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A conceptual design for a pilot Accelerator Driven subcritical System (ADS) was developed
as a precursor to a commercial ADS aimed at partitioning and transmutation of minor
actinides. The output of the pilot ADS was set at 200 MW. Based on safety assessment
results, the design incorporates deep subcriticality and safety rods. Core design, accelerator
design, target design, and in-vessel equipment design were performed, clarifying the

specific concept.

Keywords: ADS, Pilot ADS, Safety Assessment, LBE, Core Design, Proton Accelerator,
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Table 1-1 PG ADS//XA 7 v h ADS O FEHE/RT A —H

P4 ADS A m v h ADS

i B — A kL X — i 1.5 GeV/ 20mA 1.0 GeV/ 10 mA
NI 800 MW 200 MW
EN =0.98 =0.95

PR TRU-N MOX/ TRU-N
LBE A O/ CiRzE 300/407 C 300/407 C
FEZE M 250 kg/4F 33 kg/4F

F- B T91, SUS316 T91, SUS316
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K) OFIFIFIRENE « [im ARERE ) DS
NS o EER

HRMERE Sy R A DR FFRE
O A K ERKE MK (PAZ - UPZ) O
R R LIZw 54 % T RetE

(KEIZHL)
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Table 2.3-1 731 2 v ~ ADS & VAHIEBE O g (4/4)

A a -y b ADS [EA O

gnvn HlmndtE & o Ham O RE

OMEEM RS GREF LoORE @) LFlE T0))

JR I & R DB R A DG
@ 5 117 2 DI AR~ D W HIBT | B ik
Wk LU AR 72 & O L LD
728, FRBESR ST RS ORRG AN B

E— ABEAT DG

@RS, M E R, PWAMNEZEIC L 5 &R
7 V=7 TPACIADHRE] ITX3 25U A
7 B

B (~600°C) 7o vk - o B
@i - 7 ) —T R MBI K o
TEHE A DR N AR

A IRE - SRR

@5 /LR FERRIC & D BABRERERERRE | X
JCERIEBERE DL . — KRR T DR
B RFAR A o UM EE TR BE D A B IR
K DB IR B

185 H T A A U
@ i 0k SN T B T
g S A
@1 vt /b B RIHER RO R
B

KANR 2R O BBAE DX
@ [HUIADKERE] DV 27 KO-, I
BIESR ST 1E O RiET B

KFEDAERRE L OERE e LR
O KB FIBEFE O AREMENE : TEAUIAD
FERE] 1Zkt9 D U R 7 MK
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Table 2.4-1 /XA 7 v b ADS %

PRGEHEER (1/2)

HH G *F I 7 Bt
B MO | 1 EIESNTZEHMICESW T4 | 10 BT,
SR Ik RBODDEEELET D,
2. MBSO E O 2 OFFRE | 2. RIS,
LIk DR EE21T 9,
3. BMWMEEH Y AT M-SV | 30 BRI,
TERSFEHEZIT .,
[Filg) ~o | 1. HEEAST XA — X NG A @ | 1 A0, PR RESRE,
JERB 1k AT EHBEHEEAT S L L | B — LB, ISR OB
HIT, BFE— Lzl LR | ARG E. ek aE)
BIEIETLHZ L, AT DL L BT — oAk LR
FIREAFIET D, MFIL, ZRZE,
T EOMNE O ZEER R - B
FCHERCT D,
Flg O FERE | 1. HM I, FERAF | 1 PRGSO R TN ez, &
i DR EIR Z R FHC A AT 2 & — Ry 2L THRALIER T D,
2. MEEME ORE~OKHE | 2. KBEORWVEMAERE TS, £
T OITTEL CRBMED B | 7o, INEEREZEE FRIC LY B — A
WERAEBELTRBLLZ L ZERHAR 2 F P U 72 B AT ik i
FrCRIE E R,
3. MR DB NIEIZ K-> THIET | 3. IMASRGHRZHZ 2.
%D % IE$ % 12 D IS KR AN 2 Al
REMETLHZ L
[FREIEMEL |1 BT 77T MNIRDD% | 1. BRI,
I Fh ~ [T 2700%KE (7=2—X10
DOREFFEANFT | 77T v h~x—=Y A b)) ZH

BT 5,

2. VET T T Mo TL
FolblllETORBEEMT HIZ
HOME (T =2—R2DT 7T
h~x—=U AN 2HET S,

2. BATHE D,
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Table 2.4-1 /314 7 v b ADS OZ 2K 1AE (2/2)

HH 2L ki gt
[EREFEMEL | 1. BN M OISR O B 70 | 10 BRIZHE S
i%#%&JA~ﬁwﬂm\i%mk%fmv%é%é
DRI R L JEIER O Z BT 5%

=, iR e 5,

BB+ & — o 4%
1k

1. O EOIMSEDDOZEE R R -
e TR 2 Z &

1. A F U PE IR (A BN
BLUOE—LHEWR (BE—bv vy
Z—) #liA 5,

LEBRIZED
St 1k

1. O OIS EER R -
e CHERR 35 2 &

1. ZZ41 3000 pcm LA _E O K
AT D FFEILR & BT LR

CHREMNS R DD LB oD
ML Lo SR pF 1L 2T A&
Do

REGFEERER | 1. ZDLL OISO %748 - | 1. JURME (2outof 3) %z 2.
s TR 2 L
2. BEMEO R ORE R EEINZ | 2. ket < 0.95 & 99%15 HE X [ A3
S A NN 1000 pcm LN O¥EE CHIET 5,
U5 [ 6t R 1. B EOHRHBERGAM O | 1. BEMIRE OEEMED & WVEHR
BeE A< 2 & & WA - A OAREGRAE O
# (DHRS OfFEEhn & v 7 fF#E
— R&ET) #BHAT 5,
AR b — X — T L D WmEIRINEL
VAT LOWETEAT Do
FREERR LR | 1. AR EHRE AR T 5720, | 1. — AR OREARERNPEH L
REFREBANOBELICOEND— | RWEREHEITH.
WME DOFEREZH < Z &
[ 1. Ay v 7 2E0mERelt |1 MEOSWEIE A~ A& 4T
iR T D2 & LI, MIRICHT D77 v O
BrEEERSBET L, KERE)NC
KD E 2 BT D IRou RS E
REERMA D,
EFELSL LFR D% 2% FH HeEfL 2V FEIZHED
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3. RERSAFL

3.1. KEekEt
AREITIL, 73 2 v b ADS REESIF ODOBZREHIOWTIHAT 5, 728, 1M 2 v k ADS
BXEHTAESE D, P ADS OBREIEREI A B L TRV . ZOFEMITT 8k A ITRT,

3.1.1. F&EtTE

FT. My N ADS OB A BRET Lz, XA 2y b ADS & [FEBRFHK ADS ##5 Z
LR BARANICEIZRTRE] Th - T, AR, [FEH ADS 2T Ttz F 4251 6O TH
Db, 3L vy b ADS ORENEEE OO, REFTITH - THREH ADS & RIZDOMEREE2H
TLHZENTERIND, /31 1y N ADS O DL, FERhEMEER, Mgt ), FEBLRTREZ 4
WNIEED OB DIRE D, 2 B Ciliam L72 L O ICEIHEMGEEIT 0.95 LFTHY . #g/H ADS
? 0.98 LA FICHAT, BB X5 FEFOBMEIL 0.4 FRRE LD, £, IEERIZHOW
T, 4 ETHERTH2LOIC, RRKI0MW ) ThH - T, pH ADS DK 30 MW (2t~ T
1/3 L7225 TW5, EOHEAERE KONMEIRE S ORG B iR KOREBCTHEIEES LD Z TR
7o, BAICHEFE O T LM AMET T 20T TiERWD, BB L%, 21 2y  ADS O#
H1Zpa/H ADS @ 1/4 TH % 200 MW & L7z, ZDOHA, 6 ETHRRD L H T, R 70E
IR E O NS O BERMERED 1/4 L7200 BEH ADS (ZIa) 72 BeBE ) 72 BRSE 25 AT HE
2%,

A1y b ADS Tl BREHEG RIS OB — 7 v N OBMIR % 5 H ADS &[F—&
LoD, IIEREAER, EEIE, B, BN, RO ERAR A LT L TR LREHZ21T
o7z, P ADS & LTiE, T E THAREFIMEHBEEMICISW TR I TE 72 MA -
Pu - Zr Z{t% (TRU-N - ZrN) JBREHFE.D 3132892405 L=, AFLIZEH T 800 MW T
V. 600 HEOEHKHIEEIZ L VK 500 kg O MA ZREET D% CTH 5,

2 B Cigam L7- X D1, PI AR 0.95 La%E L, EEHIEITE T £ — 2 EREO L
FR 10 mA THLH T 200 MW ZAEFRFCE 5 K 912, 90 A& Lz, BBHI 1 EThaEm LT
X DI FERB L OREHMILATE OB S 911X MOX #2325, MOX #REHFE.O Tl
7x—X 1L LTHEMH ADS ® T5% D NEEZ AT DL, 7=2—X2 & LTPH ADS &
FEEDHNBELZAT HPLERIT D, T LT, 7=2—R3 & LTEDNRBORLEIEZIT
972, TRU-N BRELO A THEE SN TR 0L %385 L7z (Table 3.1-1), B @ABEE L % X
D72, RIF LT 90 BY A 700 38y FiEli e U, REIOFNITERE# A 270 H LAHE L
7=

/9% Puk LU MA RO EEEIGIL, pdH ADS THW S L7 MAL 3D (2 L, MOX
B DO T U RMITIZIRAEEE 0.2% D05k T 7 U HWSL D EE LTz, £72, MOX Rk} -
TRU-N BB ORTTIZIN T, by b OREREEITEGREE D 85% L E LT, WT LDk
BHZIB W T, m@%@%%$ﬁ0%&@5i5PuﬂA%%%Lko

A my b ADS TIEZEBER T 20, WFEBERELT X TR S it Tn s 72
O, BEMENER SN AAMEIZIT LBE Bl Tnsd & L TFLREZIT- 72,

¥, A 1y b ADS IIPEH ADS ICHAREVH AV NS We DR LY A X/ h <2 | K
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RS ORPEFIRADEENRINCRKREL 8D, I 7=2—X 3 FLTIE, PuElEZME
A ADS L [RIZICRET D ENEDOHE OO HPRM TH D ZeN BIENE LWL +5 2 &
MTPEEND, ZO%E, TRUN O ZrN ~OFEEESNME N3 2130, BREHE SR O BREEEN
W 25720, BEHRLES LOFLBICREZ RIETBEANH D, LEEB>T, 72—X 3
STl ZeN ElA % 50% I E L, Pu #IE4 F0% L CEMHEMGEE 0.95 Zie S 55k6Eh e

L7,

Fl 1 BRI 2ETHMLIZELOIC, "My b ADSIFLREHEEH T 5, “EBILTF
1R E R IERPAE S, RO bON 3R D56 Kb b L& Uiz, KaMHEME
EHEE L, BEBEOERMIEIZNMND 2 F B OREE (Fig. 3.1-1 2/8) ICRE L, 78,
LEBNEIL6 ETHmT 2L 910, F EHHERORE L OFRPAEWVIC I > TEE IS HE
PERHY . 28 B ICEE TX WA OISR E « 2o oW CHHEE B THRE LT, ekt
HIX T AL ORG3VESEBICKRLEBER (BCH) M2 VT 7R, BREBER LR
HER VT T A BRNE-SAKFEAEREZHRE L. ADS OEAERICERT D X514
ARBERORAELEE LIZIE, #iEH 2 ADS ICADLETTIL M E Lz, T4y ERhE %
MR T 5729, BaC 2T 5 B-10 DEMEEIL 90% & Lz, Fiz, BX ERVPHIEDOZDIC,
LEEEMICBICHBEFAKEOESDX VAT V-OEY 2% T2, ZOEY OMKITHEL
SN, RUBOHEBKA S VT AT ICEE BT ERE LT, ZeBE R X OiE X7
T —RX1~3 TRIL & Lz, ZEeBitk% Table 3.1-2 12, Z4a#E~TE - Bik% Fig. 3.1-2 ITR
SR

3.1.2. fiEbTS:AF
UEOFHOTFT, 9. 7=2—X 1, 7=2—X 2FLE LTHURESKE, 72—X 1
~3 L ORBERMER L O — A BMHER O ADUSE 2 fiffr L7z, 2, 7 =—X 3 i
TR I EWRZAT O 12D, MA A E AT L7, = — K& L TR T Ik
EFHE o — K PHITS ver.3.26 39 & | £ 7 /b1 kgt « PRBEF S = — K Serpent 2.2.1 36
Z 7o, PHITS (365 gk it H i L OVY — 4 v oy b AR S VT e h 123 20 MeV &
TR SN 5B OEFHEIZEEH L, Serpent 1% 20 MeV LT 0 Tk ks K OYREERH A
W, fRETTIE, WL E bIZF—7 v b, BRI K OWREE > DEBMTTIR A2 B8 L 72 ik
FEHAW, ABRFICHWEZ S0 vy  ADS OBESE Ok A, Tk C iR,
FEMTIZLA T O FINETIT - 72,
1. FEAMEFE CEDEMEEDN 0.95 L 72 2EHHAER (Pu®lE) ZRD 5, (FHET 100,000 t
A RVUL 250 3y F BOFET/Ny F)
2. [FIUBREHER O FCE—AX 7 hOEZE% LBE @ &2, B — AEMIBR O AL
EE2RD D,
3. BEEWFHREOZOIC PHITS % AWV T 1 D oAk 5, (B+ 10,000 & X R
U x100 /N v F)
4. [ UBRBHIELAL 2 -l 72 [BETRE R 3 L OBRBER TR 2 920 L . BABERI s L ORIl oo /)47
i, BRE—LNERME, BRI L DO EZRD D, 22T, ¥—F v My v
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BT EERRKRERDZ LMD, BERFETIIZOE 287 M 10 /0F
L7c# U —%REL, s KNKBRENEELRD S, (50,000 & A RY . 200 /Ny T, REEG
BH1X 90 H 1 A7 v 7, Predictor-Corrector (PC) #E#1fEH,)
5. MRBERHE T LM E AW T BRBERII O 2l E R 2 EAE R TRO D, (BT
100,000 & A ~ U | 250 /3> F 50 5 T/N Y F)
FTRCOFFEIZBWTC, BT —4%74 771U & LTJENDL-4.03D%& L7,
¥, MBS DN, SALGIRECR CIIMEA s OBIZRIC X 2 KR - HEDZE L
EREICR D T EDEEL W2 BEIROREEZ R AF LI AR TIT o 7o, IREEDUG EELR
I L O I ROSE DfFENT FIEICBI LT, B2 iud8k D 38 L Ok E T d 2,

3.1.3. FRHTHRE R

FIF L OEERE KOS R 4 Table 3.1-3 12, #REHMEARZ Table 3.1-4 IZR"d, ZD& X,
B A EFHR I T D EEE RO 1o FERAZEIL, WIS —Z2ATHH 20pem Tho7, F
7o BEEFRREICBW T, TEOBH A 277200 F M50 10 275135 0.4% TH -
Too B — AN, JRHPPEFEO) DR P YIRS L OER SR & A VTR L TRk
LD NG, RPMETFEROMERAZEICER L TR 04%D RN EZF LTV Wz D,
B —7y MY DO BED 1o DFEEFEES 0.5%FEE Th > 7=,

7 = — X 1 FLOBREHEGRENT 99 . BB Pu HIG 1T 22.3% Th o 72, FEMEMERIT
90 H DRABET 0.939 12 F23 0 | ERH JIEERIC X £ — A EM2 6.9 mA 205 8.5 mA 23
VE LD, RKBRHIEEIX29.4kW/m TH Y, Gl ADS © 73% Th 5, b — LZAHERE
|2 166 pcm DS ENFHAIND L bhrote, £, HAKGE & LT, EERRED & MRS
1EARHET 1018 pem A LD L oo T2,

7 = — X 2 fALOBBHESIREIL 66 I, BRELD Pu FIBIX 26.3% Th -7, FERNEATRIT
90 H DBRBET 0.934 IZ FA D ML 2505 E—AEMIL 7.1 mA 75 9.6 mA I EF LT,
e RBRHE I#E1E 40.7 k€W/m TH Y, @ ADS © 101%Th D, 7 =—X 2 FLITEAERD
VDB N EEmO L7 2 — X 1TIFLESTEGEREN D2 FoeiEN/halhs
TWb, 207, FHEFORADKRELS 2D, XV EY Pu B(LER IO — AERHED %
L 7polz, B — LEMARRFE 528 pem OFUSENRA SV D EbmoTo, KRPD/PhSNZ &
MH, BE—AX 7 MNICKEE L LBE IZL 52 TFRHEOORERNPREIHIZEEZZBND,
F 72, HIRE IR HIEEERCE A SIS H I KR E1E-1228 pem TH o 7=,

72— R 3FLORBHMEARIIT 7 = — X 2L EFL (661K) & L. ZDOHD Pufl&ix
41.7% T o7z, F£72. 90 H OERBE TEHEMEHRIL 0.944 L 720 | SR O ZR B — A EE
X 84mA /N5 9.TmA Tholo, EHEMEERICEHL TUIMAMRBME L LTTeb X, Pull
BERINDZENDIRTEN 72— X2 L0 /NIl EZbND, —FHTE— LEHME
e Do T2dix, TRU-N « ZrN BREHT MOX BREF L 0 & itk Ffi e lrimfg s K& < Jarpikr
WHEINCT ol lcd B2 b5, kB, R IHEEIL 39.9 kWm THYH ., pEHH
ADS D 99%IZHHY T 5, B — AT 550 pem ONJSENTFEA SN D EbhoT-, HD
SOSFEIX—661 pem & oo T-, £, 90 HREIOBEEIZ LD MA DA ET 11 kg Th -
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2o THAE 3{EL, 270 HOBREEIZ L Y 33 kg ® MA SEEEH SRS L ARG bz, il
ADS L HARTEEBEN/NS W, ZHIUTBE DA RESER 510, A 2y N ADS 138
B PuBlENEmWZ ENFKRTH D,

WIZT ==X 1~3 OIFLITH L TRZEBME O 21T > 7o, AT, B0 & Rk
Dt 22— R &2 VT FEM L7z, ZEBMEORFHT. EXIRMEF RO ED 6 —F 0l
AN23ARKDI LD 1AMILNOEBIZEVFAISN P GE(Vrry RAX v 7 EF)
T 3000 pem LA EOWEIERBN B D Z & ARG EM L LTz, fEFTHE R % Table 3.1-5 (2737,
72— R 1~3 OWVTIUIZEBNTHIFERKICR LERETY ey RAX v 7 RRICEIES
#73 3000 pem ZHZ THY | +oRREFREZHRTE LT LR bholc, B, 72—X
BICTEIERBN 7 =—X 1, 250 b/hEL o=0ix, TRU-N REHE - 2 & T+
AT MAPREEL L, BaC OWIISHEMEF L= Z EBNFERNEBZBND, 7B, T3TOD
BEBNE A THL 0, Verny RAZ v 7HE (2 RFARE) OFIERBITEMHARO
208 LB lahnolc, Vnmy RAZ vy JRFIIHASN D LEBROMENMEDLI2D, AF
I LI ZEBROMENRELS 2D EEILND,

