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Abstract

Covariance matrices were calculated for the 238U, 2"*lqu, and 239y
fission crosé sections and for the 238U, 2L’OPu, 2l+1Pu, and.239Pu capture
cross sections. A cgmputer program was written thch uses the evaluated
END¥/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 fo? the preéent code and

references utilized in the covariance matrix calculations are given.
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I. INTRODUCTION

The economic iﬁpéct of nucleér‘data uncert;iﬁties in faét“breederzas
well és.in'thermal reactors has been the’subject of many étudieg.1—5

To evaluate the effect'of group cross-éecfioﬁ uﬁéertainties.ih sensitivity
calculations, the correlation both within tﬁe group structure and among

different isotopes has to be calculated. Extensive discussions of this

procedure are given in refs. 6-8.

IT. CALCULATION OF RELATIVE COVARIANCE MATRICES

The relative covariance matrix elements are defined here as:

XX - X\ /X - X\ | -
COV(I,J) =<<—1—X—1><J—§—l>> , (1)

where Xi and X§ are the group average cross sections for the ith and

jth energy groups, respectively, for the lth data set, The cross

sections Xi and Xj are the reference ("true") values, which by convention

are taken to be the correspondiﬁg ENDF/B values. The bracket denotes a

weighted average over the ensemble of data sets, having common data in
.th - . th S ‘ : ; : .

the i and j groups, where weights, Wl, have been assigned to each

data set.

The ENDF/B-IV files, used as the reference data, ﬁere energy-weighted
by a flat weighting functionlin prbducihg thé group-average cross

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



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 code 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.

Step 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 %, 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 parabola determincd
by the evaluated cross sections in groups j - 1, j, j + 1. Then, all

the measurements corresponding to the data set %, inside group j, are

averaged.



Step 4: Whenever there are not measurements in.thé,lth set; of data,
inside .group j, the program makes a linear interpolation of data set, %,
values‘corresponding';o tﬁe neighboring groups. Before implementing the
interpolation, the program searches whether or not the data points for
the interpolation procedure are within energy limits preset by tﬂe user.

If not, the interpolation is not made.

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

NA o o
_ 1 o(K,I) - o(1) {|o(K,J) - 0(J)
COV(I,T) = Z= El 57D ] 5 } W(K) , (2)
where
NA' , ,
RR = ¥ W(K) , : S - (3)
=1

o(K,I), o(X,J) measured or interpolated cross ‘sections of data
‘'set K, in groups I and J,

evaluated cross sections of groups I and J,

o(I1), o(J)

W(K) = weight of data set K,

NA = number of'data sets with common, given or
interpolated, measurement in groups I and J,.‘

NA' = number of data sets with measured or‘interpoléted

cross sections in group I or J, whichever is

greater.



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

Cov(I,J)

COR(IL,J) = . (4)

v cov(1,I) cov(J,J)

IV. DESCRIPTION OF THE INPUT-OUTPUT SPECIFICATIONS

A. Input
Card 1: NG,NAS,NAR,NL,I@P,MAT,MT,IP,IP@,EMA,RLER,RLET,DELT,ECA,ID

NG:

NAS:

NAR:

NL:

1¢P:

[ FORMAT (914,5E7.0,1I1)]

number of group;

nuﬁber of cross-section data sets included in the error file
evaluation;

number of ratio data sets included in the error file evaluation;
number of energy limits preset to make linear interpolation
between measurements in a given data sét;

option

‘0, the word FISSION is printed;

1, the word CAPTURE is printed;
= 3, the word ALFA is printed;

material number according to ENDF/B spetifications;



MT:

IP:

iPQ:

EMA:

RLER:

RLET:

DELT:.

ECA:

ID:

Cards 2:

Cards 13:

reaction-type number according tQ.ENDF/B specificgpions;h

option

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

# 0; otherwise;

= 1, the output includes punched ca;ds of the,govariance matrix
. -according to ENDF/B format;

# 1, otherwise;

ﬂigher energy limit corresponding to group 1 (MeV) (group 1

is the. highest energy grogp);

lethargy. corresponding to the iower limit gf_group } (it is

assumed that lethargy zero corresponds to 10 MeV);

, group lethargy in;eryal;‘

(MgV)iincrgment correspondingitp thg-firstvenérgy d?cade in the

decimal group structure;.

(MeV),higherfenergy limit of the decimal group structure; if

all the groups are decimal, ECA must be greater than EMA; if

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

the lower limit of the last group;

#¢ 0, the output inclgdes_punchgd cards of ;he cor;elation
matrix;

= 0, otherwise.

NPE(2):,y & = 1,NA; NA = NAS+NAR [FORMAT (1415)]

Number of experimental points of set &.

FORMAT (7E10.0)

Cross sections corresponding to the data set 2.



Cards 4:

FPRMAT (7E10.0) (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:

Cards 6:

Cards 7:

Cards 8:

ENDF/B evaluated cross section for group J (J = 1,NG)

[FORMAT (6E12.0)]

(Only present if IP = 0.) FORMAT (6E12.0), ENDF/B evaluated
cross sections for group J (J = 1,NG) of the reference standard
créss section corresponding to the ratio measurement. (Tt is
assumed that all ;atio measurements in the input are relative

to the same cross esection:)

FORMAT (7E10.0)

Wéight corrcoponding to each data set &, (2 = 1,NA).

FPRMAT (7E10.0). Energy limits for tﬁe interpolation procedure
(see step 4 in Sect. III). These limits are preset by the
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 = 1,NL].



B. Output

Printed output:

(1) a1 the.peasuredféyos§ sgp;iqu are ordered‘gnd displayed
according to authors and group limits.

(2) The evaluated-and the measured cross sections (qu_reduced to
the mean -energy of the group inter&al) are ordered and dis-
played according to authors and group limits.

