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Impuriries of the radioisotopes produced in

161Tb

(n,y) reactions: Purity of the product
and radiocisotope yields in strongly-neutron-

absorbing Gd203.

Toshiaki SEKINE and Hiroshi BABA
Division of Radioisctope Production, Radioisotope Center,
JAERI
(Received July 20, 1976)

161Tb with 6.9-day half-life is produced

161G

The radioisotope

160 161l

in Gd{n,v) d.

Gd reaction followed by B decay of
Described are the impurities in the gadolinium oxide reagent
used as a target for producing l6lTb and yields of the radio-
isotopes in the material.

The impurities of 10 ppm Yb, 58 ppm Lu, 53 ppm Eu and
0.08 ppm Tb existed in the gadolinium oxide reagent, which is
the purest commercially available at present. These impurity
values were determined by activation analysis under such
irradiation conditions as unaffected by thermal neutron self-
shielding and secondary reaction.

A computer program has been developed for calculation of
the yields, taking into consideration the thermal neutron self-
shielding, epithermal neutron capture, burn-out and succesive
neutron capture. In the disk target, the yields calculated

153 160 161

of Gd, Tb and Th are in agreement with the experimental

ones within a factor of two.
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Fig. 1 Gadolinium neutron capture chain.
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Fig. 2 Elution curve of the chromatographic separation
of irradiated gadolinium oxide.
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Fig. 3-a Photon spectrum of the terbium fraction measured 38 days after irradiation.
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Fig. 4 Elution curve of the chromatographic separation of the re-irradiated
gadolinium from which terbium was removed before irradiation.
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Fig. 5 Photon spectra of the quartz ample, the terbium standard and
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the terbium fraction separated from the gadolinium oxide reagent.
They were measured 12 days after irradiation.
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reagent. The symbols are defined in the text.
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Fig. 7 Geometry for self-shielding calculation.
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Fig. 9 The chain of neutron capture and B decays.
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Table 1 Details of the targets and irradiation

conditions in the experiments A and B.

Weight of | Weight of

Sample Gdzo 3 graphite Diameter |Thickness nv, , teff
{mg) ({mg) (mam) (mm} {n/cm“/sec)| (hour)

A-1 8.20 | 245.80 0.95 1.92x10%3
A-2 20.76 | 229.57 0.90 1.83x10%3 |V280.8

13.1 13

A-3 47.95 | 172.21 0.75 1.75x10

B 272.15 0.00 0.55 2.19x10%3 | 291.0

choDREHZI RR—2EFFEOVI—4 BHEAT1 ¥4 7 VRBH EN/o Fig 124131
ZRXVQEFFOEKERELRL TS,

B, Elscint #8221 ORTECHBOMMAMPEREF D e (Li) BBBIKL-
CTrBAREL, EREHEL KD Lo EBATHT VI 2 v ABCBAX FEORBEHH
Z%iminal%)so cmBl L CHIE Lico CORALFHE)I2000~4400cps & 27DT,
Anders D HHEERHPOFE T/ SNVR ¥4 VT v FICEBEBIBARAZHE Lo Anders
1L ZAREBLS OFRKI SV RAZEREICH N, CTTIR08pCH OB snEEL BT
BEEMNL1 0cmDEMICES, A EECAELLBELEMOBALD392keV 7RO
- EREOEL OCHERKAEE Lo C DMIEFEMIZ1L01~1.05 ThHotto KRBT
SELERTHED LTEBEL100medl, 205501 me ARV IF LVBRELCVILL o
THIE L0

_'16_
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3.3 HRELEE

TRAS7 b0 - 7 EBIEEDE, r BHE, BHCLE r RN, BBOMEART
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7’.;1?)7’._0 Bk rgor sy —¢@EEBiE Table 2R L,’(f)a’o?ao TRROBCBIE Storm
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Table 2 List of the used y-ray energies and intensities
of 133ga, 180, ang 161my,
L Energy Intensity
Radioisotope (keV) (per 100 decays)
15354 97.5 30.0
103.2 22.5
1604y, 298.5 35
161, 57.2 2.5
74.6 14

