s e

ZIZTC, T IRKRUEIOBRIRIFZI T T=0 (ZRZKFURHRIBRAGIRFZ], T=T, IZRKFUBHR IO T Rl 22

Fo Npo(Ty)& Npd T FARGRBHRIGE TH(T,) CORBHRIA ST & 5 2Pb & 2Bl DJFF5
T Ap & Ap TEETEHE)THD, N, EN L FhEh, iR~ T 50Kk TIcEEND 7Pb
& 2UBi O FH(em™) TL ()DSMNHEITH D, S 13, FAKREHEER(em® s) T, BEFREIZ /K

AREHREUE A R U HZEIZIRDBND, ()DFAMFLVBERIEREIXERRD T, SHEE THD,
MK RUEHER IS T 1% ORUVEHR U B hIc & 5 2P & VBi OBHHEIL, UL FORTH 2 Hha,

App N, (t ) = A Np, (Ts )e_ﬂPbt (4-3)

—AB" (e_’i"”’ —e_’lB"[) (4-4)

ANy (1) = Ay N (T, )™ + Ay, N, (T,)
/131‘ - /1Pb

ZZC A mNp()E A pNp®IE, FAKBUEHRIGE THBRER ¢ ()R L7- R COREHR A #H1C
EEND 2pb & 2MBi DIEEEB) Th D,

SEHEEGE TH5 £, (SERLIZ. £, (). T ~BAT MLARIE L3 5L, 24Pb 3300 2Bi
DI =R — T EUE Cpy & CpilX, L FOXTEEIND,

Cpy = Epptipy N py (T, )(1 —e7nt )e_ﬂpbtc (4-5)

Gy =g, Bi(T; )(1 —¢ i )e%&tf +EpapN, Pb(ﬂ ) Ay 117) {//iBi(l —¢ )e%”’" - ﬂ?b(l —ei )e%&tc } (4-6)
i b

TICLem & epilE. FALEILHPb D 352 keV & 2Bi D 609 keV DH TR — T A 4
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DORHNR, apy & apld. TIVENDOL o~ BO R HEIG THD,
CHBDH B —ZEHAE Cpy & Cpi D5, HIFA~E FLZATIZE TS 2Pb & 2Bi D
FE(Ap NS s Ay NS Bqem ) ZiE LT,

43 JEREF

Table 4-1 (2, RNZKERHER - EZAT -7 FE RN 5245 O KB IR- JE OB, B RN AR EE O, K
HICE ENS 2P DR EDOHFIPH, > *Bi OO, I ONC 7P JEE %S 2 Bi L O O
P2 R, 22T, BRI I, FIKGUBHR IR (R 250 om’) 23 URHR A A5(100 cm X 100 cm)F LY
AUBHR IURFIC I B D Z LIC kR T, 7k, 1BIORFERFR X, ERTORERE T L T H6REH]
YL EO RS OENFG LT D, T RERO T W - T, T 6 R AR Cho% A
LEORERFRET D, MR FSEORENE BB, MR R T T2, JIE L7 R 5
(R TE, HEl~12 [BIOBEE R TH o7, FBERFROBERMEIL, 0.1 mm h' OF—F75 10
mm h™ DA —Z 23 AR LT,

Table 4-1 75, 2'*Pb & *Bi D#EREEIE, —fIICHBWVT 0.1 Bq cm™ FeEE~% Bq em™ £ T4 LT,
IO DML, MDA d R CHIE LTI LRREE Chote %, Ml bid, IENATRICH
<L BEBEIEO GV LB Z A Uz, AHFZETIE, 1992 F4H BLO 1993 41 H OBEFIT *'Pb
ISR AR LT, 1992 4E4 1, 6 A BETY 1993 41 H OBEMRT 2Bi 3@ W IREARLEZ, Zhb
DFERIL, EMOBELITNT TRWRE THLZ LA R L TERY, iIbOWEL—HL TS, Z0OF
EEENT, ZRETOMRICEVEASNS P, dhebb, A E, FE RN IR, T7hbb
UARUT H RSB E, AARICKEEETR AR EICIHRESIL, KEH P Ro BEN EFT5, Zhic
FEV PR A A RO KK P IRES ERL, RO ERICE i ~179 % *Rn 844 5-
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The passage

