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TEHZ DB EIZ OV T

FHEERERRIC OV T, UE<EHMETE (B 20T, UTo Lkt Tng,

- ECCSIFEER T — R CIEfR S 41, TR RRIN O KD R TIPSR 2RI E L D 55 6
W21, JRFIPAEAZRIMI B W TREHN A W ERITR & HIA A TR 2 WO ER T O G BR K D
WD D EAET D,

- FRERK I, BFRBAERL, X5 FBOFLNER—EOS ST D & L, ECCSOHIEER
FANLFEFFRRICKZV Lz X 9 BOKH~OBITRIIN, FFFEBRNTOL S FEoik
HEHRIFB0% L RET Do

TEREDOFARIZ BT, ECCSH D DI 2 WIZ X D&, BRI ELRN AT & O
ZWIZ K DRI AT/ & < (0. 5% %) , AREARFSIIRWIZ®, ECCSIZ LY i+
RN TR ~NEDN - T Ly g v« Fo XD —LAKDIRZAVIZEW I ENn S L 5 H#E
I L DHE < OFFMIZERE LT D,

Rk o TR AKBUR 3BT FRFOPIE < FHlTFIEIZ OV T (HLR-021 5T9) | f+8k6
(2 HES < FHh

3.1 FHBRERARD D OBEMIRZ V&
FERRD D OBHEHMIBZ WA ZET 256, WHMPICEMR L X5 BREERRN O
FHFRBENICIRA VL, FEE AT ALBERD 7 ¢ VK HE 2T EPERE L 0 R~ S
Do FERAZRNODRAWVIC L DEBREA~D X 5 ROMMLBAERIE, LITD LB T 2,

(1) WEM PO RE
FEAED O % OIMEM T O HAE R DRI,
Qeces (1) =qe = exp{— (A + )}

ZZT,

Qeces () : tRPTR DAL H DAFEAE R (Ba)

Ge D FHE R OMEAM T OFER Bg)  (FAIPERED50%)
Ar D REEER(1/5)

t D SRR DR ()

(2) FRAFERRNOFEE
FHEER R B TR BRI AW kR L TV o355 Dt RIZEBIT DR FHREREANO X
) FEDOFERIT,
Qs (t) =Fp * Fr+ qc * exp{—(Ar* T} * A reces” A isers *
[exp{—=Ar+ (t=To} —exp{— (Ar+ Aisers) * (t—T)}]
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I,
Qe (t) RO IFEEN O£ Ba)

qe D A O WA R OfAE R Ba) (PN R D50%)
Ar D R EE(1/s)

t D FH% OREH] (s)

Fp C FEBRK T D LD ROKHP~DOBATHR (5%)

Fi CRTFIFREBANTO X O RILAEE (50%)

Ts : FRUEER BRAAGIRAH (s)  (0FD)

Aices ¢ FEER RO OHEMIE 2V (1/s) (K96, 2X1071°)
A Lsets D IEE T ALELRIC KD R R (1/s) (0. 5[]/d=#95. 8X107°)

REA~DJH &
TR IEFH A AR L v K S, EHRKEN SRR EN D & 9 Fo kit

T,

To
Q(TQ) :f (1_fSGTS) * lLSGTS * QRB (t) dt
0
ZZT,
Q(To) : REA~DHHE (Bg)
To : FHEBR R D B DY Z O] (s)

Tsers D IEEH T AELR T VX DX D FEREDEE (99%)
FHEBR RO O 2 WM ERFF Ik 2 & L7256,
Q(To) [10-c0 =Fp *+ F1+qe*exp{— (g~ T} » (1—Fses)
Akces * Asers” {Ar = (Art A isers) }

FRICESEHE LR, Lo FHHEE (-131%ME) 1%, AP m AR fekir o 5+

TAREAN 280> D DR 2\ M L D EKI5. 8 X 10PBglaxt L, FEER 2D DRI X 5k
HEEITH2. 5 X 10M"Bq & 722 0, FFEER B D DI 2 WIZ X B EO F513580. 43% & 72 5,
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. RREHEEMEEN (EARKERN) ORI = O R EMEICAR DT < Bl B 1 B IREHE B
OB EIZ DN T

BB b OB B SV TS, #UX<EHMETFE (RBD 128V T, UToLBhitds
nTWN5,

s SRS O D PREED b OB B A, T-131 135 TR TOENT —Z 12k
DB L BRI E FIAALTEE L, & OMOBESYEMEILE OB A R & LTk
Do MHATLIFRD 2HEOMHEE T 5,

T SREORHMIZ IV TR, BREHED S OB EZ L TO LBV REL TV D,

JESLE S

DI-131 : 7.4X10" Bg*!

Q% DO TEWE - kR & L TRD D
AR LOFRED2AE

Rkl BT ARZVE (F i) InCi/s (3. 7X10™Ba/s) M7=V OBEANHLIHED 9T%HRFE

HEBBEEM (v +20) (19Ci) ZIEITBMMHEZZRET %% X< Gl Lo
f % 100mCi/s (3. 7X10%Bq/s) ** & L, Z o £ (100mCi/s) 0 97T%EAREH FIM
FEICARYS 4 A EIE 1900C1 (K 7. 0X10%Bq) & 720, ZDEICHABRE RIAALT, I-
131 OBAfLHE% 2000Ci (7. 4X10%Bq) LFEL T\ D,

%21 BWR ONABWR 77 > MRS FIEOEREIT T A & AT,

%31 BEICER USRI 5 ERT FRs oI < Bl A OV T (HLR-021
77 9)
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5.

AR O JEEVEREN GREHEEFEE) (TR DPUTFHEICR T 227 U — MNES O
ARAEDFEITONT

R ET B E IR T 35 1T 2 T R O B AEMEICR DX FHMETIX, 27 VU —MEEE LT
AMEEZIB LTS, LFTIE, 2> 27V — NES Ol TIRENSIE MEICE 2 5 BT
fili L7z,

P ORGSR, =7 U — MNES Ol LRRZEO EEITERCE 7 L O ORHEICEE SN D L5
26ﬁﬁ,ﬁmﬁﬁ%?wi®%n/7)~b;é%ﬁ@éﬂé%1ﬁ%ﬁkf%<Lkﬁa
BWTH, BUT<HED ERRITHERTHH 18%L 7V, &%ﬁ%%%bkﬁﬁ%%(ﬁ%ﬁ@
HIRA IR« B KA 22mSv, RSN « 5K 0. 58mSv) 12 BR3P AEZBE L TH, #IX<FE
T (NHR) OHIWTEENE 100mSy 2B 2 /W2 & 2R LT,

TRk 0 BT RREE OMERE T VIR Sy O PNEE DO JMER FAT IR L2 W SRS 2 e L
TETNERSTEY, RIZar 7 — FOEBEOEINAFMEL Y LFFE I D
TREENTETHENGA TH- T, i LRdZEOREBILERT T VO R SRSFIHICaE
INHHLDEEZ LD,

5.1 MRET DM LRREIZ DN T
FARAIP - )R EATC BT 28 2> 7 U — N T, TEEE T R - [RIffa
JASS 5N JR B BT ER BT D8 = 7 U — N TE (2013) | ICHERL L THEMEINTE
D,ﬁﬁ%%mkmf:/7)~b@&-%-ﬁ-z?f@%ﬁ#%@%ﬁ%@%ﬁﬁmm
[X-5~+15 L EDH BTN D,
LUF T, M TREOREBLRTFIICEET 2720, fHET L2 7V — MOl LifEs
=5mm & L7z,

5.2 Jiii LRAZEIC & 2R R~ DI DU T
WEREEEIC X 2 T~ RO TNIT v RO RN F— AT MU KD B D Z &
B, MiTFA7E (-5mm) OREIIHIE RIS T LRI Lz, £70, AFHEICBWTIE, HAL
JEE Y72 ) O EFZGEED R /NS 0D GREDORENRKRBREV) a7 ) —MNEEK
MICEBT 5, BAEI YD ofEFiREs Vi,
SRR HM B IBED BN~ OATA VX A U~ O TCRE@a 7 U
— NEX 30 cmA 5 40 enffl], #E= 7 U — FEZ 40 e/ S 50 emfH, FEARKE L NREO B
B~ BE ORI v A <o Ea 7 ) — REX 10 ecn2*d 20 cm
M, 79U R v Ao o<z onCidm=ar 27— MNEX 90 ecmd>S 100 cnfi] TOH
ﬂréétD@ﬁEL BRNEGNS LD,

%\ﬁfﬂﬁ?&ﬁ: FAHa 7 ) — REX 10cm 2> 100cm 5122V T 10em [FfE CTEH Lf:ﬁ'ﬁ
4%%&%&0%52&Jﬁ‘iﬁ,%1 HESDEESDa L ) — O EE
@ﬁﬁF%%§53&U§54wﬂﬁ-%I$% @Fé(5m)@:/7)—ﬁ®ﬁ
BRI 9. 5X 10 20 H K 9.6 X101 & 727z,

MM%&W
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5.3 JEAEMERHIAS R~ DEEIZONWT

I R O JEAEPE AR D B FHBIC R W TIE, #HE< R S L IRk T T L ERRE L
TV D, BHERE T /TR IR RS A5 O MERN S0 43 D INBE DRI B HIRF L 72
%, RSFEERER LIZET L Lo TEY, RICa 7YV — FOEBEOREINAHELY b
TR INDIE LRSI HEWGE Th - Th, it LiRZEDEEILERE 7 L OFF SR
WCHEINDHDEEZLND,

