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Report of TRACY Operation

Eiju AIZAWA, Kazuhiko OGAWA, Khouichi SAKURABA, Michio TSUKAMOTO
Susumu SUGAWARA, Masaki TAKEUCHI, Masakatsu MIYAUCHI, Hiroshi YANAGISAWA
and Akio OHNO

Department of Safety Research Technical Support
Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 30, 2002)

TRACY (Transient Experiment Critical Facility) in NUCEF (Nuclear Fuel Cycle Safety
Engineering Research Facility) is a pulse-type critical facility using uranyl nitrate solution which can carry
out various supercritical experiments changing reactivity addition up to 3$. TRACY achieved its first
criticality on 20" December 1995, and transient operations have been conducted since 1996. This report

summarizes the operation data of 176 experiments from the first criticality to FY2000.

Keywords: NUCEF, TRACY, Uranyl Nitrate Solution, Transient Operation, Operation Data
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1. FLHIC

B ARJFF HRERT ORREN A 7 VELT ¥R (NUCEF) IC3RE I TV 2B R =R
#E (TRACY) i, BOHEBERR L OBERBEHGER CRAFENEZ > HEOHACRE, E
N E0ZEBZ ML CRAERAFRE X T5k4 REFEHALMNIT S L L bz, Mty
B RENCER2CHALADOND Z L2 EIETH-D0ERBTH B B TRACY TilliEE
1 10%DMHEEY 5 =NV KEBRE BV THINEIGE 38X TORAEHLEEL-EZREZTH &
MWTE3,

TRACY OEEFHBIIEANIFRELRET S TEHAEE] (FNKGEE 0280 TF) L@
ErRtELRET 2 NEEHEE] FMBISE 3$LLT) KXKland, & 5I0BEHAEERIC
RESEOTFMAEIZLY . OTr BEEHEERTREICTIHKL TV RBlkx ), OTr 2 EB)
BE CHEENICEIKRS (7 75lkE ), QF LTI EGENICEBE TS (578K, O 3
ODE—FRH B, SAABERTT o FBIRITERLTER OIS TR E S - TR O
B2 LT X BRISERMEBEL TBY ., 72 7HRIKIIFERSTR O RRAs O R &
EFBATHEINEBEOBREHERELELOTH S,

TRACY 1 1995 4F 12 BICHIEER &R L =0 b, EHAEEIC R THF ELBIHIRIED
RE2R EDOMRERBREIT o7, 1996 4 6 AN D 12 AIZhiT TIREMRIGE ZBRIEAICKE L
T 18$E TOBRERBRAERLITV., HALKES, BEREOBEEZITO & & bitEBEOREMEMN
Bebhd bR RECERTEDLZLEHALL, ZOLEXDORBE I Vo MBIV
RABBRICBNTS MBI AT L ORVEICKERBEZF o RHBRIN TV 20,
ERTHEMTEAIRSEIX 18T TIZE EEoTWEMN, 1997FE 4 ADDITI Y KELRGEL
WNT 27012, TNETIEHBONEERT — ¥ 2 RICBE S 38O KIS EMIE 2 & 3% b
Tz ME (UUT Tr ) 2RAWEERZIToTE R, L4, 2000 FRE TIIREEELD
ERIZBWCEH D EE IS B, 7OV ABlHkE 418, T2 7514k& 25, 7 7##k 15 E, 3
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2. SFOMRLR U MRS

Z 2Tt TRACY DFLEHERT 5 EELRHEE L HREIC DV TR S, TRACY OF.LIX
FLg s Leo ERICREEI ATV 2gHNKRAE, B2, Tr B2 UH0BREIh T3,
Pl 7 NI EIREH HEGERICERTAENHCEEHR ENB|EBINTE Y, Bt
FELY 7 ORBPFEEORFMPICRBIN TS, REZIHEIOIELY V7 T8 T 58
WIXRER TR WS,

2.1 TRBB[OHLE
211 pba vy

TRACY DL F & 7 i3OI Tr BORANENRBEIN TV A -OARA/ER L 2-oTW 5,
2 v 7 TRICIIBRREHGHEHRELE . ¥ v 7 EMICi3fst=CRALE, TLBEE. TrBEE. X
VIHARBEREBERINLTWS, H2.1 IXFLF 7 AERETRT,

TR : BREERRK
FEHEEMHME  : SUS304L
e : 2000 mm
N : 500 mm

Fr/7mES @ 10mm
Fo7EREE : 80mm
TrBEAESZE © 763 mm
TrBEAEES : 35mm

2.1.2 MstzUAI R

RRHRALOBE L, MgtRALEHTT 5., BT —F —c XV fh#tA L TICERB) L T, B
BHI BT 2 Z LIC X A BEEOEZRE L TR ZRIET 5, et AsH a5 H iR
REICIXER L2V,

FEWEMME  : SUS304L

fhgtir e cFEBE (FPFFFa—F 4 )
I E # B : 0~1000 mm
REEE : +0.2 mm

21.3Trie (ME LSS ME)

