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Abstract. China is developing the nuclear data processing code Ruler, which can be used for producing multi-
group cross sections and related quantities from evaluated nuclear data in the ENDF format [1]. The Ruler
includes modules for reconstructing cross sections in all energy range, generating Doppler-broadened cross
sections for given temperature, producing effective self-shielded cross sections in unresolved energy range,
calculating scattering cross sections in thermal energy range, generating group cross sections and matrices,
preparing WIMS-D format data files for the reactor physics code WIMS-D [2]. Programming language of
the Ruler is Fortran-90. The Ruler is tested for 32-bit computers with Windows-XP and Linux operating
systems. The verification of Ruler has been performed by comparison with calculation results obtained by the
NJOY99 [3] processing code. The validation of Ruler has been performed by using WIMSDS5B code.

1. Introduction

The Ruler is a computer code package for generating
multi-group cross sections and related quantities from
evaluated nuclear data in the ENDF format.

The objective to create the computer programs for the
production of multi-group constants for the calculation
of reactor physics using evaluated data was conceived 6
years ago. By that time, the project of the self-reliance
development of key design codes for nuclear power plants
was created, and the self-reliance development of nuclear
data processing code is an essential part one. The Ruler has
been developed since then.

The Ruler has been developed through the formula
derivation, requirements analysis, system design, detailed
design, coding, unit testing, sub-system testing and
system testing. The well-proven models and methods
for generating multi-group constants are used, including
resonance reconstruction, Doppler broadening, thermal
scattering processing, group cross section and scattering
matrices computing, as well as resonance self-shielding
treatment.

The Ruler consists of a set of functional modules, each
performing a defined processing task. They are main code,
data management modules, physics modules, interface
modules. They are linked to one another by input and
output files. Each of functional modules is supported by
a number of subsidiary modules.

The Ruler is China’s first multi-group constants
generating code system for reactor physics and shielding
design, and the development of Ruler will be continued.

2. Content of the Ruler

The Ruler is designed with a modular structure, which
contains four functional modules, which are supported by
a number of subsidiary modules. They are the main code,
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the data management modules, the physics modules, and
the interface modules.

2.1. Architecture of the ruler

For efficient programming, we used the independent
ENDF I/O system in the development of the Ruler code,
that the data input and output module is separated from the
computation modules in the Ruler.

The Ruler has four functional modules, which consists
of 11 subsidiary modules, they are the main driver module,
data input and output module, public mathematics module,
system common subroutine module, data mode convert-
ing module, resonance reconstruction module, Doppler
broadening module, the unresolved resonance self-
shielding module, thermal data generating module, neu-
tron multi-group constants producing module, WIMS-D
format data library preparing module, respectively.

Figure 1 shows the architecture of Ruler. The
data management modules, the physics modules and
the interface modules can be used with relatively
independence. Those modules can access the PENDF files
obtained by other processing code.

2.2. The endf input-output system

The Ruler has independent ENDF I/O system, which
consists of two parts. They are the data type and user
interface. The data type includes all ENDF files, such as
cross sections, angular distribution etc. The user interface
includes reading ENDF files and writing ENDF files etc.

Table 1 gives the user interface and function of
ENDF_IO.

The basic concept of ENDF I/O system is packaging
the decentralized I/O operation into a library that
programming-maker can use API (Application Program-
ming Interface)-Centric programming pattern to replace
the File-centric programming pattern of NJOY.

(© The Authors, published by EDP Sciences. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 4.0
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Figure 1. Structure of the Ruler.
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Figure 2. Different programming patterns between Ruler and
NJOY.

Table 1. User interface and function of ENDF_IO.

Interface Function
Subroutine Read data from
read_endf_file(fin,endf,mat) (P)ENDF files
Subroutine Read data from
read_gendf file(fin,endf,mat) GENDF files
Subroutine .
. Write onto a
wrlte,endf,ﬁle.(fout,endf, (P)ENDF files
overwrite)
Subroutine .
. Write onto a
erte,gendf,ﬁls:(fout,endf, GENDF files
overwrite)
Subroutine del_endf(endf) Release memory space
Subroutine del_gendf(gendf) | Release memory space
. Insert file onto
Interface insert_mt . "
specified position
Interface find_mt Find specified MT file

Figure 2 shows the comparison of programming
patterns between Ruler and NJOY.

The use of independent ENDF 1/O system in the Ruler
results that the Ruler is much more advanced in the aspects
of the running time, the maintainability and the
extendibility, especially is easy for modification while the
ENDF format is changed.

DOPLER

GWIMS

PENDEF

Figure 3. Flow diagram of the Ruler.

2.3. Flow diagram of the ruler

The Ruler can be used for generating the WIMS-D format
data files from ENDF format files. Figure 3 shows the flow
diagram of the Ruler.

The run of the Ruler begins with the reading of ENDF
format files. Then, a successive data processing for each
module is carried out.

The following brief summary illustrates the general
flow of data processing in the Ruler.

MODE converts ENDF library files for binary mode
for calculation efficiency.