EWRORFUAR ST, ERFET LV oK a7 ) — NEIS BRI N DI TS 7200
 LIEBHAOWIE S BEIC S 2 5 B A3 L7z,

i TRREZ ZRE LTS E Il BT 28T OIS HED EHRER 5—5 KUEK b
—6 T,

WHEET NV L& a7 ) — NESEZFR SN DO LIRES ST LEGA, T
BO EFRIRRKTHH 180 TH Y, AFMEEZ SR UIZFHIREE (RE A Iy «
KA 22mSv, FEARLEMMIE © AR 0. 58mSv) 12 BRI 2 AH L CHHIWiEYE 100mSy % i
IR L Z R LT,
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#o5—1 BHEIBREL T2 ) — MEIITHT D EHEE
(JRFHmEM ) (6 SR TN 7 S tam)

av Y JE - HR R PN OO U E 9 & D 770 RVx A
_ ERED L~ RATA Vv A T~ H =
RS Eim=a 7Y —h BEar 7 —h Wida 7 U — k

rem! (BRBE : 2. 15g/cm®) (BZEE ¢ 1. Tg/cm’) (BB« 2. 15g/cm®)
10 #14.8x107" #16.0x107" #16.4x107"
20 ¥1.7x10" #12.6x107" #13.3x107"
30 #5.7X107? F1.1x107" $11.5x107"
40 #1.9%x107? 4. 7X1072 #6.7x107?
50 #16.5x107° $92.0x1072 #72.8x107?
60 #2.3x107° $98.5x107 $1.1x107?
70 #8.4x10" $93.7x107 14.4%x107
80 #3.2x10" $1.6x107 F1.7x107
90 #1.3x10* #97.5x10* #16.3x10™"
100 #15.4x10° #13.5x10* #12.4x10"
F 52 FWIEIBREEOa 7 ) — NEXIHT DR EHEHER*
(EZRKE RN (6 FHEM O T Sigti)
sy LJE\%%W’@%&“W@W%WF@E@ %‘@
_ BN~ RADA v A T~
s Wida 7 U —
Lem] (BB« 2. 15g/cm®)
10 #95.1x10°!
20 F1.7x107"
30 #5.5X107?
40 $2.0X107?
50 $7.8X107
60 $3.2x107°
70 F1.4x107°
80 #6.2x10"
90 #2.8%x10"
100 #51.3%x10"
Hitk : 77U RV YA U TSt T 28 @7 ) — FOFEEmRIE, JRHEmEE

KIEFORHI & [F C,
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F5—3 FYIBEKICHIT DM LRGESDRES D= 7 U — MIHT D EEiER
(JRFIFmHMEER) (6 S LN T SREILE)

oy 7 Y — NEXOfE TiEZE*!
BRI < B ~5mm ~10mm —15mm —25mm
G 1 40 (EEfie 2 #%0) (GEEfie 3 #%) (i 5 #%)
) ST I
JE AP i 5% PN D 1 N $9.5X1070 | £9.0X107" | £8.5X107" | £ 7.6x10"
PEE D DEEN
VIR AT A
o, R
YA IR A $9.6X1070 | £9.2X107" | £8.8X107" | #78.1x10"
TR AN | Twma
. #9.5X10" | #9.1X10" | £8.6X107" | £ 7.8X10"
Ve ZAURE
FERD k1 0 ERRBENEERCE R DA,

Fb5—4 FPI<BEKICBIT DM LRGESDE S D= 7 — MTxd S #

A HEHRE |0 Ui TR (~bmm) & B

v AlRS
(TR M) (6 SHE L O 7 Shkdkim)
a7 ) — MES O TiAE"
BRIE < R ~5mm ~10mm ~15mm ~25mm
G 1 #0) (G 2 A% (G 3 4%) (G 5 £0)

J - J B % PN 0D U
PEMIE DB OERET | EiE= i i ) )

. #9.5X10" | #8.9X10" | #8.5X10" | #7.6X10"
VBB ORATA T | 7 U=k
XA AR

FFEE k2 :

BERTEE DSERACE 2 D 58T,
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#F5—5

EigeT NV ETHa 7 ) — NESEFRESNDIE LIESTZTH 752 L2k 5k
E<MEITE 2 D8 (RAIFmEMEERR) (6 SRR DT S

H:3m)
§ FHEET L ETEBL TS | i TRRZEE LT | #IE<fE
B < BRI e .
> 7 U — Mg O EES DKL BRI HES D _EH
JEL -7 i 5% PN D TR e
3 KL -15 ) 18% -5
e KL mm 9 18%_E 5
JEL -4 Jiti 5% PN OD S 2 KLU
—10mm 9 10%_ 55
%ODXXM"/JM’/ﬁ/Vn’ﬁ (1 KgE= 27 U — 1)

T Ry AT~ 1 # ~5mm #5.1% 5
MRtk o PRRIEEEAERIC BT 2 AN E TR, ANBREEEOFME T /LTI, PRfiE=s
TERF & HE~IERERCE D D C, BIE < MED EFRITNEL D,

#£5—6 EWMETETNLETEaL 7 ) — NESEHFRINDIE LAESTZTHELS T2 Lk 28

T<HREICH 2 D8 (FAKEIE) (6 SN O T S tam)

FHMEET LV ETEIRL TS o

. JETRRZELE LT | I BE
7 U — MO RO | BETHES O _EFR

JE - it 5% PN O e R '

SOEBEN L~ IR T A 3SKLLT ~15mm #) 18%_1-5-

A TR

HERLk 0 IR SRR IS

mﬁﬁ&%Aﬁm&ﬁﬂﬁﬁ%®T,Wﬁ<%%®iﬁ%@¢é<ﬁéo

% 5B RE TR, AR OFHEE 7 /LTI, drRbiliE s
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6. JEEMFHEIC AW TERSE R ORFEEIZ SN T

FAIET XIS S ) 38 B AT B PN I F W T L 7= 1985 4F 10 H 225 1986 4F 9 H £ T 1 £ D
RET — 2 2 W TGHI 21T 9128720, U LEMORRT —F DRI OKEREZRE L
TWDEMNE D OREHE FoMREic L e L7,

LU FIZRRE 1B K O et 2 w3,

6.1 HEHIE
(1) BECHN=BT—5
K[EEROREMEZ MR T DY - - T, BHIIH0E < TP EEE 2 Pe & a2z v
TRETDLOO, PHIESFHMETIFESFICH EREZFERTL 2052 L0vh, JERM
B ST AT 24 E 86m OBLHIT — X I2M %, &5 L L THER 20m OBHT — % 2 v
TREZEIT> T2,
B, ML, HERORFRAET —4 (2004 4 4 H~2013 43 ) ROYRHRRT —
% (2008 4F 4 H~2018 43 H) Z M7=,
(2) T — X HEH
FREAE 1 1985 4F 10 H ~1986 4F 9 H
a4 : O 2004 44 A~2013 43 H (HEEREORFRET —4)
@ 2008 44 A~2018 43 H (iR T —4)
(3) ME L
REAEAROFEARREIZET 5 FAAED FINRICHE > TREZITo 72,

6.2 FRER R

FRERMRITE 6—1 IR T B0, PERFm S 2RET S 85m OBHEIT — X220
TlE, ARKETERNINTZDIZ, MIHEORUHEHEOIZEWT, FNEN3HA Th-o
2o E£77, MEHEOQTEHN SN 2 A (B, SSE) M OWERHEQ THEAIS Lz 3 & (E, ESE,
SSE) 1%, WAL b9 M TH Y, MEHEOTEANINJEE (5.5~6.4m/s) 1%, FH
HRA 2 DB TRETH D,

Dbz &b, fMBICHERL TWAERET—21%, EMMOKRREZREL VDI LD
EHIT L7,

7k, 1EE 20m OBHT — 22 ONWTE, FAEAKYE Y THERHSNDIE, HEHEOTIE 10
HH, #EHEQTIX8HHA Tho7zb oD, HERfEm ST &R FET DAEE 85m DOBLNT — X
IR AREMITHR TETWD 2 &b, Hi%T —F OEAICIIFRFBROMBEIZ RV O LT
L7z,

HEHREREZE 6—205HFK6—9 ITRT,
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K6—1 BERR

e FEHE

BLatE = 85m 2 20m
O 3 10 1
2004 4F 4 4 ~2013 45 3 H (L 2 8, BUE 1 1) (V) 5 8, EGE 5 {[H)
MEHEQ 3 & 8 Al
2008 4F- 4 H ~2018 4F 3 A (E\m) 3 i) () 108, JEGE 7 {#)
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99

#6—2 FEHRER (J&M)
W A BN C A (B E 86m, Hft & 51m) 1985 4 10 H ~1986 4+ 9 H
FEHEQ - N A S (FE &) 85m, Hit E 75m) 2004 4F 4 A ~2013 43 H

(%)
MR . FEHIFR S %?
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | FEHH L85 OFIR
U EBRO|OFERR | x3EH
N 5.69| 5.93| 6.42| 6.24| 6.96| 7.84| 4.80| 5.14| 6.46| 6.16| 5.73| 8.40| 3.93 O
NNE 2.37| 2.67| 2.64| 2.52| 2.71| 2.71| L1.81| 2.64| 2.59| 2.52| 2.05| 3.21| 1.82 O
NE 3.72 | 3.22| 2.93| 2.63| 2.78| 3.67| 2.67| 2.58| 1.80| 2.89| 1.91| 4.33| 1.44 O
ENE 4.01| 3.08| 3.35| 3.21| 3.41| 3.89| 2.26| 3.21| 2.67| 3.23| 2.80| 4.55| 1.91 O
E 5,00 4.09| 4.96| 4.36| 4.91| 4.24| 4.05| 4.77| 3.46| 4.43| 5.73| 570| 3.15 X
ESE 9.57| 7.00| 8.17| 7.24| 7.57| 6.22| 5.91| 6.72| 6.61| 7.22| 9.16| 9.93| 4.52 O
SE 12.55 | 11.46| 15.22 | 14.10| 16.82| 14.55| 14.59| 16.25| 16.02 | 14.62| 15.18| 18.86| 10.38 O
SSE 9.61| 10.11| 11.19| 11.20| 10.09 | 12.53 | 13.86| 12.30| 11.71| 11.40| 7.24| 14.71| 8.08 X
S 3.94| 5.28| 4.47| 4.64| 3.53| 4.94| 5.03| 4.38| 4.19| 4.49| 4.26| 5.84| 3.14 O
SSW 2.77| 3.13| 2.26| 2.75| 2.23| 2.74| 2.40| 2.33| 2.10| 2.52| 2.09| 3.34| 1.70 O
SW 6.53| 5.31| 2.40| 3.02| 2.64| 2.71| 3.47| 2.66| 2.59| 3.48| 3.00| 7.00| 0.00 O
WSW 7.34| 6.87| 5.49| 6.14| 4.57| 4.82| 5.57| 5.09| 4.89| 5.64| 6.90| 7.98| 3.31 O
W 6.83| 6.61| 7.40| 7.14| 7.03| 6.69| 7.91| 6.47| 6.30| 6.93| 6.96| 8.15| 5.71 O
WNW 7.98| 7.58| 9.82| 9.34| 9.38| 7.14| 8.94| 7.54| 9.23| 855| 9.82| 10.95| 6.15 O
NW 7.25| 11.76| 8.16| 9.98| 10.21| 8.06| 10.81| 11.02| 12.59| 9.98| 10.97| 14.38| 5.58 O
NNW 4.37| 5.38| 4.54| 4.59| 4.37| 4.94| 5.46| 6.03| 5.81| 505| 530 6.60| 3.51 O
CALM 0.47| 0.53| 0.58| 0.89| 0.80| 2.31| 0.47| 0.86| 1.00| 0.88| 0.91| 2.26| 0.00 O




