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SIERRA-II : Simulation System (II) for Emergency Dose by Released Radioactive Substances

Masanori TAKEYASU and Minoru TAKEISHI®

Radiation Protection Department,
Nuclear Fuel Cycle Engineering Laboratories,
Tokai Research and Development Center,
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 28, 2011)

A computer code system (SIERRA-II) has been developed to estimate the environmental radiological
impact of accidental releases of radionuclides from a nuclear facility in real time. The STERRA-II is based
on a three-dimensional mass-conserving wind field model and a particle dispersion model with a nesting
function, in order to calculate the atmospheric dispersion of radionuclides with high spatial resolution in
the vicinity of the facility. Input includes on-line local meteorological and effluent data at 10-min intervals,
as observed and monitored at the site of the facility, and hourly local meteorological data as predicted by
an atmospheric dynamic model. Contour maps and tables of internal and external doses are the output.

The performance of the SIERRA-II was validated using environmental monitoring data for ambient
dose rate as observed at monitoring stations and monitoring posts around the Tokai Reprocessing Plant
when ¥Kr was discharged during its operation, based on the safety regulations. The observed increase of
the dose rate was simulated well. The agreement of calculated and observed dose rates was within a factor
of 2 for 42 % of observations, and within a factor of 5 for 74 %.

Keywords: SIERRA-II, Environmental Radiation Dose, Computer Code System, Nuclear Accident,
Nesting Function, Atmospheric Dynamic model, Performance Examination, Air Absorbed

Dose Rate, *Kr, Reprocessing Plant

*Present address : Environmental Radioactivity Monitoring Center, Safety Technology Office, Japan

Nuclear Fuel Limited
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BKr 245, BAWNT, BFE T — /LD B0 H L7068 55 AR 2B AUBTIEE T 4 e FREE /N IS
TI0ZTe TR THY ML, /DS ABTS VT 3 2R A TR RS O Hh CREBRIZIE )T LR Th
%o WAMT TIEFRIZIT, HERME 0 PKe 23 UL R SR Tt SN D, I8R TR OPER E060
SKr B ERIT, TAIRBAG S EBICHIINL | VARG IR 2 IS LT,

FOHEFFAVER MR I, M b 90 m (MEHE 96 m) DS OPER D PKr 2 KRR I 5, PKr ok
ST, R E RGBS ED, LT OINTHHIS TS, ¥Ke OPEK PRI, FRALEE G =
THNICERESNIZHER T =2 DI B2 T R B =2 X0 I E S TWD, i ROE BILAER | 1
FfE] 22T 2.2X10° GBq h! EED BTG, B Kr it SRNE BLEE A 2 72 IO IS R ST,
PER I B SDRGEIZ LT, ¥Kr OBHITHRBISI TS, KBS CEIRISh - HER E S S0
JEGHS 10 43T 1 m s LT OS5 ACIIE A B MK T4 57200, He&id—Hefs ik &h, 20
IVRFRES D, 72K, B LB it % DO PR M D i R S D i PE R AR BESEM I Z J0 SR AR 0332 )
HAEM DR, [ED OB A & 52 AR O K B S8 L Th, 1.3 X107 mSy LA
ENTNS D, ZOFEBEOMIT, TR B RBFRIR ST AR LOL 45/ hEu,

FRALERL G OB R - T EHRRE D HEND PKr OB 1L, BRI > TRESEL 5,
V77T R LA AW VR IREIC F DD LD 72 PRl A i i B A ViR BE &R | 2 470 > CRHA
T 27O, EHERE D7V T N = H ISR A U O 72 5 2F B O Hids . T 72 B8]
GM MR B LY Nal(Th)> v FL—avmtigna i L T0s, Nal(Thy o FL—a Mg 27 ¢
X50 mm T, o7V 75 a38h Somm EOMERR CEOILTCND, £, BEREHERF DT ELRE
SRR 23T R AR R A48 ) 22 372012, M HHEROllE RIE 2 EALL WD, B TR
JEFEIT, 2.4X10° Bq ecm” ThD, BH OPELBEGF 4X10° m* hYZRUDE, BH FRAHSRIT, 591
GBq h' TH5, RHEROKIEDRHENESIL, 10 %FLfE ThHo,

