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{%/year) 7.3 17.2 5.0 3.8 5.6

MA G R/— 3 {kgiyear 49 355 9.0 55 67
MAZ R R/—%> (kg/year) —— - 24 35 30
MAFs 18 B/— %% {kg/year 49 355 | 14 20 37
MARR 3% Tt (kg GWI - year) 287 296 4.1 77 14|
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4) MARA S B =[MA 1% 5 BLR ) [MA{BOC))

5) 3 (U PuyshMAE R R

BOG: ¥ 4 7 JLEHRB,EQCH 1 7 L1



PNC TNB10O 92-0%1

H—RSBmEY 1 20

- WBHIIT TS
i BAIET R
$27kiR o
3410MWT X132 5 L N IVIAITE BETE

N BBHERSER) 143

99.5%| | 7oz, 0k 1.5t

: UPUYY » 0.5%U.pPu 1.2

= .
I & |
BRI A 7)) (BB AR o S A 4
| UPu 1.21

Py MATE IR MA BOHTIE Jrreven—
R J00OMW T TN T TS -

”T

?ﬁ%iﬁlﬁ%

FP 0.3t FP14.31
Y

Il’ MA, SA4F—TF o5/ 1K

RIS 10008LLITF

nEIMWﬁ%mHﬁ47w(ﬂﬁ% SERAIEE )

F— A PILETMEOBEY A L THY . SOV A I TRET S pmmﬂﬁﬁﬂi%%m
T TS WTREON  HRMIBTE, CORE, MBBREY A ILERTHT(IEL
RN RERMO YA F—FoF /A FES 5 VIESHERDO R EL B,



PNC TN3100 92-011

[ME?@E;%%%ME@ R ML EE () OHEEICE

A) IAVIEEIEFETHLVATTHES, YA F— 77 FF4 FRBBAL LTV E
WEWIEEPLEFTETE, wbwd ' Y- o rofiFL LTS
M= ARES - LI EIR, DY, TIFHA FEFo ABEOMOBEFFIL
THOVWDYSEMMEHRVERPDTTR, ZLLOMEEHHTELELVIZIE
L3 HEETDEVATTR? 50, 250 DRERFSL BRI THT

B) 4AOFTE, 7V P=o A AL IRCRAF—ToF /4 FREH T L dEL TS
DE#A, PWRI02BZEFTAF—ToF/4 FeANTH, FEIHREDOHHET
BARFMETLE S, EAFREC 70 b=y AARSEIIE, 10 FEE P
FREMEIEL TRBF A S VBT —F4—RBBEVIT LB T, Bk
STVAEDPDID THAYN, RS F—T 2 F /4 FERLEITE, SEFETRT
NiEL 24 A,

A) TEFRLTNH—TNEvoltl ETHELST, €)oo eEZFTHIE., SHEIFIC
DWTi, T =229 B0 %o TLlEokld, ChEEZTHLATZF
JARTHEEL TV I EFTEDZALLY) B TOEMEL v ) ATT S, FREN
W) EW) TEOBRTTR, TRROVTEEIRATTS? o

B ZRidsdE 1EVERVET, W) 0k, EREBEEN/ZV LA EEVbIFTT i,
Fh= A10Kg K LTS b 51K TFo ShEHH L TREICT 5D AL R
BT, IAMDCEBEZITE, AT —TF2F /4 FOZLFNFEF—-FELTDE
MAHEVHIBERIACB 2T T, PRIEEYELTATVWI T,

B) MEFECLDZEEIATTTE, FHRFEIHILHETT, Thic, ) —24—7F
A—KRBEVIFXES NI LITE, £HLETE BRPCARIYRVIEL D A
T, A7 VEHL LT hERohnwin) ZE2BERTEOTLL I 2?

ALY EHRABYRAFA2EEATALET—2DRSL YV, A F—T o F /A4 FRTELS
B ZAFAOPIHALADTEP T NER Y 2¥A. YATARBHLIETE, 0
AABBEVPHH T T, —BEEBRPLAEYVEL—, THLTTE, £ LTHEEY
ELTCRAF—T2F /4 FPRBYOA LY —AKBTLIVET, brhok THH
T EAKDOHMMIE L VIR EL YT TOT, 1EAEFEORIZVWRLOI
TELEFNA=VFy LT, FHHRIEEERO SETAELRVEEA, S40HE
FICBERT A2 EBwETYE, CORRIIAT—T72F /4 FOEBIFLRBIFICBITS
HRMEELZLELZ 0 TY., BF. HlRE L W) EBERPVIBHEIEL
fission §55D&, FhhohEFRINCE D, LY higher 2D OBERT LV DR S
Db DT, K& LD fission LETRIEWGEZWAFERL, ThE2ETHE
FEVHTET, BEREVIERTAVTVWE T, HTEBHEIE--EHFE0ES
TT L, PR NBVREETF flux 322 ENTEET T, ZDBFETH 1A 7V S



PNC TN810O 952-011

h Ofission DEEIE. W17%. BEFOBETT L. BUEBKFOBETT L, PHT
D capture XK E VDT, HRBRIEFIKEVWATTY, BERINSW, Fhdb,
FOMIRE A > TwA I T v TN b oA o4 F—T 0 F /4 FFETCEET
DT, MBRRBEIBEAFOBETTELTHIRE R RV EVH) LT, BrHzdL
BoEDEVL RBEETT,

C) MUZADBEE I P s TwnET e, EFEEXFLLALZVWIOPLREE, o1
HIEERD LICHIZADATTYE, £30nI) T i IRERNEFFHNIE b
IFTCITHHERLILDLOTTH? FE D, kY, MENFHALDLDTTN?

A) system KT AERICL o TERZ-TE T T, FliiE, BAFLERFOF T,
TAF=TFT7F /4 Fid. BEDLTWEY, BATIWARTT, #-oT. BER
2EIBACREENERCERTEIY, MENCRERPELEVIBEKERER
DYAFLERBELRITRERY ¥ A,

C) —BRBMBITOLN-EHERS LALETHIUSADRBIEES RATTH?

AL BAFECERFLV > ARBEFTCORAFT—72F /4 FOERBRLBIIERLEB W

TFo TTUE, CCTHBROFECREE LA, BRTA 7 VETEZLETE, T

C AHFVnDREIREL IS LoB TR RTERLZwERwT Y, HEFOE

ETT L, BER FHERSGETLESRDOFESEN I T, ThEEFLTHDdL

HWhidZzoizv, Fhdho, BHF—7 RPN T— s BEOHIED LTwhkiihn
Bhohwinw) T, I0ERISERIPL EHEVET,



PNC TN8100 92-011

[S1UMERAF T & B (1)
EHF PEH BEE
1. BLdIc
ESFGOBBERY (MA, Tc, 1) 2EELEERLTEHFGLT 5 NEBFFIA
HBNBoORREFEIC>WTHRRSE, CITR, BRUTELTOAHRZDLII
ST IEESFIAM A HEABTIIMEORRRUERC >VWTHET 5,

2. BRETEEAE OW5T

MERREFA L ERAE Y 2 7 A0WgNiE, BGe V~E+tMe VHIK o
B ¥ -—BRIGABORTBIRARTE S, Joiilldid, ERF -7 601
Wiedh, viab—veva—FRi->THITBED oMW TLWEDNRFRTH S,
2. 1 a—FOMBRUKF— 7 Bili

