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DETERMINISTIC AND MONTE CARLO MODELING AND ANALYSES
OF YALINA-THERMAL SUBCRITICAL ASSEMBLY

Abstract

The YALINA thermal facility of the Joint Institute for Power & Nuclear Research —
SOSNY, Belarus consists of a subcritical assembly driven by a californium, deuterium-
deuterium, or deuterium-tritium neutron source. This study analyzes the YALINA thermal
assembly using deterministic and Monte Carlo calculation methodologies. In the deterministic
analyses, the DRAGON computer program has been used to generate the macroscopic cross
sections starting from the WIMSD nuclear data library with 69 energy groups. The WIMSD
nuclear data library has been modified by adding few isotopes describing the polyethylene
material, some impurity nuclides, and the uranium nuclides without delayed neutrons for
calculating the effective delayed neutron fraction by the k-ratio method and the Bell and
Glasstone spatial correction factor. The data added to the WIMSD library have been
generated by the NJOY computer program using the ENDF/B nuclear data files. The
macroscopic cross sections generated by DRAGON computer program describe more than
sixty different zones of the subcritical assembly; in these zones, whenever necessary, the
materials have been homogenized. The macroscopic cross sections generated by the
DRAGON computer program have been then used in the PARTISN computer program, which
modeled the YALINA thermal facility in details. In order to facilitate the coupling between the
DRAGON and PARTISN computer programs, a new interface computer program
(DRAGONZ2PARTISN) has been developed. For the time-dependent calculations, the
PARTISN computer program has been modified to speed up the computing time. Some of
the deterministic results have also been confirmed by the TORT computer program.

In addition, the YALINA thermal facility was modeled without any geometrical
homogenization by two independent Monte Carlo computer programs, MONK and
MCNP/MCNPX. The MONK computer program has nuclear data libraries, which are different
from the libraries of MCNP/MCNPX computer programs.

The Deterministic and Monte Carlo analyses of the YALINA thermal assembly
investigated: the neutron multiplication factor (ke), the neutron source multiplication factor, the
effective delayed neutron fraction, the prompt neutron lifetime and generation time, the spatial
neutron flux profile, the neutron spectrum, and the *He(n,p), 2°U(n,f), *’Au(n,y), *°In(n,y),
and *°Mn(n,y) reaction rates profiles, the time dependent *He reaction rate from the pulsed
deuterium-deuterium or the deuterium-tritium neutron source, and the Bell and Glasstone
correction factors for the measured reactivity values. The analytical results have been
compared with experimental measurements.

This report presents the computational models and the obtained results. The
comparison of the deterministic and Monte Carlo results shows an excellent agreement with
the experimental measurements.



DETERMINISTIC AND MONTE CARLO MODELING AND ANALYSES
OF YALINA-THERMAL SUBCRITICAL ASSEMBLY

1. Introduction

Subcritical nuclear assemblies driven by an external neutron source for transmuting
nuclear waste have been proposed.”” These transmuters are referred to as Accelerators
Driven Systems (ADS). Research programs for partitioning and transmuting nuclear waste by
ADS are under development in Japan,®*! China,*? Europe,***' and Russia.**** In Europe,
the MUSE program was carried out at the MASURCA facility in Cadarache, France.®**° The
MASURCA facility consists of a fast subcritical reactor, loaded with MOX fuel and sodium,
coupled with a deuteron accelerator, and it operated at low power of less than 5 kW. Another
set of experiments has been carried out within the TRIGA Accelerator Driven Experiment
(TRADE) program.?®* Another related program is the RACE-T.?*® The current European
research and development activity aims at the construction of a multipurpose prototype ADS
for nuclear waste transmutation. Two major projects are under consideration: the PDS-
ADS?"?8 and the MYRRHA/XT-ADS.?*3! Both projects use eutectic lead-bismuth targets and
a windowless target is considered for the MYRRHA/XT-ADS project. In Russia, the ADS
experiments have been considered at the Subcritical Assembly in Dubna (SAD), which
couples Russian fuel elements of the BN-600 reactor®®> with a proton accelerator. In the
United States, the ADS experiments have been carried out under the Reactor-Accelerator
Coupling Experiments Project (RACE). In this project, water-moderated uranium-aluminum
fuel plates have been coupled with an electron accelerator at Idaho State University in
Pocatello, ID, USA %%

In 2005, the International Atomic Energy Agency (IAEA) has started coordinated ADS
research activities to validate computational methods, to characterize the performance of
different subcritical systems, to develop and improve reactivity monitoring techniques, and the
utilization of low enriched uranium instead of high enriched uranium in these systems. These
activities include the YALINA booster and thermal subcritical experiments.***® The YALINA
subcritical assemblies are located at the Joint Institute for Power & Nuclear Research —
SOSNY, Minsk, Belarus and the assemblies can be driven by californium (Cf), deuterium-
deuterium (D-D), or deuterium-tritium (D-T) neutron source. The Argonne National
Laboratory previous analyses focused on the YALINA booster assembly,**® which has
different zones with a fast and a thermal neutron spectra. This work examines the YALINA
thermal assembly, which has a thermal neutron spectrum, and it extends the computational
methodologies used in the previous studies. The YALINA thermal assembly has been
modeled by the deterministic*’ computer programs DRAGON,*® PARTISN,**®3 and TORT.>
The DRAGON computer program has been developed at the Polytechnique de Montréal,
Canada, and it is used for licensing CANDU nuclear power plants in CANADA. In this work,
the DRAGON computer program has been used to generate the macroscopic cross sections
of sixty different material zones of the YALINA thermal assembly. The processing of the
macroscopic cross sections started with the 69 energy groups WIMSD microscopic cross
section library.>®> The macroscopic cross sections generated by DRAGON have been then
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used in the PARTISN computer program, which modeled the facility in details using the 69
energy groups structure and about 60 different material zones. The TORT modeling of
YALINA thermal is the same as the PARTISN one and the modeling details are discussed in
Section 2.B.

The results of deterministic computer programs (PARTISN and TORT) have been
compared with those from the Monte Carlo®® computer programs MCNP/MCNPX>"*® and
MONK®%®! in addition to the experimental measurements. The Monte Carlo modeling of the
facility followed the approach used in the previous studies*“® for the YALINA booster
assembly. The performed analyses include the neutron multiplication factor (ke), the Bell and
Glasstone correction factors for the measured reactivities, the neutron source multiplication
factor (ksc), the effective delayed neutron fraction, the prompt neutron lifetime and the
generation time, the spatial neutron flux profiles, the neutron spectrum, and the *He(n,p),
25U(n,f), ¥Au(n,y), *In(n,y), and **Mn(n,y) reaction rate profiles. The comparison between
the experimental measurements and the numerical results included the neutron multiplication
factor of the assembly (ke), the ®He reaction rate as a function of time from the pulsed
deuterium-deuterium neutron source, and the *He reaction rate spatial profile from the Cf
neutron source. The comparison between the deterministic results, the Monte Carlo results,
and the experimental measurements showed an excellent agreement.

2. The YALINA thermal Assembly

2.A. Monte Carlo Modeling

The YALINA thermal assembly has polyethylene moderator and EK10 fuel rods with
10% enriched uranium. The EK10 fuel, the polyethylene moderator, the assembly unit cell,
and the target zone of the YALINA thermal assembly are the same as those of the YALINA
booster assembly.**® The assembly fuel unit cell, the target, and fuel zones have a square
geometry with a side of 2, 8 and 40 cm, respectively. The axial reflector is a 9-cm thick
borated polyethylene at one side of the fuel rods. On the other side of the fuel rods, the
deuteron beam tube penetrates the assembly without axial reflector. Air surrounds the
deuteron beam tube and an inactive part of the fuel rods. The radial reflector is 40-cm
graphite reflector. An organic glass layer covers the vertical outer surfaces of the graphite
reflector. The other two external sides (top and bottom) of the radial graphite reflector are
covered with cadmium and iron layers, the iron layer is on the outside. In addition, a thin (0.4
cm thick) organic glass layer covers the end of the fuel zone on the air side. The active fuel
length and the total fuel rod length are 50 and 59 cm, respectively.

The assembly has an experimental channel in the target zone (EC4), three experimental
channels in the fuel zone (EC1, EC2, EC3), and three experimental channels in the reflector
zone (EC5, EC6, EC7). All the experimental channels are parallel to the fuel rods except
EC7, which is perpendicular to the fuel rods. EC1, EC2, EC3, EC5, EC6, and EC7
experimental channels have 1.2 cm radius. In addition to the experimental channels, the
facility has also four measurement channels located at the corners of the fuel zone. Three
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control rods for emergency shutdown are located in the fuel zone next to the target zone. The
control rods are always extracted during normal operation. A further detailed description of
the assembly specifications is reported in the IAEA benchmark specifications.***?

In this study, three different fuel loading patterns have been analyzed. The three
configurations have different number of EK10 fuel rods, which are 216, 245, and 280. No
experimental measurements have ever been performed with the 216 configuration. A picture
of the YALINA thermal assembly is given in Figure 1. Figures 2 to 6 illustrate three-
dimensional views of the assembly model with MONK computer program. In these figures the
colors correspond to the different materials as follows:

- pale green — borated polyethylene
— blue — organic glass
—- cyan — graphite

- gray —iron
— yellow — air
- pink — lead

— purple — polyethylene
- green — stainless steel
— orange — copper

- light blue — water

- white — polystyrene

- light yellow — vacuum
— pale blue — fuel

Figures 7 to 13 show cross section details of the MONK assembly model. The
experimental channels of the facility are labeled in Figures 6, 7, and 8. The three different
fuel loading configurations, 216, 245, and 280, are illustrated in Figures 11, 12, and 13,
respectively. In the MONK assembly model, the material approximations discussed in
appendix A of the previous Argonne report* are used. Figures 14 to 18 show cross sections
of the MCNP/MCNPX assembly model. Both MONK and MCNP/MCNPX computer programs
modeled the facility in details as specified in the IAEA benchmark report without any material
homogenization. MONK and MCNP/MCNPX models use the same geometry and material
specifications. The MCNP/MCNPX and MONK codes have been used (unless otherwise
specified) with nuclear data libraries based ENDF/B-VI nuclear data files.®*®® In all Figures,
the statistical error has been indicated (whenever reported) with two standard deviation
confidence (95% confidence). In all Tables, the statistical error has been indicated (whenever
reported) with one standard deviation confidence (68% confidence).

