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1. Introduction: Report contents

The source of the evaluated nuclear data is JEFF-3.1 [JEFF-3.1] being one the
most recent released evaluated nuclear data libraries. The library comprises
381 materials and some thermal scattering evaluations.

The processing code system to be used is NJOY99 [NJOY-99] and in particular
the ACER module.

It is a multi-temperature ACE-format neutron library for a wide range of up to ten
temperatures depending on the application needs: 300, 400, 500, 600, 700,
800, 900, 1000,1200 and 1800 degrees Kelvin.

The processed data also contains production and gas production data
whenever such data are contained in JEFF-3.1. Kinematic KERMA factors and
total damage energy production data are processed.

The nuclides to be processed are all those of the General Purpose Library and
Thermal Scattering Library, including important light nuclei, the structural
materials, the fission products, control rod materials and burnable poisons, all
major and minor actinides.

Some patches to the processing code NJOY are needed, and they are provided
together with the library and the documentation. The inputs used for the
processing are also included.

The library at 300K has been verified: visually (no discontinuities, correct
processing in all range) and with comparisons with other libraries available for
the same purposes (ENDF/B-VI.8, JEF2.2, JENDL3.3, ...)

A set of experiments using MCNP4c [MCNP4c] are used in order to validate the
processed library.







2.

Processing evaluated nuclear data to ACE format.

NJOY is a modular computer code used for converting evaluated nuclear data
in the ENDF format into different types of libraries useful for applications
calculations.

The JEFF-3.1 evaluated nuclear data file has been processed using the NJOY-
99.90 modular code system with some additional updates. The patch up90 was
not able to process the whole JEFF-3.1 library.

The processing sequence for generating the ACE-formatted library suitable for
use by the MCNP4c code is shown below.

MODER [ RECONR > BROADR ™ HEATR ™ GASPR ™ THERMR

-

ACER ACER

PURR » (Create || (Check

ACE file) ACE file)

Figure 2.1. NJOY processing sequence for an ACE-format neutron library

The list of NJOY modules can be described by:

MODER: Converts between ENDF/B standard coded mode and the
NJOY blocked binary mode

RECONR: Reconstructs pointwise cross sections from ENDF resonance
parameters and interpolation schemes

BROADR: Doppler-broadens and thins pointwise cross sections

HEATR: Generates pointwise heat production cross section (KERMA
factors) and radiation damage production cross sections

GASPR: Adds gas production to PENDF

THERMR: Generates neutron scattering cross sections and point-to-point
scattering kernels in the thermal range for free or bound atoms

PURR: Prepares unresolved region probability tables for the MCNP
continuous energy Monte Carlo code

ACER: Prepares libraries in ACE format for the Los Alamos continuous
energy Monte Carlo code MCNP




For each material the processing sequence can be divided into two calculations:
e First calculation, to produce point-wise data in ENDF format
e Second calculation, the module ACER generates the ACE formatted file

that can be directly used in MCNP calculations. Here, error checking and
consistency checks are also performed.

-10 -



2.1. NJOY inputs to process Cross Section in ACE format

The NJOY processing system is a modular computer code used for processing
JEFF-3.1 into ACE format. Each module performs a well-defined processing
task. These modules are linked by input and output files (tapes).

We have prepared a reference input file for each material and at a specific
temperature. An example of NJOY input is given in Figure 2.2. The complete
set of inputs is available through NEA Data Bank.

Figure 2.2. NJOY input used to generate an ACE library for Ac225 (code 8925)
at 300K.

moder / Extract/convert neutron evaluated data
1 -21

'89-Ac-225 from JEFF3.1'/

20 8925

o/

reconr / Reconstruct XS for neutrons

-21 -22

'"JEFF3.1 PENDF for 89-Ac-225'/

8925 2/

0.001 0. 0.003/ err tempr errmax
'"JEFF3.1: 89-Ac-225 from JEFF3.1'/
'Processed by NJOY-99.90 at NEA Oct2005'/

0/
broadr / Doppler broaden XS
-21 -22 -23

8925 1 0 0 0./

0.001 2.0e6 0.003/ errthn thnmax errmax
300.

0/

heatr / Add heating kerma and damage energy
-21 -23 -24/

8925 7 0 0 0 2/

302 303 304 318 402 443 444/

gaspr / Add gas production

-21 -24 -25
thermr / Add thermal scattering data
0 -25 -41
0 8925 12 1 1 0 1 221 1/
300.
0.001 4.0
purr / Process Unresolved Resonance Range if any
-21 -41 -26
8925 1 1 20 100/ matd ntemp nsigz nbin nladr
300.
1.E+10
0/

acer / Prepare ACE files
-21 -26 0 27 28

101 .31/

'89-Ac-225 from JEFF3.1(JEFF3.1) NJOY 99.90 NEA Oct2005'/
8925 300.

11/

/

acer / Check ACE files

0 27 0 29 30

711 -1/

/

stop

-11 -



2.1.1. NJOY step by step

The ACE files have been processed following the specifications given in Refs.
[ANRCP-1999-28, ADS-Lib/V1.0, ALEPH-DLG, ENDF2ACE, LA-UR-02-1235,
LA-UR-03-0954, NJOY-99, YUCCA]. We present a summary of the most
important processing options used by NJOY in a typical input file (Ac-225 at
300K).

MODER
Convert ENDF “tapes” back and forth between formatted (that is, ASCII,
EBCDIC, etc.) and blocked binary modes.

moder / Extract/convert neutron evaluated data

1 -21

'89-Ac-225 from JEFF3.1'/

20 8925

o/
e |nput unit: 20 (tape20, JEFF-3.1 cross section library)
e Materia: 8925 (Ac-225)

MODER reads the JEFF-3.1 file (tape20) which contains the material (for
Ac-225 the material number is 8925), extract it and put the ENDF file in
binary mode in tape21.

RECONR
Reconstruct pointwise (energy-dependent) cross sections from ENDF
resonance parameters and interpolation schemes.

reconr / Reconstruct XS for neutrons

-21 -22

'"JEFF3.1 PENDF for 89-Ac-225'/

8925 2/

0.001 0. 0.003/ err tempr errmax
'"JEFF3.1: 89-Ac-225 from JEFF3.1'/
'Processed by NJOY-99.90 at NEA Oct2005'/
0/

e Reconstruction tolerance: 0.1%
¢ Resonance-integral-check tolerance: 0.3%
e Reconstruction temperature: 0.0K

RECONR read tape21, extract material 8925 and reconstruct cross
section at OK with a reconstruction tolerance of 0.1%. The resulting
pointwise cross section is written in tape22.

-12 -



BROADR
Doppler-broadens and thins pointwise cross sections.

0/

broadr / Doppler broaden XS

-21 -22 -23

8925 1 0 0 0./

0.001 2.0e6 0.003/ errthn thnmax errmax
300.

Thinning tolerance: 0.1%

Integral criterion tolerance: 0.3%

Maximum energy: Doppler broadening was forced up to the upper energy limit
of the resolve resonance range, but never above 2 MeV

Temperature: 300 K

BROADR reads tape2l-tape22 and Doppler-broadens at 300K for
material 8925.The tolerance used is 0.1%. The results are written in
tape23.

HEATR
Generates pointwise heat production cross sections (KERMA factors) and
radiation-damage-production cross sections.

heatr / Add heating kerma and damage energy
-21 -23 -24/

8925 7 0 0 0 2/

302 303 304 318 402 443 444/

e MT=302: Elastic

e MT=303: Non-elastic

e MT=304: Inelastic

e MT=318: Fission

o MT=402: Capture

o MT=443: Total kinematic kerma

o MT=444: Total damage energy production
HEATR computes energy-balance heating and damage energy for
material 8925 at 300K. Input files are tape2l-tape23. The output file is
tape24.

GASPR

Adds gas production (mt203-207) to PENDF.

gaspr / Add gas production
-21 -24 -25

GASPR add gas production reactions to PENDF tape24. Output file is
tape25

-13 -




THERMR
Produces cross sections and energy-to-energy matrices for free or bound

scatterers in the thermal energy range.

300.

thermr / Add thermal scattering data
0 -25 -41
0 8925 12 1 1 0 1 221 1/ MATDE MATDP NBIN NTEMP IINC ICOH NATOM MTREF IPRINT

0.001 4.0
e Number of angles bins: 12
e Tolerance: 0.1%
e Max. energy: 4eV
e Scattering option: 221 (free gas)
e Temperature: 300 K

PURR

THERMR generates neutron scattering cross sections and point-to-point
scattering kernels in the thermal range. The input file is only tape25, the
output file is tape4l. The generation of neutron scattering cross sections
concerns for material 8925 with 12 equi-probable angles at 300K. Free
gas option is chosen and no elastic cross sections in the thermal range.
A tolerance of 0.1% and the maximum energy for thermal treatment is 4
ev.

Prepares unresolved-region probability tables for the MCNP continuous-energy
Monte Carlo code.

o/

purr / Process Unresolved Resonance Range if any
-21 -41 -26

8925 1 1 20 100/ matd ntemp nsigz nbin nladr
300.

1.E+10

Number of probability bins: 20
Number of resonance ladders: 100
Temperature: 300K
Bondarenko og value: 1.0E+10

PURR calculates probability tables for treating unresolved-resonance
self-shielding for Monte Carlo codes. Inputs tape2l-tape4l, output in
tape 26. Calculation performed for material 8925 at 300K with one oo
value (1.0E+10, infinite dilute cross section). A total number of 20
probability bins and 100 resonance ladders were selected.

-14 -




ACER (cross section libraries)
Prepares libraries in ACE format for the Los Alamos continuous-energy Monte
Carlo code MCNP.

/

acer / Prepare ACE files
-21 -26 0 27 28

101
'89-Ac-225 from JEFF3.1(JEFF3.1) NJOY 99.90 NEA Oct2005'/
8925 300.

11/

.31/

acer / Check ACE files
0 27 0 29 30

711 -1/
/
e Typeof ACEfile 1 (ascii)
e ZAID suffix: 31
e No thinning
e Temperature: 300 K

ACER prepares a data library for MCNP (in ASCII). Input files: tape21-
26, output files: tape27 (ACE file) and tape28 (XSDIR file). The material
processed is 8925 at 300K. The id suffix for this material is .31.

Second ACER module checks previous ACE file and prepares new
tape29(ACE file) and tape30(XSDIR file).

-15 -




2.1.2. JEFF-3.1 ACE library.

The library contains pointwise cross section data files for use in the Monte Carlo

code MCNP.

For each material two files were given:

- Cross section data file in the ACE type 1 (ASCII) format:
- Information required by xsdir file of MCNP code system:

These files were rewritten by the UpdXSDIR code [UpdXSDIR] to give
the correct ACE filename and to update the route to 0.

Both files were prepared by the ACER module of NJOY-99. Also, probability
tables (ptable) have been generated for those materials with unresolved

resonance data.

Table 2.1. Information on the JEFF-3.1 ACE library at 300K.

file.ace
file.dir

No. Nuclide ZAID PT Tables | ACE filename | XSDIR filename
1 1-H- 1 1001.31c - H1.ACE H1.DIR
2 1-H- 2 1002.31c - H2.ACE H2.DIR
3 1-H- 3 1003.31c - H3.ACE H3.DIR
4 2-He- 3 2003.31c - He3.ACE He3.DIR
5 2-He- 4 2004.31c - He4.ACE He4.DIR
6 3-Li- 6 3006.31c - Li6.ACE Li6.DIR
7 3-Li- 7 3007.31c - Li7.ACE Li7.DIR
8 4-Be- 9 4009.31c - Be9.ACE Be9.DIR
9 5-B-10 5010.31c - B10.ACE B10.DIR