‘(3) fThe govgriange matrix,,‘

(4) 'TheafelaFiyg standard deviation.

(5) The information contained in each punched card po;responging
to the covariance matrix in the ENDF/B format.

(6) The information contained in each punched card corrgsponding
to the correlation matrix. The formats are the fol;owing:
First NG cards (three values in each card):
Lower enérgy limit (MeV) in group I, and the corresponding
relative standard deviation in percent and reference cross
sections (1X,El11.4,11X,E11.4,F11.4)
The rest of the cards:
COR(I,J), for each i,‘J varies from 1 to NG format 7E10.4.
These cards are suitable for a three-dimensional élot of the
correlation matrix. o

(7) The correlation matrix is printed as.can.be seen in .

Appendix B.

Punched card:

With the option (IPO = 1), the covariance matrix is punched out

according to the ENDF/B format.



The correlation matrix output is punched out, under option.
V. LISTING OF THE PROGRAM AND SAMPLE PROBLEM

Data for the samble problem: [COV(I,J) for the 240Pu capture cross

section].

NG 1; MAT = 1265; MT = 102;

45; NAS = 4; NAR

1]
o
2
=

]
[\ 8]
=~
[}
-]

1]

IP 1l; IPO = 1; EMA = 10.; RLER = 0.; KLEl = U.; DELT = 1.

]

ECA=11.; ID =1
NPE(L = 1,4) : 29;6;36;36

EL(J = 1,2) = 11., .0001



CSF TN oL oGoE Yo

$93224%4LISTING CF THE PROGRAN SURS St kd %

C TrIS PROGRAM ‘CALCULATES THE COVARTIANCE ANC CORRELATION NATRICES OF
C CRASS SECTINNS.THE CCVARIANCE MATRIX FILFE IS PUNCHED ACCORDING TO THE
CENDF/R FORMAT. THE CURRELATION MATRXX IN A FORMAT SUITABLE FOR 3-D PLOT

i s e D IMENS EON L ABEL L1020 ot e e

C e o .8 FORMAT( 10EB0). ...

C CATA INPUT

DIMENSION SFEZ8(120)+SFE25(120) 4 FKZB(SS.ISO)-E(3S-lSO)oEﬁ?BSiTﬂﬁE“'m

l(35)oEV(l20)oSFM(35'320)oNM(l20)oCOV(lZO.lZO).NMAR(JS-!ZO)-EL(!Z).
2W(35) ,AUX(120+120)+TITLE(18) +STA(100)

CIMENSION NDER(28)
867 DC 125 1=1,35

DC 125 J=1,1€C
L2275 SFM2BLI s J)=Ca. ...

REAC 1.NC.NAS.NAF.NL.IOP.MAT.nr.lF.ch.EMA.nLER.RLer.oELt.ECA.lo

1 FORMAT{9TI4+5E7.,0411)

—IE(NGL.EQ.0). CALL EXLY . [
NA=NAS+NAR : :
READ 2+(NPE(1)eI=1,NA)’ ’ !

2 FCRMAT(141S)

. CO .3 . 1=1eMNA. ..

JM=NPE( )
READ 4, (SFMZE{I,s J)sJ=1sJM)

3 READ 44,({E(IsJ)eJ=1sJM)

REAC 6v(°FE<3(l)o[—loNG)

READ 64 (SFEZE(1)+1=1sNG)

253 READ Q+(W(I)sI=14NA) '
READ 4+(EL(1)+I=1,4,NL)
REAC 400 +(TITLE(1)s[=1,18)

.400. FCRMATL(18A4)

C RATIO MEASUREMENT ARE REDUCED TO ABSCLUTE ONES, ANO LOCATED IN THE SAME
C LCCATICANs THEN WE LOCSF THE RATIOS, EV(I) ARE TrE. LlMlTS OF GROUP Te.

EV(1)=EMA

CEL=DELT . o T o
NE=NG+1 ‘ . . ' ;
CO 243 [=2.NE !
IF(ECAGT.EVA) GO TO 24€S
EVLI)=10+%EXP(-RLER)
IF(EV(I)GT.ECA) GO TO 244
EV(K)I=ECA-DEL
IF( I .£Q.K) GC TO 243

245 CONT.INUE
IF(ABS{(EV(I-2)/EV(I-1)-Z4)elLTe1.E~03) DELT=DELT®,1
EV(1)=EV(I-1)-DELT
GC TO 243

244 RLER=RLER+RLEY
K=1+1

243 CONT INUE
IF(IP.NE+O) GC TC 254
AR=NASH1
DC 8 I=NR.NA
JM=NPE( 1)
CO 8 J=1.JM
K=1

9 CCNTINUE

IF(E( TeJ ) eLEEVIK) e ANDeE(T4J) GT-EV(KOI)) GO TC 10
K=K+ 1 :
IF(K.EQ.NE) GC TC &

109

10 IF{K<EQe1l) GC TO 845 ) .
EQe NG) '
V(KOl’OEV(KQZ))/Zm
V(K)I+EV(K+1)) /2.

(KIHEVI(K=1))/2.