2.B Deterministic Modeling

A deterministic model of the YALINA thermal assembly has been developed for the
PARTISN computer code using a macroscopic cross section library with a 69 energy groups.
The model has about sixty different material zones, as shown in Figures 19 through 33. In
the PARTISN model, three approximations have been introduced:
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1. The cadmium and the iron layers at the top and the bottom sides of the graphite reflector
boundaries are not included in the geometrical model. This approximation has been
introduced because the vacuum boundary condition at the iron boundary is equivalent to
an infinite absorber. So removing the thin cadmium and iron layers do not impact the
modeling results.

2. The organic glass layer at the four outer surfaces of the graphite reflector boundaries has
been approximated by a graphite layer to simplify the geometrical model. The organic
glass material has carbon and it is thickness is very small. In addition, it is located at the
outer boundary of the geometrical model. Therefore, this approximation does not impact
the accuracy of the deterministic model.

3. The three experimental channels in the reflector zone are filled with graphite to simplify
the spatial mesh of the model and to reduce the numerical errors from using fine and
coarse meshes next to each other.

These three approximations have been investigated by comparing the multiplication
factor calculated with and without these three approximations using the MCNPX computer
program. The obtained difference in the multiplication factor is within the statistical error of
the Monte Carlo calculations.

The PARTISN simulations have been usually performed with the Sg built-in angular
quadrature set®*® and 60, 60, and 41 spatial mesh intervals along the x, y, and z axes,
respectively. The fuels axes are parallel to the z axis. In source driven configurations with Cf,
D-D, or D-6T6 neutron sources, the angular quadrature set is S;5 and the first collision technique
is utilized.

The PARTISN computer program has been modified for performing the time-dependent
calculations. In this modification, the writing of the restart file at each time step has been
suppressed in order to speed the calculation and save disk space. PARTISN writes a restart
file at each time step, which is extremely expensive for large problems with large number of
time steps.

The macroscopic cross sections for the PARTISN material zones have been generated
by the DRAGON computer program using the WIMSD ENDF/B-VI1.8 nuclear data library with
69 energy groups. The WIMSD nuclear data library has been modified to include hydrogen
data in polyethylene; free carbon data in polyethylene, stainless steel, polystyrene and
organic glass materials; "°As, 1*Ba, 1*’Ba, 1*Ba, 1*°Ba, *°Ba, 1*'Ba, **Ba, **°Bi, natural zinc
data to describe the material impurities; uranium isotopes without delayed neutrons for
calculating the effective delayed neutron fraction by the k-ratio method. The update of the
WIMSD library has been performed by the NJOY®"®® and WILLIE®® computer programs. The
NJOY code used the ENDF/B-VI.8 nuclear data files® for hydrogen, carbon, #*°U, and #8U
isotopes and ENDF/B-VII.0 nuclear data files®® for the other isotopes.

In the calculation of the effective delayed neutron fraction of Section 5 by the k-ratio
method (sometimes also referred to as the two-runs method), two separate WIMSD libraries
have been created by the NJOY and WILLIE computer programs: one library contains the
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total fission neutrons with their spectrum and another includes only the prompt fission
neutrons with their spectrum. The latter WIMSD library has been obtained by replacing the
total fission neutrons by the prompt fission neutrons and by removing the delayed neutrons
from the ENDF/B nuclear data file. These ENDF/B delayed neutron data are described in
FILE 1 and MT 452 (total fission neutrons), MT 455 (delayed fission neutrons), and MT 456
(prompt fission neutrons).®? In addition, the WIMSD library has been edited to replace the
default fission spectrum with the one obtained by NJOY calculations.

Three types of DRAGON models have been used to generate the macroscopic cross
sections. The first model has a single EK10 fuel rod inside a 2 x 2 cm polyethylene square
box, a two-dimensional model. This model generated the homogenized cross section for the
fuel and moderator unit cell. The second model has a one eight of the assembly including the
target, fuel, and reflector zones using a two-dimensional geometry. This model has been
modified several times to generate the homogenized cross sections for the fuel rods next a
fuel hole, the fuel hole, the experimental and the measurement channels, the fuel zone with
the empty channels for the control rods, and the graphite reflector regions. The third model
has a one quarter of the target zone surrounded by two concentric square rows of fuel pins
using a three-dimensional geometry. This model has the total axial length of the facility and it
was used for generating the homogenized cross sections of the target, the beam tube, the
lead, the borated polyethylene, and the inactive fuel regions. Appendix A describes in details
the models used in the DRAGON calculations. All the DRAGON simulations used reflected or
symmetric boundary conditions with zero buckling. An angular quadrature sets with 12, 32
and 16 angles has been used for the first, second, and third DRAGON models, respectively.
The method of characteristics algorithm has been used for the fuel and moderator unit cell
calculation; the probability collision algorithm has been used for the other two models. The
scattering matrix expansion in orthogonal Legendre polynomials has been truncated to the
first moment.

In order to facilitate the coupling between DRAGON and PARTISN codes, a new
software interface  DRAGON2PARTISN™® has been written in C language.”* The
DRAGON2PARTISN software reads the ASCIlI macroscopic cross sections for a specific
material from the DRAGON output and it rearranges them into a new file according to the
material section syntax of the PARTISN input. The DRAGONZ2PARTISN software can utilize
multiple DRAGON outputs files and for each of the output file the user can choose which
material to process. According to the DRAGON2PARTISN material processing sequence,
the macroscopic cross sections are sequentially stored (appended) in the material section of
the PARTISN input. The DRAGON2PARTISN software also processes the scattering matrix
up to the first moment. The source code of DRAGON2PARTISN is listed in Appendix C.

The TORT code used the same cross sections, geometry, and external neutron source
(for the source driven cases) details as the PARTISN code. |In this case, the
DRAGONZ2PARTISN source code has been modified so that the P1 terms of the scattering
matrix are multiplied by 3 (2¢+1 factor). The source code of DRAGON2TORT is reported in
Appendix D. TORT cross sections have been prepared by the GIP code,’® which loaded the
output of DRAGON2TORT code. The S, and Sg TORT quadrature sets” have been used for
criticality and external neutron source calculations, respectively.
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2.C External Neutron Source Modeling
2.C.1 Californium Neutron Source

The YALINA thermal assembly can be driven by Cf, D-D, or D-T neutron source. In the
first case, when experiments are performed, the beam tube is removed from the facility.
Consequently, some of the results for the Cf neutron source have been calculated with the
beam tube inserted (Table II, Figures 45-56, 75-81, 118, 120, 122, 125, 127, 129, 132, 134,
136, 138, and 140-143; these numerical results are compared with the numerical results from
the D-D and the D-T neutron source), and the other results obtained without the beam tube
(Table I, Figures 51-56, 81, 144-155; these numerical results are compared with the
experimental results).

In MCNPX and MONK inputs, the californium neutron source has isotropic angular
distribution and it located at the origin of the assembly. The fission neutron spectrum is used
to describe the neutron energy of the Cf neutrons. The Appendix G data of the MCNP5
manual®’ have been used to describe the spontaneous Watt fission neutron spectrum of
californium in the MCNP/MCNPX calculations.

In the PARTISN inputs, neutrons are emitted in a parallelepiped located at the center of
the facility. The parallelepiped dimensions are 2 cm in the x and y axes and 6.45 cm in the z
axis. It extends from z = -5 to 1.45 cm; z = 0 cm marks the location of the copper disk surface
facing the deuteron beam. In the Monte Carlo model, the source neutrons are located at the
origin (x = 0, y= 0, and z = 0). In the PARTISN calculations, as in Monte Carlo ones, the
source neutrons have an isotropic distribution and a fission spectrum. In order to compare
accurately the results from MCNP/MCNPX and PARTISN calculations, the MCNP/MCNPX
calculations sometimes are performed with the californium neutron source definition of
PARTISN calculations. In these MCNP/MCNPX calculations, a volume source instead of a
point source is used as shown in Figures 138 and 144.

In MCNP/MCNPX results, the source multiplication factor (ksc) has been calculated from
the weights summarized in the neutron creation table using the methodology of Reference 44.
This table does not include the statistical error and therefore the standard deviation of the
neutron source multiplication factor is not reported. A similar methodology has been used for
the deterministic results by using the source multiplication parameter from the PARTISN
output. This methodology has been also used for D-D and D-T kg calculations.

2.C.2 Deuterium-Deuterium Neutron Source

For the D-D and D-T neutron sources, the beam tube is always modeled and the
neutrons are emitted at the copper disk surface facing the deuteron beam. The D-D neutrons
are generated by 250 KeV deuterons. Figures 34 and 35 show the angular distributions of
the D-D and the D-T neutrons, respectively, which are obtained from the microscopic
differential cross sections. The distributions show a peak in the forward direction. The
angular distribution of the D-D source neutrons is more anisotropic than the angular
distribution of the D-T neutrons. Figures 36 and 37 plot the microscopic differential cross
section of the D-D reaction and the neutron energy angular distribution, respectively. The
microscopic differential cross section exhibits a dip when neutrons are emitted perpendicular
to the deuteron beam direction. The neutron energy angular distribution has a single dip
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when neutrons are emitted in the backward direction, relative to the deuteron beam direction.
The data in Figures 34 through 37 have been obtained by using the DROSG software.”*

In the Monte Carlo calculations, D-D source neutrons have an isotropic distribution and 2.45
MeV energy. The neutrons are emitted from the copper disk surface facing the deuteron
beam. In the deterministic calculations, D-D source neutrons have also isotropic distribution
but their energy spreads in the energy range of 2.23 to 3.68 MeV, which matches the energy
group width. In addition, D-D source neutrons are uniformly emitted from a small
parallelepiped, as Cf source neutrons.

In order to compare accurately the results from MCNP/MCNPX and PARTISN
calculations, the MCNP/MCNPX calculations sometimes used the D-D neutron source
definition as PARTISN calculations. In these MCNP/MCNPX calculations, a volume source
instead of a surface source and an energy bin instead of a mono-energetic source distribution
are used for obtaining the results shown in Figures 69 through 74 and 139.