10 5-B-11 5011.31c - B11.ACE B11.DIR
11 6-C- 0 6000.31c - CO0.ACE CO0.DIR
12 7-N - 14 7014.31c - N14.ACE N14.DIR
13 7-N - 15 7015.31c - N15.ACE N15.DIR
14 8-O-16 8016.31c - 016.ACE 016.DIR
15 8-0 - 17 8017.31c - 017.ACE 017.DIR
16 9-F-19 9019.31c - F19.ACE F19.DIR
17| 11-Na- 22 11022.31c ptable Na22.ACE Na22.DIR
18| 11-Na- 23 11023.31c - Na23.ACE Na23.DIR
19| 12-Mg- 24 12024.31¢c - Mg24.ACE Mg24.DIR
20| 12-Mg- 25 12025.31¢c - Mg25.ACE Mg25.DIR
21| 12-Mg- 26 12026.31¢c - Mg26.ACE Mg26.DIR
22| 13-Al-27 13027.31¢c - Al27 ACE Al27.DIR
23| 14-Si- 28 14028.31¢c - Si28.ACE Si28.DIR
24| 14-Si- 29 14029.31c - Si29.ACE Si29.DIR
25| 14-Si- 30 14030.31¢c - Si30.ACE Si30.DIR
26| 15-P- 31 15031.31c - P31.ACE P31.DIR
27| 16-S-32 16032.31c - S32.ACE S32.DIR
28| 16-S-33 16033.31c - S33.ACE S33.DIR
29| 16-S-34 16034.31c - S34.ACE S34.DIR
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30| 16-S-36 16036.31c - S36.ACE S36.DIR
31 17-Cl- 35 17035.31¢c - CI35.ACE CI35.DIR
32| 17-Cl- 37 17037.31c - CI37.ACE CI37.DIR
33| 18-Ar-36 18036.31c ptable Ar36.ACE Ar36.DIR
34| 18-Ar- 38 18038.31c ptable Ar38.ACE Ar38.DIR
35| 18-Ar-40 18040.31¢c - Ar40.ACE Ar40.DIR
36| 19-K-39 19039.31c - K39.ACE K39.DIR
37| 19-K-40 19040.31c - K40.ACE K40.DIR
38| 19-K-41 19041.31c - K41.ACE K41.DIR
39| 20-Ca-40 20040.31c - Ca40.ACE Ca40.DIR
40| 20-Ca-42 20042.31c - Ca42.ACE Ca42.DIR
41| 20-Ca-43 20043.31c - Ca43.ACE Ca43.DIR
42| 20-Ca-44 20044.31c - Ca44.ACE Ca44.DIR
43| 20-Ca-46 20046.31c - Ca46.ACE Ca46.DIR
44| 20-Ca-48 20048.31c - Ca48.ACE Ca48.DIR
45| 21-Sc-45 21045.31c - Sc45.ACE Sc45.DIR
46| 22-Ti-46 22046.31c - Ti46.ACE Ti46.DIR
47| 22-Ti- 47 22047.31c - Ti47.ACE Ti47.DIR
48| 22-Ti-48 22048.31c - Ti48.ACE Ti48.DIR
49| 22-Ti-49 22049.31c - Ti49.ACE Ti49.DIR
50| 22-Ti-50 22050.31c - Ti50.ACE Ti50.DIR
51 23-V-0 23000.31c - VO0.ACE VO0.DIR
52| 24-Cr-50 24050.31c - Cr50.ACE Cr50.DIR
53| 24-Cr-52 24052.31c - Cr52.ACE Cr52.DIR
54| 24-Cr-53 24053.31c - Cr53.ACE Cr53.DIR
55| 24-Cr-54 24054.31c - Cr54.ACE Cr54.DIR
56| 25-Mn-55 25055.31c - Mn55.ACE Mn55.DIR
57| 26-Fe-54 26054.31c - Fe54.ACE Fe54.DIR
58| 26-Fe-56 26056.31c - Fe56.ACE Fe56.DIR
59| 26-Fe-57 26057.31c - Fe57.ACE Fe57.DIR
60| 26-Fe-58 26058.31c ptable Fe58.ACE Fe58.DIR
61| 27-Co-58 27108.31c - Co58M.ACE Co58M.DIR
62| 27-Co-58 27058.31c - Co58.ACE Co58.DIR
63| 27-Co-59 27059.31c - Co59.ACE Co59.DIR
64| 28-Ni- 58 28058.31c - Ni58.ACE Ni58.DIR
65| 28-Ni- 59 28059.31c - Ni59.ACE Ni59.DIR
66| 28-Ni-60 28060.31c - Ni60.ACE Ni60.DIR
67| 28-Ni- 61 28061.31c - Ni61.ACE Ni61.DIR
68| 28-Ni-62 28062.31c - Ni62.ACE Ni62.DIR
69| 28-Ni- 64 28064.31c - Ni64.ACE Ni64.DIR
70| 29-Cu- 63 29063.31c - Cu63.ACE Cu63.DIR
71| 29-Cu- 65 29065.31c - Cu65.ACE Cu65.DIR
72| 30-Zn- 0 30000.31c - Zn0.ACE Zn0.DIR
73] 31-Ga- 0 31000.31c - Ga0.ACE Ga0.DIR
74| 32-Ge-70 32070.31c - Ge70.ACE Ge70.DIR
75| 32-Ge-72 32072.31c - Ge72.ACE Ge72.DIR
76| 32-Ge-73 32073.31c - Ge73.ACE Ge73.DIR
77| 32-Ge-74 32074.31c - Ge74.ACE Ge74.DIR
78| 32-Ge-76 32076.31c - Ge76.ACE Ge76.DIR
79| 33-As-75 33075.31c - As75.ACE As75.DIR
80| 34-Se-74 34074.31c - Se74.ACE Se74.DIR
81| 34-Se-76 34076.31c - Se76.ACE Se76.DIR
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82| 34-Se-77 34077.31c - Se77.ACE Se77.DIR
83| 34-Se-78 34078.31c - Se78.ACE Se78.DIR
84| 34-Se-79 34079.31c| ptable Se79.ACE Se79.DIR
85| 34-Se-80 34080.31c - Se80.ACE Se80.DIR
86| 34-Se-82 34082.31c - Se82.ACE Se82.DIR
87| 35-Br-79 35079.31c - Br79.ACE Br79.DIR
88| 35-Br-81 35081.31c - Br81.ACE Br81.DIR
89| 36-Kr-78 36078.31c - Kr78.ACE Kr78.DIR
90| 36-Kr-80 36080.31c - Kr80.ACE Kr80.DIR
91| 36-Kr-82 36082.31c - Kr82.ACE Kr82.DIR
92| 36-Kr-83 36083.31c - Kr83.ACE Kr83.DIR
93| 36-Kr- 84 36084.31c - Kr84.ACE Kr84.DIR
94| 36-Kr-85 36085.31c - Kr85.ACE Kr85.DIR
95| 36-Kr- 86 36086.31c - Kr86.ACE Kr86.DIR
96| 37-Rb-85 37085.31c - Rb85.ACE Rb85.DIR
97| 37-Rb- 86 37086.31c - Rb86.ACE Rb86.DIR
98| 37-Rb-87 37087.31c - Rb87.ACE Rb87.DIR
99| 38-Sr-84 38084.31c - Sr84.ACE Sr84.DIR
100| 38-Sr- 86 38086.31c - Sr86.ACE Sr86.DIR
101| 38-Sr-87 38087.31c - Sr87.ACE Sr87.DIR
102 | 38-Sr-88 38088.31c - Sr88.ACE Sr88.DIR
103 | 38-Sr- 89 38089.31c - Sr89.ACE Sr89.DIR
104 | 38-Sr-90 38090.31c - Sr90.ACE Sr90.DIR
105| 39-Y -89 39089.31c - Y89.ACE Y89.DIR
106 | 39-Y -90 39090.31c - Y90.ACE Y90.DIR
107 | 39-Y - 91 39091.31c - Y91.ACE Y91.DIR
108 | 40-Zr- 90 40090.31c - Zr90.ACE Zr90.DIR
109 | 40-Zr- 91 40091.31c| ptable Zr91.ACE Zr91.DIR
110| 40-Zr- 92 40092.31c| ptable Zr92.ACE Zr92.DIR
111| 40-Zr- 93 40093.31c| ptable Zr93.ACE Zr93.DIR
112 | 40-Zr- 94 40094.31c| ptable Zr94.ACE Zr94.DIR
113 | 40-Zr- 95 40095.31c| ptable Zr95.ACE Zr95.DIR
114 | 40-Zr- 96 40096.31c - Zr96.ACE Zr96.DIR
115| 41-Nb-93 41093.31c - Nb93.ACE Nb93.DIR
116| 41-Nb-94 41094.31c ptable Nb94.ACE Nb94.DIR
117| 41-Nb-95 41095.31c ptable Nb95.ACE Nb95.DIR
118 | 42-Mo- 92 42092.31c ptable Mo092.ACE Mo92.DIR
119| 42-Mo- 94 42094.31c ptable Mo94.ACE Mo94.DIR
120| 42-Mo- 95 42095.31c ptable Mo95.ACE Mo95.DIR
121| 42-Mo- 96 42096.31c ptable Mo96.ACE Mo96.DIR
122| 42-Mo- 97 42097.31c ptable Mo97.ACE Mo97.DIR
123 | 42-Mo- 98 42098.31c ptable Mo98.ACE Mo98.DIR
124 | 42-Mo- 99 42099.31c ptable Mo099.ACE Mo099.DIR
125| 42-Mo-100 42100.31c| ptable Mo100.ACE Mo100.DIR
126| 43-Tc-99 43099.31c| ptable Tc99.ACE Tc99.DIR
127 | 44-Ru- 96 44096.31c - Ru96.ACE Ru96.DIR
128 | 44-Ru- 98 44098.31c - Ru98.ACE Ru98.DIR
129 | 44-Ru-99 44099.31c - Ru99.ACE Ru99.DIR
130 | 44-Ru-100 44100.31c - Ru100.ACE Ru100.DIR
131| 44-Ru-101 44101.31c ptable Ru101.ACE Ru101.DIR
132| 44-Ru-102 44102.31c - Ru102.ACE Ru102.DIR
133| 44-Ru-103 44103.31c ptable Ru103.ACE Ru103.DIR
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134 | 44-Ru-104 44104.31c - Ru104.ACE Ru104.DIR
135| 44-Ru-105 44105.31c - Ru105.ACE Ru105.DIR
136 | 44-Ru-106 44106.31c - Ru106.ACE Ru106.DIR
137 | 45-Rh-103 45103.31c - Rh103.ACE Rh103.DIR
138 | 45-Rh-105 45105.31c - Rh105.ACE Rh105.DIR
139| 46-Pd-102 46102.31c - Pd102.ACE Pd102.DIR
140| 46-Pd-104 46104.31c ptable Pd104.ACE Pd104.DIR
141| 46-Pd-105 46105.31c ptable Pd105.ACE Pd105.DIR
142 | 46-Pd-106 46106.31c ptable Pd106.ACE Pd106.DIR
143 | 46-Pd-107 46107.31c ptable Pd107.ACE Pd107.DIR
144 | 46-Pd-108 46108.31c ptable Pd108.ACE Pd108.DIR
145| 46-Pd-110 46110.31c ptable Pd110.ACE Pd110.DIR
146 | 47-Ag-107 47107.31c - Ag107.ACE Ag107.DIR
147 | 47-Ag-109 47109.31c ptable Ag109.ACE Ag109.DIR
148 | 47-Ag-110 47160.31c| ptable Ag110M.ACE Ag110M.DIR
149 | 47-Ag-111 47111.31c - Ag111.ACE Ag111.DIR
150 | 48-Cd-106 48106.31c ptable Cd106.ACE Cd106.DIR
151| 48-Cd-108 48108.31c ptable Cd108.ACE Cd108.DIR
152 | 48-Cd-110 48110.31c ptable Cd110.ACE Cd110.DIR
153 | 48-Cd-111 48111.31c - Cd111.ACE Cd111.DIR
154 | 48-Cd-112 48112.31c| ptable Cd112.ACE Cd112.DIR
155| 48-Cd-113 48113.31c - Cd113.ACE Cd113.DIR
156 | 48-Cd-114 48114.31c| ptable Cd114.ACE Cd114.DIR
157 | 48-Cd-115 48165.31c - Cd115M.ACE Cd115M.DIR
158 | 48-Cd-116 48116.31c| ptable Cd116.ACE Cd116.DIR
159 | 49-In-113 49113.31c ptable In113.ACE In113.DIR
160 | 49-In-115 49115.31c ptable In115.ACE In115.DIR
161| 50-Sn-112 50112.31c ptable Sn112.ACE Sn112.DIR
162 | 50-Sn-114 50114.31c ptable Sn114.ACE Sn114.DIR
163 | 50-Sn-115 50115.31c ptable Sn115.ACE Sn115.DIR
164 | 50-Sn-116 50116.31c ptable Sn116.ACE Sn116.DIR
165| 50-Sn-117 50117.31c ptable Sn117.ACE Sn117.DIR
166 | 50-Sn-118 50118.31c ptable Sn118.ACE Sn118.DIR
167 | 50-Sn-119 50119.31c ptable Sn119.ACE Sn119.DIR
168 | 50-Sn-120 50120.31c ptable Sn120.ACE Sn120.DIR
169 | 50-Sn-122 50122.31c ptable Sn122.ACE Sn122.DIR
170| 50-Sn-123 50123.31c - Sn123.ACE Sn123.DIR
171| 50-Sn-124 50124.31c| ptable Sn124.ACE Sn124.DIR
172| 50-Sn-125 50125.31c - Sn125.ACE Sn125.DIR
173 | 50-Sn-126 50126.31c - Sn126.ACE Sn126.DIR
174| 51-Sb-121 51121.31c| ptable Sb121.ACE Sb121.DIR
175| 51-Sb-123 51123.31c| ptable Sb123.ACE Sb123.DIR
176 | 51-Sb-124 51124.31c - Sb124.ACE Sb124.DIR
177| 51-Sb-125 51125.31c - Sb125.ACE Sb125.DIR
178 | 51-Sb-126 51126.31c - Sb126.ACE Sb126.DIR
179 | 52-Te-120 52120.31c - Te120.ACE Te120.DIR
180 | 52-Te-122 52122.31c - Te122.ACE Te122.DIR
181| 52-Te-123 52123.31c - Te123.ACE Te123.DIR
182 | 52-Te-124 52124.31c - Te124.ACE Te124.DIR
183 | 52-Te-125 52125.31c - Te125.ACE Te125.DIR
184 | 52-Te-126 52126.31c - Te126.ACE Te126.DIR
185| 52-Te-127 52177.31c - Te127M.ACE Te127M.DIR
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186 | 52-Te-128 52128.31c - Te128.ACE Te128.DIR
187 | 52-Te-129 52179.31c - Te129M.ACE Te129M.DIR
188 | 52-Te-130 52130.31c - Te130.ACE Te130.DIR
189 | 52-Te-132 52132.31c - Te132.ACE Te132.DIR
190| 53-1-127 53127.31c - 1127.ACE 1127.DIR
191| 53-1-129 53129.31c - 1129.ACE 1129.DIR
192 | 53-1-130 53130.31c - 1130.ACE 1130.DIR
193 | 583-1-131 53131.31c - 1131.ACE 1131.DIR
194 | 53-1-135 53135.31c - 1135.ACE 1135.DIR
195| 54-Xe-124 54124.31c - Xe124.ACE Xe124.DIR
196 | 54-Xe-126 54126.31c - Xe126.ACE Xe126.DIR
197 | 54-Xe-128 54128.31c - Xe128.ACE Xe128.DIR
198 | 54-Xe-129 54129.31c - Xe129.ACE Xe129.DIR
199 | 54-Xe-130 54130.31c - Xe130.ACE Xe130.DIR
200| 54-Xe-131 54131.31c - Xe131.ACE Xe131.DIR
201| 54-Xe-132 54132.31c - Xe132.ACE Xe132.DIR
202| 54-Xe-133 54133.31c - Xe133.ACE Xe133.DIR
203 | 54-Xe-134 54134.31c - Xe134.ACE Xe134.DIR
204 | 54-Xe-135 54135.31c - Xe135.ACE Xe135.DIR
205| 54-Xe-136 54136.31c - Xe136.ACE Xe136.DIR
206 | 55-Cs-133 55133.31¢c ptable Cs133.ACE Cs133.DIR
207 | 55-Cs-134 55134.31c - Cs134.ACE Cs134.DIR
208 | 55-Cs-135 55135.31¢c ptable Cs135.ACE Cs135.DIR
209 | 55-Cs-136 55136.31c - Cs136.ACE Cs136.DIR
210| 55-Cs-137 55137.31¢c ptable Cs137.ACE Cs137.DIR
211| 56-Ba-130 56130.31c ptable Ba130.ACE Ba130.DIR
212| 56-Ba-132 56132.31c ptable Ba132.ACE Ba132.DIR
213| 56-Ba-134 56134.31c ptable Ba134.ACE Ba134.DIR
214| 56-Ba-135 56135.31c ptable Ba135.ACE Ba135.DIR
215| 56-Ba-136 56136.31c ptable Ba136.ACE Ba136.DIR
216| 56-Ba-137 56137.31c ptable Ba137.ACE Ba137.DIR
217| 56-Ba-138 56138.31c - Ba138.ACE Ba138.DIR
218 | 56-Ba-140 56140.31c ptable Ba140.ACE Ba140.DIR
219| 57-La-138 57138.31c ptable La138.ACE La138.DIR
220| 57-La-139 57139.31c ptable La139.ACE La139.DIR
221| 57-La-140 57140.31c - La140.ACE La140.DIR
222 | 58-Ce-140 58140.31c - Ce140.ACE Ce140.DIR
223 | 58-Ce-141 58141.31c ptable Ce141.ACE Ce141.DIR
224 | 58-Ce-142 58142.31c ptable Ce142.ACE Ce142.DIR
225| 58-Ce-143 58143.31c - Ce143.ACE Ce143.DIR
226 | 58-Ce-144 58144.31c ptable Ce144.ACE Ce144.DIR
227 | 59-Pr-141 59141.31c ptable Pr141.ACE Pr141.DIR
228 | 59-Pr-142 59142.31c - Pr142.ACE Pr142.DIR
229| 59-Pr-143 59143.31c - Pr143.ACE Pr143.DIR
230| 60-Nd-142 60142.31c - Nd142.ACE Nd142.DIR
231| 60-Nd-143 60143.31c ptable Nd143.ACE Nd143.DIR
232| 60-Nd-144 60144.31c ptable Nd144.ACE Nd144.DIR
233 | 60-Nd-145 60145.31c ptable Nd145.ACE Nd145.DIR
234 | 60-Nd-146 60146.31c ptable Nd146.ACE Nd146.DIR
235| 60-Nd-147 60147.31c - Nd147.ACE Nd147.DIR
236 | 60-Nd-148 60148.31c ptable Nd148.ACE Nd148.DIR
237| 60-Nd-150 60150.31c - Nd150.ACE Nd150.DIR
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238 | 61-Pm-147 61147.31c ptable Pm147.ACE Pm147.DIR
239| 61-Pm-148 61198.31c - Pm148M.ACE Pm148M.DIR
240| 61-Pm-148 61148.31c - Pm148.ACE Pm148.DIR
241| 61-Pm-149 61149.31c - Pm149.ACE Pm149.DIR
242 | 61-Pm-151 61151.31c - Pm151.ACE Pm151.DIR
243 | 62-Sm-144 62144.31c - Sm144.ACE Sm144.DIR
244 | 62-Sm-147 62147.31c ptable Sm147.ACE Sm147.DIR
245| 62-Sm-148 62148.31c - Sm148.ACE Sm148.DIR
246 | 62-Sm-149 62149.31c ptable Sm149.ACE Sm149.DIR
247 | 62-Sm-150 62150.31c - Sm150.ACE Sm150.DIR
248 | 62-Sm-151 62151.31c ptable Sm151.ACE Sm151.DIR
249| 62-Sm-152 62152.31c ptable Sm152.ACE Sm152.DIR
250| 62-Sm-153 62153.31c - Sm153.ACE Sm153.DIR
251| 62-Sm-154 62154.31c - Sm154.ACE Sm154.DIR
252| 63-Eu-151 63151.31c ptable Eu151.ACE Eu151.DIR
253 | 63-Eu-152 63152.31c ptable Eu152.ACE Eu152.DIR
254| 63-Eu-153 63153.31c ptable Eu153.ACE Eu153.DIR
255| 63-Eu-154 63154.31c ptable Eu154.ACE Eu154.DIR
256 | 63-Eu-155 63155.31c ptable Eu155.ACE Eu155.DIR
257 | 63-Eu-156 63156.31c - Eu156.ACE Eu156.DIR
258 | 63-Eu-157 63157.31c - Eu157.ACE Eu157.DIR
259 | 64-Gd-152 64152.31c ptable Gd152.ACE Gd152.DIR
260 | 64-Gd-154 64154.31c - Gd154.ACE Gd154.DIR
261| 64-Gd-155 64155.31c ptable Gd155.ACE Gd155.DIR
262 | 64-Gd-156 64156.31c ptable Gd156.ACE Gd156.DIR
263 | 64-Gd-157 64157.31c - Gd157.ACE Gd157.DIR
264 | 64-Gd-158 64158.31c - Gd158.ACE Gd158.DIR
265| 64-Gd-160 64160.31c - Gd160.ACE Gd160.DIR
266 | 65-Tb-159 65159.31c ptable Tb159.ACE Tb159.DIR
267 | 65-Tb-160 65160.31c - Tb160.ACE Tb160.DIR
268 | 66-Dy-160 66160.31c - Dy160.ACE Dy160.DIR
269 | 66-Dy-161 66161.31c ptable Dy161.ACE Dy161.DIR
270| 66-Dy-162 66162.31c ptable Dy162.ACE Dy162.DIR
271| 66-Dy-163 66163.31c - Dy163.ACE Dy163.DIR
272| 66-Dy-164 66164.31c ptable Dy164.ACE Dy164.DIR
273 | 67-Ho-165 67165.31c - Ho165.ACE Ho165.DIR
274 | 68-Er-162 68162.31c - Er162.ACE Er162.DIR
275| 68-Er-164 68164.31c - Er164.ACE Er164.DIR
276| 68-Er-166 68166.31c - Er166.ACE Er166.DIR
277 | 68-Er-167 68167.31c ptable Er167.ACE Er167.DIR
278 | 68-Er-168 68168.31c - Er168.ACE Er168.DIR
279| 68-Er-170 68170.31c - Er170.ACE Er170.DIR
280 | 71-Lu-175 71175.31c ptable Lu175.ACE Lu175.DIR
281| 71-Lu-176 71176.31c ptable Lu176.ACE Lu176.DIR
282 | 72-Hf-174 72174.31c ptable Hf174.ACE Hf174.DIR
283 | 72-Hf-176 72176.31c ptable Hf176.ACE Hf176.DIR
284 | 72-Hf-177 72177.31c ptable Hf177.ACE Hf177.DIR
285| 72-Hf-178 72178.31c ptable Hf178.ACE Hf178.DIR
286 | 72-Hf-179 72179.31c ptable Hf179.ACE Hf179.DIR
287 | 72-Hf-180 72180.31c ptable Hf180.ACE Hf180.DIR
288 | 73-Ta-181 73181.31c ptable Ta181.ACE Ta181.DIR
289| 73-Ta-182 73182.31c ptable Ta182.ACE Ta182.DIR
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290 | 74-W -182 74182.31c - W182.ACE W182.DIR
291| 74-W -183 74183.31c - W183.ACE W183.DIR
292 | 74-W -184 74184.31c - W184.ACE W184.DIR
293 | 74-W -186 74186.31c - W186.ACE W186.DIR
294 | 75-Re-185 75185.31c| ptable Re185.ACE Re185.DIR
295| 75-Re-187 75187.31c| ptable Re187.ACE Re187.DIR
296| 76-Os- 0 76000.31c - Os0.ACE Os0.DIR
297 77-Ir-191 77191.31c ptable IrM91.ACE IrM91.DIR
298| 77-Ir-193 77193.31c ptable Ir193.ACE Ir193.DIR
299| 78-Pt- 0 78000.31c - Pt0.ACE Pt0.DIR
300| 79-Au-197 79197.31c - Au197.ACE Au197.DIR
301| 80-Hg-196 80196.31c - Hg196.ACE Hg196.DIR
302| 80-Hg-198 80198.31c - Hg198.ACE Hg198.DIR
303 | 80-Hg-199 80199.31c - Hg199.ACE Hg199.DIR
304 | 80-Hg-200 80200.31c - Hg200.ACE Hg200.DIR
305| 80-Hg-201 80201.31c - Hg201.ACE Hg201.DIR
306 | 80-Hg-202 80202.31c - Hg202.ACE Hg202.DIR
307 | 80-Hg-204 80204.31c - Hg204.ACE Hg204.DIR
308| 81-TI- 0 81000.31c - TIO.ACE TI0.DIR
309 | 82-Pb-204 82204.31c - Pb204.ACE Pb204.DIR
310| 82-Pb-206 82206.31c - Pb206.ACE Pb206.DIR
311| 82-Pb-207 82207.31c - Pb207.ACE Pb207.DIR
312| 82-Pb-208 82208.31c - Pb208.ACE Pb208.DIR
313| 83-Bi-209 83209.31c - Bi209.ACE Bi209.DIR
314 | 88-Ra-223 88223.31c - Ra223.ACE Ra223.DIR
315| 88-Ra-224 88224.31c - Ra224.ACE Ra224.DIR
316| 88-Ra-225 88225.31c - Ra225.ACE Ra225.DIR
317| 88-Ra-226 88226.31c - Ra226.ACE Ra226.DIR
318 | 89-Ac-225 89225.31c - Ac225.ACE Ac225.DIR
319| 89-Ac-226 89226.31c - Ac226.ACE Ac226.DIR
320| 89-Ac-227 89227.31c - Ac227.ACE Ac227.DIR
321| 90-Th-227 90227.31c - Th227.ACE Th227.DIR
322 | 90-Th-228 90228.31c - Th228.ACE Th228.DIR
323 | 90-Th-229 90229.31c - Th229.ACE Th229.DIR
324 | 90-Th-230 90230.31c - Th230.ACE Th230.DIR
325| 90-Th-232 90232.31c| ptable Th232.ACE Th232.DIR
326| 90-Th-233 90233.31c - Th233.ACE Th233.DIR
327 | 90-Th-234 90234.31c - Th234.ACE Th234.DIR
328 | 91-Pa-231 91231.31c| ptable Pa231.ACE Pa231.DIR
329| 91-Pa-232 91232.31c - Pa232.ACE Pa232.DIR
330| 91-Pa-233 91233.31c| ptable Pa233.ACE Pa233.DIR
331| 92-U -232 92232.31c| ptable U232.ACE U232.DIR
332| 92-U -233 92233.31c| ptable U233.ACE U233.DIR
333| 92-U -234 92234.31c| ptable U234.ACE U234.DIR
334 | 92-U-235 92235.31c| ptable U235.ACE U235.DIR
335| 92-U -236 92236.31c - U236.ACE U236.DIR
336| 92-U-237 92237.31c ptable U237.ACE U237.DIR
337| 92-U -238 92238.31c ptable U238.ACE U238.DIR
338 | 93-Np-235 93235.31c - Np235.ACE Np235.DIR
339 | 93-Np-236 93236.31c - Np236.ACE Np236.DIR
340| 93-Np-237 93237.31c ptable Np237.ACE Np237.DIR
341| 93-Np-238 93238.31c ptable Np238.ACE Np238.DIR
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342| 93-Np-239 93239.31c - Np239.ACE Np239.DIR
343 | 94-Pu-236 94236.31c| ptable Pu236.ACE Pu236.DIR
344 | 94-Pu-237 94237.31c - Pu237.ACE Pu237.DIR
345| 94-Pu-238 94238.31c| ptable Pu238.ACE Pu238.DIR
346 | 94-Pu-239 94239.31c| ptable Pu239.ACE Pu239.DIR
347 | 94-Pu-240 94240.31c| ptable Pu240.ACE Pu240.DIR
348 | 94-Pu-241 94241.31c| ptable Pu241.ACE Pu241.DIR
349 | 94-Pu-242 94242.31¢c ptable Pu242.ACE Pu242.DIR
350 | 94-Pu-243 94243.31¢c ptable Pu243.ACE Pu243.DIR
351| 94-Pu-244 94244 .31c ptable Pu244.ACE Pu244.DIR
352 | 94-Pu-246 94246.31c - Pu246.ACE Pu246.DIR
353 | 95-Am-241 95241.31c ptable Am241.ACE Am241.DIR
354 | 95-Am-242 95242.31c ptable Am242G.ACE Am242G.DIR
355| 95-Am-242 95292.31¢c ptable Am242M.ACE Am242M.DIR
356 | 95-Am-243 95243.31c ptable Am243.ACE Am243.DIR
357 | 95-Am-244 95294.31c - Am244M.ACE Am244M.DIR
358 | 95-Am-244 95244.31c - Am244.ACE Am244.DIR
359 | 96-Cm-240 96240.31c| ptable Cm240.ACE Cm240.DIR
360 | 96-Cm-241 96241.31c - Cm241.ACE Cm241.DIR
361| 96-Cm-242 96242.31c| ptable Cm242.ACE Cm242.DIR
362| 96-Cm-243 96243.31c| ptable Cm243.ACE Cm243.DIR
363 | 96-Cm-244 96244.31c| ptable Cm244.ACE Cm244.DIR
364 | 96-Cm-245 96245.31c| ptable Cm245.ACE Cm245.DIR
365| 96-Cm-246 96246.31c| ptable Cm246.ACE Cm246.DIR
366 | 96-Cm-247 96247.31c| ptable Cm247.ACE Cm247.DIR
367 | 96-Cm-248 96248.31c| ptable Cm248.ACE Cm248.DIR
368 | 96-Cm-249 96249.31c| ptable Cm249.ACE Cm249.DIR
369 | 96-Cm-250 96250.31c| ptable Cm250.ACE Cm250.DIR
370| 97-Bk-247 97247.31c - Bk247.ACE Bk247.DIR
371| 97-Bk-249 97249.31c ptable Bk249.ACE Bk249.DIR
372| 97-Bk-250 97250.31c ptable Bk250.ACE Bk250.DIR
373 | 98-Cf-249 98249.31c ptable Cf249.ACE Cf249.DIR
374 | 98-Cf-250 98250.31c ptable Cf250.ACE Cf250.DIR
375| 98-Cf-251 98251.31c ptable Cf251.ACE Cf251.DIR
376| 98-Cf-252 98252.31c ptable Cf252.ACE Cf252.DIR
377 | 98-Cf-254 98254.31¢c - Cf254.ACE Cf254.DIR
378 | 99-Es-253 99253.31c ptable Es253.ACE Es253.DIR
379 | 99-Es-254 99254.31c - Es254.ACE Es254.DIR
380 | 99-Es-255 99255.31c - Es255.ACE Es255.DIR
381 | 100-Fm-255 | 100255.31c - Fm255.ACE Fm255.DIR
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These libraries were processed at different temperatures: 300, 400, 500, 600,
700, 800, 900, 1000, 1200 and 1800 degrees Kelvin.

