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This report is based on the lectures given to the graduate students of
Tokyo Institute of Technology who participated in the educational experiments
conducted with the Tank-Type Critical Assembly (TCA) at Japan Atomic Energy
Research Institute on August 21-25, 1995. The following basic experiments on
reactor physics were performed : 1) Critical approach and Exponential
experiment, 2) Measurement of neutron flux distribution, 3) Measuerment of
power distribution, 4) Measurement of fuel rod worth distribution, %)
Measurement of safety plate worth by the rod drop method. The principles of

experiments, experimental procedures, and results are described in this

report.

Keywords : Reacter Physics, Critical Assembly, TCA, Educational Experiment,
Critical Approach, Exponential Experiment, Neutron Flux
Distribution, Power Distribution, Fuel Rod Worth Distributicn,

Safety Plate Worth, Rod Dreop Method.
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3. FO—AOEBIIIMFREEBE, TOEARCEEBHRFET I Y vy 2 RET 5. BROE
EEIHbET, PR EHTAEC—EAMICBNT, EELRBERIGEL 22PN L TR
M GEER) whv Yy —2REL, FBXCOFENOERTRSALEIE LR EIT ). 28, BHE
BhbLo;y 7)) yFOBRIIOWTIE 268 % BEE X

2.2.3 EBESE

MQJKTCAwiﬁﬁ@%&%ﬁTO:@@@L%;b%bt%mﬁ\$ﬁ%wﬁxﬁﬁﬁm%z%t
F 5, BEMEIIEE 14.2mm OFHEER T, BFRICRDBVAT V- MILEREELRL, ChbHE
F U ICHEENTED . ¥y 7AICRAL. BEEZEOKIIB L, FOKMHABTERIRHAINL,
ﬁb?~9ﬁi2&mﬁbtc$%ﬁf%wé¢ﬁ%ﬁ2ﬁ‘*ﬁ?ﬁﬁv&—ﬁmﬁﬁﬁ%%ﬂ¢K\i
FENSORESE21CHHETRT .

2.2 1T ERICBEVABHR AT h Y vy —, PHTREBBEL OB IMBRERT, AV YT -
uﬁﬁwﬁéﬁﬁugﬁﬁﬂﬁﬁﬁéoHzﬁuﬁﬂﬁwﬁkﬁﬁwﬁﬂ%ﬁ?o:hﬁ$§ﬁ%ﬁ®%®
ThD, BEHEERTROKXCEESNLY, ANBLBRECT 220 RERIHYIRON TS, — i
% BxB=36 KL L. HRIT1~36 DEEIS L 0h, REME A, B, C.., 1, 2, 3. DEFTHEE, &K
BOBRHBORBSORILELL S,

2.2.4 3FBIFE

BB SRR TR & oy, BENOY LT 5, BEEOLM yHMRREREEEEL, ¢
FHEH R ERTHEL S,

G EBRY B R 0, ERFLORBENEISEICL2BRTIMED 1/2 0T ¥ 5. LT
E%ﬁofﬁﬂim?Mﬁféélﬁm&%ivm\ﬁM?%%ﬂ@iMﬂﬁﬂl%%ﬁ?ﬂ%tﬁﬁw
LEHBREOBOED 12 UTICT20FFATH S,

H vy =it Lo TPFHEREFRES S, J070, BREEEBRTRIPINAROEROEEMFHL 7
Wy — AV, SENLTFRERMEY D L ICROXFREHRD TV (G,



JAERI-Review 96-010

HHEFOH Y Y FiE A XD SN LB ARELN, HTHRKEVE MPFKE (ol b SRR
KELAD, BREFELWEIDRE(ABYVERE 22O TERLZITAER R,

B R I TR B RS U B R B, 000, REOBEEEERICTERICEET L FE
KNFEEET, BHTHA, Y vy - AFBYBRE, BERICESMIROERERET ). RIjixd]
EEIOAEERMETR (RHETEB) AV CERREEOHRIET I,

2.3 ERAE

tRAE R

L OBEHEER (z x y) E D TOMETHA, &4 TERET ). BEEORTNERARETR 2412577,
Stepl:(17x9). Step2:(17x13). Step3:(17x15), Step4:(17x16), Step5:(17x17)

EERFIR

FHOFIRIBBLZUTORCRL, ([|NETEFT<EEH)

KEREMEREE
1) EEE R

2) PR ORERE
KRR ERO PRI ETE AGRERRRRERE) V5,
[REHRE ., PHTE, ROROME, BEAy vy —BIUAENY v 5 -0 - LE. TKBL5E]

3) EHEBILA
4) REWF A E
5) MEDKME TIFLS ¥ 7 ~EA
[AAL]
RS ERRE
6) MDA EHMEICEELAZ L 262
7) B A Y vy — s CHER TR RENE
(&5 v 7 — OFEE]
8) BEIR Y Y ¥ ¥ — IS THAMIC som BICPEFRIEELFRL. #h1n) ﬂF‘Iz%?ﬁ%ﬁ‘H 185,
(798 — (B, FHEE
9) BiEfEIE (WA, Pl ¥ 7 » ok, PRFRERE)
[EHEUEGORE, SRERERs CBRAROHEE, THFRSHOEE]
10) #AELHE % B0
[ LA ]
11) 2)-10) 21790
12) 100-11) ¥ R EFHECTFHENL I THRIELFTS (REF).