Table 3 The values used for the calculation of the yields of l53Gd, 160Tb
and lGlTb induced in gadolinium and graphite mixtures,
Natural
Isotope abundance Half-life S Ié epi
(%) (b) (b) a-1 A-2 A-3 B

15254 0.20 1100 2500 1.00 |1.00 |1.00 [ 1.00
13364 242 4
5564 14.9 61000
13654 20.6 1.5
ls?Gd 15.7 254000
158Gd 24.7 2.5 59.9 0.973 (0.942 § 0.881 | 0.680
159Gd 18.0 h
16054 21.7 0.77 6.96 | 0.994 [0.986 [ 0.968 | 0.874
161Gd 3.7 m 31000
lngb 100 25.5 325 1.00 1.00 1.00 1.00
160y, 72.3 @ 525
161ln, 6.9 d
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Fig.13 The change of the reactor power in the irradiation
of the experiment B.



JAERI-M 6668

(8] n

=~

w

RADIOACTIVITY (107 dps)

[N

i T 1 T 1 l'lll T 1 1 1 T ]IIl T ] L LI
53Gd
i A Observed i
© Thermal
5 ® Thermal+epithermal ? .
R F 3 -
O
L 8 ° A
8 ?
L1yl L 1 1 L1 1 il
10 100 1000

WEIGHT OF GADOLINIUM OXIDE {mg)

Fig.1l4 Observed and calculated activities of 153Gd.

~Y

—_

RADIOACTIVITY (10% dps)

T L l'l'll!l] T 1 1ll|]l| 1 T T 1 1T 1T71T1

A QObserved

¢ Thermal
® Thermalisepithermal

o]

¢ 1

1l Jl_llllll 1 1 L lllll Il 1 [ S |

10 100 1000
WEIGHT OF GADOLINIUM OXIDE (mg)

Fig.1l5 Observed and calculated activities of 1607y



JAERI-M 66638

6 T T II\I!II T T ll][lll T T T T 1177
A QObserved
5 C Thermal 7
# Thermal+epithermai
F 3
& 4
1]
a
©
a0
L=
Z3F .
-
—
=
—
b
®
22t 7
=)
Py
) +
Al } |
4 s o
] o]
0 TR N R S S E TR T A
1 10 100 1000

WEIGHT OF GADOLINIUM OXIDE (mg)
Fig.16 Observed and calculated activities of 161y,

EBED 0.5~2 EORBICHEMMNSH S0 CHIIPF LA—ROBELOV(SHLENLD
Thbo SHFELOMEALE LTI, WNILERABRAFETER LT &, @1, v EHID
CRThAROTEIE2LTIK LA LB TFHEBODPEFLE — A LF —L LT
L, QHECACLEEROBOES S, Or/T/T, OHOEN, S, SHEFSNE.ERE
OREAE LT, OEREDFTECHW T BAROE LI NEL oMb,

WIE> TR, FEO~0 CART A RN FOFELE LS LENSE. COPREEL
BWEADRBEES1 & Licks, COPRICOVTORHIEM ¢ & it FORIRERIEF T
A EOMES, AUMICd/RTHD0 L TARMKROEE, RI¥EETH L. AERTILA
_3&Bmﬁﬁé”%ﬁm;%%¢ﬁ%&ﬂmc@ﬁw%ﬁﬁgéf,em%n%nuLons
E Ao MO FRNEEIAI BAC DV T Hanna OHOVEALC Lo THETE S
m-%@®ﬁ&@¢é(&%(%Lﬂﬂ,Ltﬁot,ﬂﬁ®«DKA%?%¢ﬁ¥®%5m
10 AZBMAIE WV EHR SIS0

@O TEZ BT, BE gi® Coln, r)““%}S)Jiﬁﬁo);itc;m:ﬁ%ﬁﬁtcm\fz/v
RS T ABAIE 1S L Westcott i ktlid, Gd (ERELT) TRT =T
(=293K )DIBAILg=08535L0NT 5, GdOoRhHFHENRGRHRICEEL LTH



