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A Brief Library Summary

This is merely an informal memo to briefly summarthe contents of the new ENDF/B-VII.1
Final library, released in December 2011; focusehisronly on thequantity of data. A later
document to planned to more completely documengitiaéity of this new library.

Overview

This report is one in the series of “POINT” repdttat over the years have presented temperature
dependent cross sections for the then currentoredi ENDF/B [R1]. In each case | have used
my personal computer at home and publicly availdbaka and codes

1) publicly available nuclear data (the current ENDFdBta, available on-line at the
National Nuclear Data Center, Brookhaven Natioreddratory,
http://www.nndc.bnl.goy/and,

2) publicly available computer codes (the current PRDP codes, available on-line at the
Nuclear Data Section, IAEA, Vienna, Austria,
http://www-nds.iaea.or.at/ndspub/endf/prepaoid,

3) My own personal computer located in my home.

| have used these in combination to produce thepéeature dependent cross sections used in
applications and described in this report. | shaulehtion that today anyone with a personal

computer can produce these results: by its vemyreatconsider this data to be born in the public

domain.

I ntroduction: POINT 2012: ENDF/B-VI1.1 Final

The latestENDF/B-VI1I.1 Final data library was recently released and is howyfraeailable
through the National Nuclear Data Center (NNDC)pdkhaven National Laboratoryhis
release completely super sedes all preceding releases of ENDF/B.

Individual files and/or the complete tarball cascabe downloaded from:
http://www.nndc.bnl.gov/

Compared to VII.O which included 393 evaluationd). included 423 evaluations; this
includes 32 new evaluations; 2 natural evaluativese dropped (23-V — Nat, and 30-Zn-Nat).
The 32 new evaluations are; note the isotopes e¥ 281d 30-Zn; these have replaced the
natural evaluations in VII.O.