2.C.3 Deuterium-Tritium Neutron Source

The angular distribution of D-T source neutrons, the microscopic differential cross
section of the D-T reaction, and the energy angular distribution of D-T neutrons are plotted in
Figures 35, 36, and 37, respectively. The D-T neutrons have almost an isotropic distribution,
which is different from the D-D neutrons because of the higher mass of the target nuclei. The
D-T microscopic differential cross section and the energy angular distribution have a single
dip for the neutrons emitted in the backward direction relative to the deuteron beam direction.
The D-T microscopic differential cross section is more than one order of magnitude higher
than the D-D one.

In the Monte Carlo calculations, D-T source neutrons have an isotropic distribution and
14.1 MeV energy. They are emitted from the copper disk surface facing the deuteron beam.
The PARTISN and TORT codes have not been considered for the D-T neutron source
calculations because the upper energy boundary of the WIMSD 69 energy group library is
10 MeV, which is less than the average energy of D-T source neutrons.

3. Fuel and Moderator Unit Cell

The first comparison between Monte Carlo and deterministic results has been performed
for the fuel unit cell. The two dimensional unit cell model contains only one EK10 fuel rod
inside a 2 x 2 cm polyethylene square box with reflecting boundary conditions. The
MCNP/MCNPX multiplication factor of the unit cell is 1.36520+5. This value is only 48 pcm
higher than the DRAGON multiplication factor value. Karthikeyan and Hebert (one of the
authors of the DRAGON computer program) have observed a 280 pcm difference between
MCNP5 and DRAGON multiplication factors of a CANDU fuel unit cell.”

The effective delayed neutron fraction calculated by MCNP/MCNPX and DRAGON with
the k-ratio method’®"" is 690+10 and 688 pcm, respectively. In the DRAGON calculation, two
different WIMSD nuclear data libraries have been used, as described in Section 2.B. The
effective delayed neutron fraction is close to the **°U average delayed neutron fraction, as
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visible in Figure 38. U?® contributes little to the fission rate, as discussed in section 5.A. The
sharp decrease of the ?**U (and 2**U) delayed neutron fraction above 1 MeV is due to the
corresponding sharp increase of prompt fission neutrons as shown in Figures 38 and 39. The
effective prompt neutron lifetime, calculated by MCNP/MCNPX and PARTISN, of the fuel unit
cell is equal to 59 pus.

Figures 40 to 42 show the total, the absorption, and the fission macroscopic cross
sections calculated by DRAGON and MCNP/MCNPX; the curves of the deterministic results
superimpose to those one of Monte Carlo results. Figures 43 and 44 plot the number of
secondary neutrons (v) multiplied by the fission cross section and the neutron spectrum,
respectively, calculated by DRAGON and MCNP/MCNPX; also in this case the agreement
between Monte Carlo and deterministic results is excellent.

4.  Neutron Multiplication Factor

4.A Criticality Analyses

The multiplication factor results for the YALINA thermal assembly calculated by Monte
Carlo and deterministic codes are summarized in Table I. The neutron multiplication factor
increases as the number of fuel rods increases from 216, 245, up to 280. Generally, a very
good agreement has been obtained between the results obtained by different computer codes
(MCNP/MCNPX, MONK, PARTISN, and TORT) and different nuclear data files (ENDF/B-VI,
ENDF/B-VII, and JEFF-3.1).59%37  The maximum difference is less than 100 pcm.
Consequently, the ENDF/B-VI nuclear data library (Mod 6 for MCNP/MCNPX; Mod 2 for DICE
semi-continuous energy format for MONK; and Mod 8 for PARTISN and TORT) has been
used in all the results obtained in this study. The nuclear data library based on ENDF/B-VI.2
produces a 300 pcm smaller neutron multiplication factor since the carbon is modeled as free
carbon (Csee) and the S(a,3) scattering function has been ignored. This library has been used
only for MONK calculations. The PARTISN calculation has been performed both in direct and
adjoint modes; the difference between the two modes is less than 50 pcm. Filling the
experimental channels EC5, EC6, and EC7 with graphite does not change the
MCNP/MCNPX multiplication factor since the amount of the additional graphite is very small.

The PARTISN code uses the Sy method*’ to solve the neutron transport equation. This
method is based on selecting a discrete set of directions and their associated weights. The
PARTISN results have been obtained with the Sg built-in quadrature set®® ®*® which contains
10 directions per solid angle octant.? The use of S, equal weight quadrature set increases
the neutron multiplication factor by 76 pcm for the 216 fuel rods configuration. The neutron
multiplication factor obtained with the Sg triangular Chebychev-Legendre®® °4%° quadrature set
is only 9 pcm higher than the value obtained with the Sg built-in quadrature set.

Table | also reports the multiplication factor obtained by the area method®®? for the D-D
pulsed neutron source experiments as described in Section 11.B. The area method can be
applied with Gozani®® or Garelis and Russel®*®® corrections. The Gozani or Garelis and
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Russel corrections have never been used in this study. The discrepancy between
MCNP/MCNPX and the experimental results is less than 400 and 1100 pcm for the 245 and
280 configurations, respectively. The measured reactivity needs a spatial correction factor for
accurate comparison with the calculated values. 844686

4.B Californium Neutron Source

The source multiplication factor has been calculated using the two different definitions given
in Equations 1 and 2. Equation 1 assumes that the (n,xn) reactions contribute to the
absorption term of the neutron transport equation with negative sign.®” Equation 2 assumes
that the (n,xn) reactions contribute to the fission term of the neutron transport equation with
positive sign.

20MeV

J.Mdéj.dr J.dEVZf (F.E)o(F,E,Q)

Kore = 20MeV 20MeV @

Lﬁdf)J‘dF IdEVZf (F,E)o(F, E,ﬁ)+Lﬁdf)IdF jdEs(r, E,Q)

[ doof dFZOTeéE[VZf (F,E)+2%, ,,(F,E)+33, . (F. E) (7, E, )
k fx = \ 0

src 20MeV 20MeV (2)

[ dO[dF [dE[E, (F,E)+ 25, ,,(F E)+35, 4, (F.E)p(F, E, ) + [ dO[ dF [dES(F,E,©)

In Equations 1 and 2, 7 is the neutron position, Q is the neutron flight direction, £ is the
neutron energy, ¢ is the angular neutron flux, v is the total number of fission neutrons, X is
the macroscopic fission cross section, X, », is the (n,2n) macroscopic cross section, X, 3, Is the
(n,3n) macroscopic cross section, and s is the external neutron source. The two definitions of
the source multiplication factor lead to different neutron multiplication values. The neutron
multiplication obtained by the source multiplication factor defined in Equation 1 includes only
neutrons created by fission reactions (Equation 3). The neutron multiplication obtained by the
source multiplication factor defined in Equation 2 includes not only neutrons created by fission
reactions but also neutrons created by (n,xn) reactions (Equation 4).

- 20MeV - - 20MeV -
LﬂdedF [dBVZ (7, E)or(F, E,Q)+LﬁdedF [dEs(T,E.©)
M f = _ \ 0 \ 0

®3)

1—k! - ~ 20MeV ~
Lﬁde dr j dEs(7, E, Q)
\Y 0
20MeV 20MeV
[ dafdF [dE[E, (F.E)+25,,,(F.E)+35,,,(F. E)p(F,E.Q) + [ dO[dF [dES(F,E,)
fxE 1 — 4 \ 0 4 \ 0
M 1_kf>< 20MeV (4)
Lﬂdﬁjdf j dEs(7, E, Q)
\% 0

The neutron multiplication factor reported in Table Il shows that there is a negligible
difference between the kg results obtained by Equations 1 and 2 for the californium neutron
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source. The (n,2n) reactions have a threshold energy above 5.5 MeV for ***U and ?*U,
therefore an insignificant contribution is expected from (n,2n) reactions. The californium kg is
higher than the fission multiplication factor because the source neutrons are emitted in a high
importance zone of the assembly, the assembly center. For the 280 configuration, the
californium kg IS closer to ke because source neutrons contribute less to the fission chain;
the 280 configuration has the highest neutron multiplication factor. The cross section remarks
of the criticality calculations in Section 4.A hold also for the californium source multiplication
factor.

Table Il reports the californium source multiplication factor calculated for the assembly
when the beam tube is removed and air fills the target region. The beam tube behaves as a
neutron absorber and its removal increases ks by about 700 pcm. The removal of the beam
tube has been analyzed because the experimental measurements with the californium
neutron source were performed without the beam tube.

4.C Deuterium-Deuterium Neutron Source

The results for the D-D neutron source are summarized in Table IV. These results are
very similar to the ones obtained for the californium neutron source with the beam tube
inserted. The D-D source multiplication factor is smaller than the californium source
multiplication factor because D-D neutrons have higher average energy (~2.45 MeV) relative
to the californium neutrons (~2 MeV), which increases the neutron leakage. The remarks
observed in sections 4.A and 4.B hold also for the D-D source multiplication factor.

When the energy-angular distribution shown in Figure 37 is explicity modeled in the
analyses for the 216 configuration, the ks decreases by 60 pcm because of the increased
axial leakage. The angular distribution of the D-D neutron source has more anisotropic
distribution than the D-T neutron source and it has a minimum when neutrons are emitted
perpendicular to the deuteron beam and the fuel rods. The energy-angular dependency
distribution of the source neutrons has been modeled by using 180 angles in the [0,x] interval,
which starts from the deuteron beam direction.

4.D Deuterium-Tritium Neutron Source

The kg set by the D-T neutron source, shown in Table V, is lower than the one set by
the D-D neutron source shown in Table IV. The higher average energy of the D-T source
neutrons (~14.1 MeV), relative to D-D source neutrons (~2.45 MeV) increases the neutrons
leakage. For the YALINA booster subcritical assembly, the ks with D-T neutron source is
higher than the kg with the D-D neutron source because the YALINA booster assembly
volume is much larger than the YALINA thermal assembly volume.**#?

The results summarized in Table V show that the D-T source multiplication factor
calculated by Equation 2 is 40-400 pcm higher than the one calculated by Equation 1. This is
due to the difference in the inclusion of the (n,2n) and (n,3n) contributions in the transport
equation and the corresponding definition of ky.. The D-T source neutrons have an average
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energy much higher than the threshold energy of the (n,2n) reaction of *°U (~5.5 MeV). In
addition, the (n,3n) threshold energy for ?*°U is 13 MeV, therefore this reaction is also
possible. The difference between the results obtained by Equations 1 and 2 increases with
the decrease of the fuel rods number because the contribution to the neutron population of
D-T source neutrons, relative to fission neutrons, increases.