B AAF—ERIG - BRI — K& LT, NNTC/JAERI ®HETC/KPATE &
DBREEINTVEY, HEERTFREPC 75 7 AvF—va YREEZ 2 LF
RICHGAOBRFORBEVWTHEEF LoWEBEL, HEHREO LK. 4k,
MARERHT AP E AV F~ IR TORF — 7 OERE P HNEOFEZ T W,
BT a—FOF—2 77 A VORERRIZLENSE, Chicky, iy -
5y b OBBREEE AR S S, BRRESTHANEE T AAFHT
THOEW - BEHIT 5,

2. 2 HHRER

meﬁmmhgaﬁ%w~§ﬁ+mwmxw¢ MBS TORRF — 7 BRIT
BV, Z07#d, ENMTRERNBERERERE L TE 2 AV F—YEEUIRHR
Dyviubarys—29O0MYORFE~LAERFBOTEVS -5 » F O
EREPEBLTVWS, HTLIRBELT, BFE—-sE2 AR ELBERAOSE
P FRUERBESMOSHEERNELL. 20T, biEFoREROZ VS v
FRFVE=4 9 PPMAREHUESRULTEz A A F-FSROEIDPT L
BB 34—+ tOBESORBRETH>TETH %,

3. MAHBMEFNEY R 7 ADRAHH
IR R - 2 7 ARERFOEF L LT, RO 2HAZEET 2,
(a) ML, EWN260kg, HI5E1 GWe P WRDHEHIM IS
2EH1 0BEOMANBBRNLETE S,
(b) 2ANF—WETRPUAL L SMERVAVAILULORBIIETIE b 2o
COEAD» S, KMER TS EMARERERFOESTNEANE 2 7 4
gLy, BRI, ROBRS>VWTORESRIAVBEDSNT VS, '
EEFL : Nalf#l, BWwza~7 b, &FR - B{tYMA
ST . EKELE, SVEGETFE, BEMA
CHSDHPHRNE 2 FaicHiliiold, BFEY—2B8AM/T 27 —4 » FHES
BT 2CETH3, —F, BTFr—sflfloRBERERTIVWIES,S, X2

Mkt L THMRRABE WV,



PNC TN8100 92-011

FHiTid, 1 Bicimd L8N aBi - MASSEEHEE MM &« 2 5 4 O REE
REELED, COVIFADOMIEELTHELRELTELEDALLIE, =4
AE— L5 GeV, ik 39 nAOKST ¥ — & DIBS, 1 GHe PWR 9. 3E4IOM A H5TH
BT, MERRESNOMCANBIERETE 2V IERIBONE, L
L, #iric s o b — a2 BECRERT 570D TS F v b VX7 ADBLE

ThB. Ao, FOHEEDLUBHR, B RS & TSR R

Litzo —7, BRMNECHERUERMOBVTHALEL SN S TR UEH
EHEHE >V THEARFREF L, #2EIRT &5 2EHIBERME)
O T RUS{MEBEF co0T, HOMK. EREE, MARER, EHHER
B, ©— ABRER EAEEL, SABEFLOES L EREOHAENSE SN
S B ORE B B, ERETIAR IR O = R v — T RS
th, MR OMMEHR U HRLRERY OREOHES &> WTRRETL
HGEHNIE & R 7 A& LCORILEERE T 3,

3. SEDFUHEE O b B H AL IR

U.ZT'}:’.{‘ZB}%@?—G‘i, Wy -7y fﬁ‘%ﬁitﬂéﬂ%gﬁ@tﬁfi¥%fﬁﬁﬁ
Ly BOBGHEFHREED L, Bixirs— T ORRIGIE L > TMART ¢
ﬁWﬂ'“®ﬁﬁLﬂ%ﬁ6/ZTA®%%# (ATW7D/:ﬁF)%ﬁLLT
Who 0..8~1.6 GeV, 50~250 mADIBFE—~L%EH - KR ADREEY —4
FCBEB L. SetE LT AT A EARME L CEVRBETFH (~10'° 0/ cn
* see) 2Rk T B, WAKT—VIIELEME U TEBIBPKBERIROMARUFP
RS ¢ TIS LEHGHAILT 5o COBETH, MAREORHRMILKE
0 < TLVABHEL SN TS, BAE, TRUPF P ORRILE RN
WHERUHEOMAIC S 5. BREOENEENETE, 800 MoV, 140 nAd /N
BEHVALYRF LT, ﬂ%ﬂﬂ“@ﬁ?ﬁf?twlm@TRU#ﬁ@M@T%&
ﬁﬁén"cmzn

7»;&«7/mnM(BNL)Tm BTF¥ 429 b o o inEses AL
%mﬂmmn47u;PQQQME/RTAGmﬁ%ﬁotO = * & F -1
E— s QAR BHBMES — 5 » FHSE, BIRO TR URRSSTECES
Eh, ASIBTFE—4%224-7EE5 Lk TRRADBTHORMLERIT ST
KHBENTVUE,  {Hx OUKHER. TRUB{LMIO XLy FBXF VLR 7~

B ONAbOTHe AN a THRE NS,  EFIRIKOEBIERY
i, 0.9~0. 95 TREFEHRT, L eV, 20~30 I GES t—-A—cB‘EIJJé 5%, AEI
# 260 xg® T RU (1 GWe PYR 10 I._l;ﬁ}) fﬁiHiﬁcMﬂTg Bl 4y 100 kg @
v%HMﬁtnmqwM%@Eﬁmeﬂm&%Eﬁ®ﬁmmﬂﬁaLrw%@
I%%&i&@&ﬁ#v%®ﬁﬁfﬁéoo BT s LT, SR04
gabGVMﬁVZ?Aﬁﬁmﬁofbéo LhL, BFE—sZEYyf47mbe
v 5 S BFEORASIEETS D, &7 nd~ O ABHALD B L S TiB T



PNC TN8100 92-011

Hb, %7, BNLrOCHELZNTVWAPHOENI X 7o Y=2 FTH,
1.6 GeV, 104 mADMRTF & — A% THELE (MA (Np, An, Cn ) EERHE( 1-129,

300 kg/y) TR E N B REFET, kK ~0.9, 3600 M¥t) ITHBE L T1 ton Difik
JUE, 451300 MieORBEFT > ¥ A 7 ABRFSAT VS,

9 xRF4Y I TS, 1.6 GeVi 150 MnADBIF £~ A%Pb/BiZ =¥ » +
CHES LTMA(p, An, Cn )& Tec, 1%2BREMELDD, PudEEE~600 M
WeDRBEITI YATLERHELTWS, S

ux?ﬁﬂ@f&,ﬁﬁﬂ@kﬁ%hﬁ@mfﬁb IR 1o & B H LI
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FIF (WER) o BREFEGHDT 7 F+ 4 FOUSHERMEL. 6 GeV, 300 nAl,
CHORS FHoiniss & 2 5 & (accelarator with target complex) THHET B &
EEITWS, BETHE, BENRHEBLE Y27 20RFREATHEVES
THBH, AUBFNEEEAVEMAREOBAERETTH TV 2,

199 0F1H ki, HRAERNEEE &% A 5N 5 KRER TS5 Y
LT SIERTFIEMTIRER Y ¥ # 5o A%, BT BT 773000/ NEA &
DO EMEBEICER T, %IM%%% TH B8 AR LT 25 D BT S A e I R o
ERRNKE B S hze  BETR, BRAENECNT AMONEL, BT
Jse i MRLERRCHT AERSHRY 5h, HEREOKMNST S AT A,

4-3LHERY a

MESERLEORRTEE LT, #&W m@& ﬁk H e d e F O Lk
LT, ¥yiab— /a/ﬂ—bO%% #waﬁﬁ%ﬁﬁa¢mizw* £/
F— s OBFESERCHED SHT VD, R

P ndiss - FMAEBMIEY 2 7 ADHRHUIFE TR, HHEFREICO VWTH,
JAERI®BNL, W. H. , Bp#FHEIc>WTH, LANLTEZAZIE
SRR D OREEETO B, &b AMRALETS 50 SRO
RAE LT, SHEAEY 27 AL LTONEREREHELE, KHFAFP (
Tc, 1) OEHME, =xL¥— &v#%ﬂ%ﬁéﬁzszm WELTDH
BAMEE V-l AR~NOREBTREN B, _
ERECiA 2 YR EEDORTTH SN, OECD,/NEAPUSABELD
BT ER L2055, 1BY ARMELE Y > O UHEIT bBATS
%o ' o
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A) KEK TR o TWAERBILOWTTT A, FuLiiwn & 1H IO WT Ao TwniATT
ESVnSEHMEoTEHATTL?