32 New Evaluation in VII.1 (not in VI1.0)



23-V-50
23-V-51
30-Zn-64
30-Zn-65

30-Zn-66
30-Zn-67
30-Zn-68
30-Zn-70

69-Tm-168
69-Tm-169
69-Tm-170
73-Ta-180

74-W-180
81-TI-203
81-TI-205
90-Th-231

91-Pa-229
91-Pa-230
92-U-230
92-U-231

93-Np-234
95-Am-240
96-Cm-240
97-Bk-245

97-Bk-246
97-Bk-247
97-Bk-248
98-Cf-246

98-Cf-248
99-Es-251
99-Es-252
99-Es-254m




423 Evaluationsin VII1.1 (32 new evaluationsin RED)

LH-1 | 20Ca44 | 32Ge74 | 42Mo92 | 49Inll5 | 54Xel3l | 61Pmid7 | OoC00 | S¥RaZAA | HRu2e
LH-2 | 20Cad6 | 32Ge76 | 42Mo%4 | 50.Sn-112 | 54Xel32 | 61Pmldg | OoLr6l | B¥Razie | 9PU2
LH-3 | 20Ca4d8 | 33As74 | 42Mo95 | 50.S0-113 | 54Xel3d |6L-Pm-1dgm | ooCI08 1 8¥RaZib | HPUM
2He3 | 21Sc45 | 33AS75 | 42Mo96 | 50Sn-114 | 54Xel34 | 6LPmidg | COETLI0- [ B3ACZES | S4-Pu2I0
2Hed | 22Tid6 | 34Se74 | 42Mo97 | 5OSn-115 | 54Xel3s | 6LPmdsi | oo M08 | B3ACZI0 1 95 Am 2l
3Li6 | 22Ti47 | 34Se76 | 42Mo98 | 50.S0-116 | 54Xel3s | 62Sm14a | oo M09 | BOACZAT o g>Am-2al
3Li7 | 22Ti48 | 34Se77 | 42Mo99 | 50.S0-117 | 55Cs133 | 62Smdd7 | oo MU0 S0TNZAT | 95 Am 2%
4Be7 | 22Ti-49 | 34Se78 | 42Mo100 | 50Sn-118 | 55Cs134 | 62Sm-48 | LUIS | 90T 9Amaa
4Be9 | 22Ti50 | 34Se79 | 43Tc99 | 5051119 | 55Cs135 | 62Smdg | oo oHE | S0TNZE [ 95 AmAs
5B-10 | 23V-50 | 34-Se80 | 44Ru-9 | 5051120 | 55Cs136 | 62Sm-150 | Io i S0TAESY | ASAm
5B-11 | 23V 51 | 34Se82 | 44Ru98 | 5051122 | 55Cs137 | 62Smlsl | LoiUC | 90TA | 95 Am-24m
6C-Nat | 24Cr50 | 35Br79 | 44Ru-99 | 5050123 | 56-Ba130 | 62Smisz | oML | 0THA%E o6 Cm 20
7N-14 | 24Cr52 | 35Br-8l | 44Ru-100 | 501124 | 56Bal32 | 62Sm153 | Lol | S0-Th-238 | 86-CmaA
7N-15 | 24Cr-53 | 36Kr-78 | 44Ru-10l | 5051125 | 56Bal133 | 62Smis4 | o179 | S0-Th-Z3 | 86-Cm2AZ
8016 | 24.Cr-54 | 36Kr-80 | 44Ru102 | 5051126 | 56Bal34 | 63Eulsl | /2 HT180 | 9lPasZs 1 9eComars
80-17 | 25Mn55 | 36Kr-82 | 44Ru103 | 51.Sb-121 | 56Bal3s | 63Eulsz | Lo 12780 | oPasi0 | 90em2d
9F-19 | 26Fe54 | 36Kr-83 | 44Ru-104 | 51.Sh123 | 56Bald | 63Eu153 | Lo 181 | SLPaZIl | 96-Cm2dn
11Na22 | 26-Fe56 | 36Kr-84 | 44Ru105 | 51Sb-124 | 56:Bal37 | 63Euls4 Lo 1d182 | 9Pa2sz | 90-Cm2%0
11Na23 | 26-Fe57 | 36Kr-85 | 44Ru106 | 51Sb-125 | 56-Bal38 | 63Eulss | /o 00  | 9LPaZ3s | 90em2t
12Mg24 | 26Fe58 | 36Kr-86 | 45RN-103 | 51Sh126 | 56Bald0 | 63Eu1S6 | Lo ISP | 920290 | 96-Cm2ds
12Mg25 | 27Co58 | 37Rb85 | 45RN-105 | 52Tel20 | 57Lal38 | 63Euds? | W18 | 920290 | 96-Cm2ds
12Mg26 |27-Co56m | 37-Rb86 | 46-P0-102 | 52Tel22 | 57-Lald) | 64Gdls2 | Lo 150 | 92b-232 | 96CmZH
13.A1-27 | 27-Co59 | 37-Rb-87 | 46Pd-104 | 52Tel23 | 57Lald0 | 64Gd-153 | /T80 | 92u-2%8 | 9B
14528 | 28Ni58 | 38584 | 46P0-105 | 52Tel2d | 58Celds | 64Gdls4 | oholso | 92023 A7BEI0
14529 | 28Ni59 | 38585 | 46P0-106 | 52Tel2s | 58Cel38 | 64Gd1ss |~ Ko ST | 90023 ATBCE
14530 | 28Ni-60 | 38587 | 46P0-107 | 52Tel2s | 58Celdd | 64Gd1se | o191 | 920230 A7BcEI
15P-31 | 28Ni-6l | 38583 | 46Pd-108 52Tel2’m | 58Celd | 64-Gd-157 | (9% | 9223T | 9TBkAA9
165-32 | 28Ni-62 | 38589 | 46Pd-110 | 52Tel28 | 58Celdl | escd1ss | cofeidl | 9RHTSE | BTRIER
165-33 | 28Ni-64 | 38590 | 47Agl07 52-Tel2om | 58-Celdz | 64Gd-160 | oSS | 9RHEE | RO
165-34 | 20CL-63 | 39Y-B) | 47AGI09 | 52Tel’0 | 58Celd | 65Tb-150 | oodsd | ORHT | CTET
165-36 | 20-C-65 | 39Y-90 |47-Agllom | 52Tels2 | 58Celds | 65Tb-160 | oS08t | ORO-ZE | RO
170135 | 30Zn-64 | 30-Y-SL | 4TAQILL | 531-127 | 5Pr-14l | 66Dy-dse | o8P | CHRIAL | SRR
17-C137 | 30Zn-65 | 402r-90 | 48-Cd-106 | 531-120 | 5O-Pr-42 | G6Dy-ds8 | oindP0 | GRURIR | SRS
18Ar-36 | 0Zn-66 | 40Zr-9L | 48-Cd-108 | 531-130 | 59Pr-143 | e6Dy-160 | oS0 | GERPOES | SErONs
16-Ar-38 | 30Zn-67 | 40Zr-92 | 48-Cd-10 | 531-131 | 60Nd-142 | e6Dy-t61 | GfOTOL | SERTEL | SHErONS
18-Ar-40 | 0Zn-68 | 40Zr-93 | 48-Cd-lll | 531-135 | 60Nd143 | 66Dy-162 | o o0l | STRPESS | SEEEAY
19K -39 | 30Zn70 | 40Zr-94 | 48Cd-112 | 54Xel23 | 60Nd-144 | 66Dy-163 | S TI205 | SSNP-239 | 895575
19K 40 | 31-Ga69 | 40Zr-95 | 48Cd-113 | 54Xeld | GONd-145 | 66:Dy-164 | SoPD 20t | SAPUZI0 | A ESTo
19K 41 | 31-Ga7l | 40Zr-96 | 48Cd-114 | 54Xel2 | GONA-146 | 67HO165 | Sor 00 | orPuZSt | S3ESZS
20Ca40 | 32Ge70 | 41-Nb-93 |48-Cd-115m | 54Xel28 | GONd-147 |67-Ho-leem | oo P20 | SHPUZ3 | 99Fs2d
20Ca42 | 32Ge72 | ALND-94 | 48CO-116 | 54Xel120 | GONG-148 | GBEr-162 | oot 08 | SPUWZSS | 9% Es 2
20Ca43 | 32Ge73 | ALND-95 | 49n-113 | 54Xel130 | GONG-150 | 68Er-164 | o209 | SMPUZI | S9ESZS

PREPRO 2012 Codes

In addition to the changes in the ENDF/B-VII.1 exalons, it should be noted that between the
last version of this report, where the PREPRO 2€ddes were used, and the current version,
where the PREPRO 2012 codes were used, there leaveilnprovements in the ENDF/B Pre-
processing codes (PREPRO). The improvements wate ib terms of improving the basic
methods used by the codes and in terms of incatipgréhe latest ENDF-6 Formats and
Procedures used by the current evaluations. Thdtriss more accurate cross section data
throughout the POINT 2012 library.

WARNING - due to recent changes in ENDF-6 Formats andeBtoes only the latest version
of the ENDF/B Pre-processing codes, namely PREP&RI2,2an be used to accurately process
all current ENDF/B-VII evaluations. If you fail tbeed this warning and you use any earlier
versions of these codes the results will be inateur

The PREPRO 2012 codes run on virtually any compated will soon be available FREE on-
5



line from the Nuclear Data Section, IAEA, Viennajstria, website at,

http://www-nds.iaea.or.at/ndspub/endf/prepro/

Data Processing

As distributed the original evaluated data includesss sections represented in the form of a
combination of resonance parameters and/or tallilateergy dependent cross sections,

nominally at O Kelvin temperature. For use in apgtions, this data has been processed using
the 2012 version of the ENDF/B Pre-processing cB&EPRO 2012) to produce temperature

dependent, linearly interpolable in energy, talmdatross sections, in the ENDF-6 format.

For use in applications this library has been pssed into the form of temperature dependent
cross sections at eight neutron reactor like teatpegs, between 0 and 2100 Kelvin, in steps of
300 Kelvin (the exception being 293.6 Kelvin, fotaet room temperature at 20 Celsius). It has
also been processed to five astrophysics like temyes, 1, 10, 100 eV, 1 and 10 keV. For
reference purposes, 300 Kelvin is approximately) ¥, so that 1 eV is approximately 12,000
Kelvin. At each temperature the cross sectionsadrelated and linearly interpolable in energy.

