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.. Abstract 

Covariance matrices were calculated for the 238u, 24lpu, and 23 9pu 

fission cross se.ctions and for the 238u, 24 0Pu, 24 1Pu, and 239Pu capture 

cross sections. A computer program was written which uses the evaluated 

ENDF/B data files and the measured or evaluated (from other evaluations) 

cross sections for the calculation of the uncertainty files. An effort 

has been made to make the output of the program consistent with the 

ENDF/B error files format. A user's manual for the present code and 

references utilized in the covariance matrix calculations are given • 

. vii 



I. INTRODUCTION 

The economic impact of nuclear data uncertainties in fast breeder as 

well as in thermal reactors has been the, subject of many ~tudies. 1 - 5 

To_evaluate the effect of group cross-section u~certainties in sensitivity 

calculations, the correlation both within the group structure and among 

different isotopes has to be calculated. Extensive discussions of this 

procedure are given in refs. 6-8. 

II. CALCULATION OF RELATIVE COVARIANCE MATRICES 

The relative covariance matrix elements are defined here as: 

COV(I,J) <( X~- X.) (X~- X:)) - 1 1 J J 
- X. X. 

. 1 . J 
(1) 

where X~ and X~ are the group average cross sections for the ith and 
1 J 

jth energy groups, respectively, for the ~th data set. The cross 

sections X. and X. are the reference ("true") values, which by conve-ntion 
1 J 

are taken to be the correspondi~g ENDF/B values. The bracket denotes a 

weighted average over the ensemble of data sets, having common data in 

the 1. th a· nd J. th groups, where weights, w~, have been assigned to each 

data set. 

ThP. ENDF/B-IV files, used as the reference data, were energy-weighted 

by a flat weighting function in producing the group-average cross 

sections. Details of calculations are given in Sect. III. 

1 
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The present study of the error covariance matrix implies an "external" 

analysis of the data. Each data set, whether the results of a measure

ment or of an evaluation, is assigned an arbitrary weight and is compared 

with a reference line taken to be the ENDF/B-IV evaluation. 

III. BRIEF DESCRIPTION OF THE PROGRAM 

The calculations were done by the codP. SUR, which, in its present form, 

only handles error correlation for a given cross-section data set within 

a given energy range. A description of the main steps in the program 

·follows. 

Step 1: The program sets the energy limits of the group structure for 

several options: (1) constant lethargy interval, (2) decimal interval, 

or (3) a mixture of the first two. 

SLep 2: For the ratio measurements, the standard reference cross 

section was always the ENDF/B-IV evaluation. 

Step 3: The measurements corresponding to the data set t, inside a 

group j, are reduced to the mean energy of the group. This is implemented 

by approximating the shape of the cross section with A n~~abola determined 

by the evaluated cross sections in groups j - 1, j, j + 1. Then, all 

the measurements corresponding to the data set t, inside group j, are· 

averaged. 
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Step 4: 
. th 

Whenever there are. not measurements in the. Jl, . set: of. data_, 

inside group j; the program makes·a.linear interpolation of data set, t, 

values'corresponding· to the neighboring groups. Before impl~menting the 

interpolation, the program searches whether or not the data,points for 

the interpolation procedure are within energy limits preset by the user. 

If not, the. interpolation is not made. 

Step 5: Calculation of COV(I,J) is made. This is done by the formula 

where 

NA · .. 

COV(I,J) 1 l: [ cr(K,I) - cr(I) ].[cr(K,J) - cr(J)] W(K) 
RR K=l cr(I) : cr(J) 

RR 
NA' 
E W(K) ' 

K=l 

cr(K,I), cr(K,J) =measured or interpolated cross 'section~ of daia 

'set K, in groups I and J, 

cr(I), o(J) evaluated cross sections of groups I and J, 

W(K) weight of data set K, 

NA = number of data sets with common, given or 

inte-rpolated, measurement ·in gro'ups I and J, 

( 2) 

(3) 

NA' = number of data sets with measured or interpolated 

cross sections in group I or J, whichever is 

greater. 
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If there are not common data sets in groups I and J, the covariance is 

set to zero. If there are not data inside a group, the standard devi-

ation for that group is set to the average of the corresponding values 

in neighboring groups. 

Step 6: The program also calculates the correlation matrix [COR(I,J)] 

according to the formula 

COR(I,J) = __ ___::.C.::...OV..:....(::...::I:..z.,..::..J~-.-) -
V COV(I,I) COV(J,J) 

IV. DESCRIPTION OF THE INPUT-OUTPUT SPECIFICATIONS 

A. Input 

Card 1: NG,NAS,NAR,NL,I0P,MAT,MT,IP,IP0,EMA,RLER,RLET,DELT 1 ECA,+D 

{FORMAT(9I4,5E7.0,Il)] 

NG: number of group; 

NAS: number of cross-section data sets included in the error file 

evaluation; 

(4) 

NAR: number of ratio data sets included in the error file evaluation; 

NL: number of energy limits preset to make linear interpolation 

between measurements in a given data set; 

I0P: option 

=·0, the· word ·FISSION is printed; 

= l, the worci CAPTURE is printeu; 

= 3, the word ALFA is printed; 

MAT: material number according to ENDF/B specifications; 
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MT: reaction-type number according to ENDF /B s_pecific~~ions; 
. . . . . 

IP: optiol!-

0, part of the input is a cross-section ratio; 

:f. 0, otherwise;. 

IP0: 1, the output includes punched cards of tl:le.covariance matrix 

.according t? ENDF/B f~rmat; 

:f. 1, otherwise; 

EMA: higher energy limit corresponding to group 1 (MeV) (group 1 

is the highes,t energy group); 

RLER: lethargy.corresponding to the lower limit of group 1 (it is 

assumed that lethargy zero corresponds to 10 MeV); 

RLET: group lethargy interval; 
• • ~ I • • • • 

DELT: (Me.V) incre.ment corresponding to the .first energy decade in the 

decimal group structure;. 

ECA: (MeV). higher .. -energy limit .of the decimal group structure; if 

all the groups are decimal, EGA ~U$t be greater than EMA; if 

all the groups are of constant lethargy ECA must be lower than 

the lower limit of the last group; 

ID: :f. 0, the output includes _punched card$ of the correlation 

matrix; 

0, · o.therwise. 

CaL'us 2: NPE(JI,)., R._;:;: _l,NA; NA = ~AS+N~ .(FORMAT (1415)] 

Number of experimental p<;>ints of set Jl.. 

Cards 3: FORMAT (7El0.0) 

Cross sections corresponding to the data set ~. 
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Cards 4: F0RMAT (7El0.0) (MeV) 

Energies corresponding to the previous data set. 

Cards 3 and Cards 4 must be repeated in a sequential order from ~ = 1 

to ~ = NAS. Following these cards, one has to place a set of cards in 

the same format but now for the ratio measurements (only present if 

IP = 0). 

Cards 5: ENDF/B evaluated cross section for group J (J = l,NC) 

[F0RMAT(6El2.0)] 

Cards 6: (Only present if IP = 0.) FORMAT (6El2.0), ENDF/B evaluated 

cross sections for group J (J = l,NG) of the reference standard 

cross section corresponding to the ratio measurement. (Tt i~ 

assumed that all ratio measurements in the input are relative 

to the RAm~ cross section.) 

Cards 7: FORMAT (7El0.0) 

Weight corrcoponding to each data set t, (t = l,NA). 

Cards 8: F0RMAT (7ElO.O). Energy limits for the interpolation procedure 

(see step 4 in Sect. III). These limits are preset by the 
I 

user, based on his judgment on the validity of the interpola-

tion scheme. The limits must be given in MeV and in decreasing 

order [EL(J),J = l,NL]. 
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B. Output 

Printed output: 

(1) All the measured.cross section~ ar~ ordered and displayed 

according to authors and group limits. 

(2) The evaluated·and the measured cross sections (now reduced to. 
: .. ~ 

the mean energy of the gr9up interval) are ordered and dis-

played according to authors and group limits. 

(3) The covariance matrix •. 

(4) The.,_relativ~ stan~ard deviation •. 

(5) The information contained in each punched card co!responding 

to the covariance matrix in the ENDF/B.format. 

(6) The information contained in each punched card corr~spon~i~g 

to the correlation matrix. The formats are the following: 

First NG cards (three values in each card): 

Lower energy limit (MeV) in group I, and the c9rresponding 

relative standard deviation in percent and reference cross 

sections (1X,Ell.4,11X,Ell.4,Fll.4) 

The rest of the cards: 

COR(I,J), for each I, J varies from 1 toNG format 7El0.4. 

These cards are suitable for a three-dimensional plot of the 

correlation matrix. 

(7) The correlatio~ matrix is printed as can be seen in 

Appendix B. 

Punched card: 

With the opti.on (IPO = 1), the covariance matrix is punched out 

according to the ENDF/B format. 



8 

The correlation matrix output is punched out, under option. 

V. LISTING OF THE PROGRAM AND SAMPLE PROBLEM 

.. 

Data for the sample prob~em: [COV(I,J) for the 24°Pu capture cross 

section]. 

NG = 45; NAS = 4; NAR = 0; NL = 2; lOP = 1; MAT = 1265; MT = 102; 

IP = 1; IPO = 1; EMA ~ 10.; RLER = 0.; RL.I!:'l' = 0.; bELT = 1. 

ECA = 11.; ID = 1 

NPE(t = 1,4) 29;6;36;36 

EL(J = 1,2) = 11., .0001 
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••FTN oL oG oE ,y, . . .. 
C • • • • • • • •LI S T I NG CF THE PR OGRAN. S UR• ••• • • ••••· 

·--t-11-'l_s_'PRo.(;R"AM- ·<::ucuLA 1Es -r'HE: ·c:av'AihAN-ce· ·A'Na·caR"ReiAT"iat·(-M'ATRicEs oF-----· 
C CRO~S SECTI~NSoTHE CCVARJANCE MATRIX FIL~ IS PUNCHED ACCORDING TO TH~. 
C.E~DF/R FORMAT. THE CORRELATION MATRIX_ IN A FORMAT SUITABLE.FOR 3-0 P~OT 

--·---'------·------------· ·--·- ................ -----------~------ ..... .. 
D lt4ENS ION SFE481 1201 ,sFE25( 120J~-SFi42aT35,1 so·) ·~e·c 3s;·iso),-ERC35)·;·,;;~E .. 