JAERI—M 6668

HELTHWZ20RP 0 EGd T, B2 AF—nENF400268eV &00314eV Ot
L ~% 00253eV{(2200m/ sec OEEOFRFOT F ¥ - ) OFLEDid, gl
1&oTWhAs ¥ Gd(n, 7)) Gd, ' Gd(n, 73°°Gd **° Gd(a, 7)'*'Gd, " Tb( n,
F VO T R D2 WT B Y7 f —2 — St E Nz, OERIENED 12 UTTAY
T, HELBO TR EABELEZF > T 4. CORMERE L go THoT, AhlEFHED
EAMETAROCENT, BFgldZEBINTWVE, RFgc@d a2 TOERIBNR
PEFpiMaxwel | DEAEF T WVWABZEDOTHOID2EDTHS. PHTFHENDEIT
FLFE IR ST —ETHAHESE, REABIZBOT b Maxwel |l FEDELNBE D, °°Gd
BIGd DL HICHEBBT A LF - LB IS RLTIEELERBICEUBEITIE, Max —
wel 1ol i nmas > &I 50 R 7"6£1C®J:5f£w?ﬁ€§®1:?»w#‘—
REHRAZER LT LAY, AZROBACEDOEEDEELARIEITHEHOLHLTIE L.

Fig. 14 &£16 &5, P Qd DBARHEMMSERBELOAEZ VORI L, " Tb DFER
FOBLL 5T WA b L, rfT,/To OBIKEENHZELT, V' To OERBEEILIK
JT/Ts DA R~E, TOEIRPCd I LTAXBF2HEEE5R25CLEBEOHTH
Bo THMMITWITLAHRBPREETHS '

BLBDOREREAZZ, éificiﬁ%§nf:%ﬁfﬁt rﬁﬁﬁ#cvu\féﬁf\*f%fs & 1Pad
20T, rHBEREMEBELNES, FEBZODVWTORERX —D2LMEY o U8, T
DN EHOEEICBOTELONI' P GAOERBOREBEREESOHHEL LT Lo T
EOWTIREESFCHE->TWT, MEROBEREEENS VL, rBEBIAENITHSL L
Bbhhbo _

B#IT, burn—up LHAMHFACHEBRGKOHEEEFig. 17TKRT CCTHYGd O
burn—up 27T o burn—up (2'%" Gd O MMM OEA N, , B tcBd 2HE N &

Lice &, (N —N(t)/ N TERDLTHDo /e, #p T ACERBHIIQATEEIN
bDTHSLa



JAERI-M 6668

10 : . [
_ 1‘“:'7Gd burn-up
0.9F ---- Self-shielding factor ]
0.8+ 1 /’,- .
0.7} e I
0.6F ,’,’ b v

TIME { hour)

Fig.17 The calculated burn~up of 157Gd and the thermal
neutron self-shielding factor in the experiments
A and B, as a function of irradiation time.
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Table A-1 Tr.e formats of the input cards in "BOETL1"

Card Symbol Columns Format Description
No.
1 Iz 1- 2 I2 Number of atomid species in a
B~ decay chain. I1Z<3.
IN 3- 4 I2 Number of isotopes in a neutron
capture chain. IN<10.
COM 5-80 19A4 Comments on the data.
2 (In the following description, combination of subscripts

K and L represents the lattice point in the matrix
consisting of the B~ and neutron capture chain shown in
Fig.9, K=1,I7 and L=1,IN.)
ATOM(K,L) 1- 4 Ad Name of element
ANO (K, L) 5- B A4 Mass number
AI{K,L) 9-20 E1l2.5 Number of the ({(X,L)-isotope
contained in 1 gram of the
target material.
SIGM(K,L) 21-32 E12.5 Thermal neutron capture cross
section, co(barn).
SZR(K,L) 33-44 EI12.5 so=(2//n)(16/oo).

TH{K,L) 45-56 E12.5 Half-life{(hour).

3 DL . 1-12 E12.5 Thickness of target disk{cm).
SL 13~-24 El2.5 Surface area of one side of the
target desk(cmz).
WGD 25-36 El2.5 Weight of the target material
(g).



JAERI-M 6668

Table A-1l{continued)

COoM?2 37-64 7A4 Comments on the data.

