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GEOMETRY AND CONDITION FOR DIVERTOR PLATE

surface area 200[m?]
(50e¥) T --—--—- > graphite Mo Cu (water 356.5[8>])
2.x%1022 [g~2s71]
width -> ) 10 1 4 (zm]
temp. -> 910 300 180 [C]

MoZ PCuTittrap siteld £ 2 7w,

CALCULATIONAL MODEL FOR DIVERTOR PLATE

<CAS >
surface area 200[n?]
(50e¥) T ----- > | Mo| Cu (water 356.5[n°1)
- 2.x1022 [p2571]
width -> 1 4 [om]
temp. -> 300 180 [T
<CASE 2>
surface area 200[m?)
(50e¥) T ----- > {Mo| Cu (water 356.5[n3])
2.x1022 [ 2%s71]
width -> 1 4 (zm]
temp. -> 80O 300 240 [T
<|A§E 3)
surface area 200[n?]
(50eV) T ----- > Mo Cu (water 356.5[m%])
2.x1022 [m2s571]
width -> 5 3 {mm]
temp. -> 800 300 240 [T]

Fig. 2.2.3 Calculational model for divertor plate(ITER CASE 1-3)
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2.3 H®EXSH

BEEEECBT AREFOFML, [TRRTOEBMSELShEICLD, EROEHKRTO
HELBN-TWE, b,
@® 1ITER : 2.5 mrem/hr  CERBEERICHB I AEESISHLT)
@ BHETER 0. 18mrem/hr (30 mrem/Wh» S OHAE{E)
Z 2T, ITERE L TOFEMERAD NS,
(1) | RTeEatEIC BT 5 EERS
THROBED .

PhysiCs phase Technology phase

O Ok A Bl 5%10° nren/hr 1.5 mrem/hr

75445y MR 5 <10 *mrem/hr 2 x 10 "mrem/hr

Physics phaseDiE&IE, 754 ARY v FOEHHELEEZEELZTE, ITIROEETHS
2 Smrem/hrZ&iSE LW, L, EATHNIE, HicTechnology phaseT LEBARER LI,
TE-T, EX2nD 2 SAFRY v PORENAHETH S,

(2) 2 IRTTEEETEICE B AR :

Technology phase®# 0 - ¥ VHTE T 353 DRk REFHMOE R

Or5442% bW 4 X10* rew/hr
Ors4xZx7 9 b4 0.5 mrem/hr
2S5 4ARY y MMITIE, ITEROEEIEETEX 2PERNEELE/ L TICERICESDED
PLEEEZ B,
C FHRRFZ b
© 734 RTEETOKTEY 7 MERBAREOREE : 510" mren/hr
ITEREHELI Ficd21cid, #HicT0cm, 24k& LT10endD R T v L ZERIFILE,
@ 34 #%y TEOEBBARMOREE - 2 X10° nrem/hr
ITEREHELL Ficd 31013, HicT5em, & & LT115enD A7 v L ZERIESHE,
O NBI&— b
D 734FRTy FABOF S FiERE - 6 X10° mren/hr
ITEREH#ELL F i1z 242, Hic130cm, &k & L T~200cmd R 5 » L ZERAEH 24
.
@ E—LYFEEENM: 5 <107 mrem/hr
ITEREMELI iz 51213, Hic~120cm, 24k &E L T~180cm D A7 » L RERRIEDL
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go
3 A viEESEA s HEET~10° mrem/hr
ITEREHELI Ficd Bicid, 2 & L T~135emdD A7 v L ZEHdR A,

2.4 HEVKFOBEERHOBSHE

(1) BELERYOLREOHE - FHE
ISHIEEHE L LT/ AN~ DBERT LA ($8316) 8%, H—BOBEG SS316%%
$o15, SSI6RUER (JI1S) DA ETable 2.4, 1 ETable 2.4, 2 ¥ @ ITRT,

a) §5316 DHBHGEE

FAEHGIRESSI6Ic DT L, HIETFEEET I MW m?, —EEEEE TOHERR P %,
Wz LR S EEEARRO R ERR L 20, PEE 1 AMROETIHET 5,

Table 2. 4. 3 IC§SEART AL 4FEIE BB T Cr, *°V, "M, *°Fe, *°Fe, °'Ni,
5700, *%Co, °%Co, **MoZHOEENHITOSNDH, REMICEFEEN—AALLTH S
9y 5%, °%Pe, *7Co, *Fe, '"CodiEHINZ,

b) WOFELEE

FPIADTEE SSI6D AN EENDDT, I I TIHDFEERSHEC >V TS
5, QUTIREITORAHtEZEST L8NS 5,

“Cu (n, 7) ®'Cu  F@HY 12.8 hour, MHEAE 4.5 barn
3y (n, a) *°Co  HEED 5. 272vear, Wigmh§ 0. 0dbarn

L [4MeV hET DT 5w 7 A 54.43x10'%s P eem™® (1MW m?), RIGHTHEEC,
SR THAENE TS &, BEMHERTE S Cu, *"Co0EFHN® BLTORATERDbINS,

N* =Nogf (1—e *y . e M

SIT, te o WEEEEERD, ot 4PEILRERE (1week) , CuETEUEE : 8.464X10%°
@, cm®, to :3.1336x107 sec (1lvyear), t: :6.048 X10%sec {1week) , ®*CuDiEE
FEFA=1504 x107° (s7'), °Co DFEEFEHA=4.168 x107° (s 1) , RIEKEH
4. 5barn, 0. 0dbarnZ LA L T 00, **CoDEERAEFEILE, FiEiL 1 BME TGS 5 &,
Table2. 4. 4 X Hic1e 3, S CuldERIEAE W - D EEETFIT 5, P ERRI3457C/cn’
EREFVA-BRIT0. 0511CH/em ETE T4 4, —4, ""C0DEBRRIEIRT v L REOOA
LD HREHD, HEHLEVOTHEL | ARMETO0. 49501 /en® £SSII6DBLE L DK
=<, MEEHLTS,

{2) BEERSIOEEIKPAOEHEFEE

EEMETH S SSBRUIMIC>WTOBRHEE R, HBEHKOpH, BHEEZERE, fd &
EEICE > TAE HELEST A, Table 2.4, 518, HRAHHEESRSAXSHA TV EEK
B (BWR) &FEREAYE (FERIICH 1T B HETHER B ORAESGE HET 5. BRATE (F
HXN2 272 VAT OWTIE, FEROEERETHEKIEEIRICLU T EECHEZA SN
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7%, BHEERNS LI EATFESND, BKIFEHBAFEOERMORELEL
12, SRKFETHEERGEEO S @RI NTWIEWERE Y 13— 7 ZBIRICEER T 5 7Rk
WELZETHS,

a) A7l A8

25 v b AMOFKRIC B A EBAEEORKRDOMAEZE DL ELTOLDICNESD,

D BAEFRURSTEOEIEE IRERM, BUAEREREE, REICRELE
ahz,

Brush ® & i3 77F B ST Appb & 200ppb D i D SUSI04D I Brisk B Ky UV HH I O
BERIEEAT~Table 24 GISRTHREEZETHS, BEBREREH200ppbE S
2 & RBERISORRAMEE SN, BLEEMETY 5. ZORBE(LT 2EHERER
R B 10ppbt S HppnTH B, MIATERBEETE, 25 L AHPOCoASBEIELIC
AD, POLBELTENTAIEICNE, BERED 12005 » SRICHEINT 518
Al %R,

@ EEOMAKDHEE TR AEE I T I pHOEEIIZE LM TRV,

@ x%yuz%@@%@mﬁﬁ@ﬁ%&&%uﬁyt”%5m~mmﬁﬁﬁﬁﬁﬂﬁu
T BIEEERT,

CofftHREDRDIEETIZ ¢ 7172 (t : B5R) HBIL TP LTED, ConBR{LE
AWML TAELTWE I L2EWKT 5,

@ A7V UAMOBEERICRETHREOEEINI VL, FES S kb E, Im/s
5 12m/sITFR A I X B 12154055304 DEAOINRIZH%IZE L REDRE
han,

LI EOSER, FER OF—8E 1) 7REY (- 7 ZBIRTOER, 45°C/100CHRT4TC/
68°C, #ididm/s& L, THEEHEBREICS>VLTIE, BWROBKSEM & EkIC10ppbLl M &
+2&, EESE (~1000850) HK&OBEHEEIH Ing/dm® » nonthEFHET X 5,

b) #

w3 In/S) hick i A ERENTE O BREEICRE IO EEFig. 2.4 1
1R, FOBEPHE. SOBRIER T OBAREIIRBITEINT S, o8 50T VA U
T LT @R EH SNBEDT, ERIEIO SN SR T~ 8 OFHICKEFET 5
JENEBIRLS,

R, FOEEICH L TRAGREZEEOLENAE{, A7/ VANODEE L FHITEE
EEEEENAR L EBRIIASELMS, brush SOHEETable 2. 4. TITRTY, WE
4 (90Cu—10Ni) DIBETO JEEH200ppb TOEHI A 33ppbD O TOBEBEBEICKT LK
AR B >TWH A, Licdi- THEERRER DI &b 10ppbi T ICHA 248D H
%, BHI50CE Y BRTENER ISFICENT 2 @aERT,

LILFOREE, FERD Y A /13— ¥ SR TOEEAC68°C, BIFMEMEE0ppb I TOSELM
3R 2 ng/dm? » mpnthiZEE & FHET X B,



JAERI—M 91126

(3) BHVKIHU R O FHE
1) AEHERE AR
@ FHEHE
BB, TS5 Uy b, A= 7 HO—RSHIKE O R EERINRE, SEAEREAND
FEA N MY —, RUBERKEOD A Ry b)) =B TFoRicERbEINS,

dC,/dt= (S, —7F.8C: —SCiSA+{MSA- A C V)/V (1)
dMi/dt=6Ci— {M:— 2: M, (2)
d1./dt=nF.0C.— A1, (3)
S, —=RSRA:; /D ()
T

C. M 1 OBEvkdhE (Bq./m?)

M i | OREIERER (Bq. m?)

1. & i ORI —  (Bo)

S HHE | OEHEE (Bg,” h)

n o REETORLESE ()

Fo : AEVkifR (m®/h)

6 BEUKFICH T S BRERRBOES (—)
5§ 73y FEAF L DBHERE~ONERK (m h)

SA XN (m?)
o HIEHRR (h™")
Voo iRHKE (m?*)
R At (g/m?+ h)

SR EEHERSEROERT AEERE (n®)
Ay EERE RS | O HRTRE (Bg m?)
D % K (g/m?)
@ FHERH
ITERICE T BEHIKPOBE, 12Xy b —%2RDB0H, F-EGI%R 75
oy FiSEIFR, BT A= ZIGHRICOWTHETHE[EXTable 2.4. 8ilx &®
tr, SORT, B—BHR ROETS 07y MNEERTRBEHUES OB T 5 RER
ALBRERME LIOEaE, 01,/ 3 LRELESOMETHE L2, X, BRERS
DHEBILHBEICHL | KOBESE 0% DIGETHE L,
—F, A= FEBIRTIR, ERR2o035 A =L, FA— S TOERE
(~10m/s) ZETORETKOFEORERE I RITTHEN LT L LRI - TV
WOT, MEEEE IMEbxEiEi il .
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@ FrEER
A, F--BESHIF

a) BEUKPEEEE R EEE

Table 2. 4. 9 iEdEiEs FE#% &EdiE b | ARZOKHERERYOEEZ T
T, BEHEEAERYOBHREMSRIAELLRE, i, BRERRBOIIVNES
1528, AHKE OB EEYIBEIRAS {5, Case. 4(8R=4800m?, 6=0.1)T
iZ, 2.72x107'CBg/m?® 278 B, FUSKMHT 1 ALRORFREELET L L,
1, 89 107'0Bg/tn® & /NE - T d, THUZEREEIOE L M CRIEHA2. 58hour)
ORIk B, FREO—RKSHKEOMESHER &R, BLOWKEZ e
— LR 1 %107 uCi/me (3. 7107 6Be/ m) B FIciA ST A Dicxi L,
AHIAEREEL - TVS,

b) E~OfEE

Table 2.4. 1042, EiEE FEH & EEEL LBRBROBEER LR OREREN
OREEART, WROHANS, rHIRLF-OFO-0CEHLTALLE,
9. 99 10 LGB/ m2{~ 1 uCi/m?) &EFHF—REEHREE~DCo-60ER LT
ERREDHTH 5.

c) MEETDA Ry R—

Table 2.4, | @S k1 & RS | R OISR TORSHER RO A
VR b Y —AEd, R BB TA S S, BEANORERD 50, 4TBqicxi LT
ARy b =3, 898TBqE7sh), BRSO A Xy b —KELEEELHTH
5 EMbNS,

B, 754y MEEIFR

Table 2.4. 12~141CBEIKHERE, BE~OMNER, RIBETODS N2 MU =%

T, F—BHRLREERBOETH S,
c. FANN—FiBE%

Table 2.4, I5~1TICIEEIKEBRE, BEAOfTEE, BUESRTOA X bJ—%R
4, HETIEAEEA T41x107g/m?hé, 3.05x107'm*h& 3HIR&E L LIUHG
EHELTVD, BEOERES, BH/KPEERIFHATL. 1Be/m® (Case 8) ITET

5,
2) "NOEE
BEKBRO 0 (n. p) RIBCLD, '"NEERT 5, BIHEREARBUTOXT
Fza3hb,
A=Nof (o)
ZCT,
N : AEKHF T ODHFHEE (=3.3x10%%cen™)
o ¥ H & (=3.5x10 *barn)
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f ;T (= 1ML m? 14. IMeV =4, 43x10% 'cn™?)
VN OSHIKEEREZ, 51PBg/m® 107585, sl O VIERERR I, EXREOD
WRBOFERICELOT, RFEAVEELT S, HL, ¥R, 7.13s LEVOTREND
FEIINE O,

SEH

1) BASBESE &£BHEE (04395 (L&)

2) Seki, IL., Lettr to Dr. J. Reader, November 15, 1988

3) Brush, E.G., Pearl, W.L..: Corrosion Product Release in Neutral Feedwater,
Corrosion, 28, P129, 1972 _

4) Qzawa, Y., Lchida, 5., Kitaﬁura, M., :Temperature Dependence of Cobalt
Release Rate from Stainless in Neutral Water, J.Nucl. Sci.Technol. 20, 1983

5) RPEEER, EKEE, ERES], A -RT7TF A FERFT UL ABEORFRRFKDOM
BEICRIETHEORE, AN 18, 1969

6) Uchida,S. et al.,:Water Quality Control in Primary Cooling System of Crud
Concentration Subpressed Boiling Water Reacto, (I )J.Nucl.Sci.Technol. 24, 1987
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Table 2.4.1 Composition of 55316(2)

u# ! Fe Ni Cr Mo Mn Si Ti C P Al N S
yt.% | 63.90116.14 | 14.83 | 2.38| 1.78| 0.58] 0.23| 0.06|0.028 | 0.01|0.003§ 0.0019 0.001
Table 2.4.2- Compesition of cull)
7| . Fe | Ni [ Cr | Mo { Mn | Si | Ti| C P | Al N S
Ve.% ] 99.99 0.0012 0.000q — |0.005| -— - - — - — 10,0017

Foft As 0.0003 Pb 0.0006 Te 0.0001
Sb 0.0005 Se 0.0002 0,.<0.0015
Bi 0.0001 Sn 0.0002
Table 2.4.4 Induced radiocactivity of pure Cu
Fo#E b w R R
# i ¥R M
(Ci/at) (Bg/at) (Ci/al) (Bq/al)
*1Cu 12.8 hour 457, 1.69%x10*® 0.0511 1.8§x10°
*°Co 5.272 year 0.497 1.84x10° 0.485 1.83x 10*°
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Induced radioactivity of $5316(2)

Table 2.4.3
FooE kB FE R 1 ER&

53 B ¥ B M

(C/cd) (Bq/adl (Ci/cd] (Ba/cd)
N —-16 7.13 sec 0.139 5.1%19° -— —
Al—28 Z.31 min £.410 1.5x 10" — —
Cr—51 3..96 veek 6.388 2.4x10™ 5.3 2.0x 10
Vv —49 10.74 menth 0,107 4,0x10° 0.107 4.0x%10°
VvV —52 3.76 min 2.492 9.2x10*° — —
vV —-53 1.60 min 0.11-0 4,1x10° — —
Cr—-5 5] 3.52 min 0.333 1.2x10" — —
Mn—5 6 2,58 hour 18.051 7.1x 10t — —
Mn—54 10.26 month 2.558 g,5x10*" 2.0 9.3x 10"
Fe—-505 2.685 :year §.060 3.ox10tt 8.02 3.0x10
Mn—5 7 1.54 min 1.384 5.1x10*° — —
Fe—59 1.464 menth 0.116 4,3x10° 0.104 3,8x10°
Ni—57 1.5C day 0.460 1.7% 10" 0.018 6.7x10°
GCo— 57 8.925 month 8.961 3.3x10' 8.96 3.3x 10
Co—5 8 2.325 month 7.068 2.6x10** 6.7 2.5)(10“'.
Co—58m 9,15 hour 3.591 1.3x 10 - —
Co—60 5.272 year 0.103 3.8x10° 0.103 3.8x10°
Co—60m 1¢.47 min .581 2.2%X10*° — —
Co—61 1.65 hour 0.270 1.0x 19" — -
Mo—101 14,61 min 0,718 2.7x10"° — —
Te—101 14.3 min 0.716 2.7x16*° — —
Mo—9 8 2.751 day 1.411 5.2x10%° 0.25 §.3x10°
Te=98989m 6.02 hour 0.149 5.5x10° — —

65.9 2.4x 1047 32.1 l.2x10*?
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Hm_uwm 2.4,5 Comparison of radloactive corrosion product generation
- Nuclear Reactor (BWR) and Fusion Experimental Reactor (FER) -

BEERTTWEH, ““CoRT. **CoA A VKT
Eh., TORBHEULRHSORS. i 5.

3) Culn,a)"CuillIDERLESC UL, M
WS . 27T2yTHH. FELELD., BIERCAGT 5.

918 HEE v KT (B W R D LB SR (F E R £t se 5 B
_ B Bk
2o 3ty N
il _\@ o~ a g Bress T
3 RHFEIRE ST
D v
A m%xa
5%, ; KL R
um. .@n wﬂmwvw Nwrd 2408 —
o RADRE
4 4 ) e FERDSS. BERLEALTVRWE. $£. ConSRE
(1) CodREHME (1) ConTARK SHHBEHERELTORNWET. CPORLERENWLTWIHHE
T ATFA M A-EUREE, #FBEOC - C ATV AIFLENEREBBITCOLTORE Wit o TS,
AR MBS E O - e g . F 1 FANR—EHTOHROBS. “*CcullE@FaEETh Y. ME
(" AF VA BARNBBEF2—7) HL. AFY U APDC o IR, wA, RERMOTC o OERIARLE.
(2) FedREHE
- REE - REKROoFESS
cCP | (1) CPoBAaiy (1) CPOFHEASE (1) FERSEOHMBEIXLT. FANX—FEBIETO " Cudt
D | 1) HAREROLRTRELEF 6 OHYBILMEEETH | 1) 1RZ2EKTREEL. Cof TVRTE. NiA A Y OBT BB 5 A CuDFERMAEWE. CP ORGSR
FE HENRAIN, TOBYVRURLKRTRELEF e BFEWIC BETZLEZLDLAN. PRTH S, BTV, P MeVORIMETREICE S C o DAERNM
== BRzh, BESECHETE., ({EL. LR FAE] 2) CuloVWTRFEAAA-FEZRIFTEEL. CufF D Mriad.
=3 {ERTHRFIEND. ) BTHEES H. I, BHKDPHT ~ 8. Wl 4n/s
1iva * A28 (e—Fe.D,) OF THRFHELEEZ3IXI0 m/g. L. BAKDOEF :
| ) ConBARIKRAETRAEL. Cof AV OBTHE 0, W BIKET 5. (2) BhHFOoBEORBETICNT 5 RIS & BPEFH,
F4C +75. Ni LARRREERTHS. mmWS&WS@%%.@%F&%W%Qﬁaﬁwﬁmﬁ%ﬁﬁ
| () BEHtCPEROSoE R (2) HKHEECPAHMO LR ReFHET L. REHCPOLAREN. BAFEOH I
1tz 1) MEKRGHFLEF e, BREFEFRBULT "M, DN CoRUNINBE. BLETREOBIAEORT Co, BCEW.
- TFelllhd. WK, BEAQHAIC L UFEIHL. 1K TCoMERT B, Fh. BIE, EREHYTTOKHE
jan WHALEKICHTT S, _ L7 Co, **CofffF YR THIMET B,
= ) CoD®EEH, BPUFERBNLTC o NERT . 2) PCuln,y) “*CultdVERLECulk. FRM
= Nitdn B " CoMERT 5. Tk, Ao, PiEr ML2.7ThTHhaH. +oLRBERIIIEST S

SH | HEE T0% BEBHE 10~20% (ZH610) FERODHE. BBEFMEWZD., SREEBECPORERYD
= v, T, BEMELHAKOERARRCBERED I LI
== LY. BEHECP 2 HBBMICHRETE S,
4
1. HREEHERE OER IWABDODKREBIOPBHEHE., ATV AMEERELTWBHL wemnBirbh, FEROES., BHECPOARKIT. HEA
1) 759 KB40H 75y FEEGRBEE NS, $. REMLEHLLT. ®E | THRAERMECERLLVWEEAS,
CP}{ 2) EaAWKit PBLEATY L AMOBADHRHL TE LB LTEEER
gD | 3 AEftiEomE 3.
1 | 2. HEHEEOSEDH
¥R 1) KEavhro—w
| 2) HEAZ@moR
Y =3

RILOWAKEFETIE. 101)~3) RUF2Z0L) HIEEACERS
hERR, At h, BE-BORRMSEE LT, 202)
WEREEhDDHS.

— 45 ~ 46 —
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Table 2.4.6 Corrosion rate and release rate of stainless steel(3)

(5US304)

_ W B R = I A

= = 7k .iﬂ bit4 (mg/dm® *month)} (mg/dn® “month)
150F( B6X) 0.8 0.8
200F{ 931} : 0.7 0.7
250F(121%C) | O:: 3 ppbd 1.0 1.0
SO0F(149%C) | H.: 200ppb 2.1 2.0
350F(177%C) 3.5 3.4
400F(2047C) 7.5 7.3
"10CF{ 38%7) ’ <0.1 <0.1
150F( 6% <0.1 <0.1
200F( 93%€) | ©0.:200pb | <0.1 <0.1
280F{(121%C) | Hi: 25epb 0.6 <0.1
300F(L437C) 1.2 <0.1
350 F(177%C) 1.4 <D.1
400F(204%C) 1.5 0.1

*  HiE 1.8m/s

Table 2.4.7 Release rate of Cu alloy(3)

- B o OE (mg/dw* +month)

# * & E C. 3peb O, 200ppb
H. 100~ 200ppb H.  25ppb

70% Cu+30%N: | 100F( 38%) 11.8
15CF( 66%) 2.7 43.53

2Z00F( 93%T) 3.1 129.0

250F(1217T) 2.5 27.0

B00F(L48%) 3.2 495.0

350F(177%C) 5.9 2738.0

400F(204T) 11.3 7417.0

0% Cu-+10%Ni | 100F( 38%T) 14.4
150F( 656%) 0.5 | 71.4

200F( §3%T) 1.4 118.0

250F(121C) 1.0 107.0

300F(148%) 1.3 135.0

350F(L77%C) 2.9 276.0

400F(2047T) 7.1 1554.0
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Table 2.4.8 Assumption for calculation

(1) First wall cooling system
Case 1 Case 2 Case 3 Case 4
Material 58316 {-- (-- (==
D 8.03 {-- {-- [
ki 1.37CE-4 {-- {-= (--
sn 1600 4800 1600 4800
SA 4800 == (== o
e 560 {-- (== ¢ --
g 0.01 {(-- 0.1 (--
) 0.90 {-- (-- {--
& 0.01 <-- {-= {--
4 1E~6 (-- (== <--
v 322 (-~ (-~ <--
(2) Blanket cocling system
Case 1 Case 2 Case 3 Case 4
Material 5S316 —- {—-- (=
D 8.03 {-- {-- (~-
n 1.37E-4 (== {-- {--
SR 2400 7200 2400 7200
SA 7200 (-- (== (==
Fe 17100 {=- (-~ {-=
] 0.01 (-- 0.1 --
n 0.90 {~= (-- (==
& 0.0l (o {-- -
4 1E-6 ¢~ <-- <--
Y 503 {-- {-- {(--
{3) Diverter cooling systiem
Case 1 Case 2 Case 3 Case 4
Material Cu {-- {-- {--
D 8.93 (-- {—==- {--
R 2.74E-4 {-- 0.305 =
st 800 2400 800 2400
SA 2400 {-- {-- (==
e 12600 {-= (-~ {--
0 0.1 {-- {-- (-
n 0.90 {-- {om <--
& ¢.01 {-- {-- (==
L 1E-6 {-- (== (==
N 357 (- {-- {--
Case b Casec 6 Case 7 Case 8
Material Cu (-- (~- (==
D 8.93 (-- (== (-~
R 2.74E-4 (== 0.305 (=
S 800 2400 400 2400
SA 2400 (—-- [ (-=
[Ty 12600 (-- {(-- {--
g 0.01 [l {-- {--
n 0.90 {-- {-- {-=
5 0.01 {-- {-- (--
¢ 1E-6 (== {-- (--
¥ 357 {-= {-- (-~
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Table 2.4.9 Concentrations in the primary coolant
(First Wall Cooling System)

in F¥ coolant at shuidown (GRg/m”)

Ay Conc.