Close to criticality, the kg converges to ke since source neutrons are outnumbered by
fission neutrons. This behavior has been numerically tested by filling all fuel holes of the
assembly with fuel rods. When the number of fuel rods is 317 and the ***U mass fraction in
the fuel material is increased up to 8.17% by increasing the 2*°*U enrichment from 9.86% to
10.08%, the ke is 0.99952+6, which is only 10 pcm less than the ky.. These values have
been calculated by MCNPX-2.6b using ENDF/B-VI.6 data.

For the 216 configuration of YALINA-Thermal, the energy-angular distribution of the
source increases the ks by about 40 to 130 pcm, because neutrons are more likely to be
emitted in the forward direction (relative to the deuteron beam), which is on the side of the
axial reflector, the opposite side in the backward direction does not have any reflector. On the
contrary of D-D source neutrons, D-T source neutrons do not have an angular distribution
with a minimum for neutrons emitted perpendicular to the beam tube towards the center of the
active fuel length. This explains why the modeling of the angular distribution decreases kg for
the D-D neutron source and increases kg for the D-T neutron source.

5. Delayed Neutron Fraction
5.A Adjoint-Weighted (Effective) Delayed Neutron Fraction

The adjoint-weighted delayed neutron fraction (f«s) (also referred to as the effective
delayed neutron fraction) is defined as the ratio of the production rate of delayed neutrons
weighted with the adjoint flux, and the production rate of all fission neutrons weighted with the
adjoint flux, as described in Equation 5:3%°

_ _.ZOMeV 20MeV _ 6 _
LQQLQQ‘ jdE jdE'Ldﬁp*(r,E',Q') Zox (FLE) vy (F,E)-2, (F,E)-(F,E, Q)
k=1
ﬁeff - qOZOMeV0 20MeV _ - (5)
LdQ Ao jdE jdE'Ldr(p*(r,E',Q')-z(r,E').v(r,E).zf(r,E).(p(r,E,Q)
0 0

In Equation 5, 7 is the neutron position, Q is the neutron flight direction, £is the neutron
energy, ¢ is the adjoint angular neutron flux, ¢ is the forward angular neutron flux, v is the
total number of fission neutrons, vyx is the number of delayed fission neutrons for the k
delayed neutron precursor family, y is the energy spectrum of all neutrons (both prompt and
delayed neutrons), yqx is the energy spectrum of delayed neutrons from the k delayed neutron
precursor family, and X is the macroscopic fission cross section. In a critical system, the
adjoint neutron flux at a point in the phase space (space, energy, and angle) is proportional to
the expected steady state neutron population resulting from a hypothetical neutron introduced

12



at that point in phase space.”® In Equation 5, both the forward and the adjoint neutron

fluxes solve the homogeneous neutron transport equation, which holds for a critical system
with no external neutron source. In the ENDF/B nuclear data files (both version 6 and 7), the
delayed neutron precursors are grouped into 6 families.®*%*%* Only the family with the longest
decay half-life (about 55 seconds) contains only one isotope ('Br); this affects the kinetics
behavior of the reactor core.”* For subcritical systems driven by an external neutron source,
Equation 5 changes into Equation 6, which uses the forward and adjoint neutron fluxes
solving the inhomogeneous neutron transport Equations 7 and 8, respectively.?%

20MeV  20MeV - 6 -
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de doy jdE JdE'LdF¢§(F,E',Q')~Z(F,E')-V(F,E)-Ef(F,E)'gos(F,E,ﬁ)
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0
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0
vacuum boundary condition
o: (5, Q 5 o5 5). s " (8b)
s nazo |7 (T, Q' Eb)| e Q:Q—Z( -n)~n reflected boundary condition

If one sets to zero the last term in the right side of Equations 7a and 8a, representing the
external neutron source, then the homogeneous forward and adjoint fluxes, used in Equation
5, are obtained. The choice of vX; as external neutron source in Equation 8a allows the
interpretation of the adjoint function as the neutron importance.?®®’

Assuming the prompt neutron flux is approximately equal to the total neutron flux, the
k-ratio method’®”” evaluates the effective delayed neutron fraction as the ratio between the
delayed and the total neutron multiplication factors. The delayed neutron multiplication factor
is obtained as the difference between the total k, and the prompt neutron multiplication

factork as shown in Equation 9.

prompt ?
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MCNP/MCNPX computer codes can be used to calculate B, by the k-ratio method
since these computer codes have the capability to ignore the delayed neutrons. The MONK
computer program does not have this capability. The k-ratio method has been applied also
by PARTISN, using the procedure described in section 2.B by producing a nuclear data
library without the delayed neutrons. In the case of MCNP/MCNPX, the delayed neutron
fraction obtained by k-ratio method has a standard deviation that can be calculated using
Equation 10.%®

O-l—x/y = Jx/

_E(M \/ ol , 0 _,covky) g
"TEMVENM ENY) T ERE)

In Equation 10, x is the random variable Kpompr and y is the random variable kes; o,
oy, o1y, and oyy are the standard deviation of x, y, 1-x/y and x/y, respectively; E(x) and E(y)
are the expected values of the random variables x and y, respectively; cov(x,y) is the
covariance of the random variables x and y. In the present study, the covariance term in
Equation 10 has been neglected and therefore the standard deviation is overestimated. The
covariance term is not zero because the random variables x (Kprompt) @and Yy (ker) are correlated.
The k-ratio method requires two separate simulations: one for the ke and the other for the
Korompt.  The Meulekamp and van der Marck method® requires only one simulation because it
tallies, in the same Monte Carlo simulation,”® the number of fissions for each prompt and
delayed neutron history. The ratio between the fissions induced by delayed neutrons and the
fissions induced by all neutrons (both quantities weighted by the fission probability obtained
by the previous mentioned tally) represents the effective delayed neutron fraction, as defined
in Equation 5. While using an equal number of neutron histories, the Meulekamp and
van der Marck method produces a much lower statistical error than the k-ratio method.

In order to estimate the effective delayed neutron fraction by deterministic codes,
Equations 5 and 6 have been evaluated by a C language’ program which combined data
from the ENDF/B-nuclear data files with PARTISN results. The C program used the total
number of fission neutrons as a function of energy (v), the number of delayed fission neutrons
as a function of energy (vy), the delayed neutron spectrum of the six delayed neutron
precursor families (yqx), and the fractional probability (wi) of the six delayed neutron precursor
families from the ENDF/B-VII.O data for *°U. 627819 The ENDF/B-delayed neutron data of
238 have not been used because the facility operates on a thermal neutron spectrum. In
addition to the ?**U ENDF/B-VII.0 data, the C program used the total neutron spectrum (y),
the number of fission neutrons multiplied by the fission reaction rate integrated over the
volume of the spatial mesh (VvZ«®), and the scalar adjoint flux (®*) from the PARTISN output
files, which include the **®U contribution. By combining all the above data, the C program
calculated the delayed neutron fraction according to Equation 11. The source code of the C
program is listed in Appendix E.
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Equation 11 uses the same symbols as Equation 5. In addition, wx represents the
relative fraction of the delayed neutrons from the k delayed neutron precursor family (the sum
of wx from 1 to 6 is one); the indexes i, g, and k refer to the volume cell of the spatial mesh,
the energy group, and the delayed neutron precursor family, respectively. A PARTISN
sample input for the calculation of the adjoint neutron flux can be found in the of Favorite’s
article.’® MCNP/MCNPX simulations have shown that U contributes only about 0.28, 0.3,
and 0.32% to the total fission rate for configurations 216, 245 and 280, respectively.
Assuming a constant delayed neutron fraction of 680 and 1800 pcm for U and %*®U from
Figure 38, respectively, the contribution of %*U to the effective delayed neutron fraction is less
than 4 pcm. In addition, the change of the effective delayed neutron fraction between the
three fuel configurations due to 2**U different contributions to the total fission rate would be
about 0.2 pcm. These remarks confirm the accuracy of the PARTISN calculation
assumptions and methodology.

All the deterministic and the Monte Carlo computer programs estimated an effective
delayed neutron fraction between 770 and 800 pcm, as given in Table VI. No significant
difference has been found between using the adjoint and forward fluxes calculated by
PARTISN in criticality mode and the adjoint and forward fluxes calculated by PARTISN in
source mode. In the latter case, the neutron source of the adjoint calculation, consisting of
fission neutrons multiplied by the fission cross section (vX), was located in all fissile material
zones of the assembly.

In the k-ratio method, the results from the two Monte Carlo simulations generating the
prompt and total multiplication factors must have a very low statistical error, about 3 pcm, to
accurately estimate the effective delayed neutron fraction. This high precision is required
because the difference between the effective delayed neutron fraction of two successive
configurations is only ~10 pcm. The use of the k-ratio method requires a very long
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computation time to produce results with high precision. The k-ratio results overestimate the
effective delayed neutron fraction both for Monte Carlo (Meulenkamp and van der Marck
method) and deterministic (adjoint weighted method) results by 10 to 15 pcm.

Appendix B proposes a new definition of the delayed neutron fraction in which the
external source and (n,xn) neutrons are counted as prompt neutrons.

5.B Adjoint-Unweighted (Average) Delayed Neutron Fraction

If a constant adjoint flux equal to unity is used, equation 5 produces the average delayed
neutron fraction (f..), which is the fraction of delayed neutrons averaged over the phase
space, as described in Equation 12.
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In Equation 12, vy is equal to wgvy of Equation 11. Equation 12 has been derived taking
into accounts Equations 13 and 14 and it is the same as Equation 2 in the article of
Meulekamp and van der Marck (Ref. 89). Meulekamp and van der Marck referred to the
average delayed neutron fraction as the “fundamental” delayed neutron fraction.