S(K+1)-SFE2S(K))/
“K1-EK3)* (EK2-EK3)
S(K+1)-SFE2S(K) )/
S(K+1 1-
E(ILs Le

NNmmae
~ammm

((EXK1-EK2) * (EK2-FEK3) )-(SFE2S5(K+1 )-SFE25(K
)

(EX1-EK2)—AC*(EKI+EK2)

BC*EK1

J)+CC

)-AC*EK]1 *EK
JY®®24+48C*E(

846 EK=(EV(K) +1))

EV(K))/2,
+(SFE25({K~1)-SFE2S5(K)}/(EKMI-EK)I*{E(1+J)-EK)
845 E1=(EV(1)+E

€7 SFM28(!.J)=SFM28(I
8 CCANTINUE

C OUTPUT QOF MEASURED DATA

24 PRINTY 11
11 FORMAT(1H1s6R GROUP+3Xs20H ENERGY LIMITS (MEV) +8Xs16H MEASURED VAL
1LUES/ /)
DC 12 J=14.NG

TIF(IGPL,ECL.0) PRINT 13¢J+EVI J)eEVII+1) N
IF( IOP.EQe1) PRINT S3sJsEV(J)sEVIJ+1)
IF{IOP.ECe3) PRINT 325+JeEV(JILENV(I+])



10

13 FORMAT{IO6+s3Xe1PE11448+3XIPEL144y3Xe7H AUTHOR¢3Xe7TH ENERGY +7Xs11IH S
1IGFISSIONs7H wEIGHT)
€3 FORMAT(1E€43Xe IPEL1e¢QsIXs1PEL1L1.443Xe7H AUTHUR $3IXeT7TH ENERGY +7X411lH S
LIGCAPTURE +7H WEIGHT)
325 FORMAT(I16+3Xs1PE 11ea893XelPEL1]1.4¢3Xe7H AUTHOR 4IX ¢7H ENERGY ¢ 7Xo 11H
1 ALFA 7+ WEIGHT)
- k=0

CC 14 I=1,NA
KN=AFE(T)
DO 14 K=1,KM
IF(E(1eK)aGT sEV(JIaOReELIsK)LEEV(J*+1)) GO TO 14
PRINT 16+1¢E(T+K)eSFM2BILK)ow(I)
16 tchAr(o IXe 12e3XstPE1144+3X01PE114842XsF5,2)
-14 CCATINUE. . . .
IF(L.EQs0) PRINT 17
17 FORMAT(43X,15H NC MEASUREMENT)
12 CONTINUE
C THE MEASUREMRNT CF AUTHOR 1 INSIDE GROQUP J IS RECUCED TO THE MEAN ENERGY OF
- TRE ggogp AND rngu AVERAGED, THE RESULS ARE LOCATED IN SFM{I.J) =~~~
e J=1,412

NM(J)=0
00 18 [=1.3€
.18 SFM( leJd)=0.. - e - e e e = [
CC 19_I=1,NA
KM=NEE{L )
DC 1S J=14NG
e IR0 et e e e e e e e - - - - -
DO 20 K=1,.K¥
IFCE(LoK) eGT EV(J)eORGE(TeK)LESFVIJI+L1)) GO TO 20
IF(J.EQ. 1) GC TQ 36A
.. IFCJEQeNG). GO VO 355 _. . . . . i e e e .. —-
EJIS(EV(J+1)I+EV(JI+2))/2,
EJ2=(EV( JI+EV(I+ 1)) /2,
EJ2AS(EV(JI+EVII-1)) /2,
LAC= (SFE28(J#1)-SFE2BLJ) )1/ ((EJI-EJR)*(EY2-EII))-(SFE28(4+1)-SFE28(J
1-1))/C(EJL-EJYI)S(EJ2-EJVI))
EC={SFE28(J41)-SFE28(J) I/ (EJL1-EJ2)-ACH(EJI+EJ2)
CC=SFE28(J+ 1 )-ACHEI1*EJI1-BC*E JI
o RE=SEFM2B8(1eK)/7({ACRELL 1K) 222 4+RCIE(1eKD4CC) . .
AC=RK*AC
BC=RK*RC
CC=RK*CC
SFM{I+J)=SFNM{1¢J)+ACHEJ29%24BCHE J24CC.
RR=RR#1.
GO 70O 20
355 EJ=(EV(J+1)+EVII)I)I/ 2,
.. EdMI= (EviJ)osv(JqJ))lz. R
PE=(SFE28(J-1)-SFE28(J))I/(EJINLI-EY)
SFM(1+J)=SFM(LsJ)+ SFM2E(T+KI-PE*(E(I «K)-EJ)
RR=-RR+1:
GC TC 20
3c4 E1=(EV(1)+EV(Z)) /2.
E2=(EV(2)+EV(I)) /2.
PE=(SFE28(1)-SFEZ8(2))/(EL—-E2)
e SFMLT91)= SEM(l-L)fSFMZB(l-K)—PEt(Ell-K)—El)

RR=RR+1.
20 CCANTINUF
IF{HR .GT .0.) SFM(14J)=SFM(1,J)/RR
19 CONT INUE
C NUMEER OF REAL MEASUREMENTS NM({J) [INTC EACH GROUP
DO 21 J=1.NG
DC 21 I=1.NA
AMAR(1,J)=1
IF{SFM( 1+J)¢GT.04) NMUJI=NN(I)+1
21 CONTINUVE
C THOSF GROQUP AND ALTHCRS IN WHICH THERE ARFE NO MEASUREMENT ARE MARKED
QQ 457 JU=1.NG
DC 487 I=1eNA
IF(SFM{ [ 4J) eEGeOe) NMAR(I,+J4)=0
457 CONTINUE
ASIGRATION_OF ALUTHOR I MEASURENENT IN GROUP J BY INTVERPQLATION
(IF POSSIALE)
CC 110 J=1.NG
IF(J eEQe 1.0FeJeEQeNG) ¢0 TOo 110
[ole} 110 1I=1sNA
IF({SFM{I+J)eNEL.O.) GO TO 110
L=1
111 CONTINUE .
IF(EV(J) LE<ELIL)SANDEV(JI) ,GT.EL(L#+1)) GO 70 112
L=L+1
GO TO 111
12 KAR=4—1
13 CONTINUFE
IF(SFM{ 1 .KAR) «NE 40O GO YO 114
KAR=KAR-1
IF(KARJEC.0) GO TO 110
IF(EV(KAR)sLESEL(L)) GC TO 113
118 IF{EV(KAR).CTLEL(L)) GO TO 11¢C
KAB=J+1
11 CCNTINUF
IF(SFM{I+KAE)«NEsO) GO TO 116
KAB=KAB+ 1
IF(KAB«GT «NG) GO TO 110
IF(EV(KAB)+CTEL(L¢1)) GO TQO 115

n"