#6—3 FEHRRER (JEH)
W E A N C S (BEE 85m, Ht b 51m) 1985 4% 10 H ~1986 4~ 9 H
QD - PN A g (FEE) 85m, Hit & 75m) 2004 4E 4 A ~2013 43 A

99

(%)
HatE . HEHI R HIE

2004 2005 2006 2007 2008 2009 2010 2011 2012 SEYAE 1985 O

Rk (m/s) BERCDOTRR L sy
.0~0.4 0.47 0.53 0. 58 0.89 0. 80 2.31 0.47 0. 86 1. 00 0. 88 0.91 2.26 0.00 O
.b~1.4 4.75 5.71 6. 03 7.32 7.90 6. 85 7.07 6. 46 7.24 6. 59 6. 92 8.94 4.24 O
.b~2.4 11. 41 11. 40 12. 47 13.01 12. 69 12. 88 12. 03 12.79 12. 87 12.40 11. 37 13.93 10. 86 O
.b~3.4 13.48 14. 54 16. 18 15. 98 15.91 15. 58 14. 65 14. 25 13.59 14. 91 15. 33 17.43 12. 38 O
.b~4.14 13. 37 13. 96 14. 49 14. 81 13.94 13. 26 14. 43 14. 30 12. 81 13.93 14. 83 15.53 12. 33 O
.b~bh.14 13.08 11. 42 13.71 12. 68 11.37 11. 06 12. 54 12.17 10. 20 12.03 11.51 14. 71 9. 35 O
.5~6.14 9.70 9.33 9. 65 9.03 9.22 9.13 8. 88 9.14 8. 85 9.22 8. 38 9.95 8.48 X
.b~T7.4 6. 83 6. 47 5. 78 5.13 6. 33 7.48 6.02 6. 47 6. 48 6. 33 6.12 7.93 4.73 O
.5~8.14 3.93 4. 15 3. 58 3. 49 4. 32 4. 47 4.07 4.43 4. 40 4.09 4.41 4. 98 3. 21 O
.5~9.14 2.88 2.99 2.67 2.53 2.62 3.73 2.25 2.94 3.3b 2. 88 3.16 3. 97 1. 80 O
5P E 20.11 19. 50 14. 87 15.12 14. 90 13. 26 17.59 16. 18 19. 20 16. 75 17.07 22. 68 10. 81 O




#6—4 FEHRREER (JRA)
W oE A N A S (BEE 20m, HEBE 10m) 1985 4 10 H~1986 49 H
FEHEQD - N A S (S 20m, #1 FE 10m) 2004 4£ 4 H ~2013 4£ 3 H

L9

(%)
LA . FEHIFR S %?
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | EEJE L85 O#R
U RRR O] OFRR X FEH]
N 6.69 | 6.51| 7.04| 7.31| 7.68| 7.57| 4.58| 6.12| 6.88| 6.71| 7.29| 9.00| 4.42 O
NNE 1.16 | 1.25| 1.61| 1.52| 1.46| 2.26| 1.08| 1.82| 1.37| 1.50| 1.83| 2.39| 0.62 O
NE 2.05| 2.04| 2.54| 2.44| 2.71| 2.92| 2.23| 2.69| 1.8 | 2.38| 1.76| 3.27| 1.50 O
ENE 2.23 ] 1.98| 2.39| 1.87| 2.22| 2.69| 2.21| 2.87| 2.03| 2.28| 3.37| 3.07| 1.48 X
) 7.67 | 7.29| 8.01| 7.76| 9.52| 10.10| 9.25| 9.08| 9.49| 8.68| 5.30| 11.13| 6.24 X
ESE 11.24| 9.56| 9.53| 8.74| 8.87| 891| 9.27| 9.60| 10.55| 9.59| 12.40| 11.60| 7.58 X
SE 16.89 | 17.03| 19.17| 18.62| 16.29| 14.20| 16.10| 13.36| 12.51| 16.02| 14.47| 21.54| 10.49 O
SSE 2.90| 2.67| 2.73| 2.69| 2.52| 1.89| 2.46| 2.57| 1.89| 2.48| 5.59| 3.35| 1.6l X
S 2.80| 2.94| 3.00| 2.92| 2.33| 2.22| 2.56| 2.82| 2.54| 2.68| 2.56| 3.37| 2.00 O
SSW 1.25| 1.43| 1.12| 1.48| 1.12| 1.12| 1.54| 1.66| 1.21| 1.33| 1.85| 1.82| 0.83 X
SW 2.56 | 3.19| 2.76| 3.57| 2.81| 2.86| 3.23| 3.19| 2.97| 3.02| 2.93| 3.76| 2.27 O
WSW 7.22| 6.41| 5.70| 5.69| 5.24| 5.8 | 5.8 | 530| 525| 58| 6.56| 7.39| 4. 28 O
W 8.17| 9.30| 10.30| 9.31| 9.11| 853| 10.63| 7.79| 8.87| 9.11| 8.66| 11.35| 6.87 O
WNW 8.14| 9.96| 7.98| 7.75| 8.04| 7.21| 833| 7.40| 9.02| 82| 9.11| 10.25| 6.15 O
NW 8.73| 9.09| 6.53| 8.78| 831| 7.85| 826| 9.57| 10.52| 8.63| 8.56| 11.34| 5.92 O
NNW 3.74| 3.60| 2.70| 2.37| 2.60| 3.72| 4.27| 3.76| 3.60| 3.38| 4.31| 4.95| 1.80 O
CALM 6.55| 5.75| 6.88| 7.16| 9.17| 10.14| 8.11| 10.41| 9.43| 8.18| 3.45| 12.27| 4.09 X




#6—5 FEHRRER (JEH)
W oE A N A S (BEE 20m, HEBE 10m) 1985 4 10 H~1986 49 H
WEHEQ - N A (BEE 20m, Hi FE 10m) 2004 4F 4 A ~2013 43 A

89

(%)
e E A . HEHI R HIE

2004 2005 2006 2007 2008 2009 2010 2011 2012 SEYE 1985 OFR

L (/) R TR X FEH]
.0~0.4 6. 55 5.75 6. 88 7.16 9.17| 10.14 8. 11 10. 41 9.43 8.18 3.45 12. 27 4.09 X
.b~1.4 44.91 45.66 | 49. 32 47.96 | 47.40 | 47.44 | 48.83 | 49.05| 46.74 | 47.48 | 28.26 51.17 43. 80 X
.b~2.4 16. 53 15. 25 16. 39 15.74 | 16.31 15.49 15.64 | 13.87 14.91 15.57 | 30.49 17.60 | 13.53 X
.b~3.4 7.82 8.12 7.90 8. 26 8.39 8. 26 7.15 8. 02 7.74 7.96 10. 11 8. 87 7.05 X
.b~4.4 4.93 6. 14 4.78 4.98 4. 44 5.04 4.55 5.68 5.27 5.09 6. 12 6. 41 3.77 O
.b~b.4 4.74 4. 30 3.34 3.96 3. 60 3.55 3.80 4.39 4.43 4.01 4. 34 5.17 2.86 O
.b~6.4 3. 65 3. 568 2.93 3.56b 2.77 2.77 3. 57 3.31 3. 27 3.27 4. 00 4. 14 2. 40 O
.b~T7.4 3. 67 3.67 2.75 3.29 2.27 1.99 2.90 2.54 2. 86 2.88 3.16 4.30 1. 47 O
.b~8.4 3.06 3. 08 1. 95 2.40 2.13 1. 89 2.45 1. 51 2.30 2.31 3.21 3.57 1. 04 O
.5~9.4 1.85 1. 97 1. 17 1.39 1.75 1.43 1.52 0. 66 1. 36 1. 46 2.39 2.41 0. 50 O
5 UE 2.28 2.47 2.59 1.32 1.75 2.00 1.48 0. 56 1. 69 1.79 4. 47 3. 34 0.25 X




#6—6 IFEHREER (JRA)
W E A N C S (BEE 85m, Ht b 51m) 1985 4% 10 H ~1986 4~ 9 H
WEHMEQ - N A S (S 86m, Hi /& 75m) 2008 4E 4 H ~2018 4£ 3 H