HO AL ERR I, 2003 FF9H 235 11 H £ THERLERS (v _—2) 2170, &35 13.9 t O I A
BN FRALERL 7=, Z0%xo~_—r o BKr ORI, 2.3 X 10° GBq Tlho7= 19,

VM FHALERE R O JFIZIE BREE U E =2V T D71, 10 FOFE=HV T AT —a BLO
F=HY T HRARBER SN CND, BE=H T AT —a BEIONE=X UV RARNDRLE & FFULER fif
FEOPELFONEELBIZ Fig. 6 ([ORT, T=LV T AT —var BIXOE=HU U VR ANTERE m~
#J 30 m OHUEIZER [E S TD, HEXRUIRDNHOBERE, 9 200 m~#) 1200 m ThD, E=FV T AT —
Ay BIOE=LYZHRANIL, H B 2 m OEEORERIZ 27 X27 ¢ DBM AT /L% —fifE Rl
Nal(Tl) o FL—ra BHEENRHBESN TS, ZH0 Nal(TI) v F Lo —ar i Hgaic B Es
BB IR NG E SN TNV, HIESNIZH o~ B RBEROT — XL, TL A=V AT AL~ T
RS, RIS TWD, H AR (S LD~ B B ER D 721~V 30~50 nGy h
ThHD, BRSO T —42%FrE, SRIChT > TH U~ R ER DT — 2 &L 5
BE 10 DT~ R EROT —Z OIEHE(RFEIL 1 nGy h! Rl Th D,
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P S ERR R Y, =X T AT — L a BROE =XV I RANCEREE Y o~ B B R O — B
B BB DNBIIS D, 708, FHLERIERY DZERHFA TlX, ATAT N — LT T NV O CER O ES
(D REUHI AR DN X ITAR D TR B Z T L QD ZO 7 EE VT, 2003 4B fidt it
W DO REIHEL Y FEEDRERBIT — 475 2003 4EFED—HRARITRT BRI L iR %
FHET 5L, K 2 X107 mSv Tdho72 19, 2L, AROFHEIREN mSv yDK 0.02% Th-7-2Eh
5, WIEICHFRE SN TODZ LD HEBS LD,

Fig. 7 & Fig. 812, ¥Kr IV B =LY 2T — 2 ar BRI =4 VR AN TS - BR BT
MR R OB E T,

Fig. 7(a)iL. 2003 4E 10 A 20 HICBIHISNZHITHS, Fig T@I2iZ, BEK RS0 PKr Ol mL
T, Fig. 7(b)ZIE, BREEH L~ R R BB RO Al [r) | JEE | KL EEORGBINT — 2 %717,
K[REOBPHLSI, Fig. 6 (RUAFZEFTEHN THY |, PERFEHM T F) 250 m ORI TO
PExEms o Em - BuE, PR 500 m ORy 7T —Y =2 TOfExfEmIB LU E 10 m S0 R
A1)« JBH T D, B FE DT —H 1T, KEOF51& MHSE 10 HTEHLET —2Tho, # k10
m SO ERE , HER G5 0 1A% 500 m OHLAICHS B I BRI RO 7 — 205, "gi58t i
HASERRLEREERDT-, Fig. T(a)k0, 17 # 40 436, £9 3X10* GBq h' ® ¥Kr DI RO —723%
D, 18 I 20 43HE, %9 1.5X10° GBq h! DR DY —2 238~ 7=, Fig. 7(b)X0., 17 BEi~19 BriZ, P& &S
SRLOHE 10 m mEEBIT, AR~ AL O RS E & BINIRN TV, JJGE I, JERE ORI Tom s
YRR M E 10 m EET 3 m sTRETHY, HEVEITA 0T, KELEEIE E~F T, KKUTHE
B2 E T o7z, Fig. 1(a) k0, =XV 7 AT —3a 2MS2IWZIRBUNT, 17 B 40 431238 H DO L~ i
BRL~ULID 13 nGy h IEE BT~ R RE — 7 MBS, 18 B 20 431213, @i L~ULr ko
3 nGy h IEE EWE— 7 BBLIIES T, HER AN OEWE =AU 7R ARMPAZ BN T, [RIFFZNZ 8 5
DI~ B ERLD @O o~ R EENEIIS N, ZOMDE=L) T AT —a BLOE=4Y
VT IRANTIIA o~ B R OB BN IR S N80 72, Fig. 7(b)&0, ALH RO BN E F IR AN T
128, YERIE DR T HFRLOFETEI28D MS2 (BT~ #f B RO LB B S T,

