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To evaluate the radioisotope productions due to the neutron 

irradiation in fission or fusion reactors, the data for the activation 

cross sections ought to be provided. It is planning to file more than 

2000 activation cross sections at final. In the current year, the 

neutron cross sections for 14 elements from Ni to W have been 

calculated and evaluated in the energy range 10 to 20 MeV. 

The calculations with a simplified-input nuclear cross section 

calculation system SINCROS were described, and another method of 

evaluation which is consistent with the JENDL-3 were also mentioned. 

The results of cross section calculation are in good agreement with 

experimental data and they were stored in the file 8, 9 and 10 of 

ENDF/B format. 
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1. # X 

W ^ i ^ o / c 7 C * ( i N i , Cu, Zr, Nb.Mo, A g . C d , In ,Sn, Sb, Eu, Gd, Ta , W T * f ) , 

©£fiR»rifi*£f1-jrL;fco -«5©tt8TM;g*8ffl©ttl*tt8Eafcffi-ofc$>©t>*So £ / ; , 
£fiR«ES© + lctt. l i £ ^ ' * & T 0 & g t t & £ ^ A , - £ ^ - 5 o A * t * t t f i * * + - - I i 10"BeV 
frh 20MeV J f * 5 „ 

coit*->xxA(isstt{*4fi£8ffB»^a:gitw*n, *Si**i-sj6-ci*ft*icsfcT«F 
mukco-z&itzo &g t t< *£ l£®^&«X{«g t t#£ f i £SJS©«g l£0 f f i ^& ; f f i <c -3 i ' 
T t t , J E N D L - 3 0 J : t> f iS t t#Mfc»fS»£3 l f f lL fc t>©fc*So 

JJITS& 2 *-Cfit tW{b*Tff i*ottHEi»ff i©^te, IS 3 S T l i i U f t f - * <t ©JtRlc«fc 3*£ 

^ & £ W , S&5itic#ft!S££&-oT©£;-r£>'£«fi'-<5o 
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2. I H * « mm<D^m 

J E N D L # ^ g ^ 7 T A ^<D-—ot LT, JftfrMtifffift 7 7 A ^©ftfiRrt*iia6 b t l t l ' 3 ri*. 

ft/c„ **T(S5fe-fltW • f?M®1j&<D? hiAC S INCROS-mco^Ta^So stl?©;£& 

(S INCROS-I ) l£o^Tfif8S^fT;bftT^3o2) CO^lfigfi, BEIC&K $ ftt^ < o ^ 

cD7"^-T(cj;orfiJffl$tir*>^> 4-[siffl5tIlcgLrfcffli"in/;„ L*>L. *^jg<i± 

iiEl'lx^^OlOTC^Clt^T-li, SINCR0S-I©&&JStT-*5 S I NCROS-E^TSffl $ tlT 

S INCROS-H^WfllfiE^Fig.2.1 (C^ff-5D SINCROS-ff ^'S I NCROS-I i J t -^* 

(1) EL I ESE3)-GNASH4) |g^7'n ^"7 A ( EGNASH) i W ^ 7 ^ - ? A ^ t . l C 

5o /H^ffl7D 7 '7 i^EGNASH2 iBgfft-fSa 

(21 EGNASH2 ©ttmf££Jte?£*© 7 7 4 ^44 © h T &' < Fig.2.1 K i ^ ^ ^ l O r - f * 

10 J2,14 4 £'7>i£>glUi>LT {£??-£ ftSo £ © 9 *. 7 7 -f 'H0(iftg£ ftfcgi?^-

UMeV ^tt-pic. tSDDXO'jgKf-^iOJtK^i-fCffiC^ftTl '*^, jff i l^*^ 

7 7 4 ;H2liRJ50f[ffia©-R-e , SESttfl^fiKBrffiSlfc^iro C<D7 7 4 *«IL 

TENDF/B7* - v v vi:-ikMitmmm*w.m-?%> 77 ^ ^w^mm^m^^^y°y 
7 AXTOB10*BB3£L*ft*»cff l^fco 

7 7 4 ^141* CAS THY ^ - \-'&>RI<DAJj7-i>&tilJjZtlZ>0 CASTHYItJ;* ( n, 

7 7 4 ^44(iiS*©fc©'C-GAMF I L =i - K 6 (C <£ 3 ENDF/B©—$ 7 7 1" ;u#ftj& 

*) S I }iCROS-R<ommK^^X'fimrcn^of^.r^i,0 
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J E N D L - 3 0 7 7 ^ H i , J; r> "P < S * £ & *_ R5] fc *£ < ^felStl-So 

J E N D L - 3 (D&m&Zcot £#iJfflT'#£<, ^Hfflff ffiTk'JfcO 4t»f rfij»£ J ENDL- 3 =k 0 

i 0 , t tS t4 i**. i^ ; &GNASHlt^A^^^J6/ ; l t^^-- )<J6fcfc^/ j<i .Sc ft o T <E-»!? fffi • It 

35 3 v :T 'C^^©lt i :*S^-ff l^f i ' J -* i l^ '5AS -c © T n 3. 1 ic W /; 7C*li S I NCROS-E 

( C t o T g t - W L ^ f c W T ^ i S , 3 . 2 f f l t W l i . | E N D L - 3 «**!££ fijffl L T £ t 46/: h «T<fc 
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S I N C R O S - I I 

E N S D F 

I f i r - ? 

7 7 I * ! 

7 7 ^ H 0 

THICK 

A /J f - ? 

EGNASH2 

b£Jt;*flfi» 

7 r -OH2 

CASTHY 
A ^ J x - ? 
7 7 - f / H 4 

XTOTHI XTOB 
10 CASTHY 

42P5S& 

DWUCKY 

7 7-4 ^ 3 3 

Hffl77-( ;u 

7 r-f ^ 4 4 

GAMFIL 

E N D F / B 

tfLffl 7 3-f ^ 

Fig. 2.1 Composition of SINCROS-II 
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3. *£ ^ © & ii 

i t l - ^ ^ S ( i 3 5 2 K^ki&^tz&i), ffiWA/J^»TtfiiMH-W-> x -r A 55 II tk ( S I NCROS 

II X a o t f M f c t C i , GNASH^-K 4 ) <CJ ; 5M'^fJ:^"'l-t«lt^,M-|?:i, J E N D L - 3 ° 

i-^tnzztiznuiixikoizwriiiiffitni^z'u--> tz fc»id^ftis n 5„ K -e-55 3 .•;•.T t 

J f 3. 1TSINCROS-D T'©!(•»:££!&£&,Ml, T i ' l ' t 3. 2 "c-J H N DL - 3 T^vjlftl L 

T i r -, tz H ?£- »*£«•£+* ,M -T * c 

3. 1 Cu , Z r , Nb, Mo, Ag , Cd , I n , Sn , S b , Ta CDSfffifll 

: : ? i ^ J : T i L t i ' 5 1 0 A ; | - « i s f t , S I N C R O S - H *-tf]l>, f^ft&-'kb£®nfiift!{£ 

f ? i : £ N « W f t ® r [ f l ] f i £ I t W l , [ S ^ 18 & * <h CD It j i ^ i j ^ o T I >S0 S I NCROS-ff 

'Ci} Table. 3. 1.1 M J: •?/jr&gtttftKlJg-r £ x - ?^'<Ml<3', a i C i O M K M i f [ * « $ 

3(5 4 ? : T ; e J ; -) ' A / j f i ^ f H / j M l c o U T ^ ^ o W K;i:^<l7: ic J t - E ^ ' ^ i ' J l ' ^ f - ' - 7 

± « i t $x • f£ ,;•! iz -D i > T !-: $ 'I .'.'.< £ 'j- x. -5 o 

3. l. I Cu wHfndiM 

"•'Cu 'i:>'fi5Cu<A> ( n, ar)/>iit;(c J : - ^ r -S -^ - fn fi"Co(5.3^:;J4f>'6i!Co( J .5 'y»^ 'M-r5 

rtS " V'o ± S2 Co i; (i K Kt t {*/;<* 3 <, t c t •cn^y)^^n ' ! -bX»r i f i iMt .^ i ; ix i t ;« f i i i i f f iw 

.! f' P-1- f j ^ l \ « K tt i? 1- bjc Wr [fii M t K Wl I T li. /j< I f: W A; F i g . 3.1.1 >:k If 2 f r. ,j'< £ t l T t, ' 3 0 

f ^ ^ O r i - f p r t i M K ^ . ^ ^ y M ^ f ^ ^ ' k / j J c ^ r f r t t - l ^ ( n, a ) U & « •;> Hfr i/iiffi CO ^ '> x. K> ft T 

W : 0 ^M ii'ii©; -f - ? i Wit * ti- 3 *Mftf£ t>, - ft ^ w«ffi£" £ wKbS « t \t¥Air Z>ctfr 

c W J o 

fi0Co >Atf 82Co wt*«t1-:**'{-:filef-'- ?£ I Tlifiii* 0W'JL««*'A5o
 7) 'JU»*S«fi £ /i r-flS 

ft'j^ t w u ^ ^ A - , ,!M?-frtioj -ffciiflSftiWC *>.£>„ liJCu ( n, ci) f< itoj ^ ffi? ifn" W; r M -r s 

Pau l sen 1 0 0)%mi 1 OMeV f •]" fi T ,1 f W- =fc 0 ?Vi 0 i&iH> fi&i£ ' M T i,> -5 0 Wi nk 1 e9 ) <»%$fc 

fiu/j> 0 J*ru r t,, \H MWii-Z'% fs t « i W r I , .ft mti'&cvtfe iH (i'X'f J: L T f 4' i^0 

3. 1. 2 Zr wBrifiift'i 

Zr Mfnjfif* *"'^'9*'9A-96Zrt£%ttZttn<» n t>, H 4 t a i r T l ' t Fig .3.1.3 /j-0 11 i T' 

I* /]'; L t i 6 5 o 
9°Zr( n , 2 n ) 89 Z r T l i ^Wflfa'W & tft* SittW^.fiRWriMBlT-'JUft f'- * i Jt«! * l i t I ^ 5 0 

^»flMM« U~15MeV TitStffi* fJf3^ffil. ,* i, ^ ^ifW-lz J; -, T 89Z r ©HUSMffi ( 78.4 H* 

Hi] ) W'kbXltrrifiiM^'lfi^'/-^.^tlT(,^o 9 °Zr (n ,p ) 9 0 YTf( i Ikeda>-J«^|8|t-fe(*'l-./S»flfii 

W ( 3.1911,'fffjl ) roXi^r-^'^iW-St^J^W-WiC^A^,, J ;0 Jrf-MWW«lf5:ttfii (64.0 

- 5 -
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mm)(o^MMiMmotinmoiimttfrg;^kvt%?L^nzo cn&otm\t, 9 lz r(n,P) 
91Y, 9 lZr(n, np)90Y^ £'£$:£ (3, S INCROS-H I'J" 5 ft-g?£©ft$t© —DT& <Q , 
?£*© //SIC it I faWtn&WtZft-o l> © i M ^ .5 0 

S E W ^ t ^ C D ^ ^ ^ g J i - f - 5 , J 2 Zr(n . p) 92Y( 3.54BH9) , 9 4 Zr(n p ) 94Y ( 1 8.7 m ), 
9 4 Z r ( n > a r ) » S r (9.5B$Pa1) ( i i ' l C o O T f c M i O - l l i i W i a i i , Fig . 3.1.8 , 1 0 , 

11 K £ 3 i i 19 T £, -5 0 

S I NCROS O l t m T i i - f - i T r i b J c M ^ ' J - ^ T U S W - C , M*_(i' 9 2Zr( n, np) 91Y ©iflfi 

fcoij'fett 9 2 Z r ( n , d) 91Y fcft^Tl'5. C©=t 9 tt 2 Sz-f tttfj££irteJE0f*i»©*£ 

l i F i g . 3. 1.9 lc>H-f =fc-5 f t3i!$£©*—:& £-f< "T #ij ( . S b f t S . Cft £ © W t o t ^ T I i ^ ® : 

f t t s c i i i t ^ r a i i o t i ^ o 

3. 1. 3 Nb ©«Tifii« 

F i g . 3.1.12 &tf 13 ic 9 ; ,Nb(n, 2 n ) 92Nb &tf " Nb ( n, <z) 90Y Ixjfcffif M © I + » f I £ A 

mr- 9 i W J t & S - * L/:D
 9 3 Nb(n , 2n) ©^Nfn/ii»T'(;} L # l M I * ^ 1 2 MeV £ T 

Frehaut © g ^ ± © — Sfc#<^ ^ f i l D̂ F rehau t^ i 1 975 ^Wash i ngton Conference 

ic%£ I tzfaXfy<n%M12hii%£0)--%l,fii&il\<D-C&Zfi\ I980 tftcftATTK L /; feOT-

(3 IMS *?<{&< 4 ' o f : i l n l ^ i - J / 1 ^ 5 „ MfnWaiJ *§*(«£ LT M ^ ? t l 5 93Nb(n, 2n) 
92"'Nb UUXDtt Kit £«S:fl-/K £ l £ f i i © - S l i S l ' o 

Tli, 15 MeV f-J-jfiT'O IkedaO© f ' - ' y ^ - a L T t ^ . 

3. 1. 4 Mo © W W 

L < >R46-itlT^-5 fcf>Kol>T Fig . 3.1.14 A ^ 26£T'3&£ < I tWISiSA^ $ t l T ^ -So Mo 

©igftfe Ikeda^ 10) (Ccfco-Ofc^'-jtlfc 13~15MeVTcOffi^£ < ^ l f f l ^ n T l > S 0 

F i g . 3.1.15 © 92Mo( n, p) 92Nb , F ig . 3.1.16 © 92Mo ( n, a:)8 9Zr , 

F i g . 3.1.17© 9 5Mo(n, p ) 96Nb , F ig . 3.1.1 8 © 96 Mo ( n , p ) 96Nb , 

F i g . 3.1.19© 9 6 Mo(n, n p ) 9 6 N b , Fi g. 3.1.20 © 97Mo ( n , p ) 97Nb , 

F i g . 3.1.21 © 9 7 Mo(n, n p ) 9 6 N b , Fig . 3.1.22 © 98Mo ( n , p ) 98Nb , 

F i g . 3.1.23 © 9 8 Mo(n, n p ) 9 7 N b , F ig . 3.1.24 © 98Mo ( n , a ) 95 Zr , 

F i g . 3.1.25© innMo (n ,2n)9 9Mo, F ig . 3.1.26 ©'°°Mo( n o ; ) 9 7 Zr , 

^i'•|Ji^i•'-r^T©|5]{i^:(^:;A^T•*il^, c ftt>ofxtincfrfr-h*>f£H©^{3:?gjt^7 / -
9 ^ i ' f f l f t S l c I I ' i f ' ^ L T l ' 5 , , ^ -©ISmi IT atntM%i<D St.lt f n, np)MJ&tt£' 

1 - ^ - r K S i J L T ' ^ ^ x - ? < t J . t & £ f t T ^ S C £ K & - g t L T I i U > „ 

Fig . 3.1.14 ( C ^ L / : 92Mo( n , 2n ) 91Mo©ffi?iSffllc I3«i#<fc S f £ J £ © - o A ^ x . £*lTI,> 

-So E | - e a S i i ! 9 9 2 Mo(n, 2n) ixJSW^irfii^T'fiTWi D taibi©f|te -S3?i£x - ? # • $ * . £ 

- 6 -
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n i l > 5 * S MtW-Zlit 0) •) -tb{g.^iiti& >j-z_T ^ 6 Abboud 1 3 ) ^ w ^ ' l i i -Sc-^-SC i * ^ L 

3. 1. 5 Ag ©iffftifu 

Ag Oft" WO-9 r>%$k7-'-?t<»ltftfi<, Tig. 3.1.27 X)>0 30 i ' C i : ' u ^ f t ' C l ' ^ o Table 

3.1.1 ic >}< $ ft X l ' * J: T (c c (D ft m m H. X (i & & 14: W T. bJc '•< i t . i i 1' t * -r O & *r 'Jll X. T .*; 

0 , W l » g t ' { > o U l l x . n i i ' l07Ag i- fc in9Ag c j j t i i f i i 7 Mu'jiiiit/^.tj^o %1&-7-

9li HMeV fj-jS£|Sfc< £ , ttt • f j£ fe#-,T'.^o M -•• XfAX \l o J; - ) i : ,!f ¥?• £ o|!!| ic ± -f 

i-fco -&<i il ^ 1 5 & « « , f # c j « ^ L i- { ,« ! )* 'o0 

3. 1. 6 Cd ©frifiili 

Cd IU.JM*3& 10 6 ,108, 1 10 , 1 1 1 , 1 1 2 , 1 1 3 , 1 1 4 , 1 1 6 io 8 MtftWtf- A 0 , H ftt'Wl- b£ 

^It(i^It28l>ilt.WC/>v^o -E-coft^tiTable. 3. 1.1 IC,;?U>0 .il P i 'ii'S^ i « i t ^ (i Fig. 

3.1.3 17^37107; I T * So r ig .3 .1 .31Tl i '"6Cd ( n , 2 n ) ">sCd '< H-WWIUWP 9 'MO ( n , 2n) 
9'Mo hi. It;01# ft £ In] C J; -7 (C fft I > fi&; £ '>x. £ 'A-18fiW 5- £ f-V I X I> 5 C £ A M ^ 5 o ( n , 2 n ) 

ftftMfWOlgg^'IK'F ^ i&A:4fig£ '>/L £ ISM^'Mic * -5 « 7 ^ ^ - C A 3 £ ifn'l'l l>. Fig. 3.1.32 

co l 0 6Cd(n,p) 1O6Ag0Jfift, ••k&T- 9 £o> ~m±l)i-1$r-&^0 iW,il* Sj * 5 £ & -3 *i, 
i£ *>(£'.£ i ^ i K L ^ £ o * i j r r f c T 5 / i ( . ^ ^wffl!«W/i;-«/:<ii:;T(ii.i1j^«---ft[iii^ J:-ci.^W-

T'&So ' ^ ^ T - ' - ? fr'PU^fr, M l> tl 16 IC lt& (D &<£&-,]< i! tlXK^j; l >%• < Wl>ilt>Ai*)i,« 

li , f i j f t 4-1 ^ A<. If W it - S L A: #5 ftt4 £ ft -> T fc 0 , A' 5 /i ,S 0 li ^ i > t « i * x T l ' 

•S o 

3. 1. 7 I n cDBTifriffii 

" 3 I n £ " 5 I nW]>clC.;T;'fcl2«^5lt4^'f-lS/XiL;/j^i^5o ' l ^ ^ m - S ' ^ f - ? 73< 

' > / i l ^ S HMeV i-tiliic&lj h%m\K(t$t%^ffil-£mZ i\Xl> >lo fJ.jMfit,' I- A-t-T -5 (n , 

2n)lxlc.;w^, F i g . 3.1.38 SO'39 T l l f - ? £ £>It$£rivj< £ ftT t > ha " 6 I n - c ( i ( n , 

So ^ftfc:\-i$«rAr#4£'$U'i-f ^ £ fc®w—:f*50 

3. 1.8 Sn ©irifiifS 
Sn ( i W « ^ H 2 , 114, 115, 116, 117, 118, 119, 120, 122, 124 £ l O M f i f t ^ * 0 , & jt 

ttfttJS&tJfci Table 3.1.1 ft ^tf'fc fc ®T'4SltiIiJ- * 0 / : ; / ;L , '}Mt i i«aWf£^'£& tt&co 

if ft feat ft, $ « f t » f iffi»©ftW©*fgtlt 4" £ ^ h t « t * £ / / , st WXli t U lfc Z MHf ic 

WLIC tfr&gX&tO, m%t IXt^XCDlxltimihmft'J-JL^hX^Zo fe!4i(i Fig.3.1.40 

frZ>51tX-co4i-e, '£ffk7- 9 ± i t R $ t t T t , > - 5 0 C i T f c I keda^10)W'A^ft, :Jfi^ L 1$I if 

5\m£tixisir>, it%x-<Dm&:&fg.'<? / - *ut'oi-ik&cmRiziiT^Zo 1 ^ 1 , tptat 
Fig. 3.1.42 i c ^ t i ^ i c " 4 S n ( n , p ) l , 4 m l n IxItififiiMr l i i tW £ ' i ; ' ^£ ® x t- ^ * * - fe 

- 7 -
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#ttrt*5*flcteS *>©#*£„ £ /; , 120Sn(n ,a) ll7CdSlSffli#£l<:[;J;Slfi>t*;ll£fi£(2.49h) 

iSfSttft^BR (3.36h)o»fEa[*i||«i?li8Efttt«[4sRO^**^^*#^OIc, ftWeteiS* 

IC^S4-i'«lirt^S^-SRi!**SJgSfe*S ( Fig. 3.1.49,50)o * h K-0©&gt t#£ |£ 

^iHl^lc^f* "6Sn(n, p) 116InS^^i''OJ;9^Ji^lC[ili-*(i-o0^^tt<*4fiS;^Sij 

*KKK\ £ It IT Hilfii It &£txTl^ 6 ( Fig. 3.1.43 SCX 46 )c Fig. 3.1.51 n t 124Sn 

(n, 2n) 123SnOlt»^'^^tLTl^7&i, ¥«JI840#©«£tttt£l£lftffi*A* Ikeda£®!llft 

r-910)tm®\Z&^-&$:*ttC?>frt>, H¥ttJ8(129.2d) ©SJKttl^jSSfffi*Olt 

3. 1.9 Sb ©BriS* 

Fig. 3.1.52 TkUf53^r.-o(Dm&W IZISbi 123Sb© (n ,2n) JxJCO^S^^-f o '21 Sb 

(n,2n)r©SJatt.|gifeJ5£Kff®MTii 1 6 MeV l^±T'lt*fi*^ < fc *3 , &¥Hffl (5.76d)0 

fcm##&l&m\la9ltf&lBiit&^t£t'1ktt+'<%mi%W&i<tl-C^Zo (n, 2n)R£JiWCIi 

3.1.10 Ta ©$TlB» 

Fig.3.1.54 &t>'55 IC (n, 2n)&y' (n,p) MfEoMiKol 'T l i f - ^ £j£*$£ftT^ 

30
 181Ta ©glatt<i£$Mttl#©x t 'yoffiliX«5lcJ;orS4-5Ji^^*S^, CCTii 

ENSDF©7i<^-J;9lJ:S)tttt^©x t°y^-r , ^ t t f t t t . ® * 9~ i U ; „ Prestwood H \ 

Bormann5), Ikeda 10)(i^#tl fe l + ttB^^Stti* i LTS8iI4MLtt^i« , CCT? 

licnzmi£Wm±l&mtix\mt LTmWi^ftWtlt& LT^So -&©gg{i IkedaOr-:? 

a^^^f f iS-^- f ©£&£ , g f f t i S o ( n , 2n ) £HM«T-(;£ lOMeV ttfir- Frehant'^ 

iOzg«***So ( n , 3 n ) n i f c l i i O - S l i g l v ( n , p ) SJfc©t§£ , ItWttti^ 

- 8 -



J A E R I - M 89-129 

T a b l e 3.1.1 T a b l e of I s o m e r S t a t e s 

Nuclide 

27A1 

45Sc 

54Fe 

™Co 

58Ni 

60Ni 

6 % 

62Ni 

63Oi 

65Cu 

68Zn 

70Zn 

Reaction 

(n,2n)26Al 

(n,2n)44Sc 

(n,2n)53Fe 
(n,t) 52Mn 

(n,n 60Co 
(n,2n)58Co 

(n,p) 58Co 

(n,p) 60Co 

(n,np)60Co 

(n,p) 62Co 

(n,«) 60Co 
(n,2n«)58Co 

(n,<K) 62Co 
(n,2n«)60Co 

(n,f) 69Zn 
(n)P)

 68Cu 

(n,r) 71Zn 

(n,2n)69Zn 

(n,p) 70Cu 

Isomer 
Level Ev 

No. 

2 

5 

(21) 
2 

2 
2 

2 

2 

2 

2 

CM
 

C
M

 
C

M
 

C
M

 

2 
4 

2 

2 
3 

(MeV) 

0.2284 

0.2712 

3.0407 
0.3777 

0.0586 
0.0249 

State 
Tl/2 

6.34s 

58.6h 

2.58m 
21.1m 

10.48m 
9.In 

(see above) 

(see above) 

(see above) 

0.022 13.9m 

(see above) 
(see above) 

(see above) 

(see above) 

0.4387 
0.7216 

0.157 

13.8h 
3.8m 

3.97h 

(see above) 
0.140 46s 

J 

0+ 

6+ 

19/2" 
2+ 

2+ 

5+ 

5+ 

9/2+ 

6~ 

9/2+ 

4~ 

Ground State 
Tl/2 

7.2E05y 

3.93h 

8.51m 
5.59d 

5.272y 

70.91d 

1.50m 

57m 
31s 

2.4m 

5s 

J 

5+ 

2+ 

7/2" 
6+ 

5+ 

2+ 

2+ 

1/2' 
1+ 

1/2" 

1+ 

- 9 -



JAERI-M 89-129 

Table 3. 1. 1 ( Cont inued ) 

Nuclide 

90Zr 

91Zr 

92Zr 

93Nb 

Reaction 

(n,n')90Zr 

(n,2n)89Zr 

(n,p) 90Y 

(n,np)89Y 

(n,e>f) 87Sr 

(n,2n)90Zr 

(n,p) 9 1Y 

(n,nP)
90Y 

(n.np)91Y 

(n,r) 94Nb 
(n,n')93Nb 

(n,2n)92Nb 

(n,3n)91Nb 

(n.cr) 9 0Y 

(n,n«)89Y 

Isomer 

Level Ey 

No. 

4 
2 

3 
2 
2 

4 
2 
3 

2 

2 
2 

2 

2 

3 

2 

(MeV) 

2.319 

0.5878 

0.6820 

0.9092 

0.3884 

State 

Tl/2 

0.809s 

4.18m 

3.19h 

15.7s 

2.80h 

(see above) 

0.5556 49.7m 

(see above) 

(see above) 

0.04095 

0.03082 

0.1355 

0.1045 

6.26m 

15.8y 

10.13d 

62d 

(see above) 

(see abov-;) 

J 

5" 
1/2-

7+ 
9/2+ 

1/2" 

9/2+ 

3+ 

1/2" 

2+ 

1/2" 

Ground State 

Tl/2 

sta. 