R S10FEELTiE, hoRRICHENOEBIERLy b2 ANLSDITT, FOEENHE
TLBATREWPEELZFLT, 50OV Yy M2 ANTBRTERLPIET EVD
:&%%ifu‘iTo

B) HnHIHERLZI1EOANGF THEER LAEBOEIS 50 L v &) icEn
ThATTE, 209 5 spallation TEHFEP > T 5D H5E & VT spallation THT
KCHBHRHFTRo T2 0MECH W T, total T5E45BCH VTR OFHTFIE
fission P SHTWAEHFBTEABLTREVOTLL P ? TT LB FFEERLLD
SO CTH B & ?

Bl BFZ0L0PERLASORHAEITT,

B) #M#d spallation T 5 & L D HPHEFHOEHZ2OT, b LEFNDEISHERICMEL 3
L ERB LN LT DHE, BETIWELE VI Z ETT,

BBHE) F50w3 CETIS0EICEBRTTH?

B) weEhi, Y DI00ARIFD fission 225 2HIFTEF B, VI 30mA S5WD
15GeV CHVDIFEFTRd L)oo THBRET L L) T L2 ATTH 7 IFICIEE
THRFEAFTEILEV I LAY vy FEWAEWEBE LR AT, B LICBFFY
THT EVIRREL2VWATTR?

FEE) FREBEEOHMETHHTE L o HATTY., FI v o/ BSREHENLETSHY
¥ LT, 1.5GeV, 300mA OHEIT, kDL CHECH L CHEERE LT LTHEL
T L&, BEAFIOKgSH O TR UNHBMAEERL LS L i) i,

B) #OBO T3 NE—NRS A EI b T5H°

BBH) ZANF—1F 2, MEREISEEAKIC CTo T, Sl BITE T AN,
BL A NVF— fission DHHVHHETHE, HAEFREETTHE, AEbox i
F—2#I LEFB T T,

B) MADBFHENFTHERL 20 NEAHZ AV F— 28 0 EThE, 1570
MV A DITTT 0, FREERLSWTTH 7621, RIZEDLSGeV DIBT
ME% ABT 4 & &1C spallation L2 LH T A2FUTFHEDETEHOMTEWITE
hE¥, 1.5GeV % 50CEHLDCUHED 2 H30MeV THERTELLWIET, TIvo
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C) 15GeV % 5 CHRE VWA T L. KEREEbRVE X @5ETT,

B ) £ Direct @ spallation T3, CTTIHEFRPHLAPHUTEIASBEFSE-oTnED
TThs, #CETRARTIVE RN T,

FEE) EOPHTFRIBELZ2wH TTRAIHELH L LT, 2595 & &5 v ) BUES
PTY L, FrnheLTRNAA Ty FOFIZE->TLED BIF T,

D) ALLILEMTEY., B, 4 F—72F /4 F2EBDILERLLBWREFT
LANF—FFldbEnIT e, The, TRIIHLCETOHBRAEL*T L0104
DHETEDL LT NIEL O EVIINT— FRENMERO RN E—TTIFE, NHE
PO % T DMLY T € AD,

) 40% T,
D) 0% TTDe 29T 5540%5HNEREGI DT CTAH?
. B8H) fission TRAMEILERAE ) DI TT, Keff 2509 6 WAL+ RAWE T,

D) BBEDTIAT 4 ¥ INTAOEATY L, 630MWellad L TADDS500L 6 W TF .
ENENTTH, GLA?FFEVITREDS, FTEE2RD APV vALSLZWATT
DIEFRRPOC, ¥4 F—F7F /4 Firfes v, BIZIE, XA Ld%
fissionZ2 ¥ CWARHI 725/ 4 FEITERZWHIFTTh, FHF)VIATHEFITT,
Zob L, $FEFOVAE LS VRSV EREFRRRD T, INEEEE T4
TWHEEWRTT, BT 51, PRFEFFESLD T, 27V HIDREHN IR VA
TT»?

B $hE R < Aldfission LBV TT 2 b,

D) BxaF—7FrLET L, WM VSO WDHRHFHEL 9 TR, b9 bloes
VWL HNETHAN, SIEATATELTOLVWWATT, FUSTATYH,

BEA) MY AEE, 7 F T4 FTT P bfisionT20MeVS S WD L AL F—BHETLAH S
EFFZEZONETITE, L ADPESLANFE— TR $3 & spallation BEFE2 DT
ELLHPEVZERBMIIEEERVE T, 20T, LANF-VAFAREY LR
ERWETH, M UAOBAEL LI EEFFORAETHEILATEBYITOT,
ENDPEN LD EBCETH, VIvARE IR, FIRE, N Y—TrFF4F%E
TER I R vEVIREDTRbSVET, L LERE,. M DT AFS 2 LDERE
S>TLENRE T,
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D) M o 2P0 A H, SOBASFHLIFL DAL e B E v BRCLRE
STWABATTH, bl RERLINVE-NFIVABTIALE AR50,

BE) CITSoTwani, MESL Vo ThERRERFCRAIREL TV DT TT R,
EIVoRBBYATF AR RbV VALY RVALE) ZETThA, TRIERHER
BARFLALIRZ, FIVoAMS S ETH, H4AOFTRERRES—T, =4
WE=NS AL LTMEROLALE—% BRTHOPFRREETCH2 L, EFFECS
2, BEREEMGEIELTWALTCHIhES, TALE-REVATFAO L
E2B LI IBHAOTUNLEL>TL BLBVET TV Ty PEBIT A= 5153
ATEETOCT, FTETHIL, BHALTVEEA,

E) & ¥7 25 v OR4, spallation THiBHMTDARY MVidfissiondARZ b EES
BATTH? ‘ S _

M) spallation DFHFOANY bV, ERUTOET. EEALRT BHETRESR
BEPSHTLBDITT Do, BEBMTOET, LPLEVENY T b LEKEFTT,
FHIANEF=IMeV L P HLECENTT,
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[SINERR I & B LT (2)
ILEZFIC & 2 Cs DI WAL o ik
Bk InEE 4

1. Bl
SETRVADPOMBERE AV LEBBABEABRER TS, V-G %
MRTREHECHLUCHBEREEH L, ¥ —Fy MERBE AT AKX ELT
WHHE (EPEEM) L EOZME I AN BRSSO ER kL —
(BRTFAX=) BRD, B4 OBRLBEO LB ET - &z,

2. #E

HBOREE L el NAEEE 20 B4 2 E b TTable | WRT., BF
BREFREEZ -y VAR S, BEX LM NMNECHBE R HE
T ER (rs n) RE*FHAT S, p CPERI 2 A Y MIBEME (#CF)
EFEFALT, EC (n, 2n) RECTHBILZETHE, BT HMT
HHEELTE,. BEBFY 22—y DA R Y, AR LV—Ca Y RET
HET3HE (BTFE) EBTFERCANCeRER G2 RDPYETE2AMYT 3
Ak (ARVv—varvyilhTE) 02BBEOHFEC > OTHERIFo 1, PO r
— AL TE2LRYIBEUHRE LTI bEYFILafBEa~ P E2HiMLT
AETSZ kL, HEBMELCZZPR'TTCs®MY L,

Table 1 FH&#

A & MARF rr¥— BERE HEa-—-F
[MeV] [mA]

B 1 e” 160 2000 EGS4 °?