1 C 35 l oEVC 120 I oSFM ( 35o12 C I • NM ( 120 I ,COVC 120 • 120 I • NMAAC 35, 120). EL C 12) • 
2111(.35 I ,AUX( 1 40o120 I .TITLE( 181 o5TACIOOI 

... ________ _c(MFNSION J...AeEL1.1.2..o..l .. -·--· __ ,._ -----·, ............. _ ............. --· ...... .. 
CIME~SION NDERC28) 

~c;7 DC 125 I-=1,35 
DC 125 J=1ol~C 

.... 1..2-~ .sF..M2.1U.l. ~c .......... . 
C CATA INPUT 

READ 1oNGeNAS,NA~oNLoiOP,NAT,~T,JF,IPCoEMAoRLEAoRLEToOFLToECAoiO 
1 FORMAT(914o5E7o0olll . 

·--- -lE-I ~~o·c:; .ea. ru .. ,-C.,6LL_EJLLI. __ ,_ .................. ... __ ......... _ 
P..A=P..AS+NAf; 
READ 2o(NPE(llol=loNA) 

2 FCR,..AT(1415l 
--co . .1 .. I=1 .. "-A 

JM=NPEI I l 
READ 4,(SFM:<e{IoJ),J=loJMI 

3 READ 4ofE( lo.Jl.J=loJN) 
. ------- .. .4- .FORMA:t.t 1..0€.8 . ..0).. .. ... · 

REA C <h ( 5 FE ;: 8 ( I ) , I= I , NG l 
6 FOI'MIIT(IOESoOI 

IFCIP.NE,OJ GO TG 25~. 
"EAD 6o(SFEZ~Illol=1eNGl 

253 READ 4o(M(llol=loNAJ 
READ 4oiEL(Ilol=l,NLl 
RE·AC 400o(TJTLE( llol=1.tel 

-4-00.-..f'CRMAU.1 8AA l 
C R.aTIO MEASUREMENT ARE ~EDUCED TO ABSCLUT~ ONES, AND LOCATED IN THE SAME 
C LCCATI(~, THEN \Oif. LOCSF. THE HATIOS, EV(Il AHE Tt-F.. LIMITS .OF GROUP Io 

F.VC 1 J=EMA 
CEt..=OEL T 
NE=NG+l 
CO 243 I=2• ~E 
IF(ECAoGT.E~Al GO TO 245 

EV..( l ).=&.Oo*-EXPI-RLERJ 
IFIEV(I),GToECAl GO TO 244 
E\1( I< l=ECA-OtL 
IF C I ,f'Q , 1< I G C T 0 2 4 3 

:<45 CONT.INUE 
IF(ABS{EVC 1-21/E\1( 1-11-.ColoLToloE-0.31 DELT=DELT•ol 
f.\1(1 I=EVCI-11-DELT 
GC TO 243 

244 Rt..EQ=RL~+RLET 
1<=1+1 

243 CONTINUE 
IFIIP.NEoOI GC TC 254 
"R-=~AS+l 
DC 8 I=NI'O,NA 
JM=~PE C I J 
co a J= 1. JM 
1<=1 

9 CC"T I NUF. . 
IFCEI I,JloLEoEVIKioANO.E(I,JI.oGToEIICK+~l) GO TC 10 
1<=1<+1 
IF(K.EQ.~EJ GC TO e 
GO 109 

10 IFCKoEQo1l GC TO 845 
lf(t<;ot;Q•NGI GO _TO !!46 
EK1=CEVCK+1)+~W(K+2J)/2,, 
EK2=CEVC K l+EV(K+ 11')/2 •. 
EK3=1EVIKI+E\IIK-1ll/2o 
AC=lSFE251K+1)-SFE2eiKII/((EK1-EK21*CEK2-~K311-CSFE251K+1 I-SFE25CK 

1-lll/((EK1-EK3I*CEK2-EK3)) 
EC=CSFE2elK+l)-SFE25~Kti/(EK1-EK2l-AC•CEK1+EK2l 
CC=SFE25(K+Il-AC*EK1•EK1-BC*EKt . 
SF25=AC*f.(I,JI•*2+BC*ECio~l+CC 
GO TO 87 

846 EK=CEV(K)+EIICK+1 ll/2o 
EKM1=1EVCK-l)+EV(Kll/2o . 
SF25=SFE25(Kl+ISFF.25CK-1l-SFE251KII/CEKM1-EKl•<ECioJ)-EKI 
GO TG R7 

845 El=lEVC1l+E\IC~ll/2o 
. E2=CEVI~I+E\IC!ll/2o 
PE=CSFE25Ctl-SFE~5(2))/(E1-E21 
SF2!i-=SFE 2:. ( 2 I fPC:* CE ( I,.J I -E.:! I 

E7 SFM28(1,JI=SFM28(t,Jl•SF25 
8 CC~TINUE 

C O~TP~T OF MEASU~ED DATA 
2e4 PRI~T 11 
II FORMAT( 1Hl.6h GROUPo3Xo20H ENERG'Y LIMITS CME\Il o8X,I6H MEASUREn VAL 

lUES//) 
DC 12 J=loNG 
t F I I GPo E C o 0 l 
IF( 10P.EOo1) 
IF( IOPoECo3l 

PRINT '13oJoEVC JloEVCJ+ll 
PRINT 53oJoEVCJ)oEV(.J+I) 
PRINT 325,J,E\II.JI,E~CJ+1 I 
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13 FORMAT( l6o3XoiPEIIo4o3XolPE11o4o3Xo7H AUTHORo3K 0 7H F.NERGYo7XellH S 
IIGFJSSIONo7~ •EIGHT) 

~3 FOR~AT(Ic,JXo1PE11o4o3Xo1PEllo4eJXo7H AUTH~Ro3Xo7H ENERGYo7Xo11H S 
IJGCAPTURF.o7H •EIGHT) 

325 FORMAT(I6o3Xo1PEI1o4o3Xo1PE11o4o3Xo7H AUTHORo3Xo7H ENERGY 0 7Xo11H 
1 ALFA,7'"' •EIGHT) 

L=O 
CO 14 l=l,NA 
Kloi="FE( I l 
00 14 K=1oKM 
JF(E(J,K)oGloEV(Jl.oORoElloiOoL.EoEV(J+lll GO. T:O l4 
PRINT 16oloElloK)oSFM28(IoK) 0 W(I) 

16 FORMAT(4~Xoi2o3XolPEllo4o3XolPE11o4o2XoF5o2l 
L=1 

... 14 CCJ<T.INUE-. 
IF(LoEOoOl PRINT 17 
FOFiMAT(43Xo1!::H NC MEASUREMENT) 
CONTINUE 

17 
12 

C T ... E 

-c ''"'"' 
IIIEASUREMRNf CF AUI.HOH I INSIDE GROUP J IS RECUCEO TO THE MEAN Ef\!.E .. R.GY OF 
GROUP AND THEN AVERAGED. THE RESULS ARE LOCATED IN SFM(J", .• J) . 
DC 1e J=1oi2C 
NM( J ):0 
00 18 1=1o3!:: 

18 SFN( J ... .J l:Q,. 
00 19 1=1,NA 
Kloi=,..F'F. (I i 
DC 1<; J= 1, NG 

·--···· .. HR=O•-· -·-····· 
00 20 K=1oKtl 
JF(E(IoKioGToEV(J)oOR,E(loK)oLEoF.V(J+111 
IF(J.EQ.t) G~ TQ 3~4 

.IFC.J.EQ,Jii.G.l . ..GQ T.0...355 -·-
EJl=lEV(J+ll+EV(J+2Il/2o 
EJ2=lEVl JI+EV(J+1))/2o 

GO TO 20 

F. J ~.:: ( EV ( J l +E V ( J- I l I/ 2 o 
.AC= ( SFE28( J + U::-SF.E281.1 J 1/ ( ( EJt-E J2.H• ( EJ2-EJ3 I 1.-.CSFE28.l.l+ 1 1-SFE~A p. 
1-lii/((EJ1-EJ3I*CEJ2-EJ311 
EC=lSFE28(J+11-SFE2€(J))/(EJI-EJ21-AC*CEJI+EJ21 
CC=SFE2A(J+li-AC*E.I1*EJ1-BC*EJ1 

.,RK=SE M28.Ll .JO/.t~EC.l . .J..I.~ . .'~2.i:.BC~Ell.o.IO +..CCI 
IIC=RK*AC 
BC=RK*AC 
CC=RK•CC 
SF.Mtl,JI=SF~(loJl+AC.EJ2**2+BC*EJ2+CC. 
RR=RR+1o 
GO TO 20 

355 EJ=(EV(J+l)+EV(JII/2o 
. E.JIU=CE~.-t..,II+EV(J,_l) l/2o ..... 
PE=(SFE?8(J-1l-SFE28(.J))/(EJ1o11-EJI 
SFIII(I,Jl=SFMlloJl+ SFM2€(1oKl-PE*lElloKI-EJI 
liR~HI'1-P1o 
GC TC 20 

3!::4 El=lEV( 11+EV( c))/2o 
E 2= ( E VC 2 l+E V ( _.I l /2 o 
PE=lSFE28lli-SFE28(2II/(El-E21 
SFM( loll.:SF.J! (loLl +SFM28( leK)-PE• (E I le K )-E 1) 
F<H;;RR+I• 

SFM(I,J)=SFM(loJ)/RR 
20 CCI\T lNUF 

IF(HR .GT .0.) 
19 CONTINUE 

C 1\uMEEF< OF REAL •eASURF.MENTS N~(JI 11\TC EACH GROUP 
00 21 .J=1.NG 
OC 21 1=1,NA 
"~R(I.J)=l 
lF(SFM( l.oJloGToOol 

<:1 CO ... TINUE 
NM(Jl=Nioi(JI+l 

C T~OSF. GROUP -NO ALTHORS IN •HICH THERE AR~ NO ~EASUREMENT ARE MARKED 
ClO A!;>7 .):t,NG 
OC 4!:7· l=loN.l 
lFCSFM( I.JI oECoOd NMAR llo Jl :0 

457 CONT lNUE 
C IISIG~TION-Or AUfHOQ I MEASURENENT II\ GROuP J BY INTERPQL.4TION 
C (IF POSSIBLE) 

CO 110 J·=1,1';G 
IF(J.~Q.t.O~oJo~OoNG) 

OC l 1 0 I= I o "A 
GO TO 110 

IF ( SF M( I , J I • 1\E o 0 o ) 

L=1 
GO TO 110 

Ill CONTINUE 
IF(EV(.J),LE.EL(L)oANDoEVC.JioGToEL(L+l)) GO TO 112 
L-=L+l 
GO TO 111 

112 KIIR=J-1 
113 CONfiNUF 

JFCSFM(J,KARloNEoOo) 
I<Afi=KAR-1 
IF(KARoEC.OI GO TO 110 

GO TO 114 

IF(EV(KAI<)oLEoEL(Lil GC TO 113 
114 IFCEV(KARio~T.EL(L)I GO TO 110 

KAB-=J+l 
115 COt;TINUF. 