—~ ~ of the cold front
A (a) May 8~9, 1992 7 4 (b)Y Nov. 20, 1992 4
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Fig. 4-3 Time variations of the concentrations and their ratio of >**Pb and *'*Bi in the rainwater and rainfall rate

during one rainfall event on (a) May 8~9, 1992 and (b) Nov. 20, 1992
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<72%,

Fig.4-3 IZBI/R U B SCx LCL IR E L REIRE O BIfRZ /R LT= D) Fig.4-4 Th b, Fig.d-4(a)
E0. 1992 4E5 H 8 H ~9 H DM ELRITH L TIE, **Pb & 2'*Bi DR IXMEFIRE LA DMHENH ST
LMD, Figd-4(b)& Figd-4(c)dD, 1992 4= 11 H 20 H ORERNFRICKL T, Zaaifti@Eimaic
DU T BE L[ R TR L O [A] TROMBIBIFR TG T2 B IS DL TR ITIZE —ET
HHTENGI D, — 7 BIRREIE RSOV T, BRI R L RO BIBEfR 2380 -7, Fig.4-4(b)
& Fig4- 4(C)T/TL7ZJZO TUIRENRESEALL, B LRERRE OBRABREO®R T AT HIE
DNEEAIRROBI LN ST, FEIBOMZEIZIBWTIE, Bk E&ERAKIZE I m~E N7
RUSEZS A R O BEDOBIRD, EOME B & E OB WL L2 E#im L T0d @ K
TR TOREFRIL, FENOOBFFEREREFEA L TS, 3[EILL ER/KZE R BB - 2 E L7z 14
(6] 0 5 R S B ek LT TS () 0 ik R L () R AP 0 T 7 s SR B/ s 1 SR R L2 0 33 Bl B (y=ax;
b ERNCT 4T 4V Ulc, ZORER 14 BIORENFR T, RENENREZ L AOHBBRIZH-
TeDIEBEIDFERFL THY | IR ELFEMRIRE OHBNIISA TR, BN EICREOL TR NI
—ETHoT=DIX6R DN FER TH -T2,

(a)May 8~9, 1992
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Fig. 4-4 (a) Rainfall rate dependency of the concentrations of 2'*Pb and ***Bi in therainwater in the rainfall

event on May 8-9, 1992

754_



JAEA-Review 2013-016

(b)Before 14:30, Nov. 20, 1992
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Fig. 4-4 (b) Rainfall rate dependency of the concentrations of ***Pb and *'*Bi before the passage of the

cold front in the rainwater in the rainfall event on Nov. 20, 1992

(c)After 14:30, Nov. 20, 1992

10
® *Pp
O *MBi
5'6\
B °®
> 1 le®e - e
a e o °
o]
.2
< 0]
~
=
g
o
g
o
(@)
0.01
1 10 100

Rainfall rate (mm h™)

214 214
f

Fig. 4-4 (c) Rainfall rate dependency of the concentrations of “~ "Pb and “ "Bi after the passage of the cold

front in the rainwater in the rainfall event on Nov. 20, 1992
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Fig.4-3 |[ZHIRUZBERIEGUT LT, 2 Pb 128045 2 Bi OB O LR RIIRE DORIR % Fig.4-5
2R, Figd-5(a)& Fig.4-5(c)&kb . IR HLIL B R oL LB WA OFBABILR ICH DL D, — 7,
Fig.4-5(b) Tl 2 bb LB R o BE AR A7 PE DO BAFRIZIA D T L IR HIXIRIE — B Th -T2, VA
OFHBABARIT. WEEIT SO FLDIFEA LB TEINISI, B E DRI DE, i
RIS EENDIF I E T T 20T AT A0 D, ZORE, BRI ICE 5 2P DHEZL
D770 FORER, 2B DA BN RD, MFEA~ET L-fIKFICE £S5 2Pb 1Tk
2UBi DO NEL 2D, ZIVDY, R 2N AR EE L 55\ VA ORI BIBIMRICH D RIN &5 2 5D,

