
INTERNATIONAL ATOMIC ENERGY AGENCY

NUCLEAR DATA SERVICES
DOCUMENTATION SERIES OF THE IAEA NUCLEAR DATA SECTION

IAEA-NDS-130

Rev. o

PEND-B6

Point cross-section data files derived from
ENDF/B-6 basic data files

S. Ganesan, D.W. Muir and P.K. McLaughlin

Abstract

This document summarizes PEND-B6, a collection of resonance reconstructed
(point) data files derived from ENDF/B-6 basic data files. The files are
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PEND-B6

Point cross-section data files derived from
ENDF/B-6 basic data files

S. Ganesan, D.W. Muir and P.K. HcLaughlin

At the present, the following two files for U-238 are considered in this
document.

File

1

2

HAT
nuclide

9237
92-U-238

9237
92-U-238

original
library

ENDF/B-6

ENDF/B-6

code
used

LINEAR
RECENT

RECONR
module
NJOY89

+

of
.31

accuracy
temperature

0.1 %
0 Kelvin

0.5 %
0 Kelvin

resulting
file size

937 252 records
73 Kbytes

148 353 records
12 Kbytes

for details
see page

3

3
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U-238 Point data files from ENDF/B-6

Introduction

The neutron-interaction cross section data of U-238 from ENDF/B-6 have
been processed using IBM-3081 mainframe computer at the IAEA Nuclear Data Section
(NDS). The file is available free of charge from the NDS on magnetic tape. The
point data file at zero Kelvin was generated using both the NJOY 89.31 (Ref. 1)
and LINEAR/RECENT (Ref. 2) code systems. Some differences were noted in the
results of the two code systems.

Computer time:

The processing of ENDF/B-6 data for U-238 for the generation of PENDF file
using NJOY 89.31 and the point file using LINEAR/RECENT code system turned out to
be a very costly, requiring up to 20 hours of CPU time on the relatively fast
IBM-3081 mainframe (14 MIPs).

The reason for the large running time is the presence of a large number of
resonances in the resolved-resonance region, which extends upto 16.4 keV. The
Reich-Moore formalism is employed in ENDF/B-6 for representing resonances in
U-238.

The number of resonances are as follows:

Neutron angular momentum (Î.) No. of resonances

0 (s-wave) 801
1 (p-wave) 1 112

The last resolved s-wave resonance is at 16.393 keV and the last p-wave
resonance (S, = 1) is at 14.1076 keV. Unresolved-resonance parameters are
provided from 10 keV to 149.029 keV.

While LINEAR was run with 0.1 % accuracy followed by RECENT with 0.1 %
accuracy, the code NJOY 89.31 was run with 0.5 % accuracy (by setting the input
parameter ERR=O.005).

The CPU times used are as follows:

RECENT 1 172 minutes
RECONR 156 minutes.

In the case of RECONR, the module of NJOY that reconstructs resonance
cross sections, default values were taken for both the resonance-integral check
tolerance (ERRINT) and the maximum resonance-integral error (ERRMAX). The two
results should, in principle, agree within the reconstruction tolerances
specified. It was seen however that significant differences existed between
these output files.
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The sizes of the files obtained .r'ag RECONR of NJOY and RECENT are given
below.

NJOY Number of resonance points: 87 620

RECENT: total : 557 871 points
elastic: 557 949 points
capture: 557 883 points

Size of the PENDF file from RECONR: 148 353 cards

Size of the RECENT output file : 937 252 cards.

The size of data for individual reactions are enclosed.

The large number of energy points generated by RECENT is due to the
combination of two effects. First a tighter error tolerance was employed
(0.1 % vs. 0.5 % ) . Secondly unlike RECENT, RECONR treats the energy variable
in single precision. This, in turn, requires that on our 32-bit computer, no
more than 6 digits can be used by RECONR to represent any energy point. It is
interesting to note that the ratio of running times of the two processing
codes very nearly equal the ratio of the number of energy points generated.

Enclosed are the outputs of MERGER code giving details of reactions and
number of records for the point data files.

Using COMPLOT program (Ref. 2) comparisons were made between RECENT output
and RECONR output. The comparison graphs obtained using COMPLOT program are
self-explanatory and are appended to this note.

Presently the authors of these two code systems have been informed about
the differences in results. Until the reasons for the differences are fully
understood, it is important to treat the following remarks as preliminary
introductory in nature.