JAERI-Review 96-010

BT BB

13) PRSI -
BRRSREC PRSAE 31k, SEROREEBINL S 5CBHRY 7Yy —, PETHA 2M
DY, BEHERD ) ST B,

14) 2)-3) #4795,

15) SHEREHE TR BURRERA) £HAT %,
16) REMETIEHE L,

17) Fl g > 7 ~HEK

18) W FAKALARER

19) FRFAEE

20) TG Ak E

21) TR . KRR L ) EREE
(BT EREIRD £ T b BON—ETHD S b RHZ. i, i)

22) &SI
23) 41k R

2.4 LFKR—b
2.4.1 ZFEpjLR-—+
B R

Eo1~4 BT RV, BRERDPLOKE L ZOBROBEBOEE T RO L, R
SHEOHEIL MY BERe L, #LC, BROBO, s WHOOBEEOPETHIH ., BHOPHTH
aAs. WHSEEFRERRD, I 710FE, T, JOEEPOHEANy 2V F BZERD L,

RHER
AEBOFIMERIC BV TREERR (BHFIRE L, BRI T) WISUL M| OkRAm) +
HFHIHOELETFHEE L,

RITER

TCA OBEHERBTHEASNTVYS CLC. LB A9 & — X0 T EICHAE X, (BRHER)
HiTLE—FIEBROFOEAOERER  TICRiiE L,

2.4.2 ERBLFK—-b

FBOEN. HNE. B2, FEFZLE-McTeod, (LE-MREEOERSR,) T2, LTO/H
BiEz &,

1) 1/M L BHBREOR P EREECH UL, BRFUSERCE D LELONLP, RITHERI
b, FOEHUTHAL L,



JAFRI-Review 96-010

2) WFLDHREDKIN 2 BENICEERE & o A BRET FOLHICEHMT T L v, FO2OIC
BERLYRBBEES o TWRIT IV, Fh, FNEFEZICEEDL D LEREY L5 vy,
2.5 EREtHE

HEF OISR EHEHFERTE OGP IR TEBLLRED T, LTOEREHEFEA,L
HHEEH S Z LT 5,

=V - Dy(r)Veéy(r) + Trg(r)de(r) = Z L g ~g(T)eg (r) + X ZVEfy (r)dg(r) (2.3)

g #g
ol
bglr) gREOPHTFR
Dy(r) :gBE D IR
Es,g’-—ﬂq(?") B gﬁ’\ﬁﬁﬁﬁffﬁﬁ
Xg HEGEPEFASI NV
v HEGBE ) oREPETR

Zp g (7) M BT T AR
Trg(r) e ERE SR, gBROSRIGHERD, ,(r) HVT, LTOLIINERINE;

Br (1) = Beg(r) —Zsg—y(r) {(24)
A RBRILENR TS S OEREFILT LI AWETIR VDS, HEE ) LOBERTide,(r) &tk
FHBE J,(r) DESEME AV, FLTHBROBECE, £ITOFRTHOBMEN 0 OFFEHVRIR
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ZIT
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G1c = Dis (Ea,l,c + Zioac — u kr,1) (2.18)
_ VEf'g
he = oo (2.16)
Ea iM
aze = Tff @)
~ Eiae
be = po (2.18)
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a1 = —’l“rlz"' (2.19)
Yaar
s = Di (2.20)
_ EI-—&Z,L’
b2,r - Dz,r (2.21)
Tdhbo
T A2 (2.11) & (2.12) 28ET 5 &,
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LB Be DI Thi(r) bdo(r) b (222) REALTOT, RIUET4(r) LB, bH5AHERRE LT
H DM, BOTIEG(r) & da(r) Tillo T Bo (2.22) RIFFIS

(V24 p)(V2 = 2AH)e(r) =0 (2.23)

DEIRERTESL, ZITRUNE

1
po= 3 [—(am +aze) + \/(ﬂl,c + az,c)? + 4(b1,cbzc — ﬂl,ca2,c)] (2.24)
2 1 9
At = 7 (a,c +azc) + \/(ﬂl,c + az,e)? + 4(b1,cbzc — a1,ca2c) (2.25)