-



11

116 IF(EV(KAB+1) A TL.EL(L+
EAR=(EV(KAR) tEVI(KAR+!
EAB=(EV(KAB)4EVI(KAB+1
EJ=(EV(JI+EV(JI+L)Y )/ 2,
TFISFM{ T, KAR)EQeDeeO
SFM{1sJ)=SFNM(I,KAB)+(
NM(JI=SNM(J)+1

110 CONTINUE

C CALCULATICON CF THE DIAGONAL TERMS GF COV(1.+J)
OC 22 T=14NG
DG 22 J=1,NG
22 CcOvV(l1+J)=0.
oCc 23 J=1s NG
IF(AM(J) sEQ.0) GO TO 23
RR=0,
DC 2% 1=1.NA
IF({SFM{1.J14EC.04) GO TC
COV(J.J)-CCV(J.J)O(SFM(I.J) ~SFE28(J)) %220 ( 1)
RR=RR+wW.( [)
2€ CCNTINUE
COV{(JeJ)=CLV(JeJ)I/RR
23 CCOATINUE
CO 28 J=1,NG
IF(COV{JsJ) eNELDW) GO YC 28
. KAB=J+1
29- CCNT [INUF .
IF(COVIKAB.KAB) «EQs0s) GO TO 20
GC Y0 31
KAB=KAR+ 1
- -.GO IO 29 .
1 KAR=J-1
2 CCNTINUE
IF(COVIKAR.KAR)<EQe0.) GO YO 33
e e GETOBO o e e il e e e e
23 KAR=KAR-1 . R : *
c¢ao To 32
34 COV(J.J)'(CCV(KAB'KAB)*COV(KAF.KAR))/2.
28 - CCAT.INUE C e — - J— ¢ ettt o e s e et 1o 2
C OLTPUTY OF DATA R
R PRINT 35
35 FORMAT(1HL,6Hk GROUP.JX.IOH EVALUATED'3X.6OH MEASURES AND lNYERPnLA‘
1TED VALUES RECUCED TQ THE MESh ENERGV//)

Oe) GO TO 110
2KAB) )/ (EAR~ FAB)*(EJ-EAB)

g
(=]

il

s i o - B0 62T 1 NG e e
IF(1ICPeFCa0) PRINY 37'J05FE28(J) ’
IF{IOP.EGCs1) PRINY S4,J«SFE28(J)
IF( I0P.EQ«3) PRINT 3264+J4SFE28(Y)

32 FORMATL( 1 643X, 1P EJJ4A;JXAﬁH_EJSELEXLZH_AUIHQRnlﬁlt7ﬂm%§l§ﬁlil e e
2326 FORMAT({IG6:3Xs1PE11e4+3Xs5H ALFA. 8Xy TH AUTHOR18Xe7H WEIGHTY/) :
€4 FORMAT(I6+s3Xe1PE11e4+3XeSH SIGCe BXe7H AUTHORS1EX7H WEIGHT/)
IF(AM{J) EG.C) PRINT 38
e ..38 EORMAT{23X.3fH NEITHER MEASUREMENT NOR _INTERPOLATRON/D _ “
DO 36 [=1,NA
IF(SFM(1.,J)+EGCe0e) GO TC 36
IF(NMAR(I.J).EQ-O) PRINT 39.5Fn(t.J).l. (3 8]
__________ ANMARC 155)aNELQ) PRINT 40 +SEML T 0J) s ;_L_L A
39 FORNAT(ZBX.IPEI! 4v5X, 18, 3IXs 131 INTERPOLATE 2 N
40 FORMAT(23Xs1PEL144¢5Xs 143X e9H MEASURED6X+sF5.2 :
36 CONTINUE
_c“CALcuLAxlou_nﬁ_ccyLL‘JzﬁljIn.LtnEJJ.‘_“__m_"_____m”"m_?-Am"m_.mm e e
CO 41 I=1,NG : : TS
CO 41 J=1,NG
RRI=0.
ERJ=

TIFC1.EQeJ) GO To 81 T
00 42 K=1.NA
IFCSEM(K o) oECo0 e aORSFM(KysJ) oEQ40e) GO TO 142

142 IF(SFM(K,1)eNEeOe) RRI=RRI+W(K)
IF(SFM{K +J) eNEeO+) RRI=RRJI+W(K)
42 CONTINUE
.. JF(RRIGELREJ) RRSRRI ... .. _ Lo S,
IF(RRILE RRJ) RR=RRY -
IF(RRNEWOe) COV(IeJ)= ch(l-J)/RR
41 CCATINUE .
G- OUIRUT OF DA A e e e e e e e e e e e
PRINT 499
4SS FORMAT(1H1)
0O 357 I=1.NG
CO. 357.J=1.0G . e e e
IET7 COV(14J)=CCV(I,J)/ (SFE2E(T)ISSFE28(JI))
DO 43 I=1,NG
PRINT 44 ,140G: :
. A4 FORMAT(9H COVIL +J) edXe3H I=alIe@Xel2H . .J FRAM_1. 10.!3//) .
PRINT 45, (CCV(I1eJ)sJ=1+NG)
45 FCRMAT(LIP10EL2.4)
43 CCATINUE . .
. NGI=SNG#Y ... .. .. . e U
DO 210 1=14MG1
210 EV(I)=100C00C0.*EV(I)
€0=.00001 .
e EMZ20000000 e o ..o s e o i e e+ e+ e e oo
¥I=0
RiI=0.
MIA=23
RIA=1e. - .. . .. . - .
MT1=MT ' '
C TFrE CRDER IN THE GROUPS ARE INVERTED .