(1) The sharp resonances at high energies do not get represented completely
adequately in the single precision NJOY calculation. It is well known
that this difference between NJOY and RECENT does not significantly affect
the group cross sections but may lead to different temperature dependence
of self shielded cross sections (see for example ref. 3).

(2) There are a few-percent differences in the capture cross sections in the
unresolved-resonance region. These differences which are exhibited also
at the 640 group level are yet to be clearly understood.
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Appendices

1- Output of MERGER program for the point data file
generated using RECENT code

2. Output of MEGER program for the point data file
generated using NJOY (RECONR) code

3. Comparison plots for

a. (n,Y) cross sections

b. fission cross sections

c. elastic cross sections

d. total cross sections
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MERGE ENDF/B DATA INTO MAT/MF/MT ORDER (MERGER 89-1)

INTERPRETATION OF INPUT PARAMETERS
K yi n TC "K TC fç * * ft K TC fC K fC n n n * r* W 3% fC TC rC n ^C TC K rC fC 3Ç H X « ft <n» rC W. K Ï* « "T «ï * ^C * * IrC rC * « nrf ^c « irC <FC 3̂ C n n ^ s f inï 3*t «flT InT n̂T * n * A

MERGED TAPE UNIT NUMBER 20
RETRIEVAL CRITERIA . MAT
RETRIEVAL REPORT UNIT NUMBER- 0 (REPORT WILL NOT BE WRITTEN)

MERGED TAPE LABEL

E6 U238 RECENT OUTPUT 2000

UNMERGED TAPE UNIT NUMBERS 10

RETRIEVAL CRITERIA

REQUEST * LOWER LIMIT * UPPER LIMIT
NUMBER * MAT MF MT * MAT MF MT

1 * 0 0 0 * 9999 99 999
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RETRIEVED DATA

ZA MAT MF MT CARDS UNIT REQUEST MESSAGE
NUMBER

92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92233 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237

1 451
1 452
1 455
1 456
2 :
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

L51
1
2
4
16
17
18
19
20
21
37
38
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
91
102
2
18
19
20
21
38
51
52
53
54
55
56
57
58
59

403
7
8
6

2050
185961
185987

36
20
13

185982
185981

13
8
6
5
18
13
9
12
12
9
10
10
12
12
12
11
11
11
10
10
10
9
10
9
9
9
9
9
8
8
8
13

185965
167
3
3
3
3
3

174
164
3
60
60
60
60
60
60

10 .
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

- 22 -



- 9 -

92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237
92238 9237

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
6
6
6
12
12
13
14
14
14
15
15
15
31
31
31
33
33
33
33
33
33
33
33
33
33
33
33
33
33

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
91
18
19
20
21
38
91

455
16
17
37
18

102
3
3

18
102

3
18

102
452
455
456

1
2
4
16
17
18
51
52
53
54
55
56
57
102

60
60
60
60
60
60
60 .
60
60
60
60
60
60
60
60
60
60
60
3

33
33
57
44
29
106
590
692
292
35
5
5

40
2
2
2

280
33
71
6
6
27
9
12
14
6
6
12
6
6
6
6
6
6
6
36

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MAT CARDS 937250

TAPE CARDS 937252
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
RETRIEVAL STATISTICS
I t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

MERGED MATERIALS 1
MERGED SECTIONS 1.15
MERGED CARDS 937252

RETRIEVED DATA FOR EACH REQUEST

REQUEST * LOWER LIMIT * UPPER LIMIT * RETRIEVED

NUMBER * MAT MF MT * MAT MF MT * MATERIALS SECTIONS CARDS

1 * 0 0 0 * 9999 99 999 * 1 115 937237

TOTALS 1 115 937252

NOTE..THE CARD COUNT OF RETRIEVED DATA FOR EACH REQUEST DOES
NOT INCLUDE FEND, MEND AND TEND CARDS. THEREFORE THE
TOTAL NUMBER OF CARDS ACTUALLY RETRIEVED AND WRITTEN
ON THE MERGED TAPE WILL BE MORE THAN THE SUM OF THE

v NUMBER OF CARDS FOR ALL REQUESTS.
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MERGE ENDF/B DATA INTO MAT/MF/MT ORDER (MERGER 89-1)

INTERPRETATION OF INPUT PARAMETERS
************************************************************************

MERGED TAPE UNIT NUMBER 20
RETRIEVAL CRITERIA MAT
RETRIEVAL REPORT UNIT NUMBER- 0 (REPORT WILL NOT BE WRITTEN)