Table 2.2. Multi-temperature ACE library

# | Temperature | ZAID suffix
(K)
1 300 31c
2 400 .32c
3 500 .33c
4 600 .34c
5 700 .35¢c
6 800 .36¢
7 900 37c
8 1000 .38c
9 1200 .39¢c
10 1800 40c

JEFF-3.1 contains some isotopes in ground and isomeric states. These
isotopes are processed using the same procedure to obtain .ace and .dir files.
However, the ZAID suffix of isomeric states has been changed (+50 to the

ground state).

Table 2.3. Isotopes in isomeric state (library at 300K).

No. Nuclide ZAID PT Tables | ACE filename | XSDIR filename
1 27-Co — 58M 27108.31c - Co58M.ACE Co58M.DIR
2 47-Ag-110M 47160.31c ptable Ag110M.ACE Ag110M.DIR
3 | 48-Cd-115M 48165.31c - Cd115M.ACE Cd115M.DIR
4 52-Te-127M 52177.31c - Te127M.ACE Te127M.DIR
5 52-Te-129M 52179.31c - Te129M.ACE Te129M.DIR
6 | 61-Pm-148M 61198.31¢c - Pm148M.ACE Pm148M.DIR
7 | 95-Am-242M 95292.31c ptable Am242M.ACE Am242M.DIR
8 | 95-Am-244M 95294.31¢c - Am244M.ACE Am244M.DIR
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2.2. NJOY inputs to process ACE Thermal Scattering Libraries

Several Scattering Thermal Libraries (STL) have been processed using special
NJOY inputs. [NDC(NDS)-0470]

Figure 2.3. NJOY input to generate ACE Thermal Scattering library for H bound
in CH2.

moder / Extract thermal Scattering Law

1 -61

' H-CH2 from JEFF3.1'/

60 37

0/

moder / Extract/convert neutron evaluated data
1 -21

'1-H-1 from JEFF3.1'/

20 125

0/

reconr / Reconstruct XS for neutrons
-21 -22

'"JEFF3.1 PENDF for 1-H-1'/

125 2/

0.001 0. 0.003/ err tempr errmax
'JEFF3.1: 1-H-1 from JEFFB.l'/
'Processed by NJOY99.90+NEA Oct2005'/

0/
broadr / Doppler broaden XS
-21 -22 -23

125 1 0 0 0./
0.001 2.0e6 0.003/ errthn thnmax errmax

293.6

0/

thermr / Add thermal scattering data (free gas)
0 -23 -62

0 125 12 1 1 11 1 221 1/ MATDE MATDP NBIN NTEMP IINC ICOH NATOM MTREF IPRINT
293.6

0.001 5.0
thermr / Add thermal scattering data (bound)
-61 -62 -27

37 125 16 1 4 11 2 223 1/MATDE MATDP NBIN NTEMP IINC ICOH NATOM MTREF IPRINT
293.6

0.001 5.0
acer / Prepare ACE files

-21 -27 0 28 29

2 0 1 .31/ IOPT IPRINT NTYPE SUFF

'"H-CH2 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
125 293.6 'poly0l' / MATD TEMPD TNAME

1001 0 0 / 1ZA01 IZA02 IZAO3

223 64 224 1 1 4.0 0/ MTI NBINT MTE IELAS NMIX EMAX IWT
acer / Check ACE files

0 28 0 71 81

711 -1/

/

stop
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ACER (thermal scattering libraries)

acer / Prepare ACE files
-21 -27 0 28 29
2 0 1 .31/ I0PT IPRINT NTYPE SUFF

125 293.6 'polyOl' / MATD TEMPD TNAME
1001 0 0 / 1za01l IZA02 IZAO3

acer / Check ACE files
0 28 0 71 81

711 -1/

/

'H-CH2 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/

223 64 224 1 1 4.0 0/ MTI NBINT MTE IELAS NMIX EMAX IWT

For hydrogen bound in polyethylene:

Type of ACER run option IOPT: 2 (THERMAL DATA)
Print control IPRINT: 0 (MINIMUN)

ACE output type NTYPE: 1

ID suffix for ZAID SUFF: .31

Material to be processed MATD: 125

Temperature desired NTEMPD: 293.6K

Thermal ZAID name TNAME: ‘poly01’

MT for thermal incoherent data* MTI: 223

Number of bins for incoherent scattering” NBINT: 64

MT for thermal elastic data* MTE: 224
COHERENT/INCOHERENT ELASTIC IELAS 0/1

Number of atom types in mixed moderator NMIX: 2

Max. energy” EMAX: 4.0 eV

Weight option IWT: 0/1 VARIABLE/CONSTANT

* MTI and MTE values from Table 3 included in section XVII-22 (ACER module)

in NJOY manual.
+ Private communication, M.Mattes, IKE.
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Table 2.4. Temperatures for Thermal Scattering Libraries.