ThHY, EORETHD, BB RKEESDOEVROEC 2 TVwEDT, fiEbeBT 7D, N E
TEHEL, Tofk

W= bycbac ;2al,ca2,c _ (2.26)
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$1 AX + BY (2.29)
¢, = AX L+ BY (2.30)

(221 & & (2.28) ROBRE L OFLOBRICH L TH 230 L) 2RDOEN L, (229) Xk (2.30) A%
(212) RITA L, B2 (2.2T) R & (2.28) AOBREES &\

pPAX — A*BY + a3 (AX 4 BY) = by (AX + BY)

XE VM 2B THEI NS, IROCRIBEEFRENOICRORITEL 2V, BIBHETD 2
AR S hRE R b2,

p2ﬁ+a2,cﬁ—bg,cﬂl = 0
~MB+ayB—-bB = 0

B
A bae  _
1 maET Fu (2.31)
B by _
E —_ dgc — )‘2 = FB (232)
FARU FpafEioT (230) AExHFEIET L
¢y = AFaX + BFgY (2.33)
FEHEIC T 53 (2.13) OREHBICRO 6N,
¢1 = 6’21 (234)
ZIT 7R
(VZ-kHNZ =0 (2.35)

DBETHD, %42OREEOTRIIH L TR 23D LS ICKDLND, bHHA ZI LTE
K,2 = Qir

ThBo dold (2.14) ROFA S
b2 = Fedr + EZ (2.36)

FEWTRBE VI bR b, ZIT ZRPE0 (235) RO TH2ITHEILNAY, TALR
k*=as, (2.37)
Thb, (2.36) X% (214) RIAAL, EiC (2.35) XM &,
—a1:Fed1 + ao Fedr = barén
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L EFHRTE, BEBRBLTUTIZEVTB
b1 = AX+BY
$2c = AFaX 4+ BFpY
d’l,r = C-Zl
é2r = CF.Z14+EZy
S TELEREGEERL T L TRAIL A,
WLy AEOBRE TIPS TF R dEFEIER TR TR 6 2w, HILERTRD L XNAH
Dl hide 5 kv,

bre = buc (2.38)
Die#ie = Disdl, (2.39)
P2 = ¢ar (2.40)
Dyctne = Dardy, (2.41)

TR IT ALY M ERDT, (2.29), (2.33), (2.34) U (2.36) R E (2.38)~(241) RITRAT B L,
AX+BY = C#h
AD X'+ BD Y = CDy.Z
AF4X + BFgY = CF.Z1+EZ;
ADy FaX'+BDy FgY' = CDy FeZi+ EDy 7,

Ao B. C. ENRHBIC - T0A I Lo BB LTEIET L, UTOLH)II&ET S,

AX+BY-CZ, = 0 (2.42)

AD1 X'+ BDyY' —CD1,Z} = 0 (2.43)

AF4X + BFgY ~ CF.Zi—EZ; = 0 (2.44)

ADy F4X'+ BDy FpY’' — CDy FoZ) — EDayZ4 = 0 (2.45)

TRLEDOERT A, B, C. EN0UAOBEE O, REPLZATHRF 0 RL2TNEELR
Vi BlH

X Y -7 0
D, X' Dy Y -Dy . Z]

e be e M (2.46)
FAX FBY —Fczl —Z2

Dy cFaX' DgcFgY' =DgiFe2] —DaZ4
T OFRRIZ 2 B EROBRITAR L LI TwE, CORBPLERTSLERDLIZET 5.

1 1 1 0
D D D 0
1,c& 1,cY¥ 1, Z1 —0 (247)
Fy Fg . 1 :
Dy Faz D2,CFBy Dy rFezy Dz,rzz
T
x!
- 2 2.
T e (2.48)
y!
y = -_i}- . (2.49)
Vi
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THIUERRYELEEIC RS, MR ICTAIERER, BE 24 REERLTROL ) LR ELK
o TRO LML,
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D1 eDso(Fp— Fa)y+ (D1,;D2cFa — Dy,eDacFo)zr + Dy o Do (o — Fig)zo

AEBICBWTIHFLIZE KT ol BN (BEHE) ORSBEELTBVT, BRLLS « #
FHROELOE S HRET B, sFEIIBVTIE v B L U BHROMIUL Ny 2 ) V7w o TILET
RiZEv, (23D REBRT S LIS, FLOz WHAMOESFROLNZE, (242)~(245) RiF b I1#
WMV TR, TORDI2ORFFHIELE VD Z ik b, (242)~(2.45) 2o T B/A, C/A E[A
RRHLIENTEDL, TRALFRDOND Lo, (r)/A D (2.29), (2.33). (2.34) R (2.36) Xe AT
BHICROL I EHHEL, AIBNTEETES, HIB