4 GR(K,L) 1-80 10F8.6 Self-shielding factor for epi-

thermal neutrons, K=1,IZ; L=1,IN.

5 FLO 1-12 E12.5 Neutron flux, nvo(n/cmz/sec).
RTTQ 13-24 E12.5 Epithermal index, r/(T/T,).
TIME 25-36 E12.5 Irradiation time (hour}.

6 DTHR 1-10 F10.4 Time interval mesh,‘At(hour).

MX 11-14 I4 Number of mesh along the depth.
MX=4d/Ax.
MXW 15-18 14 Results are printed once per

MXW meshes on the depth.
MTW 15-22 14 Results are printed once per
MTW meshes on the time.
IOUTZ 23-26 I4 =0 Printing of the detailed
information on all isotopes.
=K Printing of the radiocac-
tivities of the K-th atomic-
number isotopes.
ISTP 27-30 I4 =0 Continuation from reading
No.5 card.
=] Continuation from reading

No.6 card.
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_30 —

Continuation from reading
No.3 card.
Continuation from reading
No.l card.

End of execution.
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MTw
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1 PIMENSION

1 «ATOM(3410) vANO(3«10) +A0C3 1103 +STIGM(3v100+TH(3¢10)A0VE3W10)

JAERI-M 6668

Table A-4 FORTRAN list of BOET1

FACUM 230U=75 (M7) FOKTHaN«D ~T50715~ VG6=L05 76,086,064

NEUTHUN SELF=SHIELNDING ANU EPITHERMAL NEUTRON EFFECT FOR PRODUCTION
UF HALITOACTIVITY

12 = NUMBER OF ATOMIC SPECIES K=1ls12Z
IN = NUMBER OF I1S50TOPES OF AN ATOM L=1.IN

CHEMICAL NOTATION EX. GDsTH

MASS NUMBER EX,161.160

TOTAL NUMBER OF NUCLIDECK+L) IN SAMPLE
ABSOHPTION CROSSECTION(BARM]

S0 [N WESTCOTT CONVENTION

EP ] THERMMAL NEUTRON SELF~SHIELDING FACTOR
HALF LIFECHOUR)

1GU = [NDEX OF GEOMETRY UF SAMPLE

K THICKNESS 0OF SAMPLE (CM)

VOLUME OF SAMPLE(CM3)

FLUX UNPERTURBED (CM=2,5EC=1)
IRRADIATION TIME

NUMBER OF MESH FOR X=AX]S (EVEN NUMBER)
PRINT OUT ONCE PER mMXw MESH

NUMBER OF MESH FOR T=AXIS

FRINT QUT ONCE PER MTW MESH

COM{19)+COMECT)

1 vALCIv20) vBNUPE3410Y vGR{3410)«SZR{3410)

2 +FPCBUD) JFLCBUOY vCAB (400 «DCONCIA10)+SF(3.10
3 +A(3+1044800)+C(3410,3,10)

4 2 HUMALVY (34100 ANET(3+10) +ACTNET(3,10)

~no

DOUBLE PRECISION SUMB«SUMNACo@sYsELy  SFWDCONWDT X  Z4NO

C
C DATA INFUT
C
3 100 READC(S1) 1Z+INACOM _
4 HEALLD v Z2) (CATOMCK LY s ANOCK oL vAL{K oL Y «SIGMK L) «SZR{K L2

1 vTHCR L) sL=lo[N)sKmla[2)

e o i g T

5 110 READ(S+3) DL.SLWGD.COM2

& DO 112 K = 3,41d

7 READCS s8] (GROK+LJI L=l 1INy

8 DO 112 L=1+IN

9 [F(GR(R L) LT 1.E=20) GRIK4+L)ml,

10 112 CONTINUE
11 0= DL
12 S = SL
¥ 13 VOL = DS
14 DU 119 k=1,41/7
15 PO 115 L=14IN
16 115 AUCKRL) = ATCK+L3I#*wGD
17 12u KEAD(H4) FLOWRTTOLTIME
18 150 REALC(S45) DTHR MY+ MEXWMTW L TOUTLWISTP
19 [F(MXJEW, Q) MX=100
20 IFCMX EQ.1) MX =2
21 FF(Mxw,GELL1Y OO TO 1706
é2 MAW =
23 IF(MX,G1.50) Miw = 1 +MX/50
24 JFIMX, 6T, B00) GO TO 800
29 170 Mlp=MX/2
26 MA=M]UO#z
C