IF(SFM(I,KAEloNEoOo) GO TO 116 
KAE=KAB+ 1 
lF(KABoGT,I\GI GO TO 110 
lF(EV(KABioGfoEL(L+lll GO TO 115 



116 1FlEV(KAB+1IoLToEL(L+l)) GO TC _110 
EAR=(EV(KAR)+EV(KAR+1))/2o 
EAB=lEV(KABl+EV(KA8+1))/2o 
EJ=([V(J)+E~(J+l))/2o 

11 

.IF(SFM( loKAHI.EOoOooORoSFM( loKABloEOoOo) GO TO 110 
SFM ( I o J l =SF II.( I • KAB) + (SF II (I • KAR)- ~FM (I oKA8) l i ( EAR-EAB l * ( EJ -EARl 
1\ II!( J ) =N M ( J l + 1 

110 COI\TINUE 
C CALCULATION CF T~E DIAGONAL TERMS OF COV(IoJl 

OC 22 l=loNG 
DO 22 J=toNG 

22 COV( loJl=O• 
OC 23 J=loi\G 
IF(I\~(J).[OoOl GO TO 23 
RR=O. 
OC 2~ l=loNA 
IF(SFII( loJl oEGoOol GO TC 25 
C0Vl~oJI=CCVIJoJI+lSFMlloJI-SFE28(Jll**2*Wlll 
RR=RR +W.( I I 

2!: CCI\TINUF. 
COV(JoJI=CC~(JoJI/RR 

~3 CCI\T INUE 
co 2e J= loNG 
IFICOV(JoJ)oNEoOol GO TC 2e 
t<AB=J+l 

2Q-<OhTINUF . 
IFlCOV(KAB~K~BloEOoOol GO TO JO 
GC TO 31 

~0 KAB=t<AR+ l 
.. c.o :ro .2Y . 

J l I<AR=J-1 
~2 CONTINUE 

JF(COV(KARoKARioEOoOol GO TO 33 
(i..C. T.0-.34. -- -··. ·-·---- -··· ···-···. ---·-

33 t<AR=I<AR-1 
GO TO 32 

34 CO~ l J oJ l =(CCII ( KA-B oKAB I +COV ( KAf; oK AR) )'/2 • 
u . -C-Q.l>. l-l NUF. . .. • ' 

C O~TPUT OF DATA 
PRINT 35 . , . 

35 FORMAT(lH1.6H GROUPo3XolOH EVALUATEOo3Xo60H MEASURES AND INTERPOLA 
l TED VALUES RECUCEO TO TtjE MES .. ENERGY//) . 

----· --~6--1;;:..1 ~-- ·--·--· -·---·--·--·--·----- -IFI ICPoF.G.O) PRINT 37oJo!:FE28CJ)-------------
1FliOPoECol) PRINT 54oJoSFE28lJI 
IFl IOP.EOo3l PRII\T 326oJoSFE28(Jl 

----3.2-EORM Ul I 6 • 3li...-1EEl..LaL..lX...!:J:i S I GFo eJ.I..o..Zt:LA.!.il.liO.B t.1.6.l! .•. 7.J::LJifE IGHT/) ·-·-··-
326 FORMAT(I6o3XolPEllo4 0 3Xo5H ALFAo8Xo7H AUTHORol8Xo7H WEIGHT/) 
~4 FORMAT(l6o3XolPE11o4o3XoSH StGCe8Xo7H AUTH0Rol8Xo7H WEIGHT/) 

IF(I\M(JloF.OoCI PRINT 38 . . 
------3a.FORMUC.2.3..X.a-3.EJL1tE..l.llt.EIL.MEA.Sl.I.R.E.I!IE.NL..NO.fLI!i!ERPQI.ATU!...~.I_t ... ___ .:_ ________ ----··-------- .... 

DO 36 l=loNA . 
IFISFM(I.JioEC.Ool GO TO 3«: 
IFlNMAIHJoJioEO.Ol PRINT 39oSFM(Io~lolollllll 

··-------..LE.1NM.AR.LJ •• U • .I';E..a..O..l .. ~..LSE1U.J.~.l.• . .J~)_- -~---·-·-··· .. ---·--
39 FORMAT(23X.lPE1lo4o5Xol4 0 3Xol3H INTERPOLATEOo2XoF5o2) 
40 FORMATC23X.1PE11o4o5Xol4o3Xo9H NEASUREOo6KoF5o2) 
36 CONTINUE 

-C-. CILCIILAT (ON OE_.C.C.\11-1 0 17 Wl.I.ti . ..l.e..Ne,...J.. .. CO 41 I=loNG ·---··--------·-·:-··-~-··-··:-·-··--·-

CO 41 J=loNG 
FCRI=Oo 

.... &R.J::-0.&. ..... - -· - ·- --·---····· ··- . -- . ·- ·- ... - .... -- .. - .. -
IFCI.EQoJI GO TO 41 
00 42 K=loNA 
IFlSFMlKolloEC.OoaORoSFIICKoJioEOoOo) GO TO 142 

-----.CO\L.1 . .L.a .. U.:= .C.Oll U ... .LU.LSF.M LK... Ll=.SF..£.28 llll !.( Sf'~-C.~• J.) =...~t;;2_Q(_ .lJJ.~.~J-~)_ ·-·. 
142 JFCSFII(K 0 I)oNEoOol RRI=RRI+.(K) 

IF(SFM(KoJl oi\EoOo) RRJ=RRJ+III(K) 
42 CO"TINUE 

-lF(RRloGE.R.Ii~) RR~RRI .... 
IF(RRioLEoRRJ) RR=RRj 
IF(RR.NE.O.) COV(IoJI=CCV(IoJ)/RR 

41 CC,..TINUE 
--C.- OUUUJ.-1:.-0E-...o.A.XA-.----·--·- ------ ··- ·-·-···· 

PRII\T 49Q 
4<;<; FORMATII~ll 

CO 357 I= I • NG 
co . .357 .. J:;:;1...,_G- .. . . 

3~7 C0V(IoJl=CCV(IoJI/lSFE2e(tl•SFE28CJ)) 
DO 43 I= loNG 
PI<I'INT 44 o I o 1\G· 

44----F.omt.lU-~ ..C.O.II.C.l-...J.l-.4.llo.3J:LL:;; ... t.3 .• ~..x ... 12.H .. .I _f:RQM_ 1. IO. 13//) 
P~INT 45olCCV(IoJioJ=IoNGI ' . 

45 FC~M~TllPlOEI2o4) 
~3 C:CI\TINUE 

b!Gl=NG.* 1--·-···--
00 2 10 I = l • "G 1 

210 EVll)=lOOOOCOo*E\1(1) 
EO=oOOOOl 

.-E ~ 2 O.OOOJl.O.O ... -· 
Ill= 0 
1<1=0. 
1\ol lA= ~3 
R IA=.l .... 
IIIIT l=MT 

C T~E CRDER IN TH~ GROUPS ARE INVERTED 



212 

213 

"X=NGl/2 
00 ~12 l=lo"X 

EVT=EVC I) 
eve ti=Evc "G1+t-l l 

EVCNGl+l-1) =EVT 
MX=NG/2 
00 21.3 l=lolll.ll 

SFT=SFE28C·I) 
SFE28C tl=SFE28CNG+l-l) 

SFE28(NG+t-tl=SFT 

12 

EVCNGI+t 1=200COO.OOo· 
IFCEVINGiloEOeEV(NGl+t)) 
DC 214 l=lo"G 

EV(IIoG11=EV(!I.G1l-o001*EV(NG1) 

00 214 J=lo"G 
214 AUX(NG+I-lo"G+I-Jl=COV(loJ) 

00 215 J=loii;G 
AUXCNG+loJ)=Oo 

21e AUll(NG+2oJ)=0• 
PRIIIoT 46oNG 

46 FORM~T( lHlo~lH RELATIVE ERROR FRCM GROUP I TOol3l 
00 47 I= loNG 
CO\/( lol l=SO~TCCOV( lo·l)) 

4 7 CCNT INU£: .. . 
PR1NT 48oCCOVCiollol=1oNGI 

46 FO~MAT(lOFlOoe) 
PRINT 211 

21l FORMAT(1HI 0 ~3H CAROS OUTPUTo WAR~ING THE QROE8 IN THE GROUPS ARE NOW 
tOW INVERTED//35H COV(IoJl CARDS IN THE ENDF/B FORMAT//) 

N3=NG+3 
L8=3 
t.l-4•11•1-«i+ 14 
11:7=NG+7 
00 2 16 J = l • NG 
lFCJ.EQol) P~INT 217oMioMTloMieNGoNAToNIAoNT 

... J.F-C...IoEO •. l.AilUl .• LP.O...E.Q.o.l.) PUNCH . ..21 7 .. o Nl • MT 1o Nl o.NG o.MAT o Nl AoMT 
IF(JoGToll PRINT 217oN3oLBoNI4oN7oMAToMlAoMT 
IF(JoGTeleA"C•lPO.EOol) PUNCH 217oN3oL6oNI4oN7oMAToMIAeNT 

217 FORMAT(22Xo41llo 14ol2ol3) 
P.R.J.NT .ZlB .. EO.Rl....E.\1-t. .. UoRU..EV(J+l loR.IoMATo141AoMT . .. . ..... 
lF( IPO.EOol) PUNCH 216oEOoRioEVCJ)oRIAoEVCJ+l)oRioNAToNIAoNT 

216 FORM~TC6Eilo4ol4ol2ol3) 
PRINT 219eEM 0 RioEO,RioEV(lloAUXC1.J)oNAToNIAoMT 

..... IF. t..J.P..O..E.Q:..l.l. ..PUM.CI:L . .219.o EM.aR.L E.O.e.R.I • E V .l.l...}_._A.U..l!..lL..J.J a.Ml' .. t.MLA.J.!t:r ............. ___ .. 
219 FCRMATC6Ello4ol4ol2ol3) 

NG2=NG+2 
I= 2 

.221. CCII4:t-1NUE ... - ..... . .. ·----·-· . .. .. .. . .. - . .. . .. .. . . .. . ........ 
PRINT 220oEV(lloAUX(IoJioEV(I+1),AUX(I+toJI,EVCI+2)oAUXCI+2oJ)oMAT 
lo~IAoNT . 