The steps required and codes used to produce reopetature, linearly interpolable tabulated
cross sections, in the ENDF-6 format, are descrlimddw; the name of each code in given in
parenthesis; for details of each code see refef@8je

Here are the steps, and PREPRO 2012 codes, upeocEss the data, in the order in which the
codes were used.

1) Linearly interpolable, tabulated cross sectinidNEAR)

2) Including the resonance contributid®ECENT)

3) Doppler broaden all cross sections to tempezg8IGM A1)

4) Check data, define redundant cross sectionsimyration Fl XUP)
5) Update evaluation dictionary in MF/MT=1/4ATDICTIN)

For the "cold" (0O Kelvin) data steps 1), 2) and %)) were used (no Doppler broadening). For
the data at other temperatures, after steps 1panthe data was Doppler broadened to each
temperature using step 3), and the results werertise consistent with the ENDF/B formats

and conventions using steps 4) and 5), to procheéntal distributed data.

The result is linearly interpolable in energy, tibed, temperature dependent cross sections, in
the ENDF-6 format, ready to be used in applications

Note - this processing only involved the energy depahdeutron cross sections. All other data
in the evaluations, e.g., angular and energy bistions, was not affected by this processing,
and is identical in all versions of the final rdsuli.e., it is the same in all of the directories,
ORIGINAL, as well as KO through K2100, and lev tgh 10kev, on the DVDs.



Accuracy of Results

Each of the codes described above that was uspdotess data to obtain tabulated, linearly
interpolable in energy cross sections, processedi#tta to within a user defined accuracy, or
allowable uncertainty. The ENDF/B Pre-processingdeso (PREPRO 2012) are self-
documenting, in the sense that the ENDF/B formatatput data that each code produces
includes comments at the beginning of each evalnatefining the accuracy to which the cross
sections were calculated. The combination of conmtsnadded by all of the codes defines the
sequence and accuracy used by all of them. Therawmcus the same for all evaluations.
Therefore, for exact details of the accuracy ofdhta, see the comments at the beginning of any
evaluation. For use in POINT 2012 all cross sestware reconstructed to within an accuracy of
0.01% in the thermal range, and 0.1 % at all oémargies and temperatures; this is beyond the
accuracy to which this data in known, so that biassthat the data processing does not add

any significant additional error to theinherent error of the data.

Contentsof the Library

This library contains all of the evaluations in the ENDF/B-VI.1 geneplrpose library. The
below table summarizes the contents of the ENDHBLE\Yeneral purpose library. This library
contains evaluations for 423 materials (isotopesiaurally occurring elemental mixtures of
isotopes).

This librarydoes not contain data from special purpose ENDF/B-VII librariescllas fission
products, thermal scattering, photon interactiotaddo obtain any of these special purpose
libraries contact the National Nuclear Data CerBeookhaven National Laboratory,

ENDF@bnInd2.dne.bnl.gov

In the POINT 2012 library each evaluation is stoesda separate file. The following table
defines each material and the corresponding filenafhle entire library is in the computer
independent ENDF-6 character format, which alloles data to be easily transported between
computers. The entire library requires approxinyaté&l gigabyte of storage and is distributed on
one DVD compressed; see below for details of th®DV

This library contains data for some metastable nads$e which are indicated by an "M" at the
end of their descriptions.

The majority of these evaluations are completeéhensense that they include all cross sections

over the energy range foeV to at least 20 MeV. See the appendix for aolisdll evaluations,
plus a separate list of incomplete evaluationggtlage now only a few.

The DVD is compressed; when uncompressed you wildl fa single directory named
POINT2012 containing fifteen (15) sub-directories,

DOCUMENT - A copy of this report in MSWord and PEdfmats.
ORIGINAL - The original ENDF/B data before it wasopessed.
KO - 0 Kelvin cross sections

v



K293.6 - 293.6 Kelvin cross sections

K600 - 600 Kelvin cross sections
K900 - 900 Kelvin cross sections
K1200 - 1200 Kelvin cross sections
K1500 - 1500 Kelvin cross sections
K1800 - 1800 Kelvin cross sections
K2100 - 2100 Kelvin cross sections
leV -1 eV cross sections

10eV - 10 eV cross sections
100eV - 100 eV cross sections
1keV -1 keV cross sections
10keV - 10 keV cross sections

With the exception of DOCUMENT, each of these dwees contains 424 files, one file for
each of the 423 evaluation, plus one HTML file ttow interactive data retrieval. Each
evaluation is a complete ENDF/B "tape" [R2], inadhugla starting "tape" identification line, and
ending with a "tape" end line [R2]. In this formaoh file can be used by a wide variety of
available computer codes that treat data in the EBDormat, e.g., all of the PREPRO codes.

Requesting POINT 2012 Data

Please do not contact the author of this reporetmest this data; | do not have the resources
necessary to directly respond to requests for dats. This data has been distributed and is
Internationally available from nuclear data/codetees throughout the World,

1) Within the United States: contact the National Nacl Data Center, Brookhaven
National Laboratory, Mike Herman at,
services@bnind2.dne.bnl.gov

2) Within Western Europe: contact the OECD Nuclear rgymeAgency/ Data Bank
(NEA/DB), Paris, Francggrograms@nea.fr

3) Otherwise: contact the Nuclear Data Section, I@tonal Atomic Energy Agency,
Vienna, Austria, Alberto Mengoni at,
A.Mengoni@iaea.org




I nstallation and Use of POINT 2012
| recommend that you,

1) Copy the single file from the POINT 2012 DVD to yaomputer,

2) Uncompress and un-tar the file; then delete thepcessed and tar files.

3) You should then have one directory named POINT2@i®aining all of the data
4) To random access the data execute (double clickPZD12.htm.