C INITIAL SETTING



Rl

LFTMAIN

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

65
66
67
68
69
70
71
T2
13

T4
15
76
71
78

FACOM 230=75 (M7) FORTRAN=D

b2 2
C

(aNalal

aNalal

180

202

220
225

230

240

JAERI-M 6668

=T50715= vQ6-L05

DX = D/MX

0T = DTHR

DTQo=DT

MT = TIME/DTHR

DTHKZ = TIME=MT#DTHR
IF(DTHR2,GT0y) MT = MT+1
[F(MTw,GE,1) GO TO 180

MTW = MT/2

VOLMavOL /MX

FFO = 0.5 # FLO

DO 202 Kml,yll

DO 202 L=lsIN

DCONCKWL) = (.,
1FCTHCK L) LT, 1,E=15) GO TU 204
DCONCKLY = 0,69315 /TH(K.L)
CONTINYE

DO 220 K=1+17

PO 220 L=isiN

AGVIKL) = AQCK,L)/VOL

DO 22V |=1.M]D

ALKsLoI) = AQV(K,.L)

DU 240 I=1l+MID .
CAB(]) = O,

DO 230 k=1,.1]7

DG 230 L=mislN

CAB(1) = CABCII+SIGM(KLI®ALK LoID
CABCI) = CAB(IJI#l.E-24
CONTINUE

SCAB=Q,

DU 250 J = 1.'—1)(

FP¢(J) = 0,

I=J

[F¢J,GT.MID) [=MxX+1=J

SCART = SCAB+CAB(I)®*DX
SCAB=SCAR+CABC Y #DX%0,5
1F(SCAB,GT,20.) GO TO 2350
Y==SCAB

CALL EXPGD{LYLEID)

EXPGL= fACOM SSL B/003

259

260

FCOR=EXP(=SCAB) +SCAB#E!
FP(J) = FPO=FCOK

SCAB = SCABT

SuMF = 0,

DO 260 [=1sMx

FN = FP(MX+1=1)

FLOL) = FPUI)*FN

SUMF = SUMF+FLCI)

FSELF = SUMF/MX/FLO

PRINT OF INITIAL SETTING

WHITE(E+900) COMCOM2+ 12+ [NsDL+SLWGD
WRITE{6+980) FLOWRTTO,TIME
WRITECE+985) MX MAWsMT MTWISTP

76.06,.04

WHITE(6+901) LOUTZ+DXaDT+DTHR2FPOWCAB(1) +VOLM

DT=DT#3600.,

PAGE
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79
80
81
82
83
84
85
1]
87
88
49
90
91
92
93
94
95
96
97
98
99

100
1ol
io2
103
104

i05
106
107
108
lo9
110
i1l

112

113

114
115
lle
117
118
119
120
a2l
122
123
124
125
12¢
127
128
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FACOM 230-T75 (M7) FORTRAN=D ~750715= V06=-L05 T6.06,04

bR )

[aEala

[aXalal

ann

270

273

215

DU 270 K=1412

WHITECE+905) C(ATOMCR L) +ANDUK L) vL=l 4 IN)
WRITEC6H+910) (AQCK.L) Lol viN)
WHITEC(B+911) C(A(KsLov1dslmly IN)
WRITECH1912) (SIGMIK L) sL=14]IN)
WHITECE1990) (SZFC(K+L) vLalsIN)
WRITE(E4995) (OR(K L) «LmlsIN)
WRITECO913) (THC(K+L)vL=lsIN)
WHITEC(E1914) (DCONCK LY L=1a]N)
Wk TECE+955) -
IX = Q

DO 275 JX = 1MID

IF(JAE®, 1,0R.JXE@,MID) GOTO 273
IFCIXEQ.MXWY GO TO 273

Ix = JX +1

GO TQ 275

X = (JX=0.5)#DX

WRITE(H1960) JXXAFL{JIX)

[An = O

CUNT INUE

win | TECR«965) FSELF

CHANGE UNIT [N SEC AND CM

280

D 280 kR=le]7

Du Z80 L=1+IN

DCONCK LY = DCONCK LD /3600,
SIOGM(K,L) = SIGM(K!L)*I-E-24
TH(K L) = THC(K+LI®*3600.