3.2, IO AR O A Jifs S B

ADS OREHERT | FR o THESN DO BUSEE DS A B 72y I 5 AR SR A #5232
DD, ADS TIEHMEFIRICIEGS ZHEHT 2 2 206, mfEED X 5 7, kIR %2 8
BAET 2 FEIC L o TREAE O EREN ATEETH 5, Z OMHERIEIZ & > THEKRFHIIAR
B U A AR T %, BRBHE R o O AR SR ORI X, [EA IR A B 7o RIS A

(NSM: Neutron Source Multiplication) %2 X - CEH T 5, 234 v k ADS TiX., #EH
ELTPuRMAZHWADTIZD, BREEDHEIZ K o THEU D EAHFMEFIRDSRE I —0 70
T 5, AP OFA LIP30 20ES SO0 218 U CREBREE S D720, B
PICELE S 7o i a2 O THRYEFARECR O M 2 2 W ICHIE LTI, BB e &
WAL R 2 RER S B O MY 7 28 b 2 NSM {EIZ K - THlfiICEE T & 5, ARHEITIE, 74
M ADS (237 D 85T 38.39% ¢ £1Z, /3A =y b ADS TORERFEEHRGIEZREFT 5,

3.2.1. PEDKREERE~DTHFIE

A4 m oy ADS B X UG ADS OREFTHEO FIEZ Fig. 3.2-1 1273 ¥, oW ARER R
FEOHIFEL UREHES IR Z 13 BE DA 72 L) IZBW THEIIEZ AW TREENE &1
ET %, PH ADS Tt IESN OB FE— A Z 8 AT HE— LK 7 b LB, 1.0
EHoB@ALEIET L ZENEEINTND, 2O, MR % T 2 KR ERIER
X, BE— LK FDIREIS A~ DO AN X 21T, REPER 2 BIMAT 5, 2314 7 v h ADS
TIE, 6 ETHARDEY | FSHEHIERARE & O T2 Z 8 L T OIS 2 (R & Re sz
P2 RE T 2 R BT 2720, BREHERMBIERHICIZI Z O AN X IIAREL 8D,
feWTERABIRBINT & 2 REEAE 2 | BA PR Z vz NSMEIC K-> TERT 5,
— ORI L [FER, AR OIS T 2 FZHEMEROEMEN G | ERHEAEN B
fifl & 72 ZRFDESREZIMNFIZ L > TTHIT 5, EAIRDOBINT X - THEDEAE RS BIREL
R RWE D B TR & BIEOESHRIEM A L DED 12 LT OREAZENT 2,
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FRERHEEM D BRI+ < 72 0 | AMFIC K 2 A RAE TR & BIE DL SRR
EDENDTIARUTIZR>T26 (M ADS TIEHOE—LF 7 M &EAAT) mfEkEIC L -
TR EOMME L ALIET 5, FEEERAEEMN BIREOFAHMHICH D Z L 2R LT
OB, RO EREZRGT 5, ZOM, NSMEIZEE DWW TP AREER 2 5 REIE L,
EERERMBTORBRELZLERT D,

NAmy b ADS TiE, BEIRHIFICE— L 7 FOBV AN LB AETH DO T, PREHERT
H T O INERs A AV TR B S EEHEHEE 1260 ADS KV IR G 1D, Lieddi> T, K
SO ITINE SR 2 W TR S HE 2 0F 95 2 & THREEM L rfie L 72 5,

K L R IRE OO R il ST 42 T 0 FERNIEE RO BEREIZ. ) EFIC K> TROKISENR AL Z
LEBEL, MNEERFOFEIEERLI RERMEL 725, Table3.1-3 [Z-THY | HIIIES
FEIX3A 7 b ADS Ti% 1000 pecm, PGH ADS TliX 450 pem FRETH 5,

3.2.2. REFAE DN S

RS EREIC O 2 H AR FE R E S R 2 OALE I AF L CLE 5 72, HIEMEIC
RN ENEEND, £o. EAWER T O NSM I K 2 B R I3 A 22 28k L 2
TERWD 2, WAEIE L RIS LS O EISE R 2 RN I DIRAT D, ARG T
IND 20D RENIEREZZE L, 7)) EREIENE RN I D %EED NSM IEIERE LTz
BEOARFENE & A) BBHERIC L o THFONKRE 22D 2 I X0 R ik (Hasr & 23 Ml
BT 2R E2EBE LT, 7) ORENSHETEITEBOTIE, HoRWVEREROFHIF L ToE
TR % Ketr ~ 0.8 ERE L, WIS HIER EREO R E RN S (ZEHEmKE— NER) %
KREGRE D 20%FEE (ke ~ 0.8 2% LT 2800 pem FRJE) EARE L=, £/, 1) OARFENE
HEEIZBW T, FIFELEREK AT v 7 OWF0 & T NSM 15O S i H AL E (e i 23 [
AEFRICE DRENE L —BT H000E) BRRDD. T 0 2 805 AL E O AR 5
WEMDERE NS LR LT,

3.2.2.1. pHM ADS

P ADS ICX T 2 ET 38 TIL, 7) IC K D REEREAR#HED 1T ketr~0.98 (2% L 400 pcm
RELHEE SNz, £, 1) TR D REFEARHEI 1L 550pem BETH-72, ZHLHDOR
WD S DEFING . ARG HE T O AR RNEA#HED SIE, Ketr~0.98 12xF L 1000 pem 2
FELHERE LT-, BRBHERI . BREISHE O B — A% 7 F~ AN 2, HFEHIEIC X 0 REGR
FEREIE 2 TR FEMET 5 Z & T, ket ~ 0.98 1Tk L TiX 400 pem FEEE (F) il L VA4 IERE &
[FFEEE DARHEN S | REEFEICK LT 20%RELZRE) L0, RERELEDORMEAT v
TORERI &GO TR SR DBHIFFCX 5,

3.2.2.2. /{1 v  ADS

NAmy b ADS Tl Bl 7 =2—X1 & 7=2—X 2 LTI MOX BRE O Z485E L
T D 72 OBREHHILASOF D O KR & SIEPGH ADS & 13872 %, NSM ¥E TH WS [EA P 7-IFIC
DONWTIE, 72— 1 BLOT7=—X 2 FLTHEMT S MOX EHZ S, Pu-240 X° Pu-242
E WV o T H R HRE N RN G TN TWDHZD, 2Sf 2y b ADS OWTFHDOIF LT
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b EA P EFROFADBHFE T 5,

P ADS & RIERIC, ket ~ 0.95 AT v T EHBIR L, RHENSEZRO XL IIZHES -
7o £, BB 7T) ([CENT D RN SIE Ketr~0.95 (2% LT 1000 pem FREE25, Zh
WZA) ICEINT D RN S ZIZ 5 & 1550 pem FLEE & 72 578, BRERERI% ICmAgLEIC L -
TREAEREZFEE/T D Z & T, ket ~ 0.95 1248 LT 1000 pem F&JE O AR & THIE
NTE, AEHEORMAT v T TOHERR &GO TRl SEBA I CE D,

3.2.3. mfEIETHW DMt

FTE DREGIE~OTHE T, REHERTRT# CrifE B IC X 5 REEFER EE1T 5 23, I
FRONNAERE BT LH, Lo T, REFEREICKIT 2 INEROR v — LD —2 8%
B, 7~ ZE, 2V ARRY IR L (JEEE) F0RT A —Z RBLENZRH#IETH 2 0 et 217

27z 39,

3.2.3.1. fmgcfF

EREEIE TR OV AR RE WD Z D KV A ASTER O P FHERENR K E <
720 BHER O R ERERICER T 2 WE RN S DAL D, NERFH OB KT 2 7201
X, SV AHTZY OFEFIRREZ /NS T HPRNEBREE L /NS TOIMNERD D, —H,
R LB TIP3 R OB T E TSRO 2 ET 2 LENH 525, MA BB B %
B gai (12 24Cm) ICRKRTHEFEN RNy 7 7700 Ry & T 20 ER D, =
DD, FHEE ORI FYET Ry ORI AR S AR 2 72 D11, REEPES O 1R
BREEIIREWHENEL, RHEBRE L REVHFNREY, ZIUEAEREIC & 2 A i) S K &
FRS %,

EFEHEDOREIZIL, 8.2.2 T2 | REFFEEIZH LT 20%RE O NN S 2 RE
L7y, T HICER D R S 3, REEFOUTHEF OUE RN S OREL VIChH 2 8
M EAETE D X ST, RREFERIC X D R S EHEIH RN S O 2% % FESH Z &
BEME Uiz, F72, BEENRNERMEZ 10 BEFLLTF 258008 Le, AR X O
RHEN S IR A IR N T A =R FT DD, NTA—EZ P —_RA L > TINORENS &
W T 2MERDDLENH D08, FLRRESCIEEEHIBE 95 /3T A — X X FEEIT L B
BCTER, TIT, ARFTIRHINLOKMEEE T D HRHZIREEZ KD 7=,

3.2.3.2. M ADS

PR ADS TORSHER 3945 L, Table 3.2-1 IZHRAEF L DD, kerr D1 AT
BHERTRT% 0 0.8~0.98 & L7z, MM#EROE— 27 BHEILZ 20 mA, 7SV AL 50 us, 7L A
MV LIL 50 Hz & {RGE L7z, JFNOBREIEIRICE 3 HEHUE 2 AT 5 LIGE L1256, 1)
HIFE D (ketr~0.8) Tik, MHEREZ 1.0x1012cps/nv FRET S Z & TREEM OB/
SO ENTE, 10 FEMBREORERM TR ZME TE D BN bhoTe, £i2, K
L (kett~0.98) TIXREERENEL 2D 2 0L FMTOFENRKE <20, PIHIFELO
REGFRERIER; & [/ UHEZR ST A —2 Tl L 0 EOHELERR (5 BRRIARM) CHFHOARRED
ExTHNELTEDLZERbI oz, 7LV AANBOHBERNRKE 2D 2 L5 R
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DEBNRKE L DT ORI Z —H TP T 1.0x10 B cps/nv FBRE L THZ ENEH TH
HTZ ENbMroT,

3.2.3.3. /X1 v  ADS

NA By hADS O 7 = —X 3 JFLTlE MA Z/bRELO AN EE SN TE D . BREHAR
I ADS IZIEVW b D Lo TS, ZINLEFENRT A —2 2 ADS LRI TH D L
WL, — AR EE SN T ket ~ 0.95 1281 2 57 D FRIESC H 3By BRI+ 5 3
77Ty R EHEE L, AEEORMEIT-o72 L 2 A, BIHEHEE T 1.0x10713 cps/nv R
ETHZEREUTHLI ERNbrroTz, £, 7x=2—X 1, 7x=2—X 2 LT MOX #REH%
AT 25 B ITITERPHEFRIED MABELL D b REL Ny 7 7T 00 Ny & OSBED
IVEICRD L PRENDZ 00, EROBRIHMEREOHKMICHE S L HfF T 5,
L7eRoT, 2Sf4 my h ADS TH M ADS & RO MRS T A — & Tifg b ik ORI E 23 7
BECHDZ EBNMEEIND,

3.2.4. YL BRI O R i L B B D RRRE

SO R O RIE SR EHOFE & LT, REESTHR ORGSR ERE TREROEM R B
EIZIE LR Do BRI H T b D, RIS/ ROFLTIE, E£EE 1 KD 20 OIS
EARE < RIROFNETEEHEGERAEEIC T2 TE RV EFESRBEMA TS 22 <
IRDFREEDN B D ZOHEITERHINTIREI N A DR A RO OB PN L 72 D,

22Th Z#NHEE L LTHVWDSE., BORD T TR EN D SRE L2, Ealko
MR E 2 T2 B M <0.0lpg A—F—Thd EHES NI, ZD XD RN HE
BB DN EAERTRENIA B OBRBE L 2 D,

3.3. W EERRE O R LS EE 810

P ADS O WA 7 LA E R ER1E 0.98 & LTV A3, MA BREOMREE L & &I REER
FERRLS 720 0 B 1A 7 B W TORBESOREE T 1% dk/k/K BRE, 291 7 Vil Tl
K 2%dk/k/k’ BETH D, L, ZHE TOBMFHIIBW T, BRBERUSEE D87 — Z i R Al
DYETE 100%FEE & FFlE STV D 31D, L7 - T, REEREFHL IO BRHICRBROB NS
1 A 7B T) FFDRRED TR EERRGE « M EOBLEN S KO B\WREESSFE O H
ENEE LD,

3.3.1. RERS B FIE

IR O REREREL A L LT, BIfEIX NSM & & Ak # 2 v 72 Current-To-
Flux (CTF) #EOwEMHZBE L TWD, CTF EIL, TPEFIRFMEIZHEIT 2 v — LNEFRE & |
JFOHYEF SR L~ B D PR ECR O B REE R E LN HEFRETH U . B
AR A W CHEER S 1D ADS CTILER ISR TRE & 72 5, CTF £, XA
REREZNLLOPETE WD, BERY A 7 VI ORE R EDOKRENLEIZ R D08, =
AT DR EEE & AR ICHFE N A ETH 5,
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3.3.2. RERSAE DN S

CTF B X — RPN S W FIETH Y | RHF O EISE R U772 E RN S DS RAT
%, fEt 310Clx CTF MBI K 2 RERA LR A2 BB ICHEE L, BRBEX T » 7BV Tl
Feht U 7 A GRS K o TRTZRBEROG E S T & o bl 238 U T, CTF 1EIC X 2B SUG
EORERTEDN S OHEEEIT o7z, 7ed, RIED 3.1 BTk _7=5EHAL & By | FfE 1
AR DIF DM FE SV THNT 24T > TV D SICHBERMETH D,

fE 5% Table 3.3-1 (27”7, METOREE 31005 | BREMEIR O SMAl, SCRHATEIR I B0 Tkl
EE ORI RIFES /NS RSB L CHEECH D Z L2 M Lz, HEARHEN» S O
PRBEMIINC T DRI/ N &<, BEE 10%RETH DL &AL bz, Mz T, MOX &
BH AT 256 2 ITE O B # R Ch 5 239Pu 2. MA BRI 556 121%
MOX #REFE L RT AR FARHEL 225 2 &0 D @ PE 125k L CTOREE D E VY 232Th
EEGHHBEE L THWDZ ENHEY THD Z ENHLNITR -T2,

3.3.3. 1 EHEARE OO A S B

ZOETIE, CTFIEIC X DR EREM & EAMEFRIC K 2BRIE L OEN D iEN S
Rl L7z O AT, B — NEFERE A S0P PE R ISR DR A SITREIF LT
FHENSIEBEL TR, Flo, BT =2 R ENSEB 2D &, BBEL & HITEDEEEN
I CREEARENMET) 77567 —ABBBZ N8, WrRDIGHEIZEN TS 10%H A THBE
FOSENRIEFRETH D 0MIH SN > TV, LER-> T, ix DRHENSDEEB X
Ok x 725 — 2 TOMEAMERFHIAS B OMETH 5,

F7-. B E TITBRBER S E ORI ERHEN S DB OMFHE 7o - TE Y | HIEE IR E) S H
BRI TRASIN D KISEOREREOFHMELIRE E 72> TV 5,

3.4. RERFLOELD

ARETIIAA 1y b ADS OREFIFOOMEFTIS L, JF DRI « RN 0O o B 5 B
FIEICB L Tk,

REESFFLOREE LT, BN, B£8R, fIEBMEORT &, ©— A RBHE R A
IS MRS E OREHEIT o 72, B II% 200 MW & L, 58IV TR ADS £ @
RRKBENEEOHIZE SO TR LR, 7=2—X1HFLELT99RK, 72—X 2, 3JF
DE LT HRNHEEITHD Z ENbhrole, o, 72— 3FLIZEHITH MA AR EIT
270 HOMRBET 33 kg & AMES biv/c, LEBEIZOWTIE, .0 2 EHIZ 6 (KDL
(FpFfE IR 3 A, Bl 1R 3A) ZRET D5 LT, WFAOFLTH 2ARKOHA (E
JFIE RO, DT vy RAZ v 7)) TEREHEMTH 5-3000 pem OFFANERTE S
ZENbrol, £, B ARMBERHEABOSE . HAISEIZE LTI, WThoFE.oT
HEDOGFHEN 2 EOREME FHEV | BERWT &R ST,
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Table 3.1-1 /34 =2 v ~ ADS & FgH ADS OB OFEEE & 5 K H 178 BE O ik

o AR RADS # ADS
Txz2—X1 | 7x2—X2 Jxz—AX3
FafH ADS & D RERH T
b 75% 100% 100% 100%
PR E MOX MOX TRU-N : ZrN | TRU-N - ZrN
Table 3.1-2 /A 1> ; ADS D2k
H H B fiE
0B JRAEE (wt%) 90
LRI 19
LAAEERESE >~ F (mm) 22.0
BiC Uy MEE (%M E) 95
BsC XL v FAME (mm) 18.0
WA NEE (mm) 18.7
WS N (mm) 20.7
T A ¥ A=V (mm) 1.2
TAXAR—PEREXfFZEYF (mm) 300.0
PR#EENE (mm) 109.0
PRA#EE ML (mm) 113.0
ZHNENE (mm) 123.6
ZNENE (mm) 129.6
F RS AR T91
W HA LBE
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Table 3.1-3 /%A &> k ADS 35 X O M ADS O LAk
HH A vy~ ADS
T7x—21 T x2— 22 7x—2X3 #/1ADS
) (MW) 200 — — 800
s H 4L (day) 90 — — 600
PREHE S A% 99 66 — 276
E— AT L¥F— (GeV) | 1.0 — — 1.5
R )8 B (kKW/m) 29.4 40.7 39.9 40.4
K kett (BOC) 0.950 0.950 0.950 0.980
ket (EOC) 0.939 0.934 0.944 0.962
v — AEE (mA, BOC) | 6.9 7.1 8.4 11
v — A& E (mA, EOC) | 8.5 9.6 9.7 17
E— A7 (MW) 7~9 7~10 8~10 17~25
B I ZRA R R O SO B
166 528 550 75
(pcm)
MRS (R 1R —
RIS (pom) -1018 -1228 -661 -462
MA 4 & (kg) 33 (270 H) 500 (600 H)
Table 3.1-4 /XA 7> b ADS 3 X UPEH ADS O BEM AR
HH Ay ADS : 7 ADS
Tx—X1| 7x2—R2| 7=—X3
=i MOX MOX TRU-N TRU-N
Pu Bt (vol%) 22.3 26.3 41.7 31.5 (first cycle)
TRU-N #I& (vol%) 50 55~60
~N Ly MR (mm) 6.49
v N (mm) 6.65
v (mm) 7.65
vy F (mm) 11.78
H£EHAEE YT (mm) 134.5
LEEBT VBB S | 121
FREHE (mm) 1000
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Table 8.1-5 /54 12 v k ADS OZ2AFEME IS8 O #EF(HAT  pem)

B Hm TJx—RX1 Tz —RX9 Tt —RX3
FHEIER (2 ARE) 9600 11100 6600
B R * (2 AFRR) 9600 11100 6600

BV G2

] 5400 6200 3800
(Urnmy RAHX v 7 H)
i P2 1R *

) 5400 6200 3800
(Trmay RAK v 7 )

PRI B T IR & L 2 D

Table 3.2-1 P « 754 1 > b ADS D4 D 55 B 0 S i 728
HH RS
KIEFIE T i b
LT B L TR HPE I 515 (MA % 0 B 3250 2RI )

1 FH#EPH (ketr)

0.8~0.98

D (o). /8

4%x105~ 8x104

FOGE o O HvEF- 3SR D

B E R A 2%

T 7 W ] 10 FREELLT
AN JERIRE ] ~1pus

i B — L)L A0 50 us

BF B — A — 7wl 20 mA
it B — LS A0 IR L 50 Hz

R

1.0X10°12 ~ 1.0X10°13 cps/nv

AR (B &) 282Th e (0.03 ~ 0.003 pg)
Table 3.3-1  ADS i@ & EHARFA G S 5+

HH Fa i ADS "4 my b ADS
Fik Current-To-Flux (CTF)
WP (ketr) 0.98/0.97 0.95/0.93
PRI 51 ] 600 H 90 H
et 2R AE 282Th K% 5y G HEE 239Pu K% ) R EE
PRIE SRS FEE TR TE e 70> & 10%
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4.1. Accelerator Design

4.1.1. Overview of previous accelerator designs

In 1990, the Japan Atomic Energy Research Institute (JAERI), now part of the Japan
Atomic Energy Agency (JAEA), began conducting research and development on a high-
power proton linear accelerator for ADS under the Option Making of Extra Gain from
Actinides and fission products transmutation (OMEGA) program.