*  Beryllium - Thermal Neutron Scattering Law Data in MF=7 * 26
* T=293.6 400 500 600 700 800 1000 1200 K * 26
Graphite IKE EVAL-JANOS5 Keinert, Mattes 31
* Temperatures (K) = 293.6, 400, 500, 600, 700, 800, 1000, * 31
* 1200, 1600, 2000, 3000 * 31
D (D20) IKE EVAL-FEB04 Keinert,Mattes 11
*Temperatures: 293.6 323.6 373.6 423.6 473.6 523.6 573.6 643.9 K * 11
H(ZrH) IKE EVAL-JANO5 Keinert 7
* TEMPERATURES = 293.6 400 500 600 700 800 1000 1200 DEG K. * 7
H(H20) IKE EVAL-JANO4 Keinert,Mattes 1
* Temperatures (K)= 293.6 323.6 373.6 423.6 473 .6 523.6 1
* 573.6 623.6 647.2 800 1000 * 1
* Polyethylene - Thermal Neutron Scattering Law Data in MF=7 * 37
* H (CH2) are given for the temperatures * 37
* T= 293.6 and 350 K * 37

1451 17
1451 19
1451 5
1451 17
1451 18
1451 5
1451 17
1451 5
1451 16
1451 5
1451 17
1451 18
1451 22
1451 23
1451 24

To identify these libraries a code is defined for each isotope, see Table 2.5.

To take into account different temperatures in the STLs, the identification code
will change according: “lwtrXX.31.t”, where XX=01,02,03, ...

Table 2.5. Information on the JEFF-3.1 Thermal Scattering ACE library at

293.6K.

No. | Nuclide ZAID ACE filename XSDIR filename
1| poly01.31t| Hydrogen bound in polyethylene H1_H-H20.ace H1_H-H20.dir
2| Iwtr01.31t| Hydrogen bound in water H1_H-CH2.ace H1_H-CH2.dir
3| hzrh01.31t| Hydrogen bound in ZrH H1 H-ZrH.ace H1 H-ZrH.dir
4| grph01.31t| Graphite C_Graphi.ace C_Graphi.dir
5| hwtr01.31t| D bound in D20 H2 D-D20.ace H2 D-D20.dir
6 | bena01.31t | Be Be 4-Be-293.6.ace | Be 4-Be-293.6.dir
7| beo01.31t|Be in BeO Be BeO.ace Be BeO.dir
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ACER (thermal scattering libraries)

e For hydrogen bound in polyethylene

acer / Prepare ACE files
-21 -27 0 28 29
201 .31/
'H-CH2 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
125 293.6 'poly0l' /
1001 0 0/
223 64 224 1 14.0 0/

e For hydrogen bound in water

acer / Prepare ACE files

-21 -27 0 28 29
201 .31/

'H-H20 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
125 293.6 'lwtro0l' /

1001 0 0/

222 64 0 0 14.00/

e For hydrogen boundin ZrH

acer / Prepare ACE files

-21 -27 0 28 29
201 .31/

'H-ZrH 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
125 293.6 'hzrhol' /

1001 0 0o/

225 64 226 1 1 4.0 0/

e Graphite

acer / Prepare ACE files
-21 -27 0 28 29
201 .31/
'Graphi 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
600 293.6 'grphol' /
6000 0 0o/
229 64 230 0 1 4.0 0/

e For D boundin D20

acer / Prepare ACE files

-21 -27 0 28 29
201 .31/

'D-D20 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
128 293.6 'hwtrol' /

1002 0 0/

228 64 0 0 14.0 0/

e [orBe

acer / Prepare ACE files
-21 -27 0 28 29

201 .31/

'4-Be 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
425 293.6 'bena0l' /

4009 0 o/

231 64 232 0 1 4.0 0/

e ForBeinBeO

acer / Prepare ACE files
-21 -27 0 28 29

2 01 .31/

'4-Be 293.6 K from (JEFF3.1) NJOY99.90+NEA Oct2005'/
425 293.6 'beo0Ol ' /

4009 8016 o/

233 64 234 0 2 4.0 0/
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2.3. QA procedure

2.3.1. Checking NJOY ouput messages for each material.

The total number of messages was compiled. All messages were understood,
most of them are related to incomplete evaluations.

Figure . Example of NJOY messages for Fe56.

FE56

heatr
---message from sixbar---no distribution for mt 5 particle *=*
---message from héddx---vertical segment(s) in distribution

purr
---message from purr---mat 2631 has no unresolved parameters

acer checking
---message from consis---consistency problems found

(1) RECONR Output messages
e Message — nonpositive elastic cross section.

Some evaluations use old single-level Breit-Wigner resonance
parameters. This representation occasionally goes negative. NJOY fixes
this by setting the cross section to a small positive value.

---message from emerge---nonpositive elastic cross sections found.

Ar40 Cd111 Cd113 Cm244 Gd157 Ni61
Te128 W182

e The initial value of a threshold reaction cross section is different from
zero. NJOY has corrected this by using a jump in the cross section at the
threshold energy.

---message from lunion---xsec nonzero at threshold for mt= XX

F19 016 CI35 CI37 Na23 Am243
Eu155 Nd150 Pb204

e This message can be ignored

---message from rdf2bw---calculation of angular distribution not installed

AI27 Cr50 Cr52 Cr53 Cr54 Cu63
Cu65 Fe54 Fe58 1127 1129 Ni58
Ni60 Si28 Tc99 Pb206 Pb207 Pb208
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(2) HEATR Output messages

e File 12 (multiplicities for photon production) is missing from the ENDF
file.

---message from gheat---no file 12 for this material.
N15

---message from héddx---vertical segment (s) in distribution
Fe56

¢ No angular distribution is given for the secondary mt in the evaluation.
HEATR assumes isotropic distribution

---message from hinit---mf4 and 6 missing, isotropy assumed for mt =XX
B10 N14

e The energy-angle distribution for the specified particle is missing in file 6.
NJOY requires energy distributions for all secondary particles from a
reaction to compute the energy deposition. In this case, NJOY has to
make an assumption and generate an approximate to the data needed.

---message from hinit---mfé6, mtXX does not give recoil za=YY

B1l1 Be9 Li7 N14
T10 Mn55 Mo92 Mo94
Mo95 Mo96 Mo97 Mo98
Si29 Si30 U235 W1l82
w183 w1ls4 W1l86 Zr90
Zr9l Zr92 Zr94 Zr96
Mo100 Np237 Sb121 Sb123

e In the ENDF format, mt18 (total fission) is the sum of mt19, mt20, mt21

and mt38
---message from hinit---mtl8 is redundant
Am242g Cm241 Cm244 Cm246
Pu237 Pu244 Th232 U234

e The partial contribution to the total fission, mt19, has no spectrum. NJOY
will use the mt18 spectrum

---message from hinit---mtl9 has no spectrum

U235 U236 U237 U238
e No partial components of the fission energy released are given in the
evaluation

---message from hinit---mt458 is missing for this mat

Ac227 Am242g Am244 Am244m
Bk247 Bk249 Bk250 cf249
Ccf250 cf2s51 cf252 Ccf254
Cm240 Cm245 Cm246 Cm247
Cm249 Cm250 Es254 ES255
Fm255 Np235 Np236 Np238
Np239 Pa231 Pa232 Pu243
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Pu246
Th228
U232

Ra223
Th229
U237

Ra226
Th233

Th227
Th234

e NJOY does not include energy from delayed emission in the prompt
heating. The fission Q-value is changed from the total value given in file
3 to a prompt value using the delayed neutron energy from mf1, mt458.

---message from nheat---changed g from El to E2
U233 U234 U235 U236
U238 Am241 Am243 Cm241
Cm242 Cm243 Cm244 Cm248
Np237 Pa233 Pu236 Pu237
Pu238 Pu239 Pu240 Pu241
Pu242 Pu244 Th230 Th232
Th232 Am242m

e The ENDFG6 format allows an evaluator to describe a subsection of file 6
using LAW=0 (no distribution given). This is fine for particle yields for gas

production, . . . but it is not adequate for computing heating and damage.

---message from sixbar---no distribution for mt 5 particle **
Bi209 Ca40 Ca42 Ca43

Ca44 Ca46 Ca48 Fe54

Fe56 Fe57 Feb58 Ge70

Ge72 Ge73 Ge74 Ge76

Pb204 Pb206 Pb207 Pb208

Sc45 Tc99

(3) PURR Output messages

e When a material has no resonance parameters associated with it, this
message will be issued.

---message from purr---mat 8925 has no resonance parameters

Ac225 Ac226 Ac227 Aglll Am244 Am244m B10O B1l1l BeS Cco
Ca46 CdllsM Cel43 Cf254 C135 (Cl37 Cm241 Es254 ES255 Euls56
Eul57 F19 Fm255 H1 H2 H3 He3 He4 Hg204 TI130 1I131
I135 K40 Kr85 Lal40 Lie Li7 N14 N15 Np235 Np236 Np239
Ol6 017 Pml148 Pml49 Pml51 Prl42 Prl43 PtO Pu237 Pu246 Ra223
Ra224 Ra225 Rb86 Rh105 Rul05 Rul06 Ru96 Ru98 S36 Sbl24 Sbl25
Sbl126 Sml44 Sml48 Sml53 Snl23 Snl25 Snl26 Sr89 Sr90 Tble0 Tel20
Tel27M Tel29M Tel32 Th227 Th233 Th234 Ti46 Ti47 Ti4s8
Ti49 Ti50 Xel33 Xel35 Xel36 Y90 Yol

e The entire resolved energy range seems to overlap the unresolved
energy range for this material. NJOY deals with this but no probability
tables will be generated by PURR as there will not be any unresolved
resonance parameters left (they are removed from the file). Another
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possibility is that the material has no unresolved resonances and that
PURR was run.

---message from purr---mat 4725 has no unresolved parameters

Agl07 Al27 Ar40 As75 Aul97 Bal38 Bi209 Bk247 Br79 Br8l1l Ca40
Ca42 Ca43 Ca44 Ca48 (Cdlll Cdll3 Cel40 Co58 Co58M Co59 Cr50
Cr52 Cr53 Cr54 Csl34 Csl36 Cu63 Cu65 Dyl60 Dyle3 Erle2 Erle4
Erle6 Erlée8 Erl70 Fe54 Feb56 Fe57 Gao Gdl54 Gd157 Gd158 Gd1l60
Ge70 Ge72 Ge73 Ge74 Ge76 Hgl96 Hgl98 Hgl99 Hg200 Hg201 Hg202
Hol65 K39 K41 Kr78 Kr80 Kr82 Kr83 Kr84 Kr86 Mg24 Mg25
Mg26 Mn55 Na23 Nb93 Nd142 Nd147 Nd150 Ni58 Ni59 Nie0 Niel
Nie2 Nie4 0s0 P31 Pa232 Pb204 Pb206 Pb207 Pb208 Pd1l02
Pml148M Ra226 Rb85 Rb87 Rul00 Rul02 Rul04 Ru99 S32 S33
S34 Sc45 Se74 Se76 Se77 Se78 Se80 Se82 Si28 Si29 Si30
Sm1l50 Sml54 Sr84 Sr86 Sr87 Sr88 Tel22 Tel23 Tel24 Tel25 Tel26
Tel28 Tel30 Th228 Th229 Th230 T10 U236 VO W1l82 W183 W184
W186 Xel24 Xel26 Xel28 Xel29 Xel30 Xel3l Xel32 Xel34 Y89 Zno
Zr90 Zr96

(4) ACER Output messages

e The second acer run provides a consistency check of the ACE file
produced by the first ACER run. Whenever something abnormal is found,
this message will be printed.

---message from consis---consistency problems found

Al27 Be9 Bi209 Co
Ca40 Ca42 Ca43 Ca44
Ca4de6 Ca48 Cu63 Cu65
Fe54 Fe56 Fe57 Fe58
Ge70 Ge72 Ge73 Ge74
Ge76 1127 1129 Mo100
Mo95 Mo97 N14 Na23
Nb93 Ni6l Ni62 Ni64
01le P31 Pb204 Pb206
Pb207 Pb208 Pu239 Rh103
Sb121 Sb123 Sc45 Si29
Si30 Tc99 U233 U235
w182 w183 wis4 W1l86
Zr96

This message indicates that a negative PDF value was found; NJOY sets
the value to zero and renormalizes the distribution

---message from ptleg2---negative probs found

B10 Bl1l Co58 U232
U233 U235 Ac225 Acz227
Agl09 Am244 Aulo?7 Bk250
Cf254 Cm240 Cm242 Cm243
Cm245 Cm247 Cm248 Erleeé
Erleée7 Erles Er1l70 Es254
ES255 Fm255 HE177 Hf179
Hgl96 Hgl98 Holé5 Lal39
Pa231 Pd106 Pd107 Pdios8
Pd110 Pu238 Pu244 Pu246
Ra223 Ra224 Ra225 Ra226
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Rulol

Sml51 Th229 Th230

Am244m

The ptleg subroutine of the ACER module translates ENDF Legendre
angular distributions into tabulated form with equal probability m
intervals. In this routine the cosine interval m= -1 to 1 is divided into 1000
intervals and integrated. When the integral of the angular distribution
over such an interval is negative, we receive this message. This is
caused by the fact that the Legendre polynomial series can lead to
negative values.

---message from ptleg---negative area between mu= XX and YY

0l6

This error normally surfaces when there is an inconsistency between the
threshold energy of a reaction in the ENDF file and the value calculated
by NJOY. This is already checked and corrected in reconr so this error
should never occur. However, NJOY uses ENDF files to transfer
information between modules in which any number is rounded to 6
significant digits. In the case of the above mentioned nuclides, the
difference between the calculated value and the one in the ENDF file
occurs in the 7th significant digit (which is lost due to rounding).

---message from unionx---threshold error

Be9d

P31
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2.3.2. Checking ACE libraries

During the processing of ENDF60 [ENDF60] and ENDF66 [LA-UR-03-0954]
standard ACE libraries, several test were performed using external codes.
Some of them have already been added to the internal NJOY testing in
RECONR and ACER modules.

The second ACE pass performs ACE consistency, checks and corrects
problems that might be detected. In fact, the main questions performed by
ACER are [ALEPH-DLG, LA-UR-98-5718]:

1. Do threshold values correspond to Q-values?
- Checked by RECONR
2. Is the energy grid monotonically increasing?

Checked by RECONR (the unionized grid is assumed monotonic). If two
points with the same energy are found (i.e.: a jump in the cross section),
a consistency problem is signalled but this can be ignored.

3. Check the angular distributions for the correct reference frame (either CM or
LAB)

4. Check the angular distributions for unreasonable cosines
5. Is the emission energy less than the incident energy?
6. Do summation cross sections match sums?
- Checked by RECONR
7. Ensure that probability density functions are non-negative
- Checked by ACER
8. Are only appropriate interpolation values used?
9. Do threshold reactions start with a zero cross section?
- Checked by RECONR

Table 2.6. NJOY output showing several consistency checks

ace consistency checks
check reaction thresholds against g values
check that main energy grid is monotonic
check angular distributions for correct reference frame
check angular distributions for unreasonable cosine values
check energy distributions
check photon production sum
check photon distributions
checking particle production sections
deuteron production
checking energy distributions




In the last section we found consistency problems for many materials, see

Table 2.7.