- COM L L ad )= CDMLL;JJQLSEMLK;LJ_SEEZBIlll‘(SfﬂjK‘J) SFEZB(Jl)"(K, S eemae e e



MX=NG1/2
DD 212 I=1l.¥X
EVISEV(IT)
EV(I)=EV(NG1+1-1
212 EVINGLI+1=-1) =EV
MX=NG/2
DO 213 [=1.MX
SFT=SFE208(1)
SFE28( 1)=SFE28(N
213 SFE28(NG¢1-1)=S
EV(NG1+11=2C00C0000.:
IF(EVING1)«EQ.EVIN
DC 214 [=1,NG
DO 214 J=1.AG
214 AUXING+1-1.NG#*1-J)
DO 215 J=1,NG
AUXCNG+1 4J)=0.
215 AUXI(NG#+24¢J)=0.
FRINT 464NG
46 FORMAT(1H1.21

DO 47 I=1.NG
covil.l)=SaRT(COVI(
CCNT INUE

PRINT 48,(CAV(I,I)
FORMAT(10F10.%5)
PRINT 211

47
48
211

FORMAT(1Hl,€63H CARDS QUTPUT,

G+ A1)
FT

GlL+1))

=COVI(LeJ)

1.1
e I=1eNG)

EV(NG1 )=SEVI(NG1)-

12

+001%EV(NGL)

H RELATIVE ERROR FRCM GROUP 1 TG.13)

10W INVERTED//35H COV(I.J) CARCS IN THE ENDF/B FORMAYZ /)

N3I=NG+3

Le=3
MlAsRaiG+ld
NT7=NG+7

00 216 J=1+NG

EF(JeEQe 1) PRINT 217eMI oNTL oMIoaNGMAT JMIAMT

L 1F(JeEQe 1 eAND o IPOEQel) PUNCH 2174MIsMT1oMI o NGoMAT o MIALMT

IF(JeGTel) PRINT 217¢N3LBN1AsNToMAT MIAMT

IF(JeGT o LeARC ¢ IPOEQel) PUNCH 217 sN3+LB «N13 N7 oNAT NI AMT

FORMAT(22ZXs4111s 14

v12412)

- RPRINT 218,E04RBLeEVIU) sRIAGEVIJIHIIsRISMATIMIA MY
IFCIPOLEQ.L) PUNCH ZIOoEOoRl¢EV(J)'RlA.EV(JOI)oRI'MAYoNleMT

FORMAT(6EL]l s441a01

2+13)

PRINT 219.EMeRIZEOSRIGEV(1) sAUXC14J)sNATNTAMT

FCRMAT(6F114441441
NGZ NG+2

1=

»CCNIJN

2+13)

lFLJEDaF04lL.PUNLH.2&93EM;BJ;ED:RJ'EVLLJJAMELL;J)gﬂAItMLA;ﬁT e

PRINT 220'EV(l)oAUX(loJ);EV(l’l).AUX(!OI.J).EV(IOZ).AUX(l02oJ)oMAT
EV(Iaz). A

wMIALMT

lF(IPO.EGoI) FUNCH 220.EV(I)oAUX(I.J).EV(I{II.AHIIIGI.l).

2o ) e MALMLAMT

. JUXL L
220 FORMAT(OE]!.4'14'I
I=1+
lF((NGZ—l)-GE.Z) G
SIFLANG2—1)eECal).

2.13)
o 1o 221

GO.. 10222 .

IF((NG2-1).EQ.0) GO YO 223

a0 TN 230

222 PRINT 224,EVII) s AUX(1eJ) oEV(I®1) sAUX{I+10J)oMAT ¢ NIASNT
lF(lPO.EOoI) PUNCH ZZC.EV(l)-AUX(!.J).EV(!Q!)oAUX(lfl'J)olAToNleN

224 FORMAT(QE]I.4-22Xo
GO TO 230

223 FRINY 22S+EV(I) s AUX(ToJ) s NAT(MIA MT
—LELIPO+FEQel) EUNCH EV
2% FORMAT(2E11.9584X,

230 CONTINUE
216 CCNTINVE

—d
3C9 FORMAT(1EA4/15)
PRINT 3{0
H1

310 FORMAT(
DL.300. 1=1eNG
ST=100.*SART{ AUX (L s
ENE=<000001%EV(])

PRINT 30 1+ENE ST

32C0 CCNTINUE
ENE=EV(NE)/10%%¢€

""""" oo 311 l-l.hG
0C 311 J=1,

Ta.12,13)

22S+EVL
[412,13)

S 1Y)

JIELIDWNE o0) PUNCH 301 ENE«SY.SFE28CL). .
301 FORMAT{1X4E11e4211XaEN1123,.F11.4)

IF(IDNE.L0) PUNCH 3Q1.ENE___ .

J) s MATMIAMY. .