The main POINT2012 directory will contain the fdéte (15) sub-directories, described above.
These POINT 2012 directories include HTML routinesallow interactive retrieval of the data.
The result will be a directory of about 15 gigalsyt€o put that in perspective, today it costs less
than $0.10 U.S. to purchase, install, and mairgaiine one gigabyte of disk storage. Therefore
the cost of maintaining this 16 gigabyte librarylome is trivial.
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Appendix A: Contents of ENDF/B-VI1I.1 (32 new + 391 old = 423 total evaluations)

1-H-1
1-H -2
1-H -3
2-He-3
2-He-4
3-Li-6
3-Li-7
4-Be-7
4-Be-9
5-B-10
5B-11
6-C -Nat
7-N -14
7-N -15
8-0-16
8-0-17
9-F-19
11-Na-22
11-Na-23
12-Mg-24
12-Mg-25
12-Mg-26
13-Al-27
14-Si-28
14-Si-29
14-Si-30
15-P-31
16-S-32
16-S-33
16-S-34
16-S-36
17-CI-35
17-CI-37
18-Ar-36
18-Ar-38
18-Ar-40
19-K -39
19-K -40
19-K -41
20-Ca-40
20-Ca-42
20-Ca-43

20-Ca-44
20-Ca-46
20-Ca-48
21-Sc-45
22-Ti-46
22-Ti-47
22-Ti-48
22-Ti-49
22-Ti-50
23-V -50
23-V -51
24-Cr-50
24-Cr-52
24-Cr-53
24-Cr-54
25-Mn-55
26-Fe-54
26-Fe-56
26-Fe-57
26-Fe-58
27-Co-58
27-Co-58m
27-Co-59
28-Ni-58
28-Ni-59
28-Ni-60
28-Ni-61
28-Ni-62
28-Ni-64
29-Cu-63
29-Cu-65
30-Zn-64
30-Zn-65
30-Zn-66
30-Zn-67
30-Zn-68
30-Zn-70
31-Ga-69
31-Ga-71
32-Ge-70
32-Ge-72
32-Ge-73

32-Ge-74
32-Ge-76
33-As74
33-As75
34-Se-74
34-Se-76
34-Se-77
34-Se-78
34-Se-79
34-Se-80
34-Se-82
35-Br-79
35-Br-81
36-Kr-78
36-Kr-80
36-Kr-82
36-Kr-83
36-Kr-84
36-Kr-85
36-Kr-86
37-Rb-85
37-Rb-86
37-Rb-87
38-Sr-84
38-Sr-86
38-Sr-87
38-Sr-88
38-Sr-89
38-Sr-90
39-Y -89
39-Y -90
39-Y -91
40-Zr-90
40-Zr-91
40-Zr-92
40-Zr-93
40-Zr-94
40-Zr-95
40-Zr-96
41-Nb-93
41-Nb-94
41-Nb-95

42-Mo0-92
42-Mo0-94
42-Mo0-95
42-Mo0-96
42-Mo-97
42-M0-98
42-Mo0-99
42-M0-100
43-Tc-99
44-Ru-96
44-Ru-98
44-Ru-99
44-Ru-100
44-Ru-101
44-Ru-102
44-Ru-103
44-Ru-104
44-Ru-105
44-Ru-106
45-Rh-103
45-Rh-105
46-Pd-102
46-Pd-104
46-Pd-105
46-Pd-106
46-Pd-107
46-Pd-108
46-Pd-110
47-Ag-107
47-Ag-109
47-Ag-110m
47-Ag-111
48-Cd-106
48-Cd-108
48-Cd-110
48-Cd-111
48-Cd-112
48-Cd-113
48-Cd-114
48-Cd-115m
48-Cd-116
49-In-113

49-In-115
50-Sn-112
50-Sn-113
50-Sn-114
50-Sn-115
50-Sn-116
50-Sn-117
50-Sn-118
50-Sn-119
50-Sn-120
50-Sn-122
50-Sn-123
50-Sn-124
50-Sn-125
50-Sn-126
51-Sb-121
51-Sb-123
51-Sb-124
51-Sb-125
51-Sb-126
52-Te-120
52-Te-122
52-Te-123
52-Te-124
52-Te-125
52-Te-126
52-Te-127m
52-Te-128
52-Te-129m
52-Te-130
52-Te-132
53-1 -127
53-1 -129
53-1 -130
53-1 -131
53-1 -135
54-Xe-123
54-Xe-124
54-Xe-126
54-Xe-128
54-Xe-129
54-Xe-130

54-Xe-131
54-Xe-132
54-Xe-133
54-Xe-134
54-Xe-135
54-Xe-136
55-Cs-133
55-Cs-134
55-Cs-135
55-Cs-136
55-Cs-137
56-Ba-130
56-Ba-132
56-Ba-133
56-Ba-134
56-Ba-135
56-Ba-136
56-Ba-137
56-Ba-138
56-Ba-140
57-La-138
57-La-139
57-La-140
58-Ce-136
58-Ce-138
58-Ce-139
58-Ce-140
58-Ce-141
58-Ce-142
58-Ce-143
58-Ce-144
59-Pr-141
59-Pr-142
59-Pr-143
60-Nd-142
60-Nd-143
60-Nd-144
60-Nd-145
60-Nd-146
60-Nd-147
60-Nd-148
60-Nd-150
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61-Pm-147
61-Pm-148
61-Pm-148m
61-Pm-149
61-Pm-151
62-Sm-144
62-Sm-147
62-Sm-148
62-Sm-149
62-Sm-150
62-Sm-151
62-Sm-152
62-Sm-153
62-Sm-154
63-Eu-151
63-Eu-152
63-Eu-153
63-Eu-154
63-Eu-155
63-Eu-156
63-Eu-157
64-Gd-152
64-Gd-153
64-Gd-154
64-Gd-155
64-Gd-156
64-Gd-157
64-Gd-158
64-Gd-160
65-Th-159
65-Th-160
66-Dy-156
66-Dy-158
66-Dy-160
66-Dy-161
66-Dy-162
66-Dy-163
66-Dy-164
67-Ho-165
67-Ho-166m
68-Er-162
68-Er-164