(2.51)

P=7 [ Euabre(r) + Beasac(rlldv (2.52)
Ty IEARYYORELALT—THY, U OHE
v =192.9MeV  (1MeV = 1.6022 x 1073])

thlwoitﬁﬁuéﬁ&ﬁﬁtbtofﬁﬁo$£§fﬁ¢ﬁ%ﬁ%ﬁ%ﬂ%ﬁéﬁﬁﬁ%ﬁﬁwb
PHEEL RV, ZO-HPRTROBRIRESE ) ERIL 2V,
i, dRTEOETHMOBIIOVTHRA L THADL E X,

2.6 EHMERBRHILOONy T TOEH

AEBRR (K 2.23) 128172, RERBOTUTHIEEELL, MEFTME #, KTAML z-yH &
T2, 4, PHEFELELESICRET AL, BMREELY, KEFROFEFRIAIE. ¢ FlH, yIIH
YO CE A L TR 2 ERRRICE B A% cF IR, BEAAICR B, Lo T FADHETRSA
bg(x,y,2) i,

P2, y,2) x COS(?I’%) cos(ﬂ'%)e"” (2.53)

Ehb, TIT, abidz, yHADEPLINFRE S 2SO b1 ME/ Ny 20 Y7 BLiZ (23) N H ETD
ATEHRSND,

Vig, 4+ BLo, =0 (2.54)

(2.53). (2.54) K& D B}
BL = (2) +(3)P - (2.55)

ORELES, HoT. BRERIZLD MEAORETHIA S SeERE T LT, MBIy 2 V5%
B EFRHEEL,
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& 2.1: TCAL/%BF - ¥

T -4
#oF 2.6wt%iRME U0,
HE A H,0
WA BREHER 1.83
PAELPRE T PR 1.956x 1.956cm (IE77#&5)
yEh TR A B 174 (Esg)
KRR 121.00cm
yEh A R BN (R AT 14.3cm
8 (B&) HHyMFER (TwasEh) 12.2¢m
Ll 4
BEIERRET Y vy - | He Hry v ¥ —
EENPET Y V8 — 1CB hwy &
KEF /B EBRA TR BICe
R R IERA P Ra-Be
TR Cd-Al 2mm of thick
EHAE KA BT E-23.88cm

# 2.2 2BEH (TCA 1.83U i)

B 1EE F28
Dy Zia Lo vig Dy Yoa v
IR [cm] [em™!] [em ] [em™!] | fem] [em™!] {em™]

B GUR 1.22 0.00871 0.0241 0.00669 | 0.304 0.0976 0.155

mEHE | 1.15  0.000515 0.0584 0.0 0.152 0.0188 0.0
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# 2.3 BEERKICEYL X,Y.Z

e LT

JiZ7N X 7z

IR KR

cos uz | cosh Az

R

Jo{pr) | In{Ar)

sinh Ar

r r

sin yr

B

FAtHRiox LT

K

Z(RSHAE S | BEAX)

RERA AR

Z (RETHE S :6)

sinh x (% +b— ]:c|)

E—nh|

R R HIAE

Io(kr)Ko[k(R+ b)] — Io[k(R + b)] Ko(&7)

Kg(kr)

B

sinhk(R+b—r)

r

g~k

r

®24: MBz=X'/Xy=Y"/Y :=2"/Z

e CIOF TN r=X'/X

y=Y'/Y

B

& g OEETH — g tan %

Atanh —
anh —

Aa

4 RO MR IR

J1(pR)
T uR)

PR RO

—p (,uiR — cot /,LR)

BAPOTIR

2= Z'|Z(RSEREE 1 b)

z=Z'[Z(SHEE &

D EERRK)

B & o DERTAR

—k coth kb

—K

- ' I, (5R)Ko[s(R + b)] + o[k(R + b)]K1(xR) _ Ka(sR)
FERORBRIE | * R Kols (B + D] = Tol<(R + D] Fo(wF) Ko(+ )
Y 1
- HE RDEK —K (Eﬁ + cothnb)

1
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3. HHFRAHOBAE

3.1 FEEROEBR

EFEOEELABEHOZGEE LTHERTFRIFICL > TRES RS, 2 TikPEFRIEBEYAY
THhHETHESFEFAET 5. 0 ZHEEIPETRERE E TR TY S,

MM TF R EE., PHTFEOREEATEYRCER SN HFERECECRTEET S I &K
Iy, hHFEOKS EFMEFET, ROL ) HEEAL TV S,

FF ¢
1) BEEIASVOT, BELLS ELTOABETREET 20k { MRAMEN I,
2) B4 DWEE L OBEG A EBIS 2 LHTE B,
3) VROFENERTHE. |
4) RIS HBEOED Th D,
5) MBI AR b ) . PHFROBSIHT 5 LEIMETH D,
5T