FLg 7 DPLIBAZRN TV A HEET, EHEERICLI2RHE L XEST—F -2k
LREMTRETH D, AELABO 2 BHBEHM OPICHHEFRIIM THEAERL Yy MRORE
A=Ak (B BEHAINTWS, Tr BIIFLZ 7 PLIIHIRABTOPICREBEBEIND
T Ehh, BIRBREHIITEEERA L2,

1996 £ O ##R (RunNo.38) F CRIGEEMHME 1.880 Tr %M L7-#. 1997 £EE (RunNo.39)
DOIEISORISEMBEE > TrB2REL TERALTWS, K221 Tr#BOEER%EZRT,
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()R
MH : B4C
B10 ¥ #&8E : 19.9 atom%
wHE . 24 g/em®
Aok : 1200 mm
A (3$H) : 31.0 mm

A (1.88H) : 18.7 mm

QA (SHEINE)

N1 : SUS304L
AENE : 61.9 mm
ABEEE : 3.5mm
NENE (384) : 36.0 mm
HNEEX 3$A) : 2.0mm

NENE (1.88H) : 26.8 mm
NEEX (1.88/) : 3.5mm

(3) B Eh 8 E
[EREZE R & D) : 0~1100 mm DOFEFH X% 0.18 s
BEHT— 7 K558 : 1~900cm/min (lcm/min AL EERE)

2.1.4 R4

BIFORAEILRL LTLSER3ERBESh TS, TTLRABICRr L H—31 b2L
v MSAT v L ADHBHICHA S TVS, '

(1) IR

MR : B4,C

B10 ##EEE  : 19.9 atom%

R 2.4 g/em’

A& : 54.6 mm

AHE : 1136 mm
(2) #wt

HHE : SUS304L

A : 61.9 mm

BX : 3.5mm
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2.1.5 BHRYT

BIERE 2 R CH DX TRNOF LY V7 ~NRIBRT AT DOR T ThHhDH, REEE
BIRETDIZLHAETHY ., RERECHORRLIR 72 2EEAL TN D,

(1) EEQBER T

il 3 EENREN S TN T A YT T AERR
AEMR : SUS304L
FATT75LME T70Y
HH & : 5~65¢/min

() BEGERR T _
B 3 EERE Y TN A YT T HAERR
AEHE : SUS304L
FAT77 LMK 770

- MEHE : 0.7~10¢/min

2.1.5 iM%

EHAEEA L LT 4 REE, BEHDEGH L L T2 REOKEENRBS LTV D, IThb
DHL, FLFZ L 7ORABICRBEEIN TWAREBIZIIPEHEFEZREIREZZHDOR) =F L
—hEEHENVTEY, RV FLUOREXIIESRR 10mm, EERAEE SR 20mm, Eix

FBEIUH AR Smm TH D,
BatiEotgkas £ 2.1 12, REBFOEBLXRK 231277,

& 2.1 BGRHROLE

it R edsek iHREE IL—TRE |RhEFRE
o] VE B-1OLLRH3W | SHFE 1~2x10°s" | £0.1 7 5} 3.7
(BHANA) WL-22792  |4FFEMA: -30~oco~2s| +£1.5 %FS | (cps/nv)
LSS GpES Y RBREERES| HH:10°~200% [+0.1 741 ]| 7.6x10™
(GEHHA) WL-23084 {RERE:-30~0c0~2 s| +1.5 %FS (A/nv)
EMiERHBEH AR Y RBKE RS HAH0~100 % +3~1 %S | 7.6x107™
(EHAE) WL-23084 (A/nv)
ReWhk Y BRI RESS) HH:0~20 kW +3 %FS 7.6x107™
(B HA) WL-23084 S 51:0~40 Mis +3 %FS (A/nv)
BESDEHFR ASESY 4 E ] tHH:0~100 % +3 %FS | 1.80x10™"
GREHHRA) RS-C6-0201-231 | 53 HiF1:0~40 MWs +3 %FS (A/nv)
BB BN H T BONRRS HF:10k~10 GN | +£0.1 74—+ | 1.28x 107"
GRIEH HA) WL-23621 FEM -1~1ms | +1.5%FS (A/nv)

S HRIK, Westinghousett® RSB ARZER) .
WESRTH HFRIL. Reuter-Stokestt .,
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2.2 AXAEROH NRE
B EER IR AR O RREZ 0 BERERT 2, £, BERSBTZADE
BRICEVEDBRET D, ZZTRINOEFRET HIHBICOVTRAS,

2.2.1 MERE

ERMEER ZUTIORT, TAT7 7y MEBORE B4 ILAHROBUE ) EERT — 5 BRI
RHIETBLDTHS, | |

Ry MNEAHRUERRREFORBRZE 24 12, FLF 27 EAHROAKRREFOR
BR*E 25 07T,

()BE B RS - ELogE ((§54)
Filod 7 RO LR 10mBEN T FERHTICRE STV 2B RERERS TRIE,
ATEEIESRE. FMERITHERCRBIA TV,
FRUEEE - 10kW~10GW
RIENE : 01 TH—F
JEHE K 50us (10GW HEYEFRA SR