START

IFCIOUTZWNE,O) [CUL = 100
1 =1

T=0.

DO T50 JT = LMT
IF(JT.EQ,MT) DTO = DTHRZ

T = T+DTU

IF(JT.EQ.MT) DT = DTO#3600,

BATEMAN EQUATION

297

300

LU 395 I=lWMlD

DO 297 k=l4]2

Dy 297 L=l,4IN

SF(K.L) = FLO®SIGMCK L) #RTTO#SZR(K.L)#GR(K L)
SF(K+ly = FLCII®SIGM(K L) + SFC(KsLD
DO 300 K = 1,12

DU 300 L = 14IN

Do 3066 m = 1,412

DU 300 N = 1,InN

ClRelvmaN) = U,

DU 390 K2l 02

PO 390L L=l [N

NG = A(KaLel)

SumB=0, '

SUMN = O,

DU 38y M=ml.X

DO 380 N=l.L

PAGE
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- FACOM 230=75 (M7) FORTRAN=D =7507115= V06=[05 76.06,06
g£IMA1N s
—-—.d29 @ = SF(MuN) + DCON(MN)
130 @ = G#DT .
- 13 IFC@,LT+10.0,AND.@.GE,0,) GO TU 310
132 =0,
133 G0 TO 320
134 310 & =DEXP(=~g)
.las 320 IFCML,EQ,K,AND.N,EQ,L) GO TO 370
136 I = SF(KWL)} + DCONCKsL)
.. 137 I = 2=SF{MsN) = DCON(M«N)
138 X = Q,
) Y = 0,
140 IF(K.E@,1) GO TO 3%0
- A&l X =DCONCK=L L) #C(K=1 L 1MiN)
142 350 IF(L.E@,1) GO TO 365
143 Y = SFCKsL=1)#C (KoL =1 sMeN)
la4 365 IF(DABS(2),LT,.,1,00=20) GO TO 38D
__1a5% CCKyLyMsN) = (X+Y)/2Z
146 SUMB = SUMB +C(KsL 'MyNJ
L BT GO TO 375
148 370 C(KaL+MaN) = NO ~ SUMB
. 149 375 SUMN = SUMN + C(K:L:MiN} =@
150 380 CONTINUE
- 151 A(KsLel) = SyUMN
152 390 CONTINUE
453 395 CONTINUE
C
C ABSOPTION COEFFICIENT
C
154 DO 410 I=1.MID
155% CAB([) = O,
156 . DO 410 Kwl,y]?Z
157 0O 410 L=1.][N
.. 158 4610 CABCI) = CAB(II+SIGMCKoLI®A(K Lol)
C
- C FLUX
C
-.159 SCAB=0,
160 DO 510 Jm}MX
161 FP(J) = 0,
162 =y
. 363 IFCJ.GT MDY [=MXei=J
la4 SCABT = SCAB+CAB(])*DX
.. 165 SCAB=SCAB+CAR(])#DX*0,5
166 IF(SCAB.GT.20.,) GD TO 510
167 Y==SCAB
168 CALL EXPGD(YEL)
169 FCORmEXP (=SCAB)+SCAB*E |
170 : FP(J) = FPO#FCOR
41 510 SCAB = SCABT
172 SUMF =Q,
173 DO 530 =i MX
174 [1=MX=1+]1
175 FN = FP(]I])
176 FL{I)Y = FPCIX+FN
YA 530 SUMF = SUMF +FL(¢1)
C
C SELF-SHIELDING FACTOR FSELF
C
178 FSELF = SUMF/MA/FLO

PAGE
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119
180
il
182
183
184
185
186
187
188
189