Figure 4.1-1 shows the ADS linac designs developed by JAEA from 1990 to 2021. The first
proton linac design was presented by Kaneko 4V, as illustrated in Fig. 4.1-1(a). This design
utilized normal-conducting radio-frequency (RF) cavities to accelerate a 10-mA proton beam.
The linac begins with a 100-keV Ion Source (IS), which is followed by a 201.25-MHz Radio
Frequency Quadrupole (RFQ) that accelerates the beam to 2 MeV. Subsequently, a series of
201.25-MHz Drift-Tube Linacs (DTLs) boosts the energy up to 1.5 GeV. The total length of
the linac is approximately 1315 meters. Some years later, the ADS linac design became part
of the Neutron Science Research Program (NSRP) at JAERI.

In 1996 42, the design was updated. The IS began operating at a slightly lower energy of
70 keV, and the RF frequencies of both the RFQ and DTL were adjusted to operate at 200
MHz However, the most significant change involved the introduction of superconducting RF
cavities to accelerate the beam from 100 MeV to 1.5 GeV (see Fig. 4.1-1(b)). Two models
were proposed for the superconducting section: 1) four different types of four-cell elliptical
cavities at 600 MHz, and 2) eight different types of four-cell elliptical cavities at the same
frequency. This revision reduced the length of the linac to 800 m.

Two years later 43, the eight different types of four-cell elliptical cavities at 600 MHz
were selected (see Fig. 4.1-1(c)). This decision led to a further reduction in the total length
of the linac by about 20 m, bringing it down to 780 m. In 2004 4%, an updated design was
presented, which restructured the superconducting region by opting for nine-cell elliptical
cavities operating at 972 MHz and increasing the number of different cavities in this section

to ten. Fig. 4.1-1(d) shows that the total length for this linac was reduced to 664 m.

4.1.2. Current design for commercial ADS

In 2018, JAEA completely redesigned the ADS linac by adopting the advancements in
superconducting low-beta cavities developed over the previous decades. The updated ADS
linear accelerator can accelerate a 20-mA proton beam using superconducting cavities that
increase the beam's energy from 2.5 MeV to 1.5 GeV 49, see Fig. 4.1-1(e).

The updated design begins with a Microwave Discharge Ion Source (MDIS) that produces
a beam energy of 35 keV 46, The beam is then transported to the Low-Energy Beam

Transport (LEBT) system 47, where space charge compensation takes place. An
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electrostatic chopper is included in the LEBT to control pulse length. This chopper plays a
key role in the beam power ramp during start-up and shutdown, in subcriticality
measurements and burn-up compensation (section 4.3) and in the operation of the low-
energy hot standby redundancy (section 4.2).

After the LEBT, a 162-MHz RFQ accelerates the beam to an energy level of 2.5 MeV. After
acceleration, the Medium-Energy Beam Transport (MEBT) facilitates the transition of the
beam to the superconducting linac. The superconducting linac is composed of five sections
of superconducting cavities: one 162-MHz single-cell half-wave resonator (HWR), two 324-
MHz single-cell resonators (SSR), and two 648-MHz five-cell elliptical resonators (EllipR).
Details of the superconducting cavities are provided in References 4849, The total length of
the linac is approximately 443 meters. This design greatly reduces the number of types of
cavities required and shortens the linac length compared to previous designs. In addition,
the design adopted hot-standby redundancy to the low energy part of the linac (from the
MDIS to the HWR section) to increase the availability of the linac, see section 4.2.
Furthermore, the design considered the beam transport to the target (BTT) that drives the

beam from the end of the linac to the beam window.

4.1.3. Pilot ADS linac design

Based on the updated design of the commercial ADS linac, we developed the design of the
pilot ADS linac and its corresponding 20-MeV linac part, as shown in Fig. 4.1-2. Table 4.1-1
summarizes the main parameters of the commercial ADS, the pilot ADS linac and its 20
MeV linac part. The main purpose of the low-energy part is to implement a phase-wise
approach to develop the technology and to gain experience for the operation and
construction of the pilot ADS linac. In addition, information on the beam transport to the
target is included in Table 4.1-1. The pilot ADS will accelerate 10-mA proton beam to a final
energy of 1.0 GeV, i.e., a beam power of 10 MW. The low-energy part is the first part of the
pilot ADS, which includes the first seven SSR1 cryomodules without considering hot-
standby redundancy. The lattice configurations, i.e., the number of cavities and magnets
per section, are displayed on Fig. 4.1-3, and the details of the superconducting cavities are
given in Table 4.1-2. The lattice configuration and the elements are the same as those of the
commercial ADS linac in Ref. 4-5).

Figure 4.1-4 shows the beam transport system from the MEBT to the target for the pilot
ADS linac. This design follows the same layout as the commercial ADS developed by JAEA
411, However, the quadrupoles and dipoles were adjusted according to the beam current and
energy specific to the pilot ADS.

Beam dynamics studies were conducted to evaluate the performance and transmission of
the beam from the MEBT to the beam windows for pilot ADS. Figure 4.1-5 shows the radial

beam distribution and concludes that beam losses remain below the 1 W/m limit.
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The pilot ADS linac will include several beam dump systems. The first is a conical
collimator located at the end of the LEBT. In this system, the beam delivery during chopper
operation will accept a full beam dump, 351 W. The following dumps are associated with the
hot standby low-energy parts. To address the challenge of managing a high acceptable power
of approximately 177 kW, the low-energy component will operate in pulse mode during hot-
standby, as detailed in section 4.2. At the end of the HWR, only 0.5% of the power will be
transmitted, effectively limiting the output to 855 W. For the final dump, it will not be used
when the beam is at nominal power; for a realistic design of acceptable power, it will be used
during commissioning with a limited pulse or pulse repetition length, as described in section
4.3. The maximum acceptable power is planned to be 200 kW. For the dump of 20-MeV linac,
a similar dump design for the low-energy part of full dump can be applied.

Additionally, Fig. 4.1-6 presents the radial beam profile at the beam windows, showing

that the current density is within acceptable limits for the beam window.
4.2. Fault Tolerance

4.2.1. Strategy for high reliability of ADS accelerators

To meet the required reliability and availability of the accelerator for the pilot ADS, Table
4.1-1, it is necessary to adopt established practices in reliability engineering 412, Therefore,
it is important to consider the operational load of the accelerator elements (RF cavities and
magnets) to avoid high-stress operation that results in failures, and how the elements are
interconnected to operate, i.e., redundancies.

De-rating operation, i.e., operation with a performance lower than the maximum, in RF
cavities and magnets, was adopted to reduce operational stress. In addition, this allows the
implementation of fault tolerance redundancies. However, this reduces accelerator
efficiency as more RF cavities will be required. To minimize the impact of de-rating
operating, the RF cavity designs were optimized for high accelerating gradient (i.e., the
electric field inside the cavity that provides energy to the particles), and de-rating of 20%,
as a tradeoff for low stress operation and enough margin to implement fault tolerance
redundancies 413,

Fault tolerance refers to a system's ability to continue functioning despite the failure of
one or more components. High fault tolerance is pursued by adopting a hybrid redundancy
consisting of hot standby and local compensation schemes, as shown in Fig. 4.2-1. The hot
standby scheme resides in the duplication structure, where one system serves as the
primary operator while the other functions as online standby equipment, ready to take over
in the event of a failure in the primary operator system.

On the other hand local compensation is based on a k-out-of-n redundancy configuration,
which means that a system made up of n components requires at least k of those components

to be operational. Local compensation takes advantage of the modularity of the linac. As an
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example, we presented the local compensation for the last cavity of the SSR2 section. Figure
4.2-2 presents the accelerating gradient (Eac), synchronous phase(¢s), and the beam energy
for the baseline design and the local compensation scheme. In this scenario, the
compensation consists of superconducting RF cavities: three located upstream and four
downstream. The failure was modeled by setting the parameters of the faulty
superconducting RF cavity to zero, as illustrated in Figs. 4.2-2 (a) and 4.2-2 (b). Figure
4.2-2(c) shows an initial increase in beam energy due to the compensation scheme
implemented by the first retuned superconducting RF cavities, after which the energy
stabilizes until it reaches the nearest downstream superconducting RF cavity of the faulty
element. This behavior simulates the non-energy gain effect caused by the faulty
superconducting RF cavity. Ultimately, the beam energy increases in the downstream
section until the baseline energy is fully restored.

A detailed beam dynamics analysis 413 of single superconducting RF cavities concluded
that local compensation at lower energy sections, below SSR1. The missing energy caused
by a cavity fault, in the HWR section, leads to a significant change in the beam phase,
moving it outside the stable region. Consequently, a substantial increase in beam size,
resulting beam losses exceeding the hand-on maintenance limit. As a result, the hot standby
redundancy will be applied from the source up to the HWR section. Additionally, similar
compensation strategies were applied to mitigate failures in magnets with acceptable beam
quality 413, Typical ADS fault tolerance studies were focused on compensations of single
superconducting RF cavities and magnets in the whole linac 414415, However, our
compensation schemes have been improved to handle multiple faulty elements

simultaneously throughout the linac 415416 including the failure of entire cryomodules.

4.2.2. Fast beam recovery scenarios

This section describes the fast beam recovery scenario, which is a beam operation case
during nominal reactor operation, see section 4.3. During beam operation, in the event of
any beam trips occurring in the linac, the machine protection system will stop the beam

within 10 microseconds.

4.2.2.1. Failure in the low energy section

If a failure appears in the region between the proton source and the HWR section, the hot
standby redundancy will be applied. We estimate that changing the polarity of the switch
dipole will take approximately 1.5 seconds 417. In this scheme, the low-energy part that
operates in standby mode will function in pulse mode. This approach is used to limit the
beam power required on the beam dump. However, the pulse length will be sufficiently long
to reach the nominal current, thereby avoiding the need for any magnet tuning or beam
loading compensation in cavities. Consequently, this allows for a rapid and safe increase to

the nominal beam power of about three seconds to verify performance. Consequently, we
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predict the time to resume the beam will be under five seconds.

4.2.2.2. Failure in the medium and high energy section

In the case of a failure occurring downstream of the HWR section, reliability will be
maintained through local compensation. The detuning process and parameter adjustments
are expected to take less than two seconds, with an additional three seconds for stability
testing, totaling approximately five seconds. These time estimates are based on the opinions
of expert colleagues. This compensation strategy is suitable for the most challenging beam

trip categories of concern to the pilot ADS linac.

4.2.3. Availability results

Availability studies of the full facilities, including the linac, beam transport to the target,
and systems, have been conducted using reliability block diagrams and data from current
superconducting linacs 418, The results predicted that overall availability would rise from
82.6% using the standard linac operation to 95.6% using the fault tolerance scheme
developed by JAEA, consequently satisfying the required availability of 95% based on the
number of acceptable beam trips longer than five minutes 4®. It's worth mentioning that
efficient maintenance protocols that consider spare parts management and system

obsolescence are mandatory.

4.3. Operational Scenario

The pilot ADS linac operation strategy is based on the reactor operation stages as
summarized in Table 4.3-1. The beam operation parameters are listed in Table 4.3-2 and
described below.

The "Before" stage of reactor operation includes all procedures that take place previously
the nominal operation. During the cold commissioning scenario, no beam is provided, which
allows for testing to ensure all systems are functioning correctly. For instance, RF
conditioning will occur during this time, the process where the cavity field will be gradually
increased until the nominal parameters are achieved. Following this, the process of
accelerator commissioning scenario will start.

The accelerator commissioning scenario will be carried out in two steps: the pilot beam
step and the accelerator tuning step. During the pilot beam step, we will conduct an initial
check by sending a beam at the nominal peak current. This beam will have a very short
pulse length and will either consist of a single-shot (i.e., a single pulse with a pulse length
equal to the nominal value, but without repetition) or be delivered at a very low repetition
rate. The single-shot strategy is used based on J-PARC's expertise in tuning high-power
proton accelerators 419, This step is designed to minimize potential damage in case of a
complete beam loss. It is important to mention that we decided to operate at nominal peak

current to avoid space charge retuning every time that the peak current is changed.
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The accelerator tuning step involves adjusting cavities and magnets to minimize beam
loss while ensuring safe operation. The tuning process is implemented in two sub-steps: fast
tuning and slow tuning. We begin with fast tuning sub-step, which uses short pulses at a
high repetition rate. This allows us to achieve nominal beam energy by adjusting the phase
and amplitude of the cavities. Next, we move on to slow tuning sub-step, which involves
longer pulses at a lower repetition rate. This is necessary to provide a suitable beam signal
to the beam diagnostics to make precise adjustments to the magnets, as well as to
compensate for the beam loading in the cavities. During this sub-step the acceptable beam
power for the final beam dump is limited to 200 kW.

The next is the loading fuel assemblies scenario, which involves adding fuel assemblies
to the reactor gradually as described in Section 3.2.1. This process will be used to measure
subcriticality; thus, proton pulses are required. Finally, we reach the start-up scenario,
during which the beam power gradually increases to its nominal value as determined by the
reactor's specifications in power step and time step. For example, we considered an increase
of 0.5% in beam power every one hundred seconds.

In the “During” stage of the reactor operation, two scenarios are considered: Burn-up
compensation and fast beam recovery. Burn-up compensation refers to the adjustment of
beam power according to the subcriticality of the reactor to preserve the same thermal
power in the reactor. This is done by adjusting the pulse length to provide the required beam
power. Fast beam recovery was explained in section 4.2.

Finally, the "After" stage involves the system's turn-off process. The shutdown scenario is
the reverse of the startup, where beam power is reduced from nominal to zero at a rate

determined by the reactor.

4.4. NP U BT

A1y b ADS OF EERICI T DR EIL. P ADS O L EERTAEHTRE R 42012 KD

X, UTORED S EHE TRz,
1) 7§ ADS & Ui E B L O —2m 25 (lm b7 1WDOE—L1 R)
2) LBV 200 MW, E—AHT) 10 MW (B — A 10 mA)
P4 ADS OfEHT Tl OB F) 800 MW, B — AHI ) 25 MW #{RE L7=, /31 = v ~ ADS
THWD 1GeV T E—AZ Lo TERSNDIBIEDO R, 7720 bifas OB EITER S 5 £
YT F AR OZERBEEIX, #H ADS LRE—HITh o THRGH ADS KV b HLBEMZ 5
N2, LinL, ZTOEIFIRELRNED, KB TIEBEHMEIC L 2MEOEITER T2 L L
T2,

B5 1 NS A D B I 6 L OZ 4y SLd H I IS B3R~ 5 H - D = R L — 4340 D TR
1. FEHADS £ %1 1y  ADS TREX K IIEDbLRWEMESNS, LER-T, Afay
~ ADS @ EEBEREE A H ADS & AR D56 | IR O BRI SO K3 2 & 1 pd H
ADS %5 0.4 {5 (10 MW / 25 MW) | %4y ZLEH S 2L R - 5 #1305 0.25 £ (200 MW /

,47,



JAEA-Research 2025-013

800 MW) &tHE S b, Fiz, EME LoV — Mgk ORI TZ M M7 IR K
TOMBEN KN RT20D, XA vy M ADS f.0 EF oM EIL, BBierampf ADS © 0.4 ff &
ML ENRIAEND,
Table 4.4-1 (2, LA EDOHEEIZHA VTR L7231 = v & ADS 87 b5 S i i A g
R, B, ZZORTEHMEMEIL, P ADS I L TELNIZEEF—TH D,

4.5. MHEZEDE &

A vy h ADS 2 1.0 GeV, 10 mA D1 £ — A& BG4 2 h# s % . pEH ADS FnE
& RBRIZER G LT, ARRGHZ X 2R, & EERIC AR TWm L FOE— A1 5%
T COEmNAIEETH D, iz, KX —ICx L CIMEGREOLZELE, MR F—|C
X L CTHETLREMD & 5 ISR 22 Ok EH & 32 2 & T, A O M ZEIH O s 1% LT & i
T, BWBEERZFZHTE 5, iﬁJﬂB@E@‘ﬁ%‘@ (Zxfhi L7z nsgs o ke dh - 421k
HEDRIEORFI 21TV, 2R ENOREBIZIIT HINEEGROEE T IELZHA G L, A7y
N ADS THAET DB EIIEH ADS @ 40%FfEE & FGA i, .0 B offdEEic >0
TIEEM ADS OG220 EFHEHATEL EEZ NS, A%IE. B —AX U TREHIMIT
T2 BMENTSC, BRI HE > AT A WO L WL OO EEBRBEICET 252 A
VETHD,

2 3E R

4-1) Kaneko, Y., The intense proton accelerator program at JAERI, Proceedings of 11th
International Collaboration on Advanced Neutron Sources (ICANS-XI), Tsukuba, 1990,
pp.210-217.

4-2) Mizumoto, M. et al., A high intensity proton linac development for neutron science
research Program, Proceedings of the 18th International Linear Accelerator Conference
(LINAC96), Geneva,1996, pp.662-664.