68-Er-166
68-Er-167
68-Er-168
68-Er-170
69-Tm-168
69-Tm-169
69-Tm-170
71-Lu-175
71-Lu-176
72-Hf-174
72-Hf-176
72-Hf-177
72-Hf-178
72-Hf-179
72-Hf-180
73-Ta-180
73-Ta-181
73-Ta-182
74-W -180
74-W -182
74-W -183
74-W -184
74-W -186
75-Re-185
75-Re-187
77-1r-191
77-1r-193
79-Au-197
80-Hg-196
80-Hg-198
80-Hg-199
80-Hg-200
80-Hg-201
80-Hg-202
80-Hg-204
81-T1-203
81-T1-205
82-Pb-204
82-Pb-206
82-Pb-207
82-Pb-208
83-Bi-209
88-Ra-223

88-Ra-224
88-Ra-225
88-Ra-226
89-Ac-225
89-Ac-226
89-Ac-227
90-Th-227
90-Th-228
90-Th-229
90-Th-230
90-Th-231
90-Th-232
90-Th-233
90-Th-234
91-Pa-229
91-Pa-230
91-Pa-231
91-Pa-232
91-Pa-233
92-U -230
92-U -231
92-U -232
92-U -233
92-U -234
92-U -235
92-U -236
92-U -237
92-U -238
92-U -239
92-U -240
92-U -241
93-Np-234
93-Np-235
93-Np-236
93-Np-237
93-Np-238
93-Np-239
94-Pu-236
94-Pu-237
94-Pu-238
94-Pu-239
94-Pu-240
94-Pu-241

94-Pu-242
94-Pu-243
94-Pu-244
94-Pu-246
95-Am-240
95-Am-241
95-Am-242
95-Am-242m
95-Am-243
95-Am-244
95-Am-244m
96-Cm-240
96-Cm-241
96-Cm-242
96-Cm-243
96-Cm-244
96-Cm-245
96-Cm-246
96-Cm-247
96-Cm-248
96-Cm-249
96-Cm-250
97-Bk-245
97-Bk-246
97-Bk-247
97-Bk-248
97-Bk-249
97-Bk-250
98-Cf-246
98-Cf-248
98-Cf-249
98-Cf-250
98-Cf-251
98-Cf-252
98-Cf-253
98-Cf-254
99-Es-251
99-Es-252
99-Es-253
99-Es-254
99-Es-254m
99-Es-255
100-Fm-255



Appendix B: Elemental vs. | sotopic Evaluations

Successive versions of ENDF/B have replaced elahenaluations by isotopic evaluations.
Between ENDF/B-VI and VII 13 elemental evaluatiomsre deleted, i.e., included in ENDF/B-
VI, but not included in ENDF/B-VII, with VII.0 onlyncluding elemental evaluations for three
elements6-C, 23-V, and30-Zn. Between VII.O and VII.1 2 elemental evaluationsrevdeleted
(23-V, and30-Zn), and replaced by isotopic evaluations, leavinly 6rC: 6-C-12 98.93%/6-C-

13 1.07% missing — so that 6C-Nat is almost entitledysingle isotope 6-C-12.

In addition evaluations for the isotopes of 68-Tmd 81-TI have been added.

All of these isotopes in VII.1 are complete, in $ense that they include major cross sections
(elastic, capture, inelastic) over the energy rat(@SeeV up to at least 20 MeV.

WARNING: Be aware that evaluating isotopes is difficult and the quality of minor isotopes
may be poor. To my knowledge as yet the summing these isotopes to define equivalent
elemental evaluations has not been verified against experimental measur ements.

New | sotopic evaluationsin VI1.1 (28 new, 19 old)

Element Isotope Element Isotope Element  Isotope
12-Mg-Nat 12-Mg- 24 22-Ti-Nat 22-Ti- 46 42-Mo-Nat 42-Mo- 92
12-Mg- 25 22-Ti- 47 42-Mo- 94
12-Mg- 26 22-Ti- 48 42-Mo- 95
14-Si-Nat 14-Si- 28 22-Ti- 49 42-Mo- 96
14-Si- 29 22-Ti- 50 42-Mo- 97
14-Si- 30 23-V —Nat 23-V - 50 42-Mo- 98
16-S -Nat 16-S- 32 23-V -51 42-Mo- 99
16-S - 33 30-Zn-Nat  30-Zn- 64 42-Mo-100
16-S - 34 30-Zn- 65 49-In-Nat  49-In-113
16-S - 36 30-Zn- 66 49-In-115
17-Cl-Nat 17-Cl- 35 30-Zn- 67 69-Tm-168
17-Cl- 37 30-Zn- 68 69-Tm-169
19-K -Nat 19-K - 39 30-Zn- 70 69-Tm-170
lg-K - 40 31'Ga-Nat 31'Ga- 69 72'Hf'Nat 72-Hf-174
19K - 41 31-Ga- 71 72-Hf-176
20-Ca-Nat 20-Ca- 40 40-Zr-Nat  40-Zr- 90 72-Hf-177
20-Ca- 42 40-7r- 91 ro-rrs
co-ca- 23 40-Zr- 92 ;2::1‘:%0
20-Ca- a4 40-2r-93 74-W -Nat 74-W -182
20-Ca- 46 40-Zr- 94
74-W -183
20-Ca- 48 40-Zr- 95 74-W -184
40-Zr- 96
74-W -186
81-TI-203
81- Tl - 205
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Appendix C: Completenessof VII.1and VII.O

Here | present the results of simple tests to chthekcompleteness of VV,1 and VII.O.
Compared to theresultsfor VII.0, theVI1.1 show great improvement.

The results presented here should not be intepietendicatingERRORS, but rather as
WARNINGS, that we should check the indicated data; in n@ases | judge the data to be
0.k. 4-Be-7 is a partial evaluations that failed almost all tests, and should never have
been included in a ENDF/B general purposelibrary. Here | checked,

1) MT=2, 102, 18, 4, 16 (elastic, capture, fissiorlastic, n,2n).