Fig. 8(a)iZ. 2002 4 10 A 31 BT ¥Kr I ENE =2V VR AN CEREE T L~ Hii B R D 258 A3
ST BI T D, Fig. 8(b)IZIE, JEIA), BUH, KL EEDOKSBINT — 4% 77~7, Fig. 8()&kb. 10 K

A3EEL K9 1X10% GBq h' @ ¥Kr D RO — 2338 57=, Fig. 8(b)&0. 10 HE~11 BRI T, HEX
fAmSBLOM | 10 m @S DBUTAL RO R~ LTz, B, JER A RSB LU - 10 m msé
HIZ 2 m s FETHHoT2, KALEEIL A~A-B T, RXUTRZE ThH-T-, Fig. 8(a) kb, E=ZV 77K
ARS(MPS) 233V VT 10 1 40 43158 H DA L~ R ~UL D 15 nGy h 1EE B L~ Fi o
B — BT, DT =RV T AT — 2 a BI OB =AY I RANTIL, BREET L~ B EROE
IS N2 o7z, Fig. 8(b)dV., 10 I 40 736, BN EREUC /072280 PR OB S Ao PE I
&% MP5 [ZIBWCEREE T ~ AR R O E T ABIIIS IV, 7233, Fig. 7(a)& Fig. 8(a) T/rL7zili H &,
BERRIXZ D o7,

LLEDIAZ, PKr AT GBq h'! 281 58, FEXROR T H IchbE=FV F AT — 2
BLOE=HV T RANIRB W TERET iR R A BB ST, H o~ E R o E AR
K 20 nGy h' 2, —[BIOZEEfEGHIRIE 30 D LANTH -T2, o~ R0 FSEIT, JERE S
O BKr i ERITIFF AL TR0, ZEIEIE, PKr ORI S RE S LTV, 2RS0T e
5, ¥Kr OIEHERERAOT —HIDSE | T~ REROZEIN PKe OB BB THHIEN
FFECT&ED,
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3.2 SIERRA-II % FV = ZE [ R AT DT 2L —Tay

TRV P LB G 5 DA TR BRI L e LT BAFE LT SIERRA-IL A T K SRS faak i i o Bt
Bii o~ SR B A R LT, 7035, 1990 AU U FRALER IR DR DS K T BT L HLOD T2 b HReD
SECHIV, BMEEVER R L, 0 DRI 2km NBBICNALE 35501270~ 7, 16> T, AREICRRNTE1T
T =R LT IR R TRE T DNERE R B OB I NS ol B2 s,

Fig. 512, 2003 4= 10 A 20 H 17 [ 40 571238175 SIERRA-I IZIVFHR ST BREE D L ~ R S o
SRR Z 7R LT, Fig. 5 K0, BREEA L ~ MR BRI IR R DR 18 5 10 Tk, MS2 DAL CERBEN
VR IR E IR o T D ESALIN T D, BREEH L~ MR R SR o0 U E £ U5 10 I L CoE230 1
INEL, BT D MPS TEREE T~ BRI B Leh o7, ZOFHRREFL, Fig. 7(a) T MP5 TEREE
W~ BRI EF L QRN R E—E LT,