78.4h 

64. Oh 

sta. 

sta. 

58.5d 

2.0E04y 

sta. 

3.7E07y 

7.0E02y 

J 

0+ 

9/2+ 

2" 
1/2-

9/2+ 

1/2" 

6+ 
9/2+ 

7+ 
9/2+ 

94 Nb (n,y) 95Nb 0.2357 3.61d 1/2" 34.98d 9/2-1 

92 Mo 

94 Mo 

95 Mo 

96 Mo 

97; Mo 

(n,r) 93Mo 

(n,2n)91Mo 

(n,p) 92Nb 

(n,np)91Nb 

(n.flf) 89Zr 

(n,2n)93Mo 

(n,p) 94Nb 

(n,p) 95Nb 

(n,np)94Nb 

(n,np)95Nb 

(n,P)
 97Nb 

(13) 

2 

2 

2 

2 

(13) 

2 

C
M

 
C

M
 

2 

2 

2.4252 6.9h 

0.6530 65s 

(see above) 

(see above) 

(see above) 

(see above) 

(see above) 

(see above) 

(see .ibove) 

(see above) 

0.7434 54s 

21/2+ 3.5E03y 5/2+ 
1/2" 15.5m 9/2+ 

1/2" 73.6m 9/2"* 

- 1 0 -



JAERI-M 89-129 

Table 3. 1. 1 ( Continued ) 

Isomer S ta te 
Nuclide Reaction Level E ^1/2 

No. (MeV) 

Ground State 
Tl/2 J 

98Mo 

l°°Mo 

(n,p) 98Nb 

(n,np)97Nb 

(n,np)99Nb 
(n,2np)98Nb 

2 

2 

2 
2 

0.084 

0.7434 

0.3653 

51m 

54s 

2.6m 
(see above) 

5+ 

1/2" 

1/2' 

2.8s 

73.6m 

15s 

1 + 

9/2+ 

9/2+ 

107 Ag 

109 Ag 

(n.j-) 108Ag 

(n,n')107Ag 
(n,2n)106Ag 

(n,p) 107Pd 
(n,«) 104Rh 

(n,n«)103Rh 

(n,/) 110Ag 
(n,n')109Ag 
(n,2n)108Ag 
(n.p) 109Pd 
(n,«) 106Rh 
(n,n«)105Rh 

3 

2 
2 

3 
4 

2 

3 
2 
3 
3 
2 
2 

0.10947 

0.0931 
0.08963 

0.2149 
0.12896 

0.03975 

0.1176 
0.08803 

1.3E02y 

44.2s 
8.5d 

20.9s 

4.36m 

56.12m 

249.8d 
39.8s 

(see above) 
0.1890 

0.14 
0.12978 

4.68m 
2.18h 
45s 

6+ 
7/2+ 
6+ 

11/2" 

5+ 

7/2+ 

6+ 
7/2+ 

11/2" 
6+ 

1/2" 

2.42s 

sta. 
24.0m 

6.5E06y 

41.8s 

sta. 

24.6s 
sta. 

13.43h 
29.8s 
35.4h 

1+ 

1/2" 
1+ 

5/2+ 
1+ 

1/2" 

1+ 

1/2" 

5/2+ 
1+ 

7/2+ 

-11-



JAERI-M 89-129 

Table 3. 1. 1 ( Continued ) 

Nuc l ide 

lOBcd 

108Cd' 

1 1 0 Cd 

" l e d 

1 1 2 C d 

1 1 3 C d 

1 1 4 C d 

need 

R e a c t i o n 

( n , p ) 1 0 6 Ag 
( n , n p ) 1 0 5 A g 

( n , p ) 1 0 8 Ag 

( n , n P ; 1 0 7 A g 

(n,r) 1 U C d 
( n ) P ) 1 1 0 Ag 

( n , n P ) l ° 9 A g 
(n,ar) 1 0 7 P d 

( n , n ' ) l n C d 

( n , p ) n l A g 

( n , n p ) 1 1 0 A g 

( n , n a ) 1 0 7 P d 

( n , r ) 1 1 3 C d 

( n , 2 n ) 1 1 1 C d 

( n . n p ) 1 1 1 / ^ 

( n , * ) 1 0 9 P d 

( n , n ' ) 1 1 3 C d 
( n , p ) 1 1 3 Ag 
( n , n a ) 1 0 9 P d 

( n . r ) 1 1 5 C d 

( n , 2 n ) 1 1 3 C d 
( n , n p ) 1 1 3 A g 

(n,C() 1 U P d 

( n , D 1 1 7 C d 
( n , 2 n ) 1 1 5 C d 

( n , P ) 1 1 6 Ag 
( n , n P ) 1 1 5 A g 

( n , o ) 1 1 3 P d 

Isomer 
Level E^ 

No. 

2 

2 

3 

2 

4 

3 

2 
3 

4 

2 

3 

3 

2 

4 

2 
3 

2 

2 
3 

2 

2 
2 

3 

3 

2 

2 

2 

2 

(MeV) 

0 .08963 

0.02547 

0.10947 

0 .0931 

0 .3962 

0 .1176 

0 .08803 
0 .2149 

S t a t e 

T l / 2 

8 .5d 
7.23m 

1.3E02y 

4 4 . 2 s 

48.6m 
249.8d 

3 9 . 8 s 

2 0 . 9 s 

( s e e above) 

0 .05982 6 4 . 8 s 

( s e e above) 

( s e e above) 

0 .2636 14 . l y 

( s e e above) 

( s e e above) 
0 .18899 4.69m 

( s e e above) 

0 .0432 6 8 . 7 s 
( s e e above) 

0 .181 44 .6d 

( s e e above) 
( s e e above) 

0 .1722 

0 .1364 

5 .5h 

3 .36h 

( s e e above) 

0 .081 

( ) 

( ) 

1 0 . 4 s 
1 8 . 0 s 

8 9 . 0 s 

J 

6 + 

7 / 2 + 

6 + 

7 / 2 + 

1 1 / 2 " 

6 + 

7 / 2 + 

1 1 / 2 " 

7 / 2 + 

1 1 / 2 " 

1 1 / 2 " 

7 / 2 + 

1 1 / 2 " 

1 1 / 2 " 

1 1 / 2 " 

( ) 
7 / 2 + 

( ) 

Ground S t a t e 

T l / 2 

24.0m 

41 .3d 

2.42m 

s t a . 

s t a . 

2 4 . 6 s 

s t a . 
6.5E06y 

7 .47d 

9.0E15y 

13.43y 

5 .3h 

53 .5h 

22m 

2 .49h 

2.68m 

20m 

98s 

J 

1 + 

1/2" 

1 + 

1 /2" 

l / 2 + 

1 + 

1/2" 
5 / 2 + 

1/2" 

l / 2 + 

5 / 2 + 

1/2" 

l / 2 + 

5 / 2 + 

l / 2 + 

( ) 
1/2" 

( ) 

- 1 2 -



JAERI-M 89-129 

Table 3. 1. 1 ( Continued ) 

Nuclide 

113In 

115In 

Reaction 

(n,r) 114In 
(n,n')113In 

(n,2n)112In 
(n,P)

 113Cd 

(n,a) 110Ag 
(n,nof)109Ag 

(n.n 116In 

(n,n')115In 

(n,2n)114In 
(n,P)

 115Cd 
(n,n«)ulAg 

Level 

No. 

2 
2 

2 
2 

3 
2 

5 
2 
2 
2 
2 
2 

Isomer 

(MeV) 

0.1903 
0.3917 

0.1565 
0.2636 
0.1176 
0.08803 

0.2897 
0.1273 
0.3362 

State 
Tl/2 

49.51d 
1.6851h 

20.9m 

14.ly 
249.8d 
39.8s 

2.18s 
54.15m 
4.486h 

(see above) 
0.181 
0.05982 

44.6d 
64.8s 

J 

5+ 

1/2" 
4+ 

11/2" 
6+ 

7/2+ 

8~ 
5+ 
1/2" 

11/2" 
7/2+ 

Ground State 
Tl/2 

71.9s 
sta. 

14.4m 
' 9.0E15y 
24.6s 
sta. 

14.1s 

sta. 

53.5h 
7.47d 

J 

1+ 
9/2+ 

1+ 
1/2+ 

1+ 

1/2" 

1 + 

9/2+ 

1/2+ 
1/2" 

- 1 3 -



JAERI-M 89-129 

Table 3. 1. 1 ( Continued ) 

Nuclide 

112Sn 

114Sn 

115Sn 

116Sn 

117Sn 

118Sn 

H9Sn 

Reaction 

(n,n 113Sn 
(n,p) 112In 

(n,np)U1In 

(n,2n)113Sn 

(n,p) 114In 

(n,nP)
113In 

(n.fc) 111Cd 

(n,p) 115In 
(n,nP)

114In 
(n,noc)nlCd 

{n,f) 1 1 7Sn 

(n,p) 116In 

(n,np)115In 
(n,a) 113Cd 

(n,n')117Sn 

(n,p) 117In 
(n,nP)

116In 

(n,n«)113Cd 

(n,r) 119Sn 
(n,2n)117Sn 
(n,P)

 118In 

(n,np)117In 

(n,«) 115Cd 

(n,n')119Sn 
(n,p) 119ln 
(n,np)118In 

(n,na)115Cd 

Isomer State 

^ v e l Ex Tl/2 
No. 

2 
2 

2 

2 

2 

2 
4 

2 
2 
4 

3 

5 

2 

2 

2 

3 

2 
5 
2 
2 

3 
3 
4 

2 

2 
2 

3 
2 
4 
2 
2 

(MeV) 

0.0774 21.4m 
0.1565 20.9m 

0.5368 7.7m 

(see above) 

0.1903 49.51d 

0.3917 1.658h 
0.3962 48.6m 

0.3362 4.486h 
(see above) 
(see above) 

0.3146 13.6d 

0.2897 2.18s 

0.1273 54.15m 

(see above) 

0.2636 14.ly 

(see above) 

0.3153 116.5m 
(see above) 
(see above) 
(see above) 

0.0895 293d 

(see above) 
0.20 8.5s 

0.060 4.45m 

(see above) 

0.181 44.6d 

(see above) 
0.3114 18.0m 
(see above) 
(see above) 
(see above) 

J 

7/2+ 

4+ 

1/2" 

5+ 

1/2" 
11/2" 

1/2" 

11/2" 

8" 
5+ 

11/2" 

1/2" 

11/2" 

8" 

5+ 

11/2-

1/2-

Ground State 
Tl/2 

115.Id 
14.4m 

2.806d 

71.9s 

sta. 

sta. 

sta. 

sta. 

14.1s 

sta. 

43.1m 

sta. 

5,0s 

53.5h 

2.4m 

J 

l/2+ 

1 + 

9/2+ 

1+ 

9/2+ 

l/2+ 

9/2+ 

l/2+ 

1+ 

l/2+ 

9/2+ 

l/2+ 

1+ 

l/2+ 

9/2+ 

- 1 4 -



JAERI-M 89-129 

Table 3. 1. 1 ( Continued ) 

Nuclide 

120Sn 

122Sn 

124Sn 

Reaction 

(n,r) 121Sn 
(n,2n)119Sn 

(n,p) 120ln 

(n,nP)
119In 

(n,«) 117Cd 

(n,r) 123Sn 

(n,2n)121Sn 

(n)P)
 122In 

<n,nP)
121In 

(n,a) 119Cd 

(n; X) 125Sn 

(n,2n)123Sn 

(n,p) 124In 

(n,nP)
123In 

(n,K) 121Cd 

Level 

No. 

2 
3 

3 
2 

2 
3 

2 
2 
5 
2 
2 
3 

2 
2 

5 

2 
2 

Isomer 

• Ex 
(MeV) 

0.0063 

0.0895 

( ) 
( ) 
0.3114 

0.1364 

0.0246 

State 
Tl/2 

55y 
293d 

47.3s 
46.2s 

18.0m 

3.36h 

40.08m 
(see above) 
0.220 

( ) 
0.3136 
0.1465 

0.0275 

10.8s 

10.3s 
3.88m 
2.20m 

9.52m 
(see above) 

0.190 

0.320 

( ) 

2.4s 

47.8m 
4.8s 

J 

11/2" 
11/2" 

8" 
5+ 

1/2" 
11/2" 

3/2+ 

8" 

4+ 
1/2" 
11/2" 

3/2+ 

8" 

1/2" 

( ) 

Ground State 
Tl/2 

27. Oh 

sta. 

3.08s 

2.4m 

2.49h 

129.2d 

1.5s 

23s 
2.69m 

9.63d 

3.2s 

6.0s 

13.5s 

J 

3/2+ 

1/2+ 

1 + 

9/2+ 

1/2+ 

11/2" 

1+ 

9/2+ 

1/2+ 

11/2" 

3+ , 
9/2+ 

( ) 

- 1 5 -



JAERI-M 89-129 

Table 3. 1. 1 ( Continued ) 

Nuclide 

121Sb 

l23Sb 

Reaction 

(n,n 122Sb 

(n,2n)120Sb 

(n,p) 121Sn 

<n,0r) 118In 

(n,n0r)117In 

(n, r )124Sb 

(n,2n)122Sb 

(n,p) 123Sn 

(n,«) 120In 

(ri,n0t)119In 

Level 

No. 

6 

2 

2 

4 

2 

2 

2 

3 

6 

2 

3 

2 

2 

Isomer 

Ex 
(MeV) 

0.16356 

( ) 
0.0063 

0.20 

0.060 

0.3153 

0.0109 

0.03685 

State 

Tl/2 

4.21m 

5.76d 

55y 

8.5s 

4.45m 

116.5m 

93s 

20.2m 

(see above) 

0.0246 

( ) 

( ) 

0.3114 

40.08m 

47.3s 

46.2s 

18.0m 

J 

8" 

8" 

11/2" 

8" 

5+ 

1/2" 

5 + 

8~ 

3/2+ 

8~ 

5+ 

1/2" 

Ground State 

Tl/2 

2.71d 

15.9m 

" 27.Oh 

5.0s 

43.1m 

60.2d 

129.2d 

3.08s 

2.4m 

J 

2" 

1+ 

3/2+ 

1 + 

9/2+ 

3" 

11/2" 

1+ 

9/2+ 

180Ta 

181Ta 

(n.cf) 177L\i 

(n,/) i82Ta 

(n,2n)180Ta 

in,") 1,BLu 

( ) 

(25) 

3 

3 

0.97015 

0.5197 

0.0753 

0.30 

160d 23/2" 

15.9m 10" 

1.2E+15y 9" 

22.7m 9" 

6.71d 

114.5d 

8.15h 

28.5m 

7/2+ 

3" 

1+ 

1 + 

- 1 6 -



J A E R I - M 89-129 

Cu63(n, a)Co60 Production Cross Sections (8906) 

70 

60 

total 
° Paulsen(1967) 
• Winkle (1930) 

i somer 
• Katoh (1939) 

(n, xa) 
XGrimes(1979) 
© flhmad 1987 

Kneff 1986 

10 15 
Neutron Energy (He1/) 

Fig. 3.1.1 63cu(n,o)60Co Production Cross Sections. 

Cu65(n, a)Co62 Production Cross Sections 
-i—j—i—i—l—I—(—i—r—i—1—|—r-1—r—r—p-i—r-

(8906) 

14 

12 

10 

8 

6 

isomer 
o Bormann (1966 
A Kanteie 1962 
a BramlfttC1963 
• Katoh (193: 

ground(2*, 1.5m) . 

_J^r^ It 
'isomer(5M3.9m) + 

0<-
12 

... I _ J i I L_ 

13 14 % 15 
Neutron Energy (II e V) 

Fig. 3.1.2 65Cu(n,<x)62co Production Cross Sections. 

16 

- 1 7 -



J A E R I - M 89-129 

ZrO0(n 2n)Zr80 Production Orocc Section- (mi) 
1400 L 

120k 

1B0E 

899 

689 

400 

299 

' total 
- o Pre$ti..\iood(196l) 
- • Hbboud (1969) 
• • Nethaway (1972) 
. - Wen-Ronci (1984) 
; o Ikeda (1933) 

1 

/ 

/ * IS-1** 

• 

$r ' ^ — — — ~"' 
J , r _^_ -^ grounJ(9/2*, 73.4h) -

isomer 
° Kanda(1972) : 

• Katoh(1987) : 

-*—~~~~~ i somer(1 /2~, 4. 18m) 

• i i . . . . i . . . . 

12 13 . 14 15 16 17 18 19 20 
N e u t r o n E n e r g y (Me V) 

Fig. 3.1.3 90Zr(n,2n)89Zr Production Cross Sections. 

:rfJ0(n. p)Y90 Production Croc? Sections (8997) 
~T~ - i — i — i — i — i — i r— 

30 

20 

10 

isomer 
o fllford (1961) 
o Lu 1970) 
A Huso in (1970) 
* S i g g 1975J 
• Spongier(1975;" 
• Bacreira 1982) 

-*-n<"eda (1983; 
g round (2~, 64h) 

$omer(7*, 3.19h) 

^1^7 

12 13 14 15 16 
N e u t r o n E n e r g y (H e V) 

Fig. 3.1.A 90Zr(n,p)90Y Production Cross Sections. 

18-
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Snl20(n, «)Cdll7 Production Cross Sections 

Neut ron Energy (MeV) 

Fig. 3.1.49 120sn(n,a)117cd Production Cross Sections. 

Sn120(n, a)Cd117m Production Cross Sections 

Neutron Energy (MeV) 

Fig. 3.1.50 120sn(n,a)117mcd Production Cross Sect ions . 
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Snl24(n,2n)Snl23 Production Cross Sections 
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9round(ll/2") 
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isomer(3/2*) 

' • 1 1 1 I I L_ _J 1 1 1 1 1 1 L_l I I 1 I l_ ' ' l _ J I • • 

13 14 
Neutron Energy (HeV) 

16 

Fig. 3.1.51 124sn(n,2n)123sn Production Cross Sect ions. 
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o 
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<D 

CO 

<© 
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oaa 000 
Sbl21(n,2n)Sbl20 Production Cross Sections 

i • r 

ground isomer 
o Keohler(1962) ° Bormann(1968 
• Rayburn 1963) • Kanda (1968, 
o Boemann 1963 o Ghorai (1980; 
• Kanda (1968) 

g round ( 1 \ 15.9m) 

"10 12 14 16 18 20 
Neutron Energy (MeV) 

Fig. 3.1.52 121sb(n,2n)120sb Production Cross Sections. 
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s 

o 

o 

O 

Sbl23(n,2n)Sb[22 Production Cross Sections 

1500 

— i — i — i — i — i — 

total 
o Bormann(1968 
• Ghorai (1980 

isomer 
o Manga) (1963) 
A Minetti 1968) 
• Rurarz (1970) 

-| i | I | r | I | i | i j -

<) <> 
'> < > o 

i somer(8~, 4.21m) 

J i I i I i L 

10 12 14 16 18 20 
N e u t r o n E n e r g y (MeV) 

Fig. 3.1.53 123sb(n,2n)122sb Production Cross Sections. 

TalSKn.2n)TalS0 8 Tal8l(n,3n)Tal79 Production Cross Sectios 
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o Veeser (1977) 
• Frehaut(1980) f 
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o Prestwood(1961) \X ' 
•• Bo rmann( 1968)1 / ' 

(n,3n) , 
Veeser(1977) 

10 12 14 16 
N e u t r o n Ene rgy (MeV) 

Fig. 3.1.54 18lTa(n,2n)180Ta and 18lTa(n,3n)179Ta Production Cross Sections. 
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TalSKn,p)Hf 181 Production Cross Sectios 
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• Lindner (1959 
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Fig. 3.1.55 18lTa(n,p)18lHf Production Cross Sections. 
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3.2 Ni ,Eu,Gd,W©Krffi» 

3.2.1 Ni mmmowto 
Ni-58 , -60,-61.-62, -64£*t£> £ "t £ 0 NiOiftt^RiBlc J:4fifefiKtt«tt«t«B*«* 

i,^ I somer£/&£iE&t> ' l d Jil±©ttWtt&a£B5KCWiT*ffl«fc •?-£* So 

Ni-58 ( n , r ) Ni-59(7.63xl04y) N i - 6 1 ( n , d ) Co-60(5.37y) 

( n , p ) Co-58(9.92h,70.8d) (n .np) Co-60 ( 10.5m,5.37y) 

( n . d ) Co-57(272d) (n ,2p) Fe-60 (1.53xl0*y) 

(n ,T) Co-56(77.1d) N i - 6 2 ( n , r ) N i -63 (102y) 

(n.tf) Fe-55(2.78y) (n ,T) Co-60(5.37y) 

(n ,2n) Ni-57(1.49d) (n ,« ) Fe-59(44.5d) 

(n ,np ) Co-57C272d) (n .np) Co-62m (13.9 m) 

(n ,nd ) Co-56(77.1d) N i - 6 4 ( n , 2 n ) N i -63 (102y) 

N i - 6 0 ( n , p ) Co-60(10.5m,5.37y) (n.no!) Fe-60 (1.53xl06y) 

(n ,T) Co-58(70.8d) 

(n ,2n ) Ni -59(7 .63x l0 4 y) 

(n 2p) Fe-59(44.5d) 

glCio^T, tz t Z.H Co - 58 (9.92h , 7 0 . 8 d ) © ^ 1 © 9.92h A* i s o m e r ^ i t . N i -58 (n ,p ) , 

Ni -58(n ,2n) , N i - 6 0 ( n , p ) (i K •> * h 'J -fflSrififfiT fe * 3 0 

WffflfllfflJi isomer J t J i l ^ l i - f ^ r J E N D L - 3 ffi£J$ffl Lfc„ I somer £ f£J t met a / 

(g round+meta ) (i GNASH =>- K T l t * L , 7 7 ^ * 8 , 7 7 -f ^ 9 Ic&ijft L fco 

N i - 5 8 ( n , p ) C o - 5 8 m , Ni -60 (n, p) Co -60m, Ni -61 (n, np) Co-60 m, N i -62 (n ,p ) 

Co-62mf to^Tf f l Isomer ifiJcit m / ( m + g ) Rtf o ( g + m) , a (m) »f [ I8 t£ Table 

3.2.1(a), (b), (c), (d) I C S W 5 0 

3. 2.2 Eu SrffiSSffllffl 

Eu-151, E u - 1 5 3 ^ ^ ^ i - t S 0 B g S i t - S ^ t t ^ S ^ l i T I E O f c f f l T ' i S o 

Eu-151(n, r ) Eu-152(96m,9.3h. 13y) E u - 1 5 3 t n , r ) Eu -154 (46.1m,8.2y) 

( n , p ) Sm-151(93y) ( n . p ) Sm-153 C46.7h) 

(n.or) Pm-148C41.3d,5.37d) (n,a) Pm-150 (2.69 h) 

(n ,2n ) Eu -150(36.4y, 12.6h) ( n , 2 n ) Eu -152 (96 m, 9.3h, 13y) 

(n ,3n) Eu-149(93.1d) (n.na) Pm-149 (53.1 h ) 

(n.nof) Pm-147(2.623y) 

(n ,2p) Pm -150 C2.69h) 

±§a©ftfe0KfoT'te$S&*SW;i;2OmEtT©S^<&&A:~tta i£j&fc£tt5o Isomer£liKJil 

fttt J E N D L - 3 ©i i^^ f f lL /Co I somer i c c ross sect ion K-D l ^Tt i G N A S H T i t * 

L, i somer /g round & £ : £ & , 7 r ^ * 8 , 9 lcte#) Lfco I t J f f i & J i f t ^ f f l ^ / s A ^ x 

- ? (GNASH 1978) * » £ * © * *fflfc^fc#, ^ @ « S I NCROS *ffiffl L f c © T A * * 
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i f i fco t tz, 4>&?&mm&y 7J »%&*&i6t£^mmtfi£c-?tz<?)-r*, SINCROS 
It b u i l t - i n $ t l T l ^ 7 t ^ # x > > + ^ ^ f f l ^ / c 0 

Isomer (CoC^T, Eu- 151 (n, r) Eu-1 52m2C96m), E u - 1 5 3 ( n , r ) Eu-154m(46m), 

Eu-153(n ,2n) Eu-152m2C96m)©^fiE»TEa[lil t» L T ^ t i ^ o CtlZ® isomer level 

Isomer£/ i£®fnBiiEu-151(n,r)Eu-152m(9.3h) , Eu-I51 (n.or) Pm-148(41.3d), 

Eu-151(n ,2n) Eu-1 50mC 36.4 y), Eu-153(n,2n) Eu-1 52m( 9.3 h) £ * ft •£'ft Tab 1 e 3.2.2 

( a H d l K S t f S , ftk©ittttWftSi6»fE«!* Fig . 3.2.1 ( a M g l l c f t y S o 

3.2.3 Gd »?®«[Ofpffi 

Gd-152, -154, -155, -156, -157, -158, -156 £##!<!: "T 3 „ Sfc*HtSiS(2#;cD £>«"££> 

Gd-152 ( n , r ) Gd -153(241.6d) Gd-157(n,p) Eu-157 ( 15.15h ) 

( n , p ) Eu-152C96m,9.3h,13y) (n ,d ) Eu-156 ( 15.2d) 

(n ,2n) Gd -15K 120d) (n .np) Eu-156 ( 15.2d) 

(n ,3n) Gd -150C 1.8xl06y) (n.not) Sm-153 ( 46.7h) 

(n ,2p) Sm-151(93y) (n, 2p) Sm-156 ( 9.4 h) 

Gd-154(n,p) Eu -154(46m, 8.2y) Gd-158(n,r) Gd-159 f 18.6h ) 

(n,cc) Sm-151(93y) ( n , p ) Eu-158 C 45.9m) 

(n ,2n) Gd -153C 241.6d) ( n , d ) Eu-157 ( 15.15h) 

(n ,2p) Sm-153(46.7h) (n, np) Eu -157 ri5.15h) 

Gd-155fn,p) Eu-155(4.76y) Gd-160 (n, 2n) Gd -159 ( 18.6h ) 