2) MF=3, 4, 5,6 (cross sections, angular, energybbiodifferential)

For these test | assume,

1) Every evaluation includes MT=2, 102, 4 and 16; thisbviously not true for some light
isotopes, but for completeness they are included, he., this is merely to inform users.
Of the heavier isotopes only 28-Ni-59 appear sto be a problem with no inelastic data.

2) All cross sections are positive (>0) above theieshold up to at least 20 MeV. This is
not true for some reactions which do not extendougt least 20 MeV, particularly high
energy capture, which is o.k. There are also a munolh cases where the elastic is
negative due to the resonance contribution.

3) No isotopes with Z<90 include MT=18 (fissiomjor VI1.0 thistest found the obvious
ERROR in 43-Tc-99, which has positive fission widths = NONSENSE!!! This was
corrected for VI1.1. It also flagged isotopes of 88Ra and 89-Ac, whathquestionable.

4) | included many more completeness tests, but tvese the only ones that failed.

V11.1 Completeness Results

Evaluation MT=2 | MT=102 | MT=18 |MT=4 | MT=16 |
I 1
3456|3456|3456|3456 3456
’ | i
I-H-1 XX |X X]| | |
1-H-2 XX |[X | | X X|
1-H-3 XX | | | XXX |
2-He-3 XX [X | | |
2-He-4 XX | | | |
3-Li-6 XX |X | | XX |
4-Be-7 +X | | |
4-Be-:9 XX |X | | X X]|
5-B-10 XX [+ | | X X |
6-C-Nat XX |X | [ XXX |
28-Ni-59 XX |X | | [ X X X
54-Xe-130 XX |+ |+ XX XXX |
88-Ra-223 XX [X [?227?2 | XXX XXX |
88-Ra-226 XX |[X |?22? |XXX XXX |
89-Ac-225 XX |X X|??? |X X X X]|
89-Ac-226 XX |X X[??? [X X X X|
89-Ac-227 XX |X X|??? |X X X X]|

The above rather short list for VII.1 can be coneplaio the below much longer list for

VII.O to see the improvements in completeness.
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V11.0 Completeness Results

Evaluaton MT=2 |MT=102 |MT=18 |MT=4 | MT=16
| | |
3456|3456|3456|3456 3456
| | |
1H-1 XX [X X]| [ |
1H-2 XX |[X | [ X X|
1H-3 XX | | | XXX |
2-He-3 XX |X | | |
2-He-4 XX | | | |
3Li-6 XX |X | | X X |
4-Be7  +X | | | |
4Be-9 XX |[X | [ X X|
5B-10 XX [+ | | X X |
6-C-Nat XX |X | [ X X X |
8-0-17 XX |X | | X X X +XX |
9-F-19 XX [X | [XX X + X|
12-Mg-26 XX |[X | [ X X X +X X
16-S-33 XX |X | [ X X X +X X
16-S-36 XX |X | | X X X +X X
17-C-35 +X |X | [X X X X|
19-K-39 XX |X | | X X X +X X
19-K-40 XX |X | [ X X X +X X
28-Ni-59 XX |X | | +X X
28-Ni-61 XX |X | [+ X X X|
30-Zn-Nat XX |[X | | XXX +XX |
33-As-74 XX |X X ? 2 X X|
34-Se-76 XX |[X | [ X X X +X X
36-Kr-86 XX |X | [ X X X +X X
37-Rb-87 XX |[X | [ X X X +X X
38-Sr-90 XX X | | X X X +X X
39-Y-90 XX |[X X]| | 2 2 X X|
42-M0-99 XX |X | | X X X +XX |
44-RU-100 XX | X | [ X X X +XX |
47-Ag-110m XX | X | [+ XX XXX |
48-Cd-106 XX |X | [ X X X +XX |
48-Cd-115m XX |X X| |+X X X X|
50-Sn-112 XX |X | [ X X X +XX |
50-Sn-122 XX |[X | [ X X X +XX |
50-Sn-123 XX [X | | X X X +XX |
52-Te-122 XX |X | [ X X X +XX |
52-Te-123 XX |X | [ X X X +XX |
52-Te-125 XX |X | [ X X X +XX |
52-Te-127m XX |[X | [+ XX XXX |
52-Te-129m X X |[X | [+ XX XXX |
53-1-129 XX |X | [ X X X +XX |
54-Xe-129 XX |X | | X X X +XX |
54-Xe-130 XX |+ | [ +X X XXX |
55-Cs-134 XX [X | | X X X +XX |
55-Cs-135 XX |X | [ X X X +XX |
56-Ba-132 XX [X | | X X X +XX |
56-Ba-135 XX |X | [ X X X +XX |
56-Ba-137 XX [X | | X X X +XX |
58-Ce-144 XX |X | | X X X +XX |
61-Pm-148 XX |X | [ X X X +XX |
63-Eu-151 XX |X | [ X X X +XX |
67-Ho-166m XX |X X]| [+X X X X|
72-Hf-177 XX X | [+ XX XXX |
72-Hf-179 XX [X | [+ XX XXX |
7741193 XX |[X  X| [ XX X + X|
88-Ra-223 XX |X 2?27 |XXX XXX |
88-Ra-226 XX |X |??? |[XXX XXX |
89-Ac-227 XX |X |??2? |[XXX XXX |
90-Th-228 XX |X |+XX |XXX XXX |
90-Th-230 +X [X [+XX |XXX XXX |
90-Th-232 XX |X X|+ X|XX X X X|
90-Th-234 XX |X |+XX |XXX XXX |
91-Pa-231 XX |[X X|X X| ? ? X X|
91-Pa-233 XX |[X X[+ X| ? ? X X|
92-U-235 XX |X |[XXX |[+X X X X|
93-Np-239 XX [X |+XX |XXX XXX |
94-Pu-238 XX |X XXX [+XX XXX |
94-Pu-244 XX |X [+XX [XXX XXX |
94-Pu-246 XX |X [+XX [XXX [ XXX |