SRS~ B EERE | Fig. 7(a)k Fig. 8(a) C/RLIZE=HU LT AT — L ar BLOE=X) 7R
ANCBUASIIZ BB o ~ B B B ORERYIA B O L% | Fig. 9 & Fig. 10 IZRLTz, ZIWHD R
BT, ftHESHI T~ BRI, K i 0B8R 5 TR BN~ M R ) S 8 L 7= 1175
DD HI O~ B EREL ~LOBHANEIC, SHRISNMEREZINFE LT, Fig. 9 XV, 2003
10 H 20 H 17 K§ 40 4338 KON 18 IF 20 4712 MS2 CEUAISIZBREE T L ~ Rk ESR O A5 &)Y SIERRA-
& W3 RIS KO B ATRE Tdh o7, 17 B 40 5312 B DBLIHIS - BREE N o ~ B R D ZE BN AN 13
nGy h' Cho7=DITxt L, FHESN-EE)T 4 nGy h'! Tho77, 18 I 20 43I CTRURIS LB B 7
VAR EROLE 3 nGy ' THT-DITKL, FHE T 2nGy h'! Tého7=,

Fig. 10 T, 2002 4E 10 A 31 B 10 B 40 4312 MP5 CRUHISH - BREEH L ~ AR RO H R4 —
&, SIERRA-IL % JH\ =3RS R b Uiz, BUHISHUZBRBE T L ~ B RO ZEENT 15 nGy h! Th-
T=DIZKIL, FHESHIZ2 8L 2 nGy b Th-7=, Fig. 10 TiL, FHESH-ZE8L, BlISh-£81 10t
INSUMEZEIRUTZ, Fig. 10 CRHFAE BRI Z b L7 o Jal [ O FREF 28 1L, Fig. 9 THLZLED
JE[A) DRI ZA LD K& D o7,

Fig. 1112iZ, B\ [A ORI ZIZ k3D RAE S BIAE DO — D AW ORIRZ R LT, Fig. 11 X0, J&
D FERIZEAL AN NS BRI LB O — B 1355 > 72, SIERRA-II TiE, o~ RO
BOT=DIZ 10 3 ER ORI T — 2 EERL T\, 20720 43 BN CE LT 5107 KGRI T Clt,
10 53 DR R 7 — S N ERERO BRI 2 b A BT, Fig. 10 TRULIZEDNT, 43 B TEA AL
THIIRBEIT, ERORM (L EFHETIENTES, o~ B R EMI AT LN TE
RNEEZHD,

B AL PR 5% 03 o 2 PR R BRI HI X C I, [BR DR EL T BKICAE RO EHE BN L HELT 5,
AEHRE, oD B ) 0D EL D AR SERE R AS RV N — 07 | MR EE BRIRE L2V, AN R &2 R 2 A
Bns 'Y, Fig. 6 TRLZ 10 EOE=FVL VAT —ar BLOE=FVL VRANCOBRELA L~ Hifi
FEEL, TNHOILRAB L OVEREBEOFHEICEBI QDB X DD, EZ T, =L T AT —
TarBIOE=HI T RANINER AT~ B =R A B O FH ARG T3 LOBLIIRS Flo DWW TB L
77

Table 3 |2, HEREDOE LA E SN2 E =LV T AT —a BIONE=ZU VR ANMEIZ, 2003
FIH ~11 AICEHAEBIOBIHIS I o~ i B3 el L 7e, MS2 381K MPS |3 HER R O P35 &
OPEICNLE L, AL OB CRAIZ( LD D RNV KR R T v R BN LT L 2b D ThD, o~
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HAR B R OSBRI I 28 B W R ML MS,MP DZFNEDHEZ N, MS2 & MP5 TODT 77 22T —
BEEITENZ I 0.55, 0.56, MFB(Mean Fraction Bias)lZZ 41241 0.35, 0.04 Tho7o, 77722 TO—EE
I, > MS,MP L0 LB AT @V MIETdh-72, MS2 & MP5 T MFB DOfiEiiL, 1D MSMP DZ.L0%
L)/ NE< | SIERRA-IT COFHHE T/ Nl O FE AV T NS o T,