20MeV

jdEZd,k(r,E'):l vke[L2..6]  (13)

20MeV

jdEZ(r, E)=1 (14)

If delayed neutrons would be emitted with the prompt fission spectrum, then the average
delayed neutron fraction would be the same as the effective delayed neutron fraction.
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Delayed fission neutrons born with a softer spectrum relative to prompt fission neutrons;
consequently, the effective delayed neutron fraction is higher than the average delayed
neutron fraction because thermal neutrons are more likely to induce a fission reaction.
Figure 38 shows that a pure ?*°U fuel cannot have an average delayed neutron fraction higher
than 700 pcm. By contrast, the effective delayed neutron fraction of a very high enriched
uranium fuel can be higher than 700 pcm, as in the case of the FRM-II reactor which has 93%
enriched fuel.'® The higher value of the effective delayed neutron fraction, relative to the
average value can be also understood from Equation 5. The spectrum of the delayed fission
neutrons is softer than the spectrum of the prompt fission neutrons, therefore the numerator
of equation 5 weights more the thermal component of the adjount flux, which is much higher
than the fast component and this increases the effective delayed neutron fraction relative to
the average one. For the YALINA thermal assembly, the average delayed neutron fraction
calculated by MCNP/MCNPX and PARTISN is between 670 and 700 pcm, as reported in
Table VI. The calculation of the average delayed neutron fraction by the MCNP/MCNPX code
has been performed by two independents methods: the first method is the k-ratio and the
second method tallies the prompt and total fission rate, the delayed fission rate is obtained as
the difference. Both methods set the delayed neutron spectrum equal to the prompt neutron
spectrum and provide the same results. The calculation of the average delayed neutron
fraction by PARTISN has also been performed by two independent methods: the first method
is the k-ratio and the second method sets a constant adjoint flux equal to one in Equation 5.
The PARTISN value of the average delayed neutron fraction is a little smaller than the
MCNPX value because ?**U fissions have been neglected. In addition, the deterministic
results (last two rows of Table VI; average beta) show that the k-ratio method results are
10 pcm higher relative to the application of Equation 12.

6. Neutron Lifetime
6.A Adjoint-Weighted Prompt Neutron Lifetime

The adjoint-weighted (effective) prompt neutron lifetime ¢ ., sometimes referred to as

the adjoint-weighted prompt removal lifetime, is the average time between the emission of a
prompt neutron with an average importance by fission and its removal by either absorption or
leakage.’®® It is defined by equation 15.1%
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Symbols of Equation 15 have the same physical meaning as in Equation 5; v is the
neutron velocity. The use of Equation 15 for calculating of the effective prompt neutron
lifetime ignores the contributions from (n,xn) and (y,n) reactions and from the external neutron
source; Appendix B addresses this issue.
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In analogy with the YALINA booster analyses,* the adjoint-weighted prompt neutron
lifetime has been calculated with Monte Carlo computer programs by introducing a small
concentration of °B homogeneously distributed in the whole assembly. This calculation
methodology is referred to as the 1/v method'® and it is based on the first order perturbation
theory and on the linear behavior of the '°B(n,a) cross section as a function of the neutron
energy. The linearity holds up to 0.5 MeV, therefore the insertion of '°B for the application of
the 1/v method not suitable in fast reactors. Under the previous assumptions, Equation 15
can be reduced to Equation 16.7%1%4

kff_keB;f 1

(2

p.eff = g B B—B
N0 Ky N°o,V

(16)

In Equation 16, N® is the small boron concentration (~10" atoms/barn-cm®), &2 is the

%8 microscopic (n,o) cross section (3837 barn) evaluated at the neutron speed v of
2200 m/s, k& is the multiplication factor with boron, k, is the multiplication factor without

boron. The statistical error associated with the prompt neutron lifetime has been calculated
by equation 10 with x and y equal to k_, andkj , respectively; the covariance term has been

neglected.

The deterministic calculation of the adjoint-weighted prompt neutron lifetime followed the
same approach used for the delayed neutron fraction illustrated in Section 5. For the prompt
neutron lifetime, the algorithm used by the C program followed equation 17, where vq
represents the neutron speed for the g energy group. Appendix F lists the source code of the
C program for calculating the prompt neutron lifetime. Equation 17 is the multi-group version
of Equation 15, which is valid for a continuous energy domain.
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Equation 17 assumes that the adjoint and forward angular neutron fluxes have an
isotropic distribution, since it uses the scalar neutron fluxes instead of the angular ones. This
approximation has been also applied in other studies.'® Of course, the exact calculation of
the inner product involves the adjoint and forward angular fluxes as rigorously calculated by
Favorite.'® At present, PARTISN computer program does not have the capability to compute
the inner product of the adjoint and forward angular fluxes.

The Monte Carlo and deterministic results (both based on the first order perturbation
theory), are summarized in Table VII. The adjoint-weighted prompt neutron lifetimes
calculated by MCNP/MCNPX and PARTISN show good agreement. The adjoint-weighted
prompt neutron lifetime increases with the increase of the fuel rods number. As the number
of fuel rods increases, the neutron multiplication and the number of neutrons scattered back
from the reflector zone into the fuel zone increases. The scattered back neutrons have a
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longer prompt neutron lifetime and generate fission neutrons in the fuel assembly, which
increases the adjoint-weighted prompt neutron lifetime.

6.B Adjoint-Unweighted Prompt Neutron Lifetime

The adjoint-unweighted (average) neutron lifetime ¢ . (sometimes referred to as the

adjoint-unweighted prompt removal lifetime) is the average time between the emission of a
prompt neutron by fission and its removal by either absorption or leakage regardless of its
importance.'® It is defined by equation 18.1%

20MeV

1
!dELdrV(E)qn(r,E)

p.ave — 20MeV (18)

o OdELdFv(F,E)-Zf(F,E)'(D(FvE)

eff

Equation 18 is derived from Equation 15 by using a constant adjoint flux as a function of
energy, angle, and space. The MCNP/MCNPX computer programs calculate the adjoint-
unweighted prompt neutron lifetime (referred to as the prompt removal lifetime);'%’ its
statistical error is negligible. As expected, the adjoint-unweighted neutron lifetime calculated
by MCNP/MCNPX and PARTISN computer programs is much larger than the effective
neutron lifetime. The adjoint-weighted prompt neutron lifetime weights more the neutrons in
the fuel zone (because they have higher importance), which have shorter prompt neutron
lifetime relative to the neutrons in the reflector zone. The neutrons in the reflector zone have
longer lifetime because of the lower absorption cross section of the reflector.

The adjoint-unweighted prompt neutron lifetime increases with the decrease of the fuel
rods number. In this case, the neutrons of the fuel and the reflector zones are equally
weighted for calculating the adjoint-unweighted prompt neutron lifetime and the neutron life
time in the reflector zone is much larger than the fuel zone. Therefore, as the dimension of
the active fuel zone decreases, the contribution of the reflector neutrons increases, this
increases the adjoint-unweighted prompt neutron lifetime.

6.C Adjoint-Weighted Neutron Lifetime

The adjoint-weighted neutron life time (7, ) is the average time between the emission of
a fission neutron with an average importance and its removal by either absorption or leakage
and it is defined by Equation 19.%

geff E(l_ﬁeﬁ )ép,eff +Zﬁeﬁwk[%+€p,eﬁj (19)
k=1

k

In Equation 19, /A is the decay constant of the k delayed neutron precursor family.
Using the effective delayed neutron fraction and prompt neutron lifetime obtained by
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PARTISN without external neutron source, the relative fractions and delayed constants from
the ENDF/B- nuclear data files for 2°U,'® the adjoint-weighted neutron lifetime is about 83-85
ms for the three configurations, three order of magnitudes longer than the adjoint-weighted
prompt neutron lifetime.

6.D Adjoint-Unweighted Neutron Lifetime
The adjoint-unweighted neutron life time (/,,) is defined as the average time between

the emission of a fission neutron and its removal by either absorption or leakage regardless of
its importance and it is defined by Equation 20.%

E ave

6 1
(1_ ﬂave )ﬁ p,ave + ;ﬂavewk (ﬂ_k +/ p,avej (20)

Using the average delayed neutron fraction and prompt neutron lifetime obtained by
PARTISN, the relative fractions and delayed constants from the ENDF/B nuclear data files for
235y 1% the average neutron lifetime is 73 ms for the three configurations. The
adjoint-unweighted neutron lifetime is smaller than the adjoint-weighted neutron lifetime
because the average delayed neutron fraction is smaller than the effective delayed neutron
fraction and 1/4 is much larger than 7 .

7. Mean Neutron Generation Time

The adjoint-weighted mean generation time Ag is defined as the average time between
the emission of a fission neutron with average importance and its removal by another fission
reaction normalized to the number of neutrons in one neutron generation. The adjoint-
unweighted mean generation time A, is defined as the average time between the emission
of fission neutron with any importance and its removal by another fission reaction normalized
to the number of neutrons in one neutron generation. The adjoint-weighted or the adjoint-
unweighted neutron generation time can be calculated by dividing the adjoint-weighted or the
adjoint-unweighted, prompt fission lifetime (defined as the average time between the emission
of a fission neutron and its removal by another fission reaction; sometime referred to as the
prompt fission lifespan) by the average number of neutrons per fission (1),'%" respectively.
Alternatively, the adjoint-weighted or the adjoint-unweighted mean generation time can also
be calculated by dividing the adjoint-weighted or the adjoint-unweighted prompt neutron
lifetime by the multiplication factor (kex),>**°” respectively. For the YALINA thermal assembly,
the adjoint-weighted mean generation time without external neutron source calculated by
PARTISN is 85, 84, and 83 us and the adjoint-unweighted value is 273, 258 and 238 pus for
216, 245, and 280 fuel configurations, respectively.
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8. Spatial Neutron Flux Distributions
8.A MCNP/MCNPX Calculations for Cf, D-D, and D-T Neutron Sources

The neutron flux distribution in the axial direction (parallel to the fuel rods) has been
calculated for the assembly driven by the Cf, the D-D, and the D-T external neutron sources
in the different experimental channels. Figures 45 through 49 show the neutron flux
distributions in the EC1, EC2, EC3, EC5, and EC6 experimental channels. In all the
distributions, the negative coordinate refers to the beam tube side and the origin is located at
the copper disk surface facing the deuteron beam. Figure 50 shows the radial flux distribution
in the EC7 experimental channel, which is perpendicular to the fuel rods. All results in these
Figures have been obtained by MCNP/MCNPX calculations. In all plots of this study, the
neutron flux unit is neutrons per source particle and square centimeter (n/sp-cm?). The
following remarks concern the neutron flux spatial distributions:

e In all the experimental channels, the flux intensity from the Cf neutron source is always
higher than the flux intensity from the D-D neutron source and the flux intensity from the
D-D neutron source is always higher than the flux intensity from the D-T neutron source.
This is due to the higher leakage from the D-D source neutrons relative to the Cf source
neutrons and the higher leakage from the D-T source neutrons relative to the D-D source
neutrons. The average source neutron energy increases in the following order: Cf < D-D <
D-T. Neutron leakage is proportional to the average source neutron energy since the
assembly has a small volume and thin reflector thickness.