69

(%)
e poe | Eamy | FE

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 | M 1085 OFR

i R | TR | s
N 6. 96 7.84 4. 80 b.14 6. 46 5. 20 5.59 b.54 6. 40 4.93 5.89 5.73 8.24 3.53 O
NNE 2.71 2.71 1.81 2.64 2.59 2.76 3. 06 3. 68 5.13 2.76 2.98 2.05 5.08 0.89 O
NE 2.78 3.67 2.67 2.58 1. 80 2.11 1.84 2.79 2.91 1.97 2.51 1.91 3.90 1.12 @)
ENE 3.41 3. 89 2.26 3.21 2.67 2.06 2.16 3. 16 2.55 2.80 2.82 2.80 4.23 1.41 @)
E 4.91 4.24 4.05 4. 77 3. 46 2. 98 3. 46 4.84 4. 05 4.15 4.09 5.73 5.62 2. 56 X
ESE 7.57 6. 22 5.91 6. 72 6.61 5.27 6. 25 7.41 5. 66 7.02 6. 47 9.16 8.23 4.70 X
SE 16.82| 14.55| 14.59| 16.25| 16.02| 15.85| 15.55| 16.07| 15.46| 15.44| 15.66| 15.18| 17.34| 13.98 O
SSE 10.09| 12.53| 13.86| 12.30| 11.71| 12.09| 11.92| 11.72] 10.96| 10.93| 11.81 7.24] 14.25 9. 37 X
S 3.53 4.94 5.03 4.38 4.19 4.41 4.26 3.72 4.19 4.26 4.29 4.26 5.39 3. 20 O
SSW 2.23 2.74 2.40 2.33 2.10 2.49 2.53 2.12 2.04 2.41 2.34 2.09 2.86 1.82 O
SW 2.64 2.71 3. 47 2. 66 2.59 2.93 3.02 2.70 2.64 2. 82 2.82 3.00 3. 46 2.18 O
WSW 4.57 4. 82 5.57 5.09 4.89 6. 09 5.74 5.97 4.48 6. 60 5. 38 6. 90 7.08 3.68 O
W 7.03 6. 69 7.91 6. 47 6. 30 7.28 7.26 7.12 6. 09 8. 40 7.05 6. 96 8.75 5. 36 O
WNW 9. 38 7.14 8.94 7.54 9.23 9.95 9. 86 6. 98 7.82 9. 26 8.61 9.82] 11.29 5.93 O
NW 10. 21 8.06( 10.81| 11.02| 12.59| 12.26| 11.04 9.49| 11.58 9.82| 10.69| 10.97| 13.90 7.48 @)
NNW 4.37 4.94 5. 46 6. 03 5.81 4.97 5.21 5.57 7. 04 4.91 5. 43 5.30 7.20 3. 66 @)
CALM 0. 80 2.31 0.47 0. 86 1. 00 1. 28 1. 23 1.12 1.01 1. 54 1. 16 0.91 2.34 0. 00 O




#6—7 FEHRRER (JEH)
W E A N C S (BEE 85m, Ht b 51m) 1985 4% 10 H ~1986 4~ 9 H
WEHMEQ - N A S (S 86m, Hi /& 75m) 2008 4E 4 H ~2018 4£ 3 H

0L

(%)
AT pice | TEHIIRA HIE

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | ¥ 1085 OFR

JEGE (/) ERROFER L xR
0.0~0. 4 0.80| 2.31| 0.47| 0.86| 1.00| 1.28| 1.23| 1.12| 1.01| 1.54| 1.16| 0.91| 2.34| 0.00 O
0.5~1.4 7.90| 6.85| 7.07| 6.46| 7.24| 7.45| 7.79| 8.67| 7.85| 7.73| 7.50| 6.92| 8.99| 6.0l O
1.5~2.4 12.69| 12.88| 12.03| 12.79| 12.87| 11.60| 13.84| 14.02| 13.19| 12.41| 12.83| 11.37| 14.59| 11.08 O
2.5~3.4 15.91| 15.58| 14.65| 14.25| 13.59| 13.95| 15.14| 17.33| 15.60| 15.73| 15.17| 15.33| 17.79| 12.56 O
3.5~4. 4 13.94| 13.26| 14.43| 14.30| 12.81| 14.20| 13.47| 14.61| 13.06| 14.32| 13.84| 14.83| 15.35| 12.33 O
4.5~5.4 11.37| 11.06| 12.54| 12.17| 10.20| 10.82| 10.51| 11.10| 11.06| 11.24| 11.21| 11.51| 12.87| 9.54 O
5.5~6.4 9.22| 9.13| 8.88| 9.14| 8.85| 8.74| 7.77| 8.03| 8.66| 8.17| 8.66| 8.38| 9.86| 7.46 O
6.5~7.4 6.33| 7.48| 6.02| 6.47| 6.48| 6.46| 5.85| 4.98| 5.67| 6.16| 6.19| 6.12| 7.73| 4.65 O
7.5~8.4 4.32| 4.47| 4.07| 4.43| 4.40| 3.62| 3.86| 3.44| 3.96| 3.77| 4.03| 4.41| 4.90| 3.17 O
8.5~9. 4 2.62| 3.73| 2.25| 2.94| 3.35| 2.93| 2.30| 2.49| 2.79| 2.49| 2.79| 3.16| 3.90| 1.67 O
9.5 2L I 14.90 | 13.26| 17.59| 16.18| 19.20| 18.93| 18.25| 14.22| 17.16| 16.45| 16.61| 17.07| 21.37| 11.86 O




#6—8 FEHRER (J&m)
W oE A N A S (BEE 20m, HEBE 10m) 1985 4 10 H~1986 49 H
WEHEQ - BN A g (FEE 20m, Hi & 10m) 2008 4F 4 A ~2018 43 A

12

(%)
BEaT4E . FEHIR A %?

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | FH4fH L85 OFIR

FRR | OFBR | xEEA
N 7.68| 7.57| 4.58| 6.12| 6.88| 5.16| 6.09| 5.58| 6.51| 5.55| 6.17| 7.29| 8.56| 3.78 O
NNE 1.46 | 2.26| 1.08| 1.82| 1.37| 1.42| 1.67| 3.76| 4.06| 2.48| 2.14| 1.83| 4.57| 0.00 O
NE 2.71 2.92| 2.23| 2.69| 1.85| 1.42| 1.18| 2.18| 2.05| 1.60| 2.08| 1.76| 3.46| 0.70 O
ENE 2.22] 2.69| 2.21| 2.87| 2.03| 2.46| 2.38| 2.65| 2.13| 2.18| 2.38| 3.37| 3.04| 1.72 X
) 9.52 | 10.10| 9.25| 9.08| 9.49| 8.31| 6.80| 5.80| 5.19| 4.95| 7.85| 5.30| 12.53| 3.17 O
ESE 8.87| 891 9.27| 9.60| 10.55| 12.77| 12.57| 10.15| 9.91| 9.76| 10.24| 12.40| 13.53| 6.95 O
SE 16.29 | 14.20| 16.10| 13.36| 12.51| 10.78 | 12.56 | 15.84 | 16.36 | 18.73 | 14.67 | 14.47| 20.35| 8.99 O
SSE 2.52| 1.89| 2.46| 2.57| 1.89| 2.83| 2.72| 4.17| 4.81| 5.31| 3.12| 5.59| 5.98| 0.25 O
S 2.33| 2.22| 2.56| 2.82| 2.54| 1.94| 1.88| 1.91| 2.30| 2.17| 2.27| 2.56| 3.00| 1.53 O
SSW 1.12| 1.12| 1.54| 1.66| 1.21| 1.39| 1.08| 1.36| 1.54| 1.67| 1.37| 1.85| 1.91| 0.83 O
SW 2.81| 2.86| 3.23| 3.19| 2.97| 2.22| 2.59| 1.62| 1.86| 2.08| 2.54| 2.93| 3.88| 1.20 O
WSW 5.24| 5.80| 5.88| 5.30| 5.25| 7.69| 6.38| 6.44| 4.75| 6.62| 5.94| 6.56| 7.99| 3.88 O
W 9.11| 8.53| 10.63| 7.79| 8.87| 8.64| 7.93| 7.88| 8.06| 9.36| 8.68| 8.66| 10.76| 6.60 O
WNW 8.04| 7.21| 833| 7.40| 9.02| 10.16| 9.29| 6.56| 8.57| 7.76| 8.23| 9.11| 10.78| 5.69 O
NW 8.31| 7.85| 8.26| 9.57| 10.52| 8.98| 9.39| 8.44| 10.40| 9.07| 9.08| 8.56| 11.22| 6.94 O
NNW 2.60 | 3.72| 4.27| 3.76| 3.60| 4.72| 4.53| 3.96| 4.85| 3.77| 3.98| 4.31| 5.54| 2.42 O
CALM 9.17 | 10.14| 8.11| 10.41| 9.43| 9.10| 10.96| 11.71| 6.67| 6.94| 9.26| 3.45| 13.18| 5.35 X




#6—9 FEHRER (JEH)
W oE A N A S (BEE 20m, HEBE 10m) 1985 4 10 H~1986 49 H
EHMEQ - N A S (S 20m, #1155 10m) 2008 42 4 H ~2018 4£ 3 H