Nuclide (GBg/cm™) Case | Case 2 Case 3 Case 4
Al-28 1.53E+1 7.04E-5 2.11E-4 6.23E-5 1.87E-4

V-49 1.11E+] 2.27E-3 6.80E-3 3.34E-4 1.00E-3

Y52 9.22E+1 6.79E-41 2.04E-3 5.62E-4 1.68E-3

V-53 4.07E+0 1.31E-5 3.92LE-5 1.20E-5 3.59E-5
Cr-51 3.21E+2 6.52E-2 1.86E-1] 9.64E-3 2.89E-2
Cr-55 1.23E+1 8. 54E~5 2.56E-4 7.13E-5 2.14E-4
Mn~54 1.51E+2 J.08E-2 9.24E-2 4,54E-3 1.36E-2
Mn-56 7.06E+2 8§.72E-2 2.62E-1 1.93E-2 5.81E-2
Mn=-57 5.12E+1 1.58E-4 4,.75E-4 1.4CE-4 4,.37E-4
[fe-535 9.,441+2 1.93E-1 5.78E-1 2.840-2 8.51LE-2
Fe-59 41.96E+0 1.01CE-3 3,03E-3 1.49E-4 4.478E~4
Co-57 3.637+2 7.415-2 2.22E~1 1.09E-2 3.27E-2
Co-58 J.43E+2 6.98E-2 2.10E-1 1.03F-2 3.00E-2
Co-58m 1.33E+2 2.29E-2 6.88E-2 3.89E-3 1.17E-2
Co-60 4.05T+1 8.27E-3 2.48E-2 1.22E-3 J.65E-3
Co-60m 9.02E+1 1.75E-3 5.24F-3 1.13E-3 3.38E-3
Co-61 9.99LE+0 1.10E-3 3.04E-3 2.61E-4 7.84E-4
Ni-57 1.726+1 J.35E-3 1.00E-2 5.13E-4 1.54E~3
Mo-99 5.22E+1, 1.04E-2 3.11E-2 1.56E-3 4.69E-3
Mo-101 2.65CE+1 6.88E-4 2.06E-3 3.96k~4 1.19E-3
Tc-99m 9.94E+0 1.59E-3 4.76E-3 2.87E-4 §.61E-4
Tc-101 2.066E+1 6.75E-4 2.03E-3 3.92E-4 1.18E-3
Total 5.75E-1 1.72E+0 g.41E-2 2.72E-1

A Canc. in FW coolant after | w (GRg/nm™)

Nugelide (Ghq/cm™) Case 1| Case 2 Case J Case 4
Al-28 1.530+1 0 0 G ¢

Y-19 1.11E8+1 2.23E-3 6.70E-3 3.29E-1 9.86[E-4
Vv-52 §.22F+1 0 0 ¢ 0

V-53 4.07E+0Q 0 0 0 0
Cr-51l J.21E+2 5.48E6-2 1.648~1 8.10E-3 2.43E-2
Cr-&55 1.23LE+1 Q 9] 0 0

Mn-54 1.51E+2 J.03E-2 g.10E-2 4.47E-3 1.34E-2
Mn-56 7.05E+2 0 0 0 0
Mn-57 5.12E+1 0 0 0 0

Fe-95 9.44E+2 1.92E-1 5.76[E-1 2.82E-2 8.47E~-2
Fe-59 1.96E+Q 9.05E-4 2.72E-3 1.34E-4 4.01E-4
Co-57 3.63E+2 7.28E-2 2.18E-1 1.07E-2 3.22E-2
Co-58 3.43E+2 6.52E~2 1.96E-1 9.63E-3 2.89E-2
Co-58m 1.33E+2 6.99LE-8 2.10E-7 1.19E-8 3.56E-8
Co-60 4.05E+] 8.25E-3 2.418CE-2 1.21E~3 J.64E-13
Co-60m 9.02[E+1 0 0 C o -
Co~61 9.99E+0 0 Q 0 0
Ni-57 1,720+ 1.31E-4 J.92E-4 2.01E-5 6.02E-5
Mo-99 5.220+1 1.78E-3 5.33E-3 2.68E-4 8.04C-4
Mo-101 2.65E+! 0 0 0 ¢
Tc-99m 9.94E+0 6.45E-12 1.94E-11 1.17E-12 3.51E~-12
Te-101 2.65E+] 0 0 0 0

Total 4.28E-1 1.28C+0 6.31E-2 1.89Ck-1
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Table 2.4.10 Wall deposits (First Wall Cooling System)

A Deposit in FW at shutdown (GBg/m?)

Nuclide {(GBg/cm®) Case 1 Case 2 Case 3 Case 4
Al-28 | .53E+1 3.91E-8 1.17E-7 3.46E-8 1.04E-7

V-49 1.11E+1 1.38E-~1 4.13E-1 2.03E-2 G.09LE-2

¥-52 9,22E+1] 6.12E-7 1.83E-6 5.06E-7 1.52E-6

V=53 4.07F+0 5.02E-9 1.51E-8 4.60E-9 1.38E-8
Cr-51 J3.21E+2 G.27E-1 1.88E+0 9,26[(E-2 2.78E-1
Cr-55 1.23E+1 7.23E-8 2.17E~-7 5§.04E-8 1. 81E-7
Mn-54 1.51E+2 1.85E+0 5.54E+0 2.72E-1 8.I7E-1
Mn-5H6 7.05E+2 3.248-3 9,73E-3 7.19E-4 2.13E-3
Mn-57 5.12E+] 5.806E-8 1.76E-7 5.39E-8 1.62E-7
Fe-55 9.44E+2 1.49E+1 1.40E+1 2.19E+0Q 6.57E+0
Fe-59 4.96E+Q 1.55E-2 4.65(E-2 2.29E-3 6.87E-3
Co-57 3.63E+2 4.221E+0 1.27E+1 6.22E-1 1.87E+9Q
Co-58 3.43E+2 1.66E+0 4.89E+Q 2.46E-1 7.37C-1
Co-58m 1.33E+2 J.03E-3 9.10E-3 5.15E-4 1.55E-3
Co-60 4.05E+] 6.78E-1 2.03C+0 9.9%E-2 3.00E-1
Co-60m 9.02E+1 4.41E-06 1.320C-5 2.85E-0 8.548E-6
Co-01 9.99E+0 2.40E-5 7.21E-5 6.21E-6 1.86E-5
Ni-§57 1.72CE+1 1.73E-3 5.20E-3 2.66E-4 7.98E-4
Mo-99 5.22E+1 9.88CE-3 2.96E-2 1.49E-3 4.47E=-3
Mc-101 2.65E+1. 2.410E-6 7.24E-6 1.39E-6 4,17E-6
Tec-99m 9,.04E+0 1.38C-4 4. 14E-4 2.50E-5 7.49E-5
Te-101 2.65E+1 2.32CE-6 6.96E-6 1.35E-6 4.04E-6
Total 2.41E+1 7.23E+1 3.55E+0 1.8GE+]

A Deposit in FW after | w (GDg/m?)

Nuclide (GBg/cm™) Case 1 Case 2 Case 3 Case 4
A1-28 [.53E+1 0 0 g 0

¥-49 ‘1.11E+1 1.36C-1 4.07E-1 2.00E-2 6.00E-2
¥Y-52 g.22FE+1 0 0 0 0

¥-53 4.07E+0 0 0 0 0
Cr-51 T.21E+2 5.2GE-1 1.58E+Q 7.78E-2 2.33E-1
Cr-55 1.23E+1 0’ 0 0 0
Mn-54 1.51E+2 1.82E+0 5.45E+0 2.08E-1 8.04E-1
Mn-56 7.06E+2 0 0 0 Q

Mn-67 5.12E+1 0 Q 0 0

Ffe-55 9.44+2 1.48E+1 4.44E+1 2.18E+0 6.54E+0
Fe-59 4.9GE+0 1.39E-2 4.17E-2 2.08E-3 G.lGE-23
Co-57 J.63E+2 4, 14E+Q 1.24E+1] 6.11E-1 1.83E+0
Co-58 J.43E+2 1,55E+0 4.66E+Q 2.29E-1 6.88E-1
Co-H8m 1.33E+2 9.24E-9 2.77E-8 1.57E-9 4.7T1LE-9
Co-60 4,05E+1] 6.76E-1 2.03E+0 9.97E-2 2.90E-1
Co-60m 9.02E+1 4] 0 0 0

Co-6G1 9.99E+0 C 0 0 0

Ni-57 1.72E+1 6.78E-5 2.03E-4 1.04E-5 J.12E-5%
Mo-99 5.22F+1 1.69E-3 5.08E-3 2.55E-4 7.65F-4
Mo-10Q1 2.65E+1 0 ¢ 0. 0
Te-99m Q.94E+0 5.61E-13 1.68E-12 1.02E-13 3.05E-13
Tc-101 2.60E+1 0 ¢ 0 0

Total 2.37E+1 7.10E+1] 3.46C+0 1.05[E+1
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Table 2.4.11 Inventory in the demineralizer (First Wall Cooling System)

A Inventory in FW demin. at shutdown (Tlqg)

Nuclide (Ghg/cm”) Case 1 Case 2 Case 3J Casce 4
Al-28 1.83E+1 3.37E-7 1.01E-6 2.98E-6 8.93E-6
V-49 1.11E+1 1.19E+0 J.57E+Q J.75E+0 5.26E+C
V-52 9.22E+1 5.2G6E-6 1.58E-5 4.35E-5 1.31E-4
¥-53 4.07E+0 4.32E-8 1.30E-7 3.96E-7 1.19E-¢C
Cr-51 3.21E+2 5.40E+0 1.62E+1 7.98E+0Q 2.39F+1
Cr-55 1.23E+1 6.22E-7 1.87i-6 5.20E-6 1.56E-5
Mn-54 1.51E+2 1.60E+1 4,78E+] 2.35E+1 7.05E+1
Mn-56 7.05E+2 2.79E-2 8.37E-2 65.19[E-2 1.8G6E~-1
Mn-57 5.12E+1 5.05E-7 1.51E-6 4.84E-6 1.39E-5
[fe-55 Q.442+2 1.28E+2 3.85E+2 1.89LE+2 5.68E+2
Fe-59 4.96E+0 1.34Ej1 4,01E-1 1.97E-1 5.92E-1
Co-57 J.63E+2 J.64E+1 1.09E+2 5.37k+1] L.61[E+2
Co-58 J.43E+2 1.44E+1 4.31E+1 2.12E+1 6.36E+]
Co-58m 1.33E+2 2.G61E-2 7.83E-2 4.43E-2 1.33E-1
Cg-60 4.00E+1 5.80E+0 1.76E+1 8.63E+0 2.59E+1
Cao-60m 9.02E+1 3.80E-5 1. 14E-4 2.45E-4 7.35E~-4
Co-61 9.99E+0Q 2.07E-4 6.20E-4 5.34E-4 1.60E-3
Ni-57 1.72E+1 1.49E-2 4,48E-2 2.29E-2 6.87E~-2
Mo-99 65.22E+1 8.50E-2 2.55E~1 1.28E-1 J.84E-1
Mo-101 2.60[E+1 . 2.08E-5 6.23E-5 1.208-4 3.59E~4
Tec-99m §.94E+0 1.19E-3 3.56E-3 2.15E-3 6.456E-3
Te-101 2.65E+1 2.00E-5 5.99E-5 1.1GE-4 3.48E-4
Total 2.08E+2 6.23E+2 J.00E+2 9.19E+2
Ay Inventory in FW demin. after 1 w (TBqg)
Nuclide (GBgq/cm™) Casec | Case 2 Case 3 Case 4
Al-28 1.83E+1 0 0 0 0
¥-49 1. 11E+] 1.17E+0 3.52E+0 1.73E+0 S.19E+0
V-52 9.22E+1 0 0 0 0
¥-513 4.07E+0 0 0 0 0
Cr-51 J.21E+2 4.53JE+0 1.36[C+1 6.70LE+0 2.01E+1
Cr-55 1.23E+1] 0 0 0 0
Mn-5H4 1.51E+2 1.57E+] 4.71E+1 2.32E+1 6.94E+1
Mn=-56 7.05[E+2 0 0 0 0
Mn=-57 9.12E+1 Q 0 0 Q
Fe-5G5 9, 44E+2 1.28E+2 J.83E+2 1.88E+2 H.05E+2
Fe-59 4.96E+0 i.20E-1 J3.59E-1 1.77E-1 5.31E-1
Co-57 J.03E+2 J3.58E+1 1.U7E+2 5.28E+1 1.653E+2
Co-58 J.43E+2 1.34E+1 4,.02E+1 1.98E+] 5.94E+1
Co-58m 1.33E+2 7.955E-8 2.39E~-7 1.35E-7 4.0LE-7
Co-60 4.05E+1 5.84E+0 1.75E+] 8.61E+0 2.58E+1
Co-60m 9.02E+] 0 Q 0 0
Co-01 9.99E+0 0 ] 0 0
Ni-567 1.72E+1 5.83F-4 1.75E-3 8.94E-4 2.068E-3
Mp~99 D.220+1 1.4060-2 4,37E-2 2.19E-2 6.509E-2
Mo-101 2.65E+1 0 0 0 0
Tc-99m 5.94E+0 4.83E-12 1.45E-11 8.74E-12 2.020-11
Te-10C1 2.65E+1 0 4 0 0
Total 2.05E+2 6.12E+2 J.01E+2 8.98(E+2
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Table 2.4.12 Concentrations in the primary coolant
{(Blanket Cooling System)

Ay Conc. in DL coolant shutdown (GBg/m%)
Nuciide (Ghg/cm™) Case | Case 2 Case 3 Case 4
Al-28 1.53E+1 G.75E-5 2.03E-4 5.87E-5 1.70E-4
¥-49 1.ITE+] 2.02E-3 6.08E-3 2.82E-4 8.470E-4
V-52 9.22E+1 G.50C-4 1.95E-3 5.25E-4 1.57E-3
¥-53 4.07E+0 1.25E-5 3.76E-5 1.14E-5 J.40E-5
Cr-51 J.21E+2 5.8lE-2 1.74E-1 8§.16E-3 2.45E-2
Cr-55 1.230+1 8.17E-5 2.45E~4 6.67E-5 2.00E-4
Mn-54 1.51E+2 2.74E-2 §.23E-2 J.84LE-3 1.15E-2
Mn-56 7.068E+2 7.099E-2 2.40E-1 1.65E-2 4.90E-2
Mn-57 5.12E6+1 1.526-4 4.56E~4 1.38E-4 4.148-4
fe-505 9.44E+2 1.72E-1 5.15E~1 2.40E-2 7.20[-2
Fe-59 4.96E+1 8.98LE-4 2.70E-3 1.206E-4 3.78E-4
Co-57 3.63E+2 6.59Lk-2 1.98E~1 9.23(E-13 2.77E-2
Co-58 3.43E+2 6.22E-2 1.87E-1 §.72E-3 2.62E-2
Co-58m 1.33E+2 2.06E-2 6.19LE-2 J.30E-3 9.91E-3
Co-60 4.05E+1 7.36CE-7 2.2106-2 1.03E-3 3.09E-1
Co-60m 9.02E+1 1.67E-3 5.00E-3 1.03E-3 J.08E-3
Co-01 9,99E+0Q 9.35(E~4 2.80F-3 2.2415-4 6.73E-4
Ni-57 1.72E+1 2.99E-1 §.97E-3 4.35E-4 1.30E-3
Mo-99 5.22E+1 9.25E-13 2.77E-2 1.32E-3 J3.97E-3
Mo-101 2.65E+1 6.54E-4 1.96E-3 J.56E~4 1.07E-3
Tc-99m 9.94F+0 1.43E-3 4.30E-3 2.44E-4 7.32E-4
Te-101 2.65E+1 6.42E~4 1.93E-3 3.53E-4 1.06E-3
Total 5.15E-1 1.54E+0 7.99E-2 2.40E-1
A Conc. in DL coolant after 1 w (GBa/m?)

Nuctide (GBg/em™) Case | Case 2 Case 3 Case 4
Al-28 1.53E+1 0 4] ) 0 0

V-49 1.11E+1 1.99E-3 5.96E-3 2,.78C-4 8.34E-4
V-52 9.22E+1 0 0 0 Q

V-53 4.07E+0 0 0] 0 -0

Cr-51 J.21E+2 4,88E-2 1.46E-1 6.85E~3 2.06E-2
Cr-55 1.23E+1] 0 0 0 0

Mn-54 1.51E+2 2.70E-2 8.10E-2 3.78E-13 1.13E-2
Mn-56 7.00E+2 Q 0] 0 0
Mn-57 5.12E+1 C 0 0 0

Fe-55 g.44+2 1.71E-1 5.12CE-1 2.39E-2 7.17E~2
ffe-59 4.96E+0 8.06E-4 2.42E-3 1.13E-4 3,39E-4
Co-57 J3.63E+2 6.47E-2 1.94E-1 g.07E~3 2.72E-2
Co-58 3.43E+2 5.81E-2 1.7T4E-1 8.14E-3 2.44E-2
Co=~58m 1.33E+2 §.29E-8 1.89E-7 1.0lE-8 3.02CE-8
Cc-60 4.00(E+1} 7.34E-3 2.20E-2 1.03E-3 3.08E-3
Co-60m 9.02E+1 0 0] 0 0

Co-61 9.99[E+0 0 Q 0 0

Ni-57 1.72E+1 1.17CE-4 3.50E-4 1.70E-5 5.09E-5
Mo-99 5.,225+1 1.58E-3 4.75E-3 2.27E-4 6.80E-4
Mo-101 2.65E+1 0 0 0 0
Tc-99m g.94E+0 5.84E-12 1.75E~-11 g,.92E-13 2.98E-12
Te-101 2.65F+1 0] 0 0 0

Total 3.81E~1 1.14E+0 5.34E-2 1.00E-1
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Table 2.4.13 Wall deposits (Blanket Cooling System)

A Deposit in BL at shutdown (GBg/m?)

Nuclide (GDg/cm®) Case 1 Case 2 Casc 3 Case 4
Al-28 1.53E+1 3.75C-8 1.13CE-7 3.26F-8 9.79E-8

¥Y-49 1.11E+1 1.23E-1 3.68E~1] 1.72E-2 5.15E-2

¥=-52 9.22E+1 5.8G6E-7 1.76E-6 4.73E-7 1.42E-6

V=53 4.07E+0 4.82E-9 1.45CE-8 4.36E-9 I1.31E-8
Cr-hl 3.21E+2 5.58E-1 1.67E+0 7.83E-2 2.15E-1
Cr-556 1.231E+1 6§.93E-8 2.08E-7 5.06E-8 1.70E-7
Mn-54 1.51E+2 1.64E+0 4.93E+0 2.30E-1 6.91E-1
Mn-56 7.05E+2 2.97E-3 8.91E-3 G.15E-4 1.84E-3
Mn-57 5.12E+] 5.62E-8 1.69E-7 5.11E-8 1.93JE-7
Fe-55 9.4408+2 1.32E+1 3.97E+1 " 1.85E+0 5.56E+0
Fe-59 4.96E+0 1.38E-2 4.14E-2 1.94E-3 5.81E-3
Co-57 J.63E+2 3.75CE+¢ 1.13E+1 5.286E-1 1.58E+0C
Co-58 J.43E+2 1.48E+0 4.44E+0 2.08E-1 6.23E-1
Co-5H8m 1.33E+2 2.73E-3 8.19E-3 4.37E-4 1.31E-3
Ce-60 4.08L+1] 6.03E-1 1.81E+0 8.45E-2 2.54E-1
Co-60m 9.02E+1 1.21E-6 1.26CE-5 2.59E-¢6 7.77E-6
Co-061 9.99CE+0 2.20E-5 6.66E-5 5.33E-6 1.60E~5
Ni-57 1.72E+1 1.55E-3 4.65E-3 2.25E-4 6.75E-4
Mo-99 5.22E+1 8.81E-3 2.64E-2 1.206E-3 J.78E-3
Mo-101 2.65E+], 2.29E-06 G.88k-6 1.25E-6 3.75E-6
Tc-99m 9.94CE+0 1.25E-4 J.74E-4 2.12E-5 6.36E-5
Te-101 2.65E+1 2.21E-06 6.62E-6 1.21E-6 J3.64E-0
Total 2.14E+1 G.43E+1 3.00E+0 9.01E+0

A Deposit in BL after 1 w (Gbg/m*)

Nuclide (GLlqg/cm®) Case | Case 2 Case 2 Casc 4
Al-28 1.53E+1 0 0 0 0

¥Y-49 1.11E+1 1.21E-1 J.62E-1 1.69E-2 5.08[-2

¥-52 9.225+1 0 0 Q 0

¥-53 4.07E+0 0 0 0 0
Cr-51 3.21E+2 4.608E-1 1.41E+0 65.58E-2 1.97E~1
Cr-55% 1.23E+1 0 ¢ Q Q
Mn-54 1.51E+2 1.062E+0 4.85E+0 2.2706~1 6.80E-1
Mn-56 7.05[E+2 0 0 Q 0
Mn-57 5.12F+1 0 0 Q o]
Fe-55 9.44E+2 1.32E+1 3.95E+1 1.84E+0 5.53E+0
Fe-59 4.96E+0 1.24F-2 3.71E-2 1.74E-3 5.21E-3
Co~57 3.63E+2 J.69E+0 1.11E+] 5.17E-1 1.55E+0
Co-58 3.43E+2 1.38E+0 4.15E+0 1.94E-1 5.82(-1
Co-58m 1.,33E+2 §.32E-9 2.50E-8 1.33E-9 1.00E-9
Co-G0 4.05E+1 6.02E-1 1.81F+0 8.43E-2 2.53CE-1
Co~GOm 9.02+] 0 0 0 ¢
Co-61 9.99E+0 0 0 Q0 ¢
Ni-&7 1.726+1 6.05E-5 1.82E-4 8.80E-6 2.64E-8
Mo-99 5.22E+] 1.51E-3 4.53E-3 2.16E-4 6.47E-4
Mo-~101 2.65E+1 0 Q 0 0
Tc-99m 9.94E+0 5.08E-13 1.52E-12 8.63E-14 2.59E-13
Tc-101 Z2.65E+1 0 0 0 0

Total 2.11E+1 6.32E+1 2.95E+0 8.85E+0
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Table 2.4.14 Inventory in the demineralizer (Blanket Cooling System)

at shutdown (TBqg}

Ay Inventory in BL demin.

Nuclide (GDBq/cm™} Case 1 Case 2 Case 3 Case 4
Al-28 1.53E+1 5.77E-7 1.73E-6 5.02E-6 1.51E-5

¥-49 1.11E+¢ 1.89[E+0 5.68E+0 2.658E+0 7T.96E+0
V-52 9.22C+] 9.01E-6 2.70E-5 7.28E~5 2.18E-4
¥-53 4.07E+0 7.42E-8 2.22E-7 6.72E-7 2.02E-%
Cr-51 3.21E+2 8.59E+0 2.58LE+1 1.21E+] 3.062E+1
Cr-55 1.23C+1 1.07E-6 3.20E-6 8.70CE-G 2.61E-5
Mn-54 1.51E+2 ° 2.54E+] 7.62E+1 3.56E+1 1.07E+2
Mn-56 7.05E+2 4.57E-2 1.37E-1 9.46E-2 2.840E-1
Mn-57 5.12E+1 8.66E-7 2.60E~6 7.87E-6 2.J6E-5
Fe-55 9.44F+2 2.04E+2 6.13E+2 2.8GE+2 8.50E+2
Fe-59 4.96E+0 2.13E-1 6.38E-1 2.98C-1 8.95E~1
Co-57 J.63E+2 5.80F+] 1.74E+2 §.13E+1 2.44E+2
Co-58 3.43E+2 2.29E+] 6.860E+] J.21E+} 9.61E+1
Co-58m 1.338+2 4.20E-2 1.26E-1 6.72E-2 2.02E-1
Co-G0 4.05E+1 9.32E+Q 2.80E+1 1.31E+1 3.92E+1
Co-60m 9.02E+1 6.47E-5 1.948-4 3.98E-4 1.20E-3
Co-G1 9.G9E+0 3.42E-4 1.03E-3 8.20C-4 2.46E-3
Ni=57 1.72E+1 2.38E-2 7.15E-2 3.47C~2 1.04E-1
Mg-99 5.22+1 1.36E-1 4.07E-1 1.94E~1 5.82E~1
Mc-101 2.65E+1 3.53E-5 1.06LE-4 1.93CE-4 5.77E-4
Tc-99m §.94E+0 1.92E-3 §.76E-3 3.26CE-3 9.79E-3
Tec-101 2.65E+1 3.40E-5 1.02E-4 1.87C-4 5.60E-4
Total J.31E+2 9,93E+2 4.64F+2 1.39E+3

A Inventory in BL demin. after L w (TDBgJ

Nuclide {GBg/cm®) Case 1 Case 2 Casc 3 Case 4
Al-28 1.53E+1 0 0 ¥ 0

V-49 1.11E+1 1.87E+0 5.60E+C 2.62E+0Q 7.84E+0
Y52 9.22E+1] 0 0 0 0

¥Y-53 4.07E+0 0 0 0 0
Cr-51 J.210+2 7.22E+0 2.106E+] 1.01E+1 3.04E+]
Cr-55% 1.23E+1 . 0 0 0 0
Mn-54 1.51E+2 2.50E+1 7.50E+1] 3.50E+1 1.05E+2
Mn-56 7.05E+2 0 0 0 0

Mn-57 5.12E+] 0 0 0 0

fe-55 9. 44E+2 2.03E+2 6.10E+2 2.85E+2 8.55E+2
Fe-59 41.96E+0Q 1.91E-1 5.72E-1 2.68C-1 8.03E-1
Co-57 3.063F+2 5.70E+1 1.71E+2 7.98CE+!] 2.40E+2
Co~-58 J3.43E+2 2.13E+1 6.40E+1 2.99E+] 8.98E+1
Co~58m 1.33E+2 1.28E-7 3.84E-7 2.05E-7 6.15E-7
Co-60 4.05E+1 9.30E+G 2.79LE+1 1.30CE+1 3.91E+1
Co-G0m g.02E+] 0 0 G 0

Co-61 9.99E+(Q 0 0 0 0

Ni=GH7 1.72E+1 9,31k~ 2.79E-3 1.35CE-3 4.06E-3
Mo-99 5.22E+1 2.32E-2 6.97E-2 3.32C-2 9.96E-2
Mo-101 2.G5HE+] 0 o 0 0
Tc-99m 9.94L+¢ 7.8lE-12 2.34E-11 1.33E~11 J.98E-11
Te-101 2.065E+] 0 0 0 0

Tolal J3.25E+2 9.70[+2 4.56E+2 1.37E+3
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Concentrations in the primary coolant
(Divertor Cooling System)

in DIV coolanl al shutdown (GBRg/m”?}

Ay Canc.
Nuclide (Ghg/cm?) Case 1 Case 2 Case 1, Case 4
Co-60 T.40C+1 1.57E-3 4.71-3 1.75E+0Q 5.24C+0
Co-60m T.74E+1 7.398-4 2.22E-% 8.22E-1 2.47C+0
Ce-01 2.6JE+Q 4.93E-5 1.48E~4 5.49CE-2 1.65C-1
-Go-02 2.0GCE+! 4.58E-5 1.378-4 5.10E-2 1.53E-1
Co-062m 1. 13E+1 1.25C-4 3.74E-4 1.39C-1 4. 16E-1]
Ni-63 5.45C+0 1.16LE~4 3.47CE-4 1.2906-1 3.8GE-1
Ni-65& 4.38C+1 8.5G6LE-4 2.57C-1 9.53CE~1 2.86C+0
Cu-G2 2.16E+3 1,98E-2 5.93E-2 2.20E+1 6.60E+1
Cu-6+4 G.25E+0 1,30E-1 3.91E-1 1.455+2 4,.35E+2
Cu-50 9.06E+2 5.47E-3 1.64E-2 5,00C+0 ].830+1
Total 1.59C-1 4.77E-1 1.77CE+2 5.31E+2