WARNING THE QRDER IN THE GROUPS ARE NOW

»41H CCRRELATION MATRIX CARDS FOR THE DRAUING//)

n COV(loJ)‘AU!(l.J)ISQRT(AUX(lol)‘AUX(J'J))

DO.. 302 _1=14,KG

PRINT 30S,(CCV(T1,J

) 2 J=1+NG)

IF(IDeNE +0) PUNCH 303+(COV{I4J)eJ=1sNG)

303 FORMAT(8F9.5)

305 FORMAT( 1X47E10.4) ..

202 CCNTINUE
DA 391 I=14NG
361 STA(X)=I°0.‘SGRT(A
———PRINT 402,71

ux(l.l))

ac2 FORMAT(IHI'IBAG)
CC 399 N=2,28
3ssS NDER(N)}=4H

JOVSURIE o ¥ 3 ¥+ To IS B BPN N )



400
ACl

40¢

430

13

LABELIL) =L
L

1=1
LN L1+27
JELLMLGT JNGI LM=NG

PRINT, 4.05¢ (LABEL(L) JL= LloLM)
1x814)
FORMAT( 1H - )

‘00 421 I=SL1WNG

ac9
410

420
azt-

ace
age

ENE=EV(I)/1000,

e DG A0S LTLL1LLM

TEMP= CDV(I-L)‘IOO-

LABEL(L) TENP
PRINT 406 .ENE.STA(!)'(LABEL(L)oL LlsLM)
- IL=141-L1

IF(IL.GT-ZB) GO TO a21
ADER(IL )=aH
PRINT GZO.-NDER
FORMAT(IHO'ITXIOAQ'IXIOAQ'IXBAQ)
NCER(CIL) =aoH

CGNTINVE
ENE= EV(NE)/1C00.
PRINT 406, hEo ENE

L1=LMed

IF(LY1LESNG) GO TQ 401
FORMAT(1F I3+FB8.24F5, loleOlOchlOldclKBlé)
CONTINUE

. GC TO 897

END

FCRMAT(2GHO I ELC(KEV) . RSD  CCRR*100 /14X3HPCT,1X10[4+1X1014a,
1. : .
v PRINT. 830 oo o e
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MEASURED VALUES

ENERGY LIMITS (MEV)

GROUP
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£77$3cooc3éclgbqlcaclc“-\.Cq\—act.ots2c35c09C51c¢3cgcoaaszscu7 DL VR LUNONILOMUD MNO O NN Q0 OO0 O W
Gooco-nbooruclb R TN L L CR A C A LA R L - I L I L O L I L K A AR L R . R T LI RN T NP
X ST e N0 .‘1!“11176‘10‘1]11‘11}51%%2%%320132“1“3?43515367#306I6“?7559
(-] n [ 2] s o0 @n (2] o [ 2] [-2] @« L] w0 [-2] (2] »n [, on

OO0 OO0 OO0 OO OO0 OO0 OO0 OO OO ¢oet vietl it oied otvd v
OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO OO0 O OO0 0O OO0 OO0 oo
se 88 00 68 00 OB

etent  wdetes (NN NI AU AU (OGNS AN IR CUNINN
OO0 ©COC ©O0CO OO0 OO0 OO0 OO0 OO0 000 OO
LN LI LN ] s L] 100 18 LN LN 188

W Wil Wl W W W Wi Wi Wi Wil W W wils Wi W el Wald Wi Wl Wi Wl W W wiww)  wduied

0O OO0 OO0 ©O0 00 00 OO OO0 ©O0 OO0 OO0 OO0 OO0 OO OO OO0 OO0 ©COO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0
OO 0O ICOIVOI0OI»0OICOICOICOICOICOI-OOIOCIOO»»COI OO II-COO»OOOI»O00O>» OCOOIOOCO VOO COOI-COO»»OCOOC OO0
BOOVOOVOLVONIOAVOOVOOVOCVOOVOOVOOVOOVOCVLOOVOOVODVOCOVOCOCOVOOOUY OCCOOBICOOVICOOVOOONOCOVODOO
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Wi o o) o ool o ol) v ol ¢ il o o) o Al S aul o mu) oolal el e eul o) syl ey sl s el mesu) et oll cosl o aul ce el e teel seeal e
NQ.9N66N77N66NSSN““~33N22N11N99N68N77N66“55W-““N§N 222~|.|.1M—°.99N 688"777N666NSSSN“““N}%NEZEE
w w wd w wl (")

a08E81

E
3
E
E

at

E

M M3 M M3 NI M MN My N3 M3 S Ny ..,“ M MNT MNT MNTF N MNT IS et NT =TT ~MNT MITT MY

AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHDR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
QUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHDR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR
AUTHOR

9,0000E 00
8.0000€ 0O
7T.0000€ 00
6.,0000E 00
S.,0000€ 00
4.0000€ 00
3,0000& 00
2.,0000E 00
1.0000E 00
9.0000€E=01
8,0000E=01
7.0000E=01
6,0000E=01
S.0000E=01
4,0000E=01
3,0000E=01
2.,0000E-01
1.0000€=01
9.0000E=02
8.0000E=02
7.0000E=02
6.0000E~02
5.0000E=02
4,0000E-02
3.0000€=02
2,0000E=02

1.,0000€ 01
9.0000E 00
8.,0000E 00
7.0000E 00
6.,0000E 00
S.0000E 00
4,0000€ 00
3,0000E 00
2.0000E 00
1.0000E 00
9,0000E~01
8,0000E=01
7.0000t=01
6,0000E=01
5,0000E=01
4,0000E=01
3,0000E=01
2.0000E=01
1,0000E=01
9.0000E=02
8,0000E=02
7.0000€=02
6.0000E=02
5.0000E=02
4,0000E=02
3,0000E=02

1
4
3
4
S
[}
7
8
9
10
12
13
14
15
16
17
18
19
20
21
2e
23
24
25
4]

11
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MEASURES AND INTERPOLATED VALUES REDUCED TO THE MESN ENERGY

EVALUATED

GROUP
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CARDS OUTPUT,
COV(I,J) CARDS IN THE ENDF/B FORMA

WARNING THE ORDER IN THE GROUPS ARE NOWw -INVERTED
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CORRELATIUN MATRIX CARDS FOR THE DRAWING
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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 generate

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

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

Several conclusions can be deduced from this plot:

(1)

(2)

(3)

(4)

i

»
3 .