5 ¥+ & p 500 900 NMTC ™

ARV —T g viEFik P 1500 300 NMTC+MCNP ¢®?

v CPE d

4000 25 MCNP
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3. HMRrFEE

I EMERYFigl WiRd, Fig.l 5, FOBEL'P'Cs i —¥ v MEHEMNIE
ME 2B, BRI AF—B/NERIN, EHEBHMER(R>TL LD
YWD, thik, "Cs A —Fy b ERKELTHI L Lo THBRAT LR
MR FEbi b, BEBHEHEMT 2 oWl v F -3 58,
HREHEMEY 2=y PEBEENOBI B REVOTENEFHBREE DL
HTHDH.

5000 T LB AR R
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K, EHERVEL2ECBREL L 2OWERNFIAX—PHELELD S
Table 2 WRY. MEFT OTC s M IMMAEL DL E/ONBEE T XL ¥ — ik,
BABTHORDE 3L ¥— %200MeV, HHZIKES, REYRIUBHEET 3 L.

200+ 0. 06X 0.33=1100
XD, 1100MeVET B, MMBHRELSGERET D L, PTC e Bt & ML D
HPEFZTH, IBERDIEDECHENTEDI L XA F—E50MeVELT TR &
EAAE—WTEEY T, Table 2 &0, uCFEEAALV—U g vk
FHEO2EFEIMT I L X —RE500eVU T TH 5, LirLhaisd, - 0BdlEm
BEOHEHME LT °'Cs LHML pHFRMC D TEVA, FEEMIE b M
MEORBELTELZLRTWAHIE, °°S . °Tc, ' TERNEET D, 2
Dieth, BREZFAF—NETERTIE LI D RBEBI AL — DR L
b 100MeVIL T CHAILEND S,

HEL I ¥ —OWI AWM CESRBAF L NEBERR A DY W RLE
VATLAGLRBEDTNy INTVEHIMEMPYPOAT7 S E ARSI R ECH%
2hTuvid,

Table 2 BHE#ERE

4356 L T 7 WET RO R —
[MeV] (%]

Mm% 4700 2.0

15 7 i 570 2.0

ARV— g viptkTiEk 510 2.0

n Chrik 195 2.0

4. L

ABEONMEBC LD P CsOBHABEYENLBBPEBER - FLE—D 2
RTHELE, 2ORE, ZHEBRUB2EOESWRBoIAE—D b EVERS,
LCPECARV—YavdiEFE{BFE (BT E
DFWR >, LAl 4Z20FTHELERFIAVE—D P Wy CFiE

TORFIAF—PTEPRIELEIIERELV ERDbh -,
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wWBcseBus L,
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ﬂﬁ%&ﬁm&%&@?ﬁﬂﬁ%‘%ﬁﬁT@X&fWTE%&\%K%iwéot;
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Wb TR ¢, BIRIZRERE D7V — ZOWBOLERPT ¢ k3tEHEE LrRELFT
WwET,
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-2k, OB ko Ty -2 R4+ 2 RGBSR ER (Fission Product
i FPYR CU, Puthi: i - T@mikofly 5 »xH (Transuranium: TR ¥ L4 5,

IhvbodRiEMoshic kA doRMEHEMAEELTEY, Th s o MM MMk
MPMM LT ETRIoBEL TR S chdhiihAshroReBIS 246BMND
Do Whihiko—ooHF L e LTk, AMRMWEIVMBHELTLESZ EXFLSN S,
FomMEElLTRBALAABEY SRS, HETR, TOoHEXROLIAEN LR EL T
bt hTtnd, 2O, AN—ATx A LBTNREDPHEOkD
TRRBET B IEFOFATTND A, boy—oooHFx i, Fdd ol i m
PREBRC > THAMBEMBLVERZEMCEZTLES, Wby 3 TM@Lm) T
b, ST, ZOFPOMANMEMEC E s T FORMMNBTNITL E L DD,

RIRTFHEhrsoREMBNIERAED O ER

U R RPUOEB DB L > TRETIEHMNOIPOERLbOERILRY., ZO0RICRT
CERm#E. BRMIE (cunnurative yield) TH Y, HMHBI L o CHIERE T B MK
(independent yield)m & S8 W X S decay chainCTRMLAEboTHD, MMl od
GriaiBEMEoEmBARE, FRUBEL, 220, r )RIEOWE M A ME 0 A
DERFHETRERHEE T CcEEB b0 TH 5, FhfLwik, [Fvo ¥ (3. 3% H
_ﬁiy)%ifﬁ?-bﬁ(HUJ‘&*JESUMW/tU.rhfét-?—ﬁz.QZX10‘3n cn” %, MR EIE 33000M0d/ ) T #F NI
LictErwFEMEhszfiguRdagifolifdml To b,

D313 vk > M 4% 1 o 8 56 M

R sl 2B, 2RTEIOTFIELTIHNT 200 HE U
oy, FCT, FoMMMroBMEMNENE Il ludb TN ss, Zhico
WTR, o0 RGTND D, —DoRAGE, RHdgiliorh e, RFFREp, RO
BEENTENOMMED RSB, &HHD °%8r, s 2MEITZ2LEILbOTH S,

theso#iig, ¥5 ARG oREHETL DS, by -2 R, THEEREYS
SAFIEIZLTHUL I A2 ZEMARETHIEFL, TEFBEITHFETIRGHEM
DPBHIARECHZEEHI>ILbDTH B, IoF R, EH52MWHY. —Dkk. W
oMV Np e MBS Ed3HF2HE, DIy —D AR HMML ARBHEAL 2
Tt o w»'2%Cs, "2, CTekRWMiMHA LTSI LOTH D,

(4735 L 4 3l ~ o B AF
MTEEMMBHFCLVBTMCEI LR, WEFNCEANOZ L TH HH. KT

i bRETIHNEEFRDEIPHAMABIDIEREE, BobofitEHE i hl:
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R, HELBEAEEEHEATE LM - KT 0BEH LB/ AELTVWEFAE RS R WS &0
b LBTFTRZDZ220FHFEDOWTIELS,

4-1. WA =R E
B 74238 T oo L8 k.
=J o (E)- ¢ (E)dE (1)

Elede ZIZT, o(f) WHEMTDD, ¢(E) RuM -E2HES8F 0 flux ¥ %3,
Fh, HHMERME, COoBFTRCLIIEMNUMEBE ERMMEEA .. ¥ T

T et = ]HZ/A-fr (2)