QYELF 7 ES : TPres
Bd o7 BERICGRBEINTF AT 77 AREHFTHRIE,
FHRE : 0~15kg/cm’
I ER B : £1.5%FS
SO RS - 0~10kHz

GYFELH 7 X MNES : VPres
Ry FERECRBENEF AT 7T ARENFHTRIE,
RIS : 0~15kg/cm’
RIERE : £1.5%FS
N B BB EE 0~ 10kHz

OAERBEF : Temp
FLZ o7 EEICRE SN BESS TRIE,
FHH%EEH :0~150C
B ERE : £1.5C
2 R IR B KEEE ¢ 1Hz

G)EBRRIBEFH : TempA~J (HhHM)
FZ s B ANVEDBAINEBER (10 %#K) THIE,
FHRE : 0~130C
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RIEREE . £1.5C
INE R A - 1Hz

G)ERRBEH : Templ~10 (BFHM)
FiaF 7 b AL BASHEBESR (10 %) THIE,
FHR%EEH : 0~130 °C
B ERS HE : 1.5 °C
& T W BB - 0.1 Hz

(NHTr EEHTE
Tr BEHWALE : Tr-P
Tr BOEHTEROMNBEEZRET 5,
Tr BOBERENIABITERED Tr BO FRMEB L Y 90mm Lizdh 3,
FHEL : 0~1500 mm
REREE : £0.4mm

@R IEIRE
IR & : Flow
T TR A REHEEZ R T, RIRRETICRE SN RES TRIE.

FsEE : 0~75 ¢/min
B EXE BE : 0.4 ¢/min
(9)%F Dt

YIy bR v FIZE D T BONMNEBRIEES
R 7 ORE - #1E

222 F—40H—

BEEELREOT —F X3 BEOT—Fud—TREL TS, F 1 HA L ZOERITHERIC
B, BBBVWHASVATIIN Sms TH D, £/, §T —FOEBEBREFAILERNSH D

b, FEOTFT—F #RMIETREL TV 5B,

YoV T — MZoWTit, BREFHFCRHBOIGEEEIZIISCEREZ L TWVWS, Zh
¥ T, BEIZOWTIX 100S/s (I1s 720 100 BV 7Y 7, 10ms MRR) % ER. £0fnIiE
Bl 10kS/s (1s »7-0 10000 BHY 7V 7, 0.1ms Ef@) Z ERE LTHRIEZTT -7,

F—FaH—DERTEELUTIZRT,

1)7—# 1 #—No.l. No.2
Afk : AR4800 702423 (R&FIEHHHRY)
Ahz=v k camN—Ylazy k702611 (BRI EREHR)
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ANF v RNE . BK 32ch

ASEH 1 IMQ

BRA S : DC60V

B Frr—1b B K 100kS/s (S/s=sample/sec)

WERE : +(0.25%FS+50 1 V) (200mV~50V L > TB¥)

)7 —% v H—No.3

Ak : WE7000 707002 (BRI E MRS

ANF % FNVE KK 32ch

AH=z=v k D TANV=YauF 4 A Y 2 707271 (RETTEASHNERY)
ASEH : IMQ

> 2 W il : DC50V

Yo7 —hk o BK 100kS/s

RERE : £(0.04%rdg+1.3mV) (5V L > VBF)
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3. MHKE

TRACY THW2REHE U-235 BEEE D 9.98% DISEED 7 =NV KR TH 5, EHLIS, &
BHIF 7RI AN TR Y | HEEROFBITRE O 7L 2RI L TREHEKR 2 281 5,
SHTEBIXY T B, THRRRE, BE. FP OMNEERE TH 5, EHRERICITHIZ 2HY
DK% B/MRIZIED B 7= DI REN - HBEA THEET 5, £/, PITPIV BEWEOEEERE
RUOEERERR) BOELICIBVTH, READOY T 2EDA-DICHE21TH, kifrER
LB E. RENICERE LZHEEAKIC L > TRBBFRS WD ERICH S, B3.1 26K 33 12
Yo TEBRMLE Y7 BE. VIR MBRBEOHB LR, EERHBESTICY 7 VBRENK
BHLTWBDIRF v FRORBHEAL OB BRICH WD EZEERIRMFH OB Y ZRMR S TRIZHEA L
TADEEZTWAHLEZOND, £/, BEZERDI T LI IEOBMSETLTY
FUBRENLERTHHEMAESH D, ZLEELEGECEL EERE T o EROBREHRED ]
X By DERER VOB OBAZADRECLD D THD, v TRHIRMNSMET+58H &
LTI IO 7HNOY T VERBD LT Z Ehbh, @EEGRICRRIREIA I X b
Rx7a /N L TRBIEBITTAZLNBELLND, HEBEREIIBABEMIZSH 523, NUCEF
TEBROBRBIEREZT-o TV A EFERERER STACY TRIOL I REMIIR ARV &
AR SN TV AP, TRACY TiZ STACY & H#k L THIAMK E U - BB IR BRI IR &
., EOICRBIORES ERTH1-DICHBOEPEZ Y, NOX FABRBELTHHHDLE
bNARFEHICHOVWTIIRAE P TH B,