—J7 . MP6 TO 77742 THO—EFEIL 0.19, MFB Ofiii 1.12 THY ., o> MS,MP DZF Lk T—
L EL W/ N O E AWK ED o7, MP6 TEREZA L~ b B R BN E 7= R X, 2 Bhilkioe Fr s
WELNGE DL D 0Tz, ZHUX, MP6 CTERERET <R BB N E B L 7RO KGR SR LT kR &
LR EALINRKEDSTZZEMEN—FEDFINEL TEZHND, ZNHDZEND, SIERRA-II TOFH
1, AEECR O BRI ZE L DD 7 B E X BLIAE R & D —BUE AR EL, MR RS B RF D SR ZE (kA3 K
ZVIRH B R EDO—BED/NSNWZEDURIBE D, 7ok, PRI BRI XTI, JRIM 28 b3 K&
KRN S ATHEE L FAHEDNSOEH DS Y, BIAZEKRE R EURILOHE A5
FEAVINS WU, FHRAEREBIRE RO — BN RLIeDEE LD,

Fig. 1212, AR B IO BREE Y o~ B E R OB X2 R U, ZOEAREIE, 2003 429 H 7

5 11 H OFE % O HEE I3\ T Fig. 6 IR L7z 10 M DF=4Y T AT —ar BIO
TRV HRANCEREE A L~ B SR O E BN BLIIH D IR SN2 TOHMIZRIL Tob o TH
%, Fig. 12 Tld, AR EEBIOENIES 1 nGy h' DL EEL, BRE L~ H B RO BB B
BLSNZ5A12x 95 SIERRA-IT TOFFREE, 33X 0 SIERRA-II TOR LA B> 725/t
THEREEN L~ R EROBIANE O LB B4R LT, BUISHIZBREE T~ EROLH &L, ¥Kr
FHUZEE IR B R THY . K O BIAAITHE L 3HE R D BREE 1 o~ ik B R O S E & B b
VR ESR OB EEL CELSIKCEICIVRD 72, BRISNIZBREET  ~ B ER Ik 25 RSN
PZER BN L~ BRSO T R TORL TS, KRS G Eo A%, 1 nGy h' LU OFHRESH D T
ETHD, Fig. 1250, 7772280777425 TO—HEIL, ZTNZEH 42%, 74% CTh-7-, MFB OfEI%
0.41 THY, SIERRA-IN IZLDFHRITE/ NI E 2 T o7z,

BKr IR BREE AT L~ MR EER OB, PRS0 PKe ORI IS B AR5, B
T~ Rk RO E KGR L, Fod6Teda 30 LN ThH -7, ZOZEEfKGRH I o~
AR EER OB ORI FARIL, PKr ORHICEEDIMBIR R 72D, 2003 4RO H ~11 A OFFALHL i s% ]
MIZRBWTC, AR LIz E=H U T AT —a BI B =AUV RAN TS V- 8RB  ~ B iR
DAk IR SRR OB BEAFEH L, SIERRA-IT [CXVFHESNIZEREIN  ~H RO E)
DOFEFAEE LU=, Fig. 13 12, 1BIOREEY o~ Bk R O Z Bk I 5 SR R S Bj B v~
AR EOEE EIZOWT, FHRBLOBIIIS N R AR EOBAIXNE T, Fig. 13 T, 1EOZE
Bk R PN OFE B A BRSOV T BUIS 7R RAR RS 0.1 nGy LU EOHA25%195 SIERRA-IT
TOFREAE, XL SIERRA-IT TEHAESAVZFERERREAD 0.1 nGy P EE&leos7o 35816t 28l
R REZ R U, BIISI- BB~ R R A BRI, YK SISO EB L R R OFE RE
THY, ¥Kr ORHBIMAT KO TR OB~ SR R OEA RN L ~ SRR O@ F ks
LCELSIKZEIZERD T, BIISNBREET  ~ E R A BRI xH HetES @i R T
U7z, A RS o0 S0, 0.1 nGy BL FOREAEH HWITBLIE ChD, 7775280777 45TD
— T, FNEN 48%, 75% TV, MFB (T 0.43 L7272, Fig. 12 TRUZERBEN ~ B RO A
FE R BIRE R LD LI BT DG R LFIFR U 25T,
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>
S
il