Gl

(%)
HAHE . AR HIE

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 |“E#)fE &;;Ef OFR

&35 (m/s) ERRFRR | sy
0.0~0.4 9.17 | 10.14 8.11 | 10.41 9.43 9.10| 10.96 | 11.71 6. 67 6. 94 9. 26 3.45 | 13.18 5. 35 X
0.5~1.4 47.40 | 47.44 | 48.83 | 49.05| 46.74 | 46.58 | 47.32 | 44.92 | 43.28 | 39.98 | 46.15| 28.26 | 52.70| 39.61 X
1.5~2.4 16.31 | 15.49 | 15.64 | 13.87| 14.91 | 14.47| 13.03| 18.22 | 19.88 | 23.82| 16.56 | 30.49 | 24.29 8. 84 X
2.5~3.4 8. 39 8. 26 7.15 8.02 7.74 7.30 6. 72 7. 81 8. 44 8.54 7.84 | 10.11 9. 29 6. 38 X
3.5~4.4 4. 44 5.04 4.55 5. 68 5. 27 5.62 4.78 4.72 6. 14 4.54 5. 08 6.12 6. 45 3. 70 O
4.5~5.4 3. 60 3.55 3. 80 4. 39 4. 43 5.42 4. 14 3. 32 4. 58 3.65 4. 09 4. 34 5.59 2.58 O
5.5~6.4 2. 77 2.77 3. 57 3.31 3. 27 4. 30 3. 92 3. 16 4. 25 2.94 3. 43 4. 00 4. 78 2.07 O
6.5~7.4 2. 27 1.99 2.90 2.54 2. 86 2. 88 3.79 2. 18 3.07 2.42 2.69 3.16 3. 94 1. 44 O
7.5~8.4 2.13 1. 89 2.45 1.51 2. 30 1. 96 2.32 1.61 1.92 2.31 2.04 3. 21 2. 79 1. 29 X
8.56~9.4 1.75 1. 43 1.52 0. 66 1. 36 1.22 1.57 1.21 1. 20 1. 89 1. 38 2. 39 2.20 0.57 X
9.5 Lk 1.75 2.00 1.48 0. 56 1. 69 1. 16 1. 45 1. 14 0.57 2. 96 1. 48 4. 47 3. 15 0. 00 X
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#14—1 RERSAME
Parameter Standard Range
Value
Geometric | injection nozzle dismeter (cm) 15 I~15
property scrubbing depth (meters) 2.7 0~3.8
pool water temperature ("C) 80 20~110
Hydraulic | carrier gas teaperature (C) 150 20~300
property stean fraction (vol. %) 50 0~80
carrier gas flow rate (L/@in) 500 300~2000
Aerosol particle diameter (pm) | 0.21~1.1 0.1~1.9
property material LATEX LATEX,Csl
CARRIER GAS OQOUTLET
CARRIER GAS <~
INLET . N =~
=
=
z WINDOW
H
o
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f o
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FIGURE 9, Conce:tratiun of Elemental Jodine in the Main Room,
Run A
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Fit*k1: R.K Hilliard et.al “Removal of iodine and particles by sprays in the
containment systems experiment” ,Nucl. Technol. Vol 10 p449-519, 1971
*%2: R.K.Hilliard et.al “Removal of iodine and particles from containment
atmospheres by sprays” , BNWL-1244

%3 : R.K.Hilliard and L.F.Coleman “Natural transport effects on fission

product behavior in the containment systems experiment” , BNWL—1457
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ZHWTWD,

%51 AN SRR D kR O A ERF I O Sl s — o o X TR LOCA BRICIHER
P L HIZR OFSRE KX O 22 B EIRAN IR (2B WWT, JFLnd &5 H#D
RERH Sz (FROH) O

153




CSE EERTAT LA ZfEH L TRV A5 K OVA-11 1281 5 K 9 FOKMEZENR
MR ORI Z b2 X 1 1R T, MIloRE (A7 VA RERHOHR) (22T, A-6
DA L REREITED SN, IWIEELVE 100 490 1 UL KT L%, IWENER

B2l (hy A7) BRRDLILD,

’? lﬂ’ -
RUNAS RUN A-11
FLEMENTAL ELEMENTAL
1000 oo
& 4 I 3
3 - s Y2 6223 min
: a MAIN ROOM
3 < (12 LOCATIONS!
- Y MAIN ROOM -
i mr AVG OF 12 LOCATIONS ¢ lg B Wr
z =
S 3 o 3
= = L. 82050
Y h
3 2l YL X 2 &
S G 2 ]
v ol
3 135 |
. b T - L' y !
o J ‘/\ \“_‘*.02 ®00w ¥ H \ w
WA "‘"“‘:::-'~'*1! 10 ! MIDOLE ROOM o~
I BOTION ROOM " : \ N
i ‘ | el
. 0 ¢ M L >
l)o : & lcﬁ :‘-.—O-Lv—'—‘ =1 2
0 ¢ s 12 B 2 2 0 ¢ s 2 W 2 xa
L LN
FIGURE B-S5. FIGURE B-6.

Concentration of Elemental

Concentration of Elemental
Iodine in Gas Space, Run A-ll

Iodine in Gas Space, Run A-S
X1 CSE A-5 R OVA-11 ZEBRIZ K 2 M8 1 O B ORISR IRE ORFE A1k

HARILAE RITFHI T 2 R ORE L NIEFEO Th 2 LB MmO EEZ T, R mE
MREWVIZEAREERIIREL LD LB HND,

CSE EBRIZHIT DR L 6 SRR N T SO LR FEFEIZ OV T 2 (2”7, CSE FEBr L 6
SRR N T BRSO LR EAEIXFERRE & 72> TH Y, CSE FEBR T L7 HARILAE EE & v
HIENTEDHEEBEZDLND,

#2 CSEFEBRE 6 5K O T SHED L FmiAE O Lbig

CSE SEBR A% 6 TN N T SRk
A (m*) #1600 #7 13000
W () #1570 #J 12000
tekimfE (1/m) #10.9 #10.9

154



16.

Fh A =R O JRAEMEREE (P LD LWEE) IR A2 X< FHhicB T2 YLy v a7
— IV TDORY T T K DREDR (BEEL HFE) 1250 T

Ty vay s PV TOART T T E DL D FOBREDE (LLF IDF] v )H,)
L L, Standard Review Plan 6.5.5 233X DF10 Z3®E L TW5, Z L Standard Review
Plan 6.5.5 [ZBWTC, MEMEE YFEDOA 7 T L DBEDRE LT, Mark— 11 & U Mark —

2%t LT DF10 BLF, Mark— [1Zxk LT DF5 A F 4 FET 25G1E, FICHAEZLEE TR
BLTHRW Loftd SR 125 b0 Th D, 7 5HIE ABIR AL T2,
PFLyig e S TORY T TICHFATRE /e KRS, Mark— 11 & KX 7p 58RI 7202
L7235, Standard Review Plan 6.5.5 OEEHEICE 3, V7L v g « 77— L OEDOAE

W 6, DFI0 ZEHAT 52 L& LTWn5,

2B, AL O BIZOWVWTIEHTRAROMEETH D Z &b, RDF OZFITITHFE L TR,
AR E D FED DF IZDWTIE, MAAP T o2 7 S v V3R 7 e 755 (SUPRA=Z—R)
TR LTV B,

[Standard Review Plan 6.5.5] (3#Y)

the ratio of the amount of a contaminant entering the pool to the amount leaving.
Decontamination factors for each fission product form as functions of time can be
calculated by the SPARC code. An applicant may use the SPARC code or other

Pool Decontamination Factor. The decontamination factor (DF) of the pool is defined as

methods to calculate the retention of fission products W|th|n the pool prowded that these

'10 or less for a Mark Il or a Mark Il containment, or are 5 or less for a Mark |
=containment the applicant's values may be accepted without any need to perform

organlc |od|des The applicant should provide justification for any DF values greater
than those given above.
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FFC % P.C.Owczarski and W. K. Winegarder, “Capture of Iodine in Suppression Pools” ,

19th DOE/NRC Nuclear Air Cleaning Conference.
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#16—2 FEEBREER

#16—1 EEKM
Program Aerosol Aerosol Carrier Steam mass | Water Pool Injector
size, pm fluid fraction temp., °C | pressure
csl L7-27 | N+ 0.008 - |25
ACE CsOH 1.6-2.8 steam 0.31 | 83 ambient sparger
MnO 1.7-2.3
Csl 0.2-3.0 air, N, or - ambient single
EPRI TeO, 0.4-27 He + 0-0.95 - near sa- ambient orifice
Sn 2.7 steam turated
Csl ~4.5 273 1.1 MPa | single
EPSI (radius) | steam 1 (initially) 3.1 MPa | orifice
CsOH 6.1 MPa
GE Eu,0, 0.1 -40.0 air 0 ambient ambient single
Csl < 0.3 orifice
JAERI DOP 0.3 -10.0 air 0 ambient ambient single
orifice
LACE - Csl 1.7-72 | N, + 0.07 - 110 3 bar -single
Espafia steam 0.85 (abs.) orifice
-multior.
SPARTA Csl 0.7 air + N, 0 close to ambient 2 orifices
saturation
UKAEA Cr/Ni 0.06 air + 0.25 - ambient ambient 4 orifices
steam 0.96 (downco-
mers)
{UKAEA | Lvapour | -  |airandlor | O-1 | ambient | ambient | 4 orifices H
| steam (downco- |
! mers) !
{POSEL- | I, vapour - N, 0 ambient | ambient | -single i
| DON orifice |
SRR R (AR PRV N NN SR .

Experiments Species tested DF range
Cs 145 - 3000
ACE Mn - 11 - 260
I 47 - 1500
DOP 6-12
EPRI Csl, TeO, 1.4 - 1600
Sn 110 - 6800
EPSI Csl 2100 - 3300
GE Eu,0, 68 - 2900
Csl 7-10
JAERI DOP 10 - 150
LACE-Espaiia Csl 16 - 3000
SPARTA Csl 7*
UKAEA LNCr ] 15-1680_____
L 14 - 240 1
POSEIDON i 20 - 300 000 |

* Only one test performed.
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17, HREIEE O JEEVERHE (P 002 LOEE) (SR 2903 < FHlIC 31T 2 A I fn A 2ot~
DGR DO HEIE OBEIZ SN T

17.1 [T U®IZ
LD LW A LSA 128600 2 I filil = o ISR D80T < FHmic B T 5
JRA PRSI 2N~ DIZ o3 ZAE U D EIE DR EIZ DWW TRT,

17.2 BRI DIRAIFREANE TR~ D FUHEIE DR EIZ DN T

JALDE LWEEARAE LS8 1838100 2 h il = o BRI IS 2 72 > T, e
WV DR FIFRHINE S~ D i HEI A %2 MAAP =— R & NUREG-1465 %07 % FIIH LA L C
W5,

KRBT LOCA FEIZIEH IR O EIR OFSHE K OV AT EN I EIRNSERT 5 v U A (W0 X
> F) TO MAAP AT I & 2 BB & ORFlR R (AN S 168 RFfE#ZRFR) &% 17—3
RS, 2L, URIORTERY, £ 17—3 O JeHE o B 2 L Tuzg
VY,