Y5 REIERRM A RET BERED 1 9 TH Y BRI OTLIE Tr 0 S EHEOE
LIZEER D, 341207 U BEL Tr BROCEMBEOBFKEZ T, ITLBROBENLL, v 7
P 1gUNHT- 0 ORIGEDRIT 188D Tr T 0.26¢ . 38D TrETiX 035¢ L7425, HEDK
FICBWTRHEINEINETOT—FE2MELTISOUV T U REZRDD L, 3704 gUiL 2
D, VIVBREORBEZITORICIIOBREL THEHZ ZENEVWL S ITBETILENRD S,
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4. BET—4

TRACY B FIEOBEZ LLTFIZRT,

OTr BREVRECTERAAEZITV., BREM Ho ZRE L0, TTBEHEATS,
OTr BB A SN RETHRAEELTV., BRERA Ha 2 RET 5,

®@Hco & Hoy DN ZEMD Tr BORICEMBEZEE T3,

(RNNVABlR - TV 7BIEDBEA)
@Hco~He D THRALAEZ1T Y, ZOBMBRKISERMRA & 725,
OTr BZEHERD LSBT — % —Tol< Z &I X v BENEEGEERAT 5,
OTr EEHA L CREHNEEZ /T SE5,
OB PR T 5,

(T v THRIBDEE)

@Heo PRIER R & 0 K ERMEA 2 R ET 3,

GHeo A F £ TR EHER L =0 b, Tr % 31k<,

@RIER L 71T & 0 BRB ORI EATV ., BN &G 2 BAT 5,
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A, : La-140 ORAEEE [s']

Ay : t=0 {281 B Ba DiEEAE [Bql

A,

Ao (exp(-A1°t) -exp(-A2°1)) + Axexp(-A,°t)
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Ay : t=0 ‘Cﬁﬁ'é La-140 @ﬁﬁ%‘ﬁ‘é [Bq]
t=t, IZ3B1T 5 La-140 DHHEE Ay 1T

Ay = Y lll Ao (exp(-ll'tl)- exp(-lg'tl)) + Azoexp(-lz"tl)
2 =N

t=1, 123517 % La-140 DHEE Ay 13

A .
Am = X 1}, Alo(exp(-lrtz)-exp(-lz-tz))-%-Azoexp(-).z‘tz)
2 =Al

A
=a
ha =44
exp(-12°t)=Db

exp(- A ,°t)=c¢

exp(- A 1" t))-exp(- 1 2 t))=d
exp(- A 1°t2)-exp(- 1 2°t))=e
& LTy 5L

(Am_Am)
szc—__b___

L7z o Tt=t, t=t, F D La-140 DBHEEN D t=0 (28T 5 Ba-140 DHHFHEERZRD B Z L
—C“% 60

4.3.2 MRH L ERR

RERBYVREBEERRITINT, FPOMIC L VRO -BEEH N2 F 44 173, M. BRERED
RERERY TR T 2BBBBORBRER 2 BEB L BEHE I ORBREITS~10%R2ETH D,
EHNEERIZB T2 TN ENOEBOREHNNITFEICH LT 8%UPICINE > TEY |, Zr-95
ERVEBEITIT 2% UNT—ET 2, Zr95 I ERER RV, EHEED & 5 &1 A
BINEWT—ATIEIAIRBAERENFELNT, BESKEL RBEMICH B, @EHHEE
BFIZIX,. Ba-140/La-140 ZERWV\\ZEEREIC OV I TEHEICH LT 6% T—F L TV 528,
Ba-140/La-140 {2 X % FHAHifS R AL OB FE D FIHMEIZ T U T 20~35%REERL 25 Z E B o7=,
ZOJRA & LT Ba-140, La-140 DA RIBRICTFET 2 FBHK 13.65s OHEHEST X Xe-140 (FH
HAK) 13.65, IR 3.8%) HBEEGFICTHRICBIT T E8EXONS, Mo-99 R Ce-143 DA
BOBRRIZH Kr, Xe, 172 EOBHEMEN ARFEET D0, IWEBR/NEL (1X10°~0.04%) ., FHH
HEVY (0.1~1s) TeNOEERDRVWERDND, BEHHEERIIZERREO S bio kR
SR ZPFEE L TRABICBAT T 525, £ DBRIZ Xe-140 2SR MR Z I REE L TEME~HK
HENTWEEEZOND, TR LT, EHEERICIIRIRYBEN 2 DRAERLTH~D
BATH - DIT Xe-140 ITBERANCALAD B, KfA~KHESh RV DL Bbn s,