A lot of structpre“can'be seen. . This corrésponds to the fact that

the cross section waé analyzed with very much detail.

The standard deviation shows large uncertainties in the low-energy

region. This reflects the lack of data in this regioﬁl

Positive correlation corfeséonds to differences in~magnithde but
not in shape; negative correlation corresponds to differgnces in
shape. Then, differences in shape'in the low-energy rahge can
be detected. This reflects the fact that in tﬁis zone thé'croés'
section rises so fast that differences in cross-section values

correspond to a large difference in shape.

The recent measurement of Behrens et al. correlates all the

analyzed energy-intervals.9
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APPENDIX A. LIST OF REFERENCES USED IN THE CALCULATION.

" - OF THE COVARIANCE MATRICES :@ -

238y 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 1nterval

The following sct of references was used.

lf Nyer, W., RepqrtltAe7l§ k1948).
One measurement at 14 MeV. Origtnal data.
2. Uttley, C. A., et al.,.Report AERE NP/R 1996 (1956).
Two measurements at 14 1 and 15 MeV. Or1g1nal data.
. 3. ‘Smlth R. K., et al. BuZZ Am Phys. Soc. 2: 196 (1957)
Thlrty seven measurements at 1-20 MeV Results from Sowerby, M. G.,
et al. Report ALRE- R7273 (1973)
‘4. Billand, P.s et al., Geneva Conf. 16: 106 (1958).
One measurement at 13 6 MeV Or1g1na1 data
5. Flerov, N. N., et al., J Nch E’nergy 11: 173 (19‘59)
One measurement at 14.6 MeV. Or1g1nal data.
6. Mangialajo, M., et al., Nucl. Phys. 43; 124 (1963).
Eight measurements at 13.74-14.75 MeV.‘ Original &ata;
7. Barral, R. C., et al., Report AFWL—fi—6é—l34 (1969) . B
One measurement at 14.6 MeV. 0r1g1nal data., |
8. - Henkel, R. L., et al., Report LA-1495 (1952) and Report LA-2122
(1957).

“

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. Huol. Energy 14: 85 (1961).
Fourteen measurements at 12.7-19.4 MeV. Renormaiized to 1,125 b'
at 14 Mev,.

11. Pankratov, V. M,, et al., J. Nucl. Energy 16: 494 (1962).
Fifteen ﬁeasurements at 10.6~20.4 MeV. Renormalized to 1.125 b at
14 MeV.

12. Pankratov, V. M., At.. Energ. 1l4: 167 (1963).
Thirty six measurements at 5.1-22.5 MeV. Renormalized to 1.125 b
at 14 MeV,

13. Emma, V., et al., Nucl. Phys. 63: 641 (1965).

The following are ratio measurements relative to the 235y figsion
cross section. They were reduced to 238y figsion data utilizing the

235y 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.



27

17. Uttley, C. A., et al., Report AERE NP/R 1996 (1956). .
-One méasurement-at:lé.l MeV.

18. Kalinin, S. P., et al., Geneva Conf. 16: 136 (1958).
.Iyenty measurements at 2.95-8.30 MeV.

19. Berezin, A. A., et-al., J. Nucl. Energy li: 175 (1960).
One measurement at 14.6 MeV. ‘

20. Smirenkin, G. N.&'ét al., At. Enegg. 13: 974 (1962).
One measurement atw2.5 MeV. |

21. Sﬁein, W. E., et al., p. 627 in Proc. Conf. Neutron Cro%s Seetfons
and Technology, vol. }, Washington, D.Q.? 1966. |
Fourteen measuremgnts'at 1.5-5 MéV. o |

22, White, P. H., et al., J. Nuql! Energy 21: 671 (19.67).‘~
Three measurements at 2.25-14.1 MeV. |

23. Grundl, J. A;, Nucl; Set. ﬁngi'BO; 39 (1567).
Sixteen measurements at 1.68-8,07 MeV.

- 24, Poenitz, W. P., et al., J. Nucl. Energy 26:u483((1972)?
Three measurements ;t 2;3 ﬁe;._ | . |

25. Meadows, J. W., Nucl. Sci. Eng; 49; 310 (l972).v‘ |
Twenty viie meaSureméuLs aL‘0.898=5.33 MeV. |

26. Behrens, J. W.,.et al., Conff of_Nchear Cross Sections ané ‘
Technology, paper Gﬁ—14, Washiﬂgtqn, D.C., March 1975.. |

White source, 30.23-0,1077 MeV.

238y 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 MeV 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:

Rose, B., Report AERE NP/R 1743 (1955). See also J. Nucl. Energy
8: 197 (1959).

Eleven measurements at 29-840 keV. Oriéinal data.

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,

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.

Macklin,lR. L., et al., Phys. Rev. 107: 504 (1957).

One measurement at 25 keV; Originél datéf

Lyon, W. S., et al., Phys. Rev. 11l4: 1619 (1959).

One measurement at 195 keV. Original data. .

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

Thirteen measurements at-2.55-217 keV. Data revised by Davey in
ref. 19,

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

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

ref. 19.

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

Two measurements at 30-65 keV. Original data.
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11.

12,

13.

14,

15'

16.

17.
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Bergginst, I., Ark. Fys. 23: Q?Si(l9§3).

Eiéht measurements ;t118—300 keV; Daga revised_by ngey_in

ref. 19. | )

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

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

ref. 19. | - - |

Macklin, R. Lfi,g; al.{ Report WASH—1046; p.ﬂ88 (1963).

Sixteen measurementg at 8.6—54.%_keV.A Data gccording to a recent
evaluation of o (Ta) 1A ref 19 | | o

( N r .
Tolstikov, V. A., et al., J. Nch Energy 18: 599 (1964).