A Conc. in DI!Y coolant at shutdewn (GBq/m™)
Nuclide (Glg/cm™) Casc 5 Case 6§ Case 7 Case 8
Co-G0 7.40E+1 1.J32CE-2 3.87E-2 1.47E+1 4,.42E+1
Co-00m 7.740+1 1.231E-3 J.68-3 1.30E+0 4.09E+0
Co-61 2.6JE+0 2.24F-4 6.73LC-4 2.50E-1 7.49E-1
Cu-62 2.06E+1L 5.04-5 1.5610-4 5.61E-2 1.68C-1
Co-62m 1.13E+1 2.30C-4 G.91%E-4 2.506CE-1 7.69E-1
Ni-63 5.45E+0 9.75E-4 2.93Cc-2 1.09CE+0 J1.28CE+0
Ni-G5 4,3BC+1 41,50(E-3 1.375-2 5.08E+0 1.520+1
Cu-62 2.1G6M+3 3.19E-2 9.870E~2 3.55E+1 1.07E+2
Cu=-64 G.25E+3 9.780-1 2.936+0 1.08E+3 3.271E+3
Cu-060 G.06CE+2 7.30E-3 2.19C-2 B.13E+0 2. 14E+1
Tolal 1.04E+0 3.11E+Q 1.16E+2 3.47E+3

Table 2.4.15(B)} Concentrations in the primary coolant
(Divertor Cooling System)

Mo Conc. in DIY coolant after 1 w (Ghag/m™}
Nuelide (GUqg/cm™) Case ! Case 2 Case 3J Case 4
Co-60 7.400L+1 1.87E-3 4.70E-3 L.74E+0 5.23E+C
Co-060m 7740+ o & 0 0
Co-061 2.630+0Q &l 0 0 0
Co-02 2.06E+1 0 0 ¢ 0
Co-G2m 1.1aE+1 9} o] 0 o]
Ni-03 5. 45E+0 1.1GE-4 J.ATE-4 1.29[- J.8GE-1
Ni-G5 4.38E+1 0 0 0 o}
Cu-02 2.16E+3 QO 0 0 9]
Cu-64 5.20[+1] 1.35E-5 4.,06CE-5 1.510-2 4.52F-2
Cu~-G8 0.06E+2 0 0 0 0
Total 1.70E-3 5.080I0-3 1.88E+0 5.606C+0
) A Conc. in DIY goolant after 1 w (GOa/m™)
Nuclide {GBg/cem™) Case & Casc 6 Case 7 Casc 8
Co~60 T.400C+1 1.,32CE-2 J.96E-2 1. 47E+1 A4.4]1E+1
Co-60m T.74E+1 0 0 44 0
Co=-61] 2.63E+0 o] 0 0 0
Co-62 2.006E+1 0 0 0 0
Co-52m 1.130+1 0 0 0 0
Ni-GJ 5.49E+0 9.75(E-4 2.93E-3 1.090E+0Q J.26E+0
Ni-85 4.38CE+] o] 0 0 0
Cu=62 2.16CE+3 o] o] 0 0
Cu-6+4 6.25E+3 1.028-4 J.05E~4 1.13E~1 3.39E-1
Cu-6¢0 9.06E+2 0 ¢] 0 Q
Tolal 1.43E-2 4,.28E-2 1.89E+1 4.77E+1
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Table 2.4.16(A) Wall deposits (Divertor Cooling System)

Ay Deposit in DIV ai shutdown {(GBg/m*}

Nuclide (GBq/cm™) Case | Case 2 Case 3 Casc 4

Co-00 T.A0E+] 1.2%9E-1 J)B6E-1 1.43E+2 4.30E+2
Co-60m T.TdE+] 1.87E~G 5.60E-6 '2.08E-3 5.23E"3
Co-061 2.63C+0 1.17C-6 J.52E-¢6 1.30E-3 3.91E-3
Co-02¢ 2.06C+! 1.65CE-8 41.9GE-8 1.84E-5 5.52E-5
Co-62m 1.13E+1 4.17E-7 1.25E~0G 1.645-4 1.39E-3
Ni-G1 5,45E+0 1.01E-2 3.03C-2 1.12E+1 J.37E+]
Ni-G6§ 4.J8E+1 3.11E-5 9.34%-5 J.460E-2 1.04E-1
Cu-0462 2.10C+3 4,.63E-5 1.39E~4 5.165E-2 1.550C-1
Cu-64 6.250+1 2.39LE-2 7.16E-2 2.66CE+1 T.97E+1
Cu-Go 9.06C+2 G.71E-6 2.01E-5 7.47E~3 2.24E-2
Total 1.63E~-1 4.88C-1 1.81E+2 5.44E+2

A Peposit in DIV at shuldown (GBg/m™)

Nuclide (Glg/em™) Case 5 Case 6§ Case 7 Casec 8

Co=~00 7.40C+1 1.09C+0 3.26LC+0 1.21E+3 3.03E+3
Co-60m T.T740+1 3.09E-6 9.28E~C 3.44E-3 1.03E-2
Co-061 2.03E+0 5.33E~C 1.00E-5 5.93E-3 1.781E-2
Co-02 2.06E+1 1.82C-8 h.AGE-8 2.03E-5 6.08E~§
Co-62m 1.13E+1 7.70E-7 2.31E-G 8.57E~4 2.57E-3
Ni-G3 5.45E+0 8.511E-2 2.55E-1 9. 4705+ ] 2.84K+2
Ni-Gh 4,38E+1 1.66E-4 4.98E-4 1.85C-1 5.684FE-1
Cu-62 2.16E+3] 7.471-5 2.240-4 8.32E~2 2.50E-1
Cu-064 6.25C5+] 1.79E-1 5.370-1 1.9905+2 5.981+2
Cu-06 9.006C+2 8.90E-5 2.69E-5 9.9706-1 2.09K-2
Total 1.356E+0 4.00E+0Q 1.505+3 4.510E+3

Table 2.4,16(B) Wall

deposits (Divertor Cooling System)

A Deposit in DIV after 1 w (GDhg/m*)

Nuclide (GOg/ecm™) Case | Case 2 Case 3 Case 4
Co-00 7.40E+1 1.28CE-1 3.81C-1 1.430+2 4.29L+2
Co-60m T.74C+1 Q 0 0 0

Co-01 2.03E+0 0 g g 0

Co~G62 2.060L+1 o] Q 4] 0
Co-02m 1.13E+1 0 4] 0 0

Ni-061 5.45E+0 1.01E-2 3.03CE-2 1.12E+! 3.37E+1
Ni-060 4.38%+1 0 0 4} o

Cu-062 2.10E+] 0 Q 0 0

Cu-64 G.25CE+3 2.48E-6 7.43E-C 2.76E-3 84.27E-3
Cu-06 9.060+2 0 Q 4] o]

Tolal 1.38E-1 4.11E-1 1.545+2 4,.63E+2

As Deposit in DIV after 1 w (CDg/m®)

Nuclide (GNq/cm™) Case § Case 6 Case 7 Case 8
Co-00 7.40E+1 1.08E+C 3.25L+0 1.21CE+3 J1.62E+3
Co-0L0m 7.74C+1 a 4] 0 0

Ca-G1 2.63E+0 0 Q0 0 0

Co-G2 2.060E+1 0 ¢} Q o}
Co=-G2m I1.1JE+] 0 Q 0 o}

Ni-03 5.45E+0 B.500-2 2.551~1 g.47E+] 2.84E+2
Ni-03 4.38C+] Q Q0 0 0

Cu-02 2.16E+] 0 0 0 4]

Cu-6+4 G.25CE+1] 1.86E-5 5.080-5 2.07E-2 0D.21E-2
Cu-060G 9.,00E+2 0 0 0 0

Tetal 1.175+0 J.51E+0 1.30E+] J1.90E+2
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Table 2.4.17(A) Inventory in the demineralizer (Divertor System)

Ay Inventory in DI¥ demin. at shutdewn (TDg)
Nuclide {GBg/cm?} ‘Case | Case 2 Case 3 Casc 4
Co~00 T.40L+1 1.47E+1 4.40E+] 1.63E+4 4.90E+4
Co-60m T.T74E+1 2.11E-4 6.35E-4 2.36E-1 7.07E~1
Co-061 2.63C+0 1.336E-4 3.39CE-4 1.48C-1 4.44E-1
Co-02 2.000E+1 1.87C-6 5.62CE-6 2.09E-13 G.2GE-3
Co-062m 1.13E+1 4.73E-3% 1.42E-4 9.26[E~2 1.58E~1
Ni-G3 5.45E+0 1,15E+0 3.45[LE+0 1.28E+] 3.841+3]
Ni~G9% 4.38CE+1 3.53E-3 1.06E-2 3.893E+0 1.18E+1
Cu-62 2.16E+3 5.25E-3 1.58E-2 5,840+0 1.750+1
Cu-64 G.25Z+3 2.71E+C 5.12E+0 3.01E+3 9.04E+3
Cu-66 9.0GLE+2 7.610-4 2.28E-1 8.47E-1 2.54E+0
Total 1.80E+1 5.56C+1 2.060+4 0.19E+1

Ay Inventory in DIY demin. at shuldewn (TDg}
Nuclide (GBg/em®) Case § Case 6 Case 7 Casc 8
Co-060 7.40E+1 1.24E+1 J.71E+1 1.38E+4 4.13CE+4
Co-G0Om 7.74E+1 3.51CE-5 1.05E-4 3.50E-2 1.17E-1
Co-61 2.8JE+0Q 6.04C-5 1.8lCE-4 6,732 2.02E-1
Co-G2 2.0GE+1 2.07CE~7 6.19E-7 2.30E~4 6.90E-4
Co-62m 1.13E+1 8.73E-6 2.62E-5 9.,72E-1 2.92CE-2
Ni-63 5.,45E+0 5.69-1 2.091E+0 1.08E+3 3.24E+3
Ni-B5% 4.38C+1 1.88E-3 5.6RE-1 2.10E+0 6.Z29E+0
Cu-062 2.106G+3 8.47E-4 2.54E-3 9.43E-1 2.830+0
Cu-64 6.25E+3 2.03E+0 6.080+0 2.26[+3 G.78CE+2
Cu-606 9.00F+2 1.02E-4 J.050-4 1.13E-1 3.39E-1
Taotal 1.54E+1 A.GLE+] 1.71E+4 4.52E+4

Table 2.4.17(B) Inventory in the demineralizer (Divertor System)

Ay [nventory in DIV demin., afler I w (TDg)
Nueclide (GBq/cm™) Casec 1 Case 2 Casc 3 Casc 4
T
Ca-00 7.40E+1 1.46E+1 4.390+1 1.63E+4 4.89E+4
Co-G{m 7.TAE+] c 4 0 o}
Co-061 2.863C+0 0 0 0 0
Co-62 2.06F+] 0 0 o] 0
Co-62m 1.13E+] 0 o] o] 0
Ni-63J 5.45C+0 1.I3E+Q J.45E+0 1.2BE+3 J.84E+3
Ni-65 41.38C+1 0 o] 0 0
Cu-62 2.16E+1 Q o] 0 G
Cu-64 G.25C+3 2.81lE-4 8.43C~4 J.13C-1 9.38C-1
Cu-606 9.06CE+2 0 0 o] 0
Teotal 1.58LE+1 4.74E+1 1.70E+4 5.27E+4
A Invenlary in DIV demin., afler 1 w (TDq)
Nuclide {(Glag/cm™) Case 5 Casc & Case 7 Case 8
Co-G0 7.406+1 1.23E+1 J.700+1 1.37C+4 4.12E+4
Co-60m 7.740+1 0 o] o] 9]
Co-01 2.63E+0 o] o] 0 0
Co-02 2.06E+1 0 0 0 0
Co-62Zm 1.13E+1] 0 0 0 0
Ni-G3J 5.450+0 9.69E-1 2.91E+0 1.08CE+3 J3.23E+3
Ni-G5 4.38C+1 0 0 0 0
Cu-G2 2.106E+3 o] 0 Q ]
Cu-064 6.20E+3 2.110E-4 5.33CE~4 2.38CE-1 7.04C-1
Cu~Go 9.00E+2 o] o] 0 0
Total 1.33E+L J.89E+1 1. 480+4 4,448+ 4
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& ARG ELEMAUZE TR | KmicEi i, SRS TORELSEEIH] InSveEEIN,
SHH Y F Y LA AR 100ACITHEOT, bk | AROERIC X AFEEMREI]L 0E-3
uSv/Ci&1ia,

L, THAROKEERIED HTOAB — | LEICEGETRHEE NS (B- 288 , &KX
BENAELUBASRYEMSIIRATH0WTH Y, ikt | BEAOERETHRICL SER
LWERIIH2T. Sy EHEES N, THUE, 2. 7E-2uSv/ACIIcHENT A, ERO M) FILNTH S
WIEEHTODE T E Nt & %, NTODBBYENFIBMEREBEIEERLTVD, BLEDET
BEERIZE L TTable 2.5, 2ITRENTV S,
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2.5.5 F&¥H

HEa— RTRIDOSE 2BV TITERRONR v Fv— 7 &HO b & THBREUE (RASIUPERE

B OFEiEthEiT -1

(1) HTOAS100Ci /day TEBINCHI S5 & XRAICHET A MEDOEEREYSRIZA -
1, A— 2408, 120520 uSv/yTH -1z, 1, | Ci/dayDaEFEReicx LT 1 ER
OB EA0. 1255 0.2 Sv/vickiMd 5, Bartels” (3, ITERNVFv—7HEOEE
EFANLBONIERETENT, RUERLAY I EHELEIZ20-0uSv/yTHEI L
A TING, AFESREOEZ, AHETREOERNSEh TV & &, EAEL
1 KGR OB ETOENH 5 ZLICERL TV EEL N5,

(i) THRI00gH 2 ERTHEENAZEE (B~ 164, THAOLENETEL K NIOHE
SEAERICh AR S, FEHLTL A MK AHELNBRITH AL D

CEDEHIAE L, WHESDEEE EROKE MEDIC X 3EESZEFKL InSvT,
1.0 BE-3 wSv/ClHcHST 3,

(i) HTD 100g#hs 2 S3lchuE s ol & (B— 240 | kb L BMO#E MDICkHHE
W 4097, 9mSy T, 2 TE-2uSv/CiEtn s, Lidi-T, BERO Y F7LRTHSOIEHT
OFTHRIS N & %, SEYUEE (IT0/HT) 33306 E85 2 EAERLTVS, 75 VAT
7 T A AR ER (0.72e7, 2445, KHES0m) OFE,S, BT 800mic
BiFARBEYEBHIBTIEETH L EMHESIN TV A,

(iv) ITEROZAIEMEEY ki, NRICHTAEREEES LT, PERRBIH LT |
mSv/y (10mrem/v)EB & T 1 B0 LT100mSy (10rem) LIFICE RETH L I EPRESN
Th3, SEOIEZRE HET S &, ERAtROREMEIREEFEEEL 2T -T
W3, A, BEEHHOBEIZE, 100gT OO RS RIIREAEEE T
\->TWAA, HT0 O100ghit 3G E G 90 1) RENEE5 L 5AREUEDRH D
ZEMEEI NI,

EERH

1) HEHE#TETHRSERLFARE  BTHIRLZRSLTLELEEHE (1989)

9) H, Noguchi and M, Murata:Fusion Technol., 14, 1187 {1988).

3) M Murata, H Noguchi T.Matsui et al. JAERI-M 88-232 (1988) .

4) T.G Dunstall, G.L.Ogram and F.S. Spencer:CFFTP-G-85035 (1985).

5) R, R StaskoiZA> :Ontario Hydro # 2— K(EnvironmentalTritium Model): R
. 8) R.R Hosker Jr. :TAEA-SM-181/19, 291-30a.

7) W W Bartels : ITER-1L-$A-4-0-68.

8) IAEA:ITER Documentation Series, No.36 ITER SAFETY (1991).
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List of parameters

Evaporation velocity
HTO exchange velocity

Transpiration velocity

2.8 -8 /s
1.8 E-2 w's
1.2 E-8 /s

Diffusion coefficient in soii

:HT 1.8 E-5 m*/s
‘HTO 2.0 B-9 m*/s
HT oxidation rate in soil 2.4 B-2 st
Sandy loam soil :porosity 0.3
Water fraction fsoil 0.2
:vegetation 0.8
Vegetation density 1 Kg-dry

exposed individual (MEI)

Summary of the dose (EDE)} estimation for a maximum

Normal release Acute release

Benchmark A-1 A-2 B-1 B-2
Release- HTO HTO T gas HTO
condition | 100 Ci/day | 100 Ci/day 100 g(» 100 g(HTO)
Mode Continuous | Continuous | Acute (2 mim) Acute (2 min)
Height 160 m 100 m 20 m 20 m
Stability D F D b
Wind speed | 5.0 m/s | 3.0 m/s 3.5 m/s 3.5 m/s

| 20uSy ¥ | 12uSv Y 1. OmSy 2 27, 2mSy+ *
Effective
dose 0.205v" | 0.12uSv"” | 1.0 B-3 uSv® /Ci 2.7 E-2uSv? /C1
equivalent | per Ci/day | per Ci/day

2 Km ¥ 10 Km ® 300 m ~* 300m ¥
1 Km

1350 vears dose commitment from 1-vear exposure
250 vears dose commitment from 7-days exposure
DDownwind distance at a maximum dose




HTO AIR CONCENTRATION (Bg/m*)

Fig.

EFFECTIVE DOSE EQUIVALENT (u«Sv/y)
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Fig. 2.5.2 Effective dose equivalents for MEI 365 days

after beginning of the HTO release
(Normal release benchmark A-1 and A-2)
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of the HTO release (Normal release henchmark
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Fig. 2.5.4 Variation of re-emitted HTO air concentrations
with time after the release of T gas
(Acute release benchmark B-1)
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Fig. 2.5.6 Effective dose equivalents for MEL for the original
T gas plume and re—emitted HTO plume
(Acute release benchmark B-1)
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3. BRI
3.1 PUFILKETEE

H—BED Y A N — FRFO TS X kdiiges ke T SR EO R 5 EORED b
JFH LA INENETFET S I &, FEROXE L SHEHRAOREORITEERTSH
B, FDIBHICIZSREETEERELROBOFE -0 N FIROKRED b Y F7 LRE
DEMRRE, SHIOBEE (B, £ AEEAHLLENS L, L LERSATHSTORER
AR E > TLADhIT TR, JITCHE, HEEEORICEN-F 7/ THREREO M) 7
DAER L THRICEEREAE bOEEL, R—F U /RORE M) F7LBEELEICLT,
BHEEhE P FY LBEIET S, L I0&XORMHOS AECEABRIREOLEILERE
w9, EEEFEO P FULBERICRAELTW D ET D,

WEETRIDREII A=, 75774+ 7 —2-RUFE-BETH L, N—F . FROEEN
TO N FY LN, B—ETHEL—r A#58I0D — THBEER L 720 bOTRE
XE5, KBH 8 GUSIK-SVTEYS 7 74 F T —2—2RVEATOETHHES 5. X—+
v 7B S OBENINEEE LR ELTRIFICR—F 0 FEE (1BI[CITEELERSL,
FAN— IR

N—F 2 7EEFI80(°C] & Liz, Fig 3. 1. 1 ic—» BEhedEln L oA OIN—F » 755
U THDNETD Y A 5— B TO ~ ) F LOBESHERT, N-—F  FHIBEER» SR
FEO R F Y MM S NEE RN GHERL TWS, THRX-—F U 7EfT-tbT5L571
SN=FRO P FILZEEHRL T ETFREING, L - THRERICALRBETRREN S
DR F LR CGHMELANAVLT) BRTEXLESEFENE, 7220 ZITOFMmES A
N HIRAD IR L THTL BHHEETH O, EMEFIARESBETHELTHS Y
FrI MFEZ TN,

BE

N—F L EERIBC] &L, Fig 3. 1 2ic—» HiEkuEen LB, N—F 7250
71 8®B&EFT AR TOFHE-—B(SUS) hTD + I F 7 LOBESHELRT., 7T AMON—-F 2 7
X O ERED b F 7 LEERFI050 HERLTO S, JORETHHERICAD, ERfi
BOBIECEINSE ERENSD b ) F 7 LEBERIIHL 5X 1072 [Ci/m?/day] & TSNS,
T—<—M

R—F v 7%THET ST 74 bgrain OREEO bV F7 L3MHENSH, AWMO LY F7
LRIEEAEBEHLLL, XN—F 2 7EEE2B0[T] ELTLZS7 74/ bhicESn/ibY F
A Ny M= EAEEELRY, L THRERRCRED S B I N5 &ITRR
TELIENIVETHINE, T—v—OHGROLARIMIMNEL TS FTF 2L (GT,)
PRYAELTHHENZBDEHINERELNLASD,
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3.2 HiEETH

| Rt Bick 3, Bk 1 BB XU 1 ARMOAEASH%Table 3.2. 1, L 2IRT, 2O
L b oA SO NOBENBE TOREICE S ZFHETSH 5.
SEMEE R S, Technology phaseT7 5 4 v b E2E{F L1286, PEIEEOZEAREICE ST
WFRB0 WemTH 5, MEERT LV REFTHIL,
HE 7.86 g/cm?
HE 0.64 J/g K
RS 1535°C
HpstEI I,
0. 1W/em®,7(0.64 J/g Kx7.86 g/cm®) =0.02 K/sec
=1718 K/day
H-THRHALE LTI, BELTLES>OT, B LREEEZET 3,

3.3 REESH

3.3. 1 1 ReHATEIC & 2PEIEBROKRERNT

EibE | BB LU 1 BEOEEESHETable 3.3 ISR, JOREI#ESTS o 7Lz
A VETOROMB TOHRKEICEST 2FMETH S, | KEtEOERATIE, 27— & bidiER
BOBRIEREE? Snren/hrE 7 S A A R » FABITHEEL TO 3,

3.3.2  2ARTERIIEIC L BEEZOBERSN
FIRR I AL TAMLIRLAEEDSE L,
© 754427y bOAT, 10" nren/hr, BfIT10ren/h TS5 AA4RA5 w FPOARITEROE
e EIoTh, ARG 4R KRB,
@ FHEKEY 7 R
7 rDIA NG 10%mren/h 750, ITEROBEEEZI-§7oHicid, HicilenET
130emA AR,
&7 FO DD 10%mren/h BIT &8 O EIC~T0cn2 A T~110cm F2E Ol 24
7,
o R CTEEREAM 2 X10%mrem/h(HEE) L7854, HIT~30enB{ETTOmFE L O MRS
RE, |
@ NBIAE—F
PSAFAY 5 bRF 7 MAREER . ~10"mrem/h
ITERODHEEA GG /- 7o hiTid, Bio~105enE A T1T5emd N,
s ISAFRY y MY 7 FAREE - ~10°mren/h
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ITERDE#EA #E7-3 725Hicid, FiIi~0cnET160cmh L Ez,
E— L4 v FENAFER . ~10°nren/h

[TERD BHEZ 7 ¢ fodiTid, BIT~T5em2ET130emd LR,
A F EENEELR - ~10%mrem/h  (EE)
[TERDEHE A -4 iz, 2 TI0en NE,
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3.4 ¥ XIREE

ZCT JETick B SR PIREEAIEERESE, IR TO YR MREBOFREES 5.
2 OFREBICOVLTIREUTOIENEZ SN TV S,

—— ANy YT '

— T=F7

—— T4 RITav

— B #

JET (219864E12H &8z xR L, SHEOHEPAT 4 V57 (BREREE99.9%) 2@ L THEH,S
BREMICESEANLR, LTHE-V YA, BESANEDIRL, £BWHEIC>VLTIRIK
FHEATIC X BERE, BRSOV TEMBESTIC L > TERL TV S,

Table 3.4, | ICEZEAZHNERF00mM?® , 73 Ao oBHERK0m kit 55 X FahisRE
rt, TP =Ry TRTEHEY A MO, FHFEE
(resuspension rate)d 2 X 107°~1 X107 c7e~ 7z, £0fth, FRERELIFICEKT,

« L7 R ATRAER, BHE S, EENFER I um
BB L2AE, ERS R FOSmIEER
CEEEMOERIZG. 1g &Co, Cr, Fe, NiZEOEBOERT SUCH~NI2ERE L,

- £EELIERT (16898 B A OoHEIT AL IO—Va VYR FORERIIEHEG L g -
m=%+ s ' (JET &{kThdng s ), A IXABETI lug -m *+ s "JETTL2H
TO0. 44mg+ s 7' WaET S,

FER D —EEEEATOM? RIS A 23— REMHEE0m?, 31550m?, AL TERH T — < THHO T
&L, | EMoSEEEETORN Y X FORERZLUTOATRE 5,

(B85 A FRER) = (BEER) X (RKEH x (EEFD

HL, REROEESHREEIC OV TEEBEEAETHD, JITR MRERLEEL TR
L7,

RS LT LRSI 129V R, 10000 1 H10[E], ERI000AFELIET 5L, 1 xX10°H
IS5, BE Y R MAS2 BkegilET B,

Y- MTHIENEESFENHL0RC/CarvRYy bETEE, REBR M FUALR
F o TENVEBETHERLTED (THD) /C=0010BEEIRINTVS, 7Y —DXRENS
umETHEHILTVAETEE FUFTLAL R R —iE30.02g /m? ERELONS,

L 52, 8kgD F R MART —< —MEREH S TFHMICREET LT 5L, HIEEEL 8g/n’D
BET7 —o—HMiEERE, S8 umETHISNE I &2/ D, #-T, 7—3—MpO M) FILE
WITHMM Y Mo THREEINB IS, T—o—HOREBIIFIC ) FI7LTRMLT
WBETBHE, SHEHTANID MY FULIZ66.3g12E T 5, (Table 3.4 2)

PIFOHEIZW S EDRENRESENTED, 5HS A FRECBLEITT S ATEEREOE
BEARRBLENRD S,
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SEREEC I, BRABRIERT DAY A P E B,

resuspension rate 2L 1X107 &4 2 &, Fifd25E5.8gTHD, TOPICEENS MY
?ﬁbﬁlmﬂZGXm”m,mmﬂ:m%g%ﬁfl5%%%@%K@ﬁ¥§%ﬁﬁﬂﬁﬂ%@ﬂﬁﬁ
SRR AL DAL, F A MBEET by — (BPAT 4 V5 =) EROT MY ST ARZEUE
BAREL, BT X BHEIEY 2 F O EA~OREA BT 5 480% 5,

SEH

1) Charuau, J., Djerassi: H. :First Experiment on Errosion Dust Measurements in

Tokamaks, 15th SOFT, Utrecht, The Netheriands, September 19-23, 1988
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Table 3.4.1 Dust generation (JET)
IT7R— b4 F TEX AN 7 resuspension
T # Rk £ £ B B £ E B rate
(£ m) () {g) (—)
Co 1.4 4,2%x1077 6.3x10™ 6.6)(1_0'5
Cr 1.0 4.,89x10°° 4.,8x107¢ 1.0x107*
Fe 0.9 4.0x107* 4.9 8.5xXx107°
Ni 0.9 4,1x10°° 2.3 1.8x10°°
ERB(r—FW) 0.8 4.9x107* 7.5 6.5X10°°
C 0.8 107? 91.1 1.1x107¢
Table 3.4.2 Evaluation result of tritium amount
in graphite dust (FER)
190 1000 s/H
10@|/4d
HE o H g & #
1008/ ¥
T 7 &R 1X10°% s
BR#7—< 55— &f 470
& 4 550
# i1 ® XA NX—F 80m
B ¥ X bk
52.8kg
8 e p--§
02 i &£ Ak mH
66.3g (2.4X10*°Bq,6.4X10°Ci)
kU F D LE
5 £ 7 i3 =
5.8¢
B¢ ¥ X bk
BHERMAT AR
7.3pg (2.6X10*%Bq,70Ci)
B kY Fo LR
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3.5 SRERBRHCIKITS +UFTLOBHEMFIXR

ORISR B B ¥ A 3= ], T—<—RUS—ENLD b Y F Y LOREREHT 57
BOFEE LT, FEEAELTARCENSD Y FI L (FRE M FULEGUIAN) K%
(BT BHEEAT 5 Lok » THOROHBIH ANk E, FCEIRRLTVS MY
F o AORHHEREET 2 &I » THHEDERERZ HiEENEL 0N S,

IR, XEAEE LFOMEICLWTRETLAY .