I o DM AR E X T, B EEGRHI B O Tt Zr A O KRR, 3B H /7 5EEE8 12 13 Ba-140.
La-140 2R RO FHEE L > THEHAOEME LT3,
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K 4.4 FP 534710 X 2 BB 5 iF ks 2
N EREBMICLIMALES M-s)
Runllo. | KRR (BKHD) Ce1d3 | Bal40 | Zr95 | Rul03 | Lald0 | Mo99
1 e HiEE (5k) 403 | 404 | 367 | 411 | 3.98 | 4.05
53 2B (10kK) 428 | 415 | 3.89 | 424 | 413 | 4.25
56. | sULREIH 285 (1020M) | 16.8 | 12.0 | 17.3 | 17.6 | 1.2 | 17.2
61 5L TRH2 68 (21N) 17.8 | 143 | 16.2 | 17.0 | 141 | 17.7
62 | S 7313285 (107W) | 20.2 | 17.3 | 20.0 | 205 | 16.5 | 20.8

4. 4 BEREFD H HHE

B 4.4 (TBEEEREOHHREO—Fl % RT, BEEGRICIZHNARBIC LR U CREHEE
DERRHBHBRIEAT ADERPEZ 5, ZORE., THFORIUEOEMNRPL Ky 75—z
LD HBBROEIMZ L Y HANIBBIET T2 @H—2 F) B, H2ABEED»SHkiT 3
EHAIECLERT S, HAD LR L THREMENMEVEL-OL (HAES) ., BN LIRS
PRBED LRIZLZ2ADKISE L L TR L 2V HMTETE—F (X5 b—) L7235, 35
DEEE— FIZBIT 58 | SV AHAEFORBEEZK 4.5 107, RPORFEFITIHA EROR
WA RIEL LD TH D, RITTRT X ST — 27 HARASNVADL(EE. HOEBOET

TEERFICLV RT3, (HEEOFEMIIAHEORSR)

HH W)

1.E+07 !
P/ —Z P
Trigid A
TS5h— \
1.E+05 | W WM\ Moy AN
1.E+04 ;»J
1.E+03 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
B (s)

5 4.4 BEEEROHHETE (R76 : 5> 74K 2.658, 20¢/min)
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1.E+10

NIASI3KR 38
1.E+09 |
727°514k 3$(875¢m/min)
1.E+08

5U7#% 2.6$ (60¢/min)

1.E+07

1.E+06

HH W)

1.E+05

1.E+04

1.E+03

1 'E+02 t 1 ! { 1 I3
0 0.1 0.2 0.3 04 0.5 0.6 0.7

B (s)
4.5 F1 NV AHHEROHE

4.5 R RBIHFFIZE T HRERFRY 0 OME

RESFRAY o HITBEBRERLERT 2-DOFRARNRTA—FD 1 5 Thb, 1858
AORISEERAT v TRICEMUIZFE, E— 7 HANMW)., Bl E—2 X TORBTRLF—
E,(J)iZ Nordheim-Fuchs €7 /W' Nz X 1) Nyoc w?, Epoc 0 DEEIZH B,

4.5.1 (IRDEFREEH oo DT

REYFERM 0 T2 T v TROBMKISEE 0 (8). IRPHFREERE o NTB L0 =
(p-1) o DBHRIZHDZ LMD, aJdo 2T 5 ETEERRRFA—FThHEB,

HE TIIREHRALZ B R D Z LIC X WV RBEREZ WS OPREL, "V AEHFET e 2R
2o TORBREIZHT 2 a DRIERRELKRERE O I THEL THRARD o 2 RD, vF
BREL o, OBFELZR 4.6 17T, BIEMEE SRACIHSPla— KL 27 ANBED CITATION = — |
WX DEBEE (PHF=RALF— 1T, T —F 5475 1 JENDL3.2) LEBLEZ A,
BEIIBREOHBANTH LT, o IBRPHTEEEZ B, IEPHEFHEMLILTEL .= 8
HTREND, a iV TV REO EFIHESTHMT 28, ZHIBBRBRMCOETIC L S9HT
DRENEOHMRPL, REHIRR SN D FPHFORMC X Y IR PHFEGRERD I LICLS
tEZOLND,
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175

OCITATIONIZ &5 &+ i (Tri®7EL)
170 + | ® NUAEIZEDBIEE(TriEHY)
ANLVAKIZEDBEME (TrigliL)