IFCIPO.EO.l) FUNCH 220oEV(J),AVXCioJ)oEVCI+lloAUKf!•~•JloE~CI•3laA 
-lUl«.l.~...a.IU...MLA...M.T .......... _._ ................. __ ............ ·-·--. ·-·---· ____ .. _ .. ___ ..... _ .. . 

220 FORMAT(bEilo4ol4ol2ol3l 
1=1+3 
IF (( NG2- l) oGE .2) GO TO 221 

- 1F(..(.NG.2~-1 l o.E.O•l ) .. GO ... T.0 .. ....2.22. 
IF((NG2-IIoEOe0) GO TO 223 
c;n Tn 231) 

222 PRINT 224aEVCIIoAUX(IoJ)oEV(I+IloAUX(I+1oJloNAToNIAoNT 
1FCIPOoEOoll PUNCH 224oEV(I)oAUXCioJloEVCI+lloAUXCI+IoJloliiAToMIAoM --·--

-~-----·--------··-.. - -- .. -·-· --·- .. ----·--· ............ --. ·--- .. ·-·-··- -·----·--.. ----
224 FCRMAT(4Ello4o22X,I4ol2ol3) 

GO TO 230 
223 PRINT 225oEV(IloAUXCioJ}o~AToMIAoMT 

IE ( I POo'O a o.l.l- .. ...EUIIl.CJ:L2.ZS...Ell.U I o All XC lo J.l o MA£t..l!U hM .. I ·-.. -- ·---·-· ........ ·----·- .. --·--·-. 
~2~ FORMAT(2E11o4o44Xol4ol2ol3) 
230 CONTINUE 
216 CCHTINUE 

__ .... --U!-( ID oNE o 1~']090 T.L.IL.EeN.G.. ..... - .. -·--~ ·---·-----·-·----·- ...... ·----. 
3C9 FOHMATCISA4/I5) 

PRINT 310 
310 FORMATC1Hlo41H CC~~ELATION MATRIX CARDS FOR THE DRAWING//) 

-·----.. D.C ... ...3..Q.O . .D:L-Mi--·--·- _ ......... -··--.. -·--·--· ......... - .................. _ ......... _ .... __ ,._ .. _____ _ 
ST=tOOe*SORT(~UXCioiJ) 
ENE=.000001*EV(Il 
PRINT 30 1 oEIIiE •ST 
IE( 10 0 NE .o I PUNCH 30!..a.E.tiE...S.L.SF.E..2.8..l..lJ .. _ .... _. _ .... ·----·-·----------- .. -· 

3 0 1 F 0 FiM AT ( 1 ~, ~ 1 1 • 4 o l II( • E I I • 4 oF I I • 4) 
~CO CONTINUE 

E!I.E=EV(NE)/lO•*E 
------.l.F...t.ro....NE . ...D.J ..e.uNC...H. . .....3..0...l.o.E.hE. ___ ,_ ---- ·-·-- ·-..................... --·--·-- ............. ___ .. __ ... _ 

00 3 t 1 I = 1 • NG 
OC 311 J=loNG 

311 COV(IoJ}:AU~(loJ}/SQRT(AUXCioll*AUXCJoJJ) 
DO 302 ~--'•"G --------- .... ----- .. ----- ........ _ .... _ ....... ·--·------·--·--.. ·-
PRINT ~OeoCCCV(I,JloJ=1oNG) 
JFCID.NEoOl P~NCH 303.(C0\I(IoJJoJ=loNG) 

3C3 FORMAT(8F9o5) 
.. -3-0S-EQ.RM.Jili.Uo.l.U.0.......4.L .............. ·-· .... .. 

302 CCNTINUE 
00 391 l=lolloG 

3~1 STA(I)=100o•SQRT(AUX(Ioll) 
--;;c~~~~!~~~---·-------·--------·- ----....... _ ... _, _____ ----·-

cc 399 N=2o2t! 
3<;<; NDER(N)=4H 

--· -----.. OC 40.0-L;r.J...o..I\G ----·. ·---··-·- ......... 



400 LABEL(L)=L 
Ll=l 

4Cl LM=L1+27 

13 

---· -·-U~.LM • .G T .N.Gl.. LM-NG ---···· ·--· --· -·-·---· ·--------· . ·"-·--· 
P~INt 4~5,(LABEL(LioL=Ll 0 LM) . . 

40e FCHMAT12QHO I ELCIKEVI RSO CCRR*lOO /l4X3HPCT,1X~OI4;1Xl014o 
l . 1)(814) . 

.. -- -I'R lNT .4-30 -···-·---··--···-·. 
430 FORMAT( lH ·) 

·CO 421 I=L1oNG 
ENE•EV ( I)/ 1000 • 

··-·-- .D-G .A.OS. L:;;L.l...LM.-~. _ -· ---- ------ ··- . 
TEMP= .CCV(loL)*IOOo 

4C9 LABELILl=TE~P 
410 PHINT 406., I,ENEoSTA(IIoU .. ABEL(LioL=LloLM) 

. lL= 1.* 1-L 1 . ·,.. . . .... 
IF(lLoGTo28) GO TO 421 
"OER ( IL 1=4K __ 
PRINT '420 0 • 1\iOER 

420 FORMAT( I.H+o17XlOA4olXlOA4olXSA4) 
lliCER( IL) =4H 

4c1· CONT.INUE 
ElliE= EV(IIiE)IlCOOo 
PRINT 406o "E• ~N~ 

Ll=LM+l. 
JF(LloLE.NG) GO TO 401 

4'C6 FORMAT( It- 13oF8o2oF5,l·•lX1014olXlOI4o1X814) 
498 CONTINUE . . 

GC TO 897 
ElliD 



GROUP E~ERGY LIMITS (MEV) 

1oOOOOE 01 9.0000E 00 

2 9.0000E 00 S.OOOOE 00 

3 8.oooo£ oo 7.ooooE 00 

4 7.0000E 00 o.ooooE oo 

5 b.OOOOE 00 s.ooooe. oo 

5.0000E 00 'loOOOOE 00 

7 li.OOOOE 00 3.0000£ 00 

8 3oOOOOE 00 2.ooooE 00 

c.OOOOE 00 1.0000E 00 

10 1.0000E 00 9.0000E•01 

11 8.0000£•01 

1l s.OOOOE.•Ol 7.0000E•01 

13 7.0000t.•Ol b.OOOOE•Ol 

14 b.OOOOE•01 5oOOOOE•Ol 

15 s.ooooE•01 li.OOOOE•Ol 

1b li.OOOOt•Ol 3.0000E•01 

17 l.OOOOE•Ol 2.0000E•01 

18 2.0000E•Ol 1.0000E.•Ol 

1.0000£•01 9.0000E•02 

20 9.0000£•02 8.0000E•02 

ll 6,0000E•OZ 7.0000E.•02 

ll 7.0000E•02 o.OOOOE•02 

23 b.OOOOI::•02 S.OOOOE•02 

5.0000E.•02 4.0000E•02 

25 .3.0000£•02 

2b 3.0000E.•02 2.0000E•02 

14 

MEASURED VAI.UES 

AUTHOR 
3 

" AUTMOR 
3 
4 

AUTHOR 
3 

" AUTHOR 
3 

" AUTHOR 
3 

" AUTHOR 
3 
4 

AUTHOR 
3 

" AUTHOR 
3 
4 

AUTHOR 
3 
4 

AUTHOR 
3 
4 

AUTHOR 
l 
4 

AUTHOR 
3 
4 

AUTHOR 
1 
4 

AUTMOR 
1 
4 

AUTHOR 
3 
4 

AUTHOR 
3 
4 

AUTHOR 

AUTMOR 

1 
3 
4 

l 
4 

AUTHOR 
! 
" AUTHOR 

! 
" AUTHOR 
! 
4 

AUTHOR 
1 
4 

AUTHOR 
1 
4 

AUTMOR 
1 
4 

AUTHOR 

AUTHOR 
} 
~ 
.3 
4 

ENERGY 
9.soooE oo 
9.5oooE oo 

ENt:RGY 
8.soooE oo 
E~ta8~0E 00 

~·~888~ 88 
ENhGY 
o.so8oE oo 
olso oE oo 

EN RGY 
s.5oooE oo 

E.~t~8~0E 00 
4.5oooE oo 
4•5000E 00 

E.Nt:RGY 
3.SOOOE 00 
3.lSOOOE 00 EN RGY 
~;~88U 88 

ENt:RGY 
1.SOOOE 00 
1l5000E 00 EN RGY 
~;~888E:81 

ENt:RGY 
8.soooE•01 
8.soooE•01 

ENt:RGY 
7.5000£•01 
7l5000E•01 EN RGY 
o.SOOOE•01 
o,~.SOOOE•01 

ENr.RGY 
s.soooE•01 
s,.soooE•Ot 

ENt:RGY 
4oSOOOE•01 
4•SOOOE•Ol 

ENt:RGY 
~·~888£:81 

EN{RGY 
2.SOOOt.•01 
2.SOOOE•01 
2,~.SOOOE. .. 01 

ENt.RGY 
1:~888~:81 
1•5000E•01 

ENt:RGY 
;:~888~=8~ 
9.SOOOE•02 

ENERGY 
8.soooE•02 

g·~888~=8~ 
EN{RGY 

7.5000E•02 

l;~888~:g~ 
ENt:RGY 

o.soooE•02 
o.SOOOE•02 
bl5000E•02 

E"' RGY 
s.soooE•Oi! 