F7- b Y FLIE, FRTRETZ Y2 MCLEEXIN T SO THREERO Y 2 F OBl
BlE B EOEZL Fic>0TEBELI,

BERTELE L TIRIROFEENR EFE AT,

G A 2N FR e BEAEMRL  FHEEH, 7 VAT L SHEOY

P g e HLAATE A

BB s 25 L 24
U F o ARG RS, BHRRO IS BEAFTLLTE LD SN,
(1) PEEEA 5

2 SRR DR A  A B EER R OB EA M & IR 2R EE T 5, T DB
BETRER DM SRE XN S E T B, BEREOEELE, B IR
S EEREOREREIC L TRE LT, MU F A OEEEZR S A TICREE T T E
WA AL RN EL N B, TR —FHATREHTFECIOMEERETS 28, #
JIEIE LTS HAHENEZ SN, TIN5 IALOFEQREDELHN I B,

MEOZE R, HEWEZOLOOEE, MEABOKRICKZEE, MERK  BEOR
E OBLZVRTNII—F 4 v IDAHOS A LT —RK Y I—T 1 T DE D IERELIEIC
LAMEIETHY, MEIMEERLELD LTEHDTH S,

(2) WENETR
OREH, KUz b RVESEIRIRE, (RS, RIS ﬂ%QﬁEb%Kbﬂ5

FEyA#PEL TTable 3.5, 1ICE &5,

Seien 1 FENA MR ICA S T E L TEDAR VB Hike LTEMRAEILED
ha, Lbbkﬁﬁwﬁﬁﬁﬂﬁmmﬁﬁtﬁbofbi5®?ME&%%%E%&%?%@
5, DI EOFEENOHER EEEELIRITEET S,

PO AT TRIT 3 5ED D bRERAOETIC L 2 HiER, TOWEICL O AEEORE
IEEA U OREEE A (ED OBV EEZ SN EHREDEMRRVAEO LS ILEZ S
NaR, HETEOHROAE XDV TRERF— I Z L0, MHOEEC LS HELMH
DRIR L L TARORETH 5.
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Table 3.5.1 Acceleration of tritium sweeping or fixation

Pk OET BEREOEE FEICE AHHEE, ERIC U THREETH]
AA —TH Ak BRI R
W & AU (e
MEEEZZ L HEHOEE
MR O AT
PARHERR - FEE DA
Eooa—T4 7

saHFI TR REDS
i 2RI ES
{epR
AR

LIF, #¥Ho k5 M) F 0 ABEENERT.

1) b U F 7 LEEHE

Table 3.5. 2iHEhD b ) F ¥ ADIER, HRE, BISEE, XKEHFESFOAERER
EABRL TR, CITEIA~VARRUPIOEEB EVIA~IE (PdR<) 28, RU7
57 54 MooLWTHE L, W bIENR U OERILEE FR & & BICRIFIT

| BRI OWTIH T A~VARERUPM, 75774 PARECHERGITEOICHLT

WA~W(M%< ) SR HET S, BIEIREEEAEREEION LT EESENE
MU FY LI EES NS,

2) BELEMEOKEIEIRE ORI

Fig. 3.5. 1, Fig 3.5. 2 K BESBMEOKELHEROBERERERS, T FIcHE
NS Y FENELIENDNS,

3) 2BIOKELHOEE LA VF - S AHERAEES LORER
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Table 3.8.2 Maintenance data of divertor plate
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Table 3.8.3 Maintenance data of the blanket/shield '
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Table 3.8.4 Maintenance data of the lst wall armor tile
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Table 3.8.5 Maintenance data of the periscope

IyE =3vb FHEREZE (1)

A" Yr1-7°

HBRRE -1l HESH

C 7T 3RTIT 4RI avig

A EE -3y | KO 32 A

1., % 4n =34k 2. 7-7-%4»
4. 7737 -y=wb 5. F-MUi%

BE*ATZEESTHRELLR
3. Bm1E

A" UR3-7" ATV EE B

1 @~ % (Scheduled)

REZRE | BEZE.

10%rad/hr (v #8) .

F Ol X TBD.

HEFHE

(LM -rEVEROES]

RS SN A L e

RN I ERE

LA R AN D
EYBRIAEELR

LA YRI-7T R OE

L y=RN I A
PPN R EBL S
KEIVFTIAG b & U ER DS E]
TN ERT S

L YAV 0B HEE Y
RS A LA
DATIRI-TT R AN D
EEABREE AR

.o 1)13—7“E§ﬁ£

L Y-wb 7T R A

¥ -bATAREEL B
EFYEREETHER

N R NS TS SR SR

W o =1 Ul o W N

A Yz1-7" DAVFFVAFH

{EBMP -tEYAROEE]

T, A" VA1-7" W IVFT DY =N A7 &
L5

2., WirEA L., WFIFTEXR

[RFEAVFIAS -PE Y AROE A

1., AVFFASYA )2 BT 3

2. AYRI-TT B VFIOT MM %
B 5

HHEELYH

TS & BVESVIEL IV IRUE &=

L AVFITE R

WHE® &K

L WFFDY MR ERET S

IVFIVARYAIERIL A

e =3 O g W

AvituABE [ | A H

BELTSERBS

1, du-y ( EE& -b7reaski A" Yaa-7"
2.

RwIviro E - |

EETMESHE (KEE -F7IeARA"JR2-7" WMI/7+ O & - #E4)
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Table 3.8.6 Maintenance data of the manipulator accessible
from horizontal maintenance port

IYE -Fh FAARBESR (2) KREF-MIAXI2E 20-%

ARBREE 5 m| /4

ERARS - ROV IR AMBRERAEEAFEK B THEMIC SR

1. %40 -3y 2. 7-v-%4N 3. m1E
4. 7775 -¥-mbM 5. ¥ -} V%

TobT ab-2AVFIVASEE | 1 B /4 (Scheduled)., 347V & &

BELE | ABEREAFRHEK. 10%rad/hr (7 #) . £ O#IETBD,

HRFEE 72T aV-R D AVFIUAFEE

E?%‘%ﬁ&$iﬁﬁﬁ’z*@ﬁtf TBD
kAT 2B B

W73 EHE

ZHE - EERIREETRY
“IREADD __
EXFHREEAR

L 7TmREERE-IAERE
BRI R EAA

SN RERBU S
EHEAEHBE*HZTHK

i WY =

W o -] O W

FUFTUAESTE | AHH

BBEETDHERBR

1. vz¢"ab-23c # % & (TBD)
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Table 3.8.7 Maintenance data of the NBI ion source

IVE -3V NB I (44/E)

AYFIVASE E | Scheduled: 1 B / £

$42° | 2,86m dia. X 1.6m HF#E | 1-2 ton

RARH | FEEIAFERIZIZR. E&

fHEk 1l HEDBRER
-at Neutraliser,front end : 26 aSv/hr(5 years), 40 nSv/hr(10 years)

-at lon source : 1.5 wSv/hr(5 years),2.3 mSv/hr(10 years)

-at Accelerator : 480 nSv/hr(5 years),700 mSv/hr(10 years)

AV3HUAE R 5 18 : # 3z
1. FELE 1. NBIM-AICH UL WAIVIE 2520 T
2. 2EHEHZENMV EHULS =
3. AVIRBHKEN VY 2. NBIFzyN DB 2ICH D77 TIC
4., V-V - RN EFRBEHEIATHRE e R B H
3 3. 2EVIEHITD
S. AXVEAVFI/ARYAI R A 4, Y-REY 2-MICAIVE ER/ A
6. 2EMNTEHITS 5, BBWHEET S
T. BOHRBKEYD 6. HARETEEK
8. BRUMBEEHR 7. ¥ATRICAYY I vy-vEBIERAD
9. {tyFEE¥YVURAICHEHT 8. 2&ENTZMHAULD
10. 2EMVTEMU 2 9, REMHIAEEZEHS

1 1. a0 & 5ybenic £

BHE LT IEREESE

1. Jb-»

K HEATEFVRIL 91V}
REITHZEH
{23Vt

VIV RRER
wh 17173, TEHE

(o1 T3 B 1 S VL B &
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Table 3.8.8 Maintenance data of the NBI source module

I/ -3h NBI (V-X¥y 2-})
2v7FvA E | Scheduled or Unscheduled : 1/ 5~ 1 0 %
¥42° | 4.0m dia, X 16m HEH& | 10 ton
REERMG | FEAYAFHEATERIER. E8&
FEkl HEORBAR
-at Neutraliser,front-end : 26 =Sv/hr(5 years), 40 wSv/hr(10 years)
-at lon source : 1.5 mSv/hr(5 years),2.3 mSv/hr{l10 vears)
~at Accelerator : 460 nSv/hr(5 years),700 nSv/hr(10 years)
AVFFUAFE ME o B HE 3Z
1. &L 1. V=2 z2-FEIV-yCTHAMST
2. 2EEFEN W EHBAL S 2. 2EEZENMW ROBROIME &
3. WHKENVY B
4. wAREY L 3. 2ENMVW HOEZEIETE
5. WWAEY S L. XBBOBRRUBEET B
6. BHARHEEWS 5. WMH R %R
7. XHFRBOBEHHE ERK E. ‘ZEEQI\‘)W'%EEU%
8. 2ENN HOEZI-VEMT B |
9. ZENMW HOBROMERER

10,

FV-yThy$E TY-REy 2-4E %

HBELTLEBBEES

1.

2
3
4.
5

Fy-v

K AEATEIFVAIL vITR)
RETHRERE

V-ATy a-A R EE
b 17175, TRE
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‘Table 3.8.9 Maintenance data of the ECWH

T B VA E C R H{(Cryo-cooled window)
AviryAS B | Scheduled : O.5[EH /%
#42° | 30cn X 10co dia. BEERE | 20 Kg
RELE | AEEI 2 RHELRTERIELK. E8. £ O fETED,
VitV AF E 5 B LA
1, Sy 9O mE O - A7 &M | 1. Wy IEEM
3 2. FETINIIVUYT R EK
2. -t 2740 E WS 3. ¥-vTAvdvE B
3. rzhyiIvy EHAT 4. MM IYOBHEBEOI - AT EHL

4. YN IERSA

LEETIERBE

TBD
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Table 3.8.10 Maintenance data of the faraday shield (LCWH)

e F RS VA I CWH (7777 -y-kt")
AvFFVASAE | Unscheduled : 1 H ) 2 £
$44° | TBD =& | TBD
BMEENLE | FERIA2FEITEZEEK. T OMIKTED,
AVFFVAFEME 5 B # 3z
1. FeEirgk, HRBEREASGD 1. 7737 -9-3 % B A
B % 2., rhzhnmy i R 4T D
2, BHKODN VY 3. HHEZEAMNIYBEL. V-
3. AVFIMAR -POEEI-MN T L E K B EITD
7IVMNTEHEITS 4, By -AEERPMEETEY -

4. BB -AEERBEETY
-MEENEBHICAN, BE
BHOBFERT

L IVNITIYET 7RI -y RO
L AEZHMOYTEE R R B DR

L BRARErEEOAMEY T8
L TPIF Y- E MR

cc <3 @ W

MEBEZERHLIYBR
5.

%

6.

EEy-a7eB#B7IMNTEML

ANk RUEEER

HELTOHERBHRE

1. SEEG7-AE 23 EETELY -

2. 70N -

3. REBREYUNEE
4., b=y

5. ARBELE
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Table 3.8.11

Maintenance data of the cryopump

1y§ -3} VEZE F NV

Av§tvasi E | Scheduled/Unscheduled : 1 H,/ 2 — 5 &

#42° | 3.2m dia. X 3m HFH |5 ton
BB RO | REHESA/ELK, 20C, 1000Sv/hr

A/FHyAFE MR 5 R #6352

1. BEEMNW EHU D

2. 134tR oIy ERT T

3., EBmAMT LI v E OB
BEEXrITT .
4, HENT LTI HOEZE
y-hEBERT B

YT ERBRIVIETCBE TS
U7 EIVFFRKAND
2ENTEBU D

5.
6.
7.
8. IvitE EybEMIC M IE

1, HEZEF U7 2077 -Mlavit
RYFITD

2., 2EMNV7EHIT S

3, EEF Uy EEENIIERKRAND
4., EOBRAIKCY I 2EL

5. ETENA LI s HOEEY-
bR E R

6., EENM LIFAE v O BERE
HoER

7. IR DIV E BE

§., EEN W EHTL

9. 2&EMNTEPHALC S

10, avsrEs(EHT

BB LT 5 ERE AR

TBD
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Maintenance of the divertor plate

Fig. 3.8.1
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MANIPULATOR
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Fig. 3.8.3 Maintenance of the first wall armor tile
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Beundary Concept
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maintenance port

Fig. 3.8.4 Periscope accessible from vertical

Fig. 3.8.5 Periscope accessible from horizontal

maintenance port
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9 Maintenance of the faraday shield (TCWH)

. 3.8.

Fig
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REMOVAL OF CRYOPUMP TO HOT CELL

/— CRYOPUHP
' : CRYOPUMP ON TRANSFER UNIT

DOUBLE DOOR SYSTEM

= CRYOPUHP [N CTU
READY FOR TRANSFER

— CONTAINED
TRANSFER
UNIT (CT)

\~ {SOLATION/REGENERATION VALVE

Fig. 3.8.10 Maintenance of the cryopump
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Fig. 4.1.2 Time dependence of decay heat during loss of coolant accident
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Fig. 4.1.3 Surface temperature of upper and lower divertor
for CASE 1, 2 and 3 during loss of coolant accident

following normal operation
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Fig. 4.1.4 Surface temperature of upper divertor for CASE 4, 5
(with carbon armor material), and 5 (without carbon
armor material) during loss of coolant accident

following conditioning
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Table 4.1.2 Design parameters for FER and ITER
e F E R I TER
B H
BEREREE (n” ) 1187, 5 1648,
HEABEHREE (of) §710. 800
F A=y iRBEH (of) 81. 200.
B Fic#imE (of) 1370 §09.
F/WF—<Ex (m) 20, 20,
F,/ WR—=24%NVES (m) 11, 10.
AN —FEX (m) 18 15.
HEXFREEE X (o) 20. 20.
F/ -W7r—<8%F8 (K/D il 52 156
F/WAR—-2A7INEBER 20. 16 31.2
FARN— g EER 765 5.9
106. 9 34,5

HESRBEHRER

Table %4.1.3 Initial temperature for structures

ro— = F ER ITER 1| ITER 2
W oaE # (K) (K> (K
F/W7—= 1424, 1309 1508.
F/WN—2Z2X%I 367 473, £73.
G AutN—F T62. 1152 101
PR R B 298, 238, 298.
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Table 4.1.4 Results of energy balance estimation

ro—- A % 0] @ @ @ ® ® @
(FER?} vt (k) pibar) vo (Kg) veng 610 weng (M) lest (MI)  ditf (D)
: 350, 0 0 4 312 ST41 134424 6301 1 11413
360, 6 0.6 452,17 10981 131074 7725. 9 9382, 6
370. 1 n.9 643, 1 15871 12834, 10 9283. 9 1500 1
1800 1.3 895, 1 ge4s.} 127000 11004 1687. 0
1960. 0 1.8 1221 4 UL L 12568.3 12951. 9 -383. 7
400 ¢ 2.5 1639, 4 §252.% 124354 15156, 3 -2720.9
4100 33 2163. 9 5704.0 123026 17676 & -5374. 2
120. 0 4 4- 2814, 1 7536, 2 12IEY 7T 20878 ¢ -8408. 3
430, 0 5.7 36184 9836.7 17036. % 23947 5 119107
440, ¢ 7.3 4586, 4 126677 119040 278475  -15043. 3
450, 0 9.3 5758. 8 160476 1177002 323964  -20625. 12
{60, 0 1.7 T161. 0 20380.0 11638.3  3T6%E L -ER055. 8
(ITER1) vi (X) p{bar) vo (Kg) veag (M) weng (M))  Tost (M) difi (MJ)
350, 0 g4 426, 4 10165 31285 % 2810.5 284753
360. 0 0. % §19.9 15039 30718 8 36429 2707 %
0.0 0.9 880, 7 21735 301518 4657.5 254943
380, 0 1.3 1208, 7 3079. 1 295848 5908. 1 23676 T
3900 1. 8 1§72, 8 4269.0  20017.3 TH43.0 15TL
480. 0 2,35 22452 5823. 8 28450, 8 9342 % 191079
410, ¢ 3.1 2963. 5 TRIL T 27383 % 116757 16206 |
§20, ¢ 44 3854, 0 163210 27316. 3 14530, ¢ [2786 8
4300 5.1 4952, 8 13475 6 267488 18025 8 8724 2
440,10 1.3 6281, 2 173487 1618238 TIR4TT O3RN
§50. 0 9.3 7886, 8 221145 256158 IT358. 5 -1T42. 7
§60. 0 T §807. 2 TTRLL Y 25048, 8 33509.3 84518
(ITER2) «t{& pibar) vo (Kg) veng (M1} weng (MI)  Tost (M) diff{M])
350. 0 0.4 {264 1018, 5 286267 2810. 3% 25816, 1
360.0 0.6 §18. % 1503, 9 28058, 7 1642, 9 T8 T
3T0.0 0.9 £80. 7 2LTL 6 IT490 7 46575 228352
380.0 1.3 1226, 7 30791 2608257 5908. 1 2L0IT. 6
130. 0 1.8 1679, 3 42680 283387 T443. 0 18015, 1
400, 0 1.5 2245. 2 5§23 9 5T9L7 4342, 9 PhI48. T
410. 0 3.3 2983, % T80T 252247 L1675 7 135489
420, 0 4 3854, 0 [0320. ¢ 248577 145300 101277
430. ¢ 5.7 4952. 8 F3TLE 240907 180256 BO6S. |
440. 10 1.3 6281, 2 TR T 235207 22007 12760
§50. 0 9.3 T886. 8 211400 229567 27358 % - 4401, &
460. 0 1.7 9807. 2 279113 22380.7  33s00 3 -l1lic. 6
Qv it ZRE¥E (° K)
@P ETER (bar )
@vm: BRIER (k)
@Veng : EE L ZALF— (K]
Qweng : MBEEEIRILF— D
®lost  ERSEEE LI —
+ }-(H})
EEILANLF-@
@ 1 ®-®
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Table 4.1.5 Parameters for the nuclear heating distributions
’ in material

e fHIS x (cm) A (¥/ce) B (&)
(a) 40 TSV b 0.0~55.0 Ho 0.0744

SUS+ A& 55.0~105.0 15.65xH o 0.124

SUS + A& 105.0~240.0 163xH o 0.147
(b)Yl TS vy b 0.0~18.5 Ho 0.0744

SUS+ & 16.5~80.0 2.26xkH o 0.124
(c)® D SUS+ & 0.0~100.0 Ho 0.124

Hot wall

DIVERTOR ARMOR PLATE

<~ Radiation
Pa—

Canvection

g —
N Ny
» :.'>' :i-:j' :. ~ .,: '.i;l_:,__agij DISCHARGED WATER

] n
)

¢&«—— Vaporization
. /T% P S . Kr\% SN ﬂ - Condensation
- | l N
|
F/W ARMOR PLATE F/W BASE METAL PLATE EXHAUST SYSTEM PLATE N Water

Hot wall Cold wall Vapor

Analytical Model

Fig. 4.1.5 Analytical model for energy balance evaluation
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# A - s R EE (m2)

Boa R OE B A A (m?) ]

1 BE==3 FER

4 ITER

F,”,W 7 — = E & (mm)
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g 4 o — £ H X (mm)
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FAow7s —=®BEE(MLK)
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Fig. 4.1.6 Comparison of design parameter between FER and ITER

280

10@+r

BER(MJIIK)

Fig. 4.1.7 Comparison of thermal capacity of structures

between FER and ITER
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1806 -
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Fig. 4.1.8 Coﬁparison of initial temperature of structures
between FER and ITER
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Fig. 4.1.9 Example of energy balance between steam and structures
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LHRF 7 > 7 IR OLOCARET O FIRIRE 1L, 100C, —HRafmL L7,

b) fEMYMEE _
AR L BRI TIORT, 75 v 7y MU TREEEL TR &1,

WHES it % BREE (C) | W H R

1 | SUS316 1,535 0.2

2 C/C composite(CX2002U) 0.8

3 yUrRFY | 3, 387 0.1

4 i 1,084, 5 0.03
5 AT vy b EAL GIELL |

6 AT S vy FFE B98I Li0 1,423 Be; 1, 823

7 | WERT S5 vy b GEEL

MEEL, (TSR (BETH A0 D SETE®E (600~800°C) DEIESVWIETS
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BURER A 1. 525 W/cem/°C
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MEE LTS, ORI, Fig 4. 1.2010R7, 9, SEAREOYHEME L
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a. ~N1Y 1 L(Be) FEMIERE : 800°C i B TEEN
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H.#Cp 2.82 Wsec/g°C

b. Li0 NURE/REEDT— ¥ THRA L BEHER 2)
kER Yy 2.013 g/cm’
LE#4Cp 54 J/g-mole *K arhERE 299°C

=1.807Wsec/¢°C {molecular weight 29.88)
c. mixed pebble bed (Fig. 4. 1.2600 %75 7 & 0 BEG00°COEZREH)
BB A 0.024 Wem/°C (Li,0:25%, Be:75%)
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F(t) : BB BRI ERE (F(0)=1. 0]
B2 WTIE, R X URESRO W R bERIC, REOBIND U TRO 3 &
HOMITHT T -1,
O HEMT )
H(x)=Ho-A-e ™
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FA4s5—%5 §US 0.8 ; ERASUSHEY & L1,
N—A A Z I §US ¢, 333 Fig. 4. 1.25
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Table 4.1.6 Parameters for the decay-heat distributions in material

#HR A" x (cw) A (W/ec) B (#&Kx)

(a)5H VA R AN 3.6~53.5 1.17*H o 0.0461
SUS(0.9~0.96)+7/K  63.5~105.0 89.5xH o 0.0963
SUS(0.7)+ %k 105.0~240.0 9330xHo  0.1405

(b) 3l 737 b 3.5~23.0 1.17*H o 0.0461
SUS(0.95) + K 23.0~40.0 15.1xH o 0.0618
SUSC0. T+ 5k - 40.0~85.0 209+H o 0.1276

(c)® Dt SUS(0.9~0.95)+7K  0.0~100.0 Ho 0.0963

E %) OABFEMA
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Table 4.2.1 Calculation condition of safety evaluation of LOVA
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Table 4.2.2 Ewvaluation result of tritium amount released at LOVA
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Fig. 4.2.19 Test piece of carbon Fig. 4.2.20 Test piece installed

(PD-3305, Hitachi-kasei) in test vessel

Fig. #4.2.21 Test piece at 1000°C
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Fig. 4.2.27 Test piece after dry air
carbon reaction

Fig. 4.2.29 Test piece after air
{moisture 60%) carbon
reaction
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Table 4.5.1 Accident initiating event categorization

content s

%]
E

e
o

—

DN b

Plasna events
Plasma out of control
Plasma out of control (cont’d)

I < |

Vacuum system failures

1 | Pump down of cryostat
— 2 | Coil quench (cont’d)
— 3 | Leed quench (cont’d)
— 4 | Arcing ) {cont’d)
— 5 | Blow off system {cont” d)
— 6 | Pump down of exhaust systenm
— 7 | Failure of isolation of cryosystem for V.V. (cont’d)
— 8 -| Failure of iscolation of cryosystem for NB (cont’d)
— 9 | Failure of isolation of pellet injection system (cont’d)
— 10 | Failure of iscolation of RF system (cont’d)
—11 | Damage of Cryostat vacuum boundary {cont’d)
12 | Damage of V.V. boundary (cont’d)

I

Tritium system failures

Loss of power in fuel gas isotope separation system
Loss of power in fuel gas storage systen

Loss of power in fueling system

Loss of power in tritium processing Voom

e iall

S w G)-C.IGﬁUl#hQ)NF-‘ Ha L DO

Cooling system failures

Stop of circulation pump in shield and blanket cooling system
Stop of circulation pump in upper divertor cooling system
Stoﬁ of circulation pump in lower divertor cooling systenm
Stop of circulation pump in cooling systems for plasma heating
Stop of circulation pump in upper F/¥W cooling system :
Stop of circulation pump in lower F/¥ cooling system

Stop of circulation pump in guard limiter cooling systen

Stop of circulation pump in cooling system for active positien
control coil

Failures of vacuum condition in the V.V. {cont’d)

Loss of power in cooling tower

I

Ty LI

Cryogenic system failures

Lig, ‘N ; pump down _

Heat exchange system down

Lig. He system for leeds pump down
SHE heat exchange system down

SHE pump down :

Decrease of pressure of Liq. He

= %:E:t; Cerer |00 QOO0 HHaHAH |[dadddadgsd<gg (U

[N R oal

Magnet failures
Loss of poloidal field coil current
Loss of toroidal field coil current

(il

I
LSRR

issfiasarfie)

NB/RF system failures

lLoss of power of NB systenm
Loss of power of LHRF system
Loss of power of ICRF system
l.oss of power of ECRF systenm
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5. RAMHIRD BB OB

5.1 FEBO MU F D LD

::TH%H%(T—Vféﬁt)Hﬁiﬁf%N—§ﬁ$®bU%WA@%ﬁ%@%ﬂﬁﬁ

50
MEOMRT, 757 74 MELEI#EbNEN -2 bDTH BN, T ITRIRD 27— 2B
&Lz,

D FBEICTST 74 b« T—T—DWEL XN TVWEES,
@ HRECTITT7A b T—e—PHELNIWTEST, EBEARMICISINTVEE
B
AV TS5 —avaN P FI LD ST 74 PRTOEMPEEIIED TELS, FEH
EEAEBBLEWEEDNE, UL, SFSEHE TH DK TORB KRN &1
5, ZHICHLT, £BthTid, BCKHETORRITNEL, 1T yF—Yarvahic VT
™ LOEERIEH ORI LB RZVEEL S,

5L1 B :

(1) 53X AT F—Yarickd b Fo LEBOFHN
TPERM 2 — Fic &k 0 EElid 5, I— FOEFAAEFig 5. L LIORY, 7, FHENROE A
ST, FHEEDEFAEFiL S L 215 T. IIT, 68, F57 74 MY -2 —&LTA
FUURICHEDARTLWAY—R, 813757 74 FPORVIBETH S, Table 5. L 1IZFHfEIC
SELSHERESTT, Fig.3 L 3737 74 FRAF L L RICHIED SN TORLGED,
R F Y ABBEOBNENETRT, B 1 HATEBRT SIS0 5, Tabled. . 2ITITEREINTOR
TOAF YL REBEOBRAR, 1Ny Y —OFEERERT, ITEROEPVTR LSS
HoTb,

Table 5.1. 813757 74 + & ZF v L AOMEHDTORMHBROUMEZ L1 6DTH 5,
757 7 A FRTREBH T LIS WI &850 5,

Fig. 5.1 1S 57 74 NRANDA VTS5V F— 3 a VIRESOHBEERRLZY , £72. Fig
aL5@&0%&A@@ﬂ%@ﬁ§%k@ﬂﬁbé”o:@20@ﬂ#675774b¢f®bu
Fry g Ry R —DEFEENS (Table 5.1, 4) , 73, Fig.5. 1. 3LICy 57 74 hhd b
U F o LR OEEE LA RT, 5FER--THEEAEBE LI EnhD,

2) FUFILNRBEEICLD AT VL AFDEHR

SR AAPPENDIXN 5. 1. 1iT/Rd, FEM#ERETable 5. 1. 5 B0, MIFLOH ST 77 74
FETOBEBERSKAEN, AF L U ABTOERRIL, (27507 —va vy OBGICHNIHD
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FHFAFRAF g 5. 1. 6125, Table 5. 1. 6 ICElIC LB EYHEERFER T,

Fig.5.1. TicMo, CuhD A » 75 7 — ¥ a YicE3<, HBROBRME(LERT, Table 5, L
TICEHESE R AT, B0y — 2L 0 EENEVLY, EEREUTHD, FEROEIFERIN
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1) D.K Brice et al : Retention and recycling of plasma edge hvdrogen isotopes in C and
TiC : Journal of Nuclear Materials 114 (1983) 277-291

2) M. L Baskes et al : Tritium inventroy and permeation in TFTR : Journal of Nuclear

Materials 128 & 129 (1984) 629-635

— 315 —



JAERI—M 91-—126

APPENDIX 5.1 -1
Tritiem Permeation Driven by the Difference of Gaseus Tritium Concentration

—STAINLESS STEEL

X/S:¢ﬁ/5 ........................................................................
¢ =92.085 % 107exp( — 15900/RT)  rrrreeeeresnermsmienrrrirsssesnssinrrrs s

P :f-SJW/Z.GX LO28  eeree e
: Permeation Rate{Ci/hr)

: Surface Area{m?)