4-3) Mizumoto, M. et al., A high intensity proton linac development for the JAERI neutron
science project, Proceedings of the 19th International Linear Accelerator Conference
(LINAC98), Chicago,1998, pp.349-353.

4-4) Ouchi, N. et al., Development of a superconducting proton linac for ADS, Proceedings
of the 4th International Workshop on the Utilisation and Reliability of High-Power Proton
Accelerators, Daejeon,2004, pp.175-183.

4-5) Yee-Rendon, B. et al., Design and beam dynamic studies of a 30-MW superconducting
linac for an accelerator-driven subcritical system, Phys. Rev. Accel. Beam, vol.24, 2021,
pp.120101-1-120101-17.

4-6) Yee-Rendon, B. et al., Design and optimization of a proton source extraction system for
the JAEA-ADS linac, Proceedings of 14th International Particle Accelerator Conference
(TPAC2023), Venice, 2023, pp.1591-1593.

4-7) Yee-Rendon, B. et al., Beam transient studies for the JAEA-ADS LEBT, Proceedings of
32nd Linear Accelerator Conference (LINAC2024), Chicago, 2024, pp.488-491.

,48,



JAEA-Research 2025-013

4-8) Yee-Rendon, B. et al., Electromagnetic design of the low beta cavities for the JAEA ADS,
dJ. Phys. Conf. Ser, vol.135, 2019, pp.012197-1-012197-7.

4-9) Yee-Rendon, B. et al., Design of the elliptical superconducting cavities for the JAEA
ADS, J. Phys. Conf. Ser, vol.135, 2019, pp.012198-1-012198-7.

4-10) Takei, H. et al., Estimation of acceptable beam-trips frequencies of accelerator for
accelerator-driven systems and comparison with existing performance data, J. Nucl. Sci.
Technol., vol.49, 2012, pp.384-397.

4-11) Yee-Rendon, B. et al., Beam physics design of a 30-MW beam transport to the target
for an accelerator-driven subcritical system, Journal of Instrumentation, vol.17, 2022, pp.
P10005-1-P10005-22.

4-12) U.S. Department of Defense, MIL-HDBK-338B: Military handbook—Electronic
reliability design handbook, Department of Defense U.S.A., Washington DC, 1998, 7-1p.

4-13) Yee-Rendon, B. et al., Beam dynamics studies for fast beam trip recovery of the Japan
Atomic Energy Agency accelerator-driven subcritical system, Phys. Rev. Accel. Beam,
vol.25, 2022, pp.080101-1-080101-17.

4-14) Biarrotte, J. L. et al., Beam dynamics studies for the Fault Tolerance Assessment of
the PDS-XADS Linac Design, Proceedings of 9th European Particle Accelerator
Conference (EPAC’04), Lucerne, 2004, pp.1282-1284.

4-15) Li, Z. et al., Physics design of an accelerator for an accelerator-driven subcritical
system, Phys. Rev. Accel. Beam, vol.16, 2013, pp.080101-1-080101-23.

4-16) Bouly, F., Method development for cavity failure compensation in a superconducting
linac, Proceedings of 12th International Particle Accelerator Conference (IPAC-2021),
Campinas, 2021, pp.647-650.

4-17) Froidefond, E. et al., Study and design of a fast-switching magnet for the MYRRHA
project, Proceedings of 12th International Particle Accelerator Conference (IPAC-2021),
Campinas, 2021, pp.2356-2359.

4-18)Yee-Rendon, B. et al., Availability analysis for the 30-MW proton linac of the JAEA-
ADS project, Proceedings of 19th Annual Meeting of Particle Accelerator Society of Japan
(PASJ2022), Kyushu, 2022, pp.286-290.

4-19) Hotchi, H. et al., Achievement of a low-loss 1-MW operation in the 3-GeV rapid cycling
synchrotron of the Japan Accelerator Research Complex, Phys. Rev. Accel. Beam, vol.20,
2017, pp.060402-1-060402-25.

4-20) ot K, B f—RR, PR UK, fit, DEZRBREIEZ L S 2 T A0 EEEE O KU
B iR, JAEA-Research 2021-012, 2022, 58p.

,49,



JAEA-Research 2025-013

Normal conducting

(b)NormaI conducting

Superconducting

_RFQ §i DTL & DTL (High beta structure) ‘ A High beta structure ;
! i ! : (Case 1: 4 types of cavities T
: i 1
100 keV/ 2 MeV 10 MeV 15 GeV v Case 2: 8 types of cavities) 1.5 GeV
~15m ~1300 m ~90m ~710 m
(c) Normal conducting Superconducting (d) Normal conducting Superconducting
IS ERFQ'l _[_)'fl__ _: High beta structure 5, High beta structure
t i :
! I ! (8 types of cavities) - (10 types of cavities) |
70kev  2MeV 100 Mev 1.5 GeV 1.5 GeV
~100 m ~690 m ~100 m ~564 m
(e)  Normal conducting Superconducting
Switlch dipole
E\nms} LEBT ;RFQ £ mesT i
t Ty _ L BTT
' ! i £ ssm2 gt 0 elipRz |
E i ipRZ L N
3/keV 2.5 MeV \__S_S_R_l____,? .................... j_FlliRL b Wil
- - s t
[MDls} LEBT {RFQ & MEBT { 49.4 MeV 5 583.4 MeV
i 208.8 MeV 1.5 GeV
Switch'dipole
Reactor
~13 m ~430 m

Fig. 4.1-1 Summary of the commercial ADS linac designs. (a) 1990 47, (b)1996 42,
(c) 1998 43, (d) 2004 44, (e) 2021 49,

() Normal conducting Superconducting

Switlch dipole

............. S
|rv1ms E LEBT {RFQ £ mEBT
':.. " - _14 ...... BTT
. . [y T e _
36 kaV/ 2.5 MeV 1 sSR1 ssR2 7 emipR1 B oEmipr2 I N\
N e o S — — — C b — —
t t t
............. = = e, < i 1
LEBT fRFQ § MEBT #348Mey ! 583.4 MeV
............. Y = iasssesrraessnes’ - 2088 Mev 10 Gev
1
Switch dipole
Reactor
~13m ~363m
(b)  Normal conducting Superconducting
||VIDIS E LEBT ! HWR
~46 m

~13 m

Fig. 4.1-2 Pilot A

DS linac design (a) and its 20-MeV linac part (b). The 20-MeV linac part

does not consider the hot-standby redundancy.

,50,



JAEA-Research 2025-013

(@) 300 mm 100 mm () 3°°Imm 148'mm () 200mm 397Imm 400 mm
I I
%L £ W &
. €:, T\Jﬂ
UU y L4 OV 4 E/ 8
' S
148 mm 400 mm

100 mm 250 mm 400 mm 400 mm 400 mm

350 mm
(d) 300 mm (e) 300 mm
800 mm 400 mm mm 1029 mm
Qa ¥y ¥ Q ¥ QT C +
oo oe— BB
4 4 4 4 4 t
400 mm 786 mm

400 mm 400 mm 500 mm 400 mm

S =Solenoid, Q = Quadrupole, and C = Cavity

Fig. 4.1-3 The lattice configuration for the different superconducting sections for the Pilot
ADS: (a) for the HWR section, (b) and (c) are the spokes sections SRR1 and SSR2
respectively, and (d) is for EllipR1 and (e) for EllipR2.

H/V Steering magnets  gppg

Beam window
Dipole
/ v | N |
101 1 1 1 H | |
lﬂlﬂzﬂ | LN -iH ‘i. | E
== -
{[u]{u[nff 0 1 1 1 I
[EETET] 1 1 1 H / [ |
Beam |
) Diagnostic base on multi-wire
Matching Benl_j'ng Final using secondary electron
section section focusing emission or luminescence.
Optics section Subcritical reactor section
0 15 20 25
5 10 Position (m)
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Table 4.1-1 Commercial ADS, Pilot ADS and 20-MeV linac main parameters. Parameters
related with the beam window and transport does not apply (N/A) for the 20-MeV linac

part.
Parameter Commercial ADS Pilot ‘ADS
(20-MeV linac part)
Particle Proton Proton
Beam energy (GeV) 1.5 1.0 (0.02)
Peak beam current (mA) 20 10
Duty factor (%) 100 100
Beam power (MW) 30 10 (0.2)
Beam loss (W/m) <1 <1
Total RF cavities 362 292 (47)
Linac length (m) 443 376 (59)
Beam trip per year 410 2X104: beam trip 2X104: beam trip duration
duration (1) < 10 (t) < 10 seconds
seconds
2 x103: 10 seconds <t < 2x103: 10 seconds <t < 5
5 minutes minutes
42: 5 minutes <t 42: 5 minutes <t

Maximum acceptable power in 200 200
the beam dump (kW)
Maximum peak power density 200 200
in the beam dump (W/cm?2)
Beam power stability at the +1 +1 (N/A)
beam window (%)
Peak current density (uA/mm?2) <0.3 <0.3 (N/A)
at the beam window
Beam transport to the target 27 27 (N/A)
length (m)
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Parameter HWR | SSR1 | SSR2 | EllipR1 | EllipR2

Final energy (MeV) 17.7 | 49.4 | 208.8 | 583.4 1000
Frequency (MHz) 162 | 324 324 648 648
Number of cells 2 2 2 5 5
Maximum accelerating gradient (MV/m) 7.1 6.6 8.5 13.8 14.2
Number of cavities 25 66 72 60 35
Number of periods 25 33 14 20 7
Cryomodule length (m) 0.7 1.7 3.4 5.7 9.9

Table 4.3-1 Reactor operation stages and their scenarios.

Reactor operation stages

Scenarios

Before

Cold commissioning

Accelerator commissioning

Loading fuel assemblies

Start-up

During

Burn-up compensation

Fast beam recovery

After

Shutdown
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Table 4.3-2 Beam operation procedure for the pilot ADS linac.

Parameters
Beam |Repetition Final beam
Stage Scenario Step Pulse Duty
Current rate power
length (%)
(mA) (Hz) (W)
Cold
N/A 0 <50 <20 ms <100 0
commissioning
Pilot beam 10 <0.01 <50 ps < 5ed 5
Accelerator
Lo Accelerator | Fast 10 <50 <400 ps <2 200,000
commissioning
Before tuning Slow 10 <0.1 <200,000 ps <2 200,000
Loading fuel
Subcritical check 10 <50 400 ps <2 200,000
assemblies
2,500,000
Pulse length 400 ps to 2 to
Start-up 10 <50 to
ramping (5-20) ms | (25-100)
10,000,000
Burn-up Increase pulse 5 ms to
10 <50 25 to 100 | 10,000,000
compensation length 20 ms
During
Fast beam Hot-standby and/or 5 ms to
10 <50 25 to 100 | 10,000,000
compensation | local compensation 20 ms
Decreased pulse (5-20) ms to | (25 -100)
After Shutdown 10 <50 0
length 0 ps to 0

,56,




JAEA-Research 2025-013

Table 4.4-1 /3A 17> b ADS 47 IRk R G

HH I BE i AEAfIE (P9 ADS & [R UY)
B — A E L 100 mSv/h LA b (BEEFE#EAE)
(A>T F v AHE)
EREAT DO WL ISR & 2L # MGy~#+ MGy
KIF e LEs o B | 25 uSv/h LLF 0.01 pSv/h LR
X fif (1 mSv/i#)
ME 55 T 0.11 uSv/h LLF | 200 m B 7-fZf& T 1 nSv/h BAF
AAA T %A
(3 Hiz>& 250 pSv)

234 7y b ADS O EEE B AlEE=E & ORICIE. P ADS TIHARE S 3072 WO i fEE
BRENHEASE DX BT E > THREZAAELT D, Z OB OmARIEL, B 1285050 L Tl %
E—AX 7 FOWEFE L HE L THShES W), EHBRE~ORBIIBHETE D,

,57,



JAEA-Research 2025-013

5. MR#rEZ —7 v b

5.1. BF ADS icxfd % %5t

ARETIEI A 2y b ADS O — 5 > FREHZIOWTHRETT 2, ZHET, i ADS
DR S — 77 BT L CiE, SCHR 5D CTEGRE) - fEERR G M Tz, £ 2 Tk, 1.5 GeV,
13.5mADE—LEREZITDHHX—" v he LT, ®miTdsd LBE AV (Fig. 5.1-
1. KPIZENTFEAS LBE 28 AL, EEARA OB AH S5, LBE OBREI R
TRBAZHIIE . MA REHTSOWEM OO0 b0 LA TH 5, IEIM M OEZE & LBE 3
TH70IZ, RBERR (WAIPEZS) O — L% i“hé%ﬂﬁﬁ%@%rﬁiﬁﬁb\ bhbd, B—A

B, BrE—20@ilic L0 RAT S5O T, LBE THRT 7202, RAMEZ&ED D ) X)L
DN FEICERE ST,

REFTIE, BrIESR AL DO — AR AR TREND T U A 550 TRE LT,

y(r) = =—e /29" [mA/cm?] (5.1)

271.'02

A =—24 [mA] (5.2)

1-e~R*/202

Z 2Tyl AEBREE, ridB A EAE em], o3 EHERZEcm], AIXX —7 v MCAH S
5 EIEImAL AR S AE S EHE[mALL RlemllZ v — 2427 FNERTH D,
AJAZE—LF T MY 8 — L E BT 27200 EZEKRL TS, o2 K& T5DHL
DHIRTE BT B — 7 BFEDS TR D 129D B — LB DOBRE OB TIXAFNZME < 23,
ADBRKEL 2D IHEEFO A OB TAFNAH <, SCHK 5V TIX, 0 =104 ecm R STz,
Z D, A'/A:1 11 T 1% X —57 > MZAREND Z L2 B —A KX 7 NEHIZAST 5,
r=0cm |[ZFJ 5 — 7 EREEIX, 22.0 nA/lem2 TH 5,

WICBEIFHFEIC LD | B — ABONAESIREN 460CTH L Z L3R &7, £7-. LBE
5 DINES KT B IR 25T, 4.58 MPa THEEET 5 Z L RENT, px.frfjji 1
MPa CZH2MHFEE LT 3 2325 Z L35 it Th b, bbb, 3 MPa & +431C
STEY, BRIZNADZ ENTE D,

— 5T, TNOHRFHIRBINREZE L TIThILTER Y | BFEEBICOWTTREE S
TV, ER52DFK 3.2-10 /RSN D K 912, pEH ADS Tik 600 H OJf#: Thi X 176 DPA
DOIRENRIAEND, MEHRIHIZB W T, % MeV UL EO BT R L X —hi1-& | $ MeV LL T

DOEEENTHR T 2 T & Clk, BEIC L > TEZEBTA UL KB W A EOARKE
BANER D0, [F U DPA THMEREENC 5 2 D BN ESTL D, DD, KAETIEZO
— 5% High-DPA & Low-DPA & X}I4 2% Z &35 &, #H ADS TI34 20 High-DPA &5
150 Low DPA O &% 51T %,

52. 4 uavy b ADS DX —% v x5
HIEI Cik_7= K 512, REFERAIZBW T, A ADS Tho CHNT D NEL N
TEBY, "AMry NADS THLRIURFZHHT A2 ENARETH D, —FH T, BEHOEIRICHE

,58,



JAEA-Research 2025-013

IMEEEIZHS N TRY, WEICIE, Fig. 5.2-1 ICRT EHWCEBLRFA e Y =27 b
MEGAPIE (25T 350°C, 7 High-DPA, LBE i@ F COMEHE SR SN7-08, BEH
ADS o5 (500°C, 20 High-DPA, 150 Low-DPA. LBE i F) Z##E T 2 ERIIZ N
FTIATDI TR, MEOE R - REEEICIIRHA & T, BRARE S K& P
4%, MEGAPIE @ X 5 KR o AIcB W Tk, BEIC X 2o il GEME-atZERB iR
FED LEF) BEZ 225, A ADS O X 9 72 miR COMA TIL, bl 7 ) — 7N a S
L, RHRBREAITOIRERLEETH D,

% ZC, #7212, 500°C, 20 High-DPA, LBE i@ N TOMEERER 2 AT 8E & 72 2 5B 23
J-PARC THFTENTW5D 53,54, Z Offisk TOMZERMEZ AR E L, 231 2> b ADS TiX
#IHIZ 400°C, 10 High-DPA, #t+ Low-DPA FRJEDE%Ft & L. BRI — AEBOMHEH H 2K
EIEIX LoD, MUK ER CH BRI 2 iR 9% Z & T, 500°C. 20 High-DPA, 150 Low-DPA
OEEM N RIAD 2 IS SR ZER L. B ADSIZoRIF 552 &1 5,

5.2.1. E—2A4JBik

Fig. 5.2-2 IZAEKETT 2 B — L8R E " T, BARBREZIIfHE FIORLEE, =247
FOWNEIZ 22.5ecm Th D, KHFOIX, CHK VTR ADSIZR L THOWON b DT, &Eik
13.5 mA THEHERA 104 cm OH T A5 ThH D, Ziulxt L, Table 3.1-3 TR S 72pgH
ADS #ZEFTIE, 17T mA O —LAERBMLE L SN TEY . 15%DFRH % 7iAA T 20 mA
THERR DR FI BTN TND 59, REHI L VGO =27 m 77 A0, HPOTH
5o O, EHERZE 104 ecm OH T AT, RIELGNPTHLHH, 225 em KD
MU OFE IR SN TE Y | 10%REOE -2 Ao TWD, TREARETIE
E— AR 1 LRSS,

RA 1y b ADSIZEWTIE, Table4.1-1 [Z/R L2 L 912, B — AERMEN Y453 D 10 mA T
b5, MHADS LH—DOE—ABREHBOLND LIETH L IFOIRT LI, =2 &
MEEDO/NSWREEEN R mE b, /"4y b ADS OFHITIE, ZD X 5 250 TR
Ebo THEEAZ DL ZENBRYTHLEEZXDND, TNEARETIIE—ABRK 2 LIRS,
E— ARIZB T SRS RIS, BRI S BN B ORBEICHAT 5, S =y b ADS T 270
AR L4+ 5 L, BEEIX. 20 High-DPA X 10/20 X 270/600= 5 High-DPA & Rf&H 5
N5, BitEE LTIE MEGAPIE % TRI-> Tk, FIHoOBEE LTTXEYEE 2N
Do

—J. Ay N ADS LA ADS # BT I2Hh 7o T, LV B —ABREEOKE
E— AR TER « mBRHNEE COEEBELZRRTLIETHLEBEZOND, ZDOX I RGHE
12, M@ TRTE—ZDOREWZIRAE L TW5, ZOIRIT 4 %D Fig. 4.1-6 2 %L
L7bDThHD, THEARETIIE—LBIK 3 LIES, E—A1IK 3 Tl L TE—LFIR 1
LRIEOEBEREL L 72> THY, 540 HEMEEM T 5 & 20 High-DPA BREDOHHTRICR D LT
BEhs,