( n ,d ) Eu-154(46m,8.2y) (n, not) Sm-156 ( 9.4h) 

(n .np) Eu -154(46m,8.2y) 

fn ,3n) Gd -153(241.6d) 

(n.neO Sm-151(93y) 

Gd-156(n,p) Eu-156(15.2d) 

(n,a) Sm-153f46.7h) 

( n , d ) Eu -155(4.76y) 

(n ,np ) Eu -155C4.76y) 

fn ,2p) Sm-155C22.2m) 

Gd »fBaS(iF P&r—? W G T ' © S M 1 * ^ ® J £$ffl"f ^ I s o m e r £$( ;£Eu-152, 

Eu-154 £ ) & £ ' # - ? * £ # , ^1rtlb¥-mWl1>mfr<, tiz, BftBfc^/M ^(QZ'C C T t i $ 

*>#*»•* fco JJEoT, JftWftKffiflUi J E N D L 7 r 4 A/2, 3 f - ^ t U f t 5 0 i t t t t f c f t 

J?JE»fE8l* Fig. 3 .2 .2 . (a)-(f )K»y« 0 

3.2.4 WOJ 

a c t i v a t i o n c ross sect ions OltW<i, GNASH 3 - K*ffll>T J E N D L - 3 O W f 
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- ? OfFff i i c o n s i s t e n t te Affile <fc -? T f f -> tza O M P , lx ̂  ^ x * - A| | f f l f - ? fc £ 

* f ^ i L T t ^ S i S t i T I S o a t c r - a b S o MS ft ft l8°W ( C o ^ T © « 5 £ j £ t e J E N D L - 3 T © 

ftmtmmz, 180w ©ssit^stit'h;*^ (0.13%) aA>biiL/;o 

i t i i - ^ T , m u l t i p l i c i t y £ L T F i le 9 © © t ? 7 ? A M t U ftfC^S J E N D L 

r ) l 8 3 mWC5.3s) 

3 f f l 7 7 - f * 2 
182 

82 

" W ( n 

WCn 
! W ( n 
! W ( n 
! W ( n 

W ( n 

'\V ( n 

'WCn 

' W ( n 

' W ( n 

'WCn 

W ( n 

' W ( n 
1 W ( n 

W ( n 

'WCn 

W ( n 

a6 

86 

' W f n 

W ( n 
! W ( n 

W ( n 
! W ( n 
! W ( n 

2n ) 1 8 lW( 121.2d) 

P) l 8 2 g TaC115d) , 1 8 2 m l T a ( 0 . 2 8 s ) , l 8 2 m 2 T a n 5 . 8 m ) 

a) 1 7 9 , n ,Hf C18.7s) , 1 7 9 r a 2Hf(25.1d) 

n ' r t ) 1 7 8 m H f ( 4 . 0 s ) 

n-) 183W (5 .3s ) 

3n) 1 8 1 W C121.2d) 

P ) 1 8 3 T a ( 5 . 1 d ) 

a) 1 8 0 m H f ( 5 . 5 h ) 

n - p ) 1 8 2 g T a ( 1 1 5 d ) 
1 7 9 m l , 

n*cf) Hf (18 .7s ) 

l 8 2 m l T a ( 0 . 2 8 s ) , 1 8 2 m 2 Ta( 15.8m) 

, , 7 9 m 2 H f ( 2 5 . 1 d ) 

r ) 1 8 5 m W(1.66m) , 1 8 5 g W(75 .1d) 

2 n ) ) 8 3 n , W(5.3s ) 

P ) 1 8 4 T a ( 8 . 7 h ) 

a) 181Hf (42 .4d ) 

n 'P ) J 8 3 T a ( 5 . 1 d ) 

n-ot) l 8 0 r a Hf(5 .5h) 

T) 1 8 7 W(23.9h) 

2 n ) 186mW( 1.66m), 1 8 6 g W(75 .1d) 

P ) ' 8 6 T a ( 1 0 .5m) 

* ) 1 8 3 H f ( 6 4 m ) 
185 n-p) , 8 5 T a ( 4 9 m ) 

wee) 'Hf(62m) 

$>2>o f f f l * T , W S S t L T i < K i f t £ ( n 2 n ) S f S l c o ^ T , 

tt^^fir^fflSJeSTBWClt^MiH^flifflth^ll^ Fig. 3.2.3(a), (bUcn<Ltz( 

184 W i 1 8 6 W£©r* 
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Table 3.2.1(a) MI-58(N.P)CO-58M Cross Section (b) 

Q = +0.402 MeV 

:N(MEV) 

.5 
1 
1.5 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

M/(G+M) 

0.000 
0.146 
0.207 
0.177 
0.174 
0.211 
0.225 
0.234 
0.248 
0.261 
0.274 
0.287 
0.303 
0.317 
0.330 
0.346 
0.354 
0.363 
0.367 
0.370 
0.369 
0.368 

SIG{G+M) 

+0.00E+00 
+9.00E-04 
+1.34E-02 
+4.00E-02 
+1.88E-01 
+3.54E-01 
+4.40E-01 
+5.60E-01 
+5.70E-01 
+5.80E-01 
+5.70E-01 
+5.60E-01 
+5.40E-01 
+5.20E-01 
+4.70E-01 
+4.00E-01 
+3.40E-01 
+2.90E-01 
+2.50E-01 
+2.25E-01 
+2.15E-01 
+2.10E-01 

SIG(META) 

' +0.00E+00 
+1.31E-04 
+2.77E-03 
+7.07E-03 
+3.27E-02 
+7.47E-02 
+9.88E-02 
+1.31E-01 
+1.41E-01 
+1.51E-01 
+1.56E-01 
+1.61E-01 
+1.63E-01 
+1.65E-01 
+1.55E-01 
+1.38E-01 
+1.21E-01 
+1.05E-01 
+9.16E-02 
+8.32E-02 
+7.94E-02 
+7.73E-02 

NI-58G : 2+(70.8D) BETA+ 
NI-58M : 5+(9.21H, 24.89KEV) IT 
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Table 3.2.1(b) NI-60(N.P)CO-60M Cross Section (b) 

Q = -2.020 MEV 

!N (MEV) 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

M/(G+M) 

0.000 
0.755 
0.712 
0.719 
0.719 
0.701 
0.686 
0.651 
0.623 
0.594 
0.566 
0.538 
0.510 
0.489 
0.475 
0.460 
0.452 
0.443 

SIG(G+M) 

+0.00E+00 
+9.90E-04 
+9.00E-03 
+3.00E-02 
+6.10E-02 
+9.00E-02 
+1.35E-01 
+1.49E-01 
+1.49E-01 
+1.46E-01 
+1.40E-01 
+1.23E-01 
+1.09E-01 
+9.20E-02 
+8.20E-02 
+7.20E-02 
+6.50E-02 
+6.00E-02 

SIG(META) 

+0.00E+00 
+7.47E-04 
+6.41E-03 
+2.16E-02 
+4.38E-02 
+6.31E-02 
+9.26E-02 
+9.70E-02 
+9.28E-02 
+8.67E-02 
+7.92E-02 
+6.62E-02 
+5.55E-02 
+4.50E-02 
+3.89E-02 
+3.31E-02 
+2.94E-02 
+2.66E-02 

CO-60G : 5+(5.27Y) BETA-
CO-60M : 2+(58.6KEV,10.5M) IT 
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Table 3.2.1(c) NI-61(N.NP)CO-60M Cross Section (b) 

Q(NP)=-9.852 ME\, Q(ND)=-7.634 MEV 

EN(MEV) 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

M/(G+M) 

0.000 
0.377 
0.441 
0.513 
0.485 
0.382 
0.392 
0.428 
0.451 
0.465 
0.469 
0.461 
0.454 

SIG(G+M) 

+O.OOE+00 
+0.00E+00 
+0.00E+00 
+7.10E-05 
+6.21E-04 
+4.04E-04 
+1.68E-02 
+4.15E-02 
+7.49E-02 
+1.10E-01 
+1.43E-01 
+1.74E-01 
+2.01E-01 

SIG(META) 

+0.00E+00 
+0.O0E+O0 
+0.00E+00 
+3.64E-05 
+3.01E-04 
+1.54E-04 
+6.59E-03 
+1.77E-02 
+3.38E-02 
+5.10E-02 
+6.72E-02 
+8.03E-02 
+9.12E-02 

CO-60G : 5+(5.27Y) BETA-
CO-60M : 2+(58.6 KEV, 10.5M) IT 

Table 3.2.1(d) NI-62(N.P)CO-62M Cross Section (b) 

Q = -4.459 

EN(MEV) 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

MEV 

M/(G+M) 

0.000 
0.249 
0.269 
0.306 
0.347 
0.359 
0.372 
0.389 
0.406 
0.425 
0.444 
0.464 
0.481 
0.495 
0.509 
0.523 

SIG(G+M) 

+O.OOE+00 
+1.28^-07 
+1.54E-04 
+1.39E-03 
+4.32E-03 
+8.02E-03 
+1.20E-02 
+1.64E-02 
+2.17E-02 
+2.80E-02 
+3.25E-02 
+3.29E-02 
+3.03E-02 
+2.73E-02 
+2.48E-02 
+2.30E-02 

SIG(META) 

+0.00E+00 
+3.19E-08 
+4.14E-05 
+4.25E-04 
+1.50E-03 
+2.88E-03 
+4.46E-03 
+6.39E-03 
+8.82E-03 
+1.19E-02 
+1.44E-02 
+1.53E-02 
+1.46E-02 
+1.35E-02 
+1.26E-02 
+1.20E-02 

CO-62G : 2+(1.50M) BETA-
CO-62M : 5+(22 KEV,13.9M) BETA-
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Table 3.2.2(a) EU-151(N.G)EU-152M Cross Section (b) 

Q = -4.459 MEV 

EN(MEV) 

2.53E-08 
.05 
. 1 
.2 
.3 
1 
2 
3 
4 
5 
6 
7 

M/(G+M) 

0.318 
0.325 
0.324 
0.306 
0.289 
0.264 
0.259 
0.251 
0.247 
0.241 
0.233 
0.227 

SIG(G+M) 

+0.00E+00 
+0.00E+00 
+1.70E+00 
+1.37E+00 
+1.03E+00 
+4.05E-01 
+1.95E-01 
+1.03E-01 
+4.42E-02 
+1.61E-02 
+5.10E-03 
+1.78E-03 

SIG(META) 

+0.00E+00 
+0.00E+00 
+5.51E-01 
+4.19E-01 
+2.97E-01 
+1.07E-01 
+5.05E-02 
+2.59E-02 
+1.09E-02 
+3.88E-03 
+1.19E-03 
+4.04E-04 

EU-152G : 3-(13Y) BETA-(27%), EC(73%) 
EU-152M : 0-(48.5 KEV, 9.3H) BETA-(76%), EC(24X) 

Table 3.2.2(b) EU-151(N.A)PM-148M Cross Section (b) 

Q = +7.873 MEV 

EN(MEV) M/(G+M), SIG(G+M) SIQ(META) 

2.53E-08 0.136 
.05 0.015 
.1 0.144 
.2 0.134 
.3 0.099 
1 0.237 
2 0.312 
3 0.332 
4 0.348 
5 0.353 
6 0.370 
7 0.358 
8 0.363 
9 0.371 
10 0.379 
11 0.388 
12 0.398 
13 0.409 
14 0.419 
15 0.427 
16 0.434 
18 0.447 
20 0.456 

PM-148G : 1-(5.37D) BETA-
PM-148M : 6-(137.2KEV, 41.3D) BETA-(95X), IT(5X) 

+ 3 
+ 1 
+ 4 
+ 6 
+ 9 
+ 2 
+ 2 
+6 
+ 1 
+ 2, 
+ 4, 
+6, 
+ 1, 
+ 2, 
+ 3. 
+ 5. 
+ 6. 
+ 8. 
+ 8. 
+ 9. 
+ 9. 
+ 8. 
+ 7. 

.13E-06 

.28E-10 

.00E-08 

.18E-08 

.54E-08 

.00E-06 

.59E-05 

.49E-05 

.47E-04 

.61E-04 

.17E-04 

.89E-04 

.25E-03 
23E-03 
95E-03 
44E-03 
83E-03 
03E-03 
88E-03 
35E-03 
41E-03 
69E-03 
41E-03 

+4 
+ 1 
+ 5 
+8 
+9 
+ 4 
+ 8 
+ 2 
+ 5 
+ 9 
+ 1, 
+ 2. 
+ 4. 
+8. 
+ 1. 
+ 2. 
+ 2. 
+ 3. 
+ 3. 
+4. 
+ 4. 
+ 3. 
+ 3. 

.25E-07 

.95E-12 

.75E-09 

.28E-09 

.48E-09 

.75E-07 

.07E-06 

.15E-05 

.10E-05 

.20E-05 

.54E-04 

.47E-04 
,54E-04 
27E-04 
50E-03 
11E-03 
72E-03 
29E-03 
72E-03 
OOE-03 
09E-03 
88E-03 
38E-03 
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Table 3.2.2(c) EU-151(N.2N)EU-150M Cross Section (b) 

Q = -7.961 MEV 

EN(MEV) 

8 
9 
10 
11 
12 
13 
14 
15 
16 
18 
20 

EU-150G : 
EU-150M : 

M/(G+M) 

0.000 
0.427 
0.384 
0.339 
0.311 
0.287 
0.269 
0.253 
0.233 
0.167 
0.133 

: 0-(12.6H) 

SIG(G+M) 

+0.0OE+OO 
+2.40E-01 
+7.47E-01 
+1.26E+00 
+1.57E+00 
+1.66E+00 
+1.71E+00 
+1.73E+00 
+1.71E+00 
+1.52E+00 
+6.83E-01 

BETA-(89%), 
: 4-(nearly 0 KEV, 36.4Y) 

SIG(META) 

+O.0OE+00 
+1.03E-01 
+2.87E-01 
+4.26E-01 
+4.88E-01 
+4.77E-01 
+4.60E-01 
+4.38E-01 
+3.99E-01 
+2.54E-01 
+9.10E-02 

EC(llX) 
EC(100X) 

Table 3.2.2(d) EU-153(N,2N)EU-152M Cross Section (b) 

Q = -8.544 MEV 

EN(MEV) 

8 
9 
10 
11 
12 
13 
14 
15 
16 
18 
20 

EU-152G : 
EU-152M : 

M/(G+M) 

0.000 
0.255 
0.249 
0.242 
0.237 
0.233 
0.231 
0.229 
0.226 
0.217 
0.212 

: 3- (13.6Y), 
: 0- (48.5KEV, 

SIG(G+M) 

+O.OOE+00 
+2.93E-02 
+4.44E-01 
+1.02E+00 
+1.43E+00 
+1.67E+00 
+1.82E+00 
+1.91E+00 
+1.98E+00 
+1.82E+00 
+1.36E+00 

BETA-(27X), 

SIG(META) 

+0.00E+00 
+7.48E-03 
+1.11E-01 
+2.46E-01 
+3.39E-01 
+3.89E-01 
+4.19E-01 
+4.38E-01 
+4.49E-01 
+3.94E-01 
+2.89E-01 

EC(73X) 
, 9.3H), BETA-(76X), EC(24X) 
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4. st&thftictefflLfc j c LtWLttimmmo? 7 4 »it 

t£gt4#£6££3-fr»$<tft»ril»fi. Kicas^fc J; -5 ic J ENDL-3 £ g * £ L T 2 £ J6 

/ : fc©£, ELIESE-GNASH J S £ 7 ° D / v A (EGANSH XI2EGNASH2 )£ffl(,>T*rfc 

( C l t g L ^ f c c D i ^ ' i ^ o S - J T , Ztltco&mZy r 4 »1ttZ&&lcb. -f ft * 'n & tt S 

* f :T i i f t - f EGANSH2 £ 1 £ a t £ £ £ © , J C L £ A 77 f - 9 U c> tf\c\hf)T'- ? £#J 

' J 2 6 0 8 . YAMAMURO. CNTL' 

ft'ft ENDF/BT'©Sfc#Hfc#f[g«f2 4. 3 T ^ ' - S J ; 9fc, 7 r-f ^ 8 , 9 XlilOOffJitltfit 

H i l C i o T l ^ , ^ C T , 3-0, EGANSH2 ffllti£*S3l£iI *, (c 7 7 -f ^lOOjg^lC^ 

S l T i i a - K£§8%L, EGNASH2 T'StBSftfcJB^Ii (n , r ) £ £ £ « & § , 7 7 -f /HO 

4 . 3 T ' I J 7 T M ' 8 , 9 , 10©fe$ftfl5S;£i!E~c, * ft*'ft© 7 7 4 ^ © r t g ^ B H i i * 1 ' ^ t> 

n n ^ o * LT -̂re]7 7 -f ^ft$n^c!:©^a^Mn©7 7 -f ^^tiffl L T * S * ^ t«>T 

( . ' S o 

4.1 a*ttJH=ttfflufcj c L t A ^ a c f i h * ? - ^ 

EGNASH©/;&© J C L (i^flp-ft ^ ftfc fc©/W bftT;fc 19 , S I NCROS-I ©^B8<t £ 
fcict£igicffl(,"inT^So i ^ i ^ ® , S INCROS- I I©SC&K#<. \ §t**§ii£&«0iE 
ffl7)fFT^fflL^t< tZtz&tD&m&m? - K©6flS^#flcSei\ Fig.2.1 Tfe^Lfci^ < 

oA>®7 7 4 ^©itfln^fffrftfc,, *©fca&ICTable 4.1.1 I t^-f J; 9 lc J C L ©^M£HJfc 

LfCo FT 10, FT 12, FT 14 tt £'*>$?£ Kill flD£ ft/c 7 7 4 ^ S ^ - T o FT08 (;(:&&*> 

i i f f l i^nr( . '«f ix^^+*-) l t lS:*&x-^^iR#iLT^-5 7 r-f ^ 8 * ^ ^ - * i , camWi 
m&r- ?0g<i fc - I§ :£ i i JgL, fa250&fflK&^Pfi£T-?^—o©7 7 4 ^ ( 7 7 4 ^ 

g GLVL) IcA-^TfcO, 5 0 ^ a © I + # © - r ^ T t c : c : © - o © 7 7 4 ^ © ^ T ' t t & T ' ^ So 

FT33fc#3fciI<3, DWUCKY*CJ;5ilSiiig»rSaf®lt»ifg*^EGANSH(cA7J'rSt> 

®-?<fc3^', DWUCKYft=k5itgkKlC50^;gJil_t{ftt*)*l, * © x - ? (i 

'J 2 6 08 . YAMAMURO. DIR' 

fCiK*fi&i?£ftT(,'-3c -5-LT, C© J C LKJ:oTEGANSH©It#Kf£ffl£t tS0 

Table 4.1.2 lC(i, EGANSH2 ©fc26© A 7 J f - ? ® - ^ J ^ ^ i - 0 C tilt 124Sn ©ft*K 

ft-f S k©-e&»&l;J:10, x ^ ^ * * - ^ t i lOkeV^t, 20MeV * T © 25j& © f t * ** £©*;*»"? 

U l T ^ n S c M780T-©lt»B#PBl<i2^47*l>, St UK J: -, T <i|S| i ; ^ # T 5 ftZWtZ *>©** 

&Zo fe*>6^, ff*&fflt|J)D££ fclcUfL, Ta-CfilO^lciit'So 
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A # ® 5ffB©0.007 it lOOkeVlcfctfS ( n , r ) B r i g * £ 7mb(<:^HS{fr S «t o f e t S 

t o t ? , 5%iar tTHSSn*. fttefi:0A:ftliftStt#ipffi£ft*-r5t>©-C!, 0»Jx.tf 
50125 2 13 l 2 4 S n ( n , r ) , 2 5Sn S f c - C T i 4 8 2 Ipffi ( » 1 ® & P f t ) j W S S t t t t T ? * * 

Table 4.1.3 # 124Sn 0 # t t ? K f o © ! x f 6 » f i ] f l & © § t # £ f t £ * - r fc © T , 7 r 4 'H2©rt 
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Table 4.1.1 JCL for EGNASH2 

-INC JUSER7264,SEQ=100!400 
T.5 1.3 C.5 W.3 SPR 

-INC JUSER7264,SEQ=500:500 
//•EXEC F0RT77,SO=J2608.SINCR0S,A='ELM(EGNASH2),NUM,NOPRINT 
//* B='AUTODBL(DBLPAD)• 
//*EXEC LKED77 
//*EXEC GO 
// EXEC LMG0,LM=J7264.EGNASH2 
//FT02F001 DD DSN=£6FT02,UNIT=VIO,SPACE=(TRK,(60,10)),DCB=( 
//FT09F001 DD DSN=88FT09,UNIT=VI0,SPACE=(TRK,(60,10)),DCB =(I 
//*FT10F001 DD DSN=88FT10,UNIT=V10,SPACE=(TRK,(60,10)),DCB= 
//FT10F001 DD DSN=J7264.SN124NS1.DATA,UNIT=TSSWK, 
// DISP=(NEW,CATLG,CATLG),SPACE=(TRK,(10,5),RLSE), 
// DCB=(DS0RG=PS,LRECL=132,BLKSIZE=11484,RECFM=FB) 
//FT11F001 DD DSN=88FT11,UNIT=VIO,SPACE=(TRK,(60,10)),DCB=( 
//•FT12F001 DD DSN=88FT12,UNIT=VI0,SPACE=(TRK,(60,10)),DCB= 
//FT12F001 DD DSN = J7264.SN124NX1 .DATA,UNIT = TSSWK, 
// DISP=(NEW,CATLG,CATLG),SPACE=(TRK,(10,5),RLSE), 
// 0CB=(DSORG=PS,LRECL=132,BLKSIZE=11484,RECFM=FB) 
//FT13F001 DD DSN = J2608.GNASHLIB.DATA,DISP = SHR,LABEL= (, , , IN 
//FT14F001 DD DSN=88FT14,UNIT=VI0,SPACE=(TRK,(60,10)),DCB=( 
// EXPAND D1SK,DDN=FT27F001 
// EXPAND DISK,DDN=FT28F001 
//FT08F001 DD DSN = J2608.YAMAMURO.CNTL(GLUL),DISP = SHR,LABEL = 
//FT33F001 DD DSN=J2608.YAMAMURO.DIR(SN124DIR),DISP=SHR,LAB 
//FT43F001 DD DSN=88FT43,UNIT=VI0,SPACE=(TRK,(60,10)),DCB=( 
//FT44F001 DD DSN=88FT44,UNIT=VI0,SPACE=(TRK,(60,10)>,DCB=( 
//•FT44F001 DD DSN=J7264.SN124GM1.DATA,UNIT=TSSWK, 
//* DISP=(NEW,CATLG,CATLG),SPACE=(TRK,(30,10),RLSE) 
//* DCB=(DSORG=PS,LRECL=80,BLKSIZE=11440,RECFM=FB) 
//SYSIN DD * 

-INC SN124N2 
-INC JUSER7264,SEQ=600:700 

', 

DSORG=PS) 
DSORG=PS) 
(DSORG=PS) 

DSORG=PS) 
(DSORG=PS) 

1) 
DSORG=PS) 

:(,,,IN) 
IEL=(,,,IN) 
DSORG=PS) 
DSORG=PS) 

f 

00000100 
00000500 
00000300 
00000700 
00000800 
00000900 
00001300 
00001300 
00001400 
00001600 
00001700 
00001900 

00001800 
00001900 
00001900 

00002000 
00001900 

00002300 
0002300 

00002900 
00002900 
00003000 
00003100 
00003200 
00002601 
00002610 
00000600 

00000100 
00000200 
00000300 
00000400 
00000500 
00000600 
00000700 
00000800 
00000900 
00001000 
00001100 
00001200 
00001300 
00001400 
00001500 
00001600 
00001700 
00001800 
00001900 
00002000 
00002010 
00002100 
00002200 
00002300 
00002400 
00002500 
00002600 
00002700 
00002800 
00002900 
00003000 
00003100 
00003200 

87 
82 
87 

87 

88 

88 

65 

47 
88 

67 
88 
67 
67 

88 
87 

HIGHEST SEVERITY CODE=00 

STATISTICS: HIGHEST SEVERITY CODE=00 



Table 4.1.2 Input format of EGNASH2 

SN-

10 
1. 
0.007 

25 
0.01 
4.0 
12.0 
20.0 
50125. 
50124. 
50123. 
50122. 
49124. 
49123. 
49122. 
48121. 
48120. 
48119. 
0. 
0. 
0. 
50125 

124 + NEUTRON REACTION ELIESE-GNASH . 

0 11 
50124. 

0.03 
5.0 
13.0 

5. 
4. 
4. 
1. 
2. 
2. 
1. 
2. 
2. 
1. 