165 o

a.(s™

160

155

150 -
390 395 400 405 410 415 420 425

52 REE (gU/1)
46 VI VBEL o,

4.5.2 BIFAM w DME

SNVAPUEFIETRD o & CITATION iIZX W KDz a & 0 =(p-1)a DBFERICHNTE
NEND 0 2HBHT D, ZZITHVD o i3 Tr BEREVERICEIT 2ETH 2,

o, 82BADORICEE AT v 7RICHEM (RNVRBIER) Lz L 2 oEtE GREHHA
%) KEBFRAMTOAEEZAOTo=UT)DOBEERLY o KD,

ATy ZTROEMRIGE L EFRFOBERER 4.7 IR, 7V AFHTIEKR T CITATION 2
LV R®T o ZAVTREM L2FRE &SR X 5 MEEITNTIEREOHANT—K L,

400
OCITATIONIZ &% v c kW HH '
300 | AIRNWREIZED ackYHE ;
ORI ZRE !

IR (s7)
N
8

100 |

BMRGE ($)

4.7 27 v TRIWMBISEE & H 47 A
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4.6 E—O HARURKEHONE

E— 7 A Np ROE 1 AV A E—7 £ TORBEH N Ep I 2V T, IRAUZR T Nordheim-Fuchs
EFMIEHHEME L ZREOBEIT o7,

Np=-C,"d£*V- 0?2 W)’

Ep=-C,rdl-V- 0 (a, W)’

C, : kB Uokg-Com”)  (25%10%)
d BE kgm)  (1.6X10°)
¢ ENEPHETFEHEM (s (43X107)
V o FELOEE mD)  (01)
o, BERGEES (Akk-C)  [3.6%107)
() AIXTRACY Of##TIcER L T 5Pt 5,

WEEA o —2HAE 1 7OV AEY—7 ETOREHAOBFREZX 4.8 RV 4.9 277,
v—Z7 N, BEHARIZ o BPRELS RBIIK - THEMBLERBEOENRKELREN, Z0E
HizRA FOREICLBEEX BN 5, Nordheim-Fuchs EF NWVITIBERIGCESE L EE L TV 5
B, AR A DREIHED KA FRICEDRIIBE S LTV, Fo, BEHERHEBO
RN B L TWARREE L H Y. M DV TIEE ISR TEEZED TR L AT
»H5,

10000
AFHHAE
= O KAE
Z 1000 | o°
=
Q
<
R
H
O
| 100 ¢
u o
10 1 1 1 1 TN T 0 1 | i 1 1 T S S B | ‘
10 100 1000

BIFER w(s™)

4.8 YIFEM L —I7HA
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100

D&NE
O RANE

10

1 1 I VSN W W SN S - | 1 " F WU SN I T B
10 100 1000

PIEEAR w(s™)
X449 HFEEMLE1 VA —2 T TCOMENH

BN RE—VETHOMAL F1 Ep(MW-s)
O
O

47 RIEEFMELH AN
471 REEFMELE—H AN

B 4.10 i27 > FRIBR BT o T3 kO PHRSERME L ¥ — 7 A OBRE R, = 2T
WA D EHRISETME L IIFMEICEZ MR TR LD THY . TINS5 o 7R
KEBWTIESEA (TrBEL) 28X TH LI ERMICET S £ TORE, v 73kic
BOWTIE Tr ER TR ERAL b ERICRITE B TOBER L LT3,

EBRITIT 42 BIOR 72 K 5 I2 T v TR IR EHRALIC X ARG D& (4.2.1 1H)
MHY, TUTHHRFRIIE Tr BOME (422 8) ICX-o TRISEDOHENRRL S, Lo TRIE
BEHRMBIIEER & & HICBLT DT LICRDP, 2 2 TR EHORISERMELE - TRE LT,

ROSEERRME & ©— 27 HAITHBIRIRIZH 523, BEEGBARTO MBI A& VR E— 27 1
NIELS R DEMIZH D, ZHNITHHEARENES, BERLICIZAOKGEZ 4 — Ky
I BBRVEBBETHNAD =D THELEZLNS,
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4.7.2 REEFMELEBINTE

FHRSERMEBLE 1 "V RAOEFREEOBGEEE 4.11 II7 T, RICERMET 4.7.1 H
kR, EBRISERMEL AW, BRREEIE 1 7OV AR T £ COBSEE L B RS
ATORBHARE TR L7 b D TH 5D, TRACY DINFE TOEREMETITN 1700 ¢ /s UL T OFEEHIZ
BOWTAISEOBRMESLCHFMAE, RERESITEL T 1.44X10° (fission/f) &7Ro7-,

5.E+15
L | m350F351k [

- sgeqs [ | DIFTBHRCSHE) s
3 [ | ®/ULRBIR R
E [ 0/ LARBIIR (185K ) o
w SE L AsuTeE
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TRACY Tid, 1995 Eh D 2000 ER E TICKHAEE L OERICK W TEH A 95 B, &%
&z 81 [E], (S RBIERE 41 B, F 0 75|Hk& 258, T 74k 15 ) & 176 BElOEiz%
Tol, ABEFEITIZN SO TRACY DEEELREFIZOVTE LD LDOTH S,