Table 2.7. Output messages in 2" ACER

AI27

check energy distributions
consis: ep.gt.epmax 9.292258E-12 with q.lt.0 for (n,x) at e 1.000000E-11 -> 1.000000E-11
consis: awr.It.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Be9

Bi209

check energy distributions
consis: ep.gt.epmax 9.904161E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.ge.180---there could be a legitimate positive-q channel or admixed fission.

co

check energy distributions
consis: ep.gt.epmax 8.509482E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-11
consis: awr.It.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ca40

check energy distributions
consis: ep.gt.epmax 9.513683E-12 with q.t.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.It.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ca42

check energy distributions
consis: ep.gt.epmax 9.536006E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ca43

check energy distributions
consis: ep.gt.epmax 9.546438E-12 with q.It.0 for (n,x) at e 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ca44

check energy distributions
consis: ep.gt.epmax 9.556378E-12 with q.t.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ca46

check energy distributions
consis: ep.gt.epmax 9.575049E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.It.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ca48

check energy distributions
consis: ep.gt.epmax 9.592217E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Cu63

check energy distributions
consis: ep.gt.epmax 9.686976E-12 with q.t.0 for (n,x) at e 1.000000E-11 -> 1.000000E-11
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Cu65

check energy distributions
consis: ep.gt.epmax 9.696388E-12 with q.t.0 for (n,x) at e 1.000000E-11 -> 1.000000E-11
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Fe54

check energy distributions
consis: ep.gt.epmax 9.636236E-12 with q.t.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Fe56

check energy distributions
consis: ep.gt.epmax 9.648868E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Fe57

check energy distributions
consis: ep.gt.epmax 9.654878E-12 with q.It.0 for (n,x) at e 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
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check energy distributions
consis: ep.gt.epmax 9.660670E-12 with q.It.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06

Fe58 consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
check energy distributions
G consis: ep.gt.epmax 9.717621E-12 with q.It.0 for (n,x) at e 1.000000E-11 -> 1.000000E-06
e70 S L
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
check energy distributions
G consis: ep.gt.epmax 9.725303E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
e72 = L
consis: awr.It.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
check energy distributions
Ge73 consis: ep.gt.epmax 9.728998E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.It.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
check energy distributions
G consis: ep.gt.epmax 9.732582E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
e74 S L
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
check energy distributions
G consis: ep.gt.epmax 9.739489E-12 with q.t.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
e76 S L
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
1127
check energy distributions
1129 consis: ep.gt.epmax 9.845319E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
check that main energy grid is monotonic
consis: energy 4.20000100E-01 less than 4.20000100E-01 (see point no. 26576)
checking particle production sections
proton production:
Mo100 checking energy distributions
consis: bad law44 kalbach r for (n,xp) at 1.700000E+01 -> 1.101400E+01
deuteron production:
checking energy distributions
consis: bad law44 kalbach r for (n,xd) at 1.900000E+01 -> 9.677970E+00
check photon production sum
consis: mismatch at 1.000001E-03 gpd= 1.039925E-01 sum= 1.040143E-01
checking particle production sections
Mo95 alpha production:
checking energy distributions
consis: bad law61 cumm. prob for (n,a*c) at 1.000000E-11 -> 4.154300E+00
consis: decreasing law61 cumm. prob for (n,a*c) at 1.000000E-11 -> 4.154300E+00
consis: bad law61 cumm. prob for (n,a*c) at 1.000000E-03 -> 4.154300E+00
consis: decreasing law61 cumm. prob for (n,a*c) at 1.000000E-03 -> 4.154300E+00
check that main energy grid is monotonic
consis: energy 4.20000100E-01 less than 4.20000100E-01 (see point no. 13003)
Mo97 checking particle production sections
proton production:
checking energy distributions
consis: bad law44 kalbach r for (n,xp) at 1.800000E+01 -> 1.573730E+01
check energy distributions
N14 consis: ep.gt.epmax 8.701311E-12 with q.lt.0 for (n,x) at e 1.000000E-11 -> 1.000000E-11

consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution
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Na23

check angular distributions for correct reference frame
consis: should be lab: (n,n*c)

Nb93

check energy distributions
consis: ep.gt.epmax 9.786342E-12 with g.It.0 for (n,x) ate 1.000000E-11 -> 1.000000E-11
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ni61

check energy distributions
consis: ep.gt.epmax 9.676960E-12 with q.t.0 for (n,x) at e 1.000000E-11 -> 1.000000E-11
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ni62

check energy distributions
consis: ep.gt.epmax 9.682034E-12 with q.lt.0 for (n,x) at e 1.000000E-11 -> 1.000000E-11
consis: awr.It.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Ni64

check energy distributions
consis: ep.gt.epmax 9.691751E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-11
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

016

check energy distributions
consis: ep.gt.epmax 8.848774E-12 with q.t.0 for (n,x) ate 1.000000E-11 -> 1.000000E-11
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

P31

check reaction thresholds against q values
consis: threshold 3.40230200E+00 less than the expected 3.40230208E+00 for (n,n*4)

Pb204

check energy distributions
consis: ep.gt.epmax 9.901826E-12 with q.t.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.ge.180---there could be a legitimate positive-q channel or admixed fission.

Pb206

Pb207

check energy distributions
consis: ep.gt.epmax 9.903240E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.ge.180---there could be a legitimate positive-q channel or admixed fission.

Pb208

check energy distributions
consis: ep.gt.epmax 9.903702E-12 with q.t.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.ge.180---there could be a legitimate positive-q channel or admixed fission.

Pu239

check angular distributions for correct reference frame
consis: should be lab: (n,n*c)

check delayed neutron fraction
consis: delayed fractions do not sum to one

Rh103

Sb121

checking particle production sections

proton production:
checking energy distributions
consis: bad law44 kalbach r for (n,xp) at 1.600000E+01 -> 1.512400E+01

deuteron production:
checking energy distributions
consis: bad law44 kalbach r for (n,xd) at 1.300000E+01 -> 7.130260E+00

triton production:
checking energy distributions
consis: bad law44 kalbach r for (n,xt) at 1.800000E+01 -> 9.996470E+00

Sb123

checking particle production sections

proton production:
checking energy distributions
consis: bad law44 kalbach r for (n,xp) at 1.800000E+01 -> 1.512600E+01

deuteron production:
checking energy distributions
consis: bad law44 kalbach r for (n,xd) at 1.500000E+01 -> 1.008340E+01

triton production:
checking energy distributions
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Sc45

check energy distributions
consis: ep.gt.epmax 9.565927E-12 with q.lt.0 for (n,x) ate 1.000000E-11 -> 1.000000E-06
consis: awr.lt.180---this is probably an error.
consis: shifting eprimes greater than epmax and renorming the distribution

Si29

check that main energy grid is monotonic
consis: energy 7.30265100E+00 less than 7.30265100E+00 (see point no. 1407)

Si30

check that main energy grid is monotonic
consis: energy 7.23453100E+00 less than 7.23453100E+00 (see point no. 2075)

Tc99

U233

check that main energy grid is monotonic
consis: energy 1.09000100E+00 less than 1.09000100E+00 (see point no. 9344)

check delayed neutron fractions
consis: delayed fractions do not sum to one

U235

check delayed neutron fractions
consis: delayed fractions do not sum to one

W182

check that main energy grid is monotonic
consis: energy 4.00000100E-01 less than 4.00000100E-01 (see point no. 33722)

checking particle production sections
proton production:
checking energy distributions
consis: bad law44 kalbach r for (n,xp) at 1.500000E+01 -> 1.317710E+01
deuteron production:
checking energy distributions
consis: bad law44 kalbach r for (n,xd) at 1.800000E+01 -> 1.063170E+01
alpha production:

checking energy distributions
consis: bad law44 kalbach r for (n,xa) at 1.900000E+01 -> 2.616490E+01

W183

check that main energy grid is monotonic
consis: energy 1.00000100E-01 less than 1.00000100E-01 (see point no. 21588)

checking particle production sections

proton production:
checking energy distributions
consis: bad law44 kalbach r for (n,xp) at 1.500000E+01 -> 1.317740E+01

deuteron production:
checking energy distributions
consis: bad law44 kalbach r for (n,xd) at 1.500000E+01 -> 9.643280E+00

alpha production:
checking energy distributions
consis: bad law44 kalbach r for (n,xa) at 1.600000E+01 -> 2.372250E+01

W184

check that main energy grid is monotonic
consis: energy 4.00000100E-01 less than 4.00000100E-01 (see point no. 28845)

checking particle production sections
proton production:
checking energy distributions
consis: bad law44 kalbach r for (n,xp) at 1.600000E+01 -> 1.268060E+01
deuteron production:
checking energy distributions
consis: bad law44 kalbach r for (n,xd) at 1.800000E+01 -> 1.063300E+01

alpha production:

checking energy distributions
consis: bad law44 kalbach r for (n,xa) at 1.800000E+01 -> 2.372540E+01
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checking particle production sections

proton production:

checking energy distributions

consis: bad law44 kalbach r for (n,xp) at 1.700000E+01 -> 1.268130E+01
w186 deuteron production:

checking energy distributions

consis: bad law44 kalbach r for (n,xd) at 1.400000E+01 -> 7.666530E+00
alpha production:

checking energy distributions

consis: bad law44 kalbach r for (n,xa) at 1.900000E+01 -> 2.324170E+01

checking particle production sections

Zr96 deuteron production:
checking energy distributions
consis: bad law44 kalbach r for (n,xd) at 1.800000E+01 -> 6.609760E+00

However, ACER does not include the capability to check the proper processing
of the unresolved resonance probability tables.

The Probability table (PT) method was implemented in MCNP to account
statistically for the average resonance parameters specified in the unresolved
resonance range. With this method, the average parameters are used to
generate ladders of representative resonances.

Cross sections from these ladders are used to form cross-section probability
distribution functions, from which a table of cross sections (total, elastic, fission,
and radiative capture) as a function of probability is prepared. MCNP samples
the total and reaction cross sections at the energy of the neutron, rather than
simply using single average values at this energy.

These PTs are calculated in PURR module. Sigma zero values are not required
and could be omitted entirely if the only objective is to generate an ACE library.

Verification of the URES library can be performed with a variety of consistency
test on the PT data: [LA-UR-98-5718]

- Ensure that any competition reaction specified actually exists

- Check the infinitely-dilute total cross section at the energy of the PT
against the sum of the infinitely-dilute elastic, fission, capture and
competition cross sections.

- Make sure that the cumulative probabilities as given in the PT are in
ascending order, and that the distribution is correctly normalized to 1.

- Check negative values of the total, elastic, fission and capture cross
sections in each row of the PT. In addition, check for zero cross sections
for the total, elastic and capture.
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- Check for zero or negative values of the heating numbers in each row of
the PT

- Compare the total cross section from the PT with the sum of the elastic,
fission, capture and competition process.

- For each cross section, compare the infinitely dilute value at that neutron
energy with the apparent average value from the PT.

The ENDF/B-VI evaluators decided to drop plans to include data for any isotope
with a large number of negative cross sections in the PT data. The problems
were traced to negative background cross sections in ENDF libraries. (Report
LA-UR-03-594). So the negative cross section problems in the PT are related
with the evaluation and it is not a problems with the PURR module of NJOY (the
method of calculating the probability table as implemented in NJOY should not
lead to negative values by itself [ALEPH-DLG])

In short, there are a number of possible problems or abnormalities with the PTs
that can be directly noticed for some isotopes:

- Probability bins with a probability of 0, these bins will not be sampled so
they can be accepted

- Zero cross section values (either for the entire bin or for specific
reactions)

- Negative cross section values

Zero cross sections can occur either in the lower bins because the cross section
becomes very small or when the particular row has a fractional probability of
zero (in this case, the row will never be sampled). In these cases, zero cross
section can be allowed.

Negative cross sections however cannot be allowed (and the library file has to
be recalculated without probability tables), unless they appear in a row with zero
fractional probability (in which case they will not be used).

The procedure in this work is to simply omit the PT from ACE file whenever
negative values are found.

11-Na-22 18-Ar-36 44-Ru-101 46-Pd-104 46-Pd-106
46-Pd-107 46-Pd-108 46-Pd-110 47-Ag-109 57-La-139
59-Pr-141 60-Nd-144 60-Nd-145 60-Nd-146 60-Nd-148
61-Pm-147 93-Np-238 88-Cf-252 99-Es-253
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Negative cross section values for capture PT can be found( see Table 2.8).

Table 2.8. Probability table for Ag-109 at E=9.840E+02 eV.

e= 9.8400E+02 spot= 4.9845E+00 dbar= 2.4262E+00 sigx= 1.3423E-07
total elastic fission capture
1 1.3139E+01 8.6874E+00 O0.0000E+00 4.4517E+00
.4419E+01 9.4455E+00 .0000E+00 .9735E+00
3 1.4322E+01 9.3227E+00 0.0000E+00 4.9995E+00

N}
=
o
IS

97 1.3283E+01 8.9758E+00 0.0000E+00 4.3068E+00

98 1.5700E+01 1.0444E+01 0.0000E+00 5.2565E+00

99 1.3695E+01 9.1265E+00 0.0000E+00 4.5688E+00

100 1.4433E+01 9.4805E+00 0.0000E+00 4.9528E+00
bkgd -2.4793E-01 2.6408E-02 0.0000E+00 -2.7434E-01
infd 1.3695E+01 9.0847E+00 0.0000E+00 4.6105E+00
aver 1.3578E+01 9.0208E+00 0.0000E+00 4.5573E+00
pcsd 5.15 4.99 0.00 6.26
nres 3315

bondarenko cross sections by direct sampling
temp sigo p0 total elastic fission capture pl total
3.000E+02 1.000E+10 1.3578E+01 9.0208E+00 O0.0000E+00 4.5573E+00 1.3578E+01

probability table

tmax 3.00E+02 2.48E+00 3.31E+00 4.06E+00 4.32E+00 4 .55E+00 4.71E+00 4.81E+00 4.95E+00 5.15E+00 5.38E+00
5.66E+00 6.04E+00 6.62E+00 7.60E+00 9.19E+00 1.28E+01 2.72E+01 1.06E+02 2.05E+02 5.77E+02
prob 3.00E+02 3.61E-03 1.82E-02 6.15E-02 4.91E-02 6.31E-02 6.31E-02 5.80E-02 5.53E-02 6.41E-02 6.18E-02
5.69E-02 5.75E-02 6.18E-02 6.22E-02 5.55E-02 5.84E-02 6.41E-02 6.25E-02 1.55E-02 6.97E-03
tot 3.00E+02 2.15E+00 2.99E+00 3.76E+00 4.19E+00 4.44E+00 4.63E+00 4.76E+00 4.88E+00 5.04E+00 5.26E+00
5.51E+00 5.84E+00 6.31E+00 7.06E+00 8.30E+00 1.07E+01 1.82E+01 5.44E+01 1.43E+02 2.78E+02
els 3.00E+02 1.65E+00 2.70E+00 3.69E+00 4.22E+00 4.51E+00 4.74E+00 4.90E+00 4.96E+00 5.06E+00 5.19E+00
5.33E+00 5.48E+00 5.67E+00 5.92E+00 6.27E+00 6.92E+00 9.13E+00 2.47E+01 8.01E+01 1.82E+02
fis 3.00E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
cap 3.00E+02 5.00E-01 2.96E-01 7.19E-02 -2.805E-02 -7.634E-02 -1.096E-01 -1.375E-01 -8.33E-02 -2.07E-02 7.13E-02
1.86E-01 3.52E-01 6.40E-01 1.145E+00 2.039E+00 3.791E+00 9.097E+00 2.97E+01 6.32E+01 9.58E+01

bondarenko cross sections from probability table
temp sig0 p0 total elastic fission capture pl total
3.000E+02 1.000E+10 1.3578E+01 9.0208E+00 0.0000E+00 4.5573E+00 1.3578E+01
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2.3.3. Q&A with ACELST code

Our objective in this section is to show the results applied to JEFF-3.1 library
using the QA procedure developed by D. Lopez Aldama and A. Trkov in ADS-
Lib/V1.0. Here, “the human eye will be used as a wonderfully complex tool, able
to spot inconsistency and error with amazing precision”’[LA-UR-02-1235]:

- Look for unexpected discontinuities in cross sections

- Examine secondary distributions

- Examine threshold regions

- Examine resonance regions

For all the ACE-formatted files, we have converted back to ENDF-6 format
using the code ACELST[ACELST]. These ENDF®6 files were compared with the
original evaluation using different procedures:

e Using NJOY code

e Using PREPRO-2004 code system (LINEAR + RECENT + SIGMA1)
[PREPRO2004]

We can conclude that the processed data were judged to be acceptable:

- Differences between NJOY and PREPRO2004 should be investigated
- Differences with other libraries should be considered for later validations.
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2.3.4. Example of Q&A with ACELST code: Fe56

e Comparison ACE result with original ENDF

NJOY99 code is used to compare original ENDF library with the processed
library in ACE format converted-back into ENDF format using ACLST code.