~;~888~:8~ 
ENt:RGY 

4 1 5000E.•02 
4.SOOOE•02 
4.5000E•02 

ENERGY 
3.SOOOE•02 

~;~88H:8~ 
ENc.RGY 

2.SOOOE•02 
2.SOOOE•02 
2.SOOOE•02 
2.SOOOE•02 

SlG.cAPT.URE .. WElGH.L ..... 
'1.7oooE•03 1.oo 
4 7oooE•03 1.oo 

SI&CAPTURE. WEIGHT 
5.7000E•Ol 1,00 
5 3000E•03 I 00 

siaCAPTUAE WEIG~T 
7.0000E•03 f•08 
b 0000£•03 .o 

SiaCAPTUAE WEIGHT 
8.3oooE•03 1.oo 

l 1000E•03 1 00 
S ~CAPTURE WEIG~T 
1ol000E•O~ 1.00 

stce2~¥6R~ WEIAA¥
0 

l.oOOOE•02 1,00 
OOOE• 2 00 s a~APTUR~ WEIA~T 

2.'IOOOE•O~ JoOO 
s1Ct2~95R~ WEI~A¥ 0 

300 ~-02 00 
4.4oooE•02 !.oo 

sl&cAPiuAE wEI AT 
7.3oooE•02 1.oo o 'IOOOE•02 1 00 

SICCAPTUAE WEIGAT 
· ~~~002f•Ot J•OO 
s a 2~¥uR~ WEIGH¥

0 
1, 000£•01 1,00 
1 2000E•01 1,00 

stecAPTUAE wEIGHT 
1olOOOE•01 1,00 
1 SOO~E•01 1.00 

siecAP ~AE WEIGHT 
1.4oo •01 !,oo 

90 0 • 1 00 sl&cA~T~R2 WEI ~T 
1.sooo •01 1.oo 
2 1000 •01 1.00 

stacAPTUAE WEIGHT 

t.oOOOE•01 1.00 
30 OE• 1 .00 

s acABT~RB WEIAMT 

i.bgJo -~1 t.oo 5 0 • 1 .oo 
S acA TUR wEIAHT 

,0200£•01 9.00 

t.8000E•01 1,00 
800 E• 1 .oo 

S &cA_Pi~A~ WEI!HT 

1
0 9400 •Ot 9·~~ .2000 •0 • ·su -o • 

S acA~¥~RE WEilHT 
0 11b00 •01 9,00 

2.1ooo •01 t.oo 
4 o000£•01 1.00 

stacAPTURE wEIGHT 
3,8200£•01 9,00 
2.8000E•Ot ,.00 
II 9000£•0 00 

~~!i~~~~~~ wEI ~~0 
l.~ooo(•OJ t.oo 

s~&c~~9u~~ .wuA.ti.¥..0 
.. 

4.o800E•Ot 9.00 
3.3oooE•01 t.oo 
5 7000E•01 1.00 

staCAPTURE WEIGHT 
5,8300E•01 9,00 
3,7000£•01 1,00 
ol3oooE·01 1.oo 

SibCAPTURE .WEIGHT 
5.9200E•01 9,00 
4,2000E•01 1,00 
o 7oooE•01 t.oo 

SIGCAPTURE WEIGHT 
o.9100E•Ot 9•88 
4.7000E•O 1, 
8 0000£•01 1 00 

srecAPTURE WEIGAT 
7.9000E•01 9,00 
8.9oOOE•01 9,00 
5,5000E•01 1,00 
~.soooE•01 1.oo 



27'' ·. 2.0000E•02 

28 1. OOOOE•.02 

.. ' 

30 s.ooo4E•03 

31 7.0004E•03 

32 b.0004E•03 

35 3.0004E•03 

3b 2.0004E•03 

37 lo0004E•03 

38 fi.OOIIOE•OII 

3fi ti.OOIIOE•04 

40 7.0040E•04 

41 bo0040E•OII 

112 5.00IIOE•04 

43 4.0040E•04 

44 3o0040E•OII 

45 2.001101::•04 

\. 

' 

',• .·-

l.OOOOE•02 

8.000111:.•03 

2.0004E•03 

fi.0040E•OII 

a.oouoE•OII 

7. 0040E•04 ' 