FHALPE S R SRR RO BREE A~ iR e =R AL B A FE e (] COE AL 97272012, Ut i L2 X
LB AR RV I 2L — a2 — R (Simulation Code (II) for Emergency Dose by Released Radioactive
Substances ; SIERRA-IT)"% %5 L7z, SIERRA-Il DFFEIL, LL F D@D THH,

(Y& &R REGE T IV ERLFIERCET M IO | sk DI SV B D 3R TR A
LA R T D,

Q)% JE L COF R DO ZERI) o fiaea BT Ot~ OARTE T 572012, RAT Y RIEE
TNETRAL TS,

(3) SIERRA-II (%, 10 43 FEIRRDfiti sk &0 CRIRIS N BRS04 T4 T —2 B L OPER T =4
DAV TA T —=Hu NSIT =2, JBGEL ORI IVIK, KK R, 285 R G %
ERR % 32,

(4)SIERRA-II i%, Windows OS #5#0D/X— /L t'=—#(PC) L C, GUI(Graphical User Interface)(Z
FOBIEBRIENTED,

FRALER N OB EAR S K 28 RIS SV B, fis 550 CEREEH L ~ MR B SR D B MBS
N5 EENDEIIIE - R, FRUERIER S0 ¥ Ke ORI F ORI D GRS EE S AL, #i
BEROEBHOIFEKN PKr i THHNEINRK RS ND, BLIS U7 HHE FALER ;3% DD
BKr D BREE T L ~ M B R O B . BAFSL7= SIERRA-IL 2T 3ol —ia 4528200,
SR IR BREE T~ R R O B A TE B A2 e AT, FERIT, LT O Thb,

(DFALEE T 50 PKr IS BREE N ~ SR E R OEENT, PER O R T HhoT=4V 2

AT =L ar BLOFE=AU 7 RANCRIRIS NV, BRI~ R ER OB PKr Ol ik
BEHAR LRI L TV, ZHOZENS, PKr O R ERA OFERICIE ST, ¥Ke Ok D8R 5
<R OB E LT,

(2)SIERRA-II |ZXVEFHR SN BREE T L~ AR R DBy " — A3 fisk A DE =) T AT —
2 BIROE=ZY 7 RANCBIIS I BRI T~ SRR R SR O B S — o LI ) I — 8L T,
2003 4E9 H ~11 H O FEALEL i %o 50 E iR | DU VT, SIERRA-INZKVERBE N L~ Fi R D
EEHEE | BLNS BRI  ~ R R OETIRZ L LTz, 2 b0 —B 1L, 77742T 42%,
777 H5T T4% Ch-7-, MFB ( mean fraction bias )i& 0.41 T&Y, SIERRA-II 25 a5 Rl di /]
P E 2 Cloo Tz, B R LB SERR B CIEAL O DS E F IR ZED W, AL HHE R CJRA)
ZAbDHV72EE | SIERRA-IT COFH RS S LBLIIRS F & D— B AN R &L Yk R B ks oD il 1) 22
(LR EWRHIBLAR R D—E D NED o Tz,
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Table 1 Functions of the STIERRA-II.

Objective facility

Objective domain

Objective period

Input data

Output data

Operation

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

Horizontal : 40 km with the grid interval of 1.25km, especially 4 km
with the interval of 50 m

Vertical : 400 m with the grid interval of 20 m

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
Tokai Works and the O-arai Engineering Center, and local
meteorological prediction data of every 1 h

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

GUI(graphical user interface) operation on Windows PC

Table 2 Main GUI windows for the operation of the SIERRA-II.