: Flux(Ci »+.a/m® » hr » atm*”?)

- Tritium Gas Concentration(atm)

: Thickness of the Stainless Steel(mm)
: Gas Constant{1.9872cal/mol « K)

: Temperature(K)

: Incident flux(cm-%sec™)

: Molecular weight(g)

- Based on the Yoshida' s egquation

OB =z " 3K > TS 0K

: Assumed Maxwellian Profile
f =5 x10%M=6, T=573
= P=1.1x10"atm .

$=18.0,6=3
X/8-18.0 x ,/T.1x 107/3

=6.3 X 107Ci/hr/m*

=1.5 x 107%Ci/day/m*

=1.5 x 10"¢g/day/m?

—GRAPHITE |
Na =~ DpAC/AL  crrerseeisssmii s
DP :EPDKA/k2 ...........................................................................

Dia = (2/3) BRIT(AM) « 1 roreosssssssssm s

Na :Tritium permeation rate{mol/m® sec)

Dp : Intraparticie effective diffusivity(m®/sec)
C :Tritium Gas Concentration{mol/m*)

¢  :Graphite Thickness{m)

gp  : Porosity(—)

Dxa : Knudsen Diffusivity(m*/sec)

K& : Tortuosity factor(—)
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R :Gas Constant(kg » m? sec *mol 'K')
T : Temperature(K)

M : Molecular weight(kg/mol)

r :Pore radius{m)

r=3 x107% R=8.3144x10° T-=1183, M=¢
= Dga=4.09 x 10°
ep=0.153, k’=4.0 => Dp=1.564x107"*
AC=1.13x 107", Af=—2 x107®
= Na =884 x 107%mol/m’sec
=7.635 X 10°mol/m*day
=4.581 ¥ 10"4g/m2day
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Table 5.1.1 Input parameters used for assessment (first wall: S8)

Material Parameters ITER INTOR phase 2A—1]

Diffusivity L[D= Duexp(—Ed/kT)]

Do (m? /secd 8.6 ><10° 8.8 >10°

Ecd eV 0.61 0.61

a *k eV> —0.085 ~0.0865
Solubility [S=- Soexp(—Es/kT)J

So s atm Y5  7.85><10® 7.85>=10%

E (eV) 0.091 0.091
Sticking Coefficient

< nner « — 2 5 =10 5 >x10°

< outer ¢ = 0 0
Incident Flux

T (m? sec 7 D 5 >10'" 1.25>10%2°

Energy (eV> 200 200
Thickness {(mm) 3 5
Area (mZ ) 1000°? 400
Temperature

Inlet ¢ °C D 300 180

outlet ¢ °C > 180 100

Trapping

Cr (atom%) 1.0 1.0
E . eV 0.85 0.85
S Satom density : _
m< > 8.5 =102% 8.5 ><10%
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— STAINLESS STEEL

Table 5.1.2 Comparison of ITER and INTOR (first wall: SS)

Tritium Permeation Tritium Inventory

Rate (&/day/m< ) (g/m< >
I T ER 8.2 >=107= 1.3
I N TOR 83.75>=107° T.5

— GRAPHITE

Table 5.1.3 Comparison of effective diffusivities

D, (m2 /sec) 1183 K 573 K 4538 K
s s ' — 2.8 <1018 3 ><10°1
C 6.3 <10% 3.8 =10 —

.. DB(C) - De(SS) —>
Atomic tritium will not permeate the graphite armor.

Diffusivity : Dg = D o exp(-E_ /KT) = @

If ETE Ed == Ee_ ET (1.e. SS

Effective Diffusivity - De—Daexp(—ET/kT) 62))
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Table 5.1.6 Input parameters used for assessment (ITER divertor)

Material Parameters M o C u

Diffusivity CD=- Doexp(—Ed/kT)]

Do (m< /sec) 5.85><10% 2.26>< 107

E;d {eV> 0.169 0.304

= eVd> 0 0
Solubility LS—- Soexp(—ES/kT)]

So me atm Y% 5.14 > 10% 5.25> 10%

E _ eV 0.568 0.324
Sticking Coefficient

< inner ¢« = 5 =107 _"

« — D — 0.5

cx
outer

Incident Flux
22

T (m=2 sec 7 D) 1.62>10 —

Energy (eV) 300 —
Thickness {(mm) 1 4
Area m= > — —
Temperature

Inlet C C > 300 300

cutlet C °C D — 180

Trapping data of Mo/Cu are not clear. then 1in
the assessment of this case the effects of the

tritium trapping are not included.
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Plasma First Wall Coolant
Diffusion (Fick's law)
o)
| ey 3
o}
o ® - Thermal Ditfusion (Soret Effect) ®
Impluntcgf: e=—> {(Q¥> 0} Molecule
o~ <= (Q*<0) o
4 .
o |® > Recombingtion
o -+
Recombination ¢ Mobile atoms +-
. )
ol %
/ .
— —l—\ _ O
o e Detrapping
0
Trapped atom O\‘ Trapping ® Tritium
-+ o Deuterium
&> Decay -+ Trapping site

Fig. 5.1.1 Modeled interactions in a structure such as a first wall

fGS | ...firstwall&(Graphite+SS)

200eV T ~~=--> graphite $S (water)
5.x10%% [m™?s71]
width -=> 20 3 (mm]

temp. -> 810 30C 180 [l

S| ...firstwall&(SS)

200eV T ----- > SS (water)
5,x10% [p™2%s71]
width -> 3 [mm ]

temp. —> 3090 180 [°C]

Fig. 5.1.2 First wall
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5.1.3(a) Time dependence of tritium permeation rate
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Fig. 5.1.3(b)

Tritium permeation in graphite
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10‘1 LN I SN B LN e B I N L L L S L L L L M AL S L B AR S E S B SR SR NN BN SRR E |

P{x}vsx
T—C (kT =200eV)
piCi=2.25 gm,’t::n'\:I

(A7

P{x)

108 re oo Lo v Lo gl b sy Loy Lysg Ve b o dinle gl

0 40 80 120 160 200 240 288 320 350 400 4406 480
x(A)

Fig. 5.1.4 Depth profile, P(x), of tritium implanted into carbon
as a function of depth x for a Maxwellian distribution

with characteristic energy, kT, of 200 eVl

10 T v T
SATURATION CONCENTRATION
: vs
— TRITIUM INVENTORY IN GRAPHITE INVERSE TEMPERATURE

1+

T— 573 K N_ /N = 0.29 A o
s c A
T— 1183 K Ns/Nc— 0.013 ;0:1”
S
. zn
NS/NC—F’(Xo) i -t
/
X = 3 H /’\4_00 x 10'4e4050/T
o1+ /
/
Graphite 1s saturated with tritium /
: /
== Ko H ' 001+
HYDROGEN IN GRAPHITE

Graphite 1s not saturated with tritiuam .
Tritlun Inventory : 1 1 1

o} 1 2 3

| 1000/T{X)

[Ny /NgD > (X0 > + [ PGed £ o=t dxdy

Fig. 5.1.5 Relative saturation concentration, Ng/N., versus inverse
temperature. N, is the graphite atomic density. Triangles
are experimental results. Dashed line indicates extrapola-

tion to higher temperatures.z)
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dGMC | ...divertor&(Graphite+lo+Cu)
300eyY T --=--- > graphite Yo Cu (water)
1.62x10%% [n™2s7 %]
width -» 10 1 4 Com]
temp. —-> 910 300 180 [°Cl
diCc | ...divertor&(Mo+Cu)
300eY T ----- > | Ko Cu (water)
1.82x1022 [p~3g71]
width -» i 4 Cmm]
teup. -> 300 180 [°C]

Fig. 5.1.6 Divertor

2.5

divertor (Mo/Cu)

- Tritium permeation rate [x10'2g/day/m2]

2.0—
dMC

sl @i =5x107°
Qo =5x10"

1.0—

0.5—
| |

104 10° 108 107 108
time [sec]

Fig. 5.1.7 Time dependence of tritium permeation rate
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5.2, 1 FHImBEtT €7 VO

AT O MBI TR 2 BODHIET IS 7 74 b T—2—HPTO ) F 7 ADOBEEEZFHA L
#z. 1 -2idLlocal Mixing Mode ! {LM)" TH b, 1D 1 ->FTPERMZ ~ F? IC X B EREIRILETH
B, 757 74 MRTO M) F L ORKERERE) OEMNIOIEEEE AT AL E DR
Mk LIEFITNE L, I TR S XS 757 7 1 bha~NAB LA MY F7 LEEOA]
ETFS v 7ENTEMNEOEL, M F7LBEEBEMLAVICREST 2ETERT 2T 74T
5, 800 L NVEHEEEOBEE L TEBICAXGAIAD S S, /0T o TEN
U I LERNASART S MY FYLARUERESOERIESLE L TOE, JOFHNAEIIES
ICHETELEFND BIKHE, PEHEEAE < 75 0 SN EA R R ID { 12 - fo3B &I i N
SR AERA S D, TPERM I Nz L AHEGTRERINEH D HINTIT~ 7 bDTH S, 77 LIM
WokBFMEL, TPERMICEAHHEEIHL V57 71 POTAHEEBZTROWOT, P FU At
Ry R T — T —EEEECEEIN, TN E TRIGETE LV EF N -
Tz, AFITRY 57 74 bOLGFEEICERHL., 7T—v—HMOWNEH~TF b EaEL TEREL
72 b YT LA ANEONED 25T 7 4 b grain) EECREL TERINE 1RV P =1
TS I L AR L, 1R ETEIS T A FELTHEHES, REESH(C/C), B
REAEZ T, WITOFHEBIZS. 2. 3 HITHIAY 5,

5.9.9 EBRF—5OHE
757 74 FERTO b U 7 LSBT E T AR R B MR TEE L SRS EEN TS
FHHEICLITICE EDHTRT,
(1) LEa——ff
757 54 MPTORERMEOEIICOVWTLE 2 LTWa b0 & LTS Winter”
W Maeller?, HOHEHKY 5OHESH 5,
2) 75774 FEIEEFIE
FEMSAS L TE@MIAEICERE NS EOKEREEFBIC DLW TOER LM 12X 568F
AEERLIZEDE LTWR Wanpler® SOWENSH S, FEMBEEOEELEMHICONVT
M. 1L Baskes™ SICKD R EHTRENT VS, 757 7 4 hOREL 000k~ 300K OFEHT
H/C=0. 01~0, 4R & 15 - T B, |
(3) 7357 74 PPTOHEFES
HAtsumi® Sk 3, 7357 74 Mok BKERAOEE « EEENS 757 74 b
DREDE 58 HEICIIARL 20N H B ZENDbNS
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TEIPTO M) F LA AOEEERITIEEZ A ETAE
A =1/(27a?%) x (V/N)
=1/(2%%7za?) x (kT/P)

ferzl, a~54x107°[m] THFOREE GUEHEEIRTRERM < 2)
k=138 X 1072 J/K] K V= v EHK

T~ 173K T — 2 —MIRREIRE

P b U F LA RS
L7cii- TP & ADBIEIE

P[Pa] 1 x107* 1. 100. (60)

Alm] 12 1.2x1072 1.2x107% (2 x107")

L1 B, & ATHEOanashing SOFHED SZFLA A ADRFEE LT <107 [0 BEEEL
&, BEAFOBRTRALDELS XOHHVNSOLHMTE 5, >E DZEANDILFIL
DRy R E T B, RITS R o R D RO Y5 T 5 A N RIKTOZETUNE I
FEHDeAGTET B &
Dia =(2/3) % (BRT/zM)"® X1
=3.067 ¥ (T/M)°‘5 Xr
=2.7 % 107*[m*/sec]
=L, r~0.2[pm]
T ~ 1173[K]
M= 6
Dp =(ep/k*)Dp
=17.5 % 1075 m?*/sec]
forE L, ep~0.11 7RISR ( EidVamashina S OFEEEH)
K~ 4 ZTEHoREdhE
& AT
X=(Dpt)*® 727U t {LHLEEER
THEZ o dho
t=1.0[sec]DB X=3.9x10"Tm]
=10 seclpiy X=0.12 [m]
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e @ RUFYLBEYR (-]
V:FEEE @)
N : 4FE7e%ih b ) F 7 LJBEE (uCien )
b) Y4 7 ADEE (5.3—2)
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Q2 : AT ORKHTE s ')
AL : AR o DFAR m®es')
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R

HT+HTO ?R_f’s Hy-+T50 (5.3—6)
B8
R

HT - H0 = Hyt HTO (5.3 —17)
8

FERTIE 100 > (T) ~ 0 THEIEhD, EHOHLZHRRIGZ(5 3 4)
R (5.3 7) THAB, [M0) > (To) FHETIKETBEIZBRIGHEICEELTD
ZEDHISRT G, |

dDrg/dt = —2 - dNyr/dt= - 2dNuro/dt= — RiNpz - Nt (5.3—8)
Ry FICHEER e uCi~'es 1)
N, 8 FoLBE (uCin?)

b) BILKS
T2+—é—02 —Ei T20 (5.83-9)
Hr+%ozj§§HTo (5.3 —10)
dNrso/di =Ry Naz - Ny | (5.3 11)
dNuro/dt=Rio+ Nur + Nt (5.3-12)

@ PEEEEREAICLS LY F Y LA RO b Y F I LKERANDE#R

a) KHRUG
(5.3—4), (5.3—7) ROR,, R:%ZR.. ; +SA Ry ; « SAICEZHAZ 5,

deMhﬂde&:%JhySAd%yNT (5.3 —13)

dNgro/dt=R7y - SA - Nur - N (5.3-14
Rig, Rog  BMUREFS O ORIGEE e« uCies ™ es™ on?)
SA CPERME D)

b) BE(LEUE
(5.3—-11>, (5 3—12) DRy, Ri0%ERs. 1, Ruo. s » SAICEXBZ B,
dNrzo/dt =Re,5-SA - Nz - No : (5.3-15
dNgro/dt=Rios+ SA - Nur - Ny (5.3 —16)

& MERETORE - iEH
Bl R X(X=T,0, HT0) DIFEBER T~ DIRE RSy » VER B L H73Sx (ulion?) ZEH
L, &R, HESEEESLE Mes™) ,Fx mes2 &7 5,
dNy/dt= —ExNx - SA/V+F,S, - SA/V (5.3 —17)
dSx/dt=E,Nx « SA/V—FxSx - SA/V (5.3 —-18)

— 333 —



JAERI—M 91—126
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K

ahog+(HT0mg:ﬁé(Hina+afmng | (5.3 —19)
2

dNuro/dt=SA + Ky « Nuso * Spro (5.3 -20)

Ki : MEREREICEEE (° ¢ 2Ci~tes 7' on?)
@ SEENEAOILE
R NORREE X OIEREI T O L S iciddb &N 5, MHRPOMEL, Bt iiBi 5 X
DEEECx. (15 0 £T 5, '

 8Cxa/0t=Dx.- 8*Cxa/0Z% (5.3 —21)
22T, Dyt MBI o X OWEHREL (n? + 577
IR
Cx.(Z5t)=0 (5.3 —22)
HR S |
Cx.4(0, t)=SBx.s - Nx(t) (5.3 -23)
2T, SBxs MR ~DXOBIFE
Cx.a(e0,t)=0 ' (5.3 24
(ONx/3t),= ((Dx.- SAL/V) - (3Cx.s(0, £)/6Z;)) (5.3 —25)

Lﬁ(as—m)ﬁu%@@«mmﬁwﬁﬁmxﬁmﬁﬁﬁmiiofuéﬁmtomrm
BHAEETH LA, a2V 7= FOLS KBBEEVHIEOF - HRRLSTVIEG, B
H#gThsd, F2Tar2V—bOBE, UFORECIVAELZED S,

e vy Y — FHROBEIIEEKFOEIC L - TRE B,
cav sy — MIOHBKOEES—EE L, RMEHOR0E FHih 2 & LEHEREHTDT,0,

HTOE 134 E, Preo, PurollHblT 5 &9 5,

Cx.s(0,t)=(EH H7kBHE) X (Pr0/Puzo) (5.3 —26)
or
(Prro/Przo) (5.3 -27)
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(¢) FHBEFNE
(2 - 1) FEREEREOHE
O ShEhoBEEL
a) T,0&t (Nrp=y1)

EZ}_:_{E(LJ).

SA(J)  &:Q  (1-6)-Q AL
at ‘

v Y + v + v +(Ri+Ry

+Ri(J) - SA(J)+Re(J) - SA(T)) - y1} - w1

_ SA(J) Dyg-SA(J) dCi(0,t) (S
+F(1,1) - v '}'.B“" % . a7 *.-(“\7“}311)
(5.3-28)
2B, a#KmEE - FHOAER
b) HTOZEA(L (Nur=ys)
dy: SA(J)  e-Q (1-€)-Q AL
F—'—{E(Z,J) M V i V + V + V +(R7+R10

+Ra(d) - SAW)) - y1) - yot (- Rt - Ratd) - SAW) )iy

LF - SA\(rJ) gy Do .\s]A(J) _ dcg(g,t) +(%'i-812)
| (5.3-29
By HEHGHE - FHOAEE
¢) LOT(L (Nim=ys)
d—?_—{E(?),J)- SA\E,J) + E{/,Q + (1;) & + %}-Y's
P05y Bl
(5. 3—-30)

%,-- By E7YR s AN—E— FHOAHER

— 335 —



JAERT—M 91-126

d) T.00ZAt (Nreo=1y4)

— vV vV \Y

dd)? ”—{E(AL,J)- SAW)  e@, U0 R, AL}.y4
SA(T)
v

+F(4,1)- cyn+ (Ro+Ris(d) - SA()) - yi -7

. Dyg-SA(J)  dCy(O.t) +(So 'Bu)

7 a7, v
(5.3 —3D)
% By REHIE — KEEOBER
e) HTODZAL (Nuro=ys)
dys | SA(W)  e-Q (1-&)-Q AL
e L AL A v *V}'ys
SA(J 1 1
(5, 1) - AL ,yu+(3-Rl+§-Rn(J)-SA(J))-yl-w
4 (Ro+Ryo+ Rao(d) - SA(T)) - v+ 1+ AK: - SA(T) - vo - vz
Dsy-SA(J) dCs(0,t)  /Se
+ vV T dg *(V'B“’)
(3.3 -32)
%"-. B, IREKEKLE— FEOAER
f) H,00Z1{l (Nmo=ys)
dys SAJ)  £-Q (1-e)-Q AL
W“{E(G’J)' vV v TV e
+F(6,1) - SA\;J) . )ﬁa-r(-% . Beo)
(5.3 -33)

%- By E7 R ZN—E— NEHEOAEE
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g) BrUFYLOENL (Nr=yr)
dy: dy: , dyz , dys  dys

T TAl R TR VT (5.3 =30
@ BERmOREEOE(L
a) T,DREE (Sr=ys)
dys SA() SA(J)
S —F(L0) - Syt BOL ) S (5.3 —35)
b) HTOEEE (Sar=Ys)
d SA(J SA(J
Do w0 B eene,n - 252 (5.3 -30)
¢) O ERE (Sm=yw)
SA(J SA(J
%ﬁﬂszwJ). é)-ym+m&J)- é)'Y3 (5.3-3D
d) T.00EE (Sto=yu)
d . SA(J SA(J
b _ gy B4y m,0) 20, (5.3 -38)
e) HTOWEE (Spro=yiz)
d . SA(J SA
gtlz =—F(5,J) _—\/(T ) ~ v+ E(5, J) - \;J) 4 (5.3 -39
f) H00KEE (Suzo=y13)
A(J
s _ w6, AL e 0 200 .3 -10)

PLEDTROA (5.3 —34) %< ROEMAHEANEETIE, V¥ T 95 FUEC
EOERF v THITELITO, $UFEEOZAERD S, JIT, BIREOTTEREY 1 A
2Ty TOMEERAOTIT .