(a) May 8~9, 1992
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Fig. 4-5 (a) Rainfall rate dependency of the concentration ratio of ~"Bi to ©~ "Pb in the rainwater in the

rainfall event on May 8-9, 1992
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(b) Before 14:30, Nov. 20, 1992
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Fig. 4-5 (b) Rainfall rate dependency of the concentration ratio of “ "Bi to © "Pb before the passage of the

cold front in the rainwater in the rainfall event on Nov. 20, 1992

(c)After 14:30, Nov. 20, 1992
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Fig. 4-5 (c) Rainfall rate dependency of the concentration ratio of “~ "Bi to “ "Pb after the passage of the

cold front in the rainwater in the rainfall event on Nov. 20, 1992
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PRn BEARYIL, BICLAL T ORI LI LD THS OO, AT, LA T IRDOET L
EHEEEL, FAKHICE ENS 2 Pb & 7 Bi DR, AN 2 Pb 1Tk 5 2 Bi ORI ORISR K
FEME DB AT 3 22 &2 ATz,

AT CRES L 7= VST 7 03, R OIS IR RSN EF A2 IS LT T L Th b
2 N O, MRS LA P R0BEZS A B O M FR T G R 00 M R R R TR O BLIIRS B D EY LT
AR WL DT D ORFERTEEET VEIRE LT, BREOIT, 7 UEEICEL, KFICEEND
24pbizxl 42 U BIOWEE D A 18T 5728 | WO DIRE R E LTz, AW THEE LT 7 113,
R O DNE T AR GEIZBR LB E LTAARE D O3 LV BLIER R B IC R B LT,

AREF LTI, BERICED P RoEZE A R OB EEA Fig. 4-6D IR EL, £ NEKRK T O
PRoBAERLIZA P Po N EAKITHIA EN D, EAKITHDIA EN P Pold, BEZERFNHE, EARTT
24pp, MBI LT 5, BAKITTALL THETNSHF A~ T 5, AN HIFE~E FT50. A

- Atmosphere

- Rain cloud

22Rn = 218p,

Rain water=

|-218P0—> 214Pb—> 214Bi—>

Ground ¥

Fig. 4-6 Outline of the proposed scavenging model by rainfall for *’Rn decay products in the atmosphere
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@KL H D™ RolT, BELEZRFNHEST, 2 ¥Po, 21Pb, 2Bi~EEZ T2, M SIT. YPPo B E T,
2R P32Pb, 2B ST A LR E T AL LB, 2P, T UBiZ B REE LTI~ T,
LK IS E PR A B ORI AR AR ICEL TRV, RN —E Lo T,
OMEFPLIRESNIEAKIT, TN THAEL THIRITEITT D,
OEENLHIE ~DORKDOBI TR Z R E OIS L TRIE T 5, BRI OIX, BRIk
53 WAKDHEBE~DOBITRHZ —EE TH 2 T,
LLEDSMOLET, BARTHHVITEE T ORAKTICE ENE P REZEAERDITILL T OLIINCE
25BN,

4.4.1 FHEF O *Rn LKW D 26H)
EPICEAENT- 2R EEE LR O &1L, DL TFORUTHEWV I & &8 1028 035,

oo ANG, = (3, + )N}, (4-7)
dt
dzc\l;Pb = lPoNI‘;/O - (j‘Pb + W)N;Vb (4_8)
dN, w w
dth = A Np, — (’131' + W)NBi (4-9)