b.0040E•OII 

5.00401::•011 

4.0040E•04 

3.0040E•04 

2.0040E•04 

l.0040E.•OII 

15 

AUTHOR 

AUTHOR 

AUTHOR 

AUTHOR 

AUTHOR 

AUTHOR 

i 
(j 

~ 
3 
II· 

~ 
3 
(j 

~ 
3 
4 

~ 
3 
4 

~ 
II 

AUTHOR 

~ 
II 

AUTHOR 

! 
4 

AUTHOR 
\ 
II 

AUTHOR 

~ 
(j 

AUTHOR 
1 

AUTHOR 
1 

AUTHOR 
AUTHOR! 
. 1 
AUTHOR 

1 
AUTHOR 

1 
AUTHOR' 

·1 
AUTHOR 

1 
AUTHOR 

1 



16 

GROUP EVALUAU.D MEASURES AND INTERPOLATED VALUES REDUCED TO THE M!SN !NERGY 

5.1000E•03 SIGC AUTHOR WEIGHT 

4.7000E·O~ 3 MEASURED 1.00 
~tlgooE·o II MEASUHF.D ~f~2HT i? 5.8000E•03 AUTMOR 

5.7000!:•03 3 MEASURED l.oo 
~~~gooE-03 " MEASURED 

3 o.9000E•03 AUTHOR wt~8HT 
7.0000E•03 3 MEASURED 1.00 
bfOOOOE•03 " MEASURED 1 00 

II 8.SOOOE•03 S GC AUTHOR whGHT 
8.3000E•03 3 MEASURED 1.00 
~t!gooE•03 II MEASURED 1 00 

5 1.1000E•Oi? AUTHOR whGHT 

1.1000~·02 3 MEASUR£D 1.00 
ei~ooo •03 4 MEASUH D 1 ~0 b 1.~000E•02 S GC AUTHOR wf GIH 

1.oOOOE•02 3 MEASURED 1.00 
hagooE-o2 II MEASURED ~t~8HT 7 2.4000E.•02 AUT ~-tOR 

2.liOOOE•02 3 1'4EASURED 

!HaHT hl800f:•02 ll ~EASUWELl 
8 4.0000E•02 AUTHOR 

ll.liOOOE•02 3 MEASURfD 1.00 
3f3000E•02 4 MEASUR D 1 ~0 9 7.5000E•02 S GC AUTMOH wf GHT 
7.3000E•02 3 MEASURED 1.00 
h~gooE•o2 II MEASURED ~t~8HT 10 1.1200E•01 AUTHOR 

11 1.2300E•01 
l•1000E•O~ 
sf~gooe-o 

3 MEASURED 1.00 
II MEASURED 1 00 

AUTHOR wfiGHT 
1.2000E•01 3 1'4!:11SURED 1.00 
hagooE·o1 4 MEASURED 1 yo 12 l.BOOE•01 AUTHOR ~~rf GHT 

h3000E•Ot i =~a~~£g t·~8 13 1.11"00E•01 h~gooE·o· AUTHOR ~~rf GHT 
1.4000E•01 3 MEASURED 1.00 
1

1
qooOE•01 4 1'4EASURED 1 00 

1" 1.~300E•01 S GC AUTHOR wfiGHT 
1.5000E•01 3 MEASURED 1.00 
211000E•01 4 MEASUR!D 1 00 

15 1.o100E•01 S GC AUTHOR whGHT 
1.oOOOE•01 3 "1EASURED 1.00 
2i3000E•01 II "1EASUHED 1o~O tb t.o~OOE•01 S GC A UTI-lOR WE GHT 
~.ooooE•01 3 MEASURED 1o00 

ISOOOE•01 " MEASURED 1 og 
17 1.8200E•01 S GC AUTHOR wfi HT 

2.0200~·01 ! M~ASURfD 9.00 
1.8000 •01 fl4 ASUR D 1.00 
2f8000E•01 4 11EASUR 0 1 00 

18 2.2200E•01 S GC AUTHOR whGHT 

~·9"00E•Ol l MEASURED 9.00 
.2000E•O MEASURED 1.00 

3f5000E•01 4 MEASURED 1 yo 
19 2.7200E•01 S GC AUTHOR wf GHT 

3.4o00E•01 1 MEASURED 9.00 
2.1ggoE•o1 3 MEASURED 1.og 
4fb OE•01 " MEASUREO 1 0 

20 2.8800£•01 S GC AUTMOR wt!GHT 

3.8200E•01 \ M~ASURED 9.00 
2.8000E•01 M ASURED 1.00 
llo9000E•01 4 MEASURED 1l00 21 3.1000E•01 SIGC AUT110R W IGHT 

11.2000!:•01 1 MEASURED 9.00 
3.~000£•01 3 MUSURE8 1.00 
51 000 •01 4 MEASUR 1 00 

22 3."100E•01 S GC AUTHOR 111hGHT 

"·b800E•01 ! MEASURED 9.00 
3.3000E•01 MEASURED 1.00 
5.7000E•01 " MEASURED 1.00 
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23 3,9000E•01 SIGC AUTHOR WEIGHT 

5.8300E.•01 i MiASURiD 9,00 
3.7000E.•01 M ASUR D 1.oo 
bf3000E.•01 Q MEASURED 1 00 

24 4,b100E::•Ol S GC AUTHOR wfiGHT 

'i.92ooE.-o1 ~ MEASURED 9,00 
4,2000E•01 MEASURED 1,00 
bf7000E•01 4 MEASURED 1 00 . 

25 5,8300E•01 S GC AUTHOR wliGHT 

b,9099E•01 l MEASURED 9,00 
4,7000E•01 MEA~URED 1.00 

7,9500E•01 h~~99E•01 4 MEA URED 1f 00, 
2b AUTHOR. w IGHT 

7~8999E•01 1 MEASURED "9, 00 

~:~4~n=st i Mp~uRp 1:88 M-A UR 0 
9fii999E•01 4 "'EASURED 1 00 

27 1.o5.ooE oo S GC AUTI<IOR wfiGHT 

fi·,9999E•01. 1 "'EASUHEg 9,00 
1.1200E 00 ME.ASUHE 9,00 

"7,2999£•01 3 MEA·SURED 1.00 
-1 !2500E 00 II MEASURED ~t~&HT 28 1.2400E ·00 S GC AUTHOR 

1.2eooE oo 1 MtASURH 9,00 
1.3b00 00 2 M A~UR 9,00 
9,1999E•01 3 MEA URED 1.oo 
1f5000E 00 a MEASURED 1 00 

29 1.2900E 00 s (;( AUTHOR wf!GHT 
1.3200E 00 1 M~_ASURID 9,00 
4•3b~OE 00 i. M ASUR D 9,00 

,c9 BE•oA "' ASUR 0 1.oo 
·· ··3o §t~gooE o II MEASURED 1 ~0 1. 3bOOE 00 AUTHOR wf GHT 

1.~b00f 00 -~ "'rSUR18 9,00 
1. 9oo oo· "' ASUR 9.0.0. 
1,0300E 00. 3 M ASUR D 1.oo 
1f7000E 00 4 MEASURED 1 00 

31 t,4409E 00 S GC AUTHOR wfiGHT 

1.3800E 00 1 M~ASURiD . 9, 00 
1. rOOE 00 

·' 
2 M ASUR "D 9,00 

1. 200E 00 3 MEASURED 1.00 
1

1 
OOOE 00 II MEASURED. 1 yo "32 1,55001:: 00 S GC AUTHOR wf GHT 

i,5499E 00 1 MEAS.URED 9, 00. 
1.2100E 00 3 MEASURED 1.oo 

1,7000£ 
119999E 00 4 MEASUHED 1 00 . 

33 00 . S GC AUTHOR wlJGHT 

1.b700E 00 ~ MEASURED 9,00 
1.3500E 00 MEASURED 1.00 
2f2000E 00 II MEASURED 1l00 34 1,o400E 00 S GC AUT_HUR w IGHT 

1 •. 88913E. 00 ~ "4EASUREO 9,00 
1.5198E 00 MEA~URED 1.00 
§f4998E 00 4 MEA UHED 1 ~0 35 2,5400E 00 . GC · AUTHOR wf GHT 
t!,liO<HE 00 ·l "'EASURED 9,00 
1,8ll'18f 00 MEASURE.D 1,00 
3f099bE 00 4 MEASURED ~t~8HT 3b. 3,t!300E 00 S GC AUT~OR 

3.2184E 00 ! MEASURED 9,00 
2,3988E 00 MEA~URED 1.oo 
4l3978E 00 4 "4EA URED 1 00 

37 b,ii100E. 00 S GC AUTHOR wf!GHT 

'if3203E 00· 
AUTH04 

MEASURED 9 ~0 38 o,2100E 00 S GC · wf GHT 

b,llbbBE 00 AUTHO~ . 
MEASURED q 00. 

39 3,1400E 00 SIGC wfiGHT 

2fb017E 00 AUTHtl~ MEASURED 9 00 
4_0 5o1000E 00 S GC ~ootiGHT 

5f0'232E 00 1 MEASURED 9 00 
41 b,5900E 00 S GC AUTHOR whGHT 

7f02b8E 00 AUTHO~ . 
MEASURED ·9foo. 

112 b,bOOOE:. 00 S GC w IGHT. 

bf4370E ·oo ~UTHO~ . "'E:ASURED .9 00 .. 
113 6,1b00t 00 S GC . wfiGH.T. 

9 f 6.6b9E 00 AUTHO~ . 
"'EASURED 9 00 

114 7,6b00t. ou S GC wf_IGH~ 
6f25113E 00 1 MEASURED q ~0 115 2,50110E 01 .S GC AUTHOR wt GHT 

2.723tr= nt "EA!!UREn Q.On 
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CARDS OUTPUT, WARNING H1E ORDER IN THE GROUP.& .ARE NOW U~VERlED 

COV(I,J) CARDS IN THE ENDF/8 FORMA 

o.1oooE-oij o.o o.t004E oi o.tooo~ 1 8f o.2go4E. o' o.~ 45 l~t~i~l8~· 
0.2000E 08 0.0 0.1000E•04 0.0 0.1 04E 03 o.7o5bE•0212b 3310~ 
o.2004E 03 0.4389E•02 0 3004E 03 0 1852~·01 0.4004E 03•0.21o2E•0212& 3318 
o.5oo4E o3 o.5eooE-o2 o:oo04E o3-o:t3t8E-o2 o.7004E 03•0.t500E•01t2o 33 
0.8004E 03 0.3ot9E•02 0.9004E 03•0.1488E•Ol 0.1000E 04•0.25o7E•0312&533102 
O.ZOOOE 04•0.3673E•02 0.3000E 04 0.1091E•01 0.4000E 04•0.1264E•0212&533102 
o.5oooE 04•0.2423E•05 o.ooooE 04•0.1&42E·o2 o.7oooE 04•0.9t12E•Ob126533102 
o.eoooE 04 o.9149~·o3. o.9oooE 04 o.1270E•o2 o.toooE os-o.·t875E•0212o53310~ · 
0.2000E 05•0.2481E•03 0.3000E 05 0.132bE•01 0.4000E 05 0.2034E•01126533102 
0.5000E OS 0.3S43~·01 O.bOOOE OS o.266bE•01 o.7000E OS 0.2540E•0112&5~3102 . 
0.8000E OS 0.2337E•01 0.9000E OS 0.1948E•01 0.1000E Ob 0.2322E•0112b5 3102 
0.2000E 06 0.78&7E•02 0.3000E Ob 0.0 0.4000E 06 o.o 1265 3102 · 
o.5ooo~ oo o.o o.6oooE 06 o.o o.7oooE 06 o.o 126533182 
0.8000E 06 0.0 0.9000E Ob 0.0 0.1000E 07 o.o 1265331 2 
o.zoooE o1 o.o o.~oooE 01 o.o o.4oooE 01 o o 12653310~ 
O.SOOOE 07 0.0 O.bOOOE 07 0.0 0.7000E 01 o:o 12&53310l' 
0.8000E 07 o.o 0.9000E 07 o.o 0.1000E 08 o.o 126533102 
0.2000E 08 o.o 126533 Ol 

48 3 ·10.4 52126533102 
0.1000E•04 0.0 0.2004E 03 0.1000E 01 0.3004E 03 0.0 · . 126533102 
0.2000E 08 0.0 0.1000E•04 o.o 0.1004F 03 0.4389E•02f2&533102 
0.2004E 03 0.2S16E•02 o.300ijf 03 0.10b2E•01 0.4004E 03·0~1239E•02 26533102 
O.SOOUE 03 0.3325E•02 O.b004E 03•0.75S4E•03 0.700UE 03~0.8598E•021265~3t02 

8:~ggg~ 8~-8:~!~~£:8~ 8:188g~ g~-8:~~~~~:8~ 8:A888~ 8~:8:~~4i~:8~l~t~3~~8~ 
8:~888~ g:-8:~z~~~:81 8:~888~ 8~·8:'~~~~=8~ 8:1888~ 8~:8:1~~5&:8~l~t~~~~8~ 
0.2000E OS•O.t422~·03 0.3000E OS 0.7b02E•02 0.4000E OS 0 tt66E•01126533t02 
o.SOOOE OS 0.2031~·01 O.bOOOE OS 0.1528E•01 0.7000E OS o:14S6E•Ot126533102 
0.8000E 05 O.t339E•Ot 0.9000E OS 0.1117E•01 0.1000E Ob ·o.1331E•01126533102 
o.2oooE oo o.4StOE·02 o.3oooE 06 o.o o.4oOoE oo o.o 1265~3102 
O.SOOOE Ob o.o O.bOOOE Ob o.o 0.7000E Ob.O.O 126S 3102 
o.eoooE Ob o.o o.9oooE Ob o.o o.1oooE 01 o;o 1265 1102 
o.2ooof. 01 o.o o.1oooE 01 o.o o.uoooE 01 o.o 12&~3~102 

8:~888f g~ 8:8 8:~888~ 8~ 8:8 8:1888~ 8~ 8:8 l~ts~3l8~ 
o.2oooE o8 o.o · 126533102 

48 3 104 . 52126533102 . 
0.1000E•04 o.o 0.3004E 03 0.1000E 01 O.U004E 03 0.0 1265~3102 
0.2000E 08 0.0 O.tOOOE•04 0.0 0.1004E 0·3 0.1852E•011265 3102 
o.2004E 03 O.t0o2E•OI 0.3004E 03 0.4479E•Ot 0.4004E 03•0.S228E•021265 310~ 
O.SOOUE 03 0.1ij03E•01 o.o004E 03•0.3187E•02 0.7004E 03•0;3628E•0112&53310 . 
0.8004E 03 0.8752E•02 ·O.Q004E 03•0.3598E•01.0.1000E 04•0.6208E•0312&53310 
0.2000E 04·0~8883E•02 0.3000E 04 0.2o3BF•OI 0.4000E 04•0.30S7E•0212&533102' 

8.SOOOE 0~·0.5860E•OS 0.600oE·04•0.3971E•02 0.7000E 04•0.2204E•OS126~3~~0~ 
.8000E ou o.2213E•02'0.9000E 04 0.3070E•OZ 0.1000E OS•0.453bE•0212b l 0 

o.2000E OS·O~b001E•03~0.3000E OS 0.3207E•01 Oo4000E 05 0.~920E•0112b 3 10 
O.SOOOE 0~ o.8So9E•01 o.bOOOE OS O.o~~QE•Ol 0.7000E OS 0.6144E•011Zo533102 
0.8000E OS o.5bS2E•01 0.9000E 0~ 0.47!1E•01 0.1000E Ob O.S61bE•0112&533102 

8
.2000E 06 0.1903E•01 0.3000E go 0.0 ·8•4808E .06 0.0 1265~3182 
.5000E Ob 0.0 , 0.6000E o 0.0 .7 0 E Ob 0.0 1265 31 2 

o.eoooE ~b o.o . o~9oooE.oo o.o o.1oooE 01 o.o 1265 3102 
o.zoooE 01 o.o .. ~· o.3oooE o7 o.o o.4oooE 01 o.o 1265 1102 
o.5oooE 01 o.o · o.ooooE 01 ·o.o o. 7oooE··o7 o.o 12&5 3tgz. 