MAT 2631 (n,7) 26-Fe-56
Cross Section 0.000 To 0.215 %
-

Max Min
. fatio| JRatio |

ACELST |

0
E N
r Njoy
3 102 joy |
2 10° |
E | T l
K 2 | —— I
wo1e” | ~4] |
g it N RN
£ 10" | i |
o 02 Bt H— i H i H ittt ]
1.0&
| Njoy/ ACELST
2 i
+ i
2 1.00|
0.99 |
e . -
16° 16" 16% 10% 10" 16% 10 10° 107 10" 10° 10° 107 10®
3 Incident Energy (eV) 26-Fe-56

Figure 2.4. Comparison of the capture cross section processed by NJOY in
PENDF format: original ENDF versus ACE library processed by ACELST

In conclusion: no deviations in the cross section data were found.
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e Comparison JEFF-3.1 with ENDF/B-VI.R8 processed by NJOY code
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Figure 2.5. Comparison of the Fe-56 -cross sections processed by NJOY in
PENDF format: ENDF/B-VI.R8 versus JEFF-3.1.
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Figure 2.5. Comparison of the Fe-57 cross sections processed by NJOY in
PENDF format: ENDF/B-VI.R8 versus JEFF-3.1.




e Comparison: PREPRO-2004 versus NJOY99

The ACEQA code developed by D.L. Aldama compares PREPRO-2004
(LINEAR+RECENT+SIGMA1) and NJOY cross sections in PENDF format.

MAT 2631 (n,7) 26-Fe-56
Cross Section 100.0 To 84.20 %
[ Rosol ved 0N ]
< 4 Max
— 6 o S 1[N
4 100 | PREPRO
5 103 | NJOYSS
= 16¢ I T |
5 a3 | Tr— ]
= 10° | ~ A —
; 10 |
i IO9 [
2 10|
U fih T
1.10 |
! NJOYS9/PREPRO
1.05 |
Z 1.00|
0.95

= =4
10° 16" 16”7 10 16" 10° 10" 107 10”7 10" 10° 10° 107 16°
3 Incident Energy (eV) 268-Fe-56

Figure 2.6. Comparison of the capture cross section processed by NJOY
and PREPRO2004 codes.
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e PREPRO-2004 Warnings and messages were also compiled

In order to compare PREPRO-2004 and NJOY99, the ACEQA code runs
LINEAR+RECENT+SIGMA1 codes consecutively.

Warnings and messages from these codes are useful to complete an
additional check.

Table 2.9. Example of RECENT.LST messages/warnings for °°Fe and *Fe.

Nuclide | Codes

Warnings

26-Fe- 56

LINEAR

None

RECENT

WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING... WARNING
L Dependent Scattering Radius in the Evaluation is Zero.

Have Defined it to be Equal to the Scattering Radius .544400000

(see, ENDF/B-VI Formats and Procedures Manual, page 2.11)
WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
L Dependent Scattering Radius in the Evaluation is Zero.

Have Defined it to be Equal to the Scattering Radius .544400000

(see, ENDF/B-VI Formats and Procedures Manual, page 2.11)

SIGMA1

None

26-Fe- 57

LINEAR

None

RECENT

WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
L Dependent Scattering Radius in the Evaluation is Zero.

Have Defined it to be Equal to the Scattering Radius .650000000

(see, ENDF/B-VI Formats and Procedures Manual, page 2.11)
WARNING...WARNING...WARNING...WARNING... WARNING... WARNING... WARNING...WARNING
L Dependent Scattering Radius in the Evaluation is Zero.

Have Defined it to be Equal to the Scattering Radius .650000000

(see, ENDF/B-VI Formats and Procedures Manual, page 2.11)

WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
L=1J = 1.000 Corresponds to 2 Resonance Sequences.

WARNING...WARNING...WARNING...WARNING... WARNING... WARNING... WARNING...WARNING
FOR L = 1 Expect Sum of Statistical Weights (GJ) to Equal

(2*L + 1) = 3.000

Found = 2.250

Corrective Action Will be Taken to Correctly Calculate

the Potential Scattering Cross Section - This Procedure is

Based on the Decision of the National Nuclear Data Center,

Brookhaven National Laboratory, Private Communication,

Charles Dunford, (April 1991)

SIGMA1

None

For many materials warnings/messages are obtained when running
LINEAR-RECENT-SIGMA1 codes. Only materials with SIGMA1 warnings
are shown in Table 2.10.
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Table 2.10. List of warnings for JEFF-3.1 library processed with LINEAR-
RECENT-SIGMA1 codes. Only materials with SIGMA1 warnings are shown.

Nuclide

Codes

Warnings

22-Ti- 46

LINEAR

Material MAT MF MT ENDF/B  Kelvin Q-Value Points Points
Format eV In Out

22-Ti-46 2225 3 2 VI 0.0 0.0 4604 4604
WARNING - Above Cross Section Negative at 11 Energies

RECENT

SIGMA1

Projectie =~ MAT MT ENDF/B  Kelvin  Q-Value Points Points
Material Format In eV In Out

n 22-Ti-46 2225 2 VI 0.0 0.0 4604 8335
WARNING - Above Cross Section Negative at 23 Energies

22-Ti- 49

LINEAR

Material MAT MF MT ENDF/B  Kelvin  Q-Value Points Points
Format eV In Out

22-Ti-49 2234 3 2 VI 0.0 0.0 5140 5140
WARNING - Above Cross Section Negative at 7 Energies

RECENT

SIGMA1

Projectie =~ MAT MT ENDF/B  Kelvin  Q-Value Points Points
Material Format In eV In Out

n 22-Ti-49 2234 2 VI 0.0 0.0 5140 8282
WARNING - Above Cross Section Negative at 8 Energies

22-Ti- 50

LINEAR

Material MAT MF MT ENDF/B  Kelvin  Q-Value Points Points
Format eV In Out

22-Ti-50 2237 3 2 VI 0.0 0.0 4577 4577
WARNING - Above Cross Section Negative at 7 Energies

RECENT

SIGMA1

Projectie =~ MAT MT ENDF/B  Kelvin  Q-Value Points Points
Material Format In eV In Out

n 22-Ti-50 2237 2 VI 0.0 0.0 4577 8301
WARNING - Above Cross Section Negative at 10 Energies

27-Co- 58

LINEAR

Material MAT MF MT ENDF/B  Kelvin Q-Value Points Points
Format eV In Out

27-Co-58 2722 3 1 VI 0.0 0.0 422 422

WARNING - Above Cross Section Negative at 52 Energies
27-Co-58 2722 3 2 VI 0.0 0.0 326 326

WARNING - Above Cross Section Negative at 249 Energies

RECENT

WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
for L= 0 The Following J Sequences are Missing.
J= 250

WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
FOR L = 0 Expect Sum of Statistical Weights (GJ) to Equal

(2*L + 1) = 1.000

Found = 0.400

Corrective Action Will be Taken to Correctly Calculate

the Potential Scattering Cross Section - This Procedure is

Based on the Decision of the National Nuclear Data Center,

Brookhaven National Laboratory, Private Communication,

Charles Dunford, (April 1991)

Capture 655 404 1041
WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
Above Cross Section is Negative at 109 Energies.

-47 -




SIGMA1

Projectie =~ MAT MT ENDF/B  Kelvin  Q-Value Points Points
Material Format In eV In Out

n 27-Co-58 2722102 VI 0.0 10450000.0 1041 831
WARNING - Above Cross Section Negative at 217 Energies

52-Te-128

LINEAR

Material MAT MF MT ENDF/B  Kelvin Q-Value Points Points
Format eV In Out

52-Te-1285249 3 1 VI 0.0 0.0 612 620

WARNING - Above Cross Section Negative at 185 Energies
52-Te-1285249 3 2 VI 0.0 0.0 541 558

WARNING - Above Cross Section Negative at 186 Energies

RECENT

WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
for L= 1 The Following J Sequences are Missing.
J= 150

WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING...WARNING
FOR L = 1 Expect Sum of Statistical Weights (GJ) to Equal

(2*L + 1) = 3.000

Found = 1.000

Corrective Action Will be Taken to Correctly Calculate

the Potential Scattering Cross Section - This Procedure is

Based on the Decision of the National Nuclear Data Center,

Brookhaven National Laboratory, Private Communication,

Charles Dunford, (April 1991)

Total 16011 620 16608
WARNING...WARNING...WARNING...WARNING...WARNING...WARNING... WARNING...WARNING
Above Cross Section is Negative at 485 Energies.
Elastic 16011 558 16546
WARNING...WARNING...WARNING...WARNING...WARNING...WARNING... WARNING...WARNING
Above Cross Section is Negative at 714 Energies.

SIGMA1

Projectie =~ MAT MT ENDF/B  Kelvin  Q-Value Points Points
Material Format In eV In Out

n 52-Te-1285249 1 VI 0.0 0.0 16608 4075

WARNING - Above Cross Section Negative at 673 Energies
n 52-Te-1285249 2 VI 0.0 0.0 16546 3849

WARNING - Above Cross Section Negative at 745 Energies

64-Gd-157

LINEAR

Material MAT MF MT ENDF/B  Kelvin  Q-Value Points Points
Format eV In Out

64-Gd-1576440 3 1 VI 0.0 0.0 645 685

WARNING - Above Cross Section Negative at 251 Energies
64-Gd-1576440 3 2 VI 0.0 0.0 637 669

WARNING - Above Cross Section Negative at 250 Energies

RECENT

Elastic 13220 669 13870
WARNING...WARNING...WARNING...WARNING...WARNING...WARNING... WARNING...WARNING
Above Cross Section is Negative at 229 Energies.

SIGMA1

Projectie = MAT MT ENDF/B  Kelvin  Q-Value Points Points
Material Format In eV In Out

n 64-Gd-157 6440 2 VI 0.0 0.0 13870 5321
WARNING - Above Cross Section Negative at 312 Energies
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2.4. Differences: PREPRO-2004 versus NJOY99

The parameters used to run PREPRO-2004 in LINEAR, RECENT and SIGMA(1:

*kkkkkkhkkhkkhkkhkkhkkhkkhkkkk*x Program LINEAR (VERSION 2004_1) kkkkkkkhkkhkkhkkhkkhkkkkx
For All Data Greater than 1.0000E-10 barns in Absolute Value

Data Linearized to Within an Accuracy of .100000000 per-cent
kkkkkhkhkkhkhkkhkhkhkhkkkxx Program RECENT (VERSION 2005_1) EEE R R R EEEEEE RS
for All Data Greater than 1.0000E-10 barns in Absolute Value

Data Linearized to within an Accuracy of .100000000 per-cent
*hkkhkkhkkhkkhkhkhkhkhkkhkkhkkhhkk Program SIGMA]_ (VERSION 2005_1) *hkkhkkhkkhkkhkhkhkhkhkkkkkx
Data Doppler Broadened to 300.000000 Kelvin

for All Data Greater than 1.0000E-10 barns in Absolute Value

Data Linearized to Within an Accuracy of .100000000 per-cent

In this section NJOY99 means cross sections converted-back from ACE format
using the ACELST code. Consequently, their accuracy options are the options
used in processing ACE files.

2.4.1. Case TlO.nat

Inconsitency found at low neutron thermal energy: it is due to the type of
interpolation low used at low energy.

In the cross section library, JEFF-3.1 uses a lin-lin interpolation at low energy.

Table 2.11. MT=102 for TIO material taken from JEFF-3.1

8.100000+4 2.026300+2 0 0 0 08100 3102 1077
6.655800+6 6.655800+6 0 0 1 678100 3102 1078

67 2 8100 3102 1079
1.000000-5 1.200000+2 2.530000-2 3.430000+0 7.000000-1 8.000000-18100 3102 1080
1.250000+0 6.500000-1 1.950000+0 5.500000-1 3.450000+0 3.700000-18100 3102 1081
8.450000+0 2.500000-1 1.310000+1 1.950000-1 1.620000+1 1.830000-18100 3102 1082
2.050000+1 1.500000-1 2.690000+1 1.490000-1 2.938000+1 1.620000-18100 3102 1083
3.090000+1 1.700000-1 3.253000+1 1.820000-1 3.434000+1 1.930000-18100 3102 1084
3.628000+1 2.100000-1 3.762000+1 2.220000-1 3.806000+1 2.250000-18100 3102 1085

1.000000+5 3.500800-2 2.000000+5 3.101000-2 3.000000+5 2.800600-28100 3102 1095
4.000000+5 2.500800-2 5.000000+5 2.251000-2 6.000000+5 2.050600-28100 3102 1096
8.000000+5 1.730200-2 1.000000+6 1.504900-2 1.500000+6 1.053500-28100 3102 1097
2.000000+6 8.500700-3 2.500000+6 7.006600-3 3.000000+6 5.003700-38100 3102 1098
4.000000+6 3.808600-3 5.000000+6 2.506500-3 6.000000+6 2.000500-38100 3102 1099
8.000000+6 1.205300-3 1.000000+7 7.801200-4 1.200000+7 8.276500-48100 3102 1100
1.400000+7 9.003600-4 1.600000+7 7.510600-4 1.800000+7 7.036500-48100 3102 1101
2.000000+7 6.210500-4 8100 3102 1102
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However, SIGMA1 code changes the interpolation law according to the
sentences in Table 2.12.

Table 2.12. SIGMA1 code used to interpolation at low energy.

C ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

C

C USE LOG-LOG INTERPOLATION AT LOW ENERGY

C

Cm m o o e oo -
ITERP=2

C----- 02/03/00 - ADD LOG-LOG ONLY IF CROSS SECTIONS > 0

IF (XCIN(IFILL) .GT.0.0.AND.XCKM1.GT.0.0.AND.
1 ALPHA*ENEXT.LE.4.0D+01) ITERP=5

XCCOLD (K) =TERPIT (ENEXT, EIN (IFILL) ,EKM1,XCIN(IFILL) ,XCKM1, ITERP)
ARG=ALPHA*ECOLD (K)

YCOLD (K) =DSQRT (ARG)

GO TO 320

MAT 8100 (n,7) 81-T1-Nat
Cross Section 0.330 To 1210. %

e ; T
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Figure 2.7. Differences in Tl-nat capture cross section

-50 -



2.4.2. Total cross sections

Differences in the total cross sections are due to:

sections

NJOY code calculates the total cross section summing the partial cross

PREPRO-2004 processes directly the section MT=1, MF=3.

Figure 2.8. Total cross section for O-17 processed by PREPRO-2004 and

NJOY99.
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Cross Section
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Figure 2.9. Total cross section for 1-135 processed by PREPRO-2004 and

NJOY99.
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Figure 2.10. Total cross section for Th-232 processed by PREPRO-2004 and

NJOY99.

Figure 2.11. Total cross section for Ho-165 processed by PREPRO-2004 and

NJOY99.
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2.4.3. Resonances

MAT 9852 Elastic 98-Cm-249
Cross Section ~74.45 To 414.1 &%
Resol ved Unreso| ved
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£ 107 |
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3 10° |
o
il 41
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Figure 2.12. Elastic cross section for Cm-249 processed by PREPRO-2004 and
NJOY99.

MAT 4735 (n,7) 47-Ag-110
Cross Section -69.00 To 9999. %
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Figure 2.13. Capture cross section for Ag-110M processed by PREPRO-2004
and NJOY99.
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MAT 2725 Elastic 27-Co-59
Cross Section -71.04 To 16.24 &
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Figure 2.14. Elastic cross section for Co-59 processed by PREPRO-2004 and

NJOY99.
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Figure 2.15. Capture cross section for Nb-95 processed by PREPRO-2004 and

NJOY99.