U bEdD 3 >DOE—ALEIK%E Table 5.2-1 IZF & 7z,

,59,



JAEA-Research 2025-013

5.2.2. ENFRFEAT
E—A%%1~3’ﬁbf PHITS 3.3556Z [T, =fA#EA v ¥ 2 1S LI B i &
L7, B— A% T3 L O LBE HORMEE S | 22 Fig. 5.2-3 & Fig. 5.2-4 1257,
E— ABNEORT, E—LsBRICEBBLRMALITH S, LBE NEICE W T, Bk 10
FREENRORE L, INWFEHIZDTE>Tn5d, Ik 2 TIEERMBEN/ NS b E bz, B
FDOZRXNX—=D/NSLRDLEET, U TORMEL D, IR 3 TIEHLEHBOANK
TRBEE L Mo TV D,

5.2.3. E\LENEAT

fight 7" 1 77 & LT FLUENT2020R157% iz, WAKET VL k-o SST €7/ Th
V. ELEET VDT XA —4 % FLUENT2020R1 (ZHAGA EN TV D HIHIEZ V=, A D
@ LBE 1%, #H ADS THWHIL TV 5 Table 5.2-2 Oi%FHEZ A L 7=,

Fig. 5.2-5 |2t 04 2~ 9, LBE (XIREIC L DB E e EOMMEELRN/ SN Enn | B
W1~3 THEREZTIR O, WIhd, / AVIHO CiRKEEZRY | B — ARIEH T
Iﬁﬁﬁﬁfu’ﬁw E— A&7 FOIMANZ D> THiAL S,

— N OIRE A % Fig. 5.2-6 12, FHEAOIRE %A Table 5.2-3 [Z/~"7, B — AT ER
ﬁﬂnﬂEu;of@%émfmétb NERIEDOHNERE 78b, £lo, BE—ABITET M
AMAINZATIZONIERAZHE L, £z, E—A0HMICx L TRIDICART D L5122 729
WM ERO AR INKRELS LD, ZOD, FFITEIR 1IZB W TIE, B —2BNEmEEIXH
DXV H 100CL Em <, B — A8 o TI1 S EFRIEE TH 5 600CE M2 T\ 5,
—J7. LBE 26O R OBLE TR L 72 54K EIREEIZOWTIX, 480CUL T L2 o> T %,

AR 2 1Tk 1 EMEITH 523, LBE AHRE (300°C) 76D EFZITFIR 112~ T
P T Th D, WREREREIL 430C, SREKEREZIL3T0OCRETHY . RHEDOH D
EHZ o TV 5,

JEAR 3 Tldk, FROBEREBIZEB W TiemiE (R 480C, shEiH 420C) &5, ZD
HMZEBWTIE, IR 1 ERIZEOHEE L > TnD, BEELHLTRAKE RSO, IR 3
ICRBWCHEIERBRAZZRE L, IR 1Icm ) HEHclE L b EE 2 b5,

LBE Wi OIRE/34R % Fig. 5.2-7 2R 7, IR 1B L2 T, A BAMANZIEIL I
ONTHD bIvmik & 20 . Z =7y M5, —J7, B 3 TIEF R TR b
%, SMUICIXBEVIRE LR T2 L& —F v MM EN S,

5.3. Bk s —7 > hOFE LD

ARETIX, P ADS IZxt3 22 — 7 > FORRE A SR L, RS TORLHED
RIAENLZ b, Ay FADS THREI—OFKFHE Lic, S/ 72y s ADS D1 B — A
EEEEME LT, 22508 =4Ik OBIR 2, TBIR 3) #RE L. i, EEYW & %I
sz b& L, BHADSBLU22D/3 1 2y N ADS D E—AIRICK LT, ZhEih
FEEN - BRENRAT 21TV, B — ABMEHC ER S D A BREE 4 Table 5.3-1 D X 5 ITRD 7,
2L, PO A vy b ADS DR RV —HHE1 12 L5 BN &EIT, pH ADS O R &)
O, HHEBEICHA T2 ERELEHMBREMECTHY . SEFFMALETH D, £, AMRFHT
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Table 5.2-1 E— AR
HH E— AR 1 v — AR 2 v — AR 8
g P44 ADS A4 my hADS | 231 1 v k ADS
E— AT FRLX— GeV 1.5 1.0 1.0
VEL7R B — LNEE T, mA 20 10 10
Inde B — A4S, mA 22.34 11.17 10.33
v— 7 BIEE u Alem? | 22.9 11.4 27.0
Table 5.2-2 LBE A 0444
HH fiE
J RIVINERISNME 160/200 mm
B — LAETEE NS AL ETO | 1000 mm
PR
A 300 C
J VNt R 1.9 m/s
J RIVAN R 0.4 m/s
Table 5.2-3  {REMHTHER (CC)
=LA 1 | E—ATBR 2 | E—LATRIR 3
- AETER | NREIRE | 493 382 484
SARIERE | 434 351 417
B — LA | AR mEIRE | 618 435 v—7 ML
v—7 SAFREIRE | 479 368 v—7 ML
Table 5.3-1 ADS v — A &M B OfFE HEREE
A1y b ADS # ] ADS
IEY % H]
ikt FH H1 e 270 H 540 H 600 H
B — AR Ak 2 Ak 3 k1
it IR 440°C 490°C 620°C (JAFT)
(LBE #2fili) 370°C 420°C 480°C
SR (B x/L¥—) | 10 High-DPA | 20 High-DPA 20 High-DPA
(K= L ¥ — 4 HfE) | 75 Low-DPA | 150 Low-DPA 150 Low-DPA
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6. FEds B
ARETIEZ, NA 2y b ADS DFREERD O 5, —IRRR 7| RKIEER. REBRERE
BEtd 5, "My b ADS CTIEpH ADS L RIUAFREHWD Z LT, AT —NAT v T h2KG
2T 558 ET 5, Thbb, ARFHIBWULREOREA ADS ORFHFEREZ 1L B a—1L, /<
A1y b ADS [ANFICA T — IV E T35, ZOM, FRERREEHIE, SO0 S o B SR
. RB R R L OSSR 2 B D, BRI, PSR ERS L OEE S —EURED
B2 ERT,

6.1. —RFAKRST

P ADS 28T 2 —IRBR - 7 ORE T, B0 AR 7 2 BT 800 MW D REZ 2 2E
72 LBE #iEI & T\ 5 (Fig. 6.1-1), 17 200 MW D34 v » ADS THIFLDHAD [
BEZIFCTHDZ D, BRKEIX 1412325, T2 TRy 7EEERIULS 288 L,
7 U & T o THREZRAR > 7 G (B TR B Bk B WAR) #8228 &
T 5, MU#EFZEOR Z7OMPANITRRTREN D,

6.1)

Z 2T, QUIEEE (m¥s). HIZERE (m). nidA X7 OEEHEE (rad/s). DIidA T8
(m) THY . Fyraldfay FADS. ¥ v v =B LITRH ADS 28 LT\ 5,0Q'/Q =1/4.
H'/H=1To2o15.D'/D=1/2.n"/n=2 2155, TR bL #EH ADS Lt~ 31 o v s ADS
DA LRNTEIZL2 THH> T, ZOREHE L 2L AL OND,

Fo, RUTHAORIINE 2N 2SN FRRE & %G9 2 03 ©H 50T, il mfE
14, BEEE 12 L35, EROLIITA T RO THOBERE HIZ 121275 Z LD
5., Re7a2EofiE (R b 12122260 Ll L,

UbZEFLEDT, KBRS T DL % Table 6.1-1 (12”7,

6.2. ARFEALE (8SG)

RA4my FADS ® SG b, P ADS LRI FA (Fig. 6.2-1) &35, +74bbH, LBE i
5. MEFROK - FRLZA~OBBECE Db DL L, fiF I~V Draq Vil 45, 5% LBE
HADEE, KEADBEESZPEHADS ERICE L, 170 OREES 1/4, LERME
DOREH (KH) b 14 L35, LiznoT, ARKFEERONEL, mIFmnELL, PR
a2 LR TE S,

PLEDBZN OGO DML Table 6.2-1 (2R T, /A 12y N ADSIZEBITFH~Y HraA
VDB ETT - BERIIRRFTH D,

6.3. AREEERER (DHRS)

DHRS (oW T %, i/l ADS & A UikEl 62435 (Fig. 6.3-1), &/ ADS TiE, SG
EEICALET S LBE it A DHRS O Hags (K, JFNEAZHAER) ZakiE L, B
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BT HRIRNTR D 2 R IHEIM & BRI L v Bl &8 5, 2 kARG HM S LBE THY . &
FTICALE T D AMR & DR Hgs (K, EXmEg) ([CE N, EmShd, BERFCIEZ, 1K
2 REBLOZERIT T R CHAMR CHREIS D, 2&ﬁ$’ﬁwT/7ﬂ ze SR HI2E b
ﬁ KD E STV, 2D IEEBERe D NCEFEZORMEIHOZDDEDTHY |

BB L %LT“6%®%@LkwTi\ﬁ%#é%giﬁwo

Br2sd 5 N & HAEEEIPE M ADS 1B W T 14 MW LR STl 62 Ziiud, FoHb
800 MW ® 1.75%IZFH4 45, 4 Hd~TdD SG 1Zxt LT DHRS N &t SN D72, 4 D
DHRS 2 #efif S5 28, s - BIERBZEE L, 3 R T 14 MW ZREVT S EEEE2 HT 5
EHetLhoTW5, T72bb, 4. TMWHEOMREEZET 5, ZHMBDE 2713314 7 v  ADS
BV THRETH L, FLHAN 14 THDHOT, ERMERET 1.1TMW/IE L 25,

P/ ADS DHRS @ 1 RR/2 IR F OBAZHE & % Fig. 6.3-2 (rd, @ (KFO) 7
BAMANZ A>T, SG ~DAKFZAR (KHOQ, TrEigi)., SG 2o AGHA (KHE, k
& yii) . DHRS 2 %% LBE A0 (@, T &iiiL). DHRS 1 WR/2 KR DO{ZEAGEIK
(KH®, k&) NEE I D, @EIERRICHSVO TS 1 %% LBE |3 DHRS {(m2AGHIK
@i L, DHRS2 WARICK WAL S Z L7e<, SGITAT 5, Fig. 6.3-3 ICHEME X % 7R~
¥, XF NsL (3@ @GR K. TH Y, BsLid B — A% 7 bR BE RO RIEAN TH 5, JFT

PR — LK 7 MM L, LBE 28— IR L 7235 T%]Mmsﬁﬁ%ﬁﬁ?&TE@
ITFIALET D 2 N LR EORFEETH D, ZOEDIC, T FERMBICH— KXy k&
ARRT B, 28O LBE BNRRT 5 Z kﬁﬂwijmﬁéhfwé 1 RFRI2 IR F DB
P4k % Table 6.3-1 127”9, {EERETT X THEMH ADS LRIUE L, BEVEAREE 1/4 123
593 ETREELY 1/4ICTDHZEE LT,

P4 ADS DHRS @ 2 Ik R/ZEXK DA g % Fig. 6.3-4 (2~ d, Kz UFEICx LT 2.3
mx4.032m ORFHHDZERL 7 MInbZEXDBREMT O DHEE L 2o TV D, BBV O 4K
% Table 6.3-2 (2779, FREVEN 1/4 127> TWDHZ D, mBVEARKEZR 1/4 12 L5 Z &
TRIFEOREDAIETHL B X BND,

LLEMS | RREEERERIT, IR 22 2. o, ﬂ&@%ﬁlBE%:%ﬁb&w%
FtE7eoTED . 238,42 Tk LR EOBEMEEZ -3, M T, ZRMEZ AT D720
A= 7 U — 2R A S 2T LR FIFZEM~DIEK & W o Te FREEERE S 72 3 /%wf
WzdbDET 5,

6.4. LBE /%35 12 % 4%
6.4.1. MRFERERENE

LBE W CHfTT 28 E &I L Tk, EFRRRE 2 @28 (107~105wt%) (28
B CHM R IO 2124 2 & T LBE & R o BBl A [A18E L &R & i)
THZENHREIN TS, Z07d, LBE ROERICHWTIE, BRERERNE., BRREH
BNEEIZ/ S, BEREORBOZRMETIELE LT, b—F -0k R, =%
A, vra=rAngFonsd, LT EATELERL —F—Z2 H, RIS
FFHANEZFIH L CL—Y =N EXN G T A 2 @R HEEOEKEN D T AREZRET D,
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BRI BN FOFHMEELFA L, BANOBE S FOBEIZ K> TELLIEEX Y VT
HAFEREDEA, KOS AEDOE L, [EHE N ETHRINL, BREEICHREST 2, WEE
JEBEVEBARDOREICE T 520, —RICKIKEZRSR L LTeFIETH Y LBE FOEFRERRE D
HEICIIARBE TH D, A AN=FRILGM & (R & 829 5 BARIE T IChREEZ A L CBEL
fAE L, MIEBAROBESEICHSI L CTAE L2 EREZMET S Z & CHEREZET 5, K
HER O/ NRER RS Th 0 R, IRIKZ Do A ATiE Cd 2 K. LBE ~0u B L T
BRRR DA X 2 FMAVENRCRBEOMENER EoMERH L, Yra=TRidA v Y
TREBIE YV a =y s (YSZ) OFFEEMRE L L ToOMELZFH LD THS, YSZJE
DRNIMTEE TR LD R 70 2 R Bfih U 72 BRI, MERIRE OIS URA LB 2 #E
52 L THBIKRDOBBIREZIRET D, KFETECY—OREHSAEIIv 7 TS
YSZ THERK SN 57, EiE T LBE hOBRFE I HICE T 5,

AKona=7X% LBE HBEFREOREICHHT LI LEZHMNELTRA Y, X -5
DA EOWFFERERIC BN T U —HINOBRE R ED B iviz 6465, AARTIT JAEA IZH W T
FEOWMIOGL &, it o —0HiiE SR L OO TR N ED ST 72 66, Fig. 6.4-
Lt v =& E2 R, o —REEITRBRE R O YSZ TR S, £ O N2 B
LR DEBRN—A NEBRA, HDOWVITBERENEIZIBWT LBE &5t 25Mme LTo
SERt A E AL, LBE il & OB EZQET 54 Th S, YSZ EFHMVEEL 95 LBE
FOREGFIHBRFZEENILSMETH L0, WEFICEEIL YSZ ENMN G LBE f~B#7 5,
Zokd, ERBtMESEmRE LTHWD FEICEL L, SATLIRICKFET 200
BT E ENDMEPHE SNFT, WTNFEMmElz 52 LITRT oy, 2ok,
JAEA TIEEANHLEVAATEZER 2SR E U CH, BERNEIC X 5 o R E % B4
L FiEEZBRM L7z, Table 6.4-1 12 JAEA THA% L7z LBE Higst & o r— otz ~4, 2
fRe LT YSZENICHELFHAN D ER AR AL ETHY . BRICEM L Pt X—X K
RN —=2 M EBBOBEGT, H2DWIXEMD LD E LR WGEEIZB W TlERRICER T2 2
LINFRETH D,

RAvy b ADS IZBWTCHREOE Y —RNERAETH L EEX DD, FRAME
FHNLREL LD & LigA, BUROBE L > —ofiE Tk, LBE IR S5 X i
B (¢p6mm X L178 mm) 2EA7R\, RS LHENODOREBEIZENTH YSZEOR S 24
B EB A= MY A RIERT H0ENRHY, BERIL LT YSZ BOMWEY 27 2BET 5
VES H Y BLENTIE RV, FRGANO LBE FICHRIEZ Ch{BiEtrh—2fzhI
LR SETRETRET 2561%, BIROBIEL P —n2ER e RmE L TE K4 E
AT DRENH Lm0 HEMATE R, RICEARE TH L2 EBRIWESREmE LTHWDS
FIRICEF L E LT, RIS BOFM OB D AHBEE 5 < 72 2 S Bl E T
LN D, O, BBREERIERE L 2=y ML/ LBE V—7% % 7 |
77 VR ENBIEA, RIETDOHERRYTHDLEEZOLND,

6.4.2. A TR AL i1
SCHK 67 ARTIE Y . AT U L ABODRSY T D Fe, Cr, Ni 72 EDg{b#) (FesOs, Cra0s,
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NiO) I, $A° A~ 2DmR{LY) (PbO, Biz0s7e &) TSNS W2 &R L MR-
TWo, ZOHEHBIZLY, LBE 2G589 5 RICHE W CRIEFRESE D LBE L #2ih3 2 #ipr & i
DAL DI AL, & D VIR O FBEZ I X 2 KGO BEICHEICHBENER Skl 5 2 &
272 %, [AIERIZ, ADS (2R W TR HEM ORREHE G IR 2 W Al 2 $iAF O S i TREL IR AN Al
F LT 579, LBE I X 288 O @il 4 B LBE HEER IR IE 2 U 2 EIC iR 5
72 IZIX . LBE PSR A AT 28RS B L 72 5, P ADS CTEUR X 2 R A & iT,
K 150 g/ TH 5 63, /XA 1 v h ADS Tlx, &EDENED T 570, MBI PERE T R
2%, 6.THITIRARD X 912, FRIMNEED 0.7 (FRRE (7.4/11.2) IZHi/hshTnbdeH, B
Fteda, WEOHM OEXERIL 0.5 (07D 2F) LRMELLE, Aoy h ADSIZEIT 5
BRMEREIT 75 g/FE TH D,

EERPICRE LG T2 FE TRbbMARELHE T2 FEE LT, BAERKBHRE LT
BAER L % FIH S 2 0715 690, WA= HAIZx L TeZ 2 L LBE O BB A mEZ2 /4 LT
7 AILBE B OFEFEOBATHAET Hik 697 ENBREIN T\ D, BRI EFIHAT 5 ik
BIL Tix., EA 12 mm @ PbO BREZZHEL SHTo Ry r— U2 RENICEET 5728 L T
LBE 2k S TmF LG T 5, 2720, 7 AU v b & LT PbO EREEO RIS ALK
SEDMTE LT BROIE RO A% R EORENRET IHEN D H, HAN—H AT
fad & 4G9 2 FIEICOWTCIL LBE B R HAE D WA= T RABIZEN D TAMIET A %
iz D7ZT TR, 74 0 ZlBiET 2R KIBDOITIRE SND T OAZENREL 578 E DR
ATV, flflo7T et e LTIE, BEREZERT D1 — O HI4H B
L CRE LEBEL THE - 256 1cmE s L, HOBREICEE L BRI 21514 5,
ZHIZE Y LBE FOMERE L BAE L T 550 CHREFT2 2 LR AEEL 25,