JEREND. TIZT Aurr = Anae A CD 5, ZhiELhmMbhdse, m
CHEAAEEEFBLI DR, MAMAOCAXEABREXMI3rE bk, HBEOR T
BHEPROILHLEIDD, BIChPET oGP L BTN LENMERTFRERTE
Erﬁﬂﬁmiﬁmlﬁl{ﬁ%%bfz, Pre W, ¥ RASSWEMIA—- V2> T 1 EOHEREFEM
PHMBIC2.2X 10" %n"2 mﬂ%ﬁwﬂwﬁfbéo
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rETHE, BORNE Y OBMoREMRY S(sec™ )i,

= ] | , h-E
S5 TExITT™ BT e (3)

i d, CZC, Beraa(feV), —HoBZHBE TR S I8 -Td 3,
RH M oMNIESET o F RO i &k 2,

dH/Dt = 8§ - WA wrs (4)

TRENDERETDE, THRMBETHE H=S5/2 ,¢¢=87T ore/In2k % 3, #l 2 . h=0
75, 7 =-=0.33. Y=0.06, Er=10°HWe, E+ 1 4.=200HeV L L T T .++F 1EET B E ¥ = 320m
ol b, ZORE, '3TCsT. 44kgk e 3, Zhb, IGHeo REIF—H L HELME
B(ROEBMIE) LEOSATLCHE T I P HHFOEHRRTCHS. AL, HRLATC
BXFEINHMNMREIEETREC T3 LB TCELWAEMALY I L LY R ERBEE D ¥
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FIGHEPE, -V 9 THRGERBCR 2MEBREC &> Tk 3,

Wiz, BHEREY»RETIBCESBC IV YA oIy -RELhTWwSEh
WML D, MEMAZEMGOENIBENBREYEL, HHPHUL I ALY — 2 Eriae. B LBRE~D
REMHRE T 2L, 1BV RITFFECER I LI EFLHBL RS 32L&,

Eu=7) R'(Eflua/EY) (6)
it B, Waw, " (sorP @AM HFBMES 2 W, Y=0. 06, Ef..-.=200Mev.
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x®1 ELEHBXNREZE

wiE | 2R Pk T IR SRR
(£FF) FrEE (b) (C i /1) (k g /%)

FP

B5K ¢ 11 1.7 3.0X10° 0. 79

208G ¢ 29 0. 014 25X10° 17. 8

%3z¢r | 1. 5X10°¢ 2. 6 61 24. 0

°°Te | 2. 1X10° 20 433 25. 5
197pg | 6. 5X10° 1. 8 3. 6 7.0
129 1. 6X107 27 1.0 5.8
135Cs | 2. 3X10° 8. 7 13. 5 11, 7
1'*7cs’ 30 0. 25 3. 5X10° 39.5
151gm 90 15000 1. 1X10* 0. 4

TRU
237N p '2.1xios 181(1.6) e 14. 4
241 A 432 603 (1. 3)] 5. 0X10°% 1. 46
243Am | 7380 79 (1. 1) 601 3. 03
243Cm | 28. 5 720 (2. 0) 55 0. 01
244 Cm 18 15 (2. 0)] 5. 8X10* 0.72
245Gm | 8500 2347 (1. 6)| 4. 1X10® 0. 03

* FPEDWTERHARETFICINTS (n, y) RICHERE. TRUIC

DVWTHE, BBRMEFICHTS (n, y) & (n, ) RICEEEO,

FBREACIE T Me VEREEFICHT S (n,

“HA 1 GWe DREFIFOEFRERKE

f) RICHTERZR L 72,
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M BT REEE Data No.  Hif Wi At woE N PEEE (IR
5K ¢ 0.27 % 11 £¢ 1 1.66 £ 0.20 b *"Kr2HSHAAFL M HZE C.E.Bemis, et al.,
ORNLo RIFiFCTHEH, Flit N.S.E.,47, 371C72)
ST/ Kr 18,
2 1,66 b TEAm{FC JNDC, JAERI 1320(" 90)
peg 5.0 29 3 0.8 2 0.5b HT#ARYT R JVIE G. leisel, Acta Phys
Austr 23, 223( 66)
4 14.0 # 2.4 mb  JBHbE, H 2 < BUE L. A, .McVey, J.Radicanal
Chem 76, 131('83)
5 15.3 & 1.3 mb  JBHEE, ""Sra e L BUEH, (94, Mg ot
TH8r b Srd A v % T — 2R &TIRk
(37 ieq [l e 9p)
6 0.9 b PR JNDC, JAERI 1320(° 90)
REAN o 6.39 [.5E6 T 2.25 b REA 0 JNDC, JAERI 1320( 90)
8 (ks 82 A — 2 OWEE) R.L.Macklin, N.S.E.,92,
525(" 86)
98T o 6.1 2.1E5 9 2414 b 3 Pu-Be BRI % JH vz b B. B. Qvechkin et al
bk INIS-mf~1543,
10 012 b IS I T AWt =11 3 N N. J. Pattenden, P/11 UK
7 hOA—%—CHE
11 19.9 T f it JNDC, JAERT 1320( 90)
12 20 + 186r K- ToORHEILE H. Lucas, TAEA-TC-119/14
13 (e A —Z D YE) R. L. Macklin, N.S.E. 81
520(" 82)
107p 4 0.14 6.5586 14 (dEMB IS5 A — & DPE) U.N.Singh, N.S.E. 87
54(" 78)
15 (JEmL S5 A — 2 o lizE) R. L. Hacklin, N.S.E. 89
79( 85)
16 2.0 b FEA fiFL JNDC, JAERI 1320(' 90)
128 1 0.71 1.L6ET 17 3B+t b ORNL fast chopper TOQF R.C.Block et al.,
N.S.E. 8, 112( 80}
8 (B A3 A — 2 OWE) R.L.Macklin, N.S.E. 85
85, 350('83)
19 27 b FHEE JNDC, JAERI 1320( 90)
1"5C g 8.5 2.3E8 20 .54 b BB, WA, MG N. Sugarman, Phys Rev 75
1473(" 49
21 8.7+ 0.5 b [JH{LEE, '*°Cs/'*Csm A. P. Baerg, Can J Phys
TRAHE125Cs/ 27 Cs . 36, 8B3('58)
BUHGELD S
22 a-o= 16 b ME{LE, '*%Cs/'?'Cs FH, FE, uEToib
BB ERDE=, ald FIEE
L3s0s/137Cs DFEFREH
23 6.5 b A (G 4 JNDC, JAERI 1320( 90)
1C s 6.27 30. 24 0.11 + 0.03 b HbE:, REEEERE D.C. Stupegia, J.MNucl.
2 B Energy, 12, 16('80)
25 0.250 4 0.013b Bk, BB L LMK 1L llarada, T. Sekine,
O i B4 18 oy B IE 30 22 T.Katoh ot al.,
J. Hucl. Sei. Tech. 27,
5770 90)
26 0.11 b B it JNDC, JAERT 1320(" 90)
R ELE " JNDC: JAERY 13200 90)” M58
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The photoneutron cross sections in the giant dipole resonance region

obtained with monoenergetic photons have been compiled, butl no experimental

90

data presently exist for ““Sr(v,n) and 1J7Cs(f,n) reactions, which are of

basic importance for the transmutation study of long-lived fission products

in high level radioactive wastes.