=
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95-Am-242m X
95-Am-244m X

96-Cm-241 X X
96-Cm-242 X X
96-Cm-248 +X

98-Cf-250
98-Cf-251
98-Cf-252
98-Cf-253
99-Es-253

XX
XX
XX
XX
XX

[ XXX [+X X

| XXX |+XX
[ XXX |+XX
|+ XX |+XX
[ XXX [+XX
[+ XX | XXX
[ XXX | XXX
[ XXX | XXX
|+ XX |
| |
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Appendix D: Summary of <v(E) > for all isotopesin ENDF/B-VII.1and VII.0

For applications involving fission (F) | requiretbgprompt and delayed neutrons per fission. In
the ENDF/B format the evaluator can optionally ud#: Total (T), Delayed (D) and/or Prompt

(P); given any two of these three we can uniquelyne the third. Below is a summary of all

fissile/fertile materials in ENDF/B-VII.1, indicatg the neutrons per fission data included for
each isotope. This table indicates each evalu#t@nincludes,

F = Fission cross section (MF/MT=3/18)
T =Total<v(E) > (MF/MT=1/452)
D = Delayed<v(E) > (MF/MT=1/455)
P =Promptv(E) > (MF/MT=1/456)

This table indicates VII.1 is in much better shdpan VII.O, where more evaluations only
included total (T)<v(E) >. In addition there are three evaluations that ongjude total (T)

<v(E) >: 88-Ra-233, 88-Ra-226, and 94-Pu-243. It is alsestjonable whether or not 88-Ra
and 89-Ac should be identified as fissile/fertile.

Summary of all fissileffertileisotopesin ENDF/B-VII.1 <v(E) >(85 evaluations)

88-Ra-223 FT 92-U -240 FTDP 96-Cn-244 FTDP
88-Ra-226 FT 92-U-241 FTDP 96-Cm-245 FTDP
89-Ac-225 FTDP 93-Np-234 FTDP 96-Cm-246 FTDP
89-Ac-226 FTDP 93-Np-235 FTDP 96-Cm-247 FTDP
89-Ac-227 FTDP 93-Np-236 FTDP 96-Cm-248 FTDP
90-Th-227 FTDP 93-Np-237 FTDP 96-Cm-249 FTDP
90-Th-228 FTDP 93-Np-238 FTDP 96-Cm-250 FTDP
90-Th-229 FTDP 93-Np-239 FTDP 97-Bk-245 FTDP
90-Th-230 FTDP 94-Pu-236 FTDP 97-Bk-246 FTDP
90-Th-231 FTDP 94-Pu-237 FTDP 97-Bk-247 FTDP
90-Th-232 FTDP 94-Pu-238 FTDP 97-Bk-248 FTDP
90-Th-233 FTDP 94-Pu-239 FTDP 97-Bk-249 FTDP
90-Th-234 FTDP 94-Pu-240 FTDP 97-Bk-250 FTDP
91-Pa-229 FTDP 94-Pu-241 FTDP 98-Cf-246 FTDP
91-Pa-230 FTDP 94-Pu-242 FTDP 98-Cf-248 FTDP
91-Pa-231 FTDP 94-Pu-243 FT 98-Cf-249 FTDP
91-Pa-232 FTDP 94-Pu-244 FTDP 98-Cf-250 FTDP
91-Pa-233 FTDP 94-Pu-246 FTDP 98-Cf-251 FTDP
92-U-230 FTDP 95-Am-240 FTDP 98-Cf-252 FTDP
92-U-231 FTDP 95-Am-241 FTDP 98-Cf-253 FTDP
92-U-232 FTDP 95-Am-242 FTDP 98-Cf-254 FTDP
92-U-233 FTDP 95-Am-242m FTDP 99-Es-251 FTDP
92-U-234 FTDP 95-Am-243 FTDP 99-Es-252 FTDP
92-U-235 FTDP 95-Am-244 FTDP 99-Es-253 FTDP
92-U-236 FTDP 95-Am-244m FTDP 99-Es-254 FTDP
92-U-237 FTDP 96-Cm-240 FTDP 99-Es-254m FTDP
92-U-238 FTDP 96-Cm-241 FTDP 99-Es-255 FTDP
92-U-239 FTDP 96-Cm-242 FTDP 100-Fm-255 FTDP
96-Cm-243 FTDP
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Summary of all fissile/fertileisotopesin ENDF/B-VI11.0 <v(E) >(65 evaluations)

Comparing the above table for VII.1 and the belablé for VII.O we can see that thev(E) >

data is much improved, but VII.1 still has the samee deficiencies that we found in VII.0,
namely evaluations that only include total @¥(E) >: 88-Ra-233, 88-Ra-226, and 94-Pu-243.

88-Ra-223 FT 92-U -241 FTDP 96-Cn-241 FT
88-Ra-226 FT 93-Np-235 FTDP 96-Cm-242 FTDP
89-Ac-227 FT 93-Np-236 FTDP 96-Cm-243 FTDP
90-Th-227 FTDP 93-Np-237 FTDP 96-Cm-244 ETDP
90-Th-228 FTDP 93-Np-238 FTDP 96-Cm-245 FTDP
90-Th-229 FTDP 93-Np-239 FT 96-Cm-246 FTDP
90-Th-230 FT 94-Pu-236 FTDP 96-Cm-247 FTDP
90-Th-232 FTDP 94-Pu-237 FT 96-Cm-248 FT
90-Th-233 FTDP 94-Pu-238 FTDP 96-Cm-249 FTDP
90-Th-234 FTDP 94-Pu-239 FTDP 96-Cm-250 FTDP
91-Pa-231 FTDP 94-Pu-240 FTDP 97-Bk-249 FTDP
91-Pa-232 FTDP 94-Pu-241 FTDP 97-Bk-250 FTDP
91-Pa-233 FTDP 94-Pu-242 FTDP 98-Cf-249 FTDP
92-U-232 FTDP 94-Pu-243 FT 98-Cf-250 FT
92-U-233 FTDP 94-Pu-244 FT 98-Cf-2561 FTDP
92-U-234 FTDP 94-Pu-246 FTDP 98-Cf-252 FT
92-U-235 FTDP 95-Am-241 FTDP 98-Cf-253 FT
92-U-236 FTDP 95-Am-242 FTDP 98-Cf-2564 FTDP
92-U-237 FTDP 95-Am-242m FTDP 99-Es-254 FTDP
92-U-238 FTDP 95-Am-243 FTDP 99-Es-255 FTDP
92-U-239 FTDP 95-Am-244 FTDP 100-Fm-255 FTDP
92-U-240 FTDP 95-Am-244m FTDP
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Appendix E: The Effects of Temperature and Doppler Broadening