BRI OBEBRETOPTY 7 VBE, MEBEORBELT - 385N, FMTIFAER
THIB BHHROBR LBREHRED LRICL 20 L Bbh 2B E OB ERNR LN,

TRACY TIIHMBUSE 38F TOERMBFREINTE Y, 1995 F05 1996 EEiT 1.88D R
EMEZAT 2 TTBEAVTEREITV, 1997 EENLITISO TriELRE - REB L TERET
27z, 1.88D Tr D KGEEMGE % R 2 BRI RN L B RISEDOBEN O RDT-T7 4 v F
A VIRERVER ZOT 4 9T 4 FRIIISO T LT O EATE S 2 L 2B L,

B ERICB W TIRIGEORMGE, FNE., HFEE, HHEAS2IRRG A4
ELTHW, A (BETFR), BRE, EASOTFT—F2RELT,

FP #TIC K 2B A OB T3, B¥EH HEERRIC Ba-140/La-140 MEL SR SN ARER &
20T, Thid Ba-140/La-140 AR T 2BBIZHFET 2H Y R Xe-140 RERHICBITTH LI
k3L EZIZOND, ZOXDREAREHHEGHFCIIRONT, BEEBABEDORRTHS,

YFERM e TE—7HARUCBERNEZFMLIZL A, o DEBKREL R BITHEN,
Nordheim-Fuchs €7 /VIZ X HHIE L ERICL ZPEMBE OENR KX RAEMNH -7,

. FHORISERMELZYFANTE—7 HACEAREEL2BE TS L, RIGCERMEKL &
— 7 WATHHIBEFRER L, FIHEAREEE - HABMES 2B Z EMBbhol, IbiC
ZHE TIZ TRACY TITON T EREHFICBWTIE, EHRUSERME 1700 ¢ /s £ TORMBEICE
WIS REEMIE—EOME (1.44X10°MI/0) 2 &5 2 EB350572 Y, RISERMELIH
A, SEFEEARNHA L MEEESZ L BRHLNI RS T,

Ol FOREHRE ZEIERET 5 ERRFEESOBEM, FLX L INEY TAE A LTE
RTEIBRLRERL y RAELEBEZTORE - REAZ L, BEBOBMESDRL RAENHLIBE
BAREDT — 2 B, FRBHICMYMEATE

2001 FFELURITT| X R4 REMFIZBIT 282 EE L T, 57— F OfEHEMEM L & &5
ROBEREITS,

Wi
AREFERT HIIH) e OBEZEV-ZLARTEEARLRICES BSHELE T,

BALEMREOTERRIIIEALZLHAESBFICBIT ALV O RBIEZTEL Likic,
AHEDOMGEZ LTIRE £ L7z, TRACY D&, RRZIIBVW T, ER=a2—2 V7% —t
AWOEFER, BREARFK, GEPFHK, THEFRICK«. 2N 2EEELE, £k, 5F—
FORE, SR AT AOBEFEIIBCTRTFREAVY T A0 EMLK L VA2 TEX F
L7z, B%IZ TRACY DE#RE KB L TV E W T WA LR NUCEF SR, REHE 2
R, RLHE 3 R, BIMTREERS 3 R, REVEBBERBEARERE 2 HOEK. TRACY B
B EEENE ThIBRARLWRBONMERBRICE BILE L LT ET,
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1B}

BEFOWHZR Al 0D ABLIZTT, KAl LI AI~A81 ORZIIRAKILI-HDOTH B,

FALIZBIT S Tr B kBRI & 1% Tr BBBFELZ v 7Kl (TIRALE) ZBREN-BEL, Tr
IR TRZ &% Tr #8243 1100mm ONLE (EIRALE) ICBRE LB 2R, FEIC Tr % T
BRAARFZIIE Tr B8 1100mm OB (LMAIHE) ZBEN -2, Tr % FHE TEZ &1 Tr A

L7 EE (FRAE) (CERE LRI HET,

PN ABIERT » THREHTIES RANC Tr BOMBELRET S L CRAREL TS —

ABRH DD, FHRERIO Tr BOALE % 5I4kAT Tr BB L L TORLE,

£ AL Tr BOJIRRTE TRA L BRER 7O R UYEILEER (172)

(T —2 UL BRLS B

Runl 2 TriEs1R| Trs 13k | Tr R[0T [#eRh /7 [ | R AR | TriE T
No.| BB BALABS 2| 48 T o5 %I | BRSA G | 2 ZhBs 2 | FE L% | S BRLS | /A #2 T |BRIAEEZI
: (s) (s) (mm) (s) (s) Bzl (s) | B (s) (s)

24 Al - - 0 - - - - -

25 A2 - - 0 - - - - -

26 A3 - - 0 - - = - -

28 A4 8.0868 8.2623 0 - - - - 19.7129
29 AD 15.6569 | 22.6182 0 - - - - 67.707
30 Ab6 - - - 13.7 39.9 - - -

31 Al - - - 216 43.7 - - -

32 A8 - - - -30.3 50.7 - - 61.8122
33 A9 7.8922 8.0677 0 - - - - 56.5534
35 A10 3.7805 3.956 0 - - - - -
36 Al 16.9095 | 17.0828 0 - - - - -