« In all the experimental channels, the neutron flux intensity increases as the number of the
fuel rods increases due to the higher neutron multiplication.

e« The neutron flux intensity in the experimental channels decreases as the distance
between the experimental channel and the neutron source increases.

e The axial neutron flux distributions have cosine shapes in all the experimental channels
except the radial channel (EC7), which shows an exponential attenuation.

For the californium neutron source, the calculation of the neutron flux distribution has
been repeated without the beam tube and air filling the beam tube volume. The results are
shown in Figures 51 through 56. As observed in Section 4.B the beam tube behaves as a
neutron absorber and its removal increases the neutron flux.

In Figures 45 through 56, the neutron flux has been tallied over a cylindrical volume with
1.2-cm radius and 5-cm length. For all the experimental channels except the EC7
experimental channel, the cylindrical tally volume is parallel to the fuel rods and it is centered
at the z axis ticks. For the EC7 experimental channel, the cylindrical tally volume is
perpendicular to the fuel rods and it is centered at the x axis ticks.

8.B MCNP/MCNPX, MONK, PARTISN, and TORT Calculations for Criticality and D-D
Neutron Source

The comparisons between the neutron flux spatial distributions calculated by
MCNP/MCNPX and PARTISN in criticality mode are shown in Figures 57 through 62 and
Figures 63 through 68 for the 216 and 280 configurations, respectively. The agreement
between MCNP/MCNPX and PARTISN is within a few percent.
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Figures 69 through 74 illustrate the neutron flux profile, obtained by MCNP/MCNPX,
MONK, PARTISN, and TORT for the 216 configuration driven by the D-D neutron source.
This configuration has been investigated because it has the lowest neutron multiplication.
The agreement between the Monte Carlo codes MCNP/MCNPX and MONK is within the
statistical errors (which is indicated by two standard deviations). The results obtained by the
PARTISN code are very close to the ones obtained by the TORT code. When the
MCNP/MCNPX code uses the same neutron source model as PARTISN and TORT (as
described in Section 2.C.2), the agreement between MCNP/MCNPX and deterministic results
is improved.

In the PARTISN and TORT simulations, the fuel unit cell with 2-cm side has two
intervals in the x and y axes and several intervals in the z axis parallel to the fuel rod. In the
x-y plane, the fuel unit cell is divided into four equal squares with 1 cm side. Each
experimental channel in the fuel zone covers one fuel and moderator unit cell in the x-y plane,
therefore the neutron flux at each z interval is the average of the four flux values in the unit
cell. At each z interval, the neutron flux in the experimental channels of the moderator zone
has been calculated by interpolating (instead of averaging) four flux values in the xy plane
spatial mesh. This interpolation calculated the neutron flux at the center of each experimental
channel in the reflector zone. The values of the neutron flux in the z intervals have been
averaged over a 5-cm length.

In the MCNP/MCNPX and MONK simulations, the neutron flux in the experimental
channels is tallied over a cylindrical volume with 1.2 cm radius (which matches the circular
cross section of the experimental channel) and 5 cm length, as in Section 8.A.

9. Neutron Spectrum

9.A MCNP/MCNPX Calculations for Cf, D-D, and D-T Neutron Sources

The neutron spectra in the experimental channels of the facility (EC1, EC2, EC3, EC5,
EC6, and EC7) driven by the Cf, the D-D, and the D-T neutron source are illustrated in
Figures 75 through 93. In the experimental channels of the fuel zone, the neutron spectra
have been averaged over a cylindrical volume (the axis of the cylinder is parallel to the fuel
rod) with 1.2 cm radius (the radius of the experimental channel) and 10 cm length centered at
the middle of the active fuel length. In the EC7 experimental channel, the neutron spectra
have been averaged over a cylindrical volume (the axis of the cylinder is perpendicular to the
fuel rod) with 1.2 cm radius and 5 cm length located next to the fuel zone. The neutron
spectra have been sampled using F4 flux tally with 172 energy groups. In all neutron spectra
plots of this study, the neutron flux has been first normalized to unity and then to lethargy.
Several observations can be made from the neutron spectrum plots:

e« The neutron spectrum in the experimental channel is thermalized further as the
distance between the neutron source and the experimental channel increases.

e« The thermal neutron flux in the EC3, EC5, EC6, and EC7 experimental channels
increases as the number of the fuel rods in the assembly decreases. The fuel mass
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decreases but the polyethylene and graphite mass do not change, which increases
the reflector/moderator around the active fuel zone.

e The neutron spectrum in the EC2 experimental channel is insensitive to the variation
of the number of fuel rods since this channel is in the middle of the active fuel zone.

e The fast component of the spectrum in the EC1 experimental channel increases as the
number of the fuel rods decreases. This channel is very close to the neutron source.
The decrease of the fuel mass in the assembly enhances the contribution from the
external neutron source, which emits fast neutrons.

e In all experimental channels, the neutron spectra due to the Cf, D-D or D-T neutron
source are very similar except for the peaks at 2.45 MeV for the D-D source neutrons
and at 14.1 MeV for the D-T source neutrons. The relative contribution of the peak to
the neutron spectrum increase as the number of fuel rods decreases and/or the
channel distance from the source decreases.

e The D-T neutron source peak is visible in all the experimental channels, including the
ones in the reflector. This indicates that a fraction of the D-T source neutrons reaches
all the experimental channels without collision. In addition, some of the D-T source
neutrons leak outside the assembly as already observed in Section 4.D.

o For the Cf neutron source, the neutron spectrum in the experimental channels does
not change when the beam tube is removed except for the EC1 experimental channel.
This channel is close to the neutron source where the beam tube acts as neutron
moderator and absorber. Figure 81 shows the impact of the beam tube removal on
the neutron spectrum of the EC1 experimental channel. The fast and thermal parts of
the neutron spectrum are increased.

9.B MCNP/MCNPX, MONK, PARTISN, and TORT Calculations for Criticality and D-D
Neutron Source

The comparison between the MCNP/MCNPX and PARTISN neutron spectra for the 216
and the 280 configurations obtained from criticality calculations is shown in Figures 94
through 99 and 100 through 105, respectively. The comparison between MCNP/MCNPX,
MONK, PARTISN, and TORT neutron spectra for the 216 configuration driven by the D-D
neutron source is shown in Figures 106 through 111. The 216 configuration has been
investigated because it has the lowest ke, therefore the effect of the external neutron source
is enhanced. By contrast, the 280 configuration is the closest one to criticality. Generally, the
Monte Carlo and deterministic results show an excellent agreement. However, the
deterministic codes cannot accurately represent the D-D neutron source peak at 2.45 MeV
due to the discrete representation of the energy domain. The PARTISN and TORT modeling
approximation of filling the experimental channels of the reflector with graphite does not
impact the neutron spectrum. The neutron spectrum calculated by the MONK code in the
epithermal region exhibits some statistical fluctuations because the MONK code can run only
on a single computer processor, which limits the number of source neutrons per simulation.

The PARTISN and TORT calculation methodology of the neutron spectra followed the
one illustrated at the end of Section 8.B, with the only exception that the neutron spectrum
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has been averaged over an axial length of 10 cm. The Monte Carlo calculation methodology
followed the one illustrated in Section 9.A.

The present results improve the ones previously obtained'® by collapsing the WIMSD
172 energy group nuclear data library into 69 energy group library. The neutron spectrum
calculated by the DRAGON code after the collapsing process to 69 energy groups exhibits
some spikes and dips which have no physical explanation.’®® The spikes and dips disappear
if DRAGON uses the WIMSD 69 energy group library, as always performed in the work of this
report. The WIMSD 172 energy groups nuclear data library has never been used in the work
of this report.

10. Reaction Rate Spatial Distribution
10.A Criticality Calculations

Figures 112-114 and 115-117 plot the *He(n,p) reaction rate profile in the experimental
channels (EC1, EC2, and EC3) of the fuel zone for the 216 and 280 configurations,
respectively. The MCNP/MCNPX and PARTISN results, which have been obtained by
criticality calculations, show a good agreement. The MCNP/MCNPX results for the reaction
rate have been obtained by tallying the neutron flux in 11 volumes, each with 0.5 cm radius
and 1 cm length. The ticks on the z axis mark the center of the MCNP/MCNPX tally volumes.
The PARTISN results for the reaction rate have been obtained by multiplying the one group
microscopic cross section calculated by MCNP/MCNPX (averaged in the tally volume) by the
one group flux calculated by PARTISN. The PARTISN flux has been calculated by averaging
four values in the x-y plane as described in Section 8.B and by interpolating two values on the
z axis. The two values of the PARTISN flux along the z axis have been linearly interpolated to
obtain the values at the center of the MCNP/MCNPX tally volumes. This calculation
methodology has been applied to all reaction rate results obtained by deterministic
calculations. The unit of all the time independent reaction rates of this study is barn per
source particle and square centimeter (10%Y/sp).

10.B Californium, D-D and D-T Neutron Sources Calculations

The *He(n,p) and #*°U(n,f) reaction rates calculated by MCNP/MCNPX, PARTISN, and
TORT for the three YALINA thermal configurations driven by the three neutron sources (Cf,
D-D, and D-T) are plotted in Figures 118 through 124 and 125 through 131, respectively. In
these calculations, the irradiation samples have not been explicitty modeled, therefore the
self-shielding effect is not considered. As stated in Section 2.C.3, the PARTISN and the
TORT calculations for the D-T neutron source have not been performed since the upper
energy of the 69 energy groups WIMSD nuclear data library is 10 MeV, which is much smaller
than the average energy of the D-T source neutrons. The MCNP/MCNPX and the
deterministic results show a good agreement. The agreement is better for the Cf neutron
source relative to the D-D neutron source. As explained in Section 2.C, PARTISN and TORT
use a volume neutron source whereas MCNP/MCNPX uses a point or surface neutron source
(located at z = 0 cm) for Cf or D-D source neutrons, respectively. The higher energy of D-D
neutrons, relative to Cf neutrons, enhances the difference in the results because of the
different spatial modeling of the source neutrons. D-D source neutrons have a higher
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average mean free path relative to Cf source neutrons, which increase neutron leakage
probability. The MCNP/MCNPX and PARTISN reaction rate calculation methodologies are
the same as the ones used in Section 10.A.