UL FOHERTEEN S | BHOAOXTHD L TVAY, AI— FTREKR 2EEOEM
ADWE » BEAETXLLOICH T3, Z0EEE, BEXROREROEINI SITE
X2 I &IKE 5,

(2 —2) MERELESHEOHE _
IRIC Ty, BT, HTO, T0D{ LR IC >V TEM T 3 BRI OIERA RO R T F AL Z LT IR
i
O MEAEESARETE
0G(Zp 1) 0*Ci(Z;,t)

;D e, (5.3 74D
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227, i AR (=1 T, 1=2 HI, i=3 T.0, i=4 HI0)
Joo PR ~2
C: ALFHOEE (uli/n’
D : AR (m? /s
ZMEOEE ()
t B ] IS
PHENAE X HBICA ZTHET 5, SEADCFEEEAC, (£=1,m3nEE) L45

K (5.3 4D 2ENLCIOEMTSL

cit—Cr D
At AZ

(Ciqa—2C5+Cyy) (5.8 —-42)

ZIT, n:k %]
IS & LT OFEHRIBREMHZHET 5,

a) RISt Ce(Z,0)=0.0 (5.3 —43)
b) EAEMN Ci(o0,t)=0.0 (5.3 —44)
Ce(0,1)=AS (5.3 ~45)

AS : SHH{CFBOEEE 0o
(=1AREFESB>xN(1))
SHBOAKMEELD, (5. 3-23) £k, R (5.3 —42) RUEMH (5.3 -43),
(5.3 —44) ZFDBATF v TREDEE( G~ KD 5, '
(2 —3) BARNOEZHK
AR (5.3-28) . (5.3-20), (5.3-3D), (5.3—32) AOTRETHEEEM
13,

Dig-SA(J) dGi(O,t)

S <0 (5.3 —46)
. dGi(0,t . .
(53—%m»ﬁ§Tiu®?*@nE§c;@
4iC(01) Ci-Co
0.0 G (5.3 —4T)
kB,

(2 —4) MEEOEIRYL
HES TR B LB AR « BREOH RIS 2V TUTIRT .
@ #wERE D
D=(Dv/\/M;) - EXP(~Ep/KT) | (5.3 —48)
M: : bUFILOEE
Ep : #ETxAF— (V)
K RV UER (58617 x10%V/K)
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Do : IERCEER (m*/s)

T :EEEE (KO
@ isREE S
S=S - EXP(~-Eg/KT) (5.3 —49)

Eg @ rx0F— (V)
So :AREERC (uCi/m® »atm'?)
BRES LD, ME~OBRERI T TERIETES 5,

ASpe=Sr2 /P12 (5. 3 —50)
ASyr=Sur*/Pur (5.3 =51}

IIT, Pro, PurldTe, NTOSBHETH O FTHET 5,
Pro=(22.4/10°) - (N/2.895 X 10'°)
Prr=1(22.4/10%) - (Nyr/2.895 x 10%)
Nz, Nar : SAHPOT, HTORE (uCi/m’)
DT 7 ) — OE, T.0EH0DAEREZEST S, a2 — MEIOKOE/KERLL
TORTERDIND, '
S=5¢-p0 |
p VI —rOEE (kg-n?)
S kDEKE (-]
To0, HTOWZ M EIC I L THET 5 & 5,

o 6.032 g Prag - o
ASTz()—S m x9.6x10°- PH20 ([]_ 3 32)
_ 6.032 o Puro _

T 2T, Proo, Prro MU Pmold TR THET 5,
22.4 Nrag

Pro= g 5osax 108 AT
224 NiTo
Puro= < * 5ag5a x 100 (21
99.4
PHzoz—iOT'NHzo {atm)
(3) EBHF—¥
(3 —1) sfaRInEEER R, Ry
05 #

Yang, Gevantman (52— 714C;/ m®*)
dNHTo/dt:42 x IO_I\GNTZ . N
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Smith, Gevantman (460 —830C;/m®)
dNgro/dt=3.6 X 107Ny - N
(3—2) BYLSUCHBER e, Ric
Casletto, Gevantman, Nash
HHR R SRR (15-830C/m?)
dNpgo/dt=1.72 X 107Ng, - N
Easteriy, Phillips -'
SRRSO, 2201 /n®)
dNroo/dt==2.64 X 107N, - N
(3—3) BEEG PV T LA RAD MY F9 2 KELNDEE
D AR |
AHT IR S BAEIC & » T S0 5 EEbh2H, BREOETHTORNRTORS
FlIRL IS0,
@ B LRIG
Pt%ﬁ‘%ﬁﬁﬁ@ﬁéﬁ%%%ﬁk% Wl ERonhTV5,
RS S (200 /m®, Bes250ni, £ERMR0cn®)
brass dNroo/dt=1.7 x 107Nz - N
steel =1.2 % 1071°
Pt —6.6 X107
(3 —4) BRE CTOREERER
ANLOTSOAK T — FCIRERICL D T 1 v 74 ¥ FOR, BEFRER:, B R B IZ107 4 —
107°m/sDE%E EH A,
(3—-5> E‘bﬁfi@?@[&%ﬁ%}(mo) LSRR A (H,0) & ORI E KRB EFIR DS 595
(3 —6) SEhiiliiirl, AL
SUSIcxt L TIREITOETRET %,
D=(Do/y/Mr) - EXP(~ Ep/KT) (m?-s™)
Mr :3.016
Do :2.15%107°
K FEAY 7 UEE(=8.61Tx107eVK™)
T EEREE (K)k
S=5p+ EXP(Es/KT)
Eg : AT LF—(0.094eV)
So FEARSER (=1, 01X 10%°aton cnatm™'7?)
avy ) —Moxtl, DEAYTy PLTHLBY,
D=1.4%10"" (m?/s}
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HEPICEERERTAEND SBEIN TV S,

(1) kU FT LR, EEEER

@D HERFOER]”

ZF L ABIZRE (NEFRE0. 680°) PIC kU F U LR Et, BKREBRSETHIT

o LAEBRELEAS, BEAD L FULOEBEOELEZRHEL TS,

2F L ABEREGS 200°CICNEL B E L, EEOBAD 2 r—AICSLTHEEL T

W, I DT, ASEETD - FORIEE VWA EKT, ZBROBSOEBRRICEE LI,

Fig. 5.3. 142 kU 5 LEEE(LART, FeIWIH b U F 7 AOLFRZIENTT, InCi(3.7

X107Bg), BpEBiOREEREIZ18.04/minTH 5, KB, MHIBAGHER < IZHEIIL, Ih
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W23, BELIC & DHTOOVER T 5. HTODHE, A7 L ZRET CORMESED 7

¥, WMICh~NEEEE NS E->T05,

@ ANLOERF® |

ANLTIZT—S0AK T — R85 A — 9 5 EDBT2DICN Y F A7 =D F Y Fo0 L, BE

EEERAIT- 72, AR 050 OERMIC U FULERET A, M) FILTAOKRHE

i, To#50 uCiTh b, BERADERFRIZ~ L1410 /sTH B, LERELTD MY

F 7 LRERNRIL08. 1% TH B,

Table 5.3. | ICEBEREZRT,
(2) JFEA MY F U LB T — FEERBEDOLE

RO Fr ABERET O — Ko\, HEADHE, Kl BRRiRE BREE, FIFU
LIRS, ERAERY MLOFNENORRENCGHE 2, ERAETEAT 5 HRIGH
B, M CRUCHEER, MREE~NORREREEETable 5.3, 2ICE LT

Fig. 5. 3. 1 (GBI AYOERE LTEFRLARKT S, M) 7Y LABRAERY, ~VFY
LOBEADMREHC TET VY, FFTEEORENCT O LY | B TOERERVT2 M) F
v LB N UHTOEE & LA — VHNC I E S HRE S I —H L TV 5,

Fig. 5.3. 24213, ALOERM| & EEE & BT 5, BBERI0'H & TIBERELFTEER
BL—HLTWE, LixXI0HLSERELHEESIF#LTHS, M FTAK HT0, T0
DBELOEEMEH, THOBIRE, BECLZFPOBHENCI D EREICETE2NY T
LOBEEORDH | X 10 FLIBTEL 55 &EA, Ty, HTO b U F 7 LK~OEHSUNEEER
A EHEREED 10 5107 n » wCitesTHE, NFTA=FRY T4 —EEMLI, ZORE,
1 X107 m uCi~tes ' OIFEEME & I EIF—F L fo, WRUDEREER AL > TRE-TL S
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MOV TIE, A THE O » T, BERSEREAH S, NS A-FAF T 1~
FOKHDT WS, A%, bIFILOEE, ) FYLONMER, BEAOCERE, &BE KRUHE
HOHENRZ L BVER, Tbh, KRERLEREE ST + v/ —NTORELTHRICK
D, FAINHEERTEEE), ZHALHIZLILNEELELS,

5.3.3 NRIA—FRIT 4

(1) FYFILBRERORE
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XL, BESHCHERE, BRAROEESELELEEBAISLTHENS,

B SR TOERIL, 4. 3 TEXTVWADT, I TRAAEHME, #BAKEELLE
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1) #EREIEEOFEZEA P F 7 LEEELL

20gD b Y F 7 LAMFEICHH L, 2 X 10H(24].5H) BICBRKHRVELE LSS, BERE
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BEFTERLTOLION b,
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Table 5.3.1 Tritium concentration change after release
(Experimental Results of ANL)

EXPERIMENTAL DATA EXPERIMENTAL DATA
TIHE N EXPERIRENTAL TIHE H EXPERIHENTAL
SECONDS  HICRO Cl/hvel SECOMOS  MICRO CI/Hsw3
0.0 1,10000000C €3 2.250000 €3 4.330000000 02
3.000000 01 1.050000000 €3 2.50000D 03 4.902000000 02
$.0000200 01 1.000000000 03 2.750000 03 3.4650000000 D2
9.000000 0% 9.900000000 02 3.000000 03-3,300000000 02
1,200000 02 9.810005000 02 3,250000 03 3.000000000 02
1.500000 02 $.750000000 €2 3.500000 23 2.750000000 02
1,800000 02 9.650000000 02 3.750000 03 2.5000Q00000 G2
2.100000 02 §.500000000 02 §,000000 03 2.290000000 02
2.400000 02 9.4000C0000 02 4,250000 93 2.0%0000000 "C2
2.70000D 02 $.3C0000000 02 4.500000 03 1,500000800 02
J.oocooon 02 9.200000800 02 §,750000 03 1,7000006000 02
3.360000 02 9.1000060000 02 5.000000 03 1.550000000 02
J.600000 02 §.000000000 02 5.,250000 03 1.45¢000000 02
l.500000 02 8.%00000000 02 5.500000 03 1.300000000 €2
4.20000D0 02 5.300000000 02 5.750000 03 1.200000000 C2
4,5000600 02 &.720000000 02 6.000000 03 1.100000000 02
4.300000 02 B.6100C00000 D2 £.250000 03 1.000000000 02
5.100000 .02 3.5000000C0 02 4.500000 £3 9.200000000 0O
5.400000 02 &.410000000 02 §,750000 €3 3.300000000 01
5.700000 02 &.350000000 02 7.000000 €3 7.550000000 D1
6.,000000 02 8.250000000 02 7.250000 3 7.00000000C0 01
6.300000 02 &.150000000 02 7.50C000 03 6.400000000 &%
6.600000 02 3.1310000000.02 7.75000C.03 5.900000080 G1
4.900000 02 3.00000000D 02 8.0508600 03 5,350000000 01
7.208000 02 7.910000000 02 8,250000 03 &,9500C0000 01
7.500000 02 7.850000000 02 2.500000 03 4.550000000 01
7.800000 02 7.7506000000 02 §.750000 €3 4.150000000 01
3.100000 02 7.650000000 02 $.00000C 03 3.800000000 01
8.400000 .02 7.550000000 02 9.250000 03 3.550000000 01
3.700000 Q2 7.490000000 &2 $.500000 03 3,250000000 01
§.000000 02 7.3560000Q00 02 §.750000 03 3.00000000D 01
9.300000 02 7.290000000 02 1.00000D 04 2.820000000 €1
$.600000 02 7.210000000 €2 1.250000 04 1,2%00008000 €1
§.900600 £2 7.110000000 02 1.560Q00 04 7.500000000 0O
1.020000 03 7.03000000C 02 1.750000 04 5.500000000 00,
1.250000 03 6.450000000 G2 2.000000 04 4.500000000 0O
1.500000 03 5.850000000 02 2.250000 04 3.3000C000D GO

1.730000 03 5.280000000 02
2.00000D 03 4.300000000 02

ROOH VOLUME IN CU M = 4.60000030-02
TOTAL TRITIUM RELEASE IN GRAMS = 5.06000000-09
PROCESS EFFICIENCY = $.81000000-31

YOLUMETRIC FLOH RATZ IN CU W/SIC = 1.6670000D-05

SURFACE AREA OF RDOM IN SC M = 7,7C000000-01

— 344 —



JAERI—M 9i—126

Table 5.3.2 Parameters for calculation

{1) Comparisen with Results of Univ. of Tokyeo

b4 B 2] 24
£od % 0. 68m’
BEZEH 5. 28m®
B 3 K AF U AR
BIE—F U A0
BEE. REYE : 2.17%X10 */s, 0. 6889
# B OB 0.0
R FS LADEER. REE HT, 1mCi(3.7X10"Bg)
FUFDLAREE-F . B
. £3T ce 3 C g e
IENE SR ERE Y 1xX10 m'uCLe8
NS A—4 AR 1X10 7" p'-pCi™S5”
BERGEEER
REGREY. 1X10 Vws™
REGRE 1X10 *os™

(2) Comparison with Results of ANL

A B A 5
Z ® 0. 046m’
ERTWH 0. 77m?
B 1 X AF L AE
BXT—F A oW
BREE. BREDE 1.687X10 "’/s, 0. 981
w A 0. 0
PUFTLOLLER. BEE T,, 5. 06x10 "g (50uCi)
INEE T | oy
[ - -
kriles
EEMUE 1)(10"“..,1;(10-5', Y.uc g
RERRGEEEHR . w s
S4meH -
AP S IX10 "n-pCi s
K Ml ERE R me el
o 15 & IX10 ~ns”
BREFRY 1%X10 % as”
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Table 5.3.3 Calculation condition for FER

A B A &
¥ = 7B H 100000m
g x H ® 13000t
& # " zi—yuza:-:-}r:ya‘(lgé 5 m)
= B Y442 )WE—FK
Bm O B Q=3000nd/h Q,=500ni/h AL=500m/h
e » W 7y A AN—-T—F
B o& B Q=>5100rd/h AL=5100m/h
B RE RO

T.2 0 g XFE KRR
T, & & | (F#E)

E—K o % H |
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S HoH |
R1=R1=1X10_"° IIf',qu‘-s'*-
MR EEY
TEHERE
®H M E=1X10"* m-s™

NS A—2%

B ¥ 6 X F=1x10"¢ n‘n's1
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BEEMRE, C (H—FY) BEOBESISOLTHEL 72, Fig 5.4 6 ik, SEEREICH
MIREEED LRV EB UL ER LRSS T, BEMBEEZFMT 5, Table 5.4 1 340k
hD ORISR IR T 2B E, Table 5.4 2@+ Mo v 100FERICRET HBE
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¥, Tbb,

G=8xHxF x (%) (5.4-1)
+£2, Fid, Fig 5410058 &I b —I RFREEH, S L) 1K - Ths {8 5k
BT S, REEA LA TRUIOPETEAR E OHFETH S, FIZE, AREREOYE
G’ &

G’ =(20x0.7+58 x0.8)x4.4x 2 x0.8x 8

A A

L [

S SUS/H.OH. S SUS/M.O, @& LT F o (ER

=342, 0(t) (5.4-2)

WA,

Wiz, B vy P R I0FICRET AERENESL NS LRED THRET2Ee0 5
LEASA RS S, K3 LEOEREIL2000THD, SUSERIETSE, LEHIIEA, ERICIIE
A S EIEEN G B 75010 100%FHAT 2 S & BB L L, FEEEN%, T80, 0.3tET
2 &, Table 5.4, 2/ BIEL~UVEEENO K5 LEHIT 4, 944K, &L NVEREHOD T LEE
(266, 4564 L 185,

EE 3
1) K Maki, JABB-JA644(1989)
2) Sato et al., JABI-JA466(1989)

Table 5.4.1 Radwaste produced during the maintenance

(unit : ton)

Inboard _ Outboard
high level | low level j high level | low level
SS 16.2 - 79.1 -
F/V ‘
c - 6.55 - 1.5
55 - 63.3 - 1651.2
Blanket )
C — — _— —_—
S5 - . 342.0 - 1224.1
Shield
C —_ — — ——
Upper Lover
high level | low level | high level | low level
Cu 13.4 - 13.4 -
Divertor c - 3.6 - i.6
ss 839.0 - 522.0 -
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Table 5.4.2 Radwaste produced in the

JAERT—M 61—126

reactor shutdown

(unit ¢ ton)

\ high level low level
Inboard
F/u 16.2 6.55
blanket 63.3
shield 342.0
Outboard
F/¥ 79.1 31.5
blanket 1651.2
shield 1224.1
Upper divertor 852.4 3.6
Lower divertor 535.4 3.6
Vacuum vessel 6792.9
Toroidal field 7583.0
coil
Poleidal field 2225.1
coil
Total 1483.1 16936.9
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Table 5.4.3 Detailed composition of the candidate steels (wt.%)

Steel Type
Composition
(Wt.%) A B C D E F
B %.0035 8.0034 - - 0.0008 £.0038
C ¢.100 9.293 ¢.188 0.249 0.021 5.060
N 0.0018 ©0.0019 0.0022 0.6234 0.9013 9.0019
Al .01 0.01 2.62 0.01 0.01 .01
5i .17 2.09 9.22 8.20 @.51 9.53
P 0.003. 9.005 0.0218 tr. 2.016 9.028
5 0.002 0.081 0.0801 9.004 0.001 Q.001
Ti ®.005 0.0085 0.205 9.15 @.27 @.23
v ©8.19 0.18 0.29 - - -
Cr 7.52 7.65 12.01 13.57 18.08 14.93
Mn 9.49 0.49 - 9.48 25.71 1.48 1.78
Fe 89.25 89.43 84.66 60.06 61.97 63.91
Ni .05 @.01 8.59 tr. 17.63 16.14
Co 9.005 0.085 0.085 @.083 b.a10 0.010
Nb 0.00007 9.00007 0.000067 0.00005 0.0e0005 @.00085
Mo tr. tr. 1.81 - tr. 2.38
Ta - 0.938 - - - -
W 2.19 1.98 8.51 - - -
In the table, tr. represents trace amount for which @.01Wt.% is assigned.
The values have been supplied by Dr. A. Hishinuma of JAERI. The Co and Nb

content values for steels other than F82H steel are estimated values based
on the measured values for F82H sfeel.

Table 5.4.4 One-dimensional geometrical model of activation
calculation for the inboard shield and super-

conducting magnets of FER

Region name Composition* Quter Materials for which
(Fraction) Radius(cm) activity were
(Thickness) calculated

1. Plasma D-T gas 124.9

2. Scrape-off layer D-T gas 144.9(20)

3. Inboard shield{I) SS{0.95)+Water(0.05) 174.9(39) S5(8.95)

4. Inboard shield(IT) SS(0.70)+Water(0.30) 212.9(38) . SS(@.70)

5. Lead : Pb(1.0) 227.8(14.9)

6. Helium can S5(1.9) 236.4(8.6) SS(1.0)

7. Void - 237.7(1.3)

8. TF coil SS(0.34)+Cu(9.33)

: +Liquid He(0.23) 55(0.34)

+Epoxy(0.10) 276.7{39) +Cu(0.33)

9. Void 278 (1.3)

19.Helium can 55{(1.0) 295.5(17.5)

11.0H coil & Bucking 8S{(8.5) 320.0(24.5)

# S8 stands for a candidate steel.
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Table 5.4.5 Nuclides contributing to long-term activation of 4 steels

Nuclide Half-life Major | Induced activity per unit fusion Major
in years radiation power(Ci/MWt) at 100 years(and activation
generated 1000 years) after operation reaction
with the to produce
decay Reduced HT-9 High Mn S8§8 316 the nuclide
activity steel
Steel:B C D F
14, 5740 g 0.037  0.043 0.459 0.038 ‘*n(n,p)tic
(0.033) (0.038) (0.411) (0.034) c(n,v)tc
53Mn 3.7x106 X 0.0686 0.005 D.604 ?.004 54Fe(n,np)
(0.006) (0.005) (0.004) (0.004)
594 7.5x10% X 0.335 9.45  %%%i(n,2n)
(@.328) {9.25)
60¢, 5.27 R,y 0.007 °%Ni(n,p)
2.030 9.839 @.918 9.968 SQCD(H,Y)
63y; 160 3 0.124 7.15  ©0.128 202 6281 (n,v)
(0.014) (0.396)
93m -
Nb 13.6 Y 0.085 0.463 1.14 £ decay of
(0.004) (0.390) (0.962) Mo
9o 3500 X 0.005  0.515 1.27  9%o(n,v)
(0.004) (@.431) (1.986)
9%yb. 20300 8 ,v 0.005 0.012  *mMo(n,p)
(0.0603) (@.0912)
@.060 0.965 0.043 9.955 93Nb(n,v)
{0.9059) (G.ﬂ64) {0.9043}) (0.054)
e 2.1x10° g, v 0.002  0.206 0.508 %% (n,2n)
{8.002) (0.203) (0.506) 99Mo:B-decay
TOTAL without Co & Nb | 8.178 8.72 0.591 214
‘ {0.049) {1.42) (0.4186) (12.2)
TOTAL with Co & Nb impurities . ©@.268 8.82 0.616 214
' (0.188) (1.48) [(0.458) (12.3)
Values lower than ©0.821 Ci/MWt is omitted from the table. Values in
parenthesis are the induced activity 1000 years after the operation. Values

shown with bold letters are the ones affected by the consideration of Co and

Nb impurities.
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Fig. 5.4.11 Change of specific induced activity in the first wall

of type-B reduced activation steel F82H with Co and Nb

impurities after continuous operation of 1 year at
1 MW/m?
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Fig. 5.4.12 Change of specific induced activity in the first wall
of type-C ferritic steel HI-9 with Co and Nb impurities
after continuous operation of 1 year at 1 MW/ m*
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Fig. 5.4.13 Change of specific induced activity in the first wall
of type-D high Mn steel with Co and Nb impurities
after continuous operation of 1 year at 1 MW/m?
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Fig. 5.4.14 Change of specific induced activity in the first wall
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after continuous operation of 1 year at 1 MW/m?
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Trigger forces and methods

Trigger force

Methed

Temperature increase

Thermal stress and
thermal distortion

Deperssurization

Perssure difference

Rupture of capsule with impurity gas
at definite temperature

Usage of shape memory alloy

Trigger valve of cooling water

Trigger valve using pressure imbalance

o~ HWindow of V.V.

Spring—p

| %\-———Impurity gas
<l
—

/
-

Valve

]
~—Rupture lock

éPipe

Fig. 5.5.1 Rupture valve usedrby depressurization
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Y Pipe

0 ring
To V. V. [ F=—Rupture lock SR
[
ZRthure disk (- Interlock =

________ N
A Pipe

| ‘ . AA’ cross section
Movable septum A

by pressure difference

(a)

Y Pipe

1 Pipe /
Movable septum

by pressure difference

(b)

Fig. 5.5.2 Rupture valve used by pressure difference
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trigger valve
hook lever \_\_#__' ’J/
e C é—{ bellows

!
Y
f:lecmc ———-—>r.:mj h
insulator
V.V. Z limiter

Fig. 5.5.3(a) Movable -limiter
The movable limiter drops down
by the gravity.
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Fig. 5.5.3(b) Movable limiter
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Fig. 5.5.4(b) Dependence of the strength and the stress

on the temperature
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Fig. 5.5.4(c) Inert gas capsule in the carbon tile attachment
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Fig. 5.5.4(d) 1Inert gas capsule in the first wall
made with bare steel
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. -VZ?A%@%@K%#%d%y%ﬁwmﬁituﬁﬁﬁt$bﬁﬁféég
(3) A RN R
s BT 7Y —iEEFEATHS,
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6.1.3 &

(SHEMEEZIdTable 6. 1L LICU AR 7 w TENTVWEF—FR—2%(f - T, BKFELUFR ©
WS DD L AFAIEHOWTRENR, WATHRERRIR, FRREERE ELI5 UiclkE
oV TEFRER TV,

6.1.4 HHIBEDIH
(1) 7—AREUTE AT (74 4 by ) —) Ot

KIS v R TF LOEERDTFTAER T 5 &, HEEFOPRKEILE0BHRNELHTK
X3, ChAmElLT, KEAYETAREBORFTL-T, FIZ&ROTOIL, T—
REERGVS, COFEWEDEOE, B—0ORTH50EELHPFTOTICEHEINTH 515
&THB, FlIERISRT, '

T
= IOT 4 AR —ET— KT
FIHd 5 &
Xs Xz Xs T =X XsXs
=X (X +%X4) Xy
=X 1X3
—
X1 ). ¢
T
h 7 — WA X B EEY L
(k& FREI—TH5)
[ |
)& X3
A+A—A
~NEEHBE
AA=A
A+AB=A
W X #
Ae (A+B) =A
A+ (B«C) =(A+B) « (A+C)
[
o * A+ (B+C)y=(A«B) + (A-C)
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(2) HEREOC AN I OLT
ﬁ%%ﬁxﬁﬁéﬁﬁm,ﬁﬁﬁﬁﬁﬁﬁﬁ?ﬁbén.&%$®?*9&”Z®¢EH,¢
HffiE 5 —7 7 7 ¥ —HLEEIN TS LD HH 5 (WASH-1400),
72, IEEE Std 50004, hRfEs 0 %SEXETO LR, TRENTCESNTNS,
(3) TEHENE M SR L IRl
Kﬁ#é®ﬁﬁ,?Eb%&@$®@60%ﬁ?—ﬁN—z%u$Dﬁiénfwn@,ﬁﬁ
ok D RITHICHEEE AT LT, v AT LOKEERTRUZO AENIHERETE S,
& tr, TS SHIHBERAEO L O BRI Lo, v R T LOMEHETIREEOA
e X AMRITENTRD D 2 & LAlETH 5,
(4) B7 777w OPNT
HBE RSO B ST S TED—>TH 5, HIBEBOHEEY Y A7 LEEOHIEICES &R
L EAOKEESFET 5 HiET, EEOKEERE L, COBBOHEICLD Y AT LR
OB ELHMIERE A LTHE
Ac=p54
ETHL0OTHS, FHLEHL 1~0 0IBEOMBTH S, SPRHINTLLHI I CENT
B, KEFOBLEIIHNICL 2,
(5) HPERDF—FX—RIH>VT
Table 6.1. 1 D& S ICFHFEENCHIEEE F L0 bOREMICEEY, LMLERS, BERA
Msr (GEMEF 4 —EAREREE) KHLTE, ENT-/E2ERHTIHELH D,
(6) BHTFERICBELT
1) AB7—7%
System Design Information
7oy 7iEK, BREFIEE
Operating Schedule
{RFHE, Einick
Failure Rates of Components
Table 6.1. 1 &
Uncertainty data of Component Failure Rates
Table 6.1. 1 &2
2) i D
Fault TreeD{ERK
reliability
Order of importance of components
o A5 LOIERRICRIT T IR SO RE R U EEE O A,
Minimum Cut Set : b v Z7OHERES I TOILENDFALEEAFROMUGE,
(WA —- AT T Mininum Cut Set 13X NXy)
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Table 6.1.1 Data basis reliability/availability analysis

Reference Failure data for components
IEEE Std 500 (1984) Electric parts
- Mechanical Cosponents
MIL - HDBK - 217D Electric parts
NUREG / CR - 1205 Rev.1 Pumps
NUREG / CR - 1363 Rev.l Values
NUREG / CR - 1362 Diesel Generator
NUREG / CR - 1740 Rev.1 Instrumentation and
- Control components
NUREG / CR - 1730 Vessel penetrations
NUREG / CR - 1278 Human Reliability Handbook
¥ASH - 1400
NUREG / CR - 2815Rev.! PSA Procedures Guide
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Input required

o System design
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o Qperating
schedule
o Failure rates

of components

o Uncertainty
data of
© component

failure rates
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START

1

Construction
of
System Fault Tree

3

Qualitative
Evalulation
of the Systenm

]

Quantitative

Evaluation
of the System R&A

J

Evaluation of
Impolance on
Components in
the systen

|

Uncertainty
Analysis of the
Systen R&A

END

Qutput produced

—+Fault Tree

—Minimum Cut Set

-+« Reliability
+ Availability
[ average time \
\ dependent /

— « Order of impolance

of compomentis

— «+ Uncertainty of the
system R&A
{ lower and upper bounds )}

\ expectation value J

Fig. 6.1.1 Flow of system reliability/availability analysis
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6.2 HAMEERFOBRBERVEERORE

HRMOEBFORSEREEREORITE, BEEF—-2E U TTable 6. 1. 106y 77 v
THEFTIRAEL, FIEFELLVEMEREO IV A~-2 v bHE0T, ZOBERREE
WTFALEDRIDNETH D, £H-PMEAGHEE L TL AFTERLIZBDEBZICLLSLN, 6
RO EWEEZ RV VETH S, BRBIIHETRIC X 8T 3IEkOBLamaTicsL
TEHELTVEH FET1E), SRITERCRAVFHLEI N BETRET I L ET 5,
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7. TEROLREMUFFHDOE LD

7.1 FERRLMEHEOEE

AZI1WTHEEE TO FRREHI BV TR L T AREHHRC L TE LD LD TH B,
TR £51 B EREEE RO HARICH T SR, REIEIIC B HIEREREERY, M
NI B R, BRSO AR AHRICE LT, JAERI-M85—178 , JAERI—M86—
134 , JRUJARRI —M8T— 111D#EEA £ &%, & SITIABRI —M88— 251 TOMGTOFE RICT A
CAAMUTBELLOTH B, '

BEEERCE LTI N R LRME, ReERY, K EROBSHE EER, IR
DOHSHESREREONE, MREERICEL TIEIER, MRy LRHR, FERGHEE B
Z P OFEIT X D AAEEIRRE, FHEBICEL TR VAT AD MY F I LS RS R —icR
X FERUEEAO P Y FT LR, RESRL MU FT AL ARENRERELILOT
B2, ik, ARHOHREA TS 2 v CHFTHEIRITTREEE L LTI ITHIF O
OAT g AR L THERETH S,

7.2 TREBEGRHICRITSRSMETME

7.2. 1 FEERE:, O REHRERRES M (JAERL - MB86—134),

Fig.7.2. 11 FERO—ITTATR T FA THE Lo BEBOKMSHREROELMNHERT. 5
ENOEERIZH00mren hr& 1> TH D, HEEHENICTIAS 2 &RHPRIEV, Fig. 7.2
912 FERDACTEAEIC IKTER — 6 AR THE L gt — Bk 0 KE ARG BRI &R
4. WERRILEREED STk 18— TR b=V FERTEEETH 52 tmrem/hrZ _E[B]-»
TVBH, MOAEEICE - THLETHETH .