54 Al12 8.3086 8.4996 0 - - -~ - 22.5529
55 A13 8.5608 8.7521 0 - - - - 28.0099
56 Al4 11.6639 | 11.8561 0 - - - - 51.3247
60 A1b5 8.2152 8.4038 0 - - - - 19.6107
61 Al16 - - - 6.7149 34.304 - - -

62 Al7 12.3496 | 19.3396 0 - - - - -

63 Al18 16.3112 16.503 0 - - - - 129.411
64 A19 15.578 | 15.7712 0 - - - - 29.146
69 A20 10.3536 { 10.544 0 - - - - 18.4852
70 A21 9.6732 | 19.8626 0 - - - - 115.027
1Al A22 - - - 123105 | 70.3275 - - 177.993
72 | A23 11.1425 | 11.3325 0 - - - - 18.4852
75 A24 5.595 25.9755 0 - - - - 123.136
76 | A25 - - - 4,25 115.076 - - 223.746
77 A26 7.6935 7.8845 0 - - - - 31.421
92 | A27 2.8296 3.0196 0 - - - - 13.3186
93 | A28 2.142 2.3318 0 - - - - 7.7006
94 | A29 2.894 3.0844 0 - - - - 10.103
95 | A30 1.3288 1.5186 0 - - - - 60.3348
96 A3l - 2.5545 361.7 - - - - 151.77
97 A32 - 2.5776 3074 - - - - 95.6446
98 A33 - - - 5.3975 37.1075 - - 164.143
99 | A34 2.8345 33.382 0 - - - - 132.728

—38—
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# AL Tr BO5 R UE TRA L RBER 7ORB R UEILRR (2/2)

(T =2 UL BASE B

Run| {+42E Tri 5|15 | Tri# 5|1k | 1riE5 13K | 408k 7 | 4asah 7 | ket k| e | Trid % T
No.| B2 BRSAREZI |48 T B % BASA I IR | EEBIBS ) | fSALEFZ (1M NBALE | AR T |BASASZI

. (s) (s) (mm) (s) (s) Bzl (s) | BEZ (s (s)
100] A35 - - 381.7 - - - - 557.71
101] A36 - 27.629 252.2 - - - - '121.42
102] A37 - 1.932 367.7 - - ~ - 255.431
103| A38 3.186 23.5565 0 - - - - 112.32
104 A39 2.329 2.5107 0 - - - - 17.5531
105] A40 - 3.8536 157.5 - - - - 19.1591
106| A41 0.7103 0.9025 0 - - - - 13.9545
107 A42 2.8825 23.241 0 - - - - 94.4695
108 A43 0.732 7.7146 0 - - - - 9.834
109} A44 1.549 8.5282 0 = - - - 25.8104
110] A45 11.2985 - 0 - - - - -
111] A46 12.7524 - 0 - - - - -
112 A47 7.7004 | 68.7408 0 = - - - 70.9568
113} A48 12.825 - 0 - - - - -
114] A49 48.927 - 0 - - ~ - -
115] AS50 93.888 - 0 - - - - -
116] AS51 3.3338 13.518 0 - - - - 43.1692
134| A52 6.0564 - 0 - - - - 6.6731
135] AS53 7.6423 - 0 - - - = 8.3724
138 Ab54 2.2829 - 0 - - - - 30.9846
140] AS55 2.4367 - 0 - - - - 12.1968
141] A56 2.2593 24572 0 - - - - 14.711
142 Ab57 2.4153 2.6126 0 - - - - 15.5792
143| A58 1.625 1.8236 0 - - - - 15.5792
147 Ab59 - 56.4598 294.7 - - - - -
149 A60 - - - 5.6765 42.8465 - - 145.284
150] A61 - 10.554 293.6 - - - - 69.302
151] A62 5.649 28.895 0 - - - - 56.151
152] A63 6.248 29.487 0 - - - - 55.75
153] A64 14.487 - 0 - - - - -
154 AG65 58.402 - 0 - - - - -
155] A66 4428 11.481 0 - - - = 45.876
156 ] AG67 3.6256 3.8226 0 - - - - 51.3368
157] AG68 3.56996 ~ 0 = - - - 9.122
158 A69 3.3346 3.5324 0 - - - - 17.0538
159 A70 - - - - = 44 41.78 -
160} A71 - - - - - 4.31 41.38 -
161} A72 - - = - = 1.9 41.32 -
163| A73 - - - 297 36.575 3.9 45.8 -
1641 A74 - - - 3.38 38.148 3.9 45.9 -
166] A75 6.15 - - - - - -
167| A76 - - - 4.36 45.84 5.65 55.15 -
169 A77 - - — 3.72 53.78 ~ - -
172] A78 3.3564 - 0 - - - - 4557
1741 A79 3.2051 3.4039 0 - - - - -
175} A80 4.4566 | 11.3589 0 - - - - 61.7138
176 A8t 3.808 - 0 - - ~ - 163.33
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