190
i91
192
193
194
195
196
197
198
139
200
201
202
203
204
2U5
206
207
208
209
210
211
212
213
214
215
élé
217
218
cl9
220
221
222
223
224
225
226
227
228
229
230
231
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FACOM 230=75 (M7) FURTRAN=D =75071%5= V06&=-L05 76.06,04

'R

C
C TOTAL NO, AND TOTA[L ACTIVITY
C

DO 540 K=l14]7
DO 540 L=1yIN
SUMIO .
DO 535 lal«MID
535 SuUM = SUM + A(KWL+e]?
SUMAUVC(K L) = 2,% SUM
ANET(K+L) = SUMAUV(KL)®VOULM .
BNUF(KL) =0,
IFCAOCK L), LE+1.E~20) GO TO 540
BNUP (R L) =CADCK A L)=ANETCR+LI)/AOCK+L)*100.
540 ACTNETC(K L) = ANET(K+L)#DCONCK L)
C
C PRINT OUT
C
IFCIOUTLZ,.E®,D) GO TO 580
IFCICOL.LT.50) GO TO 550
ICOL = O
wWRITECE+904)
WHITEC(E+905) C(ATOMCIQUTZ L) sANDCIQUTZ4LY wL=1l4[N)
WHITECE69T70) ‘
550 WRITE(E9975) JT+ToFSELF« CACTNETCIOUTZ L) sLulvIN)
ICOL = 1COL + 1 .
G0 TO 750
580 IFC(JTEW.1) GO TO 600
IFCJTLE@MT) GO TO 600
JFCIT.EW . MTw) GO TO 600
iT=]T+l
GO TO 75¢C
6G0 wRITECE915) COM,COM2
IFCJT+EW,MT) WRITE(6,920)
[F{JTANEMTY WRITE(E2925)
wHRITECEB9930) JUT«TFSELF
DO 690 Kel,lZ
wRITECE«904)
WRITEL6+305) C(ATOMCK L) sANOCK L) vL=ls{N)
WRITEC(E+935) (SIGM(KsL)+LolsIN)
WHITEC6+936) (TH{K+L)yL=14sIN)
WRITEC6+937) (DCONCK L) +L=1lsIN)
wRITE(E+938) (SUMAUVIK+L)+L=14IND
WRITECH+939) C(ANET{K+L)sLmlv]N)
WRITECEH+950) (BNUP (KL ) vLL™1IN)
WRITECE+941) (ACTNET(K.L) +Lal+IN)
JA=]
Ix = O
IPAGE=]
610 JCuL=l
IFCIPAGE ER.1) GO TC 620
wRITEC(6+904)
WRITECG64905) (ATOMCK L) ANDCK L) sLelIND
620 IF(JALER,1) 60U TO &30
JF(JL.EQ.MID) GO TO 630
[F¢IXx.EG,MXW) GO TO 630
JX=]X+]1
GG TO &40
630 1FCICOL.GT,.50) [PAGE=C
IFCICOL,GT50) GO TO 610

PAGE
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230=75 (M7) FORTRAN=D =750715= v06=L05 76.06.04 PAGE

X = (JX=0,5)=DX

TFCICOL,E@ 1) WRITE(H4945)
WRITECE+940) JX e Ko FLCIX) +CAB CUXY v CACK L ¢ JXD oL=1a [ND
IX = 0

1COL = 1COL+1

JXm X+l

IF(JXLE.MIDY GO TO 620
CONTINUE

[T=1

CONTINUE

DO T60 K = 1,11

DO 160 L = I,IN

DCONCKWLY = DCONCKL)*3600,
SIGMCK L) mSIGM(K L)*1,E2%
THC(KWL) = THC(KL)/3600,

JSTP = |STP+1

GO TO(120+150+1104100+850)+JSTP
STOP

FORMAT(212+19A4)

FORMAT( 2A4+4E12,5)
FORMATC3EL12,5+TA4)
FORMAT(6E12,5)
FORMAT(F10.445[4)
FORMATCLOFB.5)

FORMATCLHL////7 20%+6H we%x 19A4/7//735X, TAby 6H #nux% f/15X.