1) ZALE—FEENHED LBV

9) BH L7k 2 LR READ E TIHLBMASDH 5,

3) 5 ¥ MENERTH B FIHTHEDOHE)

4) BEMUETEREDE LT — 5 2 LELT 5, (BUBHBEOBE)
5) BUERER A LA BELT BREND Do

AEBRTEESTREMEGE L LTHAV S, REOSEYTAv DA 0% ) PHTEBICLIVER I NS
198 1 2,608 HT. BI3.10L ) AT 4%, AEBTHIORBETEL S EENET L IL
X DI9BAy DERBYEIET 5. 197TAu(n, ) P Au WERIZE 320K T X ) SBEETIIH LT 1/ ol
HRFELTED, BIZEANEAPHTFAEEREL BoTwah, LA LIS, BPETFIIBVTR
MmO BHT XY Ty F AT 2 VR ERED, BASRIC B TR I/ESH L2 B720, ¥Au
EEAEETIC L > TOREHMEENE, CONEEEBTILOCEEIF 37 AEFEFEbBNR L, Cd
TR 32T EBD, 0.18eV AKX ERNOKEL LD, ZOH, LR EHEAN I 7 A% 85—
TEB- TRET 2 &, BUMLEIRBRAERTOMI Lo THEMEENE, 2T, AF IV AR R,
BOTE AN 39 LD N—F T B ORETEE (= Coare/Coa) TEFET 5 L. BPHTIC LS HEHMER
Cinld. 1 _

Ceh = Chare — Cea = Chare(1 — —R;) | (3.1)

Yrd, Thbh, BOKSMEE TORSHEESP S AN 37 AR N TEBo LBAMLEOBREMEREEZEL
B D &, BT Ic L AREMEB A FETEL I E D, TOFHET, BhEFC I HHMtERE
BRI, BEHEEOE SR AF 37 ad N OEIECL2HAOHENLETH DA, JITHE
EMTHIEET B, T, AERTREMFFHOREDAIT Vo



JAERI-Review 96-010

29(1.1%)
1.088MeV
0.676(80%)
0.961(98.9%)
1.088(20%)
0.412MeV
1.37(0.025%) 0.412
‘ l 0MeV
198
ale
B 3.1 1A OBTR
10°

Tr7AYLE

5} »
o/

10t
8 (E) /\\5 @ (cd)
£ | *\ io* l
. ) or (Au) L
M v \ ”E”ﬂj \ n
i ~ N A A2 %

\Q‘& \ ~1o£
NNV L

|
000! QoOl Ol 1O 10 100
zAN¥—~E (eV)

® 3.2: Au & Cd OBRIEEERO L3 LF—F1L
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3.2 masHEEF
FEETIZ, ROL D LEEREFRVS,

HH 3
74 ¥k T 1.0 ¢ X 19.56mm {7 4 ¥ —iEBEHMLHRICUTT 5)
HF I LaHA—TE . AE1.2mm 7 2.2mm

(GE T TRLOEREESNIEENHLOTHL» LORPORGLTHI L)

3.3 #HEoOtvbhEE
44813, E X 5mm. 1B5cm D7 2 YAELELY —® 5mm O (L 8. T Cdas—-fF&) FE

+2, MBS % 22PRET 28T, LFOMEOEVIC L2 FUHTFEOEVIERTE 2, B ORI

SEOENET A I—LTHEIR-THL
8T yoFRIliGo TREL. ﬁ‘?ﬁ@vzﬂﬂzﬁﬁii r B HROLTY, BTN ESHOEFE =2V

Ny

3.4 WEHMEEDRIE

BREHEELD 75 L7- &3, BB Y VBT CAbE T, 19.56mm BT L., £0EBERFTHEY
2, (BIEEREICREOH BB FRBEOLESD 9.78mm BETWHIL, & WAL R ERET 5,)
DE, 197 Au(n,y) FUBIC X AR L7198 Au (Ty, = 2.698d) K& By o VE Nal (T1) #tE
LD EIET B, M 300keV B EOyBUIH LT ), FBETRICH L 527 MERRMIE 1 10~207
BETH D, REOTHIE TR TT Y, stll%iE PC-9801 i2X ) GP-IB %40 L THISIT &, A
B MERR. BHINEER. BT BT - SHAASCIL 77 ANELT, FDick—78h, 7V r¥icbhh

Shbde

3.5 SFIERSEE
15W E#T 10 S HEERST 5.

3.6 EEFE
KEBITHNSEHEOERE AT B %D, FIHHIHUEORHLBHEI £,

3.7 T — x4

AEBETHIEFROGIHENESY, PUHTROMESHORREIET 5, 0D, 77— FLER
BOTHEIZ B, WFW{OhOBRFEHELRT A, FERTHE, Cd 3 —F20EhThoillE
3L, DT 3) RU4) OBE X7k, RHOES TREMELEHNE, ZHAPHETROMEGIH I
hoTwnheET s,