FI1T-31Ck B L, BEERMMERE (CsI < CsOH) OtHiEE (1054 —x—) L, .
IR O BHEIE B TRE W (1004 —4—) L HfERL->TND,

—J5, ™M FHom RS IR+ BT COBMEENS, FRNEZ 7258k D
SN DR IROWEILEL 5 FXLB T T AEOEFEREOME TH Y, - KERIED
WE ORI EERIEOME L LD BETHD Z ER o T 5,

F1T—4 1%, ML FHAZIZFHN S NI BURMEEZFE DT Z & DFIERTH D03, i ARE
BERMEE (B2 v AR08 9 HR) PR FFENEGIMIEED 5 BLEoRERE TS —
7T, AR R MR I ZIE 2B R TR E N BSNICREE S N TWD S W I FF & 72 5T
W5,

S HIT, RI1T—513, MEFH IR I3 EITFEE I FE S N7 FE BTN O 5 rp o
PEREREDOS 7Y U IRERTHLD, B Z<MEIN T D OITEHEBMZE (B2 7 L%
E9H) THY, O - AREFERMEEREII AR L VIR E RS TN D,

FT, BRI D OB R DU K O B 258 B3 5 BB IR K 0, BooFE otz
I TOLICEHEINTEY *, HFANERTRENDIFITEEHKRT SIS DITHL,
NS ORZFED FUH B8 IR KGR F T 2 & LT 5,

A ERICTREINGIRIEREKRN SN D,
I, Cs @RI TEREINDIZEREMME SN D, HHEE A A &R,
Sb, Te : @EHRICTEREIDIZIEREMTIND, P & RIG LIk, #EE O
(W S D,
Sr, Mo, Ru, Rh, Ba: ZRPHSSAM: (BR(LSRMF or BILSft) ICKREREELZT D,
Ce, Np, Pu, Y, Zr, Nb  : @IRIRAET S BRI HR L,
Bk : MEFICHE B LIZBARIRE D b OB R AR K O T 7 F = RO g2 BhaTi o
7= DBF%E (JAEA—Review 2013—034, 2013 4E 12 H) |
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£ 17—3 OFHMEFERIT Z 0 D OB F I OVEBRFE R & A DB TV, ZiuE, Kk
Wi LOCA EIZIEH HIF D HISR OMSRE X V228 /1 EIR N5 v U A0 T,
MAAP FEHTAIH « IRFEFR MR OB 2 WEICRELSFHHL T D72 Th D EE 2 B
Do

MAAP AT DFFOLRSFIE &S LCIE, PO EEK LSRR O OAE A EL L 7% T, K
BFF 70 i 5 & O B Y E O BUHEF IS B CHARL Y — L R O R EE A 2 IR U &
AL TWD 2 &0, WFLEKKRHZIBWTERET 7 B oKIZE D A7 Z 80 78R4
BELTWRWI ENFET HILD, MAAP =2 — ROBAF L TH D EPRI 225 b, FEK L724A L
2> B OARFERMERZFE O F 2 DU T MAAP T MRSFI 72 R 2 52 25 60 52 B OLLT O
WENRINTND,

S JEL K L7 E OB Ru K OMo) DI DWW T, KIROVERREE M

FHETIZZR <, ERREL O AR A2 SRR E 2 B LT D 728, MAAP FRET 23 RAT

H7eiE R A2 52 D58 0305,

* Mo D EFAMIZ DV T, NUREG-1465 L ¥ & MAAP = — RO 03 it &% % < G-l 4 5,

B, EHEMEEA (27 ARL 9 F) IOV TP LERIENI A AN R S B 7
B, FRORSEORBIIZFIC< VWb DEBZI LD,

PLEDZ e, KEEEr LOCA RFIZIEH A O HISR OFSHE K OV i) DB BT 5
U AT TH ARSI MR O U EIS 2 FEN 3 2 BE,  HLZ MAAP fRHTIZ & 2 BFAmRS
BT 2 &, BHEIG & UTREICRSTIRERE 52 DR H 5720, o FiEzE
WZRHm A M BN D EF X HIVD,

F T, FOLOELWEENRREA LIZBAICBIT 5 PR il = o B 2 3004 5 BRI,
MAAP AT 1T & 2 Bt BIE O R-AlRS LM, s CORIHI 2 & 151 4TV % NUREG-1465
CKEOF T ARZEES (NRC) TEHEINTZHLOTHY, KETHLIET T 7 o7 M
OMAREG e & LT, FRAIEHE OB AEMEF O A Z23HI THEMA S TWD) omRZFIH7
HHDE LT, ZOZEITRY, ™M FHECEEH R IREITFROERIZLY REG-o7
A3 FIBE & 72 D

B, Fhe— A TRAEE LOCA+ECCS {E/KHERE FE I+ 242 Wi Eh /) BEIREER | 12B W\ T,
JRFIFFERBSEEDEH TE o0 b O ERUE L2558 5, IFOBERGEN S, JRTFIE
KEDMBEIR T 5 £ TO MAAP iEHT T4t (AL 0% L WRERIAE L2355 38610 2 H el
R ORISR T 2 HEF S TV A TIE, YZE S —7 v ATBW TR FREK
BEREAAE 32 2 ST L 0 R FIFE A ZRHRIZITE 5 720y) & NUREG-1465 DOARTE O Hlig X
K1T—1DOLBY THY, NUREG-1465 OAETE & MAAP fEHT O FGERIC R & 727221370 <, ARFE
Al F3V T NUREG-1465 D701 SLI A H wT6E & T L 7=,

NUREG-1465 O %152 FIH L 7o %6 O EIG OFHlRs R A2 2 17—6 12”7,

162



F17—1 MAAP AT S5t |8 » NUREG-1465 OFEE D Lk

WREHEE OREBIAR L, v v 7 | OB BIAR L, TREMIVER YR
2> D U PE B AN i S 0 % ] FIEN BAART 5 £ TOHIH

MAAP

#1753 ~H9 41 43! 41 53 ~#) 6. 4 Wy *?

NUREG-1465

~30 47

30 57 ~2 W]

ek ﬁb%%%%(%ﬂ%@%ﬁ&lw%)~ﬁ®%@%%(%ﬂ%£ﬁmﬁ2m%)
%2 JRFIEKEEREMERA TE Wb O EE LGS BT 2 R 1R T 2 218 B

% MAAP #ZF8 27 )L— 7 DS O BARRY 2Rl FHEIZLL TIOR8 B0,

(1) FHHAARATN—TF, Csl Z—7F, CsOH 7 /v—7
T T A e B D T B BERNE DT 7 NV — 712D, KSR R Ik h LEEE A~ i
#HE, RAFRAE R DIRFFREASDORZWEIS & BT MAAP AT OFE RGO L7z i
HEIEEZRHT 2,
70k, Cs ORMEIEIE, Csl Zv—7 L CsOH 7 —7 O iEIE 2% KON, 15658 &
Cs LR O ILRFFNNEE LV, LLTFORXE RV CHEHMET 5,

HEE k3

FCS(T)
Feson(T)
FCSI(T)

k4

B

:EI%E

_ MI WCs
Fes(T) = Feson(T) + TYTEORTTARS (Fest(T) — Fesou(T)
Cs I

I TIZBIT 5D LOMHEIA

I TIZHF D CsOH 7 v—F D fiHHEE
I TR D Csl Z—7 @}ﬁz,'jj%
B D T J63R O IERFFE N P

&

53

g &

PO
=

AZ IR E @%mﬁ®%tﬁmww
1 OFRFE
: Cs DJF+=

MAAP 21— R CIH b5 - BB E 25 LM E 7 v—73 10 L TR,

%
&

TN—T DR EIE IR, Y% — 7 O R N N e & i E RO b
EHZETEMEL TV S

FHGFl T N— T DE RPN NI FOFIEIZ LV FMHEL TV 5

@
@
®

ORIGEN =1— RIZ & 0 & = & oW E &2 i3 5,

QO % b &2, AR OEREZ & LEabY, FrufoE&EZ T 5,
Q@DFERAE MAAP 21— RIZA > 7w R L, MAAP 22— RIZC, KR 0fbd
MOEREZFIT 5,

FALBEMIIHR 172 IR TEME VTR TH b0 L LTEHELTWY
Do T N —T DIFANRRIY, BEOBERE 7 NV — T @T 5 EHm D
FNNE RO E L CRHMEL T\ 5,
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#K1T—2 HEME7 N—T OFNNEE

e ERERR T V— T\ SR PR & ke ]
*IST LAY (REREEZET)
T 7T A Xe, Kr #9 750kg
CsI CsI, RbI # 57kg
TeO,, Te; | TeOs, Tes %) T4kg, % 63kg™
Sr0 Sr0 % 160kg
Mo0, MoOy, RuOs, TcOs, RhO. # 600kg
CsOH CsOH, RbOH #9 470kg
Ba0 Ba0 # 220kg
Lag0s, Pry0s, Nd:0s,
Laz0; Smy03, Y203, Zr0s, NbO., 9 1200kg
AmOs, CmO-
Ce0, Ce0y, NpOz, Pu0y # 470kg
Sb Sb # 2. 2kg
U0, U0, #9 180000kg
ek 0 RPUTTRT Teo DIFNERE [kgl 1T, FILRFITIFNICAFEAET S Te

TERDERD Te, DL THET 2 H B OMITHE T 5,
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(2) ZFNLSOERE S V—T
i« ARFEREME DREFE 7 /L — T 1T DU T, MAAP FifAT O 545 & AL i B & 3 i3,
MAAP ittt D5 R B15 b7z Cs OIRIHEIG, WA 7 N —T7 Ot EIE & O NUREG-1465
DFEI 2RI UAHEIG 25 2,

a. K&

BanE D UIEE A~ DI EI S

HHEIE ORI 7RIE D BRI T A L[ —* & L, Cs ORHEIE T % Y%Lt
T N—T OFLHEIE O, 168 BFRIFRIEERE A2 BT NUREG-1465 T H ALz R
HLWWE LT, LTOFERICE S Z Gl L7z, % 17—7 LR 17—8 |2 NUREG-1465 T
PTG S AL R AR R AR de N~ O i B S & R T,

Fi(T) =F (T) x —L x Fes(168h)
' noble gass Y cs l:noble gass(168h)

Fi(T) : B2 TI2BIT 5 1 FHOMAAP i 7 v — 7 ol El&

Fhoble gass(T) R TIZBTAFH AT V—"0HEE

EED ok

v, NUREG-1465 (281 % i # H O MAAP %Ak 7 /L— 712 A ¥
T DA 7 — T DA ISR TR~ D&

v . ¢ NUREG-1465 (Z351) % Cs [TARY T D 7 L — 7 D
JFFEANR B~ D F &

M ARV OAE 7 LV — 71X, TR OBREI S ER & 72> T D & & BISh
1358 EREMMC i S e Wb D E B X BND, TDT, AR M
DIREED B OBINHHNITIZ E A e <, FBATINZ R RS A g NI A
Eh, FETIFRMRESAEICEEE L T D b O A REHIRE & s
HEBZEZLND,

FEANB B 2 MO« ARFEIE AL TR I LR A A SR XU s b~ v |k
T A AT DD, EDOWMADATT, T 720 B I HEIE ORI 7o 2
1, U < ARSI B KRR IS V0E L Cds 0 BETHI 557> & OB AN 23 72
W T A D EIG DIRD TN W EB X B,

bz Eng, & - REREOBKRE S V—7" 0 [T 2 BB )
%, [BRANCBT HHH AT N—TOREEG ) T b D& Lz,

165



b.