C
It is gqulte difficult to wmecasure the very weak 8"Sr‘ and 13605 ac-

90Sr(f.n) and 137 9OSr and 137Cs Largels
90 137

under the very strong “ Sr and

Livities produced from Cs{v,n} in

Cs target activities, respectively, and
also impossible to use the chemical separation technique between 898r and
9OSr, 136 137Cs. For the cross sectlon measurement of 137Cs(f,n)
reaction, we used the recoil separation method of 136CS atoms from the 13705
target accompanying with neutron recoil. 1In order to get the absolute ;géue

of the cross section, it is necessary to get the recoil fraction of Cs
137

Cs and

atom from the Cs target in good accuracy, but it is quite difficult to

get it because of its very low recoil energy. We therefore measured the
137Cs(xf.n) and 133

cross section ratio of Cs(y,n), d,4,/9d,,,, by using the

13308 atom as an internal stan-

internal standard method which used natural
dard.

We made 1 to 10 um/cm2 thick targets by evaporating CsCl In a small
vacuum chamber onto an aluminum foil. The two kinds of CsCl solutlon were
137 1370501

CsCl solution. The targets were assembled as a stack con-

prepared; undiluted CsCl solution, apnd mixture of undiluted

solution and 133

sisting of each target backed by an aluminum catcherfoil to collect recoil

]3605 and 132Cs atoms from the target. The target assembly also contalned a
gold foil to monitor the incident bremsstrahlung fluence by using the
& an '

0 utv,m) 80 reaction.

The target Irradiation was carricd oul by using the clectron 1inear
accelerator of Laboratory of Nuclear Sclence, Tohoku University. The 60 MeV

and 45 McV electrons extracted from the Linac were injected on an L-mm thick
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platinum plate {o produce bremsstrahiung radiation. The electrons passed
through the platinum converter were bended downward with a clearing magnet
and only the bremsstrahlung beam hit the target 60 cm downstream from the
converter.

After the chemical separation of Cs atoms recoiled into the aluminum
catcherfoil, the gamma-ray activities of Cs atoms were measured with a Ge

detector. Flgure 1 shows an example of the measured gamma-ray spectrum,
which 1indicates the photopeaks of 341, 819 and 1048 keV {rom the 13603
nuclei produced by 137Cs(f,n) and 668 keV from 132CS by 133Cs(f,n), together

with the 662 keV photopeak from the 137

target foil.

Cs target nuclei escaped from the

13 133

7CS(Y,H) and Cs(v,n) reaction cross sections are
1.10 £ 0.05 and 1.22 + 0.11 for 45 MeV and 60 MeV bremsstrahlung,
respectively. Both results agree well withlin their statistical errors,

The ratios of

since the glant dipole resonance region is between 10 and 25 MeV photon
energies. The ratios larger than 1 Indicate that the average cross sectlon
of 137Cs(v,n) is higher than that of 133Cs(v,n). This work is now submitted
for publication.
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Fig. 1 Gamma-ray spectrum of Cs atoms collected onto a catcherfoil measured

with a Ge detector. Several peaks from natural activity can be seen
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We further investigdted the isotopic dependence of the average (v,n)
cross section for each nuclide around Sr (%=38) and Cs (Z=55) [rom our
experimental data and the data given in Ref. (1). In Ref. (1), the excita-
tion functions of the (v,Xn) reactions in glant dipole resonance reglon are
given for stable isotopes of Ge, Se, Zr, Mo near Sr, and Sn, Te, Ce, Nd, Sm

near Cs. We also measured the average (v.n) cross sections for enriched
siable 1isotopes of 84Sr, 86Sr. 88Sr, 85Rb, BTRb. 98Ru and l04Ru which are
lacking in Ref. (1). The sample irradiation was done by using the 60 McV

137

bremsstrahlung radlation under the same experimental sctup as in the
Cs(v,n) cross scctlon mcasurcment.

The cross sections in the giant resonance region from 9 MeV o 25 MeV
were averaged by welghting with the bremsstrahlung energy spectrum calcu-
lated by the EGS-4 code.(z) ' Figure 1 shows the isotople dependence of
average (v,n) cross sections thus obtained. The [igure reveals the following
systematics.

1) The average cross sections increase as the neutron number approaches the
magic numbers of N=50 and 82, and have highest values for those magic number
nuclel of Rb, Sr, Zr, Cs, Ce, Nd and Sm, exceptl for only Mo.

2) For Se and Ru which have no neutron magic number nuclei, the average
‘cross section values also increase with‘approaching the neutron magic number
of N=50.

3) TFor Ge, Te and Sn which are separated from the neutron magic number of
N=50, the isotopic dependence of the average cross section is rather flat
with mass number. '

These 1interesting systematics indicate that once the (v,n) reaction occurs
above its threhold energy which is higher for neutron magic number nuclei
than for other nuclei , the neutron emission becomes easier and then the

(v,n) reaction cross scctldn larger for ncutron magic number nuclei than Tor

other nuclel, excluding Mo nucleus. There hitherto exist no theoretical and
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experimental considerations on this systematics. This work is also to be
submitted for publication.
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THREND, 22T, Upr, Ue:REFAFAhDTH,, SriHoN T IV¥—
THY, BFEi,eldA4 4y, BTOFER2RT., A ARy I AT -0 N
v UHiitic, BFRI=2NLNI-F14 v IMitcEI DO LU E,
DTHOBE(TIRIV— VA4 —-—TYIcHEBELZhDd10ke VEBRBALE,
SréMoBRERLIOkeVES ke VOBARHELE, EREIRI000& L E,
FLT, DTRRL2CAAVELTWEbB 0L LE, SrHBICEVWTE, °°S
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riETo38HEHoOMERETFOYL, AN ERENBH - ALV - Y KEH
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Ly hOARABL AT —~"OFELER, SrfifoBFNI—FREVILINHS,
ChiZSrfAROEBHRBFEISVWI LIC LS, H4WXSrHBROBENL O
keVe5s5keVOBED *'Sr2 1 BHERTIIQOLLEERZ ALY —%S rH
HMOBXOBMBELLTRLEDOTHD, EBRCHELIINVY - (7)) RO
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EHBLLOVBEBB TRV NSy AE|THBILLTHwWE, )

£)?°S r 1 EE1000HeVE W A Z WRA T IV —CHBRINIT, TRILE— 85
Y ALY %,

5. A4 2 VB R

e 1B ay blcEYRLVY MDD Sr2 L THTILNTE
AFEud, BHEEEEREBIZL20W'Srdb 50T, thbidENREH, &
ERVvy hELTHMIEh, MEIOYA 7 IVOH, HREMWBZEICRS, 1
DSORLY PROSr 22 THTEZHORVY POWM, MIToy A7 VH%
AFEL =,

Y4 7B

1Ly o8 r 8
VATNE = ——————————————— (9)
l1>ay bTo®S r i HEE
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D THO Er =500pgn, SriHEOHEEd=100~1000un, JERIR%E
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AN, 1Ly PAHD S r2&THTEDICRAVy F2I00E L LMW, i s
ZLEHBHENEEIFEAR Y,

ic, (9) RE2EMOWTHA 7NV B x2RELELEODTHERBr LU S
Mo di2khiz, Fahidredo 22202, FBAEL1>2TH5D 0T,
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d = ar (a :const.)  ---mmmm-mmmiomeeeoieeoo (10)
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Kok, tORRE, BHTHOVERAEE2BOI Aok, BRI FILF
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PE—LFRIBFBRBTRIAMELOT, HEKEIRERLLE»IoE, FhooB)
BEZBRULOBRBTE, ABRLAMAER DIV -NTYAEWET 2
ZEMNfH o=,