MAT 2825 Elastic 28-Ni-58
Cross Section -90.16 To 885.3 %
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Figure 2.16. Elastic cross section for Ni-58 processed by PREPRO-2004 and
NJOY99.
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Figure 2.17. Capture cross section for Ti-47 processed by PREPRO-2004 and
NJOY99.
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MAT 9837 Elastic 96-Cm-244
Cross Section -9999. To 9999. %
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Figure 2.18. Elastic cross section for Cm-244 processed by PREPRO-2004 and
NJOY99.
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Figure 2.19. Elastic cross section for Fe-57 processed by PREPRO-2004 and
NJOY99.
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MAT 2634 (n,7) 26-Fe 57
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Figure 2.20. Capture cross section for Fe-57 processed by PREPRO-2004 and
NJOY99.
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Figure 2.21. Elastic cross section for Ni-60 processed by PREPRO-2004 and
NJOY99.
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Figure 2.22. Elastic cross section for Ni-61 processed by PREPRO-2004 and

NJOY99.
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Figure 2.23. Elastic cross section for Pb-206 processed by PREPRO-2004 and
NJOY99.
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Figure 2.24. Capture cross section for S-32 processed by PREPRO-2004 and

NJOY99.

Figure 2.25. Capture cross section for Sc-45 processed by PREPRO-2004 and

NJOY99.
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MAT 5249 Elastic 52-Te-128
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Figure 2.26. Elastic cross section for Te-128 processed by PREPRO-2004 and
NJOY99.
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Figure 2.27. Capture cross section for Ti-46 processed by PREPRO-2004 and
NJOY99.
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2.4.4. Case: Cob58

The resonance goes to 0.0 in the resonance capture cross section.

The reason of this problem is due to negative cross sections in MT102
and the combination of a single-level Breit Wigner resonance file.
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Figure 2.28. Capture cross section for Co-58 processed by PREPRO-
2004 and NJOY99.
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3. NJOY99.90 + updates to process ACE library.

Several Research Centers have developed specific NJOY99.90 updates to be
used in nuclear data processing. Intensive work has been performed in order to
compile the most recent NJOY90.90 updates to process the JEFF-3.1 library.
[NJOY99 up90, NJOY99 up112]

3.1. NJOY99.90

First, the NJOY99.90 was used to process the JEFF-3.1library. Problems with
some isotopes were found in NJOY modules (the NJOY patches able to deal
with these problems are identified):

- ACER: Al-27, CI-35, 1-129, Rh-103 (upn_Cabellos)

- PURR: Es-253 (upn_Pescarini)

- HEATR: Eu-151 (upn_Pescarini)

- HETAR: Mo-95 (upn Pescarini and upn Cabellos)

- GASPR: [-127, Ni-58, Pb-206, Tc-99, Zn0 (upn_Pescarini or

upn_Trkov/Aldama)

3.2. NJOY99.90+NEA updates

We have considered the most recent NJOY corrections developed by:

D. Leichtle, I. Schmuck (FZK)

allow for processing of EFF3.0/NMOD=3 9Be with (n,2n)
subsections in MT875-890

D. L. Aldama, NDS/IAEA Consultant, July 2005
Included in ADS-1ib/V1.0

O. Cabellos, NEA Data Bank Consultant, Sep-2005

A. Hogenbirk (NRG), 21sep2001

NRG updates for ACER-processing of delayed neutron data
M. Mattes/IKE

Thermal scattering cross sections

M. Pescarini

Updates for JEFF-3.1

Kazuaki Kosako, Shimizu Corporation

J.C. Sublet, Feb. 2005

A.Trkov, IAEA

IAEA updates, FENDL updates, WLUP updates

We have processed these updates, and we have obtained a unique update to
be used in this work. To reach this objective, extensive work has been
undertaken:

- checking consistency between different updates

- correcting small bugs
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A comparison with the most recent NJOY update, upn112 will be shown in
section 3.2.

Figure 3.1. Build NJOY using some NJOY patches

REM - Build Updated NJOY for JEFF31 (November 2005)

del *.f

copy
upn90_noup63_noup56+uplf95+upn Leichtle Mod+upn_ Sublet+upn Aldama+upn_ Mattes+upn_ Trkov
+upn_Ads+upn_Cad+upn_Shimizu+upn Pescarini+upn_Cabellos+upn_ Hogenbirk upn
upd.exe

REM -----

REM upn90 noupé63 noup56 : (included in upn Hogenbirk)

REM - Include upn90 except for:

REM - up63 to treat delayed neutrons (updated in upn_ Hogenbirk)
REM - up64, up72 and up75 do not include updates for up63

REM - up56: converting law7 into lawl

REM - up64 does not include update for up56

REM

REM uplfos : for lahey95

REM upn_Trkov : IAEA upn for fendl2.1

REM - Include: upiaeal, upijs57,upijs59, upijsél, upijs62, upijsé63, upijs64
REM upiaea2 upiaea3, upfendll,upfndl2, upfndl3, upfndl4, upfndl5, upfndle
REM upn_Mattes : Thermal Scattering Libraries

REM - Include: up3_thermr, upl_leapr, up2_leapr, up3_leapr, up4_leapr,

REM up5_leapr, up_acer

REM Modifications in common/xsst/

REM - Do not include: up_ thermr (updated in upn Aldama)

REM upn_Aldama : up_therml update included in upn_Mattes (included in upn_ADS)
REM upn_Hogenbirk: Delayed neutrons in ACE format for JEFF31.

REM - Include: nrg a50, nrg a52, nrg a57, nrg rel5 (dlal in upn_ADS)
REM upn_Sublet : upki (included in upn Hogenbirk)

REM upn_ADS :

REM - Include: ads0l, ads02, ads03

REM - Do not include:

REM 1) upiaeal, upijs57, upijs59, upijs6l, upijs62, upijs63, upijse4
REM upiaea2 upiaea3, upfendll, upfndl2, upfndl3, upfndl4,

REM upfndl5, upfndlé: included in upn_Trkov

REM 2) wlup2: included in upn_ Aldama

REM 3) up3_thermr, upl_ leapr, up2_leapr, up3_leapr, up4_leapr,
REM up5_leapr, up_acer : included in upn_ Mattes

REM 4) upshim: included in upn_Shimizu

REM 5) upcad: included in upn_ CAD

REM upn_CAD : upcad (included in ADS)

REM upn_Shimizu : upshim (included in ADS)

REM upn_Cabellos : JEFF31 update

REM -11f

REM upn_Leichtle Mod : Be-9 and others (Li7)

REM - Include: upacl, upac2 (with some modifications because it
REM corresponds with up57)

REM - Do not include:

REM - uprel (equivalent to up54)

REM - upac3 (equivalent to up57)

REM upn_Pescarini: JEFF31 corrections.

REM - Does not include updates equivalents to upfndl2, upki,

REM up_thermr,nrg rels

REM -----




3.3.

To pro
(upn11

NJOY99.112+JEFF3.1-updates

cess the JEFF-3.1 library with the recently updated release by McFarlane
2) we have to include two additional updates:

The Pescarini’s patch
Ll A correction in heatr/gambar (case Eu-151)
*d heatr.4845

A correction in thermr/coh (Be TH,C_GPH cases)
*1 thermr.782

A correction in purr/rdf3un (case Es-253)
*1 purr.978

The Cabellos’ patch

*/ Error when processing Al-27, Cl1-35,I-129,Rh-103
*/ in acer

*/ Error when processing Thermal Scattering for H-1(in H20) at
*/ 293.6K (11f=0)
*/ in broadr

Table 3.1 . Procedure to obtain NJOY source to process JEFF-3.1 library

del *.f

REM -

copy up
upd.exe

112+uplf95+upn_pescarini+upn_cabellos upn

In addition, we have compared this upn112 patch with NJOY updates
considered in section 3.1. Most of the previous updates are included in upn112,

except

for:

The delayed neutron processing by Hogenbirk (FZK). Patch upn112
includes a simplified correction in up96.

*/ acer -- 21sep2001 A. Hogenbirk (NRG)

*/ _______________________________________________
*/ allow processing of delayed nu data

*/ for use in MCNP (version 4C onwards)
*/ _______________________________________________

The Be9(n,2n) processing by D. Leichtle & I. Schmuck (FZK)

*/ corrections by D. Leichtle, I. Schmuck (FZK)
*/ allow for processing of EFF3.0/NMOD=3 9Be with (n,2n)
*/ subsections in MT875-890 in ACER.
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- The upn_Shimizu.

*/ Kazuaki Kosako, Shimizu Corporation
*/ MF5 and MF6 INT=21-25 laws modifications
*/ in groupr

*/ Kazuaki Kosako, Shimizu Corporation
*/ kinematic meted
*/ in heatr

This upn112 includes the rest of the corrections previously considered in
section 3.1. Some additional small corrections are also incorporated in upn112.
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4. Conversion of the library: makxsf

The program makxsf from the MCNP-4C package is used for ASCII to BCD
conversion of the library. It can also be used to organize data tables for building

cross-section libraries.
Three inputs are required for makxsf:

- Nuclear data tables/cross-section libraries
- A data directory file (xsdir)
- The file specs (specs)

Figure 3.2. Input/Output for makxsf

SPEC file

—_

XSlibraries (*.ACE)

Figure 3.3 . Procedure to make xsdir file: “run_xsdir.bat”

XS Library

\ /

XSDIR file MAKXSF - >

New XSDIR file

o ~.

TPRINT (error file)

REM -------

REM --- Isotopes to build library in: specs_typel
REM --- Update: xsdir_ typel with .dir files

REM -------------------

copy specs_typel specs
copy xsdir typel xsdir
makxsf.exe

move tprint tprint_ascii
copy specs_type2 specs

makxsf.exe
move tprint tprint_bin

Figure 3.4. File “specs_typel”. It describes how the new library will be

generated (jeff31_ascii).

xsdir xsdir_ascii
jeff31_ascii 1

1001.31c
1002.31c

99255.31c
100255.31c
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Figure 3.5. File “xsdir_typel ”. This file contains the header of the classical
xsdir file (datapath, atomic weight ratios and directory sections).

The data directory file consists of three sections:
1. Optional line that specifies the path where the cross-section data are
located

Atomic weight ratios

Descriptions of the data tables that form the library. This directory
section is completed by adding the .dir file for each material

processed.
datapath=.
atomic weight ratios
0001 1.000000 0001 1.000000
1000 0.99931697 1001 0.99916732 1002 1.99679966 1003 2.99013994
2000 3.96821760 2003 2.99012015 2004 3.9682189%94
3000 6.88131188 3006 5.96344945 3007 6.95573316
4000 8.93476310 4007 6.95665041 4009 8.93476310
99000 251.818000 99240 238.006611 99241 238.997765 99242 239.990202

99243 240.981544 99244 241.974280 99245 242.966035

99246 243.959078 99247 244.951167 99248 245.944369

99249 246.936717 99250 247.930357 99251 248.923084

99252 249.917457 99253 250.910696 99254 251.905276

99255 252.898917 99256 253.893623 99257 254.887399
100000 252.899000 100255 252.899000

02/03/2000

directory
1001.31c 0.999170 H1.ACE 0 1 1 10161 0 0 2.585E-08
1002.31c 1.996800 H2.ACE 0 1 1 10882 0 0 2.585E-08
1003.31c 2.990140 H3.ACE 0 1 1 7320 0 0 2.585E-08
2003.31c 2.989032 He3.ACE 0 1 1 9680 0 0 2.585E-08
2004.31c 3.968200 He4 .ACE 0 1 1 26134 0 0 2.585E-08
99253.31c 250.910000 Es253.ACE 0 1 1 64848 0 0 2.585E-08 ptable
99254 .31c 251.905000 Es254.ACE 0 1 1 38692 0 0 2.585E-08
99255.31c 252.899000 Es255.ACE 0 1 1 19107 0 0 2.585E-08

100255.31c 252.899000 Fm255.ACE 0 1 1 17459 0 0 2.585E-08

Figure 3.6. File “specs_type2”. To convert the ASCII library (jeff31_ascii) into
Binary (jeff31_bin).

xsdir_ascii xsdir_bin
jeff31_ascii jeff31l bin 2
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5.

Validation

5.1. Criticality Validation

An extensive criticality validation suite can be used by the International
Handbook of Evaluated Criticality Safety Benchmark Experiments from the
OECD-NEA project ICSBEP [ICSBEP].

It contains cases for a variety of fuels, including:

233U

highly enriched uranium (HEU)
intermediate-enriched uranium (IEU)
low-enriched uranium (LEU)
plutonium

For each type of fuel, there are cases with a variety of:
moderators

reflectors

spectra

geometries

Two suites of calculations were performed:

1.

A Validation Suite proposed by LANL (Russel D. Mosteller)

2. An additional validation, also included in ICSBEP for:

e}

e}
o
o

Np237

heavy-Water solutions

very thermal Pu solution
unmoderated ZEUS benchmark

Other references have been used to compare these calculations [ALEPH-DLG ,
JEFDOC-1107].
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5.1.1. LANL Validation Suite

A MCNP criticality validation suite has been recently proposed by R.D.
Mosteller (LANL) to assess the reactivity impact of improvements to MCNP as
well as changes to associated nuclear data libraries [LA-UR-05-8430]. This
suite is a collection of 31 benchmarks taken from the International Handbook of
Evaluated Criticality Benchmark Experiments (see Table 1). It contains:

Fuels:
o 233U

o 239Pu
o 235U:

highly enriched uranium (HEU)
intermediate-enriched uranium (IEU)

low-enriched uranium (LEU)

For each fuel type, there are cases with a variety of:
o Spectra: Fast, intermediate and thermal

o Compositions: Metals, oxides and solutions

o Configurations: Bare and reflected spheres and cylinders, 2-D and
3-D lattices, infinite homogeneous and heterogeneous regions.

Table 4.1. MCNP Ciriticality Validation Suite proposed by R.D. Mosteller, LANL.

Spectrum Fast Intemediate Thermal
Lattice
Heav Light of fuel .
S RN reflect)(/)r reflgctor Any Pins in Sl
water
233U Jezebel-233 Flattop-23 | U233-MF-05 (2)* | Falstaff (1) SB-2% ORNL-11
HEU Godiva Flattop-25 | Godiver UH3 (6) SB-5 ORNL-10
Tinkertoy-2 (c11) Zeus (2)
IEU IEU-MF-03 BIG TEN IEU-MF-04 Zebra-8H” IEU-CT- | STACY-36
02 (3)
LEU Baw Xl LEU-ST-02
(2)
Pu Jezebel Flattop-Pu | Pu-MF-11 HISS/HPG PNL-33 PNL-2
Jezebel-240 THOR
Pu Buttons (3)

Numbers in parenthesis identify a specific case within a sequence of benchmarks

+ Extrapolated to critical
# k. measurements

The MCNP5 calculations were run with 5,000,000 active neutron histories for all
but two cases in the suite (550 generations with 10,000 neutrons per
generation, excluding the first 50 generations from the statistics). Only
3,000,000 active histories were used for those cases, SB-5 and Zebra-8H,
because they require substantially more computer time per history than the
other cases (350 generations). Nonetheless, the standard deviation for keff from
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those cases is comparable to those for other cases in the suite. This number of
histories is sufficient to render the statistical uncertainty from the MCNP5
calculations essentially negligible relative to the benchmark uncertainty for most
of the cases in the suite. The cases in the criticality validation suite can be

summarized in Table 4.2.