1) #K 39 LHN—ORGTMT 3 V¥ - RUBPEFERNDR
BRIy A BN T S NES LM L AL F AN —DE S L, TR
TSRO T AL O LRI DRIV EAS N, i AN I AHN-DPHEOEEICED
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- A BB LTHEEPREHET ARFETOFET 5. L L. AEBRTRIINLOPRIIHT LWL
FidbIhbrwn,

BPETRAHOBBALLSL 2RBBR
EALLEOKE SHELIEE, FRIHTABELTILENSHS, LAL. HMHEOHE.
BEFREPTRTOUETHELWEFRL, ERHLTLV,

198 A0 OFFADORE
A LRI RATER £ eI L . Y H LEORBE L HETIERIT 6, O, AL
LHEHE B ERT BOVERTH B, T0 LI LRE LT, EREBMEBH T LHETHEIHEE
SHAHEEE (Y B LERIZ0) MEVERE, SO L) 2GR Z BNREREFATN S, B
SIS EAVE R L BE. BAVEE (5 —EHBIz—2ET, #130) THERTORIL > T
FHHEHE Coo X ETHTE %0

AD

Coo = 1 — e v )e=ATw (1 — e~ 21c) (32)

IZT

T, . RS

Tw . BERTH»LAEHES TORME CFHEFH)

T. © HERERH

D . HIEEEAOSRERK

A RER

vREIRHH (¥ 5 BRE

Ny s SyyFORBIE. Ty F 74 ABEZT)SLEND L,

LR—h

L= M BIIRN B EOFHAEER 4bETI20OLE-F L, FEFHEIHIOHAUE
DEYEWOZ E,
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4. HOHSWEE

4.1 FEEBOB®

BEFEROEHIZEBYSHE b2 Twh, TOHDOSHIEETFEORREELLEE, FFCEELR
MHTH D, REBRTIH, ROREFERSHORE & FABICELADHB DO L A OMETIT ).
whSAREEE LTI,

1) AEESREAEE S FLACEALTREY 5 75E
2) BAEEEFOACREL, TOREESHEHET 5 H#E
3) BHOBSRERY P OHESND yMEMET 2HE (y AFX Y= 2 THE)

S, 1) b 2) OFEOBE. FLEBRLTOLEHEOSHHC OV TR fIE L & nits
B, &6l 1) OBE. BARREEEEORIEAT 2 Lo TR AT THEY D5, S05
DREFREL . BECBLAORANNSEEMET 3 HEE LT, 3) OFEORRIED 5T Ek,
REBTIE, 20y A%y ¥ =Y EERVT, TCAFL0 « BAADHMBIAA (HARSH) &l
=t 5.

4.2 BIEFE

y A% % VI ZECEBBAME QRS FLATRE S WD L 0y BEREATER TR
AR LS ESERHIC AT S LI BEIETVTV S, RE T, BEROKEEILRE SIS
Y HD) B 0.6MeV LD DELTEMT 5, 22 T0.6MeV BLLD y #ITEH LB, °°U OF
MTHEBERIGTER XN Ny oD y HAT05Me VT TH LI EREITL S,

ML, TCA FLOBEREDE S (z8) Fmic2on T, EihRil, B LUEIRoEF ORI
VWTiTJe

¥ BOBEIKE Nal(T) RILB AT 5%, FERO7 0y 7 HEH 4. 1R T . Nal(T1) REIFEEH
TEBENTEY ., Z2OLEICIES 2em DHA D v b (DY A—%) PEAES LTS, Nal(Tl) it
25 OfE B IXATE RSSO EFBIRRICE LN, ERER SNCBICESFIZFCELON D, 22T
0.6MeV LLEo y AR &N, A7 —F CElficha,

4.3 EBRFIR
AEEBITPUTEAGATOER L ABICIEI L), BTICEOFIRDERRE T R
1) BEHGE 2 BRIy 275D U FHBEEERNET 5o
2) PLOBER TP ESFNZEAOEREHET 5.