Fig. 6.4-2 |& JAEA & HF 375 LBE i@ F CORARBR AL B & Lol BRriEE
(OLLOCHI 610) (238 A U 7= il & EE I 7 A G A 7 A O RHEK 2 mT, K AT A
THMBERE L THN—HATHD Ar 12 2%DEFRE GIRET AZHEH L TV 5D, Ar 2 5%
DKFEEMZIZBET A DA LN TNDEN, ZHUTEENLD BT OB SRRTFETL—T
% B AL U 7o B, WAFIERIRE NS 2 WIXEAFUIRREICE L2 GE ., £ 0% OEIRIZE D
THFRRELZHEEIEE CHEST 2720 —KHICERT 250 TH 5, RERIEAIT 5 BRIXE
(R A7 38 Y AR R IR IE & o —DOMEIC S U CEBFRZ K, 25 W0IEMIE L, BEOMH
el FE 20 IR UETT D, RV RAT LTERENOL— 7 REREEE HICRE, BEShz
LOTHLHHLDOD, JFHEAIZIZ A 7y b ADS IZBWTH RO AEHAAIRETH S &%
bbb,

NA By M ADSIZEBWTIE AR D X 512 BRERREREAR L L=y ML/ LBE
N—THFRI EE T T VR ENBIHA L, BERELZNEST S, TRbbL, FRRNEG
729% 80 LBE 1Zxt L THEEY v FICHE L2 LBE 2/t 2 E D, 2o
. LBE A& LGNS BEA D RBRLMET 22 LN RETHLNEN T2Db,
HEAEIR SR O R0 B O it i R A O TR S, Titld 2 WIdiii o X & ke
ETHENRETDREBICHRD 2 DWW E o ARERIRV FNHEE RRICEFE L il T2 2
ENRTEDL L) il =y hORELZZDERHABLETH D, Mx T, EBEOEHEZEE
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LTCHED L=y N ORENRST SR BEREIEF 2 PE L, RIS R hiER 6
R, BFRREGET=y SORMKEIZEL T, KNS LBE FA~BAT LI-iEOR 5 5
VIZ O W TR 25 i 2 D D & L b il =y FDE Y 7 T v 72 VT FERIC K D HRERE
fili % Ehi§ 2 LR H 5,

6.5. ZEAEMRIT X D SO I A

NA ey b ADS TiE, FHEFENEEREZFTEDOMEUT & T 57201, 3.1Hi TR LIELE
BRIZ X B ROGEHIERES VBN D, REICIEX, A ADS K L CRIRERRG A 7 v 3 v
D—2 & U THET S U7 A S RS 2 2 8 (s BE RIS 2 it 3 2

SCHR 61D THR RS S VT ARG S TR AR 1 X BRBE T DSOS E 2 MifE T 2 BRI TEH S AT
DM, BaC WK &2 B 7 EFRW 7o i 1 XR—ChH D, 7272 L, SCHk s IWWTIHEARE »
F N 233.9 ecm O RERBHEA ANV LN TS D, BRICKE R TELR->TVD, 7
A ADS (REUEAMR) 1Zxh U TR S 7 REG SRS 4 Fig. 6.5-1 IR, &K
3.74m OENEN, BHESIR L [AERIC TEXFRICT v FICK W EE S, ZONEHE, &
£ 28 m OFIFEHENSA hr—27 1.2 m IZE-S> TBET 5, #ilfEONTHICIZEE 1 m © BsC
WA &, 2R 1m QX v 7 AT VEVENE N5, HliEEEKENERE O I H R
REZONTLIZDO 7V v 303 b0 | il (FX) ZBREREA (£X) ORNEDONERIC
miolE 52 ENTEL, T—ZIFF EEHICAE L, 2FIIME400mm O 7 7 DI L5
THEHESNLTWD,

i ADS DOAR#E « RN T1E% Table 6.5-1 123 T, 231 2y b ADS TIHEAKE v F2
N b, BEICHIWVEREHE 2o T Y . FRNEOAMEITH 60 mm /NS, 2O &)
5. 77U UAMED 300 mm FREICHIK TE D EME LT,

P ADS Tk, FLHLENS DT T v UdE TOMEEL, AR EE R SR O E IS
BAFE LT 620~1020 mm Tho7-, —FH. E—LERDOINEED 675 mm THho-7-H7 5

YUETH L, . BB MR D T D YL 2 EREE T T I BIELE L. BB HUE L
THRH D20, %%ﬁf TR A2 FTREZR TR 0 AMEL (2D 1020 mm () 1T HERE
DEH ST,

N4\ b ADS TIEZEBITFE LD 5 EHICALE T 570 SOl b OFEREL 466
mm L7772 <, 77 U E TIL, 466 -300/2=316mm TH 5, £ — LK (4 235 mm)
DT TrIR, 3.1 BT — AR E OTERNEIR SN0, BeEBEEIMAINEICE
ThREOBRMNEEND, Wﬂx@%%m¢m_ﬂ L. E#E7 T 7 CALE 22 %2 5 J5 3K
SR L O T WA T, Moy FADSIZITHEHATE RN EEZBNH -0, 6.6 fHi Tk
THETT %,

6.6. JREIAZHLI%

FEH ADS 1281 2 REBHE A IK B X OSSR OB EN L, B ASHUREIZ L 0 fF.0 & PikR— R
O THBEN L, REHE ABEE (2 K » THHER— 0 BAERICH LANRT 2 5 Tfrbh b (Fig.
6.6-1), BREFZHUEE TR ARSI 2T b —ERES S ZICEESNTEY . 2 m 2
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DRFETFT — LBEEH T, B OE T2 a0 T X TORBHES KR b IR EICT 7 &
ATEDLMEIZR > TWVD, FHER— M 2 RKOBREHES IR ZIKMNT 22 &3 T, 180 £
Mg 22 LT, T—2MllO7 78R e BEHHAEBROT 7 8 A2V EZXDL LR TE
D, WY HENTBREHEGIRITRE, IR ER T, KB DI — L C—EMMHBEISN S,
SRA vy b ADSIZEWTIE, 6.5 fiTilk~7- & 510, RUSERIEEERS & o BEick T 5 T
WCEVRUCFRIZHRETH 2720, FOLIMINS 2 RO FEE R OBRE R Bkl 2 52 E L, kR —
MR LOREHHALE®E G 2 K2 AF T2 R ET D, Ik 0 EEOBITMZ D L DD,
P ADS TIZME A, BB D B — LB OV 4 L, LR ER A OB E) ) R L
720 B R BAEET D 2 I DS AR S LB RLER B B

PG ADS TIX 300 H~600 H Z & IZBBI AL A F2lfi§ 2 Dlzxt L, »S4 v kb ADS Tl
90 HZ & D U3 IFLOREIZBNEE SN D, LR -> T WIS LIF LR 2 — ik ©
TORMMAEAE L. L0BREIRBIM A FET 5 2 & bRFTORMNAH 5,

Table 6.6-1 [ZEARIAZHARE, HfkAR — NI L OWREHE A B TR Tk 2R3, XM ey k
ADS TIHESERTENED LTV D 7D, AMEWNNEL b —FaRIFEbL i,

6.7. FFEERRALE S X O A

CZETOBRBMNL ARG b F NS OB TEZ W T, ~Af 2y b ADS O
BLE 3 L O RS HEA B Lz, Fig. 6.7-1 R4 X 912, #a/ ADS & B — A~FiElEFE—T
DD LY A KT/ S W2 | IF LR OAMAEE R 2 AT D5 D B N 4.2 m v 5 2.8
m /N EL 72D, SG+ Ry T H/NEL o TNDH T, BRIZROPCRBOH HAELE & 72> T
%o SRBF AT PR 2 5 00 TR ATRE & 3 2 72 01T, JFOAE O BETEICRIFRIC 2 B2k
L7, kAR — his JOYREHEAZEE b 2 EIRB R O < ICEEE L2, Zh b o4t
PN AR=ZAND D720, BREO—FERPESFT & L TEN T 5 /RN & 5,

IRBHOREND, S 1y b ADS ORFRGEE N 7.4 m, SME8 m & L, T ARA R
D SIIEH ADS £[H U 1559 m Th 5,

6.8. FEX—E

RAvy FADSICBITAKENZ —E L OBRBEICOVWTHET 5, Table 6.2-1 1277 L7 &
I, B vy b ADS OARKIER DX, 275.4°C, 6 MPa O ) RN fEoid, =
id, KEEAKIFOZ — e NCHWLN L AR E FAEROE-IREFERTHY . ADS ¥ —¢b
NZOWTIER AN 2 B ER T W B 2 b, HIRBRBOBATIX, S/ 2y b ADS 124
— B2l 2 D EVEIT RV, — T 8 1y b ADS TiE 200 MW ORENR AT D720,
INEHICERETHZ L1, ¥ —EUEOREBERBBOBINCHPLEAEZEZELTH, &
FHHNCARBETH D ATREMENH D, T 2 T H— BV RBEITH) D B2 R Ml 217 - 7=,
ik 612D F 2-2 205 FREEERE 4000 M O €T v ABWR (17 1.35 GWe) 2B\ T, #
— BB D R 1T 8384 (M TH D, HD 0.6 FAINKILT D LIRET S & Table
6.8-11T/RTLIIC, BHAADS &/%f 2y h ADSIZH L TENEN 321 (EM L& 140 ([EM D %
—EVHBRBICRDERELOND, L EWDOEK 6-12 25 B|2, FFHO AT T U A B %
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ZTD 4%, FEILERZ 8% & 45 &, EIRYIM 40 FEM0RE ML, ThFh, 859 (5H & 374
BHTH D,

—J. 40 FEMDOIEEIZ L > TH LA FIE X, HAiZ 10 FI/kWh & LT, £ 7020 (&
ME 1316 EHTHDHDOT, ¥—EVEFRICL > THOICRBENEONDI EEZOND, 22
T, XAy NADSIZHOWTIE, FHEOEIREZ 60% L KE LT, HID ADS ThHhoHZ L%
BRI DHE, 30%7 EDOIEFITENEIRRIZ R D A HEENRH D, ZTOHATHLREICEL DI
ANFE = bBEAZ 5512 RS,

NAvy kb ADS IZBWTIEZDEIOEL NEHHFOIERIC L > THE SN D, IET
HEETHIN, WS THDZLE2EEL 20%REDONERNRTH L LIET D &, &K
IEZRE ) (I0MW) OHAICIEZEATNTZ50MW & 725, T7hbb, BEEROK 8 EI2N
HEF CHBE S, EBICRETEZLIENFT2HTHL, L, RITH —EUBIEFEE LW
A 15 M/kWh OEBRAMA 215 LARET 5 &, 40 FH OMREEIL 1580 BHIZET 728
RITYV, F—EUHELITOAY v RRE,

PLECRLIEE ST, "My b ADS IZEWTH X —EVHEEZITORFENRAY » bR
bhoHeEZOND, 277 L, FEMEREICET- T, ¥F—E U BRBEORKE, ZoM~DEE,
TG E ORI R EZBIE L IZRFA DR LETH D,

6.9. FRERMAIEROE LD

ﬁﬁﬁf WEDORH ADS ORFHEREZ /34 7> b ADS MIIFICA T — A XU §52 8
ﬂkq&n‘\ VT ARERIEAE, ERBRER, LBE BRRIEREEHIGR, SO IS o BRE)
*%;%%% IRBIAZ AR 70 & OSSR 2 IR 5 L & bID, FAMGREES JOREY — LU RE
DHEZ T oErLlc, %D/ A 1y b ADS OFEAREFHTHT T, SHso-~-HERE, SG B
L OV DHRX D #\ A #ags o Bk, /N LBE v — 7 % FIV 7~ e 35 1 BE A 5 0 BARAE., 1F IR
B =R O MG, ¥ —E OB RIAR ENRNETH D, iz, wEMMALRE X O LBE O
MRS IS 72 & CRAET D [ B E S kT 2 [URBEFEM LR ORFTb EERRETH D,

ZE R
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Table 6.1-1  —WKFRA > 7tk

XA i ADS Ay b ADS
B e 2 2
e = ) MPa 0.6 0.6
e 5 IR C 320 320
TE Rt kg/s/F 26250 6562.5
ERE e m 4 4
TEE [EIHR L rad/s 20.944 41.888
TE RS IR C 300 300
NPSH m 2.5 2.5
i /) kW 1600 400
ME T91 4 T91 4
LBE % i kg/m3 10337.4 10337.4
ERE MV Nm 4.92E+04 3.07E+03
W TEH AR m 1.0668 0.5334
N7 H A E m/s 2.84 2.84
il % m 1.6 0.8
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Table 6.2-1  7Z&KFEEwtik (1/2)
XA P ADS A1y ADS
FEE e 4 4
RN MWt/5& 207.5 51.875
E2e=2 m 12.24 12.24
AN m 2.55 1.275
R m 2.45 1.225
BRI E
e A= A kg/s/ 13125 3281
A (ANA) kg/s/F: 217.4 54.35
A (HR) kg/s/ 108.72 27.18
IEERIR
fheA~w A AN C 300 300
HH T 407 407
K AH C 243.8 243.8
o C 275.4 275.4
REEEES
e A= A MPa 1.2 1.2
7K MPa 6 6
oEE
ME 12 7 u— A40
I mm 31.8 31.8
=S mm 1.6 1.6
N~ ENE:E 270 70
AU T VERR DT A B Je& 15
A~ Ty VA JE 5 R B B 18
NYNEE T (JEETTI) mm 50 50
~NYINLVERS m 21.664
U T VE AL deg 9.43
AMeENRRE $hE A~ R m2/}E 548.3 137.1
K m?2/ 525.5 131.4
REL A~ <
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Table 6.2-1  7Z&KJEEwnftik (2/2)
XA 7 M ADS "4 1y ADS
ATE D> B foe &
$he 2~ 2AHOEE
£ m 1.15 0.575
AN 1 BLE
RS mm 363.6 181.8
ShEE mm 406.4 -
N A/ HE 1 1
K OB
W mm 283.7 141.85
PANES mm 318.5 -
EN A/ H 2 2
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Table 6.3-1 DHRS 1 %&/2 RAHAR
<XV PG H ADS A v vk ADS
FEE 4 4
320 MW/ % 4.7 1.17
1 AN E R T 541.3 541.3
H R T 400 400
2 RN DR T 350 350
HH 9 C 450 450
1 WRAR P & kg/hr 8.39E+05 2.10E+05
2 YA B kg/hr 1.18E+06 2.95E+05
IREVE SR mm 54 54
BEVE NE mm 2.3 2.3
BRI MBI e > F mm 79 79
TR mEA e F mm 79 79
IBENVE KL 65 17
BB RS m 7.74 7.74
=BT A m?2 85.4 22.3
Wi s = 7 7 RAME m 1.659 0.83
SN 2T T RN m 2.449 1.22
1 RAE TR 2R kPa 0.03 0.03
2 RMEF % kPa 3.03 3.03
BHE S m 1.22 1.22

=R 5
BN m/s 0.262 0.262
FIRARIA A i T m/s 0.029 0.029
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Table 6.3-2 DHRS 2 &A/ZE541EE
HAL M ADS A1y b ADS
22 RN TR C 50 50
O R C 350 350
REE RN kg/hr 5.51E+04 1.38E+04
REBOV-EIR L 72 C 182 182
{BVE SEE mm 50.8 50.8
REVE R mm 2 2
CEVEME T91 $ T91 4
IREVE ARE 66 17
IR EVE RS = AilA = A hA
Boal e F mm 116 116
74 U 0.87 0.87
(BN m?2 1375 343.75
ERA 7 MRS (EVERITT M) m 2.295
2ERA 7 Mg (BVERYITTIR) | m 4.032
2 IRE R 2 kPa 4.6 4.6
ZEKMIE SR (ORIKST) kPa 0.069 0.069
T4y T mm 5.08 5.08
T4 EE/2 mm 0.8 0.8
T4 rEmS mm 16 16
Table 6.4-1 LBE Hg# & o —DfhEk
HH ok
7 x5 IR B A~ A5 On
frie 4
e~ ®20x400 mm
EERENCER: A=Y YSZ (Y203 6 mol)
®d8 mmx300 mm
N~ — 2 MR Pt
2 HR R ZER
il 1 it 300~550°C
il A i A ~0.5 MPa (Gauge)
r— v TG SUS 316
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Table 6.5-1 il I L BHEOREE - ZNE T

HAAT i ADS /A1y~ ADS
(KRB GK)
HEKRE YT mm 233.9 134.5
RiEE R mm 163 109
I mm 169 113
HlE R e R mm 2800 2800
A ha—7 mm 1200 1200
ENE N mm 179 123.6
ANz mm 189 129.6
o mm 3740 2800
AT AV (NS mm 400 300
7 F v U HIDMLE mm 1020 466

¥ Ay ADS Tl B L HIER D,

Table 6.6-1 PREIASHLIZ 237> 5 HESR OIS <11k

HLA HH ADS A4 1y ADS
(KL EIK)
PRBFAZ H B L#EEEs OD mm 1150 950
FEWNE OD mm 860 660
77—, 0D mm 320 220
773 0D mm 1460 1060
2R mm 14600 14600
Hfk AR — b oD mm 950 650
2R mm 4230 4230
PRBHHAEEE | REEERR OD mm 2050 1950
EHNE OD mm 840 740
750D mm 1440 1140
2R mm 14800 14800

I OD ISMEZ EW®T 5,
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Table 6.8-1 /31 7> k ADSIZBIT 5 % —t o OfkwEM

BT 7 ADS Ay h ADS
B ) MWt 800 200
FEEN R % 34% 34%
A MWe 272 68
LIRS % 80% 60%
E— At MWb 30 10
v— AR R % 30% 20%
TN B 2R % 8% 8%
SEILIRGEE s 40 40
H— R EH 321 140
AT 2B &M /40 4 513 223
JFE 1k =N 26 11
AR /40 4F 859 374
Tt MWe 250.24 62.56
UIA= A kWh/4E 1.755E+09 3.29E+08
7¢ i HLAh M/kWh 10 10
78 I & /40 4 7,020 1,316
IBEE W MWe 100 50
HE&E kWh/4E 7.01E+08 2.63E+08
= LA M/kWh 15 15
HERH &M /40 4 4,208 1,578
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7. FLHELESRBROME

JAEA TIXZ I ETH 50 Rz o THEAL O pBEAR BN & LT, & LV B P pEsE
WinH MA 7RI BE L . ADS TEEE#T 2 HEIR ORI 217> T&E /o, B HIETH
%M ADS OZVH 7712 800 MW & STk b, 250 kg/FD MA AT 22 BT 5,
ZOEBEHIE L J-PARC AW FER i & L C.TEF-T & & b IS LY £ B i (TEF-
P) MBS TV, miEIF R FZEEE (FCA) OB K ERRE T W14 72 5B A
ADRL Ipo e Z e END | MEEMO RIAFZITR, ZDT2, REEFEEHES MA 7
— X Gk E O TEF-P TV M RE THoTZHEIC ED X HITHY fTe . ANFEH 7RI
ZH o7,