2 50123 

1989 02 29 
0 0 1 2 0 4 
0.5 1.2 

0.1 0.2 0.5 
6.0 7.0 8.0 
14.0 15.0 16.0 

0.011 

2 49124 5 49123 2 

JOINT PROGRAM 
N. YAMAMURO 

1.0 
9.0 
17.0 

(EGNASH2) 

2.0 
10.0 
18.0 

3.0 
11, 
19 

.0 

.0 

00000100 
00000200 
00000300 
00000400 
00000500 
00000600 
00000610 
00000700 
00000800 
00000900 
00001000 
00001100 
00001200 
00001300 
00001400 
00001500 
00001600 
00001700 
00001800 
00001900 
00002000 
00002100 
00002200 
00002300 

2 
3 

3 
2 
3 
3 
3 
3 

3 

3 

3 
3 

3 

< — i 

> 
73 

i 

s 
00 

<o 

(S3 
CO 

HIGHEST SEVERITY C0DE=00 

STATISTICS: HIGHEST SEVERITY C0DE=00 



Table 4.1.3 Output of EGNASH2 

to 

I 

SN-124 • NEUTRON REACTION ELIESE-GNASH JOINT PROGRAM (EGNASH2) 
1989 02 29 N. VAMAMURO 

R E A C T I O N S E C T I O N S 

NE 

1. 
3. 
1. 
2. 
5. 
1. 
2. 
3. 
4. 
5 
6 
7 
8 
9 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

:RGY<MEV> 

•OOD-02 
,000-02 
OOD-01 
.000-01 
.000-01 
,00D*00 
.000*00 
.000*00 
.000*00 
.000+00 
.OOD400 
.000*00 
.000*00 
.OODtOO 
.000+01 
.100+01 
.200*01 
.300*01 
.400*01 
.500*01 
.60D*01 
.70D*01 
.80D*01 
.90D+01 
.000*01 

COMPOUND 

2.4290*03 
1.8440*03 
1.606D*03 
1.4720*03 
1.2410*03 
1.238D*03 
1.3520+03 
1.5010*03 
1.8130*03 
1.894D*03 
1.8090*03 
1.7450*03 
1.7960*03 
1.8B1D*03 
1.9440*03 
1.9950*03 
1.9900*03 
1.9710*03 
1.9570*03 
1 .9450*03 
1.946D*03 
1.960D+03 
1.9800*03 
1.993C+03 
1.992D+03 

PROOUCTSUM 

2.4290*03 
1.8440*03 
1.6060+03 
1.4720*03 
1.2610*03 
1.238D*03 
1.3510*03 
1.5010*03 
1.8130*03 
1.8940*03 
1.B08D+03 
1.764D*03 
1.796D*03 
1.8810*03 
1.9640*03 
1.995D*03 
1.990D+03 
1.9710*03 
1.9570*03 
1.9450*03 
1.946D*03 
1.960D*03 
1.9790*03 
1.9930*03 
1.9920*03 

0. 
0. 
0. 
0. 
0. 
0. 
8. 
1. 
2. 
2. 
2. 
2. 
2 
1 
1 
1 
1 
1 
1 
1 
9 
9 
8 
8 
7 

OIRECT 

.0 
0 
0 
0 
.0 
.0 
.0270*01 
,589D*02 
.2850*02 
.7160*02 
.7240tO2 
.436D*02 
.1220*02 
.8610*02 
.6520*02 
.499D*02 
.3680*02 
.2540*02 
.1490*02 
.0620*02 
.9350*01 
.3380+01 
.834D+01 
.3870+01 
.9840+01 

•"TEEORATE 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.848D-01 
1.5250+00 
2.8090+00 
4.517D*00 
6.5570*00 
8.799D*00 
1.114D*01 
1.343D+01 
1.576D+01 
1.806D+01 
2.034D+01 
2.2590+01 
2.4720+01 
2.7000+01 
2.9360*01 
3.1680*01 
3.3860+01 
3.5B8D+01 

NEUTRON 

2.4050+03 
1.8330*03 
1.5990*03 
1.4440*03 
1.2540*03 
1.2300*03 
1.3460*03 
1.4970*03 
1.8100*03 
1.892D*03 
1.8060*03 
1.7430*03 
1.7940*03 
1.9410*03 
2.49SD*03 
3.183D*03 
3.3890+03 
3.480D+03 
3.5280+03 
3.5520+03 
3.6040+03 
3.7180*03 
3.8970*03 
4.1250*03 
4.3380*03 

PROTON 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.4170-
3.3670-
3.0990-
6.2360-
4.9750-
2.1960-
6.707D-

I 

•10 
-06 
-04 
-03 
•02 
-01 
-01 

1.5950*00 
3.215D*00 
5.7100*00 
9.334D»00 
1.4120*01 
2.0000< >01 

OEUTERON 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.6620-
1.1870-
2.4320-
1.6680-
2.468D-
1.433D-
4.7290-

-15 
•08 
-05 
-03 
-02 
-01 
-01 

1.074D*O0 
1.9250 tOO 
2.9590*00 

ALPHA 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

a. 
9. 
3 
9 
1 
4 
2 
1 
4 
1 
4 
1 
2 
3 
6 

0 
.0 
0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0480-
.3840-
.7620-
.072D-
.5930-
.79BD-
.8480-
.0840-
.4260-
.6290-
.8550-
.139D-
.2450 
.8720-
.07BD-

13 
•11 
•09 
-08 
-06 
-05 
-04 
-03 
-03 
-02 
-02 
-01 
-01 
-01 
-01 

GAMMA 

3.2890*01 
1.3650*01 
8.5480*00 
7.5710*00 
6.0930*00 
8.3540*00 
8.2150*02 
2.5410*03 
4.2190*03 
5.3090*03 
5.7120*03 
6.1970+03 
6.9830+03 
7.6230*03 
5.4870*03 
4.1390*03 
3.8690*03 
3.9510*03 
4.2050*03 
4.5460*03 
4.9030*03 
5.1700*03 
5.3830*03 
5.5170*03 
5.7790*03 

G-

2. 
1. 

a. 
7. 
5. 
8. 
8. 
2. 
3. 
4. 
4. 
5. 
5, 
6, 
4, 
3, 
2. 
2 
3 
3 
3 
4 
4 
4 
4 

ABO 

837 
.221 
,009 
.228 
.B59 
.106 
.214 
.323 
.712 
.648 
.899 
.310 
.959 
.471 
.473 
.182 
.915 
.982 
.209 
.510 
.815 
.033 
.148 
.205 
.266 

GROUNO STATE PRODUCTION CROSS SECTIONS (MB) 

ENERGYfMEV) 50125 50124 50123 50122 

1.000-02 
3.000-02 
1.00D-01 
2.000-01 
5.000-01 
1.000*00 
2.000*00 
3.000*00 
4.000*00 
5.000*00 
4.000*00 
7.000*00 
8.000*00 
9.OODtOO 
1.000*01 
1.100*01 
1.20D*01 
I.300*01 
1.400*01 
1.50D*01 
1.600*01 
1.700*01 
1.800*01 
1.900*01 

4.4850-02 
2.308D-01 
5.3580-01 
4.125D-01 
5.444D-01 
2.0000*00 
1.7710*00 
1.3200+00 
1.3410*00 
1.1080*00 
8.1470-01 
5.9740-01 
4.519D-01 
3.5130-01 
2.7210-01 
2.065D-01 
1.5950-01 
1.2720-01 
1.0540-01 
8.9800-02 
7.8300-02 
6.9680-02 
6.2850-02 
5.7170-02 

2.4050*03 
1.8330*03 
1.599D*03 
1.4660*03 
1.256D*03 
1.2300*03 
1.3440*03 
1.4970*03 
1.8100*03 
1.892D*03 
1.8040*03 
1.743D*03 
1.7940*03 
1.7990*03 
1.2320*03 
8.0540*02 
5.894D*02 
4.4070*02 
3.8310*02 
3.3450+02 
3.02BD*02 
2.8100*02 
2.4370*02 
2.4410*02 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.8520*01 
4.703D*02 
7.3440*02 
8.5190*02 
9.4770*02 
1.0220*03 
1.0800+03 
1.129D»03 
1.1580*03 
1.1390*03 
1.0420*03 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.3760-•01 
2.1270*01 
9.2UD->01 
2.2330*02 
4.168D< »02 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.406D-
3.359D-
3.066D-
6.1060-
4.8100-
2.0920-
6.2260 
1.4360 
2.8000 
4.7440 
7.2630-

-10 
-06 
-04 
•03 
-02 
•01 
-01 
tOO 
lOO 
(CO 
.00 

1.0110*01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.6620-
1.1B5D-
2.3370-
1.4300-
1.7B9D-
9.604D-
3.276D 
8.734D 

-15 
-08 
-05 
-03 
-02 
-02 
-01 
-01 

1.957D*00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.048D-13 
8.8680-11 
3.038D-09 
6.1440-08 
1.0290-06 
2.7B4D-0S 
1.4360-04 
5.2990-04 
2.OB50-03 
7.448D-03 
2.065D-02 
4.3890-02 
7.4370-02 
1.142D-01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.346D-
1.5540-
1.9430-
7.O140-
1.12BD-
2.238D-
1.5700-
5.5120-
1.7140 

•13 
-10 
•08 
•07 
•05 
-04 
-03 
-03 
-02 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.71 

> 

to 

S 
00 



Table 4.1.3 (Continued) 

5.218D-02 2.308P 2 9.0040402 6.29SD*02 1.290D»01 3.8460'->Q 3.254D-OB 1.4990-01 4.97BO-02 4 

ISOMER STATE PRODUCTION CROSS SECTIONS (MB) 

ENERGY(HEV) 50125 50123 

1.00D-O2 
3.000-02 
1.000-01 
2.000-01 
5.000-01 
1.000*00 
2.000*00 
3.000*00 
<.000*00 
5.600+00 
6.000*00 
7.000*00 
S.OOD*00 
9.000*00 
1-OODtOl 
1.100*01 
1.200*01 
1.300*01 
1.400*01 
1.500*01 
1.600*01 
1.700*01 

l.aoDioi 
1.900*01 
2.000*01 

2.4470*01 
1.0350*01 
6.5580*00 
5.9620*00 
4.6930*00 
.6070*00 
.6600*00 
.0680*00 
.5920*00 
.1950*00 
.0820-01 

7.4870-01 
6.3110-01 
5.3450-01 
4.5850-01 
3.8970-01 
3.2950-01 
2.7970-01 
2.4060-01 
2.0990-01 
1.8600-01 
1.6720-01 
1.5210-01 
1.3910-01 
1.2720-01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.2420401 
2.6090*02 
4.5400*02 
5.4760*02 
5.6210*02 
5.4990*02 
5.2740*02 
4.8920*02 
4.2210*02 
3.4280*02 
2.7210*02 
2.0800*02 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1530-12 
3640-09 
2820-06 
3010-04 
6490-03 
0390-02 
8120-02 
5850-01 

4.108D-01 
9.1040-01 
1.7800*00 
3.0320*00 
4.6410*00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.7310-11 
9.4910-07 
2.3870-04 
6.8830-03 
5.1800-02 
2.0050-01 
4.9110-01 
9.3890-01 
1.5730*00 

> 
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JAERI-M 89-129 

Table 4.2.1 Program for compilation of ENDF/B file 10 

C PROGRAM XTOB10.FOR PROGRAMMED BY N.YAMAMURO 1989-3-3 
C 
C RADIOACTIVE CROSS SECTION DATA FILE 10 IN B-FORMAT EDITED DIRECTLY 
C FROM EGNASH OUTPUT 
C 

DIMENSION MA(12),MB(12),MAT(3),IZA(10),IMZA(10),NBT(3),E0(3), 
* INTP(3),EN(51),EM(51),XSEC(51,10),XMEC(51,1CS 
DIMENSION IOZA(78),ILNO(78),EXI(78),ISZA(76),ITZA(23) 

C 
C CHARACTER COM*A139 
C 

DATA MF,N0,NC,NR,LIS,ZZ/10,0,51,1,0,0./ 
DATA MAT(1),NBT(2),NBT(3),INTP/4,0,0,2,0,0/ 
DATA MA /l,2,3,2005,2006,1002,1003,2003,0,1001,2004,2002/ 
DATA MB /4,16,17,22,24,28,32,45,102,103,107,111/ 
DATA UMAS /931.5016/ 
DATA SMAS.PMAS,DMAS,AMAS/1.008665,1.007825,2.014102,4.002603/ 
DATA NIO.NIS.NIT /78,76,23/ 

C 
DATA ISZA/ 
1 2505 5,26054,26056,26057,26058,2 7059,28058,28060,28061,28062, 
2 28064,29063,29065,30064,30066,30067,30068,30070, 
3 38084,38086,38088,40091,40092,40094,4 0096,42092,4 2094,42095, 
4 42096,42097,42098,42100,46102,46104,46105,46106,46108,46110, 
5 48106,48108,48110,48112,48114,48116,50112,50114,50115,50116, 
6 50118,50120,50122,50124,51121,51123, 
7 54124,54126,54128,54130,54132,54134,54136,55133,56130,56132, 
8 56134,56138, 
9 70168,70170,70171,70172,70173.70174,71175,72174,72176,73181/ 
DATA ITZA/ 
1 38087,39089,40090,41093,45103,47107,47109,48111,48113,49113, 
2 49115,50117,50119, 
3 54129,54131,56135,56136,56137, 
4 70176,72177,72178,72179,72180/ 
DATA IOZA / 
1 130 26,2104 4,2 5052,260 5 3,2 7058,27 060,2 7062,2 9068,290 70,30069, 
2 30071, 
3 3808 7,39089,39090,39091,40089,41091,41092,41093,41094,41095, 
4 41097,41098,41099,42091,42093, 
5 45103,45104,45105,45106,46107,46109,46111,47105,47106,47107, 
6 47108,47109,47110,47111,47113,47115,47116,48111,48113,48115, 
7 48117,49111,49112,49113,49114,49115,49116,49116,49117,49118, 
8 49118,49119,49120,49120,49121,49122,49122,49123,49124,50113, 
9 50117,50119,50121,50123,50125,51120,51122,51124,51124, 
A 71178,73180,73182/ 
DATA EXI / 
1 .2284,.2712,-3777,3.041,.024^,.0586,.0220,.7216,.1400,.4387, 
2 .1570, 
3 .3884,.9092,.6820,.5556,.5878,.1045,.1355,.0308,.0410,.2357, 
4 .7434,.0840,.3653,.6530,2.425, 
5 .0398,.1290,.1298,.1400,.2149,.1890,.1722,.0255,.0896,.0931, 
6 .1095,.0880,.1176,.0598,.0432,.1000,.0810,.3962,.2636,.1810, 
7 .1364,.5368,.1565,.3917,.1903,.3362,.1273,.2897,.3153,.0600, 
8 .2000,.3114,.1000,.2000,.3136,-0100,.2200,.3200,.1900,.0774, 
9 .3146,.0895,.0063,.0246,.0275,.0010,.1636,.0109,.0369, 
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Table 4.2.2 ENDF/B file 10(12MSn) 

J2608.VAHAMURO.OATA 

1.1000E»07 
1.4000Et07 
1.7000Et07 4. 
2.000OEt07 2 
.OOOOEtOO 

5.0124Et04 1 
.O0O0EtO0-6 

11 
6.8207Et06 
1.3000E»07 1. 
1.6000E»07 2. 
1.9000Et07 1. 
.OOOOEtOO . 

5.0124Et04 1. 
-OOOOEtOO-l. 

3 
1.4637Et07 . 
.OOOOEtOO . 

5.0124E«04 1. 
.OOOOEtflO-9. 

11 
9.9517Et06 . 
1.3000Et07 2. 
1.4000E»07 9. 
1.9000Et07 1. 
.OOOOEtOO-!. 

10 
1.0274E»07 
1.4000£t07 2 
1.7000£t07 2 
2.0000E»07 1 

.OOOOEtOO 
5.0124EtO4 1 
.OOOOEtOO-l 

2 
1.8270£t07 
.OOOOEtOO 

5.0124Et04 1 
.00O0Et00-6 

14 
6.6703Et06 
1.0000Et07 3 
1.3000Et07 2 
1.6000Et07 2 
1.9000Et07 1 
.00O0Et0O-6 

14 
6.8618Et06 
l.OOOOEtO? 3 
1.3000Et07 1 
1.6000Et07 4 
1.9000Et07 3 

.OOOOEtOO 
5.0124Et04 1 
.OOOOEtOO-l 

5400E-01 
4990E-01 
2210E-01 
0800E-01 
OOOOE»00 
2284Et02 
7657Et06 

2 
OOOOEtOO 
9630E-11 
2380E-07 
7140E-05 
.OOOOEtOO 
.2284Et02 
.4519Et07 

2 
.OOOOEtOO 
.OOOOEtOO 
-2284E*02 
.8713E«06 

2 
.OOOOEtOO 
.3370E-08 
-6040E-05 
.9570E-03 
.0191Et07 

2 
.OOOOEtOO 
.3870E-07 
.0050E-04 
.5730E-03 
.OOOOEtOO 
.2284Et02 
-8122Et07 

2 
.OOOOEtOO 
.OOOOEtOO 
-2284Et02 
-6164Et06 

2 
.OOOOEtOO 
-0660E-07 
.0920E-04 
-8000E-03 
.0110E-02 
.8064Et06 

2 
.OOOOEtOO 
.2820E-09 
.0390E-05 
.1080E-04 
.0320E-03 
.OOOOEtOO 
.2284£t02 
.7554Et06 

DATE 89/0J/15(WEI)NES0AY> 

I.2000E*07 5.4760E-01 1.3OO0E*07 
1.50O0Eto7 5.2740E-01 1.6000Et07 
l.»O00E»07 3.4280E-01 1.9000Et07 

19:00:54 PACE 0045 

0 
0 
0 

1.1000Et07 
1.4000Et07 
1.7000Et07 
2.0000Et07 

0 
0 
0 

0 
0 
0 

3660E-16 
0140E-10 
5700E-06 
9780E-05 

0 
0 
0 

0 
1 
1 

.2000Et07 

.5000Et07 

.8000Et07 

5.6210E-
4.89201-
«.7210E-

1.5560E-
1.1280E-
5.5120E-

1.9000Et07 3.7650E-17 2.0000Et07 
0 0 0 
0 0 2 
0 0 1 

1.1000Et07 1.6620E-18 1.20OOEt07 
1.4000Et07 1.4300E-06 1.5000Et07 
1.7000Et07 3.2760E-04 1.8000Et07 
2.O0OOEtO7 3.8460E-03 

0 1 1 

1.2000Et07 1.7310E-14 1.3000Et07 
1.5O0OEtO7 6.8830E-06 1.6000Et07 
1.8000EtO7 4.9110E-04 1.9000Et07 

1.1S50E-
1-7890E-
8.7340E-

9.4910E-
5.IS00E-
9.3890E-

2.0000Et07 3.2540E-11 
0 0 

8.0000Et06 9.40606-13 9.0000Et06 3.3590E-
1.1000Et07 6.1060E-06 1.2000Et07 4.8100E-
1.4000Et07 4.2260E-04 1.5000Et07 1.4360E-
1.7000Et07 4.7440E-03 1.8000Et07 7.2630E-
2..0000Et07 1.290O6-O2 

0 4 1 

E.OOOOEtO* 1.1530E-15 9.0000Et0« 
1.1000EtO7 1.3010E-07 1.2000Et07 
1.4000Et07 4.8120E-05 1.5000Et07 
1.7000Et07 9.1040E-04 1.8000EI07 
2.0000Et07 4.6410E-03 

0 0 0 
0 0 1 
0 0 1 

8.3680E-
1.6490E-
1.5850E-
1.7800E-

•01450010 16 
•01450010 16 
•01450010 16 

450010 16 
0450010 0 
0450010 22 
11450010 22 

-13450010 22 
-08450010 22 
-06450010 22 

450010 22 
0450010 0 
0450010 24 
3450010 24 

-13450010 24 
0450010 0 
0450010 28 
11450010 28 

-11450010 28 
•05450010 28 
-04450010 28 

450010 28 
10450010 28 

-104S0010 28 
-05450010 28 
-04450010 28 

450010 28 
0450010 0 
0450010 32 
2450010 32 

450010 32 
0450P10 0 
0450010103 
14450010103 

09450010103 
05450010103 
03450010103 
03450010103 

450010103 
14450010103 

12450010103 
06450010103 
04450010103 
03450010103 

450010103 
0450010 0 
0450010107 

16450010107 

CUTA810 
CUTAB10 
CUTABIO 
CUTAB10 
CUTAB10 
CUTAB10 
CUTAB10 
CUTAB10 
CUTAB10 
CUTAB10 
CUTAB'O 
CUTA310 
CUTAB10 
CUTAB10 
CUTAL10 
CUTAB10 
CUTAB10 
CUTAB10 
CUTAB1Q 
CUTA810 
CUTAB10 
CUTAB10 
CUTABIO 
CUTABIO 
CUIAB10 
CUTABIO 
CUTAB10 
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Table A.l Major and Minor Elements of Reactor Materials 

Material Major Impurity 

Elements Elements 

Zircaloy Zr Sn, Nb, Cr, Fe, Ni, C, Hf, Pb, 0, Si, Ta, H 

SUS Cr.Fe.Ni.Hn C, N, 0. Al, Si. P, S, Ti, Co. Cu, Nb, Mo, Sn. 

W 

Magnox Mg Al, Be, Zr, Mn 

Al-alloy Al Mg, Si, Ti, Cr, Mn, Fe, Cu, Zn 

Concrete H.C.O.Si.Ca.Ba Na, Mg, Al, P, S, K, Fe, Sr, Sm, Eu 

Control material : 

B,C,Ag,Cd,In,Hf,Gd 

Others : Ar(FBR cover gas), Ga, Ge, As(flux monitor), Sb(neutron source) 

Fusion Reactor Materials (including potential materials) 

Major elements : H, He, Li, Be, B, C, N, 0, F, Al, Si, Ca, Ti, V, Cr, Mn, 

Fe, Ni, Cu, Sn, Ba, W, Pb 

Minor elements : Zr, Nb, Mo, Pd, Ag, Cd, Eu, Gd, Tb, Dy, Ho, Er, Tm, Hf, 

Ta, Re, Os, Ir, Bi 

Table A.2 Requirement Priorities of Material Activation Cross Sections 

Z/NUC PRIOR. Z/NUC PRIOR. Z/NUC PRIOR. Z/NUC PRIOR. Z/NUC PRIOR 

1 H 
2 HE 
3 LI 
4 BE 
5 B 
6 C 
7 N 
8 0 
9 F 
10 NE 
11 NA 
12 MG 
13 AL 
14 SI 
15 P 
16 S 
17 CL 

1 
2 
1 
1 
1 
1 
1 
1 
2 
_ 
1 
2 
1 
1 
2 
2 
2 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

AR 
K 
CA 
SC 
TI 
V 
CR 
MN 
FE 
CO 
NI 
CU 
ZU 
GA 
GE 
AS 
SE 

1 
2 
1 
-
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
-

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

BR 
KR 
RB 
SR 
Y 
ZR 
NB 
MO 
TC 
RU 
RH 
PD 
AG 
CD 
IN 
SN 
SB 

_ 
-
-
2 
2 
1 
1 
1 
-
-
-
2 
1 
1 
1 
1 
1 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

TE 
I 
XE 
CS 
BA 
PR 
CE 
PR 
ND 
PM 
SM 
EU 
GD 
TB 
DY 
HO 
ER 

_ 
-
-
-
1 
-
-
-
-
-
2 
1 
1 
2 
2 
2 
2 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

TM 
YB 
LU 
HF 
TA 
W 
RE 
OS 
IR 
PT 
AU 
HG 
TL 
PB 
BI 

2 
-
-
1 
1 
1 
1 
2 
2 
-
-
-
-
1 
1 

*) Based on the discussions at Nuclear Data Center, JAERI, Aug., 1988 
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Table A.3 Activation Reactions for Important Materials (T > 1 d) 

TARGET REACTION DAUGHTER HALF-LIFE Q-VALUE THRESHOLD 

1-H -

2-HE-

3-LI-
3-LI-

4-BE-

5-B -
5-B -
5-B -

6-C -
6-C -

7-N -
7-N -
7-N -

8-0 -
8-0 -
8-0 -

11-NA-

12-MG-

13-AL-

14-SI-

15-P -

16-S -
16-S -
16-S -
16-S -
16-S -
16-S -
16-S -
16-S -
16-S -
16-S -
16-S -
16-S -

17-CL-
17-CL-

2 

3 

6 
7 

9 

10 
11 
11 

13 
13 

14 
15 
15 

16 
17 
18 

23 

24 

27 

28 

31 

32 
33 
33 
33 
33 
34 
34 
34 
34 
34 
36 
36 

35 
35 

(N:G) 

(N:P) 

(N:A) 
(N:N,A) 

(N:G) 

(M:P) 
(N:D) 
(N:M,P) 

(N:G) 
(N:A) 

(N:P) 
(N:D) 
(N:N,P) 

( N : H ) 

<N:A) 
(N:N,A) 

(N:2N) 

(N:T) 

(N:2N) 

(N:T) 

(N:G) 

(N:P) 
(N:P) 
(N:D) 
(N:N,P) 
(N:2P) 
(N:G) 
(N:D) 
(N:T) 
( N : H ) 
(N:N,P) 
(N:2N) 
( N : N , A ) 

<N:G) 
(N:P) 

1-H -

1-H -

1-H -
1-H -

4-BE-

4-BE-
4-BE-
4-BE-

6-C -
4-BE-

6-C -
6-C -
6-C -

6-C -
6-C -
6-C -

11-NA-

11-NA-

13-AL-

13-AL-

15-P -

15-P -
15-P -
15-P -
15-P -
14-SI-
16-S -
15-P -
15-P -
14-SI-
15-P -
16-S -
14-SI-

17-CL-
16-S -

3 

3 

3 
3 

10 

10 
10 
10 

14 
10 

14 
14 
14 

14 
14 
14 

22 

22 

26 

26 

32 

32 
33 
32 
32 
32 
35 
33 
32 
32 
33 
35 
32 

36 
35 

+ 1 

+ 1 

+ 1 
+ 1 

+ 1 

+ 1 
+ 1 
+ 1 

+ 5 

+ 1 

+ 5 
+ 5 

+ 5 

+ 5 

+ 5 
+ 5 

+ 2 

+ 2 

+ 7 , 

+ 7, 

+ 1 . 

+ 1. 

+ 2. 
+ 1 . 
+ 1 . 
+ 3. 

+ 8. 

+ 2. 

+ 1. 
+ 3. 
+ 2. 

+ 8. 
+ 3. 

+ 3. 
+ 8. 