0.8000E 07 0.0 o.qoooE 07 0.0 0.1000E 08 0.0 1265 31 2 
0.2000F. 08 o.o 12&533102 

·1 ~8 .3 104 S212o533102 
O.tOOOE•OU 0.0 O.UOOUE 03 O.IOOOF 01 O;SOO~E 0' O.o· 1.26~33102 
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CORRELATlUN ~ATRIX CARDS FOR THE DRAWING 

0.100QE•Ol O,B7SOE 01 
o.zooaE-ol o.so1oE

0 
01 

O,lOOUE•Ol 0,211bE 2 
o.uoouE•Ol o.2470E 01 
O,SOOQE•03 O,ob2BE 01 
O,o004E•Ol 0,150oE 01 
0,700UE•Ol 0.1714E 02 
O,BOOUE•Ol 0,413SE 0

0
1 

o.qoouE•Ol o.1700E 2 
0.1000E•02 0 1338~ 0

0
2 

o.zoooE-02 o:11S2E 2 
O.lOOOE•02 0 210BE 02 
o,uoooE•02 o:1094E 02 
O,SOOOE•02 0.10q7E 02 
o.ooooE•02 o,B31BE 01 
0,7000£•02 0,792qE 01 
0,8000£•02 0,6o7BE 0

0
1 

8:!888~:8f 8:4Hg~ o0 ~ 0.2000E•Ot 0,1tBOE 2 
o.loooE•01 o.21ooE 02· 
O.uOOOE•01 0,2923E 02 
O,SOOOE•01 O,UBQBE 02 
O,oOOOE•01 0,3932E 02 
0,7000E•01 O,JBOoE 02 
O,BOOOE•01 0,3b3lE 02 
0,9000E•01 O.l22SE 02 
g.lOOOE 00 O.J410E 02 

.2000E 00 0.1904E 02 
o.loooE oo o.3ouqE 02 
o.uoooE oo o.30l1E 02 
o.soooE oo o.2olBE 02 
o.oOOOE 00 0.22o7E 02 
0,7000E 00 o.q17BE 01 
O,BOOOE 00 0.2Ul9E 01 
o.9oooE oo o.t78oE 01 

8:~888~ 81 8:1&~~~ g~ 
O.lOOOE 01 o.2~o2E 02 
o.uoooE 01 o.194UE o2 
o.soooE 01 o.1o07E 02 
o.ooooE 01 o.117oE 02 
0.7000E 01 0.9280E 01 
o.soooE 01 o.o2toE 01 

8~l~g8~Eo~5.loooE 010.~8~~~ 4 ~~-~loo~E oAo.~oooE oA··1~~oE oA··~g~oE g~ 
-:2~sg~ 85::1~~~£-8~o:1!~s~-&5o:t~1o~ 8o2:2~A~~ 8o::~uoi~-8to:121:E·oo 
0,7953E 000,8352E 000.7lSOE 000.7o29E 000.7351E OOO.o903E 000,778tE 00 
0.4722E 000,0 0.0 o.o o.o 0,0 o.o 
o.o o.o o.o o.o o.o o.o 0,0 
o.o o.o o.o 

8:1888~ 812:1888~ 812:~~g~~-81::!£8~~ 8A8:~S9Y~ 8A::I~~8~ 8A::~g~g~-81 
•.2255E 00•,1313E•Ol0.120SE 000.1u3&E 00•.2202E 00•,~403E•010,721BE 00 
o,7953E 000,8352E 000.77SOE 000,7&29E 000,73StE OOO,o903E 000.7781E 00 
o.u722E ooo,o o.o o.o o.o o.o g.o 
o.o o.o o.o o.o o.o o.o .o 
o.o 0,0 o.o 
O.}OOOE 010.1000£ 010.1000E Ot•,lOOOE 010.1000E 01•,1000£ Ot•,lOOOE 01 
O. OOOE 01•.1000E Ot•.2192E•01•.3o42E OOO.S911E OO•.t320E 00•.252QE•Ol 
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VI,. THE THREE-DIMENSIONAL CORRELATION MATRIX PLOT 

As noted, part of the card output of_the program can be used to genera~e 

a three-dimensional plot of the correlation matrix. This can be seen in 

Fig. 1, where this plot is shown for the 238u fission cross section. 

Several conclusiqns can be deduced from this plot: 

(1) A lot of structure can be seen. This corresponds to the fact that 

the cross section was analyzed,~ with .very IJ.lUCh detail. 

(2) The standard deviation shows large uncertainties in the low-energy 

region. This reflects the lack of data in this region. 

(3) Positive correlation corresponds to differences in magnitude but 

not in shape_; negative correlation corresponds to differenc;es in 

shape. Then, differences in shape in the low-energy range can 

be detected. This reflects the fact that in this zone the ·cros.s 

section rises so fast that differences in cross-section values 

correspond to a large difference in shape. 

(4) The recent measurement of Behrens et al. correlates all the 

analyzed ener-ey i.ntervals, 9 



-~ 
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APPENDIX A.. LIST OF. REFERENCES USED IN ,THE CALCULATION. 

· OF THE COVARIANCE MATRICES : · 

238u Fission: In this case the covariance [COV(I,J)] was calculated 

for 36 groups from 20 MeV to 550.24 keV in a 0.1 lethergy unit interval. 

The following set of references was used: 

1. ~yer, W., Report LA-719 (1948). 

One measurement at 14 MeV. Original data. 

2. Uttley, C. A., et al., Report AERE NP/R 1996 (1956). 

Two measurements at 14.1 and 15 MeV. Original data. 

3. Smith, R. K., et al., BuLL. Am. Phys. Soc. 2: 196 (1957). 

Thirty seven measurements at 1-20 MeV. Results from Sowerby, M. G., 

et al., Report AERE-R7273 (1973). 

4. Billand, P., et al., Geneva Conf. 16: 106 (1958). 

One measurement at 13.6 MeV. Original data. 

5. Flerov, N. N., et al., J. NucL. Energy ll: 173 (1959). 

One measurement at 14.6 MeV. Original data. 

6. Mangialajo, M., et al., NucZ. Phys. 43: 124 (1963). 

Eight measurements at 13.74-14.75 MeV. Original data . 

• 7. Barra!, R. C., et al., Report AFWL-TR-68-134 (1969). 

One measurement at 14.6 MeV. Original data .. 

8. Henkel, R. L.' et al., Report LA-1495 (1952) and Report 

(1957). 

LA-2122 

Thirty eight measurements at 1.3-6.92 MeV. Data renormalized to 

0.5176b at 4.50 MeV. 
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9. Sailor, V. L., Report WASH-745, p. 31 (1958). 

Four measurements at 8.8-13.86 MeV. Renormalized to 1.109 b at 

13.86 MeV. 

10. Adams, B., et al., J. Nuat. Energy 14: 85 (1961). 

Fourteen measurements at 12.7-19.4 MeV. Renormalized to 1.125 b 

at 14 MeV. 

11. Pankratov, V. M., et al., J. Nuat. Energy 16: 494 (1962). 

Fifteen measurements at 10.6-20.4 MeV. Renormalized·to 1.125 bat 

14 MeV. 

12. Pankratov, V. M., At •. Energ. 14: 167 (1963). 

Thirty six measurements at 5.1-22.5 MeV. R~normalized to 1.125 b 

at 14 MeV. 

13. Emma, V., et al., Nuat. Phya. 63: 641 (1965). 

The following are ratio measurements relative to the 2 35u fission 

cross section. They were reduced to 2 39u fission data utilizing the 

2 35u tission cross-section ENDF/B-IV evaluation. 

14. Nyer, W., Report LA-938 (1950). 

One measurement at 14 MeV. 

15. Jarvis, G. A., et al., Report LA-1571 (1953). 

One measurement at 2.5 MeV. 

16. Lamphere, R. W., Phys. Rev. 104: 1654 (1956). 

Eighty eight measurements at 0.573-2.995 MeV, measurement multiplied 

by 0.95. 
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17. Uttley, C. A., et aL.; Report AERE NP/R 1996 (1956) . 
. • ' 

·One measurement at 14.1 MeV. 

18. Kalinin, S. P., et al., Geneva Conf. 16: 136 (1958). 

Twenty measurements.at 2.95-8.30 MeV. 

19. Berezin, A.· A., et ·al., J. Nual,. Energy 11: 175 (1960). 

One measurement at 14.6 MeV. 

20. Smirenkin, G. N. ', .et al., At. Energ. 13: 974 (1962). 

One measurement at 2.5 MeV. 

21. Stein, W. E., et al., p. 627 in Proa. Conf. Neutron Cross Seations 

and Teahnol,ogy, vol. I, Washington, D.C., 1968. 
.. 

Fourteen measurements at 1.5-5 MeV. 

22. White, P. H., eta~., J. NuaZ,. Energy 21: 671 (1967). 

Three measurements at 2.25-14.1 MeV. 

23. Grund!, J. A., Nucl,. Sai~ Eng. 30: 39 (1967). 

Sixteen measurements at 1.68-8,07 MeV. 

· 24. Poenitz, W. P., et al., J. Nual. Energy 26:, 483 (1972). 

Three meas.urements at 2-3 MeV. 

25. Meadows, J~ W., NucZ. Sci. Eng. 49: 310 (1972). 

Twenty one measun:~iU8ut8 ci.L 0.898~.J.33 MeV. 

26. Behrens, J. W., et al., Conf. of Nucl,ear Cross Sections and 

Technology, paper GB-14, Washington, D.C., March 1975. 

White source, 30.23-0.1077 MeV. 

2 3 8u Capture. In this case the covariance [COV(I,J)] was calculated for 

91 groups for energies ranging from 10 MeV to 100 eV. From 10 ~eV down 

to 4.095 keV, 0.1 lethargy unit intervals were used. The energy range 
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between 4.095 keV and 100 eV was divided in decimal intervals. The 

following set of references was used: 

1. Rose, B., Report AERE NP/R 1743 (1955). See also J. NuaZ. Energy 

8: 197 (1959). 

Eleven measurements at 29-840 keV. Original data. 

2. Broda, E., et ·al., Report BR-754. Reported by Rose in ref. 1. 

Seven measurements at 400 keV-4.05 MeV. Data revised by Davey in 

ref. 19. 

3. English and Gueron, National Research Council of Canada, Montreal 

Laboratory Report MC-69. Reported by Rose in ref. 1. 

Two measurements at 220-850 keV. Original data. 

4. Macklin, R. L., et al., Phya. Rev. 107: 504 (1957). 

One measurement at 25 keV. Original data. 

5. Lyon, W. S., et al., Phys.· Rev. 114: 1619 (1959) • 
. 

One measurement at 195 keV. Original data. 

6. Bilpuch, E. G., Ann. Phys. 10: 455 (1960). 

Thirteen measurements at 2.55-217 keV. Data revised by Davey in 

ref. 19. 

7. Given, B. G., et a1., Phys. Rev. 120: 556 (1960). 

Seven measurements at 0.175-1 MeV. Data revised by Davey in 

ref. 19. 

8. Gibbons, J. H., et al., Phys, Rev. 122: 182 (1961). 

Two measurements at 30-65 keV. Original data. 
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9. Bergginst, L, Ark. Fys. 23: 425.(1963). 

Eight measurements at 18-300 keV. Data revised by Davey in 

ref. 19. 

10. de Saussure, G., et al., Report ORNL-3360 (1963). 

Two measurements at 30-64 keV. Data revised by Davey in 

ref. 19. 
·,. 

11. MackUn, R. L., e~ al., Report WASH-1046, p. 88 .(1963). 

Sixteen measurement~ at 8.8-54.7 keV. Data according to a recent 

evaluation of cr (Ta) in ref. 19. 