S I — B O ORGSR MO S AEEER A Table 7.2, 1ITRT,

7.2. 2 HiE#ESE (JAERI—MB6- 134K 8)

BORTERED S & B BT ER S 12 D OFER (W, /o) DT & BERIZLOFHEI L hid,
b —35 OIS TIIR DRAIOBE—BICH W TIEEERIC 3.2x107'W cc, 2~3 HEIC
#12 X1072W,7¢ce, 1 4 ARICIZL 5XI07PW,“ce & 1E B,

JEO FHIc20 T, Fig 7.2 3ICHERONMNEETRT, BT IARFNIRI VT AT
v, BRUSUSINDER R ¥ 43— 7 hie B, BRERFELENS1008%E THT L — Fhicéd b,
6.2X107'W. cclEETH 5.

100 A4 E2EY LV RAF VT <P TREARELD, 1THHKIC 5.5x107'W, ce, 17 H&IC
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4, 2 X 107*W “cc& 75 B, Table 7.2, 21TV 2 VI & QFEEYOPEEET T,

7.2.3  FUFULLAOKEHEME OS54 (JAERI-MB6—13489)

H&iz4u@%t%wﬂ@ﬁﬁ%tﬁw5&%%%%@%%&%10it,mglz5KMﬁ
EILED Y A 23— 57 RO F O T RERIETORSSEO S HERT. FiEL-HRTIE-ET
WBHICcemR RS, AN TRY VP AT T =<~ TH 1500 cc, AT L — b
IAWTHI20CE cck R d, TG, F-BETI0r, *%Fe, TCo, YU RT LT =W,
Ly, 'MW, 7L T T H B,

7.2.4 WHEEEN N FY LREE

FUF LA N R YRR P F Y LR HIREFie 7.2 6~ TIZRT,

TS vy hFAMED 22—, bUFYLRGGRRCEE S ZEEER, EAS S, 1T
B, EARROTFNE O — TRy 7 RO LIREAEICLOBRINTOS I ELEEL, EN
~AORNEIR~0&F 2, ERORKARIZEE L TREHRDRN~3(i/dayTH B, hids
£ 8= —RBENFHAOEB LI N U F T L (800C1/day) TIREL 1 bDTH D, TS5V 7y b T
ZRED 2 — D SBHIRADREEETable 7.2 3ITRTH, FRANORNIE~ 3 Cl/day & Hg
LThEwhmEEI NS,

7.2.5  —URISEIAKISARAERRA (JABRI —M86—134)

R Ay AR S LS — RO —RSEKROBE L URE, BERTOMNSRSEEREEK
Wit OETable 7.2 417, IAHAREOEH O OEREER EEOTEFAELC,
BOREHO, 4en)%Fig 1. 2. 8ITRT,

7.2.6 KOBEHE
FER OF -BESHIRRU Y 4 /3N — 78RO LR Table 7.2, 518 T, BMEMLRURE LT
i, PO, p)'°N, 0, @) MCEELE, MEORIGTEL S I NIKOWTIE, K
AT 1B EEVOTA—FEEBICHEET 5, T CIREBIENTIE LR AR EFRES
A4 » AORSHEEZIR% T LB IS —BEARIRTD0. 130, ¥4/~ FEHRT
0. 017Ci &/,

7.2.7 ZEJOWSHER

FER OFEAGERAEZORE VB4 Table 7.2. 61379, ZOB, |MITFEIZ 0.6 'H, BF
TEEARED 1} 10°m? & L7, MEOEVC, TikowTidis ek 4 » HMliczD
B FRET A, PEEEETOMNEIZESTORRFFELD b HHEVETH 5. FEHEE
OFEV AN, PN, N, 20T, SRR, FRHORE OEBRH TAIARRIILD,
AR EB I AMICRET 5, P ArOPEEEROBERBEATFREL ERl-> TV 50, —H
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BRI I HEVES L5,

7.2.8 WEEBRGEROBSHLE
FER $EPSICIE, KB, WEME L TRERERVAVSh TV S, B8, PR oOHETO

BEHCED, 'C, TEORSERNTEEERT S, UFTR, b—5 2B — L KOk
BERVETHTR I 544X THREBERICOWT, BEHLRORITET- 12,
(1) Heifgedt ,
BEt A Table 7.2 TICRT, BRI, FHEAREIC>VLTIE, Fig 7.2 9 RUFig. 7.2, 10
il iEREEFMEL TEE L, ‘
(9) FHEE
HARED BEL—T7hEBELTED, Zohos Xy MISE—IIBFAshEEEL
72,
ZOBE, HEREIEUTOL ) ICBHTE 5,
AN « Vir

At Vr

N RIS TREEE (n/m?)
t o EERR (sec)
Ve @ HEHERE (m?)
Ve :BAL—T 1 X2 k) (m?)
(3} RET L fo ARG
WABEL D, ARXNDZHREHERMN TR E FOERRIE, ¥R TOLEYTHS,

ol o S S S VR S

i ,
3N ‘ N (p,2n) N 9. 96min,

e YN (o, Py ''C 5730y,
T YN (n, 3T '*C 12. 6vyr,

14C, P TIC> VT, EEETI ST U, R & <, Einh 3, EEsic e LT ARL, &
B bODFEICE ZEFRIZEALL L, —F4, PNIE-OLTRE, FElIrE, ML-7
ERICHESET 5, (JERERRE1000r) |

IIT, MC, TV THEREERIT L.
4) METER

Table 7.2. 8 ICREHERETRT, FARELD, LIFOIENVA L,

EwOEGHME 4 » A& LT, BEEEOIENTVBE&ICR, 'C, ‘TOERDPERE
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i3,
s F—S AW — LR
MC: LOX107%C/m?
YT 9.0%107°Ci m?®
s HTEHRR 7 S ARST
“C: 8.1%1077C/m®
T : 9.1x107°Ci“m®
EWSTWS, -
IR, BAOSHDEETEA VAV A RICEREMICRI L & 5 &, FRRAR
A2.5x10°m* & LT, PEERTEIHERE,
+ P—5 W — L K '
HC o 4.0%x107°Ci/ m®
T : 3.6x107°Ci/m?
c EEHIRR I 94T RS
14C ;. 3.2X107'% 1 m®
T . 3.6x107'CL m?
L1755, |
—F, ERTEDONTVWAIESROHFERE L,
MC 1 x107°Ci m?
T : 2x10°%Ci/m®
Th b,
HE-T, WABEOEBLL, &4 Ny NHEEEEZEZTYH, ERMEHEERYORBE LT
BREEAT5 POl-Tha,

7.2.9 ZOHOHEHYME
TS5 MRS BICEETAEENEL L ToXD LONEL oM,
1) NU UG LREENY Y7 L
B bR Y W LOBERRING 2 &Y )y AthEiE (BHONORIE) Khh b, #E-T, N
Uy AQERICE VIRV AREINTED, ERPON) U7 LREBOFERIE 0.002ng/
m? £ -TWA, NY YT LET I Uy bFRRED 2 —VRISHHEFEBEM & L TERS
nTHhs,
2) NIEHRERAICEHRICERENS,

7.2.10 FERFAAOHER

1Y AAA4 2 v A ARER
Fig. 7. 2. 1AL SEEEEOBE & U THERBIOZEHBREE (R y) 277, HERIC
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HEFTZHETIR TS XvhONRIGIC L - THE UL O TH B, 2T < idhHEFA4RE
FERVEROFLERMT 2 EERETEH0E, KADEABRTIRICRETSLDOLICS
D, CHOOMTHELHRRIL, HOHS100m T2 4R/ y L 28D LTH Y, it
AR AN SA00m OBE#E T & 41E, FERTHITEETH S Soren v (7 2EDIFE SR y)

I HATHIB D —IF EONXTBEEL > TV 4,

2) Ry vy rhoiiiaNS MY FYLIRLABEE,

EEEEENCZ Y v VO SIHINS P F Y AL I BIERBEOHMETH S, IR S
LTid, b UFYLKEROWINC & BP0, SYHERIC X 2 NEMEEE, ) F Y L0560
BN — 78I & ZATERO 3 D0 EER DO TH B, I ITHZOUITHROFEIKR
X1, |k UF T LREGOWAIC L D NEBEEOAEEZ T, FEFERRFIZLEEROE
bhﬁéﬁﬁ%ﬁé*?&tfu%oﬁ%?“&mﬁﬁ%%%®?—9%§%ttﬁ,ﬁ?%ﬂ
SEATTS s, BER—EE L, BTHRTOHEERE N, £/, RF v 70531
100m& L, bV FYLEHEEIFI00LdayE T 5,

Fig. .2 1215, A% v 2 oDACEE#E, MEMIOZERT MY F 7 ABERURERO
%%%mfobU%OA@%E&z&uﬁbbmﬁﬁﬁmmmwmﬁk%2xw9&/mém
L,ﬁﬁ%%:@ﬂﬁ?ﬁkﬁme/y&ﬂéo1)Tﬁﬁbtxﬁ49v4yuiéﬁﬁ$

 Lhbtse, BHBEREFLO S400m e LiBe, HERIK oren/ yLUITTH D,

) HEHSAEOREKE ISV T

MU F L HEHEZER O IR EADHHIC W T ik LOBRICE S3d 2 LELD
%, THGHAEER RS & AR E O IHICHET B EMETERL BUEOUHS SO
BWT, (HESEREE, BB AEE ORI TR OBEEARENED AHFRE
LIFET2REHAEETEbDETE, | £bD, BET 2 THRERERET R CROMES
AL BTRICBNT T8I LW TOSEBENFISGSTICHET HREDI0570
1) &H5, EHLH NESE -OKEH,SHEST AL, Table 7.2. 6 1RIMPCD0.25 (2.5
X 1 10) HEctR B, $7n, NERMTREL BUEONES SO0 LEEELT M1
L. HE o B 2 B ORI R OBRES RENED SR RBELT LT 52 &0
LS H#TH BBEIBVT » » » BEFEOBEROAOER ORI TROBE T RED
EHLAEEELTET2&%d, CONEDTRA, | &b, BETS TEHIRME F
TR2UZHOT 3 » AR LW TEBEIIERSICHET 2BEDCIRD 1 £F5) &b
%o:anﬁbéﬁJﬂE%—mﬁﬁwl/w,WBMMelZB@MWEwl/mK%%T
5,

211 TS

IRERE 3PF T 4 I S OEGHKIA TS 5.
Ng??BHZ=0m®m$ﬁLT@ﬁﬂﬁ%ﬁmfﬁé Hg??MiR=0m®%%¢@%

FTORNBISDITHTH S, Fig 1.2 151 FIRT'S » b ETORNESSTH (Z=0m) THS.

R =100m®O{rE I3 2 Gauss, R =200micH LT 0. 240auss &8> T %,
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Table 7.2. 1 #AELE | RiROWRCERE SR O S AR ER
F1IERZE [.3X¥* res/h
AQelgZEAXE 1.1X1"  renh
A4 i—FRE 3x®* ren/h
TI2EARFTHRE 2.4x0* rea/h

Table 7.2.2 ARERBREOHIREA (EV 2V T8)
(JAERI-H86-133 X )

at 1 day after at 1 veek after
Components reactor shutdown reactor shutdown
(kW) W
Divertor 4.3 3.4
Movable shield 58 40
RF launcher : 3.2 2.2
Test module 1.0 0.7

Table 7.2.3 BEM~D F U F 7 LiEE (JARRI-M 86—134)

s & @ E&7 R EBRF A GBAFA
=2 2—i (L) %)J“)’/(B) T a—)
E184v7557~0ay | 285 Y 295 &)
(Ci day ) { 1607C)
2)
3.62 x1?
( 300°C)
(Ci /day )
&3 (Ci /day ) 7.9 7.3 1.1
( 180°C)
2)
3.6 x¥°
¢ 300°C)
) BRENICSTLE
2) 100z BERETRORE
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Table 7.2. 4  —IRIGHVKAUGMAEIREE & JEIRIISHRATHERIE
GHERE 4 7 HEEie il | BEERk)

JAERI-M 91—126

Loop A Loop B Loop C
BH A E | HEEmE B OE | HEEE | & ¥ HETE
p Ci/mf | p Cisem® pCi/mf | pCi/em* | pCi/mé p Ci/en?
45T} 55E-4 7.1E-3 1.8E-5 1.6E-3 1.5E-6 1.6E-5
468c 1.8E-2 11E+1 7.3E-6 B1E-3 3.1E-6 4.0E-3
4T8¢ 20E-1 80E-0 37E-2 1.1E-2 47E-5 55E-3
B3¢ 25E-1 3.0E+1 4.9K-3 4.2E-2 21E-4 22E-2
47Ca 1.6E-3 22E-1 5.6E-5 23E-4 1.0E-6 1.4E-5
31gj 3.5E-2 - 3.0E-4 - 1.6E-4 -
SICr 7.3E+1 1.0E+4 -1.4E+1 8.1E+2 1.2E-1 1. E+1
52Mn 1.1E-1 1.7E+1 3.7E-3 8.9E-2 7.6E-5 97E-3
_ 54Mn 1L.4E+1 6.8E+3 1.8E+0 1.8E+2 5.9E-3 9.2E-1
56Mn 24E+1 3.1E+3 6.6E-1 1.3E+1 3.8E-2 2.6E+0
“5Fe 5.8E+1 45E+4 3.9K40 29E+3 13E-2 1.6E+1
58 Fe- 1.7E+0 8.9E+2 4.4E-3 3.2E+0 3.5FE-4 3.0E-1
57Co 4.7E+0 3.1E+3 1L.1IE~1 3.9E+0 7.3E-3 2.6E+0
| 8o 57E+0 8.3E+1 6.8E+0 5.9E+1 3.4E+0 50E+1
58Co 1.0E+1 5.8E+3 4.2%-2 99E+0 | 20E-2 4.6E+0
89Co 4.6E-1 1.8E+2 2.0E-1 53E+1 3.3E+0 6.6E+3
61Co 70E-4 8.8E-2 1.5E-5 4.7E-4 1.4E-3 21E-2
3TN 5.6E-5 44E-3 2.8E-7 21E-4 5 E-0 1.2E-8
59N 6.8E+0 20E+2 1.6E+D 4.1E+1 26E-1 57E+40
55N 5.9E-5 1.3E-3 4.2E-5 6.9E-4 1.4E+0 3.9E+1
64Cy 6.9E- 2 1.0E+0 2.1E-2 3.0E-1 28E+3 4.1E+4
670y - - - - 31E-4 47E-3
8570 - - - - 1.0E-2 80E-1
897 » 1.9E-3 4.0E+0 1.9E-3 7.5E-1 1.1E-3 1.9E-2
957y —-95Np| 5.0E-5 8.9E+0 47E-5 1.6E-0 3.0E-5 3.8E-3
977p~9"Nb| 1.1E-3 45E-1 1.0E-3 8.0E-2 6.6E-4 94E=-3
92mNb 1.5E~3 9.2E+1 12E-3 14E+1 8.8E-4 2.6E-2
%2Nb 1.3E-7 3.5E-2 1.3E-7 96E+1 8.0E-8 1.9E-5
%4Nb 1.9E-8 7.6E-3 1.7E-8 1.3E~-4 1.1E-8 2.7E-7
usmcg — - - — 1.9E-5 -
115C4 - - - - 1.6E-5 -
113Gy — - - - 9.3E+0 =
1258n - - - - 1.2E-7 -
T6Ag - - - - 20E-0 -
106mp g — - - - 1.2E~2 -
110mA & - - - - 1.3E-2 -
105Rp - - — - 3.6E-6 -
109 pg - - - - 46E-6 -
198 Ay - - - - 3.7E~-1 -
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Table 7.2.5 Radioactivity of ®N and 14¢ in the coolant
of lst wall and divertor

% o RERFENE He s gt hE |39 € AT
i (Ci/m3/sec) (Ci/m3) (Ci)
16N & 1 EBf 3.5x 106 1.3x 106** r— 7RI
. BE
(ﬁﬁf £ -2 3.5x106%* 3.2%x105%* ”
e = 1 B 3.0x10-9 B2x JO-4*x** 0.13
25 -4 a3 yp-9% ~4 k%%
(5730£ ﬂ'lf £ 30%x10 10x10 0017
x BIELFALEHEE
% HIBIXAFAAS—2ABEEOHRHEE
*xk RSP BREHE=-4 78
) S1BLrIUFAA—258HF0oT7 2L L TUTEER
=18 FA L= 23
A IERERE (7 300 300
PiEF B R () 4 1
#ok & mI) 248 166
Table 7.2. 6 4FEZHOFEMITEE
Concentration In AHOUNT OF
HPC FRODUCTS
NUCLIDE REACTION HALF LIFE ;Tes;jfzégz rooa gf%E*SE PER
(C1/d) (n/a /sec) (ct /4) (C1 day)
Yar Oar (n, 7y Yar axto”! 1.83hr LLiX 108 12 x1078 0. 24
By Bo  (n, vy 0y 7 l3sec 5.7x 102 153 %1078 y.ax10”?
By MN  (n. 20y BN 5.38aln 2.5% 107 5.80 x 107 WLl
e My (o, py e 1% 107 $730y¢ 1.0x100 2oxie it 4.2% 1070
T Hy ¢a, Ty B3¢ ax g8 12.8yr LLEx 10 5.1 x1g713 L1x10”
Ventilation ratio : 0.6/hr Volume of reactor room : 2.,1x10% m?
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Conditions for liquid nitrogen

activation calculation

P Fo- 3 R nZEHIR
= B - F 754487
ok E R ok Z R
88 5% @ e F—5 AR 434w Smi/lEx 24
v B 145w (7544 #07EED
2. kW 157w (TR OP T 50 mm
2 T 157mt HROoEETERERNE)
s Bk MG 5 mm CERE S A
2 DA i RS HE3mm®D /17
%
B & & F-7AAR 217m
s AR 073m
#« T @ 079mt 0017’
«  F@ o79m’
HEEE
. 100 m? 160 m*
& B 5 D (100 hr.} (100 hr.)
mEEXR ~ 804.2kg/m’ _
5 -3 {77 °K) | &
AR Erkd A (025 xoe0-x 20)
+BER 5%
<144 v 1000 b, PIRADEESR) 800 &
F&  205:A

Table 7.2.8 Activation of liquid nitrogen
coolant in the reactor

st & b= 3 K BEHEFRs 54447
B 8 - KRR i & = *
ERBRESE He 3T ue it
= I HUN(pp)HC YN TIHC | VN, e C | "N(n, TYHC
¥ @\ B 5730y 126 y 5730y 126y
£ ® g n*
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Fig. 7.2.8 Dose rate distributions due to corrosion product
around the coolant pipe (Loop A) of FER
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Tritium concentration in the atmospheye (Ci/m?)
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ZoNAD, ZOHRMHLE OICSERORERIINT 2 3CEERIZE L,
BT, UTFOMBEEEOFEEOEBRRROIMEI ST, ¥X MNEELE L TRIEHSE
MHYMOEEXMEE Lz, BB, FRMETIREREIN TOHEYTH S,
— % 0. lmg. m?
H OB 0. 15mg,~m?
BEGE R 50~500mg. m*®
Z LT, FERiZBOWTE, BEMEy X MIE100ghYEARGED (FE250.900m® ) ic—HIicm
BL, YRARELTEELTVWAE L, ZOEE, FZ MEER, 0.4g m*&i3, Zhizd
—MEEHED AETHY, FETHBBREENTH S, $i, MEHIX FOEELTIR, T3X<
LEBET A TS vy MEIBT—< (RAF U UREE) BLUFA NI T L— DI LT R
FUT - EOFELBAOHT L — FEEZ S, Table .3. 2 ~412id, FhENOBOME
HAZ R OB B ARSI RGO S U TR,
(2) AEHERER
BURE 7 R Mo X B AR ERORM X, ERMSHEERE SR EICHERL, BHE30em
D (AE) FEEIRD | enEERE L BISE T Uz, BID, dubiicER0amD/KIREEER, 7
DEDDIEEIMOEZEICL O BEHEETNVERD, 1RSSR & > TH v wRT %
WF—RINE AR, ERiEIL, LD ESBICTable 7.3, 2~ 3 ORBEHESY X METH B E
|7 —<M, 14— DF IV AF T~ RUET L~ hOENFNOFEHGERICHIE
U7 Bt <Ol i 541, ‘
Table 7.3, 4 RUFig 7. 3. 11IC R 100gAFAARIC ¥ X b & L THIT 215 DKZHER
KENS 1 TOH 2RO T2 NF—RINE L | cniFEFEELRISEL RS, ¥, BTG
HEHOR L UTICRPASRS 2 KNG ELUBIRDE L0 TH S, RICTHLML L HITFEL
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P BT, EOY R METHEED 2, 5nren hrEEA T05, FRMBREE L THRER
D0, Img, mPLIF & LIBa, $ 1RV A —F8H7 L — ML TIEEOFHED L7
B, 4 0AF T —<ATEET AT AMIBOTHEREREATHY, 7R POPBILER
HBEMIERDB(IDLETH S,

(3) WiNKEE :

B S R b & B BEROSEM L, RAS B WISEMERIC X IR U, HUHERIEE
EEEOERRO S FORETH S § ren OHEIEEDGEYSELITIZIZ 5~ ICRP Publ-
ication30 WETEZ LN TV AEEERRY ALD OF— %M Tii-7, [, ALIRF Rk
R (B SIEVIREEER R, AMAD) PAKBR T OEYIENERIIOMETE 5, AFMT
i1, THETBEZ LB, MDOEE LTEEMC L I 700 EH -1, i, AUserm
ORI, 7 A MEFEES L TR ERO b0 AR - 7,

Table 7.3. 4 ~ 6123, BAHEY 2 MEE N ARMICE TN S HGHERED ALIHEZAFEN
PEHIDX D E & BITRT

FE0 ALUED SRS RE | CHERCS 2 0 O TR EMREFEEDo(remvear /Ci) 2R/,
ROTIOEAEN—ZIZLT, FEROELEE, FARX—FDF U TAT T -7 L~ Ml
SHEE % | g IR L 1S AOTRRDRBEEHL, Table 7.3 5~ TITRL7. —71, 9
IETEPES | RS, AUty R - OEEEE,

0. 4mg/m*x20 (£,7453) Xx6043=0. 48mg
THD, ZOEICTable T.3. 5~ 7 O FEROMEERT S Z &Ik » THEKIETO THALFNE
BMBARE 5, EEATable 7.3, 8 ROUTFig. 7.3, [21CRd 45, #BRIG/PHRBICH AT IHT
B, *OPBIBERTHS, Lind, BEHHE -BE-TLZORKRBL~INDITH
D, VOETHLREMEY X PIRVVETH LI LERLTVS,

7.3.4 F&¥

FERD A ISIERS O MEE B O UGB RA M L /. FHlTEE, BM6IERREHALA T
Y2 CTHD, PLEE | DR TORAEOEEETIEC L SR TiLOEY TH 2,

A ARIERES % &R 10mrem, hr

| REEZERE ¢ L 2mrem/ hrllF

B, BED4ETHD, —I5, 6 0m EOHROARD THIGTE S0, L2MOBEN LK
HAEET L, HEEFLOSVEVEE, EFGIEOUERITNSROBETH 5,

7o, WSS R Mok 2RI, SR MEEE LT 4ng /0t GEAKE SIS ENE
100gh S REL—HE3 R L 123848) EMEL T, ICRP Publication26d & B0 HEDTIEL 72, 0
R, P ] HEO | BREEIC LT TRLDEER,
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R TR R L E
b4 z h i L BB EAE
{ mrem hr ’ (FERLShis Bren,” y)
23 — BE 5.4 3.2
FANR—F YT AT /T — 13.5 , 2.4
YA NR— BT~ b 5.9 1.6

o EORTHERREI, BUC 1 BROKZICX S 0T, SARRICHANTEOERIN
bing. 7o, JHRFELE | EEBLTLHSD 1 LAESTEL, #-T, SHREEHEY 2 b
REBOTEIEENRE L LTHES,

SEXH

1) “Recommendations of the International Commission on Radiological Protection, [CRP
Publication 26 , Press, Oxford (1977) .

2)  “Limits for Intakes oﬁ Radionuciides by Workers™ , ICRP Publication 30 , Pergmon
Press, Oxford (1980) . ‘

3)  CHASERF (FER) BE&EET" . JAERI—-MB6—134 (1986) .

4)  EmMAeKEESRT (BGEERTRED) - FAREERET -7

JAERI —M87—139 (1987) .