JRFIFREANA 20> D IR P AR R~ O 2 W EIE

HHHEIE ORI 72 IR A BT Cs LRA—* & L, Cs ORHEIA TR T 2 Ya%ksfi s
=T ORHEIE O ERIE, 168 REfEl#RE R U230 T NUREG-1465 THF H AVt RIZ S
L& LT, LUFoRHiic 55 & 7 L 72,

Fy(T) = Fs(T) X —

Ccs

Fi(T) : BZI TI2BIT 5 i & H O MAAP B 7 L — F ol ElE

FEEL ok

: NUREG-1465 (23517 % 1 & H O MAAP Bl 7 /L — 7 IS 5
LEEFE T V— T DR AP RN e~ D U EI S

: NUREG-1465 (Z3531F % Cs [ZHHY ¥ H1%FdE 7 v — 7 DJEF-IF
AN ER A~ D B A

Cs

H e AR DOREAE 7 L — T VLR IF RS 2N TR IR E & L TR 2 2
VY, EESCEIIERA T VA FIZ LV SMEE N DRESND EBEZBND,
F70, FHRERAR, RFIFRANALEOKIEER) D OBREIEA 2% IR 5
KB O DA WVITIZ EAE RS D bDLEEZILND,

ARG CIX, o - RO S V— TR, PR A RN TREIR
WE L LTRESND Cs 2#fEL LTERL, | - [KIERIEOE 7 L —
7O [BRANCBIT DA WVEIE] &, [HRFAIZHBIT D Cs O WEIE ]
BT DD & Lz,
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F 17—3  MAAP fEATIZ & 2 B O RFAhRG R
L LDFE LWRENFEAE LIZSE 2B 2 h Rl = o e EMERHmIC A L2z

15 I REE NN 5
7 v— FEARTS 218D LS B~ D HUHEI &
(BN S 168 FHEIL IS
T JT A #19.2x107!
CsI #11.3X10°
Te0, F11.7x10°
Sr0 #12.0x10™"
MoO, #13.0x10°
CsOH #12.7x10°
Ba0 #14.2X10°
Las0; #11.0x10™"
Ce0, #11.0x10™"
Sb #72.9%10°
Tes 0
U0, 0
Cs* #72.6X10°

Eiek 1 Csl Zb—7 & CsOH 7 —7 DI EIG 2> S GEA
KiFzE 1 22M)
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F17—4 TMI T S 7 R O T & & OfFE &
(BT ¢ %)
MR il s i B R
'“Ce "‘Eu '”Eu °°Sr ‘°°Ru ‘“Sb “705 "BI mI{l'

¥

RFFREER
RPFEASE 1054 1227 109.5 89.7 93.2 117.2 40.1 42 30
FFFEH % — —_ —_ 1 — 0.2 3 1 —
HeBE K, REx v 2 B 001 — — 2.1 0.5 0.7 47 ant 54
ey R —_ — - 0.1 — 0.7 5 7 —
& @&t 105 122 110 93 94 119 95 97 85

tIRTEHO TMEREM L BRO T 7 ) (G ek 0k, o o COFHRIFLA v~V b)) kX {
ERIABHFRR LIS TLE e Ldin'T, ZoEHESh IO VY b)Y ~3CsLRSTHALEL 5,

W e TMI-2 SREOFREMICREE (EaEMH, H B, #rHEER BRI 7aEE
Vol. 32, No. 4(1990))

K 17T—5 \EHIHFIEEI T ESRICHR S S O R PR

(BAfBaske BEE)

LMD« [ A&t (7@t @seREY -2 (SEEERIE A
wHRmEE  [F5F R0 AL i i e oy (e (R (BEER
(FEALEH500m) 2 (FE#3500m)*2 (B A H500m ) =2 (3L #91,000m) #2 [(L#3500m) 2 o 8
EAIEmE 3721 /28] /28] 3/25] 3/28) 3/25 3728 325 3722| /22 3/22] /22
SHHE JAEA JAEA —_— JAEA oA JAEA DA JAEA JAEA JAEA JAEA JAEA
B 3/24) 3/28 3/30) 3/28 3/30) 3/28 3/30 3/28 3/25 3/25) 3/24) 3/25)
# [I-131(#88) 5.8E+06| 5.7E+06) ABE+08) 3.0E+06 3.9E+04) 1.26+07 2GE+06) A6E+05 3.1E+06) 7.9E+05 2.2E+05) 5.4E+0§)
1 113203268 08) 4| 4| 2.3E+05| x4 1.3e+02| *4) 1.5E+08| 4] ) Y1 +4| 4]
Cs—134(H25F) 3AE+05| 4.9E+05] 5.3E+05] 7.7E+04) 32E+02 356406 97E+05] BAE+04 9.5E+05| 8.7E+03) 1.7E+04) 1.6E+05|
Cs-136(89138) 726404 6.1E+04 23E+04 1.06+04] 28E+01 4.6E+05 GIE+04 BEE+03 1.1E+05) 1.9E+03] 226403 256404
Cs-137(453045) 34E+05 4.8E+05 51E+05 7.6E+04| 32E+02 356406 93E+05 6IE+04 1.0E+06) 20E+04 1.6E+404) 1.8E408|
Te-120m(#9348) 2.56+05] 2.0E+05, 85E+05 5.3E+04) ND 2.7E+06) 50E+05| 28E+04 B.9E+0S| 956403 1.9E404) 1IE+S
Te-132(#308) 6.1E+05 3.4E+05 3.0E+05 6.5E+04 14E+02] 3.1E+06] 20405 32404 19E+08 21E+04) 30E404) 3BEH05
Ba-140(f5138) 1.3E+04 1.5E+04) ND| 2.5E+03) ND ND| ND| ND B.OE+04/ ND| ND| MND|
Nb-95(45358) 1.76+03) 24E+03 ND| ND| ND 5.3E+03 HD ND)| 8.1E+03] ND)| ND| 7.9E+02
Ru-106(#53708) 5.36+04) ND ND 6.4E+03] ND| 2.7E+05] MD)| - ND 6.8E+04 1.9E+03) ND| 3.2E+04)
Mo-99($966F4 1) 2.1E+404 ND ND ND ND)| 6.6E+04) ND ND| ND, ND)| N ND|
To-99m(#BEHH) 2.3E+04) 2,0E+04] ND| ND ND 4.56+04) ND)| 186403 2.3E+04] ND ND| 8.3E+03]
La-140(#028) 3.3E+04) 37E+04 ND| 236403 ND| 9.76+04) ND 256403 2.1E+05 42E+02 6.2E+402] 7.8E+03
Be-7(4953 ) ND ND ND ND ND| ND ND| ND 32E+04 ND)| ND| ND
Ae-110m(#92505) 1.1E403 2.6E+03 ND| ND| ND ND ND| 178402 18E+D4 ND)| ND| ND|

o i BHIE S HP (http://www. tepco. co. jp/cc/press/11040609-j. html)
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# 17—6 NUREG-1465 O %0 L% V=4 £ O &l A&
(P DE LWRIEN 4 L2 E1 B8 2 th il = oo JE e EEAm I 4 )

15 I REE NN 5
7 v— FEARTS 218D LS B~ D HUHEI &
(BN S 168 FHEIL IS
T JT A #19.2x107!
CsI #11.3X10°
Te0, #15.2X107
Sr0 #12.1x107
MoO, #12.6x10°
CsOH #12.7x10°
Ba0 #12.1x107
Las0; #12.1x107
Ce0, #15.2x107
Sb #15.2x107
Tes 0*2
U0, 0*2
Cs*! #72.6X10°

ARkl Csl Z—7"L CsOH 7 N—T7 OIHEIG N HRHME (FF
Miixs%E 1 25H)
%2 AKRFHEIZRBWT [Tey Z—7) KOY [U0, 7 v—7] D
HOH G O MAAP fEATHE R IZE v Th 5728, NUREG-
1465 OHEGL % WA IEDO RIS & LT,
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7% 17—7 NUREG-1465 CTOJRIFHAAR RN ~D U EIE

s =7 SR IF AN fe ~ DI B &
Cs 0.25
Te0;, Sb, Te; 0. 05
Sr0, Ba0 0. 02
MoO; 0. 0025
Ce0s, U0, 0. 0005
Las0 0. 0002