ZZT NYREKPIZE NS REZEAE DO FE (P (KK)) . ATRERKH O PoinE
IKAEEURDIAEN D E 2 R TR Noy 1EREF O Pod 5k (m”), 4, 137 R 28 4

FRMIODEEIE ER(sT). PITEARDORENSDBRERE")TH 5,
MO IZ AU, R OPRaDEZ IR L7 Pol KR =7 1y M ST, BAIHT
HT D, LoT,

ANla’o = ﬂ’RnN;n (4_10)
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ZIZT, A, Ng, 13, REHP R (Bq m™) THY, QD&MD —EE THD,

DOEIFIZFE . (T~ (d-10) 5% FHHRTE . T2 b dz ro - Ny _Ngi _ e 20

t dt dt
R KIS E ENA P RUEE AR OSBGOS,
ERPITE ENDPRUEE A RO TN, (m>(KE))IFE, R EY 0 (cm ([FK))ICEHT

EYAN

Ant =1 (4-11)

ZIZT MiZ, WEDE K E(em® m>(KK)) ThH 5,

4.42 WE FRAT O RnEELE LR D 2E)
M ENSBRESNAREENS L~ T TA8REIZH N T, % FTTRoOmRAICE 15 Rn
B OB, L F ORIV EFE & EH I 8b 35,

dn,,
P — ) nh (4-12)
dt Po"" P
dnyp,
= ApNp, — ApyHp (4-13)
dt 'Po"" P Pb"" Pb
dny,
L= ApMpy — Agilly (4-14)
dt Pb"" Pb Bi"" Bl

22T, n]1FE T R ORAKICE ENARAEZE LRI O IR H(m > (FK) T, @D M5, EHRR

REICELTZ n 23, n] OYIHIEL22,

K(4-12)~(4-14)Z MR Z LT LD A TICE ENET P BID I B L VNS D O L2 BE
FTHUTFTORNELNS,

(4-15)

ﬂ’P ﬂ'PbﬂR NIL; —Apyt ZP ﬂPbﬂ’R N; —Apot —Apyt
0 n n e Pl 0 n n (e rol _ o Ph )
ﬂ’Po + l//)(ﬂ’Pb + l//)M (ﬂPo + l//)(ﬂ’Pb - /’i’Po )M

AppTip, = (

760_



JAEA-Review 2013-016

ﬂ’Poﬂ’Pbﬂ’Biﬂ’Rn N zn e*lg,t
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+ e Pbt __ e 'Bi
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ﬂPo/’i’PblBi/’{’RnN;n { 1 (e—ipot _ ot )_ 1 (efﬁ,,ht _ ot )}

r —
Ay, =

+
()“Po + l//)(ﬂ’Pb - /1P )M 2’31‘ - )Upo ﬂ’Bi - )“Pb
(4-16)
ﬂyB[ —Agit /18[ ( At _a »t) /lBi
e+ e —e |4 —B
Ay, | Gy ) As, + ) (Apy +¥)(Ag — Apy) (A —4)
ﬂpbn;b { 1 (e_/ipot _ e—ﬂ'ﬂz’ )_ 1 (e—ﬂm;t _ e—ﬂgit )}
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1 1
/ —e—ﬂpbf + (e—/lpot _e—ﬂpbt )}
{ (/IPb + W) (/,le - /1190 )
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KT E TN Po L BIDIE E B L UE LD O FIZ B+ 2R (4-15)~(4-1T)DH TR IE
IRTA=BIT, KR ROBEEE( Ay, Ny, ) EARBRENDIREENDREFR( D), REDEKE(M).
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ED, EIE G BT, M50 5 )N YE R 70 B bR M 22 0D 2 I i i & L C3000m AR FH L 7=, FiAK D% T
FEIZBAL Tk, Masond -84 R i [ELEE & [ R 9 0D B A I ONZ RR R TELAS & R TR e 10 T sl P O B 4%
527027, Lo, M SR LT B K 8 E EMasonS 5 2 72 BIRICHE S X KO FH(0%
B TSR D BERE L CRRE LT, BRRTSREEAS T mm h' O, ¥4 TRERIEA920% . MERHRE 2310 mm h!
DI, ¥ FREIZAI105 TH D,