The In(n,y), *’Au(n,y), and >>Mn(n,y) reaction rates in the experimental channels EC2
and EC7 obtained by MCNP/MCNPX and PARTISN for the californium and D-D neutron
sources are plotted in Figures 132 through 139. In these calculations the irradiation samples
have not been explicitly modeled, the self-shielding effect is ignored. In these Figures, the
ticks on the z axis indicate the center of the MCNP/MCNPX flux tally volume. The samples
have 0.5-cm radius and a thickness of 350-um for In(n,y), 33-um for **’Au(n,y), and 171-um
for **Mn(n,y). In this set of MCNP/MCNPX calculations, the EC2 and the EC7 experimental
channels have been filled with polyethylene. The PARTISN calculations have been
performed with EC2 filled by polyethylene and EC7 filled by graphite. The agreement
between PARTISN and MCNP/MCNPX results improves when the latter code uses a
distributed source, as depicted in Figures 138 and 139 and described in Section 2.C.

In the EC2 experimental channel, the PARTISN calculation methodology followed the
same approach used for the criticality calculations in Section 10.A. In the EC7 experimental
channel, this approach has been modified as follows:

e In the x axis direction: A linear interpolation between neutron flux values is used to
generate the values at the center of the MCNP/MCNPX tally volumes along the x axis.

« In the y axis direction: An average between two neutron flux values is used to
generate the value at y = 0 since the two intervals have the same width.

e In the z axis: A single value of the neutron flux is used covering the interval from 0 to
0.725 cm in the z axis.

Figures 140-143 show the MCNP/MCNPX results for the same calculations of Figures
132-139 with the exception that the irradiation samples have been explicitly modeled;
therefore the self-shielding effect is considered.

The values of the reaction rates and the self-shielding attenuation factors are
proportional to the magnitude of the microscopic cross sections in the thermal energy region,
in the following order: ®He(n,p) > ?**U(n,f) > In(n,y) > **’Au(n,y) > **Mn(n,g).*

10.C Comparison between Numerical and Experimental Results for Cf Neutron Source

The comparison between MCNP/MCNPX and PARTISN results for the neutron flux and
between numerical and experimental results for the *He(n,p) reaction rate are shown in
Figures 144 through 149 and 150 through 155 for the 245 and 280 configurations,
respectively. In the reaction rate plots, the maximum of the experimental values has been
normalized to the maximum of the MCNP/MCNPX value since the external neutron source
strength has not been measured in the experiments. The 216 configuration has not been
considered in this section because measurements have not been performed with this
configuration. Only the EC1, EC2, and EC3 experimental channels of the fuel zone have
been used in the experiments. In these calculations and experiments, the beam tube has
been removed from the assembly and replaced by air. Generally, the comparison between
the deterministic, the Monte Carlo, and the experimental results shows a good agreement. At
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the center of the EC1 experimental channel, which is close to the neutron source, the small
difference between MCNP/MCNPX and PARTISN is due to the different modeling of the
neutron source (see Section 2.C.1) and the material homogenizations. When both computer
programs distribute the source over the same volume, the agreement improves, as shown in
Figure 144. In these calculations, the irradiation sample has not been modeled and therefore
the self-shielding effect has not been considered.

The MCNP/MCNPX and the PARTISN calculation methodologies for the neutron flux are
explained in Section 8.B. The MCNP/MCNPX ®He(n,p) calculation methodology followed the
same approach used for the criticality calculation used in Section 10.A. The PARTISN
*He(n,p) reaction rate has been obtained by multiplying the PARTISN neutron flux of section
8.B by the MCNP/MCNPX *He(n,p) microscopic cross section of Section 10.A.

11. Time Dependent Reaction Rates from D-D and D-T Pulsed Neutron Sources
11.A MCNP/MCNPX Results for D-D and D-T Pulsed Neutron Sources Calculations

Figures 156 through 158 plot the *He(n,p) and ?**U(n,f) reaction rates in the EC1, EC2,
and EC5 experimental channels for the D-D and D-T pulsed neutron sources for the three fuel
configurations of YALINA thermal. In these plots, the reaction rate has been normalized to
the maximum value. The neutron source duration is 5 us and the period is 20 ms. The
reaction rate has been averaged over a tally volume with 0.45 cm radius and 25 cm length
placed at the middle of the active fuel length. The MCNP/MCNPX results have been
calculated using the pulse superimposition method developed for the YALINA booster
assembly.***®  Appendix G lists the source code of the C program used for superimposing
25000 times the MCNP/MCNPX reaction rate obtained from a single pulse calculation; the
program simultaneously uses 25 processors with the MPI software. In the MCNP/MCNPX
numerical simulations for a single pulse, the neutron detector was not modeled.

The time dependent reaction rates show that the maximum value delay increases as the
distance between the neutron source and the experimental channel increases. This delay is
corresponding to the required time for the source neutrons to travel from the birth location to
the detector position.

As the distance between the neutron source and the experimental channel increases,
the delayed neutron background level increases relative to the prompt part. The neutron
source contribution to the prompt part of the reaction rate decreases as this distance
increases. This effect is stronger for the YALINA configuration with 216 fuel rods, relative to
the other configurations since source neutrons contribute more to the neutron population
because of the lower neutron multiplication.

The reaction rates from the delayed neutrons increase as the number of the fuel rods
increases. The increase of the fuel rods number increases the neutron multiplication, which
diminishes the neutron source contribution to the reaction rate. Consequently, the delayed
neutron contribution increases relative to the contribution from the source neutrons.
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The use of D-T neutron source results in a higher delayed neutrons background level in
the reaction rate, relative to the use of D-D neutron source. The higher leakage of D-T source
neutrons reduces the source contribution to the prompt part of the reaction rate.

11.B Comparison between MCNP/MCNPX and Experimental Results for D-D Pulsed Neutron
Source

The comparisons between MCNP/MCNPX calculations and the experimental results for
the ®He(n,p) reaction rate as a function of time for the D-D pulsed neutron source are shown
in Figures 159 through 162 for the different YALINA thermal configurations. In these plots,
the reaction rate has been normalized to the maximum value. In the numerical simulations,
the neutron detector has 0.45 cm radius and 25 cm length and it has a gas mixture with 8.14
mg/cm? density consisting of 80% *He and 20% atomic fraction natural krypton. The detector
is explicitly modeled in the calculations to include the self-shielding effect. The comparison
between MCNP/MCNPX and experimental results shows a good agreement.

11.C Comparison between MCNP/MCNPX and PARTISN Results for D-D Pulsed Neutron
Source

Figures 163 through 166 show the MCNP/MCNPX and PARTISN reaction rate results
due to the D-D pulsed neutron source for the 216 and 280 YALINA thermal configurations.
Only the first 4 milliseconds of the pulse period have been calculated since the PARTISN
computer program does not model delayed neutrons. The neutron source pulse duration is 5
us. In these simulations the detector has not been modeled. The comparison between the
Monte Carlo and the deterministic results is quite good; the match has been improved by
using similar time steps in the Monte Carlo and the deterministic calculations. In
MCNP/MCNPX, short time steps increase the statistical error while tracking the same number
of source neutrons. In PARTISN, the time step is automatically adjusted according to the flux
change between two consecutive time steps; however, it is possible to set an arbitrary
number of time steps during any time interval. The PARTISN computer program has been
modified to suppress the writing of the restart file. The original version of PARTISN writes a
restart file of 20 Gbyte at each time step.

The MCNP/MCNPX reaction rate calculation methodology followed the one used in
Section 11.A without the pulses superimposition. The PARTISN neutron flux calculation
methodology followed the one illustrated in Section 8.B. The PARTISN neutron flux has been
averaged over a volume with 20 cm length in the axial direction while the MCNP/MCNPX
neutron flux has been averaged over a volume with 25 cm length in the axial direction. The
PARTISN reaction rate has been calculated by multiplying the PARTISN 69 energy groups
neutron flux by the 69 energy groups *He(n,p) microscopic cross section obtained by
MCNP/MCNPX calculations. The MCNP/MCNPX tally of the microscopic cross section has
been averaged over a volume with 0.45 cm radius and 20 cm length located at the center of
the experimental channel. Figure 167 plots the 69 groups *He(n,p) microscopic cross section
calculated by MCNP/MCNPX for the 216 and the 280 YALINA thermal configurations in the
EC2 and the EC5 experimental channels when the assembly is driven by the D-D neutron
source. The MCNP/MCNPX 69 groups *He(n,p) microscopic cross section does not change
with the experimental channel or the number of fuel rods in the assembly. The
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MCNP/MCNPX cross section matches the original ENDFB-VI.8 data. In all plots of this
section, the reaction rate unit is barn per millisecond and square centimeter (b/cm?®ms).

11.D Bell and Glasstone Correction Factors for Reactivity Measurements

In a subcritical assembly, the measured reactivity depends on the detector location since
different experimental channels provide different reactivity values. In order to mitigate this
spatial dependency, Bell and Glasstone® introduced a correction factor (c). When the area
method®! is applied for pulsed neutron source experiments, the correction factor is given by
Equation 21.

. K. —1
c= P - _ A\i eff (21)

Psrc Ap ’ ﬂeff keff

In Equation 21, o is the reactivity calculated by computer programs in criticality mode
without external neutron source and o is the reactivity calculated by computer programs
with the external neutron source. Using the area method, which is based on point kinetics,?*
psrc (expressed in dollars) is the ratio between the prompt (A,) and the delayed (Aq) areas.
These are the areas underneath the curve of the detector reaction rate measurements as a
function of time. Figure 168 shows these areas for the 245 configuration using the EC2
experimental channel from the D-D neutron source with 5 us neutron pulse duration and 20
ms period. The results shown in Figure 168 have been obtained by MCNPX simulations. In
order to estimate py, the prompt and the delayed areas can be calculated by computer
programs either using kinetic or static simulations. In the kinetic simulations, the reaction rate
is tallied as function of time for one single neutron pulse and the pulse superimposition
method**® is applied. The total and delayed areas are calculated with one neutron transport
simulation by integrating the reaction rate over the single period after performing the pulses
superimposition. In the kinetic method, the prompt area is obtained as the difference between
the total and delayed areas. The kinetic method can only be applied by MCNP/MCNPX
computer code since it has the explicit representation of the delayed neutrons. In the static
method,*® the integrals over time of the prompt and the total reaction rates are tallied by two
separate simulations, which model the neutron source as time independent. The static
method can be applied by either MCNP/MCNPX or PARTISN codes. In the case of
MCNP/MCNPX, the normal simulation estimating the total area A:; is repeated after
suppression of the delayed neutrons to calculate the prompt area. In the static method, the
statistical error associated to the areas ratio is given by Equation 10 with x = A;-A, and y= A,.
The statistical error of A;-A,is calculated by Equation 22.