.26E+01Y 

.26E+01Y 

.26E+01Y 

.26E+01Y 

.63E+06Y 

.63E+06Y 

.63E+06Y 

.63E+06Y 

.83E+03Y 

.63E+06Y 

.83E+03Y 

.83E+03Y 

.83E+03Y 

.83E+03Y 

.83E+03Y 

.83E+03Y 

.65E+00Y 

.65E+00Y 

.33E+05Y 

.33E+05Y 

.43E+01D 

43E+01D 
53E+01D 
43E+01D 
43E+01D 
36E+02Y 
75E+01D 
53E+01D 
43E+01D 
36E+02Y 
53E+01D 
75E+01D 
36E+02Y 

06E+05Y 
75E+01D 

+6.258E+00 

+7.640E-01 

+4.787E+00 
-2.463E+00 

+6.812E+00 

+2.265E-01 
-9.003E+00 
-1.123E+01 

+8.177E+00 
-3.832E+00 

+6.263E-01 
-7.974E+00 
-1.021E+01 

-1.462E+01 
+1.832E+00 
-6.227E+00 

-1.241E+01 

-1.562E+01 

-1.305E+01 

-1.616E+01 

+7.929E+00 

-9.257E-01 
+5.383E-01 
-7.350E+00 
-9.568E+00 
-8.999E+00 
+6.991E+00 
-8.658E+00 
-1.250E+01 
-1.269E+01 
-1.088E+01 
-9.880E+00 
-8.999E+00 

+8.583E+00 
+6.236E-01 

+0.000E+00 

+0.000E+00 

+O.OOOE+00 
+3.287E+00 

+0.000E+00 

+O.OOOE+00 
+9.909E+00 
+1.236E+01 

+O.OOOE+00 
+4.218E+00 

+0.000E+00 
+8.548E+00 
+1.094E+01 

+1.567E+01 
+O.OOOE+00 
+6.676E+00 

+1.298E+01 

+1.634E+01 

+1.356E+01 

+1.679E+01 

+0.OO0E+00 

+9.549E-01 
+0.O00E+0O 
+7.582E+00 
+9.869E+00 
+9.283E+00 
+0.000E+00 
+8.923E+00 
+1.289E+01 
+1.309E+01 
+1.121E+C1 
+1.017E+01 
+9.283E+00 

+O.OOOE+00 
+0.000E+00 
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Table A.3 (Continued) 

TARGET 

17-CL-
17-CL-
17-CL-
17-CL-
17-CL-
17-CL-

18-AR-
18-AR-
18-AR-
18-AR-
18-AR-
18-AR-
18-AR-
18-AR-

19-K -
19-K -
19-K -
19-K -
19-K -
19-K -
19-K -
19-K -
19-K -

20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-
20-CA-

21-SC-
21-SC-
21-SC-

22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-

REACTION 

35 
35 
37 
37 
37 
37 

36 
36 
36 
38 
38 
38 
38 
40 

39 
39 
39 
39 
40 
40 
40 
41 
41 

40 
40 
4 0 
42 
42 
43 < 
43 
44 
44 ( 
46 { 
46 ( 
46 ( 
48 < 

45 ( 
45 ( 
45 { 

46 ( 
46 ( 
46 ( 
47 ( 
47 ( 
47 ( 
47 ( 

(N 
(N 
(N 
(N 
(N 
(N 

(M 
(N 
(N 
(N 
N 
M 
N 
(N 

N 
(N 
M 
N 
M 
N 
N 
N 
N 

N 
N 
N 
M 
N 
N 
N 
N 
K 
N 
N 
M 
N 

N: 
N: 
N: 

N: 
N: 
N: 
N: 
N: 
N: 
N: 

:H) 
:A) 
:T) 
:2N) 
:N,D) 
:M,A) 

:G) 
:P) 
:2P) 
:G) 
:T) 
:A) 
:2N) 
:2N) 

P) 
:T) 
A) 
.N,D) 
D) 
N,P) 
N,A) 
T) 
N,D) 

G) 
A) 
2P) 
A) 
2N) 
N,A) 
2P) 
G) 
H) 
G) 
2N) 
N,A) 
2N) 

G) 
P) 
2N) 

P) 
T) 
2P) 
P) 
D) 
H) 
N,P) 

DAUGHTER 

15-P -
15-P -
16-S -
17-CL-
16-S -
15-P -

18-AR-
17-CL-
16-S -
18-AR-
17-CL-
16-S -
18-AR-
18-AR-

18-AR-
18-AR-
17-CL-
18-AR-
18-AR-
18-AR-
17-CL-
18-AR-
18-AR-

20-CA-
18-AR-
18-AR-
18-AR-
20-CA-
18-AR-
18-AR-
20-CA-
18-AR-
20-CA-
20-CA-
18-AR-
20-CA-

21-SC-
20-CA-
21-SC-

21-SC-
21-SC-
20-CA-
21-SC-
21-SC-
20-CA-
21-SC-

33 
32 
35 
36 
35 
33 

37 
36 
35 
39 
36 
35 
37 
39 

39 
37 
36 
37 
39 
39 
36 
39 
39 

41 
37 
39 
39 
41 
39 
42 
45 
42 
47 
45 
42 
47 

46 
45 
44M 

46 
44M 
45 
47 
46 
45 
46 

HALF-LIFE 

+ 2 
+ 1 
+ 8 
+ 3 
+ 8 
+ 2 

+ 3 
+ 3 
+ 8 
+ 2 
+ 3 
+ 8 
+ 3 
+ 2 

+ 2 
+ 3 
+ 3 
+ 3 
+ 2 
+ 2 
+ 3 
+ 2 
+ 2 

+ 1 
+ 3 
+ 2 
+ 2 
+ 1 
+ 2 
+ 3 
+ 1 
+ 3 
+ 4 
+ 1 
+ 3 
+ 4 

+ 8. 
+ 1 . 
+ 2. 

+ 8. 
+ 2. 
+ 1. 
+ 3. 
+ 8. 
+ 1. 
+ 8. 

.53E+01D 

.43E+01D 

.75E+01D 

.06E+05Y 

.75E+01D 

.53E+01D 

.50E+01D 

.06E+05Y 

.75E+01D 

.74E+02Y 

.06E+05Y 

.75E+01O 

.50E+01D 

.74E+02Y 

.74E+02Y 

.50E+01D 

.06E+05Y 

.50E+01D 

.74E+02Y 

.74E+02Y 

.06E+05Y 
74E+02Y 
74E+02Y 

05E+05Y 
50E+01D 
74E+02Y 
74E+02Y 
05E+05Y 
74E+02Y 
35E+01Y 
64E+02D 
35E+01Y 
54E+00D 
64E+02D 
35E+01Y 
54E+00D 

38E+01D 
64E+02D 
44E+00D 

38E+01D 
44E+00D 
64E+02D 
35E+00D 
38E+01D 
64E+02D 
38E+01D 

Q-

-9 
+ 9 
-9 
-1 
-1 
-7 

+8 
+ 9 
-7 
+ 6 
-1 
-2 
-1 
-9 

+ 2 
-9 
+ 1 
-1 
-5 
-7 
-6 
-9 
-1 

+ 8 
+ 1 
-8 
+ 3 
-1 
-7 
-1 
+ 7 
-1 
+ 7 
-1. 
-1 
-9. 

+8. 
+ 5. 
-1. 

-1. 
-1. 
-9. 
+ 1. 
-8. 
-1. 
-1. 

VALUE 

.539E+00 

.363E-01 

.781E+00 

.029E+01 

.603E+01 

.848E+00 

.796E+00 

.772E-02 

.876E+00 

.593E+00 

.205E+01 

.150E-01 

.183E+01 

.866E+00 

.256E-01 

.724E+00 

.377E+00 

.598E+01 

.360E+00 

.578E+00 

.426E+00 

.184E+00 

.544E+01 

370E+00 
761E+00 
104E+00 
536E-01 
146E+01 
592E+00 
049E+01 
418E+00 
390E+01 
290E+00 
038E+01 
113E+01 
923E+00 

754E+00 
383E-01 
159E+01 

579E+00 
345E+01 
809E+00 
830E-01 
246E+00 
097E+01 
046E+01 

THRESHOLD 

+ 9 
+ 0 
+ 1 
+ 1 
+ 1 
+8 

+ 0 
+ 0 
+ 8 
+ 0 
+ 1 
+ 2 
+ 1 
+ 1 

+ 0 
+ 9 
+0 
+ 1 
+ 5 
+ 7 
+6 
+ 9 
+ 1 

+ 0 
+0 
+ 8 
+ 0 
+ 1 
+ 7 
+ 1 
+ 0 
+ 1 
+ 0 
+ 1 
+ 1. 
+ 1. 

+ 0. 
+ 0. 
+ 1. 

+ 1. 
+ 1. 
+ 1. 
+ 0. 
+ 8. 
+ 1. 
+ 1. 

.831E+00 

.000E+00 

.006E+01 

.058E+01 

.650E+01 

.088E+00 

.000E+00 

.OOOE+00 

.103E+00 

.000E+00 

.239E+01 

.212E-01 

.215E+01 

.012E+01 

.OOOE+00 

.989E+00 

.OOOE+00 

.641E+01 

.499E+00 

.774E+00 

.607E+00 

.421E+00 

.584E+01 

000E+00 
000E+OO 
313E+00 
000E+00 
174E+01 
788E+00 
074E+01 
000E+00 
424E+01 
OOOE+00 
061E+0I 
140E+01 
014E+01 

000E+00 
000E+00 
185E+01 

614E+00 
376E+01 
003E+01 
000E+00 
427E+00 
122E+01 
069E+01 

-84-



JAERI-M 89-129 

Table A.3 ( Continued ) 

TARGET 

22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-
22-TI-

23-V -
23-V -
23-V -
23-V -
23-V -
23-V -

24-CR-
24-CR-
24-CR-
2 4-CR-
24-CR-

25-NN-

26-FE-
26-FE-
26-FE-
26-FE-
26-FE-
26-FE-
26-FE-
26-FE-
26-FE-

27-CO-
27-CO-
27-CO-

28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-

REACTION 

48 
48 
48 
48 
48 
48 
49 
49 
49 
49 
49 
49 
50 
50 

50 
50 
50 
50 
51 
51 

50 
50 
50 
50 ( 
52 

55 < 

54 ( 
54 ( 
54 ( 
54 ( 
54 ( 
54 ( 
56 ( 
56 ( 
58 ( 

59 ( 
59 ( 
59 ( 

58 ( 
58 ( 
58 ( 
58 ( 
58 ( 
58 ( 
58 ( 

tN:P) 
(N:D) 
(N:T) 

(N:A) 
(N:N,P) 
(N:2P) 
(N:D) 
(N:T) 
(N:H) 
(N:N,P) 
N:N,D) 
N:N,A) 
N:T) 
N:A) 

N:H) 
N:A) 
N:2N) 
N:N,A) 
N:A) 
N:N,A) 

N:G) 
N:D) 
N:T) 
N:N,P) 
N:2N) 

N.-2N) 

N:G) 
N:P) 
N:D) 
N:T) 
N:A) 
N : N , P ) 

N:T) 
N:2N) 
N:G) 

N:G) 
N:P) 
N:2N) 

N:C) 
N:P) 
N:D) 
N:T) 
N:A) 
N:2N) 
N:N,P) 

DAUGHTER 

21-SC-
21-SC-
21-SC-
20-CA-
21-SC-
20-CA-
21-SC-
21-SC-
20-CA-
21-SC-
21-SC-
20-CA-
21-SC-
20-CA-

21-SC-
21-SC-
2 3 - V -
21-SC-
21-SC-
21-SC-

24-CR-
2 3 - V -
23-V -
2 3 - V -
24-CR-

25-MN-

26-FE-
25-MN-
25-MN-
25-MN-
24-CR-
25-MN-
25-MN-
26-FE-
26-FE-

27-CO-
26-FE-
27-CO-

28-NI-
27-CO-
27-CO-
27-CO-
26-FE-
28-NI-
27-CO-

48 
47 
46 
45 
47 
47 
48 
47 
47 
48 
47 
45 
48 
47 

48 
47 
49 
46 
48 
47 

51 
49 
48 
49 
51 

54 

55 
54 
53 
52 
51 
53 
54 
55 
59 

60 
59 
58 

59 
58 
57 
56 
55 
57 
57 

HALF-LIFE 

+ 1 
+ 3 

+ 8 
+ 1 
+ 3 

+ 4 

+ 1 

+ 3 

+ 4 
+ 1 

+ 3 
+ 1 

+ 1 

+ 4 

+ 1 
+ 3 

+ 3 
+ 8 

+ 1 
+ 3 

+ 2 

+ 3 

+ 1 
+ 3 

+ 2 

+ 3 

+ 2 
+ 3 
+ 3 
+ 5 
+ 2 
+ 3. 
+ 3. 

+ 2. 

+ 4. 

+ 5. 

+ 4 . 

+ 7. 

+ 7. 
+ 7. 
+ 2. 
+ 7 . 

+ 2. 

+ 1 . 
+ 2. 

.82E+00D 

.35E+OOD 

.38E+01D 

.64E+02D 

.35E+00D 

.54E+00D 

.82E+OOD 

.35E+00U 

.54E+00D 

.82E+0OD 

.35E+00D 

.64E+02D 

.82E+00D 

.54E+00D 

.82E+00D 

.35B+00D 
30E+02D 
38E+01D 
82E+00D 
35E+0C1 

77E+01D 
30B+02D 
60E+01D 
30E+02D 
77E+01D 

12E+02D 

78E+00Y 
12E+02D 
81E+06Y 
59E+00D 
77E+01D 
81E+06Y 
12E+02D 
78E+00Y 
45E+01D 

37E+00Y 
45E+01D 
08E+01D 

63E+04Y 
08E+01D 
72E+02D 
71E+01D 
78E+00Y 
49E+00D 
72E+02D 

Q-

-3 
-9 
-1 
-2 
-1 
-1 
-9 
-1 
-1 
-1 
-1 
-1 
-1 
-3 

-1 
+ 7 

-9 
-9 
-2 
-1 

+ 9 

-7 
-1 
-9 
-1 

-1 

+ 9 
+ 9. 
-6 
-1 . 
+ 8. 

-8. 
-1 . 

-1 . 

+ 6. 

+ 7. 
-7 . 

-1 . 

+ 8. 
+ 4 . 
-5. 

-! . 
+ 2. 
-1 . 

-8. 

VALUE 

.200E+00 

.226E+00 

.360E+01 

.020E+00 

.144E+01 

.264E+01 

.127E+00 

.110E+01 

.306E+01 

.134E+01 

.736E+01 

.016E+01 

.380E+01 

.427E+00 

.157E+01 

.658E-01 

.312E+00 
880E+00 
.049E+00 
.029E+01 

265E+00 
350E+00 
265E+01 
568E+00 
203E+01 

022E+01 

294E+00 
772E-02 
625E+00 
241E+01 
510E-01 
843E+00 
191E+01 
119E+01 
579E+00 

503E+00 
693E-01 
043E+01 

995E+00 
104E-01 
943E+00 
106E+01 
898E+00 
220E+01 
160E+00 

THRESHOLD 

+ 3 
+ 9 
+ 1 
+ 2 
+ 1 
+ 1 
+ 9 
+ 1 
+ 1 
+ 1 
+ 1 
+ 1 
+ 1 
+ 3 

+ 1 
+ 0 
+ 9 
+ 1 
+ 2 
+ 1 

+ 0 

+ 7 

+ 1 

+ 9 
+ 1 

+ 1 

+ 0 
+ 0 
+ 6 
+ 1 . 
+ 0 
+ 9. 
+ 1 . 

+ 1. 

+ 0. 

+ 0. 
+ 7. 
+ 1. 

+0. 
+ 0. 
+ 6. 
+ 1 . 
+ 0. 
+ 1. 
+ 8. 

.267E+00 

.425E+00 

.390E+01 

.065E+00 

.169E+01 

.291E+01 

.319E+00 

.134E+01 

.334E+01 

.158E+01 

.773E+01 

.039E+01 

.409E+01 

.501E+00 

.182E+01 

.000E+00 

.504E+00 
010E+01 
.092E+00 
.051E+01 

000E+00 
502E+00 
292E+01 
765E+00 
226E+01 

041E+01 

000E+00 
O0OE+00 
752E+00 
265E+01 
OOOE+00 
011E+00 
2I4E+01 
139E+01 
000E+00 

OOOE+00 
825E-01 
062E+01 

000E+00 
000E+00 
048E+00 
126E+01 
000E+00 
241E+01 
305E+00 

- 8 5 -
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Tabie A. 3 ( Cont tnued ) 

TARGET 

28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-
28-NI-

29-CU-
29-CU-
29-CU-
29-CU-

30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-
30-ZN-

31-GA-
31-GA-

32-GE-
32-GE-
32-GE-
32-GE-
32-GE-
32-GE-
32-GE-

33-AS-
33-AS-

REACTION 

58 
60 
60 
60 
60 
61 
61 
61 
61 
62 
62 
62 
62 
64 
64 

63 
63 
65 
65 

64 
64 
66 
66 
67 
67 
67 
68 
68 
68 
70 
70 

69 
71 

70 
70 
72 
73 
73 
74 
76 

75 
75 

(N:N,D) 
<N:P) 
(N:T) 
(N:2N) 
(N:2P) 
(N:D) 
(N:H) 
(N:N,P) 
(N:2P) 
(N:G) 
(N:T) 
(N:H) 
(N:A) 
(N:2N) 
(N:N,A) 

(N:P) 
(N:A) 
{N:T) 
(N:N,D) 

(N:G) 
(N:2P) 
(N:A) 
(N:2N) 
(N:P) 
<N:N,A) 
(N:2P) 
(N:D) 
(N:H) 
(N:N,P) 
(N:N,T) 
(N:N,A) 

(N:H) 
(N:N,A) 

(M:G) 
(N:2N) 
(N:2N) 
(N:2P) 
(N:3N) 
(N:H) 
(N:N,A) 

(N:G) 
(M:2N) 

DAUGHTER 

27-CO-
27-CO-
27-CO-
28-NI-
26-FE-
27-CO-
26-FE-
27-CO-
26-FE-
28-NI-
27-CO-
26-FE-
26-FE-
28-NI-
26-FE-

28-NI-
27-CO-
28-NI-
28-NI-

30-ZN-
28-NI-
28-NI-
30-ZN-
29-CU-
28-NI-
28-NI-
29-CU-
28-NI-
29-CU-
29-CU-
28-NI-

29-CU-
29-CU-

32-GE-
32-GE-
32-GE-
30-ZN-
32-GE-
30-ZN-
30-ZN-

33-AS-
33-AS-

56 
60 
58 
59 
59 
60 
59 
60 
60 
63 
60 
60 
59 
63 
60 

63 
60 
63 
63 

65 
63 
63 
65 
67 
63 
66 
67 
66 
67 
67 
66 

67 
67 

71 
69 
71 
72 
71 
72 
72 

76 
74 

HALF-LIFE 

+ 7 
+ 5 
+ 7 
+ 7 
+ 4 
+ 5 
+ 4 
+ 5 
+ 1 
+ 1 
+ 5 
+ 1 
+ 4 
+ 1 
+ 1 

+ 1 
+ 5 
+ 1 
+ 1 

+ 2 
+ 1 
+ 1 
+ 2 
+ 2 
+ 1 
+ 2 
+ 2 
+ 2 
+ 2 
+ 2 
+ 2 

+ 2. 
+ 2. 

+ 1. 
+ 1 . 
+ 1. 
+ 1 . 
+ 1. 
+ 1. 
+ 1 . 

+ 1 . 
+ 1. 

.71E+01D 

.37E+00Y 

.08E+01D 

.63E+04Y 

.45E+01D 

.37E+00Y 

.45E+01D 

.37E+00Y 

.53E+06Y 

.02E+02Y 

.37E+00Y 

.53E+06Y 

.45E+01D 

.02E+02Y 

.53E+06Y 

.02E+02Y 

.37E+00Y 
02E+02Y 
.02E+02Y 

44E+02D 
02E+02Y 
02E+02Y 
44E+02D 
58E+00D 
02E+02Y 
28E+00D 
58E+00D 
28E+00D 
58E+00D 
58E+00D 
28E+00D 

58E+00D 
58E+00D 

I4E+01D 
63E+00D 
14E+01D 
94E+00D 
14E+01D 
94E+00D 
94E+00D 

10E+00D 
78E+01D 

Q-

-1 
-2 
-1 
-1 
-1 
-7 
-1 
-9 
-9 
+ 6 
-1 
-1 
-4 
-9 
-8 

+ 7 
+ 1 
-8 
-1 

+ 7 
-6 
+ 2 
-1 
+ 2 
-4 
-8 
-7 
-1 
-9 
-1 
-5 

-8. 
-5. 

+ 7. 
-1. 
-1 . 
-9. 
-1 . 
-1. 
-7. 

+ 7. 
-1 . 

VALUE 

.731E+01 

.020E+00 

.149E+01 

.137E+01 

.031E+01 

.634E+00 

.042B+01 

.852E+00 

.283E+00 

.849E+00 

.196E+01 

.215E+01 

.282E-01 

.639E+00 

.075E+00 

.373E-01 

.732E+00 
615E+00 
487B+01 

986B+00 
981E+00 
272E+00 
105E+01 
256E-01 
778E+00 
359E+00 
762E+00 
085E+01 
980E+00 
719E+01 
957E+00 

871E+00 
247E+0O 

418E+00 
153E+01 
073E+01 
653E+00 
751E+01 
214E+01 
492E+00 

332E+00 
024E+01 

THRESHOLD 

+ 1 
+ 2 
+ 1 
+ 1 
+ 1 
+ 7 
+ 1 
+ 1 
+ 9 
+ 0 
+ 1 
+ 1 
+ 4 
+ 9 
+ 8 

+ 0 
+ 0 
+ 8 
+ 1 

+ 0 
+ 7 
+ 0 
+ 1 
+ 0 
+ 4 
+ 8 
+ 7 
+ 1 
+ 1 
+ 1 
+ 6 

+ 9. 
+ 5. 

+ 0. 
+ 1. 
+ 1. 
+ 9. 
+ 1. 
+ 1 . 
+ 7. 

+ 0, 
+ 1. 

.763E+01 

.054E+00 

.169E+01 

.157E+01 

.048E+01 

.763E+00 

.060E+01 

.002E+01 

.439E+00 

.000E+00 

.216E+01 

.236E+01 

.355E 01 

.793E+00 

.211E+00 

.OOOE+OO 

.000E+00 
753E+00 
511E+01 

000E+00 
093E+00 
OOOE+OO 
.122E+01 
OOOE+OO 
854E+00 
487E+00 
879E+00 
101E+O1 
013E+01 
745E+01 
048E+00 

005E+00 
326E+00 

OOOE+OO 
170E+01 
089E+01 
788E+00 
776E+0I 
231E+01 
597E+00 

OOOE+OO 
038E+01 

-86-
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TARGET 

38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-
38-SR-

39-Y -
39-Y -
39-Y -
39-Y -

40-ZR-
4 0-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-
40-ZR-

41-NB-
41-NB-
41-NB-
41-MB-
41-NB-

REACTIOM 

84 
84 
84 
84 
84 
84 
86 
86 
86 
86 
87 
87 
87 
88 
88 
88 

89 
89 
89 
89 

90 
90 
90 
90 
90 
91 
91 ( 
91 < 
91 < 
91 ( 
92 < 
92 { 
92 < 
92 ( 
92 ( 
9 2 ( 
92 ( 
94 ( 
94 ( 
94 ( 
94 ( 
96 ( 

93 ( 
93 ( 
93 ( 
93 ( 
93 ( 

(N:G) 
(N:P) 
(N:D) 
(N:A) 
(N:2N) 
(N:N,P) 
(N:P) 
(N:T) 
(N:2N) 
(N:2P) 
(N:D) 
(K:H) 
( N : N , P) 
( M : G) 
N:T) 
(N:A) 

N:G) 
K:P) 
N:A) 
N:2N) 

N:P) 
K:T) 
M:2N) 
N:N,D) 
N:2P) 
N:P) 
N:D) 
K:H) 
N : N , P ) 
N:2P) 
N:G) 
N:D) 
N:T) 
N:H) 
N:A) 
N : N , P ) 
N : N , D ) 
N:G) 
N:2N) 
M: K , T) 
N : N , A ) 
N:2K) 

N:G) 
N:P) 
N:H) 
N:A) 
N:2N) 

Tabl 5 A. 3 

DAUGHTER 

38-SR-
37-RB-
37-RB-
36-KR-
38-SR-
37-RB-
37-RB-
37-RB-
38-SR-
36-KR-
37-RB-
36-KR-
37-RB-
38-SR-
37-RB-
36-KR-

39-Y -
38-SR-
37-RB-
3 9 - Y -

3 9 - Y -
39-Y -
40-ZR-
39-Y -
38-SR-
39-Y -
39-Y -
38-SR-
39-Y -
38-SR-
40-ZR-
39-Y -
39-Y -
38-SR-
38-SR-
39-Y -
39-Y -
40-ZR-
40-ZR-
39-Y -
38-SR-
40-ZR-

41-NB-
40-ZR-
3 9 - Y -
39-Y -
41-MB-

85 
84 
83 
81 
83 
83 
86 
84 
85 
85 
86 
85 
86 
89 
86 
85 

90 
89 
86 
88 

90 
88 
89 
88 
89 
91 
90 
89 
90 
90 
93 
91 
90 
90 
89 
91 
90 
95 
93 
91 
90 
95 

94 
93 
91 
90 
92 

(Continued) 

HALF-LIFE 

+ 6 
+ 3 
+ 8 
+ 2 
+ 1 
+ 8 
+ 1 
+ 3 
+ 6 
+ 1 
+ 1 
+ 1 
+ 1 
+ 5 
+ 1 
+ 1 

+ 2 
+ 5 
+ 1 
+ 1 

+ 2 
+ 1 
+ 3 
+ 1 
+ 5 
+ 5 
+ 2 
+ 5 
+ 2 
+ 2 
+ 1 
+ 5 
+ 2 
+ 2 
+ 5. 
+ 5 . 
+ 2. 
+ 6. 
+ 1. 
+ 5. 
+ 2. 
+ 6. 

+ 2. 
+ 1 . 
+ 5. 
+ 2. 
+ 3. 

.48E+01D 

.29E+01D 

.62E+01D 

.17E+05Y 

.35E+OOD 

.62E+01D 

.87E+01D 

.29E+01D 

.48E+01D 

.09E+01Y 

.87E+01D 

.09E+01Y 

.87E+01D 

.05E+01D 

.87E+01D 

.09E^ 01Y 

.67E+00D 

.05E+01D 
87E+01D 
.07E+02D 

.67E+00D 

.07E+O2D 
27E+O0D 
07E+02D 
05E+0ID 
85E+01D 
67E+00D 
05E+01D 
67E+00D 
96E+01Y 
56E+06Y 
85E+01D 
67E+00D 
96E+01Y 
05E+01D 
85E+01D 
67E+00D 
40E+01D 
56E+06Y 
85E+01D 
96E+01Y 
40E+01D 

07E+04Y 
56E+06Y 
85E+01D 
67E+00D 
56E+07Y 

Q-

+8 
-1 
-6 
+ 2 
-1 
-8 
-9 
-1 
-1 
-9 
-7 
-1 
-9 
+ 6 
-1 
-7 

+ 6 
-6 
+ 7 
-1 

-1 
-1 
-1 
-1 
-9 
-7 
-6 
-8 
-8 
-8 
+ 6 
-7 
-8 
-9 
+ 3. 
-9. 
-1 . 
+ 6. 
-8. 
-1 . 
-3. 
-7 . 