Table 4.2 Description of MCNP Criticality Validation Suite

Name Spectrum Handbook ID Description

Jezebel-233 Fast U233-MET-FAST-001 Bare sphere of 233U

Flattop-23 Fast U233-MET-FAST-006 Sphere of 233U reflected by normal U

U233-MF-05 Fast U233-MET-FAST-005, case 2 Sphere of 233U reflected by beryllium

Falstaff-1 Intermediate U233-SOL-INTER-001, case 1 Sphere of uranyl fluoride solution
enriched in 233U

SB-2% Thermal U233-COMP-THERM-001, case 3  Lattice of 233U fuel pins in water

ORNL-11 Thermal U233-SOL-THERM-008 Large sphere of uranyl nitrate solution
enriched in 233U

Godiva Fast HEU-MET-FAST-001 Bare HEU sphere

Tinkertoy-2 Fast HEU-MET-FAST-026, case C-11 3 x 3 x 3 array of HEU cylinders in
paraffin box

Flattop-25 Fast HEU-MET-FAST-028 HEU sphere reflected by normal U

Godiver Fast HEU-MET-FAST-004 HEU sphere reflected by water

Zeus-2 Intermediate HEU-MET-INTER-006, case 2 HEU platters moderated by graphite and
reflected by copper

UHs Intermediate HEU-COMP-INTER-003, case 6 UHs cylinders reflected by depleted
uranium

SB-5 Thermal U233-COMP-THERM-001, case 6 Lattice of HEU fuel pins in water, with
blanket of ThO2 pins

ORNL-10 Thermal HEU-SOL-THERM-032 Large sphere of HEU nitrate solution

IEU-MF-03 Fast IEU-MET-FAST-003 Bare sphere of IEU (36 wt.%)

BIG TEN Fast IEU-MET-FAST-007 Cylinder of IEU (10 wt.%) reflected by
normal uranium

IEU-MF-04 Fast IEU-MET-FAST-004 Sphere of IEU (36 wt.%) reflected by
graphite

Zebra-8H Intermediate ~ MIX-MET-FAST-008, case 7 IEU (37.5 wt.%) reflected by normal U
and steel

IEU-CT-02 Thermal IEU-COMP-THERM-002, case 3 Lattice of IEU (17 wt.%) fuel rods in
water

STACY-36 Thermal LEU-SOL-THERM-007, case 36 Cylinder of IEU (9.97 wt.%) uranyl
nitrate solution

B&W XI-2 Thermal LEU-COMP-THERM-008, case 2 Large lattice of LEU (2.46 wt.%) fuel
pins in borated water

LEU-ST-02 Thermal LEU-SOL-THERM-002, case 2 Sphere of LEU (4.9 wt.%) uranyl fluoride
solution

Jezebel Fast PU-MET-FAST-001 Bare sphere of plutonium

Jezebel-240 Fast PU-MET-FAST-002 Bare sphere of plutonium (20.1 at.%
240PU)

Pu Buttons Fast PU-MET-FAST-003, case 103 3 x 3 x 3 array of small cylinders of
plutonium

Flattop-Pu Fast PU-MET-FAST-006 Plutonium sphere reflected by normal U

THOR Fast PU-MET-FAST-008 Plutonium sphere reflected by thorium

PU-MF-11 Fast PU-MET-FAST-011 Plutonium sphere reflected by water

HISS/HPG Intermediate = PU-COMP-INTER-001 Infinite, homogeneous mixture of
plutonium, hydrogen, and graphite

PNL-33 Thermal MIX-COMP-THERM-002, case 4 Lattice of mixed-oxide fuel pins in
borated water

PNL-2 Thermal PU-SOL-THERM-021, case 3 Sphere of plutonium nitrate solution
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This suite can provide a general indication of the overall performance of a
nuclear data library, and is not an absolute indicator of the accuracy or reliability
of a given nuclear data library.
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Table 4.3. Isotopes in these benchmarks models.

Name Name Isotopes
Jezebel-233 92235 92234 92233 92238
Flattop-23 92233 92234 92235 92238
U233-MF-05 92233 92234 92238 4009 8016
92234 92233 92232 92238 92235
9019 8016 26057 26056 26054
Falstaff-1 24052 24050 26058 28058 24054
24053 28062 28061 28060 28064
4009
8016 40090 40091 40092 40094
U233 40096 92233 92234 92238 50112
50114 50115 50116 50117 50118
SB-2% 50119 50120 50122 50124 1001
26054 26056 26057 26058 5010
24050 24052 24053 24054 25055
28058 28060 28061 28062 28064
92233 92234 92235 92238 7014
8016 1001 90232 13027 14028
ORNL-11 14029 14030 26054 26056 26057
26058 29063 29065 25055
Godiva 92235 92238 92234
Tinkertoy-2
Flattop-25 92234 92235 92238
Godi 92234 92235 92236 92238 1001
odiver 8016
92234 92235 92236 92238 12024
12025 12026 13027 14028 14029
7 5 14030 22046 22047 22048 22049
eus- 22050 24050 24052 24053 24054
25055 26054 26056 26057 26058
29063 29065 6000
UH3
HEU 8016 40090 40091 40092 40094
40096 92234 92235 92238 90232
64152 64154 64155 64156 64157
64158 64160 50112 50114 50115
SB-5 50116 50117 50118 50119 50120
50122 50124 1001 26054 26056
26057 26058 5010 24050 24052
24053 24054 25055 28058 28060
28061 28062 28064 6000
92233 92234 92235 92236 92238
1001 7014 8016 13027 14028
ORNL-10 14029 14030 25055 26054 26056
26057 26058 29063 29065
5010 8016 92234 92235 92238
12024 12025 12026 13027 14028
14029 14030 22046 22047 22048
B&W XI-2 22049 22050 24050 24052 24053
LEU 24054 25055 26054 26056 26057
26058 29063 29065 1001 5011
92234 92235 92238 9019 1001
LEU-ST-02 8016 13027 14028 14029 14030
29063 29065 25055
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92234 92235 92238 26054 26056
26057 26058 6000 29063 29065
IEU-MF-03 28058 28060 28061 28062 28064
74182 74183 74184 74186
92234 92235 92236 92238 14028
14029 14030 24050 24052 24053
BIG TEN 24054 25055 26054 26056 26057
26058 28058 28060 28061 28062
28064 41093
92234 92235 92238 26054 26056
IEU-MF-04 26057 26058 6000 74182 74183
74184 74186
92235 92238 6000 26054 26056
26057 26058 14028 14029 14030
1001 13027 8016 24050 24052
Zebra-8H 24053 24054 28058 28060 28061
EU ebra- 28062 28064 42092 42094 42095
42096 42097 42098 42100 25055
29063 29065 22046 22047 22048
22049 22050 23000
92234 92235 92238 8016 26054
26056 26057 26058 24050 24052
24053 24054 28058 28060 28061
28062 28064 25055 14028 14029
IEU-CT-02 14030 22046 22047 22048 22049
22050 6000 1001 64152 64154
64155 64156 64157 64158 64160
13027
1001 7014 8016 92234 92235
92236 92238 6000 14028 14029
14030 25055 15031 16032 16033
STACY-36 16034 16036 28058 28060 28061
28062 28064 24050 24052 24053
24054 26054 26056 26057 26058
Jezebel 94239 94240 94241 31000
Jezebel-240 94239 94240 94241 94242 31000
PuB 94239 94240 94241 94242 13027
u Buttons 26054 26056 26057 26058
F p 94239 94240 94241 31000 92234
attop-Pu 92235 92238
THOR 94239 94240 94241 31000 90232
PU-MF-11 94239 94240 94241 94242 1001
PU 8016
1001 5010 5011 6000 8016
HISS/HPG 20040 20042 20043 20044 20046
20048 94239 94240 94241 94242
PNL-33
94238 94239 94240 94241 94242
7014 1001 8016 26054 26056
PNL-2 26057 26058 24050 24052 24053
24054 28058 28060 28061 28062
28064 25055
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Table 4.4. Results for the Criticality Validation Suite

Description Benchmark ENDF/B-VII NRG NRG NEA
R. D. JEFF3.0 JEFF3.1 JEFF3.1
Mosteller

Jezebel 1.00000 (200) | 0.99980 (30) | 1.00052 (40)| 1.00010 (19) | 1.00038 (26)
Jezebel-240 1.00000 (200) | 1.00030 (30) -|_1.00428 (67) | 1.00337 (27)
Fast Pu Buttons 1.00000 (300) | 099840 (30) - -] 0.99698 (30)
Flattop-Pu 1.00000 (300) | 1.00040 (30) | 0.09492 (44) | 1.00267 (43)| 1.00277 (31)
PU THOR 1.00000 (60) | 1.00790 (30)* | 1.00937 (45)| 1.00305 (35) | 1.00271 (27)
Pu-MF-11 1.00000 (100) | 0.99920 (40) - -] 0.09722 (34)
Interm HISS/HPG 1.00000 (1100) | 1.01060 (20) | 1.00608 (57) | _1.00716 (44) | 1.00654 (42)

Thermal PNL-33 1.00240 (210) | 1.00630 (30)
PNL-2 1.00000 (650) | 1.00290 (50) - - 1.00504 (43)
Jezebel-233 1.00000 (100) | 0.99970 (30) | 1.01359 (38) | 1.00445 (107)| 1.00379 (24)
Fast Flattop-23 1.00000 (140) | 0.99940 (30) | 1.00391 (53)| 1.00608 (44) | 1.00612 (30)
U233 U233-MF-05_case2 | 1.00000 (300) | 0.99790 (30) | 1.00710 (49) | _1.00033 (48)| 1.00010 (30)
interm | _ Falstaff_casef 1.00000 (830) | 0.99050 (50) - - 0.98416 (48)
Therm SB 25 1.00000 (240) | 0.99880 (40) | 0.99848 (112) | 0.99761 (112) | 0.99700 (44)
ORNL-11 1.00060 (290) | 1.00410 (20) - - 0.99723 (17)
Godiva 1.00000 (100) | 0.99940 (30) | 0.99596 (40) | 0.99644 (19) | 0.99696 (27)

Fast Tinkertoy-2 1.00000 (380) | 1.00040 (30)
Flattop-25 1.00000 (300) | 1.00290 (30)| 0.99379 (43)| _ 1.00275(51) | 1.00220 (28)
HEU Godiver 0.99850 (110) | 0.99780 (40) - -| 0.99444 (32)
Intermediate Zeus-2 1.00010 (80) 0.99580 (40) | 0.99394 (90) | _ 0.99540 (84) | 0.99490 (35)

UH3 1.00000 (470) | 0.99520 (40)
Thermal SB-5 1.00150 (280) | 0.99570 (50) | 0.99731(102)| 0.99797 (50)
ORNL-10 1.00150 (260) | 0.99890 (20) -| 0.99855 (37) | 0.99874 (17)
IEU-MF-03 1.00000 (170) | 1.00270 (30) - - 0.99897 (27)
Fast BIG-TEN 0.99480 (130) | 0.99520 (20) | 1.00058 (28) | _0.99798 (28) | 0.99774 (23)
EU IEU-MF-04 1.00000 (300) | 1.00720 (30) - -] 1.00379 (28)
Intermediate Zebra-8H 1.03000 (250) 1.01980 (20) - -| 1.01579 (23)
hermal |__JEU-CT-02 c3 | 1.00170 (440) | 1.00080 (30) | 0.99987 (80) | 0.99941 (82) | 1.00081(33)
STACY-36 0.99880 (130) | 0.99940 (30) | 0.99920 (56) | 1.00109 (67)| 0.99860 (20)
BaWw XI_2 1.00070 (120) | 1.00000 (30) - | 0.99984 (30)
LEU Thermal —F(°857:02 2 [1.00240(370) | 0.99610 (30) - -| 0.99630 (28)

*Cases with differences more than 2*c are marked in red.

In conclusion:

- ForPU:

o Deficiencies in fast cases

- For U233:

o Deficiencies in fast cases

- For HEU:
o Deficiencies in fast and intermediate cases
Improvement in thermal case SB-5

o

- ForlEU:
o Deficiencies in fast and intermediate cases
Improvements in IEU-MF-03 (bare) and IEU-MF-04 (light reflector)

o

- ForLEU:
o Good approximation (need for ad hoc adjustment to 238U
resonance integral may be eliminated)
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5.1.2. Additional Validation

Some interesting Benchmark have been evaluated in [LA-UR-05-8430].

This Validation Suite is included in Reference [ICSBEP].

Most of them are not in electronic format, so a tedious hand-work has been

performed to process these files.

Table 4.5. Additional criticality validation tests from ICSBEP.

ENDF/B-VII
NEA
Case Benchmark R.D. JEFE3.1
Mosteller
PU-SOL-THERM-009 1.00030 (330) 1.01910 (20) | 1.01515 (49)
PU Thermal | (48-inch sphere of plutonium
nitrate solution)
Same sphere as for ORNL-10 (HEU) and ORNL-11 (U233) Benchmarks
Very thermal spectra with vey little leakage
Cross sections for Pu239 should be re-examined in the deep thermal
range
HEU-MET-FAST-73 1.00120 (150) 1.00800 (30) | 1.00849 (26)
HEU Fast (Unmoderated ZEUS
benchmark)
®  Benchmark contains no moderator and therefore has a fast spectrum
®  Fast cross sections for Cu should be reviewed
HEU-SOL-THERM-004_case1 | 1.00000 (330) 0.98390 (40) | 0.98438 (38)
HEU Thermal (Heavy water solutions,
reflected spheres)
®  |mprovement for cases with deuterium
d
SPEC-MET-FAST-08 1.00190 (360) 0.99240 (30) | 0.99177 (24)
SPEC Thermal | (Neptunium sphere reflected by
HEU)
®  Fast cross sections for Np-237 should be reviewed
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5.2. Radiation-Shielding validation Suite

The present benchmark calculations use specifications given in the SINBAD
Database [SINBAD]. Other references have been used to compare these
calculations [ALEPH-DLG , JEFDOC-1106].

5.2.1. EURAC-Fe

Ispra lron Benchmark Experiment (EURACOS). Study of the neutron deep
penetration in homogeneous materials commonly used in the construction of
advanced reactors: Fe (and Na). Flux and spectra were measured up to 130 cm
in Fe.

Table 4.6. Results for EURAC-Fe using different data libraries

Distance | measured | cell Endf60 NRG Endf-602 NEA
(cm) JEFF-3.1 +
Fe56 (JEFF-3.1) JEFF-3.1
54 2.872e+0 | 47 | 2.746E+00 2.742E+00 3.738E+00 3.997E+00
62 6.398e-1 48 | 6.717E-01 6.652E-01 9.503E-01 1.013E+00
70 1.338e-1 49 | 1.615E-01 1.595E-01 2.390E-01 2.537E-01
78 3.045e-2 50 | 3.880E-02 3.769E-02 5.991E-02 6.331E-02
86 7.025e-3 51 9.274E-03 9.115E-03 1.501E-02 1.577E-02
94 2.372e-3 52 | 2.227E-03 2.161E-03 3.780E-03 3.936E-03

Significant differences are obtained mainly due to Fe56.
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5.2.2. KANT

KANT Spherical Shell Transmission Experiment on Beryllium. The purpose at
the time of the experiment was mainly to clarify the discrepancies found by
other researchers in the effective neutron multiplication of bulk beryllium
assemblies with central 14 MeV neutron sources.

Recorded neutron leakage spectra from 5, 10 and 17 cm thick spherical
beryllium shells from the source energy down to less than 10 eV is evaluated.

The KANT input included in SINBAD Database has a problem with the geomtry.
It stops before end with the message:
“run terminated because 10 particles got lost”

Finally, an updated input has been included in SINBAD Database by A.Serikov
and D. Leichtle/U.Fischer in March 2006.

1,0E+01

o Experimental- 17cm
MCNP4c2-jeff31
- - = MCNP4c2-fendl

1,0E+00

1,0E-01 1 A Loy L - -

Normalised Leakage

1,0E-02 A

o

1,0E'03 T T T T T T T T T
1,0E-02 1,0E-01 1,0E+00 1,0E+01 1,0E+02 1,0E+03 1,0E+04 1,0E+05 1,0E+06 1,0E+07 1,0E+