O prny = A’0L + B0 + 2ABCOV(X, y)? (22)

In Equation 22, x and y are random variables, E(x) and E(y) are the expected values of
the random variables, A and B arbitrary constants, and cov(x,y) is the covariance of x and y
(which has been set to zero). In the case of PARTISN, the static method uses two different
nuclear data libraries: with and without delayed neutrons, the same libraries used for the
calculation of the effective delayed neutron fraction in Section 5.A.
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Table VIII summarizes the correction factors obtained by MCNP/MCNPX for the 245 and
the 280 configurations using the EC2 and the EC5 experimental channels with the *He
detector and the D-D neutron source. Both the kinetic and the static methods have been
used. In the kinetic case, the pulsed neutron source has 5us duration and 20 ms period and
the calculation has been performed without and with the detector model in the experimental
channel, first and second rows of Table VIII, respectively. In the latter case, two detectors
have been placed in the assembly to simulate the experiment. For the EC2 experimental
channel, the two detectors are located in EC2 and EC3. For the EC5 experimental channel,
the two detectors are located in EC5 and EC6. All the detectors have 0.45 cm radius and 25
cm length. A good agreement between the correction factors calculated using different
methods was obtained. The correction factors in the EC2 and the EC5 experimental
channels are smaller and higher than unity, respectively. Near the source zone, the prompt
area is enhanced by the source neutrons through direct contribution to the detector reaction
rate and indirect contribution from the prompt fission neutrons. In addition, a fraction of the
delayed neutrons is absorbed by the beam tube (the delayed neutrons have a softer neutron
spectrum relative to the prompt neutrons and they are more likely to be absorbed by the
beam tube), which reduces the delayed area. According to Equation 21, these effects result
in a correction factor of less than one. In the reflector zone, away from the neutron source
these effects are reversed, which enhances the delayed neutron area and reduce the prompt
area, which result in a correction factor higher than unity.

In the static method, the calculation of the statistical error of the correction factor used
the statistical errors of the prompt and the total areas, the delayed neutron fraction based on
Meulenkamp and van der Marck method,®® and the multiplication factor with Equations 10, 22,
and 23. The symbols of Equation 23 are the same as of Equation 10.

AN
E°(x) E°(y) E(XE(Y)

(23)

In the kinetic method calculations, a lower number of source neutrons were used as
indicated in Table VIII. Therefore, the correction factors have higher statistical errors relative
to the results obtained by the static method.

Table IX lists the correction factors obtained by PARTISN static calculations for the 245
and 280 configurations with the D-D neutron source without explicit detector modeling. The
calculation of the prompt and the total 3He(n,p) reaction rates followed the approach
discussed in Section 10.B; the reaction rate has been averaged over 24.55 cm axial length.
The deterministic correction factors results are in good agreement with the Monte Carlo
results without detector modeling as shown in the first row of Table VIII.

Figures 169 and 170 plot the correction factor calculated by PARTISN as a function of
the position along the z axis parallel to the fuel rods for the 245 and the 280 configurations,
respectively, with the D-D neutron source for the different experimental channels. Only EC1
and EC2 experimental channels have a correction factor smaller than unity because of the
close proximity of these two channels to the neutron source.

Table X summarizes the multiplication factors calculated in criticality mode by the Monte
Carlo codes MCNP/MCNPX and EA-MC.*° The EA-MC calculations have been performed at
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Uppsala University with JENDL-3.2 nuclear data Files.'® The MCNP/MCNPX calculations
have been performed for the same configuration with different representation for the
measuring detector: a) without detector model, b)with one detector modeled in EC2 or EC5,
and with two detector modeled in two different channels: EC2 and EC3 or EC5 and EC6. All
detectors have 0.45 cm radius and 25 cm length. When the detector is placed in the fuel
zone (EC2), the multiplication factor diminishes by 300 pcm, relative to the values obtained
without modeling the detector. The addition of the second detector in the fuel zone (EC2 and
EC3) lowers the multiplication factor by 150-180 pcm, relative to the values obtained with one
detector model. The insertion of the detectors in the reflector zone does not change much the
neutron multiplication factor. For the 245 and the 280 configurations, the EA-MC ke values
differ less than 290 pcm from the MCNP/MCNPX values as shown in Table X. For the 216
configuration, the MCNP/MCNPX ke value is 0.87902+9 and the EA-MC ke value is
0.88327+4; the 420 pcm difference between the two values is also caused by different
nuclear data files, ENDFB-VI.6 for MCNP/MCNPX and JENDL-3.2 for EA-MC.

Following the Bell and Glasstone approach, the experimental reactivity (pexp) IS
corrected by the c correction factor according to Equation 24, where p. represents the
corrected experimental reactivity.

Pe =C'pexp (24)

Table Xl reports the uncorrected experimental ke, and the corrected experimental ke for
the 245 and the 280 configurations. The experimental reactivity has been measured by the
area method using the *He(n,p) detector for the D-D pulsed neutron source with 5us pulse
duration and 20 ms period. The experimental measurements have been carried out using two
detectors. For EC2 experimental channel, the other detector is located in EC3. For EC5
experimental channel, the other detector is located in EC6. The detector acquiring the
reaction rate signal has 0.45 cm radius and 25 cm length. The correction factor has been
applied using both the kinetic and the static methods. The first case has been investigated
with and without modeling the detector. The results of Table Xl show that the difference
between the corrected experimental kez and the MCNP/MCNPX ke with one detector model
(second row of Table X) is between 400 and 1200 pcm. The statistical error of the corrected
ketr IS between 180 and 400 pcm, which has been calculated with Equations 10, 22, and 23.

The present numerical results have been obtained by MCNPX using the fuel
composition of the IAEA benchmark specifications,*®*? which is reported in Table XII. This
composition neglects the presence of ?**U and the fuel impurities. Experimental analyses
based on the gamma spectroscopy of 280 fuel rods estimated an average uranium mass of
78.388 g per fuel rod. The composition given in the middle column of Table XII takes into
account ?*'U, fuel impurities, and the average uranium mass per rod. For the 280
configuration, this composition (middle column of Table Xll) decreases the criticality
multiplication factor down to 0.95487+4. The right column in Table Xl gives the fuel
composition with the 2.1% reduction in the average uranium mass per rod; this adjustment
results in ke of 0.94961+4, which matches better the experimental results.
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12. Conclusions

This study utilized the state of the art nuclear data files, neutron transport computer
programs, and calculation methodologies to analyze the YALINA thermal assembly. The
computing programs includes: NJOY, MCNP/MCNPX, MONK, DRAGON, PARTISN, and
TORT. The analyses covered: ke, source (Cf, D-D, and D-T) multiplication factor, delayed
neutron fraction, prompt neutron lifetime and generation time, neutron flux profiles, neutron
spectra, static reaction rates (*He(n,p), >°U(n,f), **’Au(n,y), ***In(n,y) and >**Mn(n,y)), and time
dependent *He(n,p) reaction rates. Monte Carlo and deterministic results show a very good
agreement.

For source driven problems, the agreement between MCNP/MCNPX and PARTISN
improves when both codes use the same source model for space and energy. The PARTISN
and TORT codes have not been used to model the D-T neutron source because the WIMSD
69 energy groups library has an upper energy of 10 MeV.

The WIMSD nuclear data library has been enlarged with additional isotopes for
describing the polyethylene material, alloy impurities, and uranium isotopes without delayed
fission neutrons. The enlarged library has been created with NJOY program by processing
ENDF/B nuclear data files. The uranium isotopes without delayed neutrons data have been
used for the calculation of the effective delayed neutron fraction by the k-ratio method and the
Bell and Glasstone correction factor.

The k-ratio method for calculating the effective delayed neutron fraction has been
applied not only to the MCNP/MCNPX simulations but also to the PARTISN analyses by
preparing two WIMSD nuclear data libraries: one library including all the produced fission
neutrons and the other including only the prompt neutrons.

In order to facilitate the deterministic modeling of the assembly, an interface computer
program DRAGONZ2PARTISN has been written in C programming language. Once the
DRAGON simulations have been carried out, the interface software generates the PARTISN
macroscopic cross sections. The DRAGON2PARTISN source code has been modified (and
changed into DRAGON2TORT) to generate also the cross sections for the TORT analyses.

The time dependent PARTISN *He(n,p) reaction rate for a single D-D neutron pulse
matches the MCNP/MCNPX results. For these analyses, the original version of the PARTISN
code has been modified to avoid the writing of restart files every time step, which saves
significant computer resources.

The comparison between the MCNP/MCNPX and the experimental results for the
multiplication factor and the *He(n,p) reaction rate, set by a californium neutron source or a
D-D pulsed neutron source show a good agreement. This confirms the accuracy of the
present calculation models and calculational methodologies.
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Table I: Neutron multiplication factor (keg); the standard deviation is reported in pcm units

COMPUTER PROGRAM AND NUCLEAR DATA FILES

CONFIGURATION

216 245 280
MCNPX2.6f ENDFB-VII 0.87933+9 | 0.91940+9 | 0.95869+ 8
MCNPX2.7b ENDFB-VI.6 0.87914+2 | 0.91916+2 | 0.95836+ 3
MCNPX2.6b ENDFB-VI.6 0.87902+9 | 0.91911+4 | 0.95833+7
MCNPX2.6f ENDFB-VI.2 (Ctree) 0.87632+9 | 0.91744+9 | 0.95669+9
MONK9al ENDFB-VI.2; DICE (Cree) 0.87530+20 | 0.91520+20 | 0.95450+20
MCNPX2.7a ENDFB-VI.6; EC5-7 with graphite 0.87929+8 | - -
PARTISN5.86 ENDFB-VI.8 0.88004 0.91905 0.95830
PARTISNS.86 ENDFB-VI.8; critical adjoint 0.87943 0.91841 0.95774
TORT3.1 ENDFB-VI.8 0.87925 0.91821 0.95727
MCNPX2.6f JEFF-