\ 

12. Tolstikov, V. A., et al., J. Nual. Energy 18: 599 (1964). 

Eleven measurements at 15-180 keV. Corrected by non-1/v 10B 

behavior and normalized to the Belanova (ref. 13) value. Data 

from Sowerby. (ref. 20). 

13. Belanova, T. A., et al., J. Nual. Energy 20: 411 (1966). 

One measurement at 22.8 keV as corrected by Miller et al. in 

Nucl. Sci. Eng. 35: 295 (1969). 

14. Menlove, H, 0., et al., Nucl. Sci. Eng. 33: 24 (1968). . . ~ ~ 

Nine measurements at 24-503 kev. Original data. 

15. Moxon, M. c., Report i\ERE-R6074 (1969), 

White source, time of. flight; 0.50-100 keV. Results average in 

decimal intervals. Date revised in 1970 (ref. 20). 

16. Fricke, M.P., et al., IAEA Conf., Helsinki (1970). 

, ~ite source, time of flight; 1-100 keV. Results average in 

decimal intervals, 100-752 keV point results. Original data. 
~ ' I l ' ' •, 

17. de Saussure, G., et al., Nucl. Sci. Eng. 51: 385 (1973). 

White source, time of flight; 0.100-100 keV. Results average over 

decimal intervals. Original data. 

• 
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18. Langner, I., et al., Report KFK-880 (1968). 

Evaluation. 

19. Davey, W. G., NuaL. Sai. Eng. 39: 337 (1970). 

Evaluation. 

• 20. Sowerby, M.G., et al., Report AERE-R7273 (1973) • 

Evaluation. 

21. Ponitkin,·Y. G., et al., Report IAEA-CN-26, Helsinki (1970). 

Ten measurements at 24-145 keV. Original data. 

22. Ponitkin, Y. G., et al., At. Energ. 33: 782 (1972). 

Two measurements at 132-160 keV: Original data. 

23. Block, R. C., et al., Conf-720901, vel. II, p. 1107 (1972). 

One measurement at 24 keV. Original data. 

24. Chelnokov, V. B., et al., "Neutron cross section for radioactive 

capture," preprint USSR Institute of Physics and Power Engineering 

(1973). 

Ten measurements at 3.3-35 keV. Original data. 

25. Ryves, T. B., et al., J. Nuat. Energy 27: 519 (1973). 

Four measurements at 157-624 keV. Original data. 

26. Pearlstein, S., et al., UKAEA Progress Report (1973). 

Eleven measurements at 200-1750 keV. Original data • 
. 

27. Spencer, R. R., et al., private communication, 1975. 

The following are ratio measurements relative to the 2 35u fission cross 

section. They were reduced to 238u capture data utili~ing the 235u 

fission cross-section ENDF/B-IV evaluation. 
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28. Linemberg, G. A., eta)..., R~port LA-,-467 (19~6). 

Thirteen measurements at· Q. 005-5. ~. M~V. Original da.ta. 

29. Barry,.J. F~, et al., J. Nucl. Energy 18: 481 (1964). 

Thirteen measurements at 0.127-7.6 MeV. Original ~ata. 

30. Weston; L. ·W.; et al., Report EANDC 330, p. 64 (1963). 

See also ref. 10. 

Two measurements at 30-64 ke~. Original data. 

31. Poenitz, W. P., Nucl. Sci .. Eng. 49: 383 (1970) and Trans. Am~. Nucl. 

Soc. 12: 279 {1968). _, 

.Thirteen,measurements a-t 30 keV-1.4 M.eV. ,Original dfLta. 

32. Sowerby, M. G., et al., Report AERE-R7273 (1973). 

'·Evaluation. 

2 3~Pu~Capture: In this case the covflriance [COV(I,J)] was calculate~ 

i"or 36 groups for energies ranging from 1 MeV to 100 eV. The energy 

range was divided in decimal intervals. The following set of references 

was used: 

1. 3owe:rLy, .H. q., t!L al., Ai. Enei'{JY Rev. _10(4): 4~3 .(1972). 

IAEA. 

2. Gwin, R., et al., Nucl. Sci. Eng. 45:. 25 (1971). 

3. Schomberg, M.G., et al., p. 315 in Proc. Cqnf. Nuclear Data for 

Reactors,. vol. I, IAEA, Helsinki, 1970. 

4. ·czirr, J. R.,.et al., p. 331 in Proc. Conf. Nuclear Data for 

Reactors, vol. I, IAEA, Helsinki, 1970. 
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5. Belyaer, .F. N., et al., p. 336 in Proc. Conf. Nuclear Data for 

Reactors~ vol. I, IAEA, Helsinki, 1970. 

6. Farrell, J. A., et al., p. 543 in Proc. Conf. Nuclear. Data for 

Reactors~ vol. I, IAEA, Helsinki, 1970. 

7. Kononov, V. N., et al., p. 345 in Proc. Conf. Nuclear Data for 

Reactors~ vol. I, IAEA, Helsinki, 1970. 

8. Ryabov, Yu. V., et al., p. 345 in Proc. Conf. Nuclear Data for 

Reactors~ vol. I, IAEA, Helsinki, 1970. 

9. Weston, L. W., et al., memorandum toR. E. Chrien, 1972. 

10. Gwin, R., et al., to be published in Nuclear Science Engineering. 

2 39pu.Fission: In this case the covariance [COV(I,J)] was calculated 

for 45 groups for energies ranging from 10 MeV to 100 eV. The energy 

range was divided in decimal intervals. The following set of references 

was used: 

1. Sowerby, M. G., et al., Report AERE-R-7273, UKAEA (1973). 

2. Hunter, R. E., et al., Report LA-5172 (1973). 

3. Gwin, R., to be published in Nuc:lem• Sciettoe Engineering. 

4. Weston~ L. W., memorandum toR. E. Chrien, 1972. 

5. James, G. D., p. 267 in Proc. Conf. Nuclear Data for Reactors~ 

vol. I, IAEA, Helsinki, 1970. 

6. Gwin, R., et a1., Nucl. Sci. Eng. 45: 25 (1971). 

7. Shunk, E. R., et al., p. 979 in Proc. Conf. Neutron Cross Section 

Technology~ vol. II, CONF-660303, 1966. 

8. B1ons, J., Nucl. Sci. Eng. 51: 95 (1973). 
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9. Schomberg, M. G., et al., p. 315 in Proc. Conf. Nuc~ear Data for 

Reactors·~ val. I, IAEA, Helsinki, 1970. 

240Pu and 241 Pu Capture. 241Pu Fission: In this case the covariance 

was calculated for 45 groups for energies ranging from 10 MeV to. 100 eV. 

The following sets of references were used: 

240~P Cap~ure Cross Section 

1. Weston, L. W., and Todd, J. H., "Measurement of the Neutro~ Capture 

Cross Sections of the Actinides," Proceedings of the Conference on 

NuGlea~ Cross Sections and Technology~ Washington, .D.C., 1975, to 

be published. 

100 eV to 300 keV with weight of 9 on the variance. 

2. Hockenbury,, R. W., Moye.r, W. R.; and Block, R.·C., Nucl. Sci. Eng. 

49: 153-161 (1972). 

6 to 30 keV with weight .. of 9 on tl).e variance. 

3. Prince, A., Conf. NucL. Data for Reactors~ CN-26/91, Helsinki,-

1970. 

], keV to 10 MeV with ,weight of 1 on the variance (model calcula

tion) .. 

4. Yiftah, S., Schmidt, J. J., Caner, M., and Segev, M., p. _123 in 

Fast Reactor Physics~ val. I, IAEA, Vienna, 1968. 

1 keV to 10 MeV with weight of 1 on the variance (model calcula-

tio11). 
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24lpu Capture Cross Section 

1. Weston, L. W., and Todd, J. H., "Neutron Fission and Absorption 

Cross Sections for 239pu and 241 Pu," Trans. Am. Nucl. Soc. 15(1): 

480 (1972). 

100 eV to 200 keV with weight of 9 on the variance. 

2. Caner, M., and Yiftah, S., p. 735 in Conf. Nucl. Data for Reactors~ 

vol. II, IAEA, Vienna, 1970. 

100 eV to 10 MeV with weight of 1 on the variance (model calcula

tion). 

3. Prince, A., Conf. Nucl. Data for Reactors~ CN-26/91, Helsinki, 1970. 

80 keV to 10 MeV with weight of 1 on the variance (model calcula

tion). 

241Pu Fission Cross Section (all references with weight of 1 on the 

variance) 

1. Weston, L. W., and Todd, J. H., same reference as with 241Pu 

capture~ 

100 eV to ·200 keV. 

2. Simpson, 0. D., et al., p. 910 in Proc. Conf'. on Neutron Cross 

Section and Technology~ vol. II, Washington, D.C., 1966. 

100 eV to 10 keV. 

3. Blons, J., et al., p. 469 in Conf. Nucl. Data for Reactors~ vol. I, 

Vienna, 1970. 

4. Migneco, E., Theohald, J.P., and Wartena, J. A., p. 437 in Conf. 

Nuclear Data for Reactors~ vol. I, Vienna, 1970. 

100 eV to 2 keV. 
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5. Smith, H. L., Smith, R. K., and Henkel, R. L. ,. Phys. Rev .. 1,.25: 1329 

(1962). 

200 keV to 10 MeV. 

6. Zabo, I. , et al. , Neutron Standards and Flux Normalization, .p.. 256, 

Argonne National Laboratory (1970). 
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APPENDIX B. STANDARD DEVIATION AND CORRELATION MATRICES 

CORRESPONDING TO DIFFERENT CROSS SECTIONS 
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12 3.00 9.7 18 18 18 18 26 27 24 23 2 67 UJ~ 34 44 53 55 57 55 50 19 17 27 28 30 29 -:32 - 31 - 24 
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2'4 ·~;::1 14.5 10 10 10 I 0 14 14 II 10 3 25 31 JO 38 49 55 55 54 57 59 !13 86 t.Q:Q 95 94 91 68 
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67 901. 19 24o0 c 0 0 0 0 0 0 

} - +#-- !6 
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74 1826.84 12..8 0 0 0 0 0 0 0 0 0 0 4 3 18 -2 -I 0 0 3 7 3 3 8 10 8 7 3 I 3 
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29 20 o29 12 .2 .l..Q.Q 83 61 64 77 73 73 72 44 33 18 JO 32 51 50 46 38 35 24 25 24 24 25 21 34 32 30 31 30 2C.~3 10.0 83 ~2 72 79 84 80 76 69 43 34 21 43 29 53 52 50 40 37 29 28 26 26 26 22 31 29 28 32 
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