Windows

Functions

System starting

Facility selection

Calculation
condition setting
and calculation
execution

Graphical output

System exit

Initiation of the system operation, and the selection of the
objective area for calculation (Tokai or O-arai)

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

Set of radioactivity release condition(the use of effluent
monitor data or the assumption of continuous release of unit
radioactivity), the set of the evaluation period, and the
storage of calculation conditions and the calculation
execution

Selection of the item for the output (wind fields, air
concentration, dose rate, and so on), and the graphical output
of the calculation results

Storage of the calculation results, and the termination of
the system operation
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Table 3 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)

FAS5 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 0.35 0.65 0.56 0.32

() : number of data

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

FAS 0.81(82) 0.82(28) 0.56(15) 0.67(30) 0.61(46)
FA2 0.42(42) 0.56(19) 0.19(5) 0.53(24) 0.19(14)
MFB 0.14 0.04 1.12 045 0.72

() : number of data

Calculation of three-dimensional mass-consistent
wind fields

On-line local meteorological observation
data and
local meteorological prediction data

Wind velocity on the three-
dimensional grid point in the nested

grid model

Terrain data

Calculation of atmospheric dispersion in the
nested grid model and

calculation of air concentration and dose rate
using KDE method

On-line effluent
monitor data

Air concentration, air absorbed

dose rate, external and internal
doses

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

stability and downwind distance.
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Fig. 2(b) Pasquill vertical dispersion parameter, o, as functions of the atmospheric

stability and downwind distance.
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O-arai Engineering Center ; Nuclear Emergency Assistance

| Meteorological instruments | | Effluent monitors and Training Center

1
1
1
i
Windows PC i
(telemetric system i
i
1
1
1
1
1

- : Unix work station
(atmospheric dynamic model)

N’

Local meteorological observation data

Local meteorological
prediction data

i

i

1

1

i

c

i

. 1
Effluent monitor data i

Tokai Works
Windows PC
Meteorological instruments | Effluent monitors | \ (SIERRA-ID C .
N ! alct.ll.atlon
Unix work station Wind field, atmospheric dispersion z;)tr;idnltlon GUI operation
(telemetric system) and dose calculations £

1 Terrain data
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Fig. 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.
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Fig. 5 Example of the output of the contour map of air absorbed dose rate.
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Fig. 6 Location of the stack, meteorological instruments and monitoring
stations/posts inside the Nuclear Fuel Cycle Engineering Laboratories,

JAEA (MS: monitoring station, MP: monitoring post).
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Fig. 7(a) Temporal variation of environmental gamma-ray dose rate at monitoring

stations and monitoring posts on Oct. 20, 2003.
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Fig. 7(b) Variations of wind direction, wind speed and atmospheric stability when

the environmental gamma-ray dose rate varied as shown in Fig. 7(a).
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Fig. 8(a) Temporal variation of environmental gamma-ray dose rate at

monitoring stations and monitoring posts on Oct. 31, 2002.
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Fig. 8(b) Variations of wind direction, wind speed and atmospheric stability when

the environmental gamma-ray dose rate varied as shown in Fig. 8(a).
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Fig. 9 Comparison of the calculated variation of environmental gamma-ray dose rate

to the observed one in Oct. 20, 2003.
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Fig. 10 Comparison of the calculated variation of environmental gamma-ray dose
rate to the observed one in Oct. 31, 2002.
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Fig. 11 Relationship between the variation of wind direction during 10 min and the
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Fig. 12 Scatter plots of calculated and observed air absorbed dose rates.

_22_



JAEA-Data/Code 2011-019

R=5 R=2
100.0 - >
,"’ //
/// R:1/2
/// /
d
, L / R=1/5
«’ 4 //
— e / //
& 100 // e -
= ’ L7
£ . ) -
z ;79 e
o e .7
. s
= e p
% ///. o @ /. ///
v—:1 / [ ) ./ L4 P
O 09 e ® .
—_— ) ,
S 10 e °r .
2® ./‘. e
// ./ o ¢
° .7
e
: ///‘ ° L/ Y ///
/ [} s
° ,
) } o '® °
® o
0.1
0.1 1.0 10.0 100.0
Observed dose (nGy)

Fig. 13 Scatter plots of calculated and observed cumulative air absorbed doses

during one series of the increase period.
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