3) TCA #E& LERCT D, 15~20W T 10 SRERIE1T I,

4) WPEADKEML SVHFTHLE T 0 SREOGHFHZ B



JAERI-Review 96-010

A

—G-—- Fuel rod —"-—-3' /A\ Fuel rod

| I i N ]

Nal(TD
atillation
fector and

Pre-amp.
power supply

High voltage
power supply

i
i

{ Linear amp. )

Single channel
pulse height analyzer

4.1 figikoroy 7[E

5) MBS I USRI M.
6) ST WY B,

7) BREER TSRO y BEHET Do
(BREEIZ 0.6MeV UL, £81203MeV M ED y BEHIET )
8) &BAOERETMET 5o (7, 8IFTHL T e
Wﬁu3owﬁwwfmﬁﬁﬂf‘ﬁﬂ%\ﬁﬁﬁ‘Cdﬁﬂ—ﬁéﬁﬁm%ﬂ?h%ﬁ%Lfﬁzﬁﬁc
7L, F— S MEOBRELSRFRFROSHIZMO T VT BT 52 o LE-FTIE, D7
N—TPLDERLEDTEAVERETLHI L,

4.4 F—2u1E

BR B4 O BEEIC DV TEHI S iz 0.6MeV BLED y BOFHEFE n 2 LT, SHROT v F 5 1 4
r. BEHZES o TEBI LNy 24 59 FEHEE BG. B LUy ROBHRBFMER IS ONTRET 2
MEREOBE Y 1To T, A —BEH (B3 4500 F) OFHE NIART 5, Nid,

[ ) A(4500)
N“{T?REF‘BG} AT (1)

THRbNA, IIT, A(t)/A4500) XBHIFRH ¢ TORERED O 5 MORMBERHMET ¢ = 4500 HD
EE LD LD CHEBEEATEY, BIThNERY 6,
A(t)/A(4500) = 6.494exp(--0.001709¢) + 3.663 exp(~0.0005711¢)
4+ 1.273exp(-—0.0001276¢) (4.2)

LEEANDIENGD T wh, BRBREOHEICRIOXEFHEE L,




JAERT-Review 96-010

4.5 LFKR—b

4.5.1 ZH|RiLAKR—H
Nal(T1) #IBEBOBEREREE R L, £, Fy Py A ARBEIC2WT, HHEE L,

4.5.2 FEEBEL K-+t

1) EEEH
10 E, BEHEETRUREBORE, #ULDEOER, y RAUSEM, COMLELER.

2) HlEER
EF—y, TS RBHELTOBER, ﬁﬂ*ﬁ?%ﬁﬁ WA,
Moy v—TOREEEERTHAT LB, FOME (FVv-7%, BARSE) ZHET AL,
PELBEREOA Y —EDOETHWT L,

3) B8
%mwhﬁﬁﬁfﬁbt¢ﬁ?%ﬁﬁ MONHEEBRTHONAIME B LTEREL L, HEIR
—FH Lo b LEVNSBHERENE LD,
HHEFE, HOREDLIRGHEHEoTWwAED, EVIZED L) LBFRIIH LD, T EEDL
AN B DD,
HHOY — 7R ECRET DD, BHETORBRTZEIBZHERED LI LGMHHFELI L nEER
Bhid, T/, FOLDILEFPLEED LTI LIV,
HAOSRDOEETy A%y Y2y EERVAN, THIREFPRLEZICOBREFT AL - 2 il
LTWahI L EHRLTWE, JHIFETE (B7F) 0FEBIZE0 L ) CBIRT 525, 1979 4
3H2BRYYANZTHAY -4 VEFHRER 2 SETRE LAPLERERIC OV THE~
ot oHFETRAY L.
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5. BREEEES R ORE

51 EEBOEB

BREEERTIE., BREHELEML TH E2RBERICET TV (23, EOREEERS) L
FREB L. LALRAS, BEEORICEOMMEIZ, ZRAHEHL. FLONEIC L) RLBEETN
Do thbh, MEELYANSEIZLY, ETSRNERRELL, AERTIE, TF. VA FETKIE
LB RUSEOELEREL, /Ny 2 ) V7 HISEREERERD B, KT, HHREHEA, SR £o
FEOBAKEOEENEL ., FORRLRERKD S RICEELEEFEL. JORREFZREC S
DEICHBLTVEPEE D, N+ FERAAERERZRTD, 0P LEMNECEEL 225
A Th b, -

52 [EIE

5.2.1 EFIFEFHLES
FTFOBEE RN, —P0EL T,

dn ke(l = Bem) — 1 SN
5 = [ n+z£aa (5-1)
dC; ket Bient
- = ——n=XC; .
i " C, (5.2)

Yirhe DT, n(t) REMTEE, ka AEDHEE, fontith | BOFHM L EBRFETERE, b =
S5 i~ HARIRSRET- T, G i BOBRPUTRITHRR. BLUNBEOHREHTH S,
(5.1). (5.2) REEHEM AR 7 TEY | BESHFRATH 5. 1> 0 IHT 2HI,

R . .
=l Bieft
’ i=1 (A‘ +w3)2
THZbhb, BIb, nt)
7
0= -
i=1
i ANE-15 I S A Al DN wﬂi%—i f;i"l,f;pﬁjj'j*%}iﬁ;&ﬁ*git‘
= keg — 1 = w w : ﬁieff
p= ke _1+w1+1+“}[;w+)\,‘ (55)