LLEofkii%E =T, JAEA Tl ADS O FERbIC LB e fisk % FEat L, #H ADS o —Bef
ATC, EEIC MABABREZITY) Z LN TED ADS ZESEHIETZ L Lz, 20X 57 ADS
IR T H%A . SBREMT 2B & OFEMBEBEOEZNKRELS 2D Z ENBREIND,
ZDH, ZO ADS I ADS L0 b i E/ NS b ol L, FERFHK ADS 285 =
L7 BB ATREZR b D L T AMENR S 5, FREC, M ADS (2 CEfitko H 5
HLOTHRL TE bRV, RIFFFETIE, ZhEz/Sf a2y b ADS LY, ROERbLENTE
ADS & L THrERHT . OB 21T o7,

£ LBE # % EM & L THWS ADS O %45 i % . LFR & 2 7 LN 2FHHIZHERL LD,
ADS DEADOEEFHIbEE L, 1To7c, TOME, ZEHEOEZ LT ANl A a2y K
ADS Oz EFFHIMEZ ST, N4 1 v F ADS O% 4 EORE LT, ERHEER 0.95 DIEN
REFREBIZH D720, BT E—LEELET IR0 CTRIFEZERSDIELETE ZEEDRE
MEET D, Mz T, FEH ADS TIHH WS EHIEHEEE 2 A A b L s et
BRI TWD, ZTO—FT, JRTFEMEROEREZEET L0+ — 28T, B, K
%ﬁ B Vo IBEE R BRBESRMIICE L END 2 G A LIADEEEE & 5721 J-PARC

WZRDMET — 2 BT 2B LIRS ND, £/, 5% D/ 2y b ADS OHEAR
er BT 2B RO BARRICOFHE T EIM RER RIS 1L RS 722 & OFEMRITC A 1w &
Y7 b ETMEMEICET 2 Z R A EEICED T LERH D,

WIZ, 734 17 vk ADS OREEFIFLORGHES KON SRS - iR O R RS #H Tk
BT 2Mat 21T o7, RERENRNZ EB I OIMEHBH I/ NI N EnD, Nfar vk
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Table A.1-1 PRBIE A E AL O ML O R FEEI S

FHLAK FE
BRB 0.2555
BB+ A2y K (T91) | 0.1244
~NY T ARUR 0.01275
mHM (LBE) 0.6073
art 1

Table A.1-2 PGH ADS Bat THW =, BB OfEIR O (BEFRZ L)  (HA7:1024/cm3)

(1/2)
BZAE LBE Partition Gas plenum Reflector B4C shield
wall (T91)

He-4 2.25661E-05
B-10 1.180E-02
B-11 4.751E-02
C-nat. 3.877E-04 4.824E-05 7.753E-05 1.483E-02
N-14 1.663E-04 2.069E-05 3.325E-05 3.325E-05
Si-28 8.321E-04 1.035E-04 1.664E-04 1.664E-04
P-31 3.007E-05 3.741E-06 6.013E-06 6.013E-06
S-32 1.456E-05 1.812E-06 2.913E-06 2.913E-06
V-50 4.661E-07 5.800E-08 9.322E-08 9.322E-08
V-51 1.823E-04 2.269E-05 3.647E-05 3.647E-05
Cr-50 3.502E-04 4.358E-05 7.005E-05 7.005E-05
Cr-52 6.753E-03 8.403E-04 1.351E-03 1.351E-03
Cr-53 7.657E-04 9.528E-05 1.531E-04 1.531E-04
Cr-54 1.905E-04 2.371E-05 3.810E-05 3.810E-05
Mn-55 4.238E-04 5.273E-05 8.475E-05 8.475E-05
Fe-54 4.349E-03 5.411E-04 8.698E-04 8.698E-04
Fe-56 6.760E-02 8.412E-03 1.352E-02 1.352E-02
Fe-57 1.757E-03 2.187E-04 3.515E-04 3.515E-04
Ni-58 5.417E-05 6.740E-06 1.083E-05 1.083E-05
Ni-60 2.074E-05 2.581E-06 4.149E-06 4.149E-06
Ni-61 9.170E-07 1.141E-07 1.834E-07 1.834E-07
Ni-62 2.857E-06 3.555E-07 5.714E-07 5.714E-07
Ni-64 6.555E-07 8.157E-08 1.311E-07 1.311E-07

RE A~ <
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BREHLIAN O O RL (Bim# L) (HA2:1024/cm?)

(2/2)
KeAE LBE Partition |\ lenum | Reflector | BiC shield
wall (T91)

BIE s O &
Nb-93 4.009E-05 | 4.989E-06 | 8.019E-06 | 8.019E-06
Mo-92 7.203E-05 | 8.963E-06 | 1.441E-05 | 1.441E-05
Mo-94 4.490E-05 | 5.587E-06 | 8.979E-06 | 8.979E-06
Mo-95 7727E-05 | 9.615E-06 | 1.545E-05 | 1.545E-05
Mo-96 8.096E-05 | 1.007E-05 | 1.619E-05 | 1.619E-05
Mo-97 4.635E-05 | 5.768E-06 | 9.270E-06 | 9.270E-06
Mo-98 1.171E-04 1.457E-05 2.342E-05 2.342E-05
Mo-100 4.67T4E-05 | 5.816E-06 | 9.348E-06 | 9.348E-06
Pb-204 1.860E-04 1129E-04 | 1.488E-04 | 3.724E-05
Pb-206 3.201E-03 1.944E-03 | 2.561E-03 | 6.410E-04
Pb-207 2.935E-03 1.783E-03 | 2.348E-03 | 5.878E-04
Pb-208 6.960E-03 4.2276-03 | 5.568E-03 | 1.394E-03
Bi-209 1.642E-02 9.974E-03 | 1.314E-02 | 3.289E-03
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Table A.2-1 PG ADS Kt CHW=AR Yy h ARy b7 7 7 X — (KFEOHREE) A3

MAR IR E E5- WP - 1 HIR TR 75

TSI )3 ARz 1.05 1.05
DBV S ROERR 7 1.02
VAR BIE S 1.02
LA =AY RR A 1.05
JRFIE N DRERESE | 1.02

WAt IE JE PN ALy i 1.03

PEfiE A A 1.02 1.1

F R RERR 1.03 1.04
~ Ly M 1.47
FHEOE (A) 1.09 1.02
(FedtE-1) > 1.05 1.10
TIREEEIiAR (B)

Ay FAKRy b

. A*B 1.14 1.13
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Table A.2-2 TRU-N #REHZ & £ 2 AL D& E L 3D
ZWi | a; [nm]
UN 0.4889
NpN | 0.4896
PuN 0.4905
AmN 0.4991
CmN 0.5027
ZrN 0.4576

Table A.3-1 ADS3D (2 L % e #m & £ ik B X O8I o ZrN #14 . PuN #/4 . RLPD

YA | EEEE ZrN Hl& PuN 5
7w | REEE | 2K | layer | layer | layer | layer | #|& | RLPD
i) ['C] MELA | 1 2 3 4 (%)
RS
1 523 0.553 0.668 | 0.624 | 0.557 | 0.468 | 0.315 | 8.188
2 544 0.591 0.696 | 0.655 | 0.594 | 0.512 |- 8.112
3 545 0.600 0.703 | 0.663 | 0.603 | 0.523 | - 8.075
4 544 0.603 0.705 | 0.665 | 0.606 | 0.526 | - 8.052
5 540 0.603 0.705 | 0.665 | 0.606 | 0.526 | - 8.036
6 538 0.603 0.705 | 0.665 | 0.606 | 0.526 | - 8.022
7 536 0.603 0.705 | 0.665 | 0.606 | 0.526 | - 8.012
8 536 0.603 0.705 | 0.665 | 0.606 | 0.526 | - 8.004
9 537 0.603 0.705 | 0.665 | 0.606 | 0.526 | - 7.999
10 538 0.603 0.705 | 0.665 | 0.606 | 0.526 | - 7.995
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ik B LB ONLEDMF]

6.5 Hi CIR~_7=i@ Y |, 8.1 Hi TR LIEZRBETIIE —L2BO7 7 oVt OFERE s
L, BEMMBEIMUMEICERT Z EDRLEEND, 2 ETIRZE Y | JF1E %1 3000 pem LA
FORISEZAETDIHERS D20, 8k B TILZ OHIREE L, DOREHENR DL 4
MICEEISND L 5. A & AKBUIZ OV THRETT 2,

B.1 ZEBALEDRE

BREHZBWTIE, 7=—X3FLDOAERNGEETH, 72— X 3IFLIE MABREZHWTE
0. HPEFART RAREELS o 2 50314 7y h ADS & AT BiC & WL 2D K
JISERNS LD, LIz o> T, 72— X 3O THIFRZHETHUE, o 2 SO5FE.0TH i
BT D EDRHIFFTE B,

Fig. B.1-1 ([CRERNE O REZ /R T, EFE IR & ZEFE ERIIIFRMEICS D
ENENIANDS 6 RITHEC L, 95 3ARETFLNDS 6 EHOREHEEKANICHY , D 34K
REHEIR & 0 SMANCELE LT D, 8.1 B TR LA ALEIE, FIEIE RS20 3 AR L LG,
HIBR 2 il 2 3 2 R b AMUDELE CTh o 7272, BMIZILD 5 BE D 1 EIMINICT 537215 T
ERIGEN/NE L 2o TLEW, FIREZWET L2 ENTE edote, £, 6 KT XTEH
BREIE L D 1 MR E T 2560 Ve y RAX v 7 2B LTZRIGED 3000 pem %
R Lol lcd, BRI E T2 L 21 Lie, ZaiALNE< 720 F&720n
Eo. BREBIIELSE 2 ODBRERHNALTRET L LT LT,

B.2 G EOFHREER

B1HIERERIC, 72— X3P LICBWTEEBMEEZFE Lz, Vouy RAZ v 7HE (6
Kb DHLEEED DD & HMED &S WREMEIRNICEE SN2 ZEBRNEATE o256
DRISEIL, BX* 3500 pecm TH - 7=,
B.3 ifE

FREHRE R CIE, 2 TR/ HIPRME 3000 pem i/ T 523, HEET ARESE ST IV
DHEHKEEEZEBRET L, LVEMABRNNEEND, £/, LD 25D 7 = — XD LTO
SO E DT HIRE TH 5,
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<:> Partition wall @ Safety Rod (SR)

. Fuel (MOX or TRU-N) Backup SR

Fig. B.1-1 Z2BEOBRFHER (72— X 34 .L0)
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fFék C 7~A 1 b ADS O RHIEGHEAL

3ETHW=/%1 1y k ADS OBRFTCHW -k %, Table C-1~Table C-3 (2”7,
PREFE oD MOX B DR BIR E I Wz b 7V b =0 LB L@y 7 o Ok %
Table C-1 127”83, & 2 C, MRROENIERIE 1.97 & L7, 72, TRU-N - ZrN O#fpk % Table C-
21T, BB, Ny NOBEMBELHRELD 8% ERE L2 &b, Table C-1 B X
Of Table C-2 OfEIZ 0.85 # e Uiz b O & MHT TRz, 7235, BREHEGIRZ B PHTe SCoHA &
BaC HERARIT AL L TR, 2406 & & RS O fEI D AL Table C-3 1273 L7z ©1,

23 ik
C-1) B FERE, #R0 K, £ B, i, MIRIREREIZ AL S 27 A0 MA BREHEA S LY
Z ORI T 5 F#Gt, JAEA-Research 2021-008, 2021, 63p.

Table C-1 /XA 1 > b ADS ¥t CTHU = PuO1.97. UO1.97 DL (BEFHREE) (BEAL :1024/cm3)

A PuO1.97 UO1.97
0-16 5.026E-02 4.824E-02
U-234 1.045E-05
U-235 - 4.960E-05
U-236 2.591E-06
U-238 - 2.444E-02
Pu-238 6.115E-04
Pu-239 1.394E-02
Pu-240 6.164E-03
Pu-241 2.753E-03
Pu-242 1.759E-03
Am-241 2.766E-04
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Table C-2 /XA = » ; ADS it THW /= TRU-N - ZrN OfHpk (BFa#E ) (§iA7:1024/cm3)

(1/2)
A MAN PuN ZrN

N-15 3.351E-02 3.390E-02 4.020E-02
Zr-90 - - 2.068E-02
Zr-91 - - 4.510E-03
Zr-92 - - 6.894E-03
Zr-94 - - 6.986E-03
Zr-96 - - 1.125E-03
U-234 - 1.052E-07

U-235 - 5.939E-05

U-236 - 3.063E-05

U-238 - 4.987E-03

Np-237 6.361E-03 8.432E-05

Pu-238 - 7.189E-04

Pu-239 - 1.657E-02

Pu-240 - 6.502E-03

Pu-241 - 3.193E-03

Pu-242 - 1.752E-03

Pu-244 - 1.349E-07

Am-241 1.917E-02

Am-242 3.745E-05

Am-243 5.053E-03

Cm-243 1.675E-05

Cm-244 1.419E-03

Cm-245 1.313E-04

Cm-246 1.075E-05

La-138 1.505E-10

La-139 9.690E-06

Ce-142 5.024E-05

Ce-144 2.856E-08

Pr-141 4.951E-05

=
il
A
i
A
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Table C-2 /XA = v ~ ADS faat TH 72 TRU-N - ZrN Ok (BEEREE)  (H{7:1024/cm3)

(2/2)
B fE MAN PuN ZrN
ATE 2 D foi &
Nd-142 5.936E-06
Nd-143 2.279E-04
Nd-144 3.739E-04
Nd-145 1.906E-04
Nd-146 2.036E-04
Nd-148 1.073E-04
Nd-150 5.206E-05
Pm-147 1.264E-06
Sm-147 1.026E-05
Sm-148 7.035E-06
Sm-149 1.530E-07
Sm-150 1.396E-05
Sm-151 5.227E-07
Sm-152 4.437E-06
Sm-154 1.664E-06
Eu-151 2.692E-09
Eu-152 3.324E-11
Eu-153 5.093E-07
Eu-154 6.720E-08
Eu-155 1.263E-08
Gd-152 1.252E-09
Gd-154 6.707E-07
Gd-155 2.504E-07
Gd-156 4.185E-06
Gd-157 6.169E-09
Gd-158 8.527E-07
Gd-160 4.944E-08
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Table C-3 /3A & v b ADS &) THW B LA O Sk O/ (Blam% ) (FAL:1024/cm?)

(1/2)
S LBE T91 He gas Reflector | B4C shield BiCin W weight
safety rod
He-4 8.412E-05
B-10 1.180E-02 9.949E-02
B-11 4.751E-02 1.005E-02
C-nat. 3.877E-04 7.753E-05 1.483E-02 2.738E-02 | 7.631E-05
N-14 1.663E-04 3.325E-05 | 3.325E-05 3.272E-05
S1-28 8.321E-04 1.664E-04 | 1.664E-04 1.505E-04
P-31 3.007E-05 6.013E-06 | 6.013E-06 7.645E-06
S-32 1.456E-05 2.913E-06 | 2.913E-06 5.045E-06
V-50 4.661E-07 9.322E-08 9.322E-08 8.996E-08
V-51 1.823E-04 3.647E-05 3.647E-05 3.589E-05
Cr-50 3.502E-04 7.005E-05 7.005E-05 6.893E-05
Cr-52 6.753E-03 1.351E-03 1.351E-03 1.329E-03
Cr-53 7.657E-04 1.531E-04 1.531E-04 1.507E-04
Cr-54 1.905E-04 3.810E-05 | 3.810E-05 3.752E-05
Mn-55 4.238E-04 8.475E-05 | 8.475E-05 8.342E-05
Fe-54 4.349E-03 8.698E-04 | 8.698E-04 8.480E-04
Fe-56 6.760E-02 1.352E-02 1.352E-02 1.331E-02
Fe-57 1.757E-03 3.515E-04 3.515E-04 3.074E-04
Ni-58 5.417E-05 1.083E-05 1.083E-05 4.091E-05
Ni-60 2.074E-05 4.149E-06 4.149E-06 1.063E-05
Ni-61 9.170E-07 1.834E-07 | 1.834E-07 4.095E-06
Ni-62 2.857E-06 5.714E-07 5.714E-07 1.780E-07
Ni-64 6.555E-07 1.311E-07 1.311E-07 5.676E-07
Nb-93 4.009E-05 8.019E-06 | 8.019E-06 1.445E-07
Mo-92 7.203E-05 1.441E-05 1.441E-05 7.892E-06
Mo-94 4.490E-05 8.979E-06 | 8.979E-06 1.388E-05
Mo-95 7.727E-05 1.545E-05 | 1.545E-05 8.741E-06
Mo-96 8.096E-05 1.619E-05 | 1.619E-05 1.513E-05
Mo-97 4.635E-05 9.270E-06 9.270E-06 1.593E-05
Mo-98 1.171E-04 2.342E-05 2.342E-05 9.171E-06
Mo-100 4.674E-05 9.348E-06 9.348E-06 2.330E-05
WRE A~ <
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) (HA7:1024/cm3)

(2/2)
S LBE T91 He gas Reflector | B4C shield BiCin W weight
safety rod
ATE D b =

W-180 1.614E-05
W-182 3.264E-03
W-183 1.775E-03
W-184 3.807E-03
W-186 3.550E-06
Pb-204 1.860E-04 1.488E-04 | 3.724E-05 8.703E-05
Pb-206 3.201E-03 2.561E-03 | 6.410E-04 1.498E-03
Pb-207 2.935E-03 2.348E-03 | 5.878E-04 1.374E-03
Pb-208 6.960E-03 5.568E-03 | 1.394E-03 3.258E-03
Bi-209 1.642E-02 1.314E-02 | 3.289E-03 7.687E-03
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8% D IR RS EEAR I D AT
NA vy~ ADS B X O ADS O 71 SOS EE DRI VB 72 | IR BSOS AR DT 24T
o7, EHTTIX 3 E TR LIEERIZONT, FEOBREBHESHROERE, HEZRAFET DL I
AL L7-HEET ikt LT, Serpent2 Z# HWTHAFR 1T -7,

D.1 RIGEDEFE

ARREICIX, LT O 4 B IZRET 5 SRR E % 510 L 72,

D.1.1 #E IR

PBEREREIL. HEE ORE RIS WA oM L2 BOGEREE Uiz, #EE
MEFCH 5 TI1 SR L, BABHEIR R 23 7 mIC R 325 2 & T, BRSO E O Rk}
SEICER OBEOR TIZL Y | B ENPEEE OO L2 nwmEd (LBE) 2L %E 5D
DEIGITHINT 5, ARF T, BE LIS > THREBENR T MRS 2 RF Lk )
MZ DML EARE LTz, B o R SIZLL TR T S8 EoiR AR A FIH L T
Kb,

pro1(T)[kg/m3] = 7799 — 0.201 x T — 0.0001102 x T?2. (D.1)