+ 7. 
+ 7. 
-7. 
+ 4. 
-8. 

VALUE 

.526E+00 

.013E-01 

.711E+00 

.727E+00 

.197E+01 

.928E+00 

.683E-01 

.163E+01 

.147E+01 

.539E+00 

.180E+00 

.025E+01 

.397E+00 

.366E+00 

.203E+01 

.835E-01 

.863E+00 

.982E-01 

.089E-01 

.146E+01 

.494E+00 

.134E+01 
197E+01 

.760E+01 
070E+00 
409E-01 
469E+00 
544E+00 
686E+00 
459E+00 
735E+00 
165E+00 
843E+00 
383E+00 
395E+00 
383E+00 
510E+01 
465E+00 
203E+00 
585E+01 
754E+00 
848E+00 

233E+00 
089E-01 
706E+00 
930E+00 
814E+00 

THRESHOLD 

+ 0 
+ 1 
+ 6 
+ 0 
+ 1 
+ 9 
+ 9 
+ 1 
+ 1 
+ 9 
+ 7 
+ 1 
+ 9 
+ 0 
+ 1 
+ 7 

+ 0 
+ 7 
+ 0 
+ 1 

+ 1 
+ 1 
+ 1 
+ 1 
+ 9 
+ 7 
+ 6 
+ 8 
+ 8 
+ 8 
+ 0 
+ 7 
+ 8. 
+ 9 
+ 0. 
+ 9. 
+ 1. 
+ 0. 
+ 8. 
+ 1. 
+ 3. 
+ 7. 

+ 0. 
+ 0. 
+ 7. 
+ 0. 
+8. 

.000E+00 

.025E-01 

.792E+00 

.OOOE+OO 

.212E+01 

.037E+00 

.797E-01 

.177E+01 

.161E+01 

.652E+00 

.264E+00 

.037E+01 

.507E+00 

.000E+00 

.217E+01 

.928E-01 

.OOOE+OO 

.062E-01 

.OOOE+OO 

.159E+01 

.511E+00 

.147E+01 

.211E+01 

.780E+01 
173E+00 
491E-01 
542E+00 
641E+00 
784E+00 
554E+00 
OOOE+OO 
245E+00 
942E+00 
488E+00 
OOOE+OO 
487E+00 
527E+01 
OOOE+OO 
292E+00 
603E+01 
796E+00 
931E+00 

OOOE+OO 
OOOE+CO 
791E+00 
OOOE+OO 
911E+00 

87-
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Table A. 3 (Continued) 

TARGET 

41-NB-
41-MB-
41-NB-

42-MO-
42-MO-
42-MO-
42-MO-
42-MO-
42-MO-
42-MO-
42-HO-
42-MO-
42-MO-
42-HO-
42-MO-
42-MO-
42-MO-
42-MO-
42-MO-
42-MO-
42-MO-
4 2-MO-
42-MO-
42-MO-
42-MO-
42-MO-
4 2-MO-
42-MO-
42-MO-
4 2-MO-
4 2-MO-
4 2-NO-
4 2-MO-
42-MO-
42-MO-
42-MO-
42-MO-
4 2-MO-
42-MO-
4 2-MO-
4 2-MO-
42-MO-
4 2-MO-
4 2-MO-
4 2-MO-
4 2-MO-
4 2-MO-
42-MO-
42-MO-

46-PD-

REACTION 

93 
93 
93 

92 
92 
92 
92 
92 
92 
92 
92 
92 
94 
94 
9^ 
94 
94 
94 
94 
94 
94 
95 
95 ( 
95 
95 ( 
95 < 
95 ( 
95 ( 
95 ( 
96 ( 
96 ( 
96 ( 
96 ( 
96 ( 
96 ( 
96 ( 
96 ( 
97 ( 
97 ( 
97 ( 
97 ( 
97 ( 
97 ( 
97 ( 
98 ( 
98 ( 
98 ( 
98 ( 
100 ( 

102 ( 

(N 
(N 
(N 

(N 
(N 
(N 
N 
(N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
H 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N: 
N-
N. 
N: 
M: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 

N: 

:2N) 
:3N) 
:3N) 

:G) 
:P) 
:P) 
:D) 
:D) 
:A) 
N,P) 
N,P) 
N,A) 
P) 
T) 
T) 
2N) 
K,D) 
N,D) 
N,T) 
N,T) 
2P) 
P) 
P) 
D) 
H) 
N,P) 
N,T) 
N,T) 
3N) 
D) 
D) 
T) 
A) 
N,P) 
M,P) 
N,D) 
2P) 
T) 
T) 
H) 
N,D) 
K,D) 
N,T) 
N,A) 
G) 
A) 
N,T) 
N,T) 
2N) 

G) 

DAUGHTER 

41-NB-
41-NB-
41-NB-

42-MO-
41-NB-
41-NB-
41-NB-
41-NB-
40-ZR-
41-NB-
41-NB-
40-ZR-
41-NB-
4 1-MB-
41-NB-
42-MO-
41-NB-
41-NB-
41-NB-
41-NB-
40-ZR-
41-NB-
41-NB-
41-NB-
40-ZR-
41-NB-
41-NB-
41-NB-
42-MO-
41-NB-
41-NB-
41-NB-
40-ZR-
41-NB-
41-NB-
41-NB-
40-ZR-
41-NB-
41-N3-
40-ZR-
41-NB-
41-NB-
41-NB-
40-ZR-
4 2-MO-
40-ZR-
41-NB-
41-NB-
42-MO-

92M 
91 
91M 

93 
92 
92M 
91 
91M 
89 
91 
91M 
88 
94 
92 
92M 
93 
92 
92M 
91 
91M 
93 
95 
95M 
94 
93 
94 
92 
9 2M 
93 
95 
95M 
94 
93 
95 
95M 
94 
95 
95 
95M 
95 
95 
95M 
94 
93 
99 
95 
95 
9 5M 
99 

46-PD-103 

HALF-LIFE 

+ 1 
+ 1 
+ 6 

+ 3 
+ 3 
+ 1 
+ 1 
+ 6 
+ 3 
+ 1 
+ 6 
+ 8 
+ 2 
+ 3 
+ 1 
+ 3 
+ 3 
+ 1 
+ 1 
+ 6 
+ 1 
+ 3 
+ 3 
+ 2 
+ 1 
+ 2 
+ 3 
+ 1 
+ 3 
+ 3 
+ 3 
+ 2 
+ 1 
+ 3 
+ 3 
+ 2 
+ 6 
+ 3. 
+ 3. 
+ 6. 
+ 3. 
+ 3. 
+ 2. 
+ 1. 
+ 2. 
+ 6. 
+ 3. 
+ 3. 
+ 2. 

+ 1. 

.02E+01D 

.02E+O4Y 

.20E+01D 

.56E+03Y 

.56E+07Y 

.02E+01D 

.02E+04Y 

.20E+01D 

.27E+00D 

.02E+04Y 

.20E+01D 

.34E+01D 

.07E+04Y 

.56E+07Y 

.02E+01D 

.56E+03Y 

.56E+07Y 

.02E+01D 

.02E+04Y 
20E+01D 
56E+06Y 
50E+01D 
61E+00D 
07E+04Y 
56E+06Y 
07E+04Y 
56E+07Y 
02E+01D 
56E+03Y 
50E+01D 
61E+00D 
07E+04Y 
56E+06Y 
50E+01D 
61E+00D 
07E+04Y 
40E+01D 
50E+01D 
61E+00D 
40E+01D 
50E+01D 
61E+00D 
07E+04Y 
56E+06Y 
75E+00D 
40E+01D 
50E+01D 
61E+00D 
75E+00D 

70E+01D 

Q-

-8 
-1 
-1 

+ 8 
+ 4 
+ 2 
-5 
-5 
+ 3 
-7 
-7 
-5 
-1 
-8 
-8 
-9 
-1 
-1 
-1 
-1 
-7 
-1 
-3 
-6 
-7 
-8 
-1 
-1 
-1 
-7 
-7 
-9 
+ 3 
-9 
-9 
-1 
-9 
-7 . 
-7. 
-8. 
-1 . 
-1. 
-1 . 
-2. 
+ 5. 
+ 3. 
-1 . 
-1 . 
-8. 

+ 7. 

VALUE 

.956E+00 

.670E+01 

.680E+01 

.072E+00 

.388E-01 

.967E-01 

.232E+00 

.332E+00 

.708E+00 

.450E+00 

.549E+00 

.6"2E+00 

.253E+00 

.828E+00 

.971E+00 

.667E+00 

.508E+01 

.522E+01 

.672E+01 

.682E+01 

.791E+00 

.439E-01 
713E-01 
.412E+00 
450E+00 
629E+00 
621E+01 
635E+01 
704E+01 
080E+00 
308E+00 
297E+00 
978E+00 
297E+00 
525E+00 
555E+01 
639E+00 
634E+00 
862E+00 
743E+00 
389E+01 
412E+01 
612E+01 
844E+00 
925E+00 
196E+00 
628E+01 
650E+01 
274E+00 

631E+00 

THRESHOLD 

+ 9 
+ 1 
+ 1 

+ 0 
+ 0 
+ 0 
+ 5 
+ 5 
+ 0 
+ 7 
+ 7 
+ 5 
+ 1 
+ 8 
+ 9 
+ 9 
+ 1 
+ 1 
+ 1 
+ 1 
+ 7 
+ 1 
+ 3 
+ 6 
+ 7 
+ 8 
+ 1 
+ 1 
+ 1 
+ 7 
+ 7 
+ 9 
+ 0 
+ 9 
+ 9. 
+ 1 
+ 9. 
+ 7. 
+ 7. 
+ 8. 
+ 1. 
+ 1 . 
+ 1. 
+ 2. 
+ 0. 
+ 0. 
+ 1. 
+ 1 . 
+ 8. 

+ 0. 

.055E+00 

.689E+01 

.699E+01 

.0O0E+00 

.OOOE+00 

.OOOE+00 

.290E+00 

.391E+00 

.000E+00 

.532E+00 

.633E+00 

.666E+00 

.266E+00 

.925E+00 

.069E+00 

.772E+00 

.525E+01 

.539E+01 

.690E+01 

.700E+0I 

.875E+00 

.454E-01 
753E-01 
.481E+00 
531E+00 
722E+00 
638E+01 
653E+01 
723E+01 
155E+00 
385E+00 
397E+00 
OOOE+00 
396E+00 
626E+00 
572E+01 
741E+00 
716E+00 
945E+00 
836E+00 
404E+01 
427E+01 
629E+01 
875E+00 
OOOE+00 
OOOE+00 
645E+01 
668E+01 
358E+00 

000E+00 

-88-
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TARGET REACTION 

48-CD-lll 
48-CD-lll 
48-CD-lll 
48-CD-lll 
48-CD-112 
48-CD-112 
48-CD-112 
48-CD-112 
48-CD-113 
48-CD-113 
48-CD-113 
48-CD-114 
48-CD-114 
48-CD-114 
48-CD-116 
48-CD-116 

49-IN-113 
49-IN-113 
49-IN-113 
49-IN-113 
49-IN-115 
49-IN-115 
49-IN-115 
49-IN-115 

50-SN-112 
50-SN-l12 
50-SN-l12 
50-SN-112 
50-SN-114 
50-SN-l14 
50-SN-l14 
50-SN-115 
50-SN-l15 
50-SN-115 
50-SN-l16 
50-SN-116 
50-SN-l16 
50-SN-116 
50-SN-l17 
50-SN-117 
50-SN-l17 
50-SN-118 
50-SN-118 
50-SN-119 
50-SN-119 
50-SN-120 
50-SN-120 
50-SN-122 
50-SN-122 

(N:D) 
(N:N,P) 
(N:N,A) 
(N:3N) 
(N:D) 
(N:T) 
(N:N,P) 
(N:N,D) 
(N:T) 
(N:N,D) 
(N:N,T) 
(N:G) 
(N:G) 
(N:N,T) 
(N:2N) 
(N:2N) 

( N : G) 
(N:H) 
(N:A) 
(N:3N) 
(N:P) 
( N : P) 
(N:2N) 
( N : N , A ) 

<N:G ) 
(N:D) 
( N : A ) 
(N:N,P) 
(H:P) 
(N:2N) 
(K:N,T) 
(N:D) 
(N:N,P) 
(N:3N) 
(N:T) 
(N:N,D) 
(N:2P) 
(N:2P) 
(N:H) 
(N:H) 
(N:N,T) 
(N:A) 
(N:A) 
(N:N,A) 
(N:N,A) 
(N:G) 
(N:G) 
(N:G) 
(N:2N) 

Table A.3 

DAUGHTER 

47-AG-110M 
47-AG-110M 
46-PD-107 
48-CD-109 
47-AG-lll 
47-AG-110M 
47-AG-lll 
47-AG-110M 
47-AG-lll 
47-AG-lll 
47-AG-110M 
48-CD-115 
48-CD-115M 
4 7-AG-lll 
48-CD-115 
48-CD-115M 

49-IN-114M 
47-AG-lll 
47-AG-110M 
49-IN-lll 
48-CD-115 
48-CD-115M 
49-IN-114M 
47-AG-l11 

50-SN-113 
49-IN-lll 
48-CD-109 
49-IN-lll 
49-IN-114M 
50-SN-113 
49-IN-l11 
49-IN-114M 
49-IN-114M 
50-SN-l13 
49-IN-114M 
49-IN-114M 
48-CD-115 
48-CD-115M 
48-CD-115 
48-CD-115M 
49-IN-114M 
48-CD-115 
48-CD-115M 
48-CD-115 
48-CD-115M 
50-SN-121 
50-SN-121M 
50-SN-123 
50-SN-121 

(Continued] 

HALF-LIFE 

+ 2 
+ 2 
+ 6 
+ 1 
+ 7 
+ 2 
+ 7 
+ 2 
+ 7 
+ 7 
+ 2 
+ 2 
+ 4 
+ 7 
+ 2 
+ 4 

+ 4 
+ 7 
+ 2 
+ 2 
+ 2 
+ 4 
+ 4 
+ 7 

+ 1 
+ 2 
+ 1 
+ 2 
+ 4 
+ 1 
+ 2 
+ 4. 
+ 4 
+ 1 . 
+ 4. 
+ 4. 
+ 2. 
+ 4. 
+ 2. 
+ 4. 
+ 4. 
+ 2. 
+ 4. 
+ 2. 
+ 4. 
+ 1 . 
+ 5. 
+ 1. 
+ 1. 

.50E+02D 

.50E+02D 

.62E+06Y 

.29E+00Y 

.45E+00D 

.50E+02D 

.45E+00D 

.50E+02D 

.45E+00D 

.45E+C0D 

.50E+02D 

.23E+00D 

.46E+01D 

.45F+00D 

.23E+00D 

.46E+01D 

.95E+01D 
45E+00D 
50E+02D 
83E+00D 
23E+00D 
46E+01D 
95E+01D 
45E+00D 

15E+02D 
83E+00D 
29B+00Y 
83E+00D 
95E+01D 
15E+02D 
83E+0OD 
95E+01D 
95E+01D 
15E+02D 
95E+01D 
95E+01D 
23E+00D 
46E+01D 
23E+00D 
46E+01D 
95E+01D 
23E+00D 
46E+01D 
23E+00D 
46E+01D 
13E+00D 
60E+01Y 
29E+02D 
13E+00D 

Q-

-6 
-9 
-3 
-1 
-7 
-1 
-9 
-1 
-7 
-1 
-1 
+ 6 
+ 5 
-1 
-8 
-8 

+ 7 
-7 
+ 3 
-1 
-6 
-8 
-9 
-3 

+ 7 
-5 
+ 5 
-7 
-1 
-1 
-1 
-6 
-8 
-1 
-1 
-1 
-9. 
- 1 . 
-9. 
-9. 
- 1 . 
+ 2. 
+ 1. 
-4 . 
-4 . 
+ 6. 
+ 6. 
+ 5. 
-8. 

VALUE 

.981E+00 

.198E+00 

.299E+00 

.684E+01 

.407E+00 

.011E+01 

.624E+00 

.636E+01 

.691E+00 

.395E+01 

.666E+01 

.138E+00 

.968E+00 

.673E+01 

.686E+00 

.857E+00 

.091E+00 

.990E+00 

.623E+00 

.710E+01 

.556E-01 
262E-01 
.212E+00 
.726E+00 

745E+00 
318E+00 
542E+00 
535E+00 
380E+00 
029E+01 
710E+01 
711E+00 
928E+00 
784E+01 
001E+01 
626E+01 
937E+00 
011E+01 
170E+00 
340E+00 
696E+01 
088E+00 
917E+00 
394E+00 
564E+00 
I67E+00 
167E+00 
939E+00 
814E+00 

THRESHOLD 

+ 7 
+9 
+ 3 
+ 1 
+ 7 
+ 1 
+ 9 
+ 1 
+ 7 
+ 1 
+ 1 
+ 0 
+ 0 
+ 1 
+ 8 
+ P 

+ 0 
+ 8 
+0 
+ 1 
+ 6 
+ 8 
+ 9 
+ 3 

+ 0 
+ 5 
+ 0 
+ 7 
+ 1 
+ 1 
+ 1 
+ 6 
+ 9 
+ 1 
+ 1 
+ 1. 
+ 1. 
+ 1. 
+ 9. 
+ 9. 
+ 1 . 
+ 0. 
+ 0. 
+ 4. 
+ 4. 
+ 0. 
+ 0. 
+0. 
+8. 

.045E+00 

.282E+00 

.330E+00 

.700E+01 

.474E+00 

.020E+01 

.712E+00 

.651E+01 

.761E+00 

.407E+01 

.681E+01 

.OOOE+00 

.000E+00 

.688E+01 

.763E+00 

.935E+00 

.000E+00 

.062E+00 

.OOOE+00 
726E+01 
.614E-01 
.334E-01 
294E+00 
760E+00 

000E+00 
366E+00 
OOOE+00 
603E+00 
393E+00 
038E+01 
726E+01 
770E+00 
007E+00 
800E+01 
010E+01 
641E+01 
002E+01 
020E+01 
250E+00 
422E+00 
711E+01 
000E+00 
000E+00 
432E+00 
604E+00 
OOOE+00 
OOOE+00 
000E+00 
888E+00 

- 9 0 -
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TARGET REACTION 

50-SN 
50-SN 
50-SN 

51-SB 
51-SB 
51-SB-
51-SB 
51-SB-
51-SB-
51-SB-
51-SB-
51-SB-
51-SB-
51-SB-
51-SB-

56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
36-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-BA-
56-LA-
56-BA-
56-BA-
56-BA-
56-BA-

-122 
-124 
-124 

-121 
-121 
-121 
-121 
-121 
-123 
-123 
-123 
-123 
-123 
-123 
-123 

-130 
-130 
130 
-130 
132 
-132 
132 
-132 
132 
132 
132 
134 
134 ( 
134 ( 
134 ( 
134 
134 ( 
134 ( 
134 ( 
135 ( 
135 ( 
135 ( 
135 < 
135 ( 
135 ( 
135 ( 
135 ( 
136 ( 
136 ( 
136 ( 
136 ( 
136 ( 
136 t 
136 ( 

(N 
(N 
(N 

(N 
(N 
(N 
(N 
(N 
(N 
K 
(K 
N 
N 
N 
[N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
hi 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N' 
N 
K. 
N 
N: 
N: 
N: 
N. 
N: 
N: 
N: 
N: 
N: 
rJ: 

:2N) 
:G) 
:2N) 

:G) 
:P) 
:P) 
: 2N) 
:3N) 
:G) 
:P) 
:T) 
:T) 
:2N) 
:N,D) 
:N,D) 

G) 
D) 
A) 
N,P) 
G) 
G) 
P) 
D) 
2N) 
K.P) 
N,T) 
P) 
T) 
2N) 
2K) 
N,D) 
M,T) 
2P) 
2P) 
P) 
D) 
H) 
H) 
N,P) 
N.T) 
3N) 
3N) 
P) 
D) 
T) 
A) 
A) 
N,P) 
K.D) 

Tabte A.3 

DAUGHTER 

50-SN-121M 
50-SN-125 
50-SN-123 

51-SB-122 
50-SN-121 
50-SN-121M 
51-SB-120M 
51-SB-119 
51-SB-124 
50-SN-123 
50-SN-121 
50-SN-121M 
51-SB-122 
50-SN-121 
50-SN-121M 

56-BA-131 
55-CS-129 
54-XE-127 
55-CS-129 
56-BA-133 
56-BA-133M 
55-CS-132 
55-CS-131 
56-BA-131 
55-CS-131 
55-CS-129 
55-CS-134 
55-CS-132 
56-BA-133 
56-BA-133M 
55-CS-132 
55-CS-131 
54-XE-133 
54-XE-133H 
55-CS-135 
55-CS-134 
54-XE-133 
54-XE-133M 
55-CS-131 
55-CS-132 
56-BA-133 
56-BA-133M 
55-CS-136 
55-CS-135 
55-CS-134 
54-XE-133 
54-XE-133M 
j^-CS-135 
55-CS-134 

(Continued 

HALF-LIFE 

+ 5 
+ 9 
+ 1 

+ 2 
+ 1 
+ 5 
+ 5 
+ 1 
+ 6 
+ 1 
+ 1 
+ 5 
+ 2 
+ 1 
+ 5 

+ 1 
+ 1 
+ 3 
+ 1 
+ 1 
+ 1 
+ 6 
+ 9 
+ 1 
+ 9 
+ 1 
+ 2 
+ 6 
+ 1 
+ 1 
+ 6 
+ 9 
+ 5 
+ 2 
+ 2 
+ 2. 
+ 5. 
+ 2. 
+ 2. 
+ 6. 
+ 1 . 
+ 1 . 
+ 1 . 
+ 2. 
+ 2. 
+ 5. 
+ 2. 
+ 2. 
+ 2. 

.60E+01Y 

.64E+00D 

.29E+02D 

.70E+00D 

.13E+00D 

.60E+01Y 

.76E+00D 

.59E+00D 

.02E+01D 

.29E+02D 

.13E+00D 

.60E+01Y 

.70E+00D 

.13E+00D 

.60E+01Y 

.18E+01D 
34E+00D 
64E+01D 
34E+00D 
07E+01Y 
62E+00D 
48E+00D 
69E+00D 
18E+01D 
69E+00D 
34E+OOD 
10E+00Y 
48E+OOD 
07E+01Y 
62E+00D 
48E+00D 
69E+00D 
24E+00D 
19E+00D 
34E+06Y 
10E+OOY 
24E+00D 
19E+00D 
10E+00Y 
48E+00D 
07E+01Y 
R2E+00D 
32E+01D 
34E+06Y 
10E+OOY 
24E+00D 
19E+00D 
34E+06Y 
10E+00Y 

Q-

-8 
+ 5 
-8 

+6 
+ 3 
+ 3 
-9 
-1 
+ 6 
-5 
-6 
-6 
-8 
-1 
-1 

+ 7 
-4 
*6 
-7 
+ 7 
+ 6 
-4 
-5 
-9 
-7 
-1 
-1 
-8 
-9 
-9 
-1 
-1 
-7 
-8 
+ 5 
-6 
-7 
-7. 
-8. 
-1 . 
-1. 
-1 . 
-1 . 
-6. 
-8. 
+ 4 . 
+4. 
-8. 
-1 . 

VALUE 

.814E+00 

.726E+00 

.487E+00 

.807E+O0 

.962E-01 

.962E-01 

.241E+00 

.625E+01 

.480E+00 

.987E-01 

.881E+00 

.881E+00 

.942E+00 

.314E+01 

.314E+01 

.489E+00 

.806E+00 

.664E+00 

.023E+00 

.176E+00 

.892E+00 

.850E-01 

.460E+00 
795E+00 
677E+00 
584E+01 
.267E+00 
658E+00 
468E+00 
752E+00 
491E+01 
585E+01 
805E+00 
032E+00 
810E-01 
028E+00 
066E+00 
293E+00 
246E+00 
564E+01 
645E+01 
673E+01 
750E+00 
298E+00 
857E+00 
419E+00 
191E+00 
516E+00 
511E+01 

THRESHOLD 

+ 8 
+ 0 
+ 8 

+0 
+ 0 
+0 
+ 9 
+ 1 
+ 0 
+ 6 
+ 6 
+ 6 
+ 9 
+ 1 
+ 1 

+ 0 
+ 4 
+0 
+ 7 
+0 
+ 0 
+ 4 
+ 5 
+ 9 
+ 7 
+ 1 
+ 1 
+ 8 
+9 
+ 9 
+ 1 
+ 1. 
+ 7 
+8 
+ 0 
+ 6. 
+ 7 
+ 7. 
+ 8. 
+ 1. 
+ 1. 
+ 1. 
+ 1. 
+ 6. 
+ 8. 
+ 0. 
+ 0. 
+ 8. 
+ 1. 