MBI ANV -GS rHROBBETILOFEN—FAE NI L AN ok,
FHOREZRS rHEBOBKEICETELE, L, SrEKOBER2SEY LT T
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1Ly FAO°Sr 2 THRTI2OICLBELRRLYy POKM, WMoY 4
DB EIBELUE, TORBE, YA PN ELPLRLSTBEEYARLY VYA XEK
< lLhthiEnrshnwc ok, YAV VEE10BET S EARL Y b4
A ZRREOREEMAERTEDATVER LY PH A XEY 1A —H—k&
lpok, 2OEIRY A XORLy FANIEMATMDY D DRMT D LTS 5,

AR WAL S ESF PHRABOGH R PRERYVBEIDEL 2D 2D IS,
[EfAA L Cifid, FPREXYZETCTFITEMTELMEWA, Wiz,
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;1. DT#ES r oA 3 IL¥—

N2 F— (k)
4 F v W T

DT PR 500 59,1 b 9.2
(kT=10keV) | (£ m)

300 6 7.8 2484.,6
S r fHm L=
(kT=10keV) | (£ m) 500 153.2 5617.17

1000 569.2 20865.8

300 33.9 1282.9
S r A% Box
(kT=5keV) (pem) 500 76.86 2900.7

1000 284.86 10773.9
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{71 {=)Enhancement of Neutron Reaction
inertial TargetiC & % H LI & FEX (B OBESGE

A) COFETTEEFILABAEESE VLW ETTITRED, DI O HES G
HMBEF O HA cross section B A E W LERFIR OS2 EBIDTTH, §5—o
i3 neutron flux NRIE, #F. HRIKIZe § OPHETHVTELTH S, O neutron
flux &N ownEELLRETHT?

&) flux DFFET 1/ cm2.s) CHMPA-TEF T, o T, EE flux i3 1 #HEIc{T@s =
Y IFTAEPILE T ADITTT, L. IRWEICIEHY sy FT5EEETDHEFES

RREVTT, 102851 0% 0/em2s) fIc %k h 7.

A) &, FARIIKEVATT®?

BF) K&gwTt, £h 7T, EFEFBEEG < svDF—F— 1 h T,

B) EfaL I T L DTRLIATprdAREVTT 25 slowdown B E TWADITTY, T
Tob, PHFOZIIVF -3 14MeV AL THB LT, £ 2T, BRICHESR
P OFTHEITIZ cross section i3 14AMeVOMETIH 2 3 H P LBEVWE I A0 0% #b v
EVIThWERWETA, FOBREIBRATLIID?

aTF) KoL T, 14MeV @ crosssection TR LU T L7795, EEONBEES#- THET 5

FERIREYTFANDI-FEE->THELILAOT, (n, 2n) FSRY (n,
y) KB, Bl6, AT THLTwES b WSt 8 LTwE T,
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(7187 L W T S0 3k o T g i
~ b Inertial target 17 & B T EALTR -
BRAK Hk &5
3 S

1. T L »IC

V- —HEaE, DTHE 250 LVy My —4 v b 2B E0.21g/cm3) @
103550 LICITH Ly B5iR - S%IE 0 79 X< A9k ) CESE X AT v 2 P B bE &
T, TAVF—RWHHEI ETELOTH L, LT X<id, PLE 0Ky b
A28 —= 7 LREIHOEBE»SMBEEND , 28— 2 OEC SASME, BIE - PR
PR>0.3g/cr?, 4 # VIRIEAT 25keVTah b, i FMBROIEHHIC & ) EME O KH
GEBRREEIE D, VLW -—HEEES -4 v b EETFPETER L RS EEREIEY oW,
MENZRIHS B &5 74 F 7, plEFREE SV & &, FEHlcL ) hiTR
WCDMERENFE KT ZZ LIEITTVE, TITHR, SO LD BiH B OB
etk icowT, 90Sr 61 tbﬁm&% VEMIC LD IRE 2R B 2 EILT B,

2. L—¥-EmMmsoMz

V= =M oMSERINGIR T, TAZAVFEF 2L L ==L RV F—~D
2RV — ) —5hH) % 1, ~ﬂ~#%rm77zvgmu%w—LWOWWJ
T A NF=~DHENRE 7, & Do A4 VI Ti (ETO:MG B0 LB R L —
PRV F— B

3 3
E = in.pm'R 6KT; =11x% lOIDML @) ()
3, my+my (Por / ) 1.

Thd, 22T, pHEGDTEE, mp (ng) @D (T)0A + VERETH D, —J7,
BMRETRET 5L ANY — Epy iy
4 JoEor 15 _(PyR)’
E. =— CRIITOF 315108 T 9
IN 37TPDI my +me o [ P =f () (2)
Th Y., Epp=17.6MeV, f, GREOBIETH D, RENEE30% LT 5 L,

Laser DT fuel

irradiation % \ . 2R

Electric power Fuel pellet : Compression / burn
i V=¥ - oI
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ERILTID30% 21 =<0 1DRETU—HF = FT A /=7 4 = F/Ny 7§ 5ITH,
EgEE DI, WS~ Ly MRS,
O = Ep / E, 2100

BETRINEE2L% v, 2O L) @B TERT 5720, EHREHTAD &
S LG E S ND, Q2 10004, (1), @&
297,
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END, BPHEPWER L e o T ISE}T;’W:TZ; 2T, kv P A= 7 EER
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StHUEZIRT)TH 2, S TSHMDA 4 LEZg T Bo With)ifi, 7 = b3
fiial & bz, T, pr=npr, ny ¢ =Zs s )D5/3FI BT 5 DT,

5/3
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2o, VAT AERE LT ISTET 1 MO M 9 #140MeVO TR T 7 NV F— 28
B THD LI h D, SO, 7% HEAI1000Me VI L < T-H4r o & v
fliTdh s,
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6. T HESHEDERE
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F—BHEIOMeVO A -5 —THh, FH0y tHES O=25BE»RIAD DT,
MM OTEEFRE L TR0 KERELIHLbDEELONS, HL, ZOFHET
by PG ETFORELZD, 205 —4 v F TO=25%215 5104, HREIFK
VSR 0T AV F— A%, T O REREECRE ORI 2 LV EF— /I
LRMENDLZ EXRLETHS, b L, SFIROEHE T V¥ — 23Srifilk i - T
L) ETNE, 2OSEGHEL —F -3V F-FRE BB LR B T3
V¥ — OFR) 2 E YT % O BRI FNALENE TS Y, FITDT & Sr 05
WEEY Yy 700y -4 v FERORKEREGREM CRAREL &5, T 72,
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ALy FOFEENLL (Srid i LA v 2 b — — I G ok 4 Sro il L & 25
MEF e EMTHEMHRME L TR TV 5,
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1) ZIMPAR, #EEarss. 51, 400 (1984),
VL EME ., BE&Rige. 48, 157 (1982),
J. J. Duderstadt and G. A. Moses, Inertial Confinement Fusion, Wiley-
Interscience (1982). %=z &
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Bl BAHBEFREEIFHETE S, TNHREVERLEIATLL D, FOR
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ABSTRACT

Transmutation and implantation ol radioactive ions
with an accelerator complex is investigated [or a disposition
of nuclear wastes. An acceleration ol radioactive ions se-
lected in nuclear charge and/or mass has made il possible to
treat the various radiotoxic elements by diflerent ways. Many
reactinns such as projectile {ragmentation, charged particle
indured reaction, fission or fusion reaction, neutron indncer
reartion and Conlomb excitation reaction would be applica-
ble for the disposition of these elements. A source ol elements
to be accelerated and a means of raising their energy by one
or more stages to a level appropriate for such method are
discussed.