RXSP reads an ENDF file and produces a common
energy grid for all reactions. Resonance cross sections are
reconstructed in all energy range. The resulting pointwise
cross sections are written onto a “point-ENDF” (PENDF)
file for future use.

DOPLER reads a PENDF file and Doppler-broadens
the data using the accurate point-kernel method to generate
Doppler-broadened cross sections for given temperature.
The results are written out on a new PENDF file for
future use.

NURD produces effective self-shielded pointwise
cross sections, versus temperatures and background cross
sections in the unresolved range. This is done for each
temperature produces by DOPLER. The results are added
to the PENDF file.

TSC produces scattering cross sections in the thermal
range. The results are added to the PENDF file.

GAC processes the pointwise cross sections into
multigroup form. The weighting function for group
averaging can be taken to be the Bondarenko form, or it
can be computed from the slowing-down equation for a
heavy absorb in a light moderator. The results are saved on
a GENDF file.

GWIMS prepares libraries for the thermal reactor
assembly code WIMS-D.

3. Verification and validation of Ruler

The verification and validation of Ruler has been
performed by comparison with the calculation results
obtained by NJOY99 code.
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Figure 4. Reconstruction fission cross sections for U-235.
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Figure 5. Reconstruction fission cross sections for Pu-241.
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Figure 6. Doppler broadening fission cross sections for U-235.

3.1. Comparison of calculated cross sections

Figures 4 to 11 show the comparison of cross sections
for some materials between Ruler and NJOY. It can be
seen that the reconstruction cross sections of Ruler show
agreement with NJOY99 within 1%, Doppler broadening
cross sections of Ruler show agreement with NJOY99
within 3%, group averaging cross sections are similar for

Figure 7. Doppler broadening fission cross sections for U-235.
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Figure 8. 69 groups averaged fission cross sections for U-235.

100010
Loooos | T=293K
100006 |
1.00004
1.00002
100000
0.99998
0.99996
099994
0.99992

Ratio(Ruler/NIJQOY)

0.99990 Lot : . ol
107 10* 107 107 107 10° 10" 107 10° 10* 107 10° 107
Energy(MeV)

Figure 9. 69 groups averaged fission cross sections for Pu-241.

Ruler and NJOY, and the WIMS-D format cross sections
of Ruler show agreement with NJOY99 within 1%.

3.2. Comparison of running time

Table 2 shows the comparison of running time for
generating a WIMS-D format data file between Ruler and
NJOY99. It can be seen that Ruler has less computing
time compared with NJOY99. This is because of the
independent ENDF I/O system in the Ruler that read-once,
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Figure 10. WIMS-D 69 groups cross sections for U-235.
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Figure 11. WIMS-D 69 groups cross sections for Pu-239.

Table 2. Comparison of running time.

Nuclide

Running time (s) | Speed-up ratio
NJOY | Ruler NJOY/Ruler
1-H-H,0 152.7 | 104.2 1.47

1-H-ZrH 410.2 | 365.9 1.12

1-D-D,0O 157.6 | 101.6 1.55

6-C-nat 84.4 61.7 1.37

8-0-16 259 14.9 1.74

13-Al-27 7.0 4.3 1.63
26-Fe-56 23 19.9 1.16
36-Kr-83 5.7 3.1 1.84
42-Mo-95 | 7 5.7 1.23

92-U-235 | 247.3 | 187.0 1.32
92-U-238 | 448.6 | 225.3 1.99
94-Pu-239 | 136.7 | 67 2.04

use-many in the Ruler, but read-many, use-many in the
NJOY.

3.3. Benchmark tests for Ruler

Benchmark tests for Ruler have been performed using
the WIMSDS5B code. The ENDF files are from ENDF/
B-VII.1 [4]. All benchmarks are from WLUP/IAEA [5].
The WIMS-D format data files were generated with Ruler
according to the flow diagram of Fig. 2.

Figures 12 to 13 show the comparison of bench-
marking results between Ruler, NJOY and experiments.
The results of NJOY are from WLUP/IAEA [6]. It can
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Figure 12. H,O moderated UO, lattices k.ss vs. q. Enrichment
(>2 and <4 wt% u-235).
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Figure 13. H,O moderated MOX lattices k,¢¢ vs. q. Enrichment
(>2 wt% fissile metal).

be seen that the calculated results of Ruler show good
agreement with those of NJOY99 for H,O moderated
uranium oxide lattices. All values of k. generated with
Ruler are slightly lower than the corresponding values
obtained with NJOY99 H,O moderated MOX lattices, with
similar tread for Ruler and NJOY.

4. Conclusions and intentions

The primary objective to create nuclear data processing
code has been accomplished. WIMS-D format cross
sections and other related quantities were generated using
Ruler. The verification of Ruler has been performed
by comparison with calculation results obtained by
NJOY99.396 processing code. The benchmark tests for
the library prepared by Ruler have been performed with
WIMSDSB code.

The future development of Ruler will be continued,
which includes photon processing module and more
interface modules. The modification of ENDF_IO module
for new data format will be considered.
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