.888E+00 

.OOOE+00 

.557E+00 

.OOOE+00 

.OOOE+00 

.OOOE+00 

.318E+00 

.639E+01 

.OOOE+00 

.037E-01 

.939E+00 

.939E+00 

.016E+00 

.324E+01 

.324E+01 

.OOOE+OO 

.844E+00 

.OOOE+OO 

.078E+00 

.OOOE+00 

.OOOE+OO 

.887E-0i 

.502E+00 
870E+00 
736E+00 
596E+01 
276E+00 
724E+00 
540E+00 
826E+00 
503E+01 
597E+01 
864E+00 
093E+00 
OOOE+OO 
074E+00 
120E+00 
349E+00 
308E+00 
576E+01 
657E+01 
686E+01 
763E+00 
345E+00 
924E+00 
OOOE+OO 
OOOE+00 
579E+00 
522E+01 

-91-
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TARGET REACTION 

56-BA-137 
56-BA-137 
56-BA-137 
56-BA-137 
56-BA-137 
56-BA-137 
56-BA-137 
56-BA-137 
56-BA-138 
56-BA-138 
56-BA-138 
56-BA-I38 
56-BA-138 

62-SM-144 
62-SM-144 
62-SM-144 
62-SM-144 
62-SM-144 
62-SH-146 
62-SM-146 
62-SM-146 
62-SM-146 
62-SM-146 
62-SM-146 
62-SM-146 
62-SM-147 
62-SM-147 
62-SM-147 
62-SM-147 
62-SM-147 
62-SM-147 
62-SM-147 
62-SM-147 
62-SM-148 
62-SM-148 
62-SM-148 
62-SM-148 
62-SM-148 
62-SM-148 
62-SM-148 
62-SM-148 
62-SM-148 
62-SM-149 
62-SM-149 
62-SM-149 
62-SM-149 
62-SM-149 
62-SM-149 
62-SM-149 
62-SM-149 

(N:P) 
(N:D) 
<N:T) 
(N:N,P) 
(N:N,D) 
(N:N,T) 
(N:N,A) 
(N:N,A) 
(N:D) 
(N:T) 
(N:N,P) 
(N:N,D) 
(N:N,T) 

(N:G) 
(N:P) 
(N:D) 
(M:N,P) 
(N:N,A) 
(N:P) 
(N:D) 
(N:T) 
(N:2N) 
(N:N,P) 
(K:N,D) 
(N:N,T) 
(N:P) 
(N:D) 
(N:T) 
(N:2N) 
(N:N,P) 
(N:M,D) 
(N:N,T) 
(N:3N) 
(N:P) 
(N:P) 
(N:D) 
(N:T) 
(N:N,P) 
(N:K,D) 
(N:N,T) 
(N:2P) 
(N:3N) 
(N:P) 
(M:D) 
(N:D) 
(N:T) 
(N:H) 
(N:N,P) 
(N:N,P) 
(N:N,D) 

Table A.3 

DAUGHTER 

55-CS-137 
55-CS-136 
55-CS-135 
55-CS-136 
55-CS-135 
55-CS-134 
54-XE-133 
54-XE-133M 
55-CS-137 
55-CS-136 
55-CS-137 
55-CS-136 
55-CS-135 

62-SM-145 
61-PM-144 
61-PM-143 
61-PM-143 
60-ND-140 
61-PM-146 
61-PM-145 
6J-PM-144 
62-SM-145 
61-PM-145 
61-PM-144 
61-PM-143 
6I-PM-147 
61-PM-146 
61-PM-145 
62-SM-146 
61-PM-146 
6I-PM-14 5 
61-PM-144 
62-SM-145 
61-PM-148 
61-PM-148M 
61-PM-147 
61-PM-146 
61-PM-I47 
61-PM-146 
61-PM-145 
60-ND-147 
62-SM-146 
61-PM-149 
61-PM-148 
61-PM-148M 
61-PM-147 
60-ND-147 
61-PM-148 
61-PM-148M 
6I-PM-147 

(Continued) 

HALF-LIFE 

+ 3 
+ 1 
+ 2 
+ 1 
+ 2 
+ 2 
+ 5 
+ 2 
+ 3 
+ 1 
+ 3 
+ 1 
+ 2 

+ 3 
+ 1 
+ 2 
+ 2 
+ 3 
+ 5 
+ 1 
+ 1 
+ 3 
+ 1 
+ 1 
+ 2 
+ 2 
+ 5 
+ 1 
+ 1 
+ 5 
+ 1 
+ 1 
+ 3 
+ 5 
+ 4. 
+ 2. 
+ 5. 
+ 2. 
+ 5. 
+ 1. 
+ 1. 
+ 1. 
+ 2. 
+ 5 . 
+ 4. 
+ 2. 
+ 1. 
+ 5. 
+ 4. 
+ 2. 

.05E+01Y 

.32E+01D 

.34E+06Y 

.32E+01D 

.34E+06Y 

.10E+OOY 

.24E+00D 

.19E+00D 

.05E+01Y 

.32E+01D 

.05E+01Y 

.32E+01D 

.34E+06Y 

.40E+02D 

.01E+O0Y 

.65E+02D 

.65E+02D 

.37E+00D 

.63E+00Y 

.80E+01Y 

.OlE+OOY 

.40E+02D 
80E+01Y 
OlE+OOY 
65E+02D 
67E+00Y 
63E+00Y 
80E+01Y 
05E+08Y 
63E+OOY 
80E+01Y 
OlE+OOY 
40E+02D 
37E+OOD 
13E+01D 
67E+OOY 
63E+00Y 
67E+OOY 
63E+00Y 
80E+01Y 
10E+01D 
05E+08Y 
21E+OOD 
37E+00D 
13E+01D 
67E+OOY 
10E+01D 
37E+OOD 
13E+01D 
67E+00Y 

Q-

-3 
-6 
-6 
-8 
-1 
-1 
-2 
-2 
-6 
-8 
-8 
-1 
-1 

+ 6 
+ 2 
-4 
-6 
-1 
-7 
-4 
-6 
-8 
-6 
-1 
-1 
+ 5 
-4 
-4 
-6 
-7 
-1 
-1 
-1 
-1 
-1. 
-5. 
-6. 
-7. 
-1. 
-1. 
-7. 
-1 . 
-2. 
-5. 
-5. 
-4. 
-5. 
-7. 
-7. 
-1. 

VALUE 

.855E-01 

.441E+00 

.938E+00 

.658E+00 

.319E+01 

.576E+01 

.489E+00 

.717E+00 

.782E+00 

.786E+00 

.999E+00 

.504E+01 

.555E+01 

.764E+00 

.541E-01 

.067E+00 

.284E+00 

.581E-01 

.409E-O1 

.778E+00 

.426E+00 

.388E+00 

.995E+00 
268E+01 
296E+01 
668E-01 
877E+00 
863E+00 
341E+00 
094E+00 
112E+01 
278E+01 
474E+01 
665E+00 
807E+00 
360E+00 
753E+00 
578E+00 
'301E+01 
301E+01 
691E+00 
449E+01 
718E-01 
318E+00 
460E+00 
962E+00 
844E+00 
535E+00 
677E+00 
122E+01 

THRESHOLD 

+ 3 
+ 6 
+ 6 
+ 8 
+ 1 
+ 1 
+ 2 
+ 2 
+ 6 
+ 8 
+ 9 
+ 1 
+ 1 

+ 0 
+ 0 
+ 4 
+ 6 
+ 1 
+ 7 
+ 4 
+ 6 
+ 8 
+ 7 
+ 1 
+ 1 
+ 0 
+ 4 
+ 4 
+ 6 
+ 7 
+ 1 
+ 1 
+ 1 
+ 1 
+ 1 
+ 5. 
+ 6 . 
+ 7. 
+ 1 . 
+ 1 . 
+ 7. 
+ 1. 
+ 2. 
+ 5. 
+ 5. 
+ 4. 
+ 5. 
+ 7. 
+ 7. 
+ 1. 

.884E-01 

.488E+00 

.990E+00 

.722E+00 

.329E+01 

.588E+01 

.508E+00 

.737E+00 

.832E+00 

.851E+00 

.065E+00 

.515E+01 

.567E+01 

.000E+00 

.000E+00 

.096E+00 

.329E+00 

.593E-01 

.460E-01 

.811E+00 

.471E+00 

.446E+00 

.044E+00 
277E+01 
306E+01 
OOOE+OO 
911E+00 
897E+00 
385E+00 
143E+00 
119E+01 
287E+01 
484E+01 
676E+00 
819E+00 
397E+00 
800E+00 
630E+00 
310E+01 
310E+01 
744E+00 
459E+01 
737E-01 
354E+00 
497E+00 
996E+00 
884E+00 
586E+00 
729E+00 
129E+01 

-92-
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TARGET REACTION 

62-SM-149 
62-SM-150 
62-SM-150 
62-SM-150 
62-SM-150 
S2-SM-150 
62-SM-150 
62-SM-150 
62-SM-150 
62-SM-150 
62-SM-152 
62-SM-152 
62-SM-152 
62-SM-152 
62-SM-152 
62-SM-154 
62-SM-154 

63-EU-151 
63-EU-151 ( 
63-EU-151 
63-EU-151 
63-EU-151 ( 
63-EU-151 ( 
63-EU-151 ( 
63-EU-151 ( 
63-EU-153 
63-EU-153 ( 
63-EU-153 ( 
63-EU-153 ( 
63-EU-153 ( 
63-EU-153 ( 
63-EU-153 ( 

64-GD-152 ( 
64-GD-152 ( 
64-GD-152 ( 
64-GD-152 ( 
64-GD-152 ( 
64-GD-152 ( 
64-GD-152 ( 
64-GD-152 ( 
64-GD-154 ( 
64-GD-154 ( 
64-GD-154 ( 
64-GD-154 ( 
64-GD-154 ( 
64-GD-154 ( 
64-GD-155 ( 
64-GD-155 ( 
64-GD-155 ( 

(N:N,T) 
(N:G) 
<N:D) 
(N: T) 
(N:T) 
(N:A) 
< N : N , P ) 
( N : N , D ) 
(N:N,D) 
(N:N,T) 
N:G) 
N:D) 
N:2N) 
N:N,P) 
N:N,T) 
N:2N) 
N:N,T) 

N:G) 
N:P) 
N:H) 
N:A) 
N:A) 
N": 2 N ) 
N : N , A ) 
N:3N) 
N:G) 
N:P) 
N:T) 
N:H) 
N:2N) 
N:N,D) 
N : N , A ) 

N:G) 
N:P) 
N:T) 
N:2N) 
N:N,D) 
N:N,T) 
N:2P) 
N:3N) 
N:P) 
N:T) 
N:A) 
N: 2N) 
N : N , D ) 
N: 2P) 
N:P) 
N:D) 
N:H) 

Table A. 3 

DAUGHTER 

61-PM-146 
62-SM-151 
61-PM-149 
61-PM-148 
61-PM-148M 
60-ND-147 
61-PM-149 
61-PM-148 
61-PM-148M 
61-PM-14 7 
62-SM-153 
61-PM-151 
62-SM-151 
61-PM-151 
61-PM-149 
62-SM-153 
61-PM-151 

63-EU-152 
62-SM-151 
61-PM-149 
61-PM-148 
61-PM-14 8M 
63-EU-150 
61-PM-147 
63-EU-149 
63-EU-154 
62-SM-153 
62-SM-151 
61-PM-151 
63-EU-152 
6 2-SM-151 
61-PM-149 

64-G0-153 
63-EU-152 
63-EU-150 
64-GD-152 
63-EU-150 
63-EU-149 
62-SM-151 
64-GD-150 
63-EU-154 
63-EU-152 
6 2-SM-151 
64-GD-153 
63-EU-15? 
62-SM-153 
63-EU-155 
63-EU-154 
62-SM-153 

( Cont i nued ) 

HALF-LIFE 

+ 5 
+ 9 
+ 2 
+ 5 
+ 4 
+ 1 
+ 2 
+ 5 
+ 4 
+ 2 
+ 1 
+ 1 
+ 9 
+ 1 
+ 2 
+ 1 
+ 1 

+ 1 
+ 9 
+ 2 
+ 5 
+ 4 
+ 3 
+ 2 
+ 9 
+ 8 
+ 1 
+ 9 
+ 1 
+ 1 
+ 9 
+ 2 

+ 2 
+ 1 
+ 3. 
+ 2 . 
+ 3. 
+ 9. 
+ 9. 
+ 1 . 
+ 8. 
+ 1 . 
+ 9. 
+ 2. 
+ 1. 
+ 1 . 
+ 4 . 
+ 8. 
+ 1 . 

.63E+00Y 

.16E+01Y 

.21E+00D 

.37E+00D 

.13E+01D 

.10E+01D 

.21E+00D 

.37E+00D 

.13E+01D 

.67E+00Y 

.95E+OOD 

. 18E + OOD 

.16E+01Y 

.18E+OOD 

.21E+00D 

.95E+00D 

.18E+00D 

.36E+01Y 
16E+01Y 
.21E+00D 
37E+00D 
13E+01D 
64E+01Y 
67E+OOY 
31E+01D 
75E+00Y 
95E+00D 
16E+01Y 
18E+00D 
36E+01Y 
16E+01Y 
21E+00D 

42E+02D 
36E+01Y 
64E+01Y 
20E+02D 
64E+01Y 
31E+01D 
16E+01Y 
82E+06Y 
75E+OOY 
36E+01Y 
16E+01Y 
42E+02D 
36E+01Y 
95E+OOD 
76E+00Y 
75E+OOY 
95E+O0D 

Q-

-1 
+ 5 
-6 
-7 
-7 
+ 6 
-8 
-1 
-1 
-1 
+ 5 
-6 
-8 
-8 
-1 
-7 
-1 

+ 6 
+ 7 
-5 
+ 7 
+ 7 
-7 
+ 1 
-1 
+ 6 
-1 
-5 
-6 
-8 
-1 
+ 2 

+ 6 
-1 
-6 
-8 
-1 . 
-1 . 
-6. 
-1 . 
-1 . 
-7 . 
+ 6 . 
-8. 
-1. 
-7 . 
+ 5. 
-5. 
-6 . 

VALUE 

.262E+01 

.598E+00 

.043E+00 

.037E+00 

. 180E + 00 

.750E+00 

.260E+00 

.329E+01 

.343E+01 

.295E+01 

.868E+00 

.426E+00 

. 246E + 00 

.644E+00 

.363E+01 

.961E+00 

.400E+01 

.295E+00 

.089E-01 

.446E+C0 

.873E+00 
730E+OO 
961E+00 
960E+OO 
436E+01 
437E+00 
599E-02 
659E+00 
824E+00 
544E+00 
191E+01 
825E-01 

494E+00 
025E+00 
810E+00 
587E+00 
306E+01 
321E+01 
625E+00 
507E+01 
182E+00 
691E+00 
522E+00 
644E+00 
395E+01 
649E+00 
526E-01 
403E+00 
369E+00 

THRESHOLD 

+ 1 
+ 0 
+ 6 
+ 7 
+ 7 
+ 0 
+ 8 
+ 1 
+ 1 
+ 1 
+ 0 
+ 6 
+ 8 
+ 8 
+ 1 
+ 8 
+ 1 

+ 0 
+ 0 
+ 5 
+ 0 
+ 0 
+ 8 
+ 0 
+ 1 
+ 0 
+ 1 
+ 5 
+ 6 
+ 8 
+ 1 
+ 0 

+ 0. 
+ 1. 
+ 6. 
+ 8. 
+ 1. 
+ 1. 
+ 6. 
+ 1 . 
+ 1. 
+ 7. 
+ 0. 
+ 8. 
+ 1. 
+ 7. 
+ 0. 
+ 5. 
+ 6. 

.271E+01 

.000E+00 

.083E+00 

.085E+00 

.229E+00 

.000E+00 

.316E+00 

.338E+01 

.353E+01 

.304E+01 

.OOOE+00 

.469E+00 

.301E+00 

.701E+00 

.372E+01 

.014E+00 

.410E+01 

.OOOE+00 
000E+0O 
.482E+00 
OOOE+00 
.OOOE+00 
015E+00 
000E+00 
445E+01 
000E+00 
610E-02 
697E+00 
870E+00 
601E+00 
199E+01 
OOOE+00 

OOOE+00 
032E+00 
856E+00 
644E+00 
315E+01 
330E+01 
670E+00 
517E+01 
189E+00 
742E+00 
OOOE+00 
701E+00 
404E+01 
699E+00 
OOOE+00 
438E+00 
411E+00 

- 9 3 -
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TARGET REACTION 

64-GD-155 
64-GD-155 
64-GD-155 
64-GD-155 
64-GD-156 
64-GD-156 
64-GD-I56 
64-GD-156 
64-GD-156 
64-GD-J56 
64-GD-157 
64-GD-157 
64-GD-157 
64-GD-157 
64-GD-157 
64-GD-157 
64-GD-158 
64-GD-158 
64-GD-158 

65-TB-159 
65-TB-159 
65-TB-159 
65-TB-159 
65-TB-159 

66-DY-156 
66-DY-156 
66-DY-156 
66-DY-156 
66-DY-156 
66-DY-156 
66-DY-i56 
66-DY-158 
66-DY-158 
66-DY-158 
66-DY-158 
66-DY-158 
66-DY-158 
66-DY-158 
66-DY-158 
66-DY-158 
66-DY-160 
66-DY-160 
66-DY-160 
66-DY-160 
66-DY-160 
66-DY-161 
66-DY-161 
66-DY-161 
66-DY-161 

(M:N,P) 
( N : N , T) 
(N:N,A) 
(N:3N) 
(N:P) 
(N:D) 
(N:T) 
(N:A) 
(H:N,P) 
(M:N,D) 
(N:D) 
<N:T) 
(N:N,P) 
( M : N , D ) 
(N:N,T) 
(N:N,A) 
(N:T) 
(N:N,D) 
(N:N,T) 

(N:G) 
(N:A) 
(N:2N) 
( N : N , A ) 
(N:3N) 

(N:^) 
(N:P) 
(N:D) 
(N:A) 
(N:N,P) 
(N:N,T) 
(N:3N) 
<N:G) 
(N:P) 
(N:D) 
(N:T) 
(N:T) 
(N:N,P) 
(N:N,D) 
(N:N,D) 
(N:N,T) 
(N:P) 
(N:T) 
(N:2N) 
(N:N,D) 
(N:N,T) 
(N:P) 
(!-.':D) 
(N:N,P) 
(N:N,T) 

Table A.3 

DAUGHTER 

63-EU-154 
63-EU-152 
62-SM-151 
64-GD-153 
63-EU-156 
63-EU-155 
63-EU-154 
62-SM-153 
63-EU-155 
63-EU-154 
63-EU-156 
63-EU-155 
63-EU-156 
63-EU-155 
63-EU-154 
62-SM-153 
63-EU-156 
63-EU-156 
63-EU-155 

65-TB-160 
63-EU-156 
65-TB-158 
63-EU-155 
65-TB-157 

65-TB-156 
65-TB-156M 
65-TB-155 
64-GD-153 
65-TB-155 
65-TB-153 
66-DY-154 
66-DY-159 
65-TB-158 
65-TB-157 
65-TB-156 
65-TB-156M 
65-TB-157 
65-TB-156 
65-TB-156M 
65-TB-155 
65-TB-160 
65-TB-158 
66-DY-159 
65-TB-158 
65-TB-157 
65-TB-161 
65-TB-160 
65-TB-160 
65-TB-158 

(Continued) 

HALF-LIFE 

+ 8 
+ 1 
+ 9 
+ 2 
+ 1 
+ 4 
+8 
+ 1 
+ 4 
+ 8 
+ 1 
+ 4 
+ 1 
+ 4 
+ 8 
+ 1 
+ 1 
+ 1 
+ 4 

+ 7 
+ 1 
+ 1 
+ 4 
+ 1 

+ 5 
+ 1 
+ 5 
+ 2 
+ 5 
+ 2 
+ 3 
+ 1 
+ 1. 
+ 1 
+ 5. 
+ 1 . 
+ 1. 
+ 5. 
+ 1. 
+ 5. 
+ 7. 
+ 1. 
+ 1. 
+ 1. 
+ 1. 
+6. 
+ 7. 
+ 7. 
+ 1. 

.75E+00Y 

.36E+01Y 

.16E+01Y 

.42E+02D 

.52E+01D 

.76E+00Y 

.75E+00Y 

.95E+00D 

.76E+00Y 

.75E+00Y 

.52E+01D 

.76E+OOY 

.52E+01D 

.76E+00Y 

.75E+00Y 

.95E+00D 

.52E+01D 

.52E+01D 

.76E+00Y 

.23E+01D 

.52E+01D 

.53E+02Y 
76E+00Y 
.53E+02Y 

35E+00D 
02E+00D 
32E+00D 
42E+02D 
32E+OOD 
34E+00D 
05E+06Y 
44E+02D 
53E+02Y 
53E+02Y 
35E+00D 
02E+00D 
53E+02Y 
35E+00D 
02E+00D 
32E+O0D 
23E+01D 
53E+02Y 
44E+02D 
53E+02Y 
53E+02Y 
90E+00D 
23E+01D 
23E+01D 
53E+02Y 

Q-

-7 
-1 
+ 8 
-1 
-1 
-5 
-7 
+ 5 
-7 
-1 
-5 
-5 
-8 
-1 
-1 
-6 
-7 
-1 
-1 

+6 
+ 6 
-8 
-1 
-1 

+ 3 
+ 3 
-4 
+ 8 
-6 
-1 
-1. 
+ 6. 
-1 . 
-4. 
-7. 
-7. 
-6. 
-1 . 
-i. 
-1 . 
-1. 
- 7 . 
-8. 
-1. 
-1. 
+ 1. 
-5. 
-7. 
- 1 . 

VALUE 

.620E+00 

.4I3E+01 

.350E-02 

.508E+01 

.665E+00 

.772E+00 

.677E+00 

.669E+00 

.990E+00 

.393E+01 

.801E+00 

.858E+00 

.018E+00 

.211E+01 

.403E+01 

.840E-01 

.478E+00 

.373E+01 

.380E+01 

.366E+00 

.195E+00 

.132E+00 
297E-01 
.491E+01 

678E-01 
251E-01 
323E+00 
256E+00 
540E+OO 
413E+01 
626E+01 
835E+00 
439E-01 
706E+00 
180E+00 
222E+00 
924E+00 
343E+01 
348E+01 
409E+01 
039E+00 
066E+00 
5S8E+00 
332E+01 
385E+01 
972E-01 
289E+00 
507E+00 
353E+01 

THRESHOLD 

+7.670E+00 
+1.422E+01 
+0.000E+00 
+1.518E+01 
+1.676E+00 
+5.810E+00 
+7.727E+00 
+0.OO0E+0O 
+8.042E+00 
+1.402E+01 
+5.838E+00 
+5.896E+00 
+8.070E+00 
+1.219E+01 
+1.412E+01 
+6.885E-01 
+7.526E+00 
+1.382E+01 
+1.389E+01 

+O.OOOE+00 
+0.000E+00 
+8.184E+00 
+1.305E-01 
+1.501E+01 

+0.000E+00 
+0.000E+00 
+4.351E+00 
+0.000E+00 
+6.583E+00 
+1.422E+01 
+1.637E+01 
+0.000E+00 
+1.448E-01 
+4.737E+00 
+7.226E+00 
+7.269E+00 
+6.968E+00 
+1.352E+01 
+1.356E+01 
+1.418E+01 
+1.046E+00 
+ 7. H1E+00 
+8.613E+00 
+1.341E+01 
+1.393E+01 
+0.000E+00 
+5.323E+00 
+7.554E+00 
+1.362E+01 

94-
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Table A.3 ( Cont inued 

TARGET REACTION 

66-DY-161 
66-DY-162 
66-DY-162 
66-DY-162 
66-DY-162 
66-DY-163 
66-DY-163 
66-DY-163 
66-DY-164 

67-HO-165 
67-HO-165 
67-HO-165 
67-HO-165 

68-ER-162 
68-ER-162 
68-ER-164 
68-ER-164 
68-ER-166 
68-ER-166 
68-ER-166 
68-ER-167 
68-ER-167 
68-ER-167 
68-ER-167 
68-ER-167 
68-ER-168 
68-ER-168 
68-ER-I68 
68-ER-168 
68-ER-168 
68-ER-168 
68-ER-170 
68-ER-170 

69-TM-169 
69-TM-169 
69-TM-169 
69-TM-169 
69-TM-169 
69-TM-169 

72-HF-174 
72-HF-174 
72-HF-174 
72-HF-174 
72-HF-174 
72-HF-174 
72-HF-174 
72-HF-174 

(N:3N) 
(N:D) 
<N:T) 
(N:N,P) 
(N:N,D) 
(N:T) 
(N:N,D) 
(N:N,T) 
(N:N,T) 

(N:G) 
(N:G) 
(N:N,A) 
(N:3N) 

(N:A) 
(N:3N) 
(N:D) 
(N:N,P) 
(N:P) 
(N:P) 
(N:N,T) 
(N:D) 
(N:D) 
(N:N,P) 
(N:N,P) 
(N:2P) 
(N:G) 
(N:T) 
(M:T) 
(N:H) 
(N:N,D) 
(N:N,D) 
(N:2N) 
(N:N,A) 

(N:G) 
(N:P) 
(N:A) 
(N:A) 
(N:2N) 
(N:3N) 

(N:G) 
(N:P) 
(M:P) 
(N:D) 
(N:T) 
(N:2N) 
(N:N,P) 
(N:N,D) 

DAUGHTER 

66-DY-159 
65-TB-161 
65-TB-160 
65-TB-161 
65-TB-160 
65-TB-161 
65-TB-161 
65-TB-160 
65-TB-161 

67-HO-166 
67-HO-166M 
65-TB-161 
67-HO-163 

66-DY-159 
68-ER-160 
67-HO-163 
67-HO-163 
67-HO-166 
67-HO-166M 
67-HO-163 
67-HO-166 
67-HO-166M 
67-HO-166 
67-HO-166M 
66-DY-:66 
68-ER-169 
67-HO-166 
67-HO-166M 
66-DY-166 
67-HO-166 
67-HO-166M 
68-ER-169 
66-DY-166 

69-TM.-170 
68-ER-169 
67-HO-166 
6 7-HO-166M 
69-TM-168 
69-TH-167 

72-HF-175 
71-LU-174 
71-LU-174M 
71-LU-173 
71-LU-172 
72-HF-173 
71-LU-173 
71-LU-172 

HALF-LIFE 

+ 1 
+ 6 
+ 7 
+ 6 
+ 7 
+ 6 
+ 6 
+ 7 
+ 6 

+ 1 
+ 1 
+ 6 
+ 3 

+ 1 
+ 1 
+ 3 
+ 3 
+ 1 
+ 1 
+ 3 
+ 1 
+ 1 
+ 1, 
+ 1 -
+ 3. 
+ 9 
+ 1. 
+ 1. 
+ 3. 
+ 1 . 
+ 1 . 
+ 9. 
+ 3. 

+ 1 . 
+ 9. 
+ 1 . 
+ 1 . 
+ 9. 
+ 9. 