Eleven measurements at 15-180 keV. Corrected by non—l/v 10g

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

from Sowerby. (ref. 20).

Belanova, T. A., et al., J.‘Nucl. En?réy 20: 411 k1966).

One measurement at 22,8 keV as cofrected by Miller et al. ig
Nucl. Sci. Eng. 35 295 (1969). |
Menlove, H. Q , et al., Nucl Set. Eng 33: 24 (1968)

Nine measurements at 24-503 key. 0r1g1nal datq.

Moxon, M. C., cho;t(AERE—BGO74.(1969)a

White source, time gf.flight; 0.50—;00 keV. Results average in
decimal intervals. Daté réyised in 1970 (ref:”20$. .

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

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

decimal intervals, ;00—752 keV ppint.;esults. Original data.
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., Nucl. Ser. 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, Originél 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, vol. II, p. 1107 (1972).
bne 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. Nucl. Energy 27: 519 (1973).
Four meaéurements at 157-624 keV. Ofiginal data.

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

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

27. Spencer, R.‘R., et al., private communiéation, 1975.

The following are ratio measurements relative to the 235y fission cross
section. They were reduced to 2381 capture data utilizing the 233U

fission cross-section ENDF/B-IV evaluation.
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28. Linémberg, G. A., et al., Report LA-467 (1946).
Thirteen measurements at°0.005-5.9 MeV. Original da;a.
29. Barry,.J. F., et al.,.J. Nucl. Energy 18: 481 (1964).
Thirteen measurements at 0.127-7.6 MeV. Original data.
30. Weston; L.'W., et al., Report EANDC 330, p. 64 (1963):
See also ref. 10.
Two measurements at 30-64 keV. Original data.
31. Poenitz, W. P., Nucl. Scti. Eng. 49: 383 (1970) and Trans,_Am{iNch.
Soc. 12: 279 (1968). '
Thirteen measurements at 30 keV-1.4 MéV. .Original data.
32. Sowerby, M. G., et al., Report AERE-R7273 (1973).
~ Evaluation.

¢

239Pu-.,Capture; .In this case the covariance [COV(I,J)] was calculated

for 36 groups for energies ranging from 1 MeV to 100 eV. The énergy
range was divided in decimal intervals. The following set of references

was used:

1. Sowerlby, M. G., el al., AL. Energy Rev. 10(4): 423.(1972).
TAEA.

2. Gwin, R., et al., Nucl. Sci. Eng. 45: 25 ﬂl97l).

3. Schomberg, M. G., et al., p. 315 in Proc. anf. Nuclear Data for
Reactors, vol. I, IAEA, Helsinki, 1970.

4. ‘Czirr, J. R.,.et al., p. 331 in Proec. Conf. Nchear'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 Proe. Conf. Nuclear Data for
Reactors, vol. 1, IAEA, Helsinki, 1970.

7. Kononov, V. N., et al., p. 345 in Proe. Conf. Nuclear Data for
Reactors, vol. I, IAEA, Helsinki, 1970.

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

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

9. Weston, L. W., et al., memorandum to R, E. Chrieh, 1972,

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

239y 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 Nuclear Science Engineering.

4, Weston, L. W., memorandum to R. 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 al., 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. Bloms, J., Nuel. Sei. Eng. 51: 95 (1973).
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9. Schomberg, M. G., et al., p. 315 in Proc. Conf. Nuclear Data for .

Reactors, vol. 1, TAEA, Helsinki, 1970,

240py and 24lpy Capture. 2“lPy 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:

240py Capture Cross Section , ) R

1. Weston, L. W., and Todd, J. H., "Measurement of the Neutrop“Capture
Cross Sections of the Actinides,' Proceedings of the Conference on
Nuclear 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., Moyer, W. R., and Block, R.-C., Nucl. Sci. Eng.
49: 153-161 (1972).

6 to 30 keV with weight of 9 on the variance.

3. Prince, A., Conf. Nucl. Data for Reactors, CN-26/91, Helsingi;
1970. o %

1 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, vol. I, IAEA, Vienna, 1968.

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

tion).



34.

241py Capture Cross Section

1.

Weston, L. W., and Todd, J. H., "Neutron Fission and Absorption
Cross Sections for 23%Pu and 2%!Pu," Trans. Am. Nucl. Soe. 15(1):
480 (1972).

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

Caner, M., and Yiftah, S., p. 735 in Conf. Nucl. Data for Reactors,
vol. II, TAEA, Vienna, 1970.

iOO eV to 10 MeV with weight of 1 on the variance (model calcula-
tion). |

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).

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

variance)

1.

Weston, L. W., and Todd, J. H., same reference as with 241py
capture. |

100 eV to 200 keV.

Simpson, O. D., et al., p. 910 in Proc. Conf. on Neutron (ross
Section and Technology, vol. I1I, Washington, D.C., 1966.

100 eV to 10 keV.

Blons, J., et al., p. 469 in Conf. Nucl. Data for Reactors, vol. I,
Vienna, 1970.

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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Smith, H. L., Smith, R. K., and Henkel, R. L., Phys. Rev.'l255 1329
1962, ST . .
200 keV to 10’MeV. ,

Zabo, I., et al., Neutron Stdndards and Flux Normalizqtion,.p, 256,
Argonne National ﬁaboratory (1970).

20 keV to 1 MeV. .

White, P. H., and Warner, G. P.,J. Nucl. Energy 21: 671 (1967).
40 keV to 6 MeV. |

Butler, D. K., and Sjoblom, R. L., Phys. Rev. 124: 1129 (1961).

300 keV to 2 MeV.



~ THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



37

APPENDIX B. STANDARD DEVIATION AND CORRELATION MATRICES

CORRESPONDING TO DIFFERENT CROSS SECTIONS
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