0k © NUREG-1465 @ Table 3.12 [Gap Release] ®fE & [Early In—Vessel | Ofi
D Fn7% 2/ (NUREG-1465 T, [Gap Release], [Early In—Vessel], [Ex—
Vessel| &N TLate In—Vessel| O FSMER T = — XTx L TR
RN ~ORHEIG 2 52 T\ D, FO00FE LWRENIEE LIZEEIZE
(T % il = o BRI 3 1 D AE Fl T ) AT, JRFFEEE
FRNERTRBE CHYINK T 5720, JRFFIESBIHEEGRTE COFL1E
DO #4E T 5 [Gap Release] KN [Early In—Vessel] OfEDF1%
W5,)
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#$17—8 NUREG-1465 (Bi#r)
Table 3.8 Revised Radionuclide Groups

Group Tiile Elements in Group

H MHoble gases Xe, Kr

Z Halogens 1, Br

3 Alkali Metals Cs, Eb

4 Telledum group Tk, Sh, Se

5 - Barium, strontium  Ba, Sr

& Moble Metals En, Bh, Pd, Mo, Te, Co

7 Lanthanides La, Zr, Nd, Eu, Nb, Pm,
Pr, Sm, ¥, Cm, Am -

8 Cerium group Ce, Pu, Np

Table 3.12 BWR Releases Into Containment*

Gap Release*** Early In-Vessel Ex-Vessel Late In-Vessel

Duration (Hours) 0.5 15 3.0 10.0
Noble Gases** 0.05 0.95 0 0
Halogens 0.05 “0.25 0.30 0.0
Alkali Metals 0.05 0.20 0.35 0.01
Tellurium group 0 0.05 0.25 0.00s

* Barium, Strontium 0 0.02 0.1 0
Noble Metals 0 0.0025 0.0025 0
Cerium group 0 0.0005 0.005 0
Lanthanides 0 0.0002 0.005 0

* Values shown are fractions of core inventory.

** See Thble 3.8 for a listing of the elements in each group
' *** Gap release is 3 percent if long-term fuel cooling is maintained.
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U LAORHEIE OFHE Tk

1. B vaoltEE

(1) CsIDERRTHEL TNDEI T L
X HIHEN Cs] OIFETHAETH LD L LTEHET D, Csl OFFETHEL TN DET T A
OEEIFLUTOLEEBY &5,

Csl @?ﬂ,ﬂ%‘ﬂﬁi[kg] =M + MI/WIXWCS
CsI I EET O v AEE kgl = My/W XWes

U LEOHER [ke] : M LD SR F W EE kel : M
o LS E] e FoFEFEL-] W

(2) CsOH DFERETHEL TWVWHET T A
B AN CsI & CsOH DIFRETIEET D b D & L TEMI 5, CsOH OJERETIFE/EL TV
DU LADEEIILLTOLEEY L5,

CsOH MIiEET O v aHEE[kg] = Mo — CsI FIIEETO® T 7 LA HEHE [ke]
= Mes — Mi/Wp X Wes

B) YU LOKLE
MAAP FEHTIZ 0 CsT & CsOH DIk HN A 2ot ~ DT 16 2 R4l

Yoy AOMHERkg] = M/MXWee X X+ (M — M/WiXWe) XY
X : CsI IS (MAAP fi#HTIC X 0 B 5 5)
Y : CsOH it EIS (MAAP fi#dTIc X 0 13 5415)

4) ‘I vroHEE
. @) TELNE-EY T LADOBHEENS, By v AOKHEIS % P

BV LADOKEEIES = BV LAOKIHE / BT U AR EE

= M/Wi XWes/Mes X X+ (I — Mi/WiXWes/Mes) XY
=Y + M/MesXWes/Wr (X — V)
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18.

R A =R 0 JEAEPEREAM (D0 LUWEE) (TR D0 FHIiC BT 5 L 5 FofbFHEkED
TEIZONT

L IOFORFEREICHTAHEFEEEEE LT, RG1.195 “Methods and Assumptions for
Evaluating Radiological Consequences of Design Basis Accidents at Light Water Nuclear

Power Reactors” T/rEN7z, Xk HFOEMHFHEEEZHANTWA,

O FHOMERICOW T, FBEHA RICT, @WUICEET L I>mBEnTnD,

£ 2 FOMFREICKTT DHFIEREITONT, R FIFSIAR S~ D5 AR O it i # &
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F18—1 HEAFEHIFO pH T L1260 X 5 HEFRRE
(NUREG/CR-5732, Table3.6)

Table 3.6 Distribution of iodine species for pH controlled above 7

Fraction of total iodine in containment (%)

Plant Accident L (2) L (0 () CH,I (g)

R I

! Grand Gulf TC ¥ 0.05 0.03 99.92 0.001

| TQUV y 0.01 0.03 99.96 0.0003

1

| Peach Bottom AE y 0.002 0.03 99.97 0.0001

! TC2 y 0.02 0.03 99.95 0.0004

e o e o o o o e o e e S S B B S S B S B
Sequoyah TBA 0.21 0.03 9.76 0.004
Surry TMLB’ 19 0.03 98.0 0.03

AB y 24 0.03 915 0.03

F18—2 HERFMHFO pH 2 ZE L2WGEA D L > RILFEE
(NUREG/CR-5732, Table3.7)

Table 3.7 Distribution of iodine species for uncontrolled pH

Fraction of total iodine in containment (%)

Plant Accident L (g) L (0) I (9 CHJI (g)
r ---------------------------------------------------------------------------------------------------------- 1
! Grand Gulf TC y 26.6 15.3 58.0 02
i TQUV y 6.6 183 75.1 006 !
i i
| Peach Bottom AE y 16 216 768 001 |
] TC2 ¥ 10.9 180 71.0 0.07 !

__________________________________________________________________________________________________________ 4

Sequoyah TBA 69.2 99 20.5 0.4

Surry TMLB' y 97.1 15 0.7 07

ABy 976 12 06 06

¢ 18—3 NUREG-1465 & R.G. 1. 195 1CHBiF 5 L 5 EFD(LFIERE = & OIFEEIE O Lk

NUREG-1465 R.G.1.195
il WS 4. 85% 91%
X D% 0. 15% 4%

AR /NI 95% 5%
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%% 1—1 NUREG/CR-5901 D

so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 are too slow to maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61. _

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water
pool will increase with time. Depending on the available facilities for replenishing the water,

this volume fraction could become quite large. ‘Models available for this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/em®) or SiO, (p = 2.2 g/em?) from the concrete and
UO,(p = 10 g/em®) or Z1O, (p = 5.9 g/cm?) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 g/cm®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where S is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

g, =

o(w) (1-S) for e <05
{o(w) (1+5) fore > 05

where o(w) is the surface tension of pure water.

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is
reason to believe smaller particles will be produced if a water pool is present. Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.
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Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 um) = -1.39 to In (2.5 um) = 0.92.

(11) Geometric Standard Deviation of the Particle Size Distribution. The aerosols produced
during core debris-concrete interactions are assumed to have lognormal size distributions.
Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3.2. An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 to 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
UO, with a solid density of around 10 g/cm is the predominant aerosol material. As the
mteracuon progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em? and condensed products of concrete decomposition such as Na,0, KZO Al, 0, SiO,,
and CaO with densities of 1.3 to 4 g/cm> become the dominant aerosol species. Condensation
and reaction of water with the species may alter the apparent material densities.
Coagglomeration of aerosolized materials also complicates the prediction of the densities of
materials that make up the aerosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping 1s taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/cm>.

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This correlation of aerosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:

1n V0.4
Db = 6(2) ....§__ cm
T g0.2

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:

D, = 0.0105 ¥[o, /g(p,~p )1'"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability model to be:
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%3 1—2 STATE-OF-THE-ART REPORT ON NUCLEAR AEROSOLS,
NEA/CSNI/R (2009) 5 D Mo OFRER DA 5L

9.2.1 Aerosols in the RCS

9.2.1.1

The experimenters conclude that spherical particles of around 0.1 to 0.3 pum formed (though their
composition was not established) then these agglomerated giving rise to a mixture of compact particles
bctwccin size at the point of measurement. The composition of the particles was found to
be dominated by Cs, Sn and U: while the Cs and Sn mass contributions remained constant and very similar
in mass, U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9.2.1.2 | PBF-SFD

Further interesting measurements for purposes here were six isokinetic, sequential, filtered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the range(elimination of the first filter due to it being early with respect
to the main transient gives the range 0.32-0.56 um) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle-like forms are seen. Turning to composition, if the first filter
sample is eliminated and “below detection limit” is taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1.

9.2.2 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 um before stabilizing at 3.35 um; aerosol
size in FPT1 was slightly larger at between 3.5 and 4.0 um. Geometric-mean diameter (dso) of particles in
FPT1 was seen to be between| 0.5 and 0.65 pm;|a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a value of around
2.0. There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settling phase of the FPT1 test: during this period, the smallest particles were found to
be cesium-rich. In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilities of the different elements in numerous deposits giving a clue as to
the potential forms of some of the elements. However, post-test oxidation of samples cannot be excluded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless, there is clear evidence that some elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit.
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NRPB-R322 ANNEX—A  [2.2 Todine] D#kf

2.2.2 | Meadow grass and crops

Methyl iodide

There are fewer data for methyl iodide than for elemental iodine, but all the data indicate that
it is poorly absorbed by vegetation. such that surface resistance is by far the dominant resistance
component. The early data have been reviewed elsewhere (Underwood, 1988; Harper ef al. 1994) and
no substantial body of new data is available. The measured values range between 10 and 10 m s™
approximately. Again. there are no strong reasons for taking r, to be a function of windspeed, so it is

recommended that v, is taken to be a constant. Based on the limited data available. the ‘best judgement’

: ! . -4 -l - ;
value of v is taken as{10™" m s |and the ‘conservative’ value as 10 ms . Where there is uncertainty

2.2.3 Urban

Methyl 1odide

There appear to be no data for the deposition of methyl iodide to building surfaces: the
deposition velocity will be limited by adsorption processes and chemical reactions (if any) at the
surface. for which specific data are required. No recommendations are given in this case. For vegetation
within the urban area (lawns and parks efc). it is recommended that the values for extended grass

surfaces be used.
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Response Functions for Gamma—ray Skyshine Dose Analyses” , High Energy
Accelerator Research Organization (KEK), 2008
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