INTRODUCTION

There are several options for disposition of high-level
wasles produced in nuclear [usion power or fuel reprocessing
plants. In a nuclear technological field, many techniques have
been developed to safely plare these wastes in sealed forma-
tion where Lhe waste can decay to safe levels or radioactivity
(1, 2, 3).

In this study, mass separated ion acceleration and im-
plantation for cach radiotoxic nuclei by using vations nuclear
reactions and ion implantation technigue are discussed.

RADIOACTIVE ELEMENTS IN WASTES

For instance, il a 3000 MWe atomic power plant is
operated in one year, A590r which should he treated, wonld
be 5 10" Ciin total; the fission yield ol RS Kt is assnmerd Lo
be 0.3%. Further, a nuelear fuel reprocessing plant having a
seale of & tom fd would prodnce 3% 104 Ci ol ¥ Kt per day. It
shonld be emphasized that this number would be extremely
larget amount than that of nurlear power plant. Among
these dispogale listed in Table §, a techniral treatment for
several elements, such as tritinm, and innerl gas has been
seriously behind that developed for other disposals.

Tn this sense. a< shewn in Fig. 1, il it serious fact thal
the concentratinn of ““Kr has increased in environmental
air ik the rerthern hemicphers by explinsinng of the nuclear
weapone and by the commission of anclear power plants.

Wo chrgld intraduee the spveral waye to redure or

eliminate and tn salely clare the radintoxic naclei lor a dis.

position of nuclear wastes as follows.

Fig
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Sinee high energy heavy ion beams became availakble
for nuclear phy sics, the projectile fragmentation reaction has
been studied extensively and applied to produce various un-
stable nuelei whirk can nol be attained so far. Thaa, it is
sapgested that through the projectile fragmentation reaction,
the radintoxic nuctei such as " Kr contd be transmuted or an-
nihilated into other elements.

For this purpose, there is useful estimation on the crosse
section of this reartion, as shown in Fig, 2(5). From (his
eclimation, the interartion cross section wonld he more than
0.5 bam. Thereinre, if K nuclei are arcelerated up tn the
energy of 100 AeV/u, they wonld transmute info another
nuclei. 1l we assume the 1otal Lransmntation cross seclion of
FHras e 20,5 barn and the (argel nuntber (n) as n = 107"

atomefcm? the reactinn rate would be as nearly as 100%.

However. as shown in Fig. 2, this projectile fragmen-
tatinn reaction wonkl simnltaneously or additionally produce
2% radinactive nnclei having comparable or longer life time
than F¥Kr. Thas, reduction factor in radicaclivity is nearly
107 in total; 10! Ci of ¥ Kr is transmuted to other 23 ra-
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disnuclei having about 100 mCi respectively. Therefore, we
shemled sleerease the projectile energy to the lesel at which a
snitable reacting for its transimntation wonld bhe wmote favor-
able and would have cnnsideralily larger cross section than
In this
sepse, we need more reactinn data with varions projectile
Fnergies,

that of the ather [armation for radiotoxic nuclei.

A= an alternative tiealment, we can consider the
Conlomb excitation helween the ground =late {a/21) of SRy
and the Tst excited <tate (1/27) which decars to P RB(E).
However, the M1 excitation has little probabilities to trans-
mnte ** Kt into **Rb nuclei via 8 decay from the Ist excited
state Lo the ground state of ¥R,

aterns s
! 1

25 30 35 (0 45
Neutron Number

Fig.2 Contour pint of the production cross
sectinn (in mh) for " Kr on 12¢: {5). Squares
indicate stable nnclei, datk squares show ra-
dioactive nuclei having comparable or longer
lifetime than **Kr.

IMPLANTATION AND MASS SEPARATION
High Current Implantation

Inn implantation would be mote uselul for storage of
radintoxic nuclei into very compart spare. Accelerated and
selected innsin nuclear charge andfor mass can he implanted
into a suitable solid substates such as silicon or carbon. ligh
curtent and medium energy ion implanter wonld be very nse-
{ul 1o treat these radinactive nuclei. Generally, the satura-
tion density for varions jons into silicon is abont 10!7~18
trnefem?. To increase the sperific activity for an implanted
wurlei mote is quite favorable for the safe storage of the
tadintoxir naclei. By this methoed, if the target fmplanted
snlely with nne radintoxic slement can be farmed, the trans-
inntation by nentran irradiation can be much easier, since it
may overcame the by-prodnet problems which are cansed by
such irradiation.

50
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ACCELERATOR SCHEME

There are several stages of accelerated jon energy he-
tween several lundred keV fu and hundred MeV i, in osder
ta secutn the above treatments of radiotoxic nuclei. Recently,
in Louvain the radiactive beam of N is successiully pro-
duced and accelerated by using two neighboring cyclotrons
{1). In this case, they should treat 326.5 Ci in total at an
jon sonrce as well as accelerators. Several ISOL projects and
unstable noctear beam facilities aim to treat very high ra-
divactivities in ion sourres and inside the accelerator jtself,
According Lo the acceleralor scheme for these isol projects
and existing accelerator [acilities having nearly the same
energy stages, it is suggested that the accelerator complex
composed of heavy ion linac lor low energy section and a
few types of AVF cyclotron for further acceleration seclion
would be most promising(8). In a final accelerator among
the varions choices which can afford the particles up to the
required energy, the cost performance to operate such ina-
chine, should be taken into account as an iimportant factor.
The proposed acceletator scheme for transmutation, implan-
tation, and mass separation is shown in Fig, 3.

Inert gas separated from other radiotoxic gas are stosel
in a reservoir with a special care like the developed case at
Miinchen{8). Itis introduced into an iun soutce, for example,
ECR ionizer. At this pait, as stated Louvain project, 75%
of introduced gas is evacuated with a vacunm system; only
25% of input gas goes out from the ECI ionizer as jons to the
second accelerator. Therelore, 1o get the highest efficiency of
the ionizer for the introduced neutral gas, parallel operalion
of siich jonizers more than ten would be the most promising
method aml series and for parallel cirenlation of gas in these
ionizers are indispensable condition of opetation.

Outgoing ions with relatively lower charge state typi-
caily It state, are accelerated with {heavy ion) linear accel-
erators, for instance, RFQ) or Widerde type, In this section,
two or four parallels of such accelerator would be necessary
far solving the space charge probjems due to the ion beams
with a very high current at low energy.

Aflter this, we should install the charge stripper and
charge forcuser. Final accelerator would be superconducling
cyclotron.

Efficiency in various stages of acceleraters and ion
source of production and acceleration would be estimated by
using various dala of existing machines:

i) lon source efficiency (€;0n) al ECR source for 1% state
would be

Eion = 0.05 ~ 0.75.

i1} Stripping efficiency or fraction of equilibrinm charge
state (€frq.) at the energy ol a few MeV fu is estimated
as

Efrae = F(§)=01~02

tit) Acceleration efficiency (€qcc) ftom injector linac to fi-

nal accelerator, would be
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IMPLANTATION AND MASS SEPARATION

Atomic Power )
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i 1
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Fig. 3. Accelerator scheme.
CYCLONE 30

£aee = 0.05 ~ 0.15.

Lo

SCOPE

Implantation or trarsmutation with mass separated
and accelerated radicactive ions would he a possible way TARGET
to realize the elimination of radiotoxic nuclei of high level i3 13
wastes. Nuclear phrsice would play important role not only N '_:(P'") N
to cape the technical problems but also to make the more s ®production = 0-16 %
efficient and safer approach for many problems. i

500 nA 134
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