DIBBORTH B, RIEEHER (5.5) IK0VT, pbwPBEET Oy b2 E, RIS1DLI KR D,
PEADB LI, EORIBES5A7HE. EOwid—2THIRETATH b, ADRINEE S5
%\ wj‘ié\fﬁ&&%o
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Ay Ay —A, Ay p
| t

| 1 [

% 5.1: RISEAERDp LwD IR

5.2.2 KETIZEIREEELOEE
BIE 1 HERICLL L, BRORCE ) RAKNTEIND,
k-1 1+ M*B;

keﬂ' koo

TIT. BRIy 00) YU koo SR UTERMER, MEIBHEMTH b, MITKETR,

ThY, BI=BL(HES ) v 7)) THEOT, BTFOBENRY 10,

1+ M*BZ _
koo

COBFOBRPEIL, STy 21 ¥ 7 HSBIET B LB ORIBERAD £ 5122 Bo

1+ M?(BZ + 6B}
po= 1= i
_M?5B;
koo

(5.7)

BRI Ic L AT ANY PO it wEEF2 B, FROBHERL PHFEREEREIEN

LAY E, o,
p=KéB} = KuAH

(5.8)

Y b, IIT. KREKTHY., Ny o) v RICEREAEEFIND, KyOfEil. BFRREQRL

POKEFAHLESCEBEEFHET A EPLERNIIRDBL I EHFTE D,
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5.2.3 ~NUARZE
RS LEFRCEOREEZ 5L 5 L, BEFFEORMITLNT,
n(t) ~ Ape*! (5.9)

EEs THMT 2 L5i12%5 (RN (54) EE5.188). ZQuOFHT = 1/w, DI L%, RFFEOLER
3 (stable period) & 5V ITEIIARY FF EWVHs 1T} (5.5) RDMD =276, RIZFAARITEp &
DI,

—I+Tzﬁzﬁi’“’ﬂ | 5.10
PETH T THI S TRAT (5.10)

OEEN D Do to Ty BRREBOETIFC REID) RIGEpE 528, 20U F Ieifles hid,
(I Bios BUNPEL 2 6) 5 A LFUSEo B T LR D,

EWOEBRTEH L AUBEOREI SR, AEFERIITALD, RURELOEE,L, A FAT100
A5 00 WREIIZELIITED, E1AT, RPHTEEHS L. FAREFFETS 1072HLTT
H0. BIIEARROBEESE 100 BUTFTTH D, o T, BARESETETT > 100 BO&HTHET
B, (5.10)ROLNE LG 0LTTHY, H2EI L Ld 10 BETHL, €I T, (55) R
DEIHEERELT,

p=y L (5.11)

TEHELTL 5T 5.

L2 BT, (5.11) RO fieq T ERM B BREHUTERETH LA, THEFLPFU TR LT 2ETIF
ThHoTh, FOBATEEINTVLMOERE, FOKE S LBE, FHTIARI MV EILE->TE
BoliiiEh, BEIRFRLICHEERES S35 H2, I0hD, HERTFHFTRV I FHEY
T E, FOBATIREFOBEIBRA L gl RESN TV RWI EHFEV, FADT — FRE T,
FOFFEESI—EBHTITICLT, LT LT 5, 4. BREPETFERESZAVT,

Bier = ¥if% (5.12)
Bl pid. BREORTFORES (KI-TERD, LAL, ThE LI ORVHBLZRFyTHREL,
Biemr = ¥5; (5.13)
&dhid,
6 6
ﬁeﬂEZﬁieff’z'fZﬁi:’rﬁ (5.14)
i=1 i=1

Lieh, (513)F% (5.14) RTA4HB & B/ P HFOBBIT L 5B VBEH0; = 5:/8 TERTES
WA, BB,

%EL: ~ (5.15)
THhd, CREFAVTGINRZERTLE,
. p - |
5;4:Z;1+;J, (5.16)

t%H\Fwﬁﬁﬂﬁmﬁxﬁ&ﬂ%%ﬂ@ﬁ%ﬂ”?i—ﬁmﬁﬁhk‘wﬁLtNUﬁFT#%*bé
TEHEEL, BEHLULBELRT-F 2R LI

— 267
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$# 5.1: TCAL83U F.LOERPHEFIMT AT —F

Group | Decay constant ); | Relative abundance Gien/ 0
1 0.0124 0.0310
2 0.0305 (.2096
3 0.111 0.1935
4 0.301 0.3906
5 1.13 0.1290
] 3.00 0.0463

Effective delayed neutron fraction fBeg = 0.0075
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