16H INITIAL SETTING/

20X+ 8H 11 = 4[10 /

20X+« 8H [N = 4[10 /

20X, 8H DL = 1GE10.,3+ SH (CM)/
20X, B8H SL = (1QE10.3+7H (CM+2)/
20X BH WGD = J1GE10.3+4H (G)/)

901 FORMAT(

904
905
910G
911
912
913

914
<915

320
925
930

935
936
937
938
939
940
941
945

oo~ O NI D

20X, BH |OUTZ= 11077/

20X+ 8H DX = J1QE10,3+ S5H (CM)/

20X+ 8H DT = ,1QE1Q0,3+ 5H (HRY/

20X+ 8H DTHR2= +13E1Q.3+ 5H (HR)/

20X, 8H FPO = ,1@E10,3,13H (CM=2,SEC-1)/
20X, BH CAB = 1BE10.3+ 7H (CM=1)/

20X, 8H VOLM = +1&E10,3+ TH (CM+3))
FORMATC(1KWL// /)

FORMAT( /30Xy 5 NUCL+10(2X.2A4))

FORMAT (27X 8H
FORMAT(25X+10H
FORMAT (23X 12H
FORMAT (21X ,14H
FORMAT (17X .18H

TOT.NO.+10(19E10.3))

NO,PER CC+10(1RE10,3))

S1GMA (BARN) +10(1QE10.3))

HALF LIFECHR) y10(1QEL1D,3))

DECAY CONST,(/HR) +10CLEEL1043)//)

FORMAT(1H1///20% 5Has%% +19A4/35X TAb, 6H #*axw//)

FORMAT (/740X ,25H w#xe% FINAL RESULTS ##xx b

FORMAT (/740X «31H #anxn INTERMEDIATE RESULTS #x%x)

FORMAT (/750X 6H JT = +157/50X¢6H T = J1QEL1Q. 3. 5M (HR}/
1 I§0Xa6HFSELF--l@ElO.3lI/)

FORMAT (29X &H
FORMAT(20X+15M
FORMAT (16X «19H
FORMAT (16X +19H
FORMAT (21X 1 14H

SIGMA+10{10ELD,3))

HALF LIFE(SEC) 10C1GE10.3))
DECAY CONST.(/SEC)+10(1GELO.3))
NG, IN UNIT YOLUME.10(lGELD,3D)
NO. IN SAMPLE10(lQE10,33}

FORMAT(L1X+1341X+13(1QELC.3))

FORMAT (21X +14H

FORMAT(1xXs 4H JX +10H X

ACTIVITY(DPS) «10C1QELD.3))
+10H FLuX '

vt
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1 104ABS50.COEF.«16H ATOM NO. PER CC/ 5X¢10H (CM)
2 sL19(CM=2SEC=1) s 9H (CM=1) ) :
277 950 FURMAT(21X114H BURN=UP(P,C,) +19(10E10,3))
278 955 FURMATCL1HL////7/20K+36H ##%% [NITIAL FLUX DISTRIBUTION wnunt//
1 25Xs 4H JX #10H X +10H FLUX /
2 29%+104 (CM) +11H(CM=2SEC-12 /)
279 960 FURMAT (24X +1441X42(10E10.,3))
230 965 FORMAT(///24Xs 9+ FSELF = +1QEL10,3)
281 970 FUORMAT(11Xs 4H JT W13H TIME (HR) +10H FSELF
1 +21h NET ACTIVITY (DPS) /)
2342 975 FORMAT(LOX+]441X4F10,2+11C1QE10.3)) .
283 80 FORMAT(/
7T 20Xy 861 FLO = J1QF10,3+13H (CM=2,5EC=1)/
T 20Xy 8M RTTO +1WwELQ, 3/ .
8 20Xy 8H TIMf «18E10.3+ 5H (HR)/)
284 983 FORMAT(/

¥ 20X+ BH MX = ,[10 !/
1 20X 8H MXw = 10 !/
2 20X, BH MT = 4]10 /
3 20Xs BH MTw = ,110 /
9 20X+ BH [STP = 110/}

285 990 FURMAT(28X+7H SZERQC +10C1EE10,3))
246 995 FURMAT(12X423H EP{TH, SELF=SHI., FACT,s+l0¢1GE10,3))
287 END :