For those readers who are not familiar with thea# of temperature and Doppler broadening
on neutron cross sections and transport, for detaliggest that you read references [R5] and
[R6], listed below. Here | will give a brief desgtion of these effects. Users of neutron cross
sections should be aware that there are severarieng effects of temperature and Doppler
broadening,

1) There is the well known effect in the neutrosomance region, where as the temperature
increases resonances become broader, hence the Dappéer broadening. Figure 1 below

illustrates the effect of temperature on thé38 capture cross section for neutron reactor like
temperatures, and figure 2 illustrates this effecastrophysical like temperatures. These figures
each contain four sub-figures, with each sub-figu@mparing cross sections at two
progressively higher temperatures. In both figuend 2 each sub-figure shows exactly the same
energy and cross section range. From these figueesan see that as temperature increases the
peaks of the resonances become lower, and the mib&tween resonances become higher. At
extremely high temperature the entire resonanagctsite disappears and the cross section
approaches a simple 1/v shape (where v is thearegfpeed). This temperature effect will have
a very important effect on resonance self-shieldmgny neutron transport calculation. You

should note from these figures that due to theelaggonance spacing inz%g the resonance
structure can still be seen up to very high tentpeea.

To understand the importance of considering temperave should consider reaction rates,
such as captures/second, in various systems. lcatiptthin systems (few mean free paths
dimensions) the flux will be unshielded, and owacten rates will be defined by a simple cross
section average,

E2
Unshielded Capture :j'[Zc(E)qa(E)]dE = capture cross section times neutron flux
E1l

In optically thick systems (many mean free patmatisions) the flux will be shielded (the flux
is suppressed by the total cross section) and eagtion rates must include the effect of self-
shielding on the cross section average,

E2
Shielded Capture :_f[Zc(E)qo(E)/Zt(E)]dE = including one over total cross section
El

Consider for example the U238 capture cross seti@ween 1 and 10 keV as shown in fig. 1

and 2. If we calculate the unshielded and shiekllestage capture cross section for the energy
interval over the range of temperatures shown gs.fiL and 2, we obtain the results shown

below in table 1.

What we see from these results is that the unskdeétverage capture cross section is virtually
independent of temperature, being about 1 barn theeentire temperature range. In contrast the
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shielded average cross section varying by ovectarfaf three between the 0 K average (0.293
barns) and the 10 keV average (0.939 barfibg point to learn from this is that without
including the effect of self-shielding in multi-group calculations, temperature has very little
effect on the average cr oss sections, which is quite ssmply wrong for optically thick systems.

Table 1: Effect of Temperature on Average Cross Sec tions
Temp. Unshielded Shielded
(barns) (barns)
0K 0.996 0.293
293.6 K 0.966 0.526
600 K 0.996 0.576
1,200 K 0.996 0.630
12,000K (1 eV) 0.996 0.799
10 eV 0.998 0.905
100 eV 1.000 0.933
1 keV 1.004 0.935
10 keV 1.007 0.939

2) Another, less well known, effect of Doppler hideaing is at lower energies where as
temperature increases the low energy constanescattcross section increases and at very low
energies approaches a simple 1/v shape (wherthe iseutron speed); this effect is explained in
detail in ref [R5]. Figure 3 illustrates the effeat temperature on the hydrogen total cross
section. From this figure we can see that starftiagn a “cold” (O Kelvin) cross section that is
constant at about 20 barns, as temperature inaré@seross section increases. Compared to the
“cold” 20 barn cross section, at thermal energyDio@pler broadened cross section is about 30
barns, i.e., 50 % higher. Note also from this fegtat this effect extends well above thermal
energy. For example, at 293.6 Kelvin the thermakgyis 0.0253 eV, but we can see this effect
up to about 1 eV; a factor of 400 higher in enefgym the lower half of figure 2 we can see
that at very low energy the cross section appraaehg&mple 1/v shape (where v is the neutron
speed) and the cross sections at various tempesab@&come proportional to one another. This
effect on the cross sections at low energy is weportant for thermal and low energy neutron
systems.

3) Yet another important effect of temperaturehiattat lower energies neutrons do not slow
down in energy as quickly and neutron scatter ceam @esult in the upscatter of neutrons, i.e.,
when neutrons scatter they can gain, rather them knergy. This is a well known effect at low
energies, where thermal scattering law data oe@ glas model is used to model the interaction
of neutrons with target atoms that are moving abatit thermal motion. Figure 4 illustrates the
effect of temperature on the neutron spectrum @veride range of temperatures [R7]. This
effect can also be important at higher energiesticopdarly near narrow resonances, where
thermal motion of the target atoms can cause nesitto slightly upscatter, but even slight
upscatter can cause a neutron to scatter from b&loabove the energy of a very narrow
resonance. See reference [R6], below for a rotesegned to be used in conjunction with the
SIGMAL1 method of Doppler broadening [R5], to handéitron thermal scattering. This routine
[R6] is completely compatible for use with the @asections included here, since these cross
sections were Doppler broadened using the SIGMAZXhotk [R5]. The combination of
SIGMA1 [R5] Doppler broadened cross sections andERMAL [R6] to handle thermal
scattering, is currently used in the TART MontelGaransport code [R8].
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Fig.1: Effect of Doppler Broadening on Resonance Cross Sections
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Fig.2: Effect of Doppler Broadening on Resonance Cross Sections
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Fig.3: Effect of Doppler Broadening on Low Energy Cross Sections

E:xample of the Effect of Doppler Bromdening
on Cross Sections at Low Energy
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Fig.4: Effect of Doppler Broadening on Neutron Spectrum

Flux Spectra vs. Temperature
in U/Water Sphere
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