+ 7. 
+ 3. 
+ 1 . 
+ 1. 
+ 6. 
+ 1. 
+ 1. 
+ 6. 

.44E+02D 

.90E+OOD 

.23E+01D 

.90E+00D 

.23E+01D 

.90E+00D 

.90E+00D 

.23E+01D 

.90E+00D 

.12E+00D 

.22E+03Y 

.90E+00D 

.36E+01Y 

.44E+02D 

.19E+00D 

.36E+01Y 

.36E+01Y 

.12E+00D 

.22E+03Y 

.36E+01Y 

.12E+00D 

.22E+03Y 

.12E+00D 

.22E+03Y 

.40E+00D 

.40E+00D 

.12E+00D 
,22E+03Y 
40E+OOD 
,12E+0OD 
22E+03Y 
40E+00D 
40E+00D 

29E+02D 
40E+00D 
12E+00D 
22E+03Y 
31E+01D 
24E+00D 

00E+01D 
37E+00Y 
42E+02D 
39E+00Y 
70E+00D 
00E+00D 
39E+00Y 
70E+00D 

Q-

-1 
-5 
-7 
-7 
-1 
-5 
-1 
-1 
-1 

+ 6 
+ 6 
+ 1 
-1 

+ 8 
-1 
-4 
-6 
-1 
-1 
-1 
-5 
-5 
-7 
-7 
-7. 
+ 5 
-6, 
-6. 
-7 . 
-1 . 
-1 . 
-7. 
+6. 

+ 6. 
+ 4. 
+ 7. 
+ 7. 
-8. 
-1 . 

+ 6. 
+ 5. 
+ 3. 
-4. 
-5. 
-8. 
-6. 
-1 . 

VALUE 

.503E+01 

.772E+00 

.208E+00 

.990E+00 

.346E+01 

.787E+00 

.204E101 

.349E+01 

.345E+01 

.252E+00 

.238E+00 

.546E-01 

.464E+01 

.484E+00 

.642E+01 

.621E+00 

.839E+00 

.054E+00 

.068E+00 

.348E+01 

.275E+00 

.289E+00 

.492E+00 

.507E+00 

.194E+00 

.996E+00 

.782E+00 

.796E+00 

.251E+00 

.304E+01 

.305E+01 

.251E+00 
929E-02 

593E+00 
388E-01 
460E+00 
446E+00 
018E+00 
487E+01 

792E+00 
383E-01 
678E-01 
OlOE+OO 
971E+00 
615E+00 
227E+00 
223E+01 

THRESHOLD 

+ 1 
+ 5 
+ 7 
+ 8 
+ 1 
+ 5 
+ 1 
+ 1 
+ 1 

+ 0 
+ 0 
+ 0 
+ 1 

+ 0 
+ 1 
+ 4 
+ 6 
+ 1 
+ 1 
+ 1 
+ 5 
+ 5 
+ 7, 
+ 7, 
+ 7. 
+ 0, 
+ 6, 
+ 6, 
+ 7. 
+ 1 . 
+ 1 . 
+ 7. 
+0. 

+ 0. 
+ 0. 
+ 0. 
+ 0. 
+ 8. 
+ 1. 

+ 0. 
+ 0. 
+ 0. 
+ 4. 
+ 6. 
+ 8. 
+ 6. 
+ 1. 

.512E+01 

.809E+00 

.254E+00 

.040E+00 

.355E+01 

.823E+00 

.212E+01 

.358E+01 

.353E+01 

.OOOE+00 

.OOOE+00 

.OOOE+00 

.473E+01 

.OOOE+00 

.652E+01 

.650E+00 

.881E+00 

.060E+00 

.074E+00 

.356E+01 

.307E+00 

.321E+00 

.538E+00 

.652E+00 
,238E+00 
.OOOE+00 
.823E+00 
.837E+00 
,295E+00 
.311E+01 
313E+01 
294E+00 
OOOE+00 

000E+00 
OOOE+00 
OOOE+00 
000E+00 
066E+00 
496E+01 

000E+00 
OOOE+00 
000E+00 
033E+00 
007E+00 
665E+00 
264E+00 
230E+01 

-95-
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Table A. 3 ( Continued ) 

TARGET RE 

72-HF-174 
72-HF-174 
72-HF-176 
72-HF-176 
72-HF-176 
72-HF-176 
72-HF-176 
72-HF-176 
72-HF-176 
72-HF-177 
72-HF-177 
72-HF-177 
72-HF-177 
72-HF-177 
72-HF-177 
72-HF-178 
72-HF-178 
72-HF-178 
72-HF-178 
72-HF-178 
72-HF-179 
72-HF-179 
72-HF-179 < 
72-HF-179 < 
72-HF-179 ( 
72-HF-180 
72-HF-180 ( 
72-HF-180 

73-TA-180M ( 
73-TA-180M < 
73-TA-180M ( 
73-TA-181 ( 
73-TA-181 ( 
73-TA-181 ( 
73-TA-181 { 
73-TA-181 ( 

74-W -180 ( 
74-W -180 ( 
74-W -180 ( 
74-W -180 ( 
74-W -180 ( 
74-W -182 ( 
74-W -182 ( 
74-W -182 ( 
74-W -182 ( 
74-W -183 ( 
74-W -183 ( 
74-W -183 ( 
74-W -183 ( 

AC 

<N 
(N 
(N 
(N 
(N 
(N 
(N 
(N 
(N 
(N 
(N 
(N 
(N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N: 
N 

N-
N-
N: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 
N: 

TION 

:N,T) 
:3N) 
:T) 
:T) 
:2N) 
:N,D) 
:N,D) 
:N,T) 
:2P) 
:P) 
:P) 
:H) 
:N,T) 
:N.T) 
:3N) 
:D) 
:D) 
A) 
N,P) 
N,P) 
T) 
T) 
N,D) 
K,D) 
N,A) 
G) 
N,T) 
N,T) 

A) 
A) 
2N) 
G) 
P) 
N,A) 
N,A) 
3N) 

G) 
D) 
N,P) 
N,T) 
3N) 
P) 
2N) 
N,T) 
2P) 
P) 
D) 
H) 
N.P) 

DAUGHTER 

71-LU-171 
72-HF-172 
71-LU-174 
71-LU-174M 
72-HF-175 
71-LU-174 
71-LU-174M 
71-LU-173 
70-YB-175 
71-LU-177 
71-LU-177M 
70-YB-175 
71-LU-174 
71-LU-174M 
72-HF-175 
71-LU-177 
71-LU-177M 
70-YB-175 
71-LU-177 
71-LU-177M 
71-LU-177 
71-LU-177M 
71-LU-177 
71-LU-17 7M 
70-YB-175 
72-HF-181 
71-LU-177 
71-LU-177M 

71-LU-177 
71-LU-I77M 
73-TA-179 
73-TA-182 
72-HF-181 
71-LU-177 
71-LU-177M 
73-TA-179 

74-W -181 
73-TA-179 
73-TA-179 
73-TA-177 
74-W -178 
73-TA-182 
74-W -181 
73-TA-179 
72-HF-181 
73-TA-183 
73-TA-182 
72-HF-181 
73-TA-182 

HALF-LIFE 

+ 8 
+ 1 
+ 3 
+ 1 
+ 7 
+ 3 
+ 1 
+ 1 
+ 4 
+ 6 
+ 1 
+ 4 
+ 3 
+ 1 
+ 7 
+ 6 
+ 1 
+ 4 
+ 6 
+ 1 
+ 6 
+ 1 
+ 6 
+ 1 
+ 4 
+ 4 
+ 6 
+ 1 

+ 6 
+ 1 
+ 1 
+ 1 
+ 4 
+ 6 
+ 1 . 
+ 1 

+ 1. 
+ 1. 
+ 1. 
+ 2. 
+ 2. 
+ 1 . 
+ 1. 
+ 1. 
+ 4. 
+ 5. 
+ 1. 
+ 4. 
+ 1. 

.24E+00D 

.90E+00Y 

.37E+00Y 

.42E+02D 

.00E+01D 

.37E+00Y 

.42E+02D 

.39E+00Y 

.19E+00D 

.71E+00D 

.61E+02D 

.19E+00D 

.37E+00Y 

.42E+02D 

.OOE+OID 

.71E+00D 
61E+02D 
.19E+00D 
71E+00D 
61E+02D 
71E+00D 
61E+02D 
71E+00D 
61E+02D 
19E+00D 
24E+01D 
71E+00D 
61E+02D 

71E+00D 
61E+02D 
85E+00Y 
15E+02D 
24E+01D 
71E+00D 
61E+02D 
85E+00Y 

21E+02D 
85E+00Y 
85E+00Y 
36E+00D 
17E+01D 
15E+02D 
21E+02D 
85E+00Y 
24E+01D 
10E+00D 
15E+02D 
24E+01D 
15E+02D 

Q-

-1 
-1 
-5 
-6 
-8 
-1 
-1 
-1 
-6 
+ 2 
-6 
-5 
-1 
-1 
-1 
-5 
-6 
+ 7 
-7 
-8 
-4 
-5 
-1 
-1 
+ 1 
+ 5 
-1 
-1 

+ 9 
+ 8 
-6 
+ 6 
-2 
i 1 
+ 5 
-1 

+ 6. 
-4. 
-6. 
-1 . 
-1. 
-1. 
-8. 
-1 . 
-7 . 
-2. 
-4. 
-5. 
-7. 

VALUE 

.294E+01 

.562E+01 

.872E+00 

.043E+00 

.089E+00 

.213E+01 

.230E+01 

.264E+01 

.384E+00 

.967E-01 

.698E-01 

.048E+00 

.225E+01 

.242E+01 

.447E+01 

.119E+00 

.085E+00 

.901E+00 

.336E+00 

.303E+00 

.948E+00 

.915E+00 

.120E+01 

.217E+01 
803E+00 
698E+00 
234E+01 
331E+01 

194E+00 
228E+00 
554E+00 
067E+00 
150E-01 
548E+00 
810E-01 
420E+01 

679E+00 
337E+00 
554E+00 
285E+01 
532E+01 
025E+00 
061E+00 
282E+01 
322E+00 
718E-01 
991E+00 
787E+00 
208E+00 

THRESHOLD 

+ 1 
+ 1 
+ 5 
+ 6 
+ 8 
+ 1 
+ 1 
+ 1 
+6 
+ 0 
+ 6 
+ 5 
+ 1 
+ 1 
+ 1 
+ 5 
+ 6 
+ 0 
+ 7 
+ 8 
+ 4 
+ 5 
+ 1 
+ 1 
+0 
+ 0 
+ 1 
+ 1 

+ 0 
+ 0 
+ 6 
+ 0 
+ 2 
+ 0 
+ 0. 
+ 1 

+ 0. 
+ 4 . 
+ 6. 
+ 1 . 
+ 1 . 
+ 1 . 
+ 8. 
+ 1. 
+ 7. 
+ 2. 
+ 5. 
+ 5. 
+ 7. 

.301E+01 

.571E+01 

.906E+00 

.078E+00 

.136E+00 

.220E+01 

.237E+OI 

.271E+01 

.420E+00 

.000E+00 

.736E-01 

.077E+00 

.232E+01 

.250E+01 

.455E+01 

.148E+00 

.120E+00 

.000E+00 
378E+00 
350E+00 
976E+00 
948E+00 
127E+01 
224E+01 
000E+00 
OOOE+OO 
241E+01 
338E+01 

OOOE+00 
OOOE+OO 
591E+00 
OOOE+OO 
162E-01 
OOOE+OO 
OOOE+OO 
428E+01 

OOOE+OO 
361E+00 
591E+00 
292E+01 
541E+01 
031E+00 
106E+00 
289E+01 
363E+00 
733E-01 
018E+00 
819E+00 
248E+00 

96-
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Table A. 3 ( Continued ) 

TARGET REACTION 

74-W 
74-W 
74-W 
74-W 
74-W 
74-W 
74-W 
74-W 
74-W 

75-RE 
75-RE 
75-RE 
75-RE 
75-RE 
75-RE 
75-RE 
75-RE-
75-RE-
75-RE-
75-RE-
75-RE-
75-RE-

76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
7 6-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-
76-OS-

-183 
-184 
-184 
-184 
-184 
-184 
-184 
-186 
-186 

-185 
-185 
-185 
-185 
-185 
-185 
-185 
-185 
-187 
-187 
-187 
-187 
-187 

-184 
-184 
-184 
-184 
184 
-184 
-184 ( 
-184 ( 
186 ( 
-186 ( 
186 ( 
186 ( 
186 ( 
186 ( 
186 ( 
186 ( 
186 ( 
187 ( 
187 ( 
187 ( 
187 ( 
187 ( 
187 ( 
187 ( 
187 ( 
188 ( 
188 ( 

(N:3N) 
(N:G) 
(N:D) 
(N:T) 
(N:A) 
(N:N,P) 
(N:N,D) 
(N:2N) 
(N:N,T) 

(N:G) 
( M : G ) 
( N : P) 
N:H) 
(N:A) 
(N:2N) 
(N:2N) 
N:3N) 
N:T) 
N:2N) 
N:2N) 
N:N,D) 
K:N,A) 

N:G) 
N:P) 
N:P) 
N:D) 
N:T) 
\':A) 
N:N,P) 
N:N,D) 
N:P) 
N:P) 
N:T) 
N:T) 
N:2N) 
N:N,D) 
N:K,D) 
N:K,T) 
N:2P) 
N:D) 
N:D) 
N:H) 
N:N,P) 
N:N,P) 
N:N,T) 
N:N,T) 
N:3N) 
N:T) 
N:T) 

DAUGHTER 

74-W -181 
74-W -185 
73-TA-183 
73-TA-182 
72-HF-181 
73-TA-183 
73-TA-182 
74-W -185 
73-TA-183 

75-RE-186 
75-RE-186M 
74-w -185 
73-TA-183 
73-TA-182 
75-RE-184 
75-RE-184M 
75-RE-183 
74-W -185 
75-RE-186 
75-RE-186M 
74-W -185 
73-TA-183 

76-OS-185 
75-RE-184 
75-RE-184M 
75-RE-183 
75-RE-182 
7 4-W -181 
75-RE-183 
75-RE-182 
75-RE-186 
75-RE-186M 
75-RE-184 
75-RE-184H 
76-OS-185 
75-RE-184 
75-RE-184M 
75-RE-183 
74-W -185 
75-RE-186 
75-RE-186M 
74-W -185 
75-RE-186 
75-RE-186M 
75-RE-184 
75-RE-184M 
76-OS-185 
75-RE-186 
75-RE-186M 

HALF-LIFE 

+ 1 
+ 7 
+ 5 
+ 1 
+ 4 
+ 5 
+ 1 
+ 7 
+ 5 

+ 3 
+ 2 
+ 7 
+ 5 
+ 1 
+ 3 
+ 1 
+ 2 
+ 7 
+ 3 
+ 2 
+ 7 
+ 5 

+ 9 
43 
+ 1 
+ 2 
+ 2 
+ 1 
+ 2 
+ 2 
+ 3 
+ 2 
+ 3 
+ 1 
+9 
+ 3. 
+ 1. 
+ 2. 
+ 7. 
+ 3. 
+ 2. 
+ 7. 
+ 3. 
+ 2. 
+ 3. 
+ 1 . 
+ 9. 
+ 3. 
+ 2. 

.21E+02D 

.51E+01D 

.10E+00D 

.15E+02D 

.24E+01D 

.10E+00D 

.15E+02D 

.51E+01D 

.10E+OOD 

.78E+00D 

.04E+05Y 

.51E+01D 

.10E+OOD 

.15E+02D 

.80E+01D 

.65E+02D 

.92E+00D 

.51E+01D 

.78E+00D 

.04E+05Y 
51E+01D 
.1QE+OOD 

36E+01D 
80E+01D 
65E+02D 
92E+00D 
67E+00D 
21E+02D 
92E+00D 
67E+00D 
78E+OOD 
04E+05Y 
8OE+01D 
65E+02D 
36E+01D 
80E+01D 
65E+02D 
92E+00D 
51E+01D 
78E+OOD 
04E+05Y 
51E+01D 
78E+OOD 
04E+05Y 
80E+01D 
65E+02D 
36E+01D 
78E+OOD 
04E+05Y 

Q-

-1 
+ 5 
-5 
-6 
+ 7 
-7 
-1 
-7 
-1 

+ 6 
+ 6 
+ 3 
-5 
+8 
-7 
-7 
-1 
-4 
-7 
-7 
-1 
+ 1 

+ 6 
+ 7 
+ 5 
-3 
-5 
+ 9 
-5 
-1 
-2 
-4 
-5 
-5 
-8 
-1 
-1 
-1. 
-6. 
-4. 
-4. 
-4. 
-6. 
-6. 
-1. 
-1. 
- 1 . 
-6. 
-6. 

VALUE 

.424E+01 

.755E+00 

.474E+00 

.142E+00 

.375E+00 

.691E+00 

.240E+01 

.180E+00 

.215E+01 

.181E+00 

.039E+00 

.678E-01 

.375E+00 

.271E+00 

.663E+00 

.862E+00 

.414E+01 

.692E+00 

.350E+00 

.492E+00 

.095E+01 

.661E+00 

.622E+00 

.515E-01 

.526E-01 
513E+00 
673E+00 
649E+00 
730E+00 
193E+01 
860E-01 
282E-01 
659E+00 
858E+00 
260E+00 
191E+01 
211E+01 
214E+01 
114E+00 
365E+00 
507E+00 
692E+00 
583E+00 
725E+00 
196E+01 
215E+01 
456E+01 
085E+00 
227E+00 

THRESHOLD 

+ 1 
+ 0 
+ 5 
+ 6 
+ 0 
+ 7 
+ 1 
+ 7 
+ 1 

+ 0 
+ 0 
+ 0 
+ 5 
+ 0 
+ 7 
+ 7 
+ 1 
+ 4 
+ 7 
+ 7 
+ 1 
+ 0 

+ 0 
+0 
+ 0 
+ 3 
+ 5 
+ 0 
+ 5 
+ 1 
+ 2 
+ 4 
+ 5 
+ 5 
+ 8. 
+ 1. 
+ 1 . 
+ 1. 
+ 6. 
+ 4. 
+ 4. 
+ 4. 
+ 6. 
+ 6. 
+ 1. 
+ 1. 
+ 1. 
+ 6. 
+ 6. 

.432E+01 

.000E+00 

.504E+00 

.176E+00 

.OOOE+00 

.734E+00 

.246E+01 

.219E+00 

.222E+01 

.OOOE+00 

.OOOE+00 

.000E+00 

.404E+00 

.000E+00 

.705E+00 

.905E+00 

.422E+01 

.718E+00 

.390E+00 

.533E+00 
101E+01 
.OOOE+00 

OOOE+00 
OOOE+00 
OOOE+00 
532E+00 
704E+00 
OOOE+OO 
761E+00 
199E+01 
876E-01 
305E-01 
690E+O0 
890E+00 
305E+00 
198E+01 
218E+01 
221E+01 
147E+00 
389E+00 
532E+00 
718E+00 
618E+00 
761E+00 
202E+01 
222E+01 
464E+01 
118E+00 
261E+00 

97-
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TARGET REACTION 

76-OS-188 
76-OS-188 
76-OS-188 
76-OS-189 
76-OS-189 
76-OS-189 
76-OS-189 
76-OS-189 
76-OS-190 
76-OS-190 
76-OS-190 
76-OS-190 
76-OS-192 
76-OS-192 
76-OS-192 
76-OS-192 

77-IR-191 
77-IR-191 
77-IR-191 
77-IR-191 
77-IR-191 
77-IR-191 
77-IR-193 
77-IR-193 
77-1R-193 
77-IR-193 
77-IR-193 
77-IR-193 

82-PB-204 
82-PB-204 
82-PB-204 
82-PB-204 
82-PB-204 
82-PB-204 
82-PB-204 
82-PB-204 
82-PB-206 
82-PB-206 
82-PB-206 
82-PB-206 
82-PB-207 
82-PB-207 
82-PB-207 

83-BI-209 
83-BI-209 
83-BI-209 

(M:A) 
(N:N,D) 
(N:N,D) 
(N:P) 
(N:N,T) 
(N: N , T) 
(N:N,A) 
(N:2P) 
(N:G) 
(N:D) 
<N:H) 
(N:N,P) 
(N:G) 
(N:2N) 
(N:N,T) 
(N:N,A) 

(N:G) 
(N:G) 
(N:P) 
( N: H ) 
(N:2N) 
(N:3N) 
(N:P) 
(N:T) 
(N:2N) 
(N:2N) 
(N:N,D) 
(N:N,A) 

(N:G) 
(N:P) 
(K : T) 
(M:2N) 
(N:N,D) 
( M : N , T) 
tN:2P) 
(N:3N) 
( N: T) 
(N:A) 
(N:2N) 
(N:N,D) 
(N:N,T) 
(N:N,A) 
(N:3N) 

(N:G) 
(N:G) 
(N:2N) 

Table A.3 

DAUGHTER 

74-W -185 
75-RE-186 
75-RE-186M 
75-RE-189 
75-RE-186 
75-RE-186M 
74-W -185 
74-W -188 
76-OS-191 
75-RE-189 
74-W -188 
75-RE-189 
76-OS-193 
76-OS-191 
75-RE-189 
7 4-W -188 

77-IR-192 
77-IR-192N 
76-OS-191 
75-RE-189 
77-IR-190 
77-IR-189 
76-OS-193 
76-OS-191 
77-IR-192 
77-IR-192N 
76-OS-191 
75-RE-189 

82-PB-205 
81-TL-204 
81-TL-202 
82-PB-203 
81-TL-202 
81-TL-201 
80-HG-203 
82-PB-202 
81-TL-204 
80-HG-203 
82-PB-205 
81-TL-204 
81-TL-204 
80-HG-203 
82-PB-205 

83-BI-210 
83-BI-210M 
83-BI-208 

( Cont tnued ) 

HALF-LIFE 

+ 7 
+ 3 
+ 2 
+ 1 
+ 3 
+ 2 
+ 7 
+ 6 
+ 1 
+ 1 
+ 6 
+ 1 
+ 1 
+ 1 
+ 1 
+ 6 

+ 7 
+ 2 
+ 1 
+ 1 
+ 1 
+ 1 
+ 1 
+ 1 
+ 7 
+ 2 
+ 1 
+ 1 

+ 1 
+ 3 
+ 1 
+ 2 
+ 1. 
+ 3 
+ 4 . 
+ 5. 
+ 3. 
+ 4. 
+ 1 . 
+ 3. 
+ 3. 
+ 4. 
+ 1. 

+ 5. 
+ 3. 
+ 3. 

.51E+01D 

.78E+00D 

.04E+05Y 

.01E+00D 

.78E+00D 

.04E+05Y 

.51E+01D 

.94E+01D 

.54E+01D 

.OlE+OOD 

.94E+01D 

.01E+00D 

.27E+00D 

.54E+01D 

.OlE+OOD 

.94E+01D 

38E+01D 
.45E+02Y 
54E+01D 
.OlE+OOD 
18E+01D 
32E+01D 
27E+OOD 
54E+01D 
38E+01D 
45E+02Y 
54E+01D 
OlE+OOD 

55E+07Y 
85E+00Y 
22E+01D 
16E+00D 
22E+01D 
04E+OOD 
66E+01D 
34E+04Y 
85E+00Y 
66E+01D 
55E+07Y 
85E+OOY 
85E+00Y 
66E+01D 
55E+07Y 

OlE+OOD 
05E+06Y 
75E+05Y 

Q-

+ 7 
-1 
-1 
-2 
-1 
-1 
+ 1 
-6 
+ 5 
-5 
-6 
-8 
+ 5 
-7 
-1 
+ 3 

+ 6 
+ 6 
+ 4 
-5 
-8 
-1 
-3 
-4 
-7 
-7 
-1 
+ 1 

+ 6 
+ 2 
-6 
-8 
-1 . 
-1 
-6. 
- 1 . 
-6. 
+ 7. 
-8. 
-1. 
-1. 
+ 3. 
-1. 

+ 4. 
+ 4. 
-7. 

VALUE 

.901E+00 

.234E+01 

.248E+01 

.150E-01 

.201E+01 

.215E+01 

.974E+00 

.824E+00 

.769E+00 

.787E+00 

.895E+00 

.004E+00 

.584E+00 

.535E+00 

.284E+01 

.678E-01 

210E+OO 
.053E+00 
957E-01 
.573E+00 
047E+00 
434E+01 
429E-01 
991E+00 
748E+00 
905E+00 
124E+01 
036E+00 

721E+00 
665E-02 
OOOE+00 
388E+00 
225E+01 
288E+01 
341E+00 
531E+01 
313E+00 
133E+00 
089E+00 
257E+01 
305E+01 
962E-01 
483E+01 

603E+00 
333E+00 
450E+00 

THRESHOLD 

+ 0 
+ 1 
+ 1 
+ 2 
+ 1 
+ 1 
+ 0 
+ 6 
+ 0 
+ 5 
+ 6 
+ 8 
+ 0 
+ 7 
+ 1 
+ 0 

+ 0 
+ 0 
+ 0 
+ 5 
+ 8 
+ 1 
+ 3 
+ 5 
+ 7 
+ 7 
+ 1 
+0 

+0 
+ 0 
+ 6 
+ 8 
+ 1 . 
+ 1. 
+ 6. 
+ 1. 
+ 6. 
+ 0. 
+ 8. 
+ 1. 
+ 1. 
+0. 
+ 1. 

+0. 
+ 0. 
+ 7. 

.OOOE+OO 

.241E+01 

.255E+01 

.161E-01 

.208E+01 

.222E+01 

.OOOE+OO 

.861E+00 

.OOOE+OO 

.818E+00 

.932E+00 

.047E+00 

.OOOE+OO 

.575E+00 

.291E+01 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.603E+00 
089E+00 
.442E+01 
447E-01 
017E+00 
789E+00 
946E+00 
130E+01 
OOOE+OO 

OOOE+OO 
OOOE+OO 
030E+00 
429E+00 
232E+01 
294E+01 
373E+00 
539E+01 
344E+00 
OOOE+OO 
129E+00 
263E+01 
311E+01 
OOOE+OO 
490E+01 

OOOE+OO 
OOOE+OO 
486E+00 

98-