Table 7.3. 1 v—7 AD—RIGETKP D HUEHER BER)

Density in Depeosition on
Isotope the Water the Inner Wall Comment
{pCi/ml) (pCi/cm?)
Sler 7.3+1 1.0 +4
S%Mn 1.4 +1 6.8+3
6Mn 2.4+1 3.1+3
ssFe 5.8+1 4.5+4 EC only
53Fe 1.3+1 8.3+3"
37¢Co 6.2+0 4,7+3
58¢Co 1.3+1 8.4 +3
§0¢co 4.6 -1 1.8 +2
S9N 6.8+0 2.0+2 EC and B+ decay only
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Table 7.3.2 Induced activities in the first wall
(unit: Ci/cm3)

Activity at the cooling time of

Radio T
Isotope 1/2 1 day 1 week 1 month 1 year

43y 322.3 day | 0.0422 0.0416 0.0396 0.020
Sler 3.957 yr. | 4.41 3.80 2.11 4,9x10~%
StMn [ 307.7 ‘day | 0.714 0.704 0.669 0.318
56Mn 2.579 hr | 0.027 <<1 << <<]

55Fe 2.685 yr. | 3.07. 3.06 3.01 2.37
59Fe 43.92 day | 0.0476 0.0433 0.0301 1.65x10™%
57co | 268 day | 2.30 2.27 2.14 0.%09
38co 69.75 day | 2.01 1,90 1.51 0.057
58mg, 9.15 hr | 0.489 9.0%1078 | <<1 <<1

80¢co 5,272 yr. | 0.028 0.028 0.028 0.025
S7Ni 1.5 day | 0.248 0.0155 3.1x1077 | <<1
8%my 60.06 s 0.0106 3.0x1073 | 2,1x107° | <<l

89z 3,268 day | 0.0106 3.0x1073 | 2.1x1079 |<<1
Slmyyp 61,1 day | 8.16x1073 | 7.7x1073 | 5.9x1073 | 1.4x107%
32myy, 10.1 day | 0.0183 0.0121 2.4x1073 | <<l

35N 34.5 day | 0.0117 0.0116 7.7%x1073 | 8.0x10™3
33Mo 2.75 day | 0.556 0.033 5.1x1077 [<<1
S9mTe 6.02 0.584 0.064 9.3x10™3 {7.7x107"
1011¢ 14,3 min | 0.0111 1.6x1073 | 3.7x10™"% {3.1x1073
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Table 7.3.3 Induced activities in the divertor

(unit: Ci/cm)

Activity at the cooling time of
Radio T
Isotope /2 1 day 1 week 1 month 1 year
~Tungsten Armor
181pf 41,85 day 0.027 0.024 0.017 | 7.0x107°
178, 1.820 yr. 0.023 0,023 0.022 0.0i6
18271, - 0.03% 0.037 0.032 | 4.3x107?
18374 5 day 0.129 0.056 | 2.2x1073| <<}
18uTy 8.7 hr. 0.021 |2.1x1077| <<l <<l
18ly  1119,2 day | 22.35 21.59 18.88 2.77
185y 74 day | 70.19 66.4 53.5 2.43
187y 23.85 bhr. | 38.2 0.58 4,6%x1078 | <<l
Copper Plate
60co 5.272 yr. 0.120 0.120 ©.119 0.105
B3ni | 100 yr. 0.036 0.036 0.036 0.036
G4ou | 12,7 hr. | 18.45 7.1x107%) <<1 <<l

Table 7.3.4 External dose equivalent due to
radiative dust exposure

Photen Energy Dose Equivalent
Abscrption at Index due to
Dust Source Cooling 1 cm Depth in dust®*
Time Sphere {(Watt/g/
Numerical Source™) {mrem/hr)
1 Day 2.68 = 10°1 5.40
First Wall 1 Week 2,15 = 107! 4,34
(7.116g/ca®) 1 Month 1,73 x 1o0-1 3.49
1 Year 3.30 x 1072 0.67
0 .52
Tungsten Armor 1 Day 1.80 x 10 ) 13.3
of Divertor 1 Week 3.19 x 10 . 0.24
(19.102g/cm3) 1 Mopth 3.15 x 10 0.024
1 Year 3.29 % 107% 2.5 x 10 3
. 10-1
Copper Plate 1 Day 3.33 x 10 . 5,93
of Divertor 1 Week 1,92 x 10 . 0.34
(8.057g/cm®) 1 Mgnth 1.89 x 10 0.34
1 Year 1.68 = 1072 0.30

N.B, *) Source intensity due to ordinary material density

which is given in the finit column.
**%) Dust density is 100g/FER whole volume i.e. 0. 4mg/m3.
#%%}1 Watt/g = 3.6 x 10!! mrem/hr.
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Table 7.3.3 Internal exposure dose equivalent due to
intake of lg first-wall dust

ALT (Ba) Dy e e aaien tine of
(rem/y/Ci) 1 day 1 week | 1 month| 1 year
43y W 9x108 260" 1.54 1.52 1.45 0.73
Sler Y 7x108 - 260 161 o139 77 0.017
S4Mn W 3x107 6200 622 613 583 277
56Mn W 8x108 230 0.87 <<l <<l <<l
S5Fe W 2x108 930 401 400 394 310
59pe | W 2x107 9300 | 62.2 56.6 39.3 0.216
57¢o Y 2xi07 9300 3010 2970 2800 1190
S8mgo | Y 3x107, 6200 426 0.008! <<l <<l
*8Co Y 2x10° 93 - 26.3 24.8 19.7 0.74
°lCo Y 1x10°6 190,000 748 748 748 668
57N W 1x108 1900 66.2 4,14 | <<l <<l
89my Y (4x108) 460 0.69 0.19 0.001| <<1
89zr W 9x107 2100 3.13 0.89 0.006| <<1
91lmyy Y (6x107) 4500 5.27 4.98 3.81 0.091
J2myp Y (4x107) 4600 11.83 | . 7.82 1.55 | <<i
95%b | Y 4x107 4600 7.56 7.50 4.98 0.052
%Mo Y 5x107 3700 289 17.2 <<l <<
¥9mpe | W 2x107 $300 763 83.6 12.2 1.01
10i1e W 1x1020 19 . 0.03 0.002 0.001]| <<l
overall (7.716g/ce) 6610 5080 4680 2450

Dy (rem/year/Ci) = (5 rem/year)/(ALL x 2.7 x 10~ ¢i)
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intake of lg tungsten armor dust

Internal exposure dose equivalent due to

o IR TG B o e g
1 day 1 week | 1 month| 1 year

1Blyg W 2x107 9300 13.1 11.7 8.3 0.034
17814 Y 3x107 6200 7.5 7.5 7.1 5,2
1827y Y 5x106 37000 75.5 71.7 62.0 8.3
1831y Y 4x107 4600 31 13.5 0.53] <<1
létry Y 2x108 530 1.02| <<1 <<l <<l
181y D 1x10° 150 222 215 188 28
185y D 2x108 930 3420 3230 2600 118
187y D 3x108 620 1240 18.9 | <<l <<l

overall | (19.102g/cm?) - 5,010 {3,570 | 2,870 160

Table 7.3.7,

intake of lg copper plate dust

Internal exposure dose equivalent due to

Radio ALT To Dose Equivalent (rem/y)
Isotope at the cooling time of
1 day 1 week |l mwonth|l year
80co Y 1x108 190000 | 2830 2830 2810 2480
B3n4 W 1x108 1500 8.5 8.5 8.5 8.5
Bloy Y 8x10% 230 | 527 0.20 | <<1 <<l
(8.057g/cu?®) - 3370 2840 2820 2490
1 Bq = 2.7x1071% ci

Do = (5 rem/year)/(ALI x2.7 x10-11 ¢{)

Table 7.3.8 Internal exposure dose equivalent

per 1 hour work in FER

Dust density is O.f4mg/m?

(100g diluted in FER volume 250,900m3).

(unit: rem/y)

Committed Dose-Equivalent
Dust Source at the c¢ocling time of
1 day 1 week ! month 1 year
First Wall 3.17 2,44 2.25 1.18
Tungsten Armor 2.40 1.71 1.38 - 0.77
Copper Plate 1.62 1.36 1.35 1.20
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Table 7.4.1 Tritium release to the enviromment (through 100m stack)

Release in Release to | Design
Operation mode reactor environment |Criteria "Remarks
building _
* Tritium is released
Opera— ) ) * directly to the
N tion <8 Ci/day| <3Ci/day ‘ environment through
O;’:fal 100ci, | HVAC
ration o day | #* Tritium is released
" | Mainte- ) <100Ciday to the environment
~100Ciday ** o
nance 0.042C i/day through the tritium
: clean up system
29 In the evaluation, the
g L
. tritiun clean up system
. 25 .
Accident 22¢g (dose 0.1 Fem | (108) is assumed fot
rem)
to operate.
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Table 7.4.2 Calculational conditions applied to the LOCA
analysis of FER/blanket test section

Items

Value

Blanket type

Components of Breeder

volume ratio of components
Packing fraction of pebbles
Diameter of pebbies

Average y-heating energy
Initial temperature of pekbles

Casge 1

Tube=-in-shell type

Li;0/Be pebbles

25% (Li20): 75% (Be)

70%

1073 m

1.9 x 106 w/m3

1173°K (Base Case, Case 2,3)

253°K

Coolant
Inner/outer diameter of
coglant tube

Position of pipe break

Failure area of pipe break

Base Case

Case 1
Case 2

Case 3
Pressure of leak water

Temperature of leak water

Simulated by solid steel with
infinite heat capacity

0.008m/0.01im

Axial center of the pipe in the
nearest of the first wall

Assume guillotine break of one tube
5.03 x 10-3 m2

de.,
50% of the area in Base Case

10% of the area in Base Case
1.5 MPa

253°K

Purge gas

Pressure

- He flow rate

Initial He gas temperature

wWall

He
G.1 MPa
200m= /hr

1173°K

. Assumed insulated
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Table 7.4.3 Time (seé} to reach the maximum temperature
or melting temperature (°C)

S CASE 2 CASE2—1 | CASE2-2 | CASE2-3 | CASE2-4
<iBRb>

& (W) 1 326.9 4783 326.9 98130 & 98130 ¥

7% (Cu) 2 326.7 4781 326.6 19170 ¥ 19170 B

% (Cu) 3 326.5 4780 3265 19170 19170 %
4 239.7 2398 239.8 243.0 2430

;" 5 1087 1087 1087 1087 1087

z 6 376.9 3781 426.1 4262 426.2

% 7 326.9 327.2 326.9 326.3 326.3

e 8 377.3 378.8 4276 4278 427.8
9 2387 232.2 2323 232.2 2322

IBRYBE W-3387TC, Cu—108457T
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1) IEEE Guide to the Collection and Presentation of Electrical, Electronic Sensing
Component, and Mechanical Equipment Reliability Data for Nuclear Power Generating
Station ; IBEE Std 500 — 1984,

2) Reactor Safety Study-An Assessment of the Accident Risks in U. 8.

Commercial Nuclear Power Plants, WASH-1400, NUREG-75/014 (October 1975).

3) BR, o UEmAKEEEEZ (Of6IEEEGTHES) — <2,

JAERI—M—111 (1987 & 8 H).

* RM: Reactor Month
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Table 7.5.1(1) Initiating events leading to tritium release
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Table 7.5.1(2) 1Initiating events leading to tritium release

—M 91—126

31

38
39.
40.
42.
43

44

46.
47.
48.

TESvh s FFARPEY - UEBHE

BEENRREERD
Ty PFRMEY 2 - MBEERAESAARTHIA

TIVr g b FAMEY 2 - VISHTRFRSEE

NEEBEH

T RRBFRRTE S v 7D

BETABEEFRRA U v a0 SR

WKL 2 BIGL 4 5 B A TR G 7R AR R

BHIZEBRFREREGE <y FRHKFRM

A E S B AR .
T3y P FANET =Y F
N & v SRR

v & EREAERANEERIA

— 483 —



JAERI—M 91—126

Table 7.5.2(1l) Classification of initiating events
by mode of propagation
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Table 7.5.2(2)_ Classification of initiating events
by mode of propagation
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Table 7.5.3 Tritium release by large leak from storage tank (1)
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Table 7.5.4 Tritium release by failure of diluting helium supply system

g R 5 | |MIToARER 5z R &
5 g Ci
Q| MERCEHEBTRIG | B-6 87x | 84x |EMERIEE IESN (87x107g)
BAOFMRTOES | B-T 1073 10! |4 v~y by -DREENE,
HREBRIIEC 5\| B-15 ' '
(wa%iau ) B-16
@ | BIRFUCEWEA, »2 | B9 0.27 258x [ 4) BEEF MDA »y<xvt
RIGBAOFEBLEKD | B-18 10° Y- (0.26g)
Bae ' o) MERECEIES (87X
HABREBIZE 1073 g)
(%isnan) ‘> 4), 0) DAHBKHENG,
@ | ANV -—F-HEER | B-19 (027 2.59x
BRUoEs, 10°
HABRIELRE |k
Ex 3, |

(&2) BrRoOFEtECHLTRERER,

— 486 —



JAERI-M 91—126

Table 7.5.5 Tritium release by rupture of cryogenic distillation column
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Table 7.5.6 Tritium release by failure of cooling system of ZrNi alloy

tritium storage bed
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APPENDIX 7.6 List of Code

1. Calculation for Transient Water Leakage in the FER Blanket Module
{CATWALK)

The limiter divertor plate, first wall, and tritium breeding
blanket are components of fusion devices that require amn active cooling
system. Due to the high heat loads, these components will be cooled by
water system of moderate pressure and low temperature. As a consequence
of these ﬁigh heat loads, coolant interruptive accidents such as the
loss of coolant accident (LOCA)- and loss of flow accident (LOFA) can be
particularly hazardous. In addition to loss of component integrity,
these accidents could propagate to cause failure of other reactor compo-
nents by: inducing a plasma disruption, thermal shock of high temperature
surfaces, overpressurization of the vacuum vessel, thermal interaction
with the vacuum pumps, etc.

The water leakage accident in vacuum vessel induce evaporation of
water, and pressurization due to the heat transfer phenomena between the
surrounding high temperature materials. 1In order to treat this phenomena,
2-phase flow analysis technique is required. On the base of the fast
breeder reactor safety analysis code, mass transfer, energy transfer and
momentum transfer model in RELAP5-MOD1 are modified for accommodation to
FER accident analysis. '

This , code permits to calculate the l-dimensional (x-, r- co-ordinates)
and 2-dimensional (x-y, r-z co-ordinates) water two phase flow analysis
by resolving the equation of energy in solid, the equations of comnserva-
tion of mass, energy and momentum for both liquid and gas (7-equatioms).
Further, the water jet modelling from the damaged part is also included.

The details on basic equations, momentum, energy, momentum transfer
modellings, water jet modelling from the damaged part and data base of

physical properties are shown in JAERI-M85-178.
‘2. Thermal Interaction and Chemical Reaction Analysis Code
(TIARA)

This code was developed on the basis of l-dimensional non-equilibrium

2 phase flow analysis code SOLA-LOOP.
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The three new items, that are, the lithium oxide/water reaction,
heat transfer in structure material and modelling of vacuum condition
are considered.

As numerical calculation method, time integration is performed by
Euler's method. The pressure is not an independent variable but is a
function of density and inner energy, etc.

As for new items, heat transfer correlation equation between high
temperature structural materials and high temperature lithium oxide
pebbles, evaporation rate in vacuum condition and equation of condition

treating the condition under the freezing point are included.

3. Loss of Coolant Accident {after heat) Analysis Code
(DENDHOQ)

This code performs an analysis of the transient heat transfer by
thermal radiation on vacuum vessel including the first wall, divertor
plate, shielding structure, thermal shield for superconducting magnets
and access port where natural convection cooling is expected.

As numerical calculation model, the galerkin finite element method
and 4 points isoparametric element, and as time integration, constant
matrix method and semi-implicit method are adopted. (implicit term-time,

heat transfer, semi-implicit term—thermal radiation)

4, Tritium Permeation and Inventory Analysis Code

(TPERM)

TPERM code treats the transient'behavior for diffusion of hydrogen
isotope in structural materials by one~dimensional flate plate system.
This code includes the folloﬁing models such as

- diffusion model following the Fick's low

- Soret effect

- trapping and detrapping in/from lattice defects

- decay constant of tritium

- recombination on surface
Further, this code performs pararelly the transient thermal calculation
of structural material which permits the accurate estimation of the
results by temperature dependent physical constant.
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5. Activated Corrosion Products Analysis in Primary Coolant

(BALN)

For coolant, corrosion appears to be the dominant pathway for
structural materials to be released from the wall and entrained in
coolant. The deposited corrosion products could actually be released
from the coolant system in the event of a leak or rupture.

The schematic of the calculation model of the dynamics of the
corrosion products in coolant is shown in Fig. 7.6. In this model,
the loop is composed by irradiation field, non-irradiation field and
purification system (coolant prdcessing system).

Activated corrosion products are generally produced by following

three processes.
- Activated piping materials located in irradiation field are
corroded and released in coolant.
The production rate of activated corrosion products is propor-
tional to the multiplication of the release rate of corroded
material by relative activationm. .
- The suspended cladds and ions in coolant are subject to irradia-
tion during passage in irradiation field.
The production rate of activated corrosion products is the"pro~
ducts among the concentration of the suspended cladds and ionms,
coolant inventory and activation rate of suspended materials.
- The cladds once deposited on the surface of pipe in irradiation
field are irradiated and re-released to coolant.
The production rate of re-released activated cladds is proportion-—
al to the re-release rate and the activation of deposited cladds.
The cladds or ions produced as corrosion products according to the
above mentioned processes, are eliminated partially by coolant process-
ing system or deposited partially on the surface of pipe or components.
The calculations are performed with the similar condition supposed from
the BWR case by using mathematical ﬁodel describing above mentioned

corrosgion product behavior.

6. Calculation of the Dose by Tritium Released from the Stack
The dose to the public around a site due to tritium release from
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a fusion reactor are estimated from the atmospheric concentration of
tritium. Calculation of the tritium concentration in normal and acci-
dent around a site is made with the observed meteorological data and the
Gaussian plume diffusion model. The Meteorological Guide for Safety
Analysis of Nuclear Power Reactor is used.

The calculation of the internal dose is made for the intake via
inhalation as form of tritiated water wvapour (HTO). The calculation in
air above the ground of radiocactive materials released continuously are
calculated based on the equation for plain topography under the assump-
tion that the meteofological cbnditions such as wind direction and speed
are constant and that the concentrations are in normal or Gaussian
distribution both horizontally and vertically.

For the dose calculation for accidents, the most severe dispersion
factor (relative concentration) covering the 97% of observed meteoro-
logical data is used to estimate the dose in accidents. The dispersion
factor (x/Q) is calculated for every direction, using hourly meteoro-
logical data and the effective release duration (T) which is defined by

considering the time change of release rate of radicactive material.
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Table 7.8.1 Concept of earthquake proof design in nuclear facilities (1/2)
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Table 7.8.1 Concept of earthquake proof design in nuclear facilities (2/2)

b

F B B K ¥ F

A e O -

B oo B oK O

H
18-9: 87 4 PR ORE Theg 3% O FGE S B |y WO B CHAARKROIERARVEGHILA, BRUCHLDWTREBKINE TS
m§.£w§_ﬁm.ﬁu MY - MK | BB RE — ket —km HRARENDTLENIMN. 1.5 ARULFOBENHLTRETHS
A REMBHAE S Voo ERe % L M|1.3CIME|1.5CiME]1.5CiEE LTS
2 feg As| HMMAMRMM S2 3Ci 1.2f%% B/ 2 Mll1.1CiBlk| 1.4CiRE — REARIEOVTHRARRER LS THERAMER LI0GAL 018571
B — [ 3 1.5Ci |BMEK m 3 m|1.0cipk|1.2cime| — HBLTRETEBEILBMT 3.
c - ci Et A, ; “RARURBHE>LTR, FUE L TYERAR RSO ORIIKTRY %

3 CiiRBEPO—FZOBEIEITIHMMHELHNRK
it Y. BEHORBOETLOHIWE  MHEESL/2

O MHEBAKES?
THhRAELELTOLBM MM TES, RENIEEERY D ZRENE
LT. BAES5AHIVFLVWBRESWIENOBEOS - R e RELT
Wi, ThAHSORMESICHHMORIT. MEORE O T HMESL Ty
ZMBEMHFRAES BB L ERAROBR LY LERLTS? 20T 5. &5
METFHE: LTM658 2082012 LTEEKANTWS, QHTH. =
AW 2AOREDI LS FERLEBOXEVLOTHERMHSMTLN
5.
@ RHAEARKES]
ThiiEIHCATRBROME TS S, AREHICE., BERORESHROM

FrEFONBEEAD XIS IRMEBRVARLAELIVHALOEHRILER

LEMHOSEENELIVWIIEE A SOMEDI B HHLEROKEVLO
FLTS1 RREEOQE,
BRAERCOVWTHAESZRINCE TS, THOPAMK 21T BBRE
OHERHMS2) CHEAEMLEBESNEGTY. TR EREEEES MG
., BESHRRENTOSNAILERAN,. MFOBRIC X TRALER
EESMAISACHEY., BE- BT TH-TLRUEARTFARQOB M IS
ADB IS AMYUOHME D CHERRETALIVWEVIZELERALD,

£ 1) Ci
2) —HMM
3) W

REHOMEMPO—EOE I LB SMERLELEN
.

REFHAL TV AR E — LD (QEBE M iT 4
a:wﬁhcMwwm%ﬁn&ﬁ%ﬂﬂE:mmcav
FRERLELD) EHAE, TOMRBETSHEAR
HUT, FEEAELHEMR LT INN.
BEMFALTOAWHE SRS (BEEMERITS
MedhIZ IV EE BB, KT X b H
L ERBLEONYHMLEAMERLELORIZELE
MASHULORBA) £81AY, TOMBRRETIENC
HUT. B - RROHEASI VR L. BEEHT S
WETLRALES. BE. MESIEL. TORRD
RLEMPICRALEE Y RIET 2 L N2,

HEL. BRAPELEHILBRAKEMACH L TRYLRERHERHL
TWH T EERBT S,

-RBEENOWAIR, ANKODWTRRBEBEARERICE T 3 MR mME
LBOGALKH LT BRIILDWTRASD L /20 KmERIIALT, CH
BANOL/30BXMBEREHLTEREFLARETHILOMAUT A,

-- 505 ~ 506 —




JAERI-M 91—126
1.9 FRITHESREIHER

7.9.1 BHEOHIK

(1 BESSETOEIAS, FTARERCHT 2MERTYA /7 MIOVWTIRIBEALER
BaNTI D -1k, ST 2HEEHER, EAS0E 9 HIKRTAREMERE o
vt TEFHRERCHET IMERTROB LRI VT XM —-OEHTH S,

(2) MITF— 5 OAFIR, EHLT—IHARORFRM 3 4OAT, AEE BWRE KE
M- >\ BoNIh T, E-T, BAEEHZZOLd BENTERL: LD TH S,

(3) EEECEETMERSBHOZRULER, JOASVTROELHRIN, ZRORH
HENTWE, £0H, BACBLTORTFIREROLENE & ORETRERMLA
25055, ' '
* [FFIREHT LM N ERRFE MR ES

7.9.2 MIZERFKOFEHET
(1 ﬁ?ﬁ%%%“@@%%ﬁ®ﬁﬁﬂﬁﬁbto?ﬁbBLﬁ%D%%EC5ﬁéﬁK%5$
FORER IR L LT,
B, KE, mETIR, BEFAREHEEREL, RMCHRIFRORBERHI0 LU
FoEs, KelFHRORRE L TWE, (SHEFEDERLAICENT)
(2} FERHDIIR
1) #EpERy, Hikkr, KAPOSH
2) BEREIR( AHFElODE, FRITERSE, ATERR
3) MERORE (ERSLOMETHET M)
1) WUEMOE, RTBORE &M7EHR

7.9.3 @EOINE
RITT— 7 BREEAE 3 o i HER
c HEF— ¥ AFHEEOMZ A, ESENTERBRHERE SO U EREGR
A

« FEEWI ARS8 ~IRFI4TAE R

1) W77 —%

HADAKFER S HosRIZ LI,
EERNCEEEREOE, MEITHRE, RTEEEEORES

« BRRER IO BA AL, FRYTESR, FRUTEEMEOSKT
L, EEHIC>LTIIEERKOS

« EERIOEREEROBEERE GEIE~F 18

— 507 —



JAERI-M 01—126

2) BT
ERAOLTORNE (HESEE) 1L T, BE, FE>EMOBREEI (B,
ERe, M) cgE, BL, BRITEERT B OB ERIIRA
3) FEBOLEE
EWIc B 2 BTV TE, EAN Yy, F-KTay T, Yy by
L&D i REE TR T,
1) FETHORE &z
- EARIHEOKTE, BER B3 XIE) OFR (HFBE4H | BEE)
s RITIEORE 7R (Vv MEETORIBICOVTD) -
5) F— 708
@) B3 HOI0ERORTT — ¥ DEK
EEETEEISL 1, 927, 8770
FREFRERA ¢ 2, 255, 596E4RT
FeTEESEE - 900, 432, 046km
BL, ERAEADIVEROBEREHRDLSTHE, (BRI HLAEELRY, KK
KROKEIE I GENE)
(b 10EROBHREH S

SRRLH | B | K E K+ ERITHX | AJITS- %
Bt BE 5 (2) 11 ] 4 6 4
= B 8 (5) 5 — 2 4
(& Res 8§ 4) 87 38 47 132
& &t 21 {11) 103 42 55 140

() NREM3ITET 260, ELUIBRITZERS

ok BEH
(c) TR

o BERERE : 1L OX 1070 (fd)

- FHPEIF : 2.6%107° (fa)

« MAF 44107 (RITEREES D) (fe)

T 1, DTOEHEDI S EEHELEIADESE, KPOBRIIEHFHPICREL THEH, &
NoOFTEEIIRER AT LRV EICE - TWA 0, BHER~OEEIILTWEE

A5,

- 508 —



JAERI—-M 91—126

7.9.4 LM
(1) FEH~DOEEER
1) BERERDFHREER (PD

Ad
Pd=N « fd » —Qd XTi
Atd

Atd : BHCREXEEE (7rkd)a

{BL, rodifERRNSOEMT, OWAMICHKETI® 5,

Ad : BEUERERE (b
REFOBEERE (FEHR)
fd : BERERROBHIER A
N . HERITEEOERIBE R
Qd : (DR HEER
Ti : HEEEL FOBEORESEEEE
HEFOEG bERISTHETE 5,
2) MEUpOFREEREE (Po)
PC:ELi XN +AexD (4)

fe Kb FEER mbo)

N ;BB DI LE L
Ac D R AE (k)
L : BUZEREM (km)

D () :fiEmms ¢ knih T 2 BEHR~OREER
3) Atd, AdLOOFEM
(a) Atd
 HREOFEHTF -0 or=10nTHEH
Atd=314kd
(b} Ad:0.025~0.01kd (50~100m®DIEHE)
{c) L :18km, 32km
(2) atEf
1) Rt
REFI46EED L T EFBEHRICT S,
N : 3. 6x10'E 4
Ad : 2 X0.0lkd (i D AHSIEPEERELER
Qd, TiZEEL ( F—=Fhniow)
Pd=2 x107% (BEEEHF)

— 505 —



JAERI—M 91-—126

2) My
N=1.5%10* (~40{&E H)
[Ac=0.01, L=18m D (£) Zk<
Pc=3.8x107" (BEBFEHF)
3) WDERE
MR hE & 450, BEEEDY. BkmD & ZAHILH BlGE,
Pd=2 x 10 M2EIC/2 5, (ZIONDFHd)
Tid&EHs LI olhalids,

— 510 —



JAERI-M 91-—126
| &F

AR AT b, HIATES, BOUEETEREE SRUTE ORI
SEBIFF L) —¥, BRBF Y7 LERD SHEBELE OWMEEEO/ T EERBKL
£7, |

— 511 —