4.4.4 T NVERWT-BUANE R o552
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(a)May 8~9, 1992
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@ *"Pb (Observation)
O ?“Bi (Observation)
— 2Ppp (Calculation)
c.é\ — - 2YBj (Calculation)
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Fig. 4-7(a) Rainfall rate dependency of the concentrations of 21%pp and 2'*Bi in the rainwater; the value of
AgnN 2 /M is the concentration of *?Rn in the rain cloud (Bq cm(cloud water)) derived from the

normalization of the calculated concentration of 2'*Pb to the observed one

(b)Before 14:30, Nov. 20, 1992
10

@ *"“Pb (Observation)
O *“Bi (Observation)
— 2YPp (Calculation)
- - ZUBj (Calculation)

AguNgo/M = 1
0.1 | ~

Concentration (Bq cm™)

0.01 <
Rainfall rate (mm h™)

214

Fig. 4-7(b) Rainfall rate dependency of the concentrations of *'*Pb and *'*Bi in the rainwater; the value of

222

AgnN /M is the concentration of *’Rn in the rain cloud (Bq cm™(cloud water)) derived from the

normalization of the calculated concentration of 2**Pb to the observed one

762_



JAEA-Review 2013-016

(c)After 14:30, Nov. 20, 1992
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Fig. 4-7(c) Rainfall rate dependency of the concentrations of 1%pp and 2'*Bi in the rainwater; the value of

222

Arn Ny /M is the concentration of *’Rn in the rain cloud (Bq cm™(cloud water)) derived from the

214

normalization of the calculated concentration of ©~ "Pb to the observed one

(a) May 8~9, 1992
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Fig. 4-8 (a) Rainfall rate dependency of the concentration ratio of *'*Bi to *'*Pb in the rainwater
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(b) Before 14:30, Nov. 20, 1992
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Fig. 4-8 (b) Rainfall rate dependency of the concentration ratio of *'*Bi to '*Pb in the rainwater

(c)After 14:30, Nov. 20, 1992
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Fig. 4-8 (¢) Rainfall rate dependency of the concentration ratio of *'*Bi to ***Pb in the rainwater
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Fig.5-1(a) Comparison between the calculated and observed variations in the dose rate during the rainfall

event of Dec. 26-27, 2003
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Fig.5-1(b) Comparison between the calculated and observed variations in the dose rate during the rainfall

event of Nov. 20, 2003
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Fig.5-2(a) Difference between the calculated and observed dose rates during rainfall event of Dec. 26-27,

2003
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Fig.5-2(b) Difference between the calculated and observed dose rates during rainfall event of Nov. 20,

2003
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Fig.5-3 Schematic diagram of the contribution to the dose rate of the
discharge of 8Kr from a reprocessing plant and the ground deposition of

the 222 Rn decay products
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Fig. 5-4 Variation in the dose rate due to the discharge of *Kr from the Tokai Reprocessing Plant under a

rainy condition on Oct. 26, 2005
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Fig.5-5 Variations of the discharge rate of *’Kr from the stack and wind direction at the height of the stack

on Oct. 26, 2005
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Fig.5-6 Comparison of the dose rate between calculated by the ground deposition amount the *’Rn decay

products and observed during rainfall event on Oct. 26, 2005
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Fig.5-7 Difference between calculated dose rate due to the ground deposition of the “““Rn decay products

and the variation of the dose rate observed during rainfall event on Oct. 26, 2005
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Fig. 5-8 Air absorbed dose rate calculated by the SIERRA-II on Oct. 26, 2005
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