MERGED TAPE LABEL

U238 NJOY89 PENDF 2000

UNMERGED TAPE UNIT NUMBERS 10

RETRIEVAL CRITERIA

REQUEST * LOWER LIMIT * UPPER LIMIT
NUMBER * MAT MF MT * MAT MF MT

1 * 0 0 0 * 9999 99 999
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************************************************************************

RETRIEVED DATA
************************************************************************

ZA MAT MF MT CARDS UNIT REQUEST MESSACE
NUMBER

92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238

9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237
9237

1
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
13

451
151
152
1
2
/1
16
17
18
19
20
21
37
38
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
91
102
3

52
5
27

29293
29293

92
27
15

29293
29293

31
14
6
6
92
87
81
71
70
68
65
63
60
58
56
54
52
51
50
49
47
46
45
43
41
39
38
37
36
35
34
46

29293
92

10
10

" 10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

f-J

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MAT CARDS 148351

TAPE CARDS 148353
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************************************************************************

RETRIEVAL STATISTICS
************************************************************************

MERGED MATERIALS 1
MERGED SECTIONS 44
MERGED CARDS 148353

RETRIEVED DATA FOR EACH REQUEST

REQUEST * LOWER LIMIT * UPPER LIMIT * RETRIEVED

NUMBER * MAT MF MT * MAT MF MT * MATERIALS SECTIONS CARDS

1 * 0 0 0 * 9999 99 999 * 1 44 148346

TOTALS 1 44 148353
NOTE..THE CARD COUNT OF RETRIEVED DATA FOR EACH REQUEST DOES

NOT INCLUDE FEND, MEND AND TEND CARDS. THEREFORE THE
TOTAL NUMBER OF CARDS ACTUALLY RETRIEVED AND WRITTEN
ON THE MERGED TAPE WILL BE MORE THAN THE SUM OF THE
NUMBER OF CARDS FOR ALL REQUESTS.



MAI 9237 (M)
Cross Sections

92-U -238

NJOf 6 DIGITS IAEA
RECENT IAEA

-3.47 To 2.89 Z Differences

RECENT IAEA / NJOY 6 DIGITS IAEA

'^r^-h^mmawT^

- t—
fit iO I HHit

. . »

IB1

]0J

c
L
Q

OD

10'

IB0

IB"1

1.04

1.02

0.96

5 6 7 B 9 ] g 2
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HAT 9237 92-U -238
Cross Sections

NJOY 6 OiGIIS IAEA
RECENT IAEA

-9.02 To 4.36 I Differences

i i *\ i I » i

RECENT IAEA / NJOY 6 OIGITS IAEA

Mill»

10J

IB1 I
ID

10"

10-2

0.92

0.88

10 < 5 6 7 8 9 1 0 0

KeV
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MAT 9237 ln,Tl
Cross Sections

92-U -238

NJOY 6 DIGITS IAEA
RECENT IAEA

-15.8 To 13.5 I Differences

RECENT IAEA / NJOY 6 DIGITS IAEA
!limlmilmilNHl.NilimlimlniiliMilimliiiiln.ilimlnMlii.ilii

1.10

I . . . ......I I... .... .....i. ...... ... I i IUnIaIIa

10J

i r

IB1

10

10

0 (D

10-2

1.2 I J 1.6 1.8 2.0

KeV
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HftT 9237 In,y) 92-U -238
Cross Sections .

NJOY 6 DIGITS IAEA-IBH
RECENT IAEA

. RECENT IAEA / NJOY 6 DIGITS IAEA-IBH

I
Rn,, I

-16.0 To 13.3 I Differences :

• 2

I . 1 0 1

|f 1 T|) \ •10

(IfPiPl--s
.0.80

3.0 3.2 3.1 3.6 3.8 1.0

5 KeV
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HAT 9237 92-U -238
Cross Sections

NJOY 6 OIGITS IAEA
RECENT IAEA

-31.8 To 24.8 I Differences

RECENT IAEA / NJOY 6 DIGITS IAEA

6.0 6.5 7.0

KeV

7.5

| l l l H l H l | 11 ! !.. | • • !. ] !. 1. 1111, [,,, • 111,, [ I •., ] !.