REOHAIZ I VEY (K) THhD, (END, ihmES EBEORLT)p(THIES L5,
INHOREEND, EEIRE ST3KICB T G MESE 1 & LTHURZRDZ, HOFEL
al$ DL HEET VL z WG RICaff S v, REFCREEM OB EITEELZRAT 2729D1/a
EEND, WMEMEEIROORBELZ T RN, HEMEE OISR T 5 KOGE 2%
®O D13 HEIZTHAMBEEREKE LTHRW, 2 2 TIIHBAMBEOEIT2 WS O ERE L,

D.1.2 ZXFHRIREEREL

TFRFGR B R AT, IR BRI D SRR OB M O ONS & 2 SOSERRELE Uiz, SRR
1% TO1 S A RE Lo, EARMZRE 2 FITHEERERREFAETH D, KFRITVA Y A v v
2DEIBRBETH DD, VA YOWHEBIZZCETICHONAT D EIRET D L. WEE
ERIBRIZHAR & TIL DB EDFER(Tp(THIER L 725, 2 b ORRN LRI MO OEE
Kotz, WOEREalTHE, MEET VLR FAZaff SN b, BREHEOE v F Haff I b
T2, BRBHEE O BREL & BEER O LB 11 /a2 E SN D, By F NN - 7255 B B EHM 3 5
DH I EAEROBHM IR EFES oo TR TR I N D,

Scool(T) = aZS(Tl) - (1 - fcool(Tl))S(Tl)- (D-Z)
T ITC, TFEAERE. S(MHITRETICR T 2 ¥WEHEREERDMIE, foo(TOIFEEMEREIZE
T AMRRERETEG Th o, mildid, MEZABEONRKRERAS(T)THRT L2 LI2ED,
IR EZA % O mfEEI S SR TRE 5,

1- fcool (Tl)
I e—

fcool(T) =1- (D.3)
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Z DR AR O AR T EI G 2 b WEAA 2 Ko IREERECE FFE L 72,
D.1.3 AR AR

WA AR E, R LA O mAM OB AR TS & DRGSR E Ui, RIS
% i HIRF LBE O BT RA0|mY Th 5,

pLee(T) [kg/m3] = 11096 — 1.3236 X T. (D.4)

FEMEIRE 2 573 K ERE L. IREZ{LIZ L D LBE & O 72 2L EIA % £k LBE %
FEIZR U D Z EI2 R | IREZEE DB A RO 21T > 72,
D.1.4 BB R > 77 —REK

BREF R v 777 — /B, BB Ly FOIRE EFICHED Ny 77 =R K D ROGERE &
Lz, BEALSNTMEED S B, BBV Y NMIEENLIEROLIREEE S, 21T
o>72, 72¥. Serpent2 TILACE 74 77V ZHMH L CHMETFIREFFFEAZIT22, ACE 747
TV EBIRERDO S DIZE LR THRITZTV, IREAREEZ RN L7,

D.2 SRS EEAREGT R SR

BEARIZ LD | 3 EIZ TR LIEAIF L OEDIEMEE 0.95 (FH ADS Tid 0.98) 7> 5 500 pcm
FREOENEUTEN, KRF CIRIREMREZHIT 2720, WEALIZ L D HEBEERD AL T
ZE ¥ v TS ERE L TR L7,

D.2.1 #BE IR ERE

Table D.2-1 ([Z# & I EMRE OFEMRE R 2 3, IBEKGEREAK/ AT, EE & EhH
EREMIE T 4 v T 4T THIEILESTRDZ, T RXRTOFLTARADETH D Z & 2R
L7z, i mNCmET D 2 & TREVEE DA L 725 L REIRFIC, WEIM BN X 2 ko &h 5
NENLTZEHEIND,

D.2.2 ZZFARIREFR L

Table D.2-2 & X EFBIRERE ORI #E R 2/~ 9, IREMSEREIL, 1RE & EHEMsR%E
MIETZ7 4T 4T TDHZEICL»TRDZ, TRTOFLTADETHD Z & 2R LT,
D.2.3 WEIMIBE LR

Table D.2-3 [Z#H M IRELRE DR #E R 2 /R4, IRERGEREIL., IR & EOHER%
WMIET 4T 4 T TDHEICE TR, M2y FADSHFLMEIT7 =— X 1~7=2—X 3
FTOTRTOFELTHDETHD Z 2R L, 7=2—R1 L7 x2—X 2%F001E MOX #&
Bt CoHDN, 72— X2 LD BIGERBEOADHTHIZRKEV, ZE, 7 =— X 2 FL
DI, BHEEI/NES L BE EFICHE S BEMEERIC L 2P EFORNLOENR KX
SH7EE»EHERISND, 7=2—X 3 L7EH ADS 13 MA BB R S5, MA BB (#
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T 556, WEMBACHEKT 2 e A7 MVERIZ K > TIEQSEDENEZ 5, 7
==X IR L TH D720, FEFORADS T 227 bz BEY | R
DIJREAR L oo LRI ND, L THEA ADS IZF LA RE L, IWNORRPIT L A
CHIRCE P, EORIGEREE 7257,

D.2.4 BEF R > 7T — Rk

Table D.2-4 (ZHREL R > 77 —RE O RS R 2~ 97, RERISEREUL, IRE DO L %
EEREMIE 7 4 v T 4> 7T D2 LI TRDTZ, MOX BB ZHHT 57— 18
FN 72— 2 FLEFRERAD Ry 7T —RPHRHTE L0, MA BEBEZEHT27 =
— X3 FLBELUPEH ADS TIRIZEAEHIFRFTCERWZ DD, ZOMEITRRE & X
SEET D, o, ARG ECREHEBITRZ2 523, BEORFT DV TOREM ADS @, #REHR
FEAYE K 1000K 225 500K EH-T 220 Ky 77 —FOSEITB L E-10pem & S THD |
Table D.2-4 OFERZHW=HEORE L L —HT 5,

D.3 #HE

ARRERS IR, A IR AR A e & QN SRR EE AR BT o6 L TEZ R D 12 D < BiffiZe £
ThaAnie, Lal, BRECITHEEESIFROBIMSESROBENIARIZLY, ZhbD
BERBOTHNITME TIZRW, 2L, ARIOET /LTI L-HERR b RELS RD720,
FOSEARBE DR REN RS 5TV D 2, BAFHICE W TEE T~ & HARISE & B
LOBETIRYTHL LEZZABND,

EEBUN
D-1) T. SUGAWARA, R. KATANO, and K. TSUJIMOTO, Impact of impurity in
transmutation cycle on neutronics design of revised accelerator-driven system, Ann.

Nucl. Energy, 111, 449, 2018; https://doi.org/10.1016/j.anucene.2017.09.017.

Table D.2-1 #7EE IR B ARG #E R
Ay b ADS

TIKI Phase 1 Phase 2 Phase 3 P H ADS

573 0.94882 0.95097 0.94689 0.97538

673 0.94759 0.94967 0.94593 0.97480

Keft 773 0.94650 0.94836 0.94450 0.97397
873 0.94571 0.94701 0.94340 0.97267

973 0.94440 0.94582 0.94194 0.97172

std. ket (10) 0.00020 0.00020 0.00020 0.00020

dk/dT [10-5/K] -1.07 £ 0.06 -1.30 £ 0.06 -1.24 £ 0.06 -0.95 £ 0.06

- 119 -


https://doi.org/10.1016/j.anucene.2017.09.017

JAEA-Research 2025-013

Table D.2-2 SCFRFHR IR AR EGT Al A

A vy hADS

TIK] Phase 1 Phase 2 Phase 3 70 ADS

Kett 573 0.94882 0.95097 0.94689 0.97538
673 0.94675 0.94894 0.94478 0.97274

773 0.94476 0.94696 0.94286 0.97044

873 0.94272 0.94431 0.93967 0.96799

973 0.94016 0.94236 0.93773 0.96515

std. ket (10) 0.00020 0.00020 0.00020 0.00020

dk/dT [10-5/K] -2.14 £ 0.06 -2.19 £ 0.06 -2.35+£0.06 -2.562 £ 0.06

Table D.2-3 5 HIFF iR AL FR IR AMh il 2R

A m -y b ADS
TIK] Phase 1 Phase 2 Phase 3 P ADS
Kett 573.15 0.94949 0.95155 0.94749 0.97474
623.15 0.94882 0.95097 0.94689 0.97538
723.15 0.94774 0.94937 0.94645 0.97553
823.15 0.94640 0.94724 0.94571 0.97594
923.15 0.94500 0.94555 0.94537 0.97648
std. kegr (1 0) 0.00020 0.00020 0.00020 0.00020

dk/dT [105/K]  -1.27 +0.08 -1.76 £ 0.08 -0.60 £ 0.08  +0.44 + 0.08

Table D.2-4 R8N > 77 —{£7%K

XA a v h ADS
T[K] MOX99 MOX66 MA66 pi il ADS
Keft 300 0.95534 0.95654 0.94707 0.97550
600 0.95209 0.95345 0.94720 0.97553
900 0.94997 0.95203 0.94693 0.97508
1200 0.94882 0.95097 0.94689 0.97521
std. ket (1 0) 0.00020 0.00020 0.00010 0.00010
dk/(dT/T) [10°5] -476 £ 19 -402 + 19 -14+ 10 -28 + 10
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ik E )ROSR O fEHT

REEREEHDO TV AT VT ZRET DO, HIINE DN 21T o T2, #EE . SRR,
WEM ., REHEEE OB L 2R L. 18 D OIRESEREEH T /M2y h ADS B
PG ADS O H ) OGS 2R 7=,

E.1 #8785 5 X OVREHE B T

BAFLNZ DN, FNOEE B L OREHEE O R2EE R 2Rk 5729, HEET
IVTOBURERNT 21T o 7= & Z T b=, 7) WHEORERTEME. 1) HIoZE/-
AR, V) BEE LAV Y MNEF y v TEEA L, FRIER TOBRE T RO M iE 2 K
776
E.1.1 f#HrfiE

PREF Ly N INOSERBVE FE 2 Q[Wims], BREFS L v MR (= #EENR) BILOWE
BAREZNETNNE L Onml, BRENL » hB X UOWEE OBURERZ 1,5 L O, [W/m/K]
LT 5, BERASKMME LT, HEEERmIEET(), P LTOEYRHRITEr, BIOBE~<L v |
CWEEERCIEE AWM ENER THDLZ L2 RET D L. #EENMEE R X OB~
v PHDEE K] kX Tch5Ezon5,

Qnur) 1
2nd, n

(Qrr)
4,

T(r) =T() +

(E.1)

T(0)=T(r)+

(E.2)

ek, Qurf IR ORENEE TH S,

E.1.2 5 &M

TRTOFLIZBNT, #EEIMEENE (B TEN LN 7.6 mm, 6.65 mm & L7z,
BRI ORRENR D 12 0 O A8 I B L, 0D 2 R AR RO B & dih 7 R S O Ff
ThHRTAH2ZLICEVRDT, T2, 3 ETRLESHFLOT 7T ¥ o RVEITHRER NG, #5E
B RIRE AR E LTz,

BYRERITIKROLIICRDZ, 72— X1 BLV 7 =—X 20T MOX B2 AT 5,
MOX REFOBYRE R OET T UL SCHk BD 125 2 5T\ 5, MOX KO BRI =R (TR |
KALE, O/M e (B#/E4FHE) . Am B X O Np OFHRITIKFET 508, KT TlL. O/M
% 2.0, Am BEI O Np GHH% 0 LE L, 72, KALEIL 15% BV~ NMEEIX
85%TD) Z{E L7-, MOX #RELD LR 1T 1000 K~2000 K & 725728, 1500 K Z1{4#
BRI LRE L, LR EDDOTT 0 6 BMRERE 2 Wm/K EHEE LTz,

7 = — X 3B LOPEH ADS 1L MA &b 2 13 2, SCHk EVICIE, SEbREHE LT
(Np,Am,Cm)N., (U,Np,Pu,Am,Cm)N. (U,Np,Pu,Am,Cm,Zr)N OFGGEEIZBIT 5 BYRER
DETANREINTED, HEINDEE#RAICBOTEIWT NS 10~20 W/m/K O#:FH 2L
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FoTNDHN, ZFLHFDEEGROKILEE TEERE LT VTR, 20, RENRBYRE
ROMEIZIIRER RN SINEENTLEY, LOrLAERDL, (8 DIRLZEY . MAKE
DIREL R 77 — R BUT /N & < BRBHEE EFIC XD RISENRITfTek D TELE LK
DS ENFAN AR TIEF I NS WD ERMIfFF S D720, BBERE OV CIREHEE IC
L BN BOGE~DOEBIIIREN TH D, Lo T, AN T bl o BVmE o 15 L& 2>
BRARIZE STV BN ELRDDRBBEL T, RTFIICIRELEDBRELS LD LD,
5 W/m/K & L7,

Fo. CERED LV | TI1 S DOBER DR ERFAEIT/ N E <, BB LE 30 Wm/K Th D
ZEnb, ZOEERENLREE L THWE,

E.1.3 REFHHER

Table E.1-1 IZ3tREMEREZRT, 72— 1BLV 7= —X 2 LOFLNEE T MOX BB
DEE LY HNS W E 2R L, 7=—X 3 LM ADS T B EN BB % L
KRDHEDITHE SN THY, BEHFLREBIZEALEFRUMEE 2D Z L 2R LT,

E.2 W76 E

E.2.1 H ) iER R o 8515

£k D OWRE SO BRI & | M IRAE IR B o BRI O &5 O SR E O &b b )
BOSEE 2 Rd T, WREIRRREIZ T R TOFLITE W T, WHEM A L2V L 9 Ic+HoE
ML LT, 200C (=473.15K) #E L7z,

H D TEER I O EIBF O N THEEE LT X TOIFLIIIB W T 300 CEIRE LTz, Fiz, HHOEE
TFT_TOF LT 400CEBE L, AN OS2 T, A BRE & H AR EE o B )
Lo T30CTHD EE LT,

Wergi LIREF L o b ORI 1L, Table E.1-1 OFEEN S SMAl & PRI OIRE DB
WP HRDT=,

E.2.2 77RO RE G EL RS R

Table E.2-1 It AW OGS E R R R 2R T, MOXBEZ2HHT5 7 2—X1BLOT7 2—X
2 WAL TITREL Ky 7T —FOGER R E <, HIRISEIX 1000 pem B2 2B DOFRER L /2o
oo RLT, 7=—X3FLEMAADS TIX Ry 77— RI3/h &<, #EE R X OSRIR
BERBNA IR & ooy, MAUGE L LTTAEHRT /R Lol

E.3 i

ARETTIR, AL O 7 DI WPE O 22 RO B A E 2 B L 7, IR T PRy 72
REOTH S | OMIT-CEFBIMNT 21703, HMEHRIC L > TR, FEM R RITIc &S
SBOSBEDIEMT SFRE T H 5,
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£33k
E-1) AR EA, BILBUE, mEE MOX SRR ST EABRIC K 2 BRBH#ENT = — K FEMAXI-8 DO ff
ik, JAEA-Data/Code 2023-006, 2023, 24p.
E-2) & RFEE, i, MiEMERELAR S 27 A0 MA BEHILEK R L 0% OBREUCE 4 5 B
%}, JAEA-Research 2021-008, 2021, 63p.
E-3) Yemthifst, i, ADS HZE/bWRE S D WM £ Y =2 — 1 DBA%, JAEA-Data/Code

Table E.1-1 & MRS R

Phase 1 Phase 2 Phase 3 5 A ADS
frH ) IMWI 200 — — 800
LRS- OREHEARK 121 — — -
LA 99 66 — 276
IR ) [kW/ml] 17 25 25 24
PEEREIRE T() K] 691 735 723 727
BEENHNRE T() K] 704 754 742 745
PREFRODIEEE T(0) [K] 1368 1751 1140 1126
Table E.2-1 H 77 i B G50 5
==X \va Phase 1 Phase 2 Phase 3 %M ADS
A5 b R I S K 473.15 473.15 473.15 473.15
§ W e K 697.33 745.05 732.51 736.13
g, KRR K 573.15 574.15 575.15 576.15
B \

E o eSSV K 623.15 623.15 623.15 623.15
5 R K 1035.69  1252.58 941.10 935.66
@ WEE dk/dT 10-5/K -1.07 -1.30 -1.24 -0.95
B | SRR dkdAT 0 109/K -2.14 -2.19 -2.35 -2.52
g WHM dk/dT 105/K -1.27 -1.76 -0.60 0.44
e | BB dk/(AT/T) 105 -476 -402 -14 -28
N R E pem -241 -352 -322 -249
JEE SRR pcm -214 -221 -239 -260
%DI 7 H A pcm -191 -264 -89 66
R R pcm -373 -391 -10 -19
® Total pem -1018 -1228 -661 -462
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8 F ©— ok
IR AR SN D B — LRI U A5 TSN D Z ER—MTh 2723, IdE
DFREFTEATV, E— AL R 2T oG8 T B~ DT U AGHTRT I ENTERN, 55
THWEE—ABRIT, R AICEBOER OB SNy, 0 G bE TRE I
%o yi(m)mA/em2]iZR 5 ML Er [em]icxf LT, kA TR N5,

y(r) = AL e_%(r‘_’?i) L

2mo;

, SiSTSti (Fl)

ZITVARE =AY FRNIDIE 2 B A8 mAl TS 0 | ABIEIINE G O A FE T [mA] T
b %o HHCITRRZR LT LIRS X IHBILEN TV D, an 0 w3k EET <5
A—2THY | B EOGEERO FRE LEZ R LTS,

[ YO onrdr = 1 (F.2)

0 AB

E— AR 1IBION20D/37 A—%% Table F-1 B X O F-2 122N EIvRd, &b NAIOHE
WTiIu, =0 THLHDOT, r=0I1ZBWNWTHZX N, HHTRELNRBIRTH S, KiEEKO
BRI, yyd@#lkel e X0 RHIHNETER L TRER 7 v T 0 7S NT0 5, <D
IR T, ;=2 L7 > THY | U ABEBDERE L TWDR, E— LK 3 O 4 % H OEEKD
Ha;=1 DEATT 4 v T 473 TWD,

Table F-1  E—AJEIK 1B L2 DK

i 1 2 3 4 5
s; (cm) 0 10 20 27.5 35
t; (cm) 10 20 27.5 35 70

a; 2 2 2 2 2
¢; (/em) 4.3736E-2 | 2.2799E-2 | 8.4714E-2 | 4.6343E-4 | 1.1218
o; (cm) 16.87204 | 9.498307 | 8.959033 | 4.660908 | 29.87126
p; (cm) 0 5.779483 | 6.07E-07 | 24.89589 | -86.5863

B 1.1048
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Table F-2  ©—AJBIk 3 ORI%K

i 1 2 3 4
s; (cm) 0 5 10 17.5
t; (cm) 5 10 17.5 70

a; 2 2 2 1
¢; (/em) 6.1485E-02 | 3.6339E-02 | 2.4722E-02 | 8.1072E-04
o; (cm) 9.35053 6.213544 | 4.624682 | 2.467056
p; (cm) 0 3.588999 5.64989 15.04852

1.0253
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