10J

II'

IB1

18*

ie

C
L
C

ID

»•2

0.6
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HAT 9237 In,y)
Cross Sections

92-U -238

NJOY 6 DIGITS IAEA-IBH
RECENT IAEfi

-82.2 To 0,603 I Differences

MlllllllllillllllllllllMlllllllllllllill I'llllllllMMllllllHH l|ll|illl|lMl|lMl|

RECENT IAEfi / NJOY 6 DIGITS IAEA-1BM

0.8

0.6

0.1

0.2

10.0

5

10.5 11.5 12.0

KeV

c
L
C
ID
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HflT 9237 l n , 7 )
Cross Sections

92-U -238

NJOY 6 DIGITS IAEA-1BM
RECENT IAEA

0.0 To 7.74 I Differences

RECENT IAEA / NJOY 6 DIGITS IAEA-IBH

latin

4 5 6 7

KeV
IB2

ID
C
L
O

ID
I

4>

a:

mu. . 0 .98
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MAT 9237 In, T)
Cross Sections

92-U -238

NJOY 6 OIGIIS IAEA-IBM
RECENT IAEA

-0.091 To 7.74 7. Differences

RECENT IAEA / NJOY 6 DIGITS IAEA-IBfI

«411 ItUIo
. \y. i ....... . ..... i

6 8

36

4 6 B

MeV

0.98



92238 9237 4 59 60 10
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HAT 9237 In,T)
Cross Sections

92-li -238

NJOY 6 DIGITS DEFAULT RES.INT.CHK.-0.634 To 7.50 Z Differences
RECENT IAEA

RECENT IAEA / NJOY 6 OIGITS OEFAULT RES.INT.CHK.

,,i ...,........] ...,.,,,,.,i ,.,..,.,,,J ........j ............ j ....... ...J ,,,,,j .,........ih .... ..,.,,.J I... i u

CD

10-2

10"10 10"9 10" 10"7 IB'6 "5 10"2 10" 101

MeV
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(Ifil 9237 F i s s i o n

Cross Sec t ions

S2-U -238

NJOY 6 01GITS IAEA-IBH
RECENT IAEA

-8.10 To 0.371 7. Differences

I • I ' H ' I ' H ' I ' I i 1 • I ' I M ' i I I 1 1 1 1 . 1 1 1 • 111 . | . ! , I i | i | i | . n i i | . | . I i I ] I | I [ I ' M I i l _

JI[CfNLlMJlJ-NJiIl[XiIIiIJIi..

liâiiiui Tl 1in>n«
Rdto I l Rauo

Ut, i

10"B

1.02

0.98

0.96

0.94

0.92

0.90

10
1

"5 10"3 10"2

eV

10 100 101
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MAI 9237 Fission
Cross Sections

92-U -238

NJOY 6 DIGITS IAEA-IBH
RECENI IAEA

-9.60 To 345. I Differences

RECENT IAEA / NJOY 6 DIGITS IAEA-IBH

Ratio I RaLio

10

,-4

c

CO

10 -10

3.0

2.5

2.0

1.5

O
-

g

0.5

6 / 9 , « 2

eV
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Itflï 9237

NJOY 6 01G1TS
R[CENT IAEA

CENI IAEA / NJOY 6 DIGITS IAEA-IBH

P i s s i o n

Cross S e c t i o n s

92-U -238

-9.95 To 4102 I Differences

- H -

IB11

III
C
L

ID

naxiiM Tiliniitii
Ral'io I Hitio

2.5

2.0

1.5

0.5

10
3

5 6 7 8 9

KeV



HAT 9237
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Fission
Cross Sections

92-U -238

NJOY 6 DIGITS IAEA-IBH
RECENT IAEA

•17.5 To 930. Z Differences

Il1

,-2

C
C

(D

,-6

10

RECENT IAEA /
' 1 " " 1 " " 1 " " 1 " " 1 " " 1 " " 1 " " 1 " " I {•.•.!....!••••!••••!••••!••••[••••!•«.•!••••!•••.!••••!••••!••••!••••!••••!••••I ! • • • . ( • • • • [ • • • • ! • • • • ! . • . • t iM. lmi| imti i» I . l . . [ . . . . [ . . i . | . t

NJOY 6 D I G I T S I A E A - I B M

I

iKin!»!

3.0

2.5

2.0

1.5

1.0

0.5

c
a.

1.2 1.6 1.8 2.0

KeV
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HA! 9237 Fission
Cross Sections

92-U -238

NJOY 6 DIGITS IAEA-IBM
RECENT IAEA

-12.4 To 7.13 Z Differences

/1i1
A

A

RECENT IAEA / NJOY 6 OIGiTS IAEA-IBfI

ztzzîz-

J l • I • . ! . . I 1 I I I I 1 1 1 .

fliniiui I
!it,. I Ratio

,-3

w
C
L

CQ
I
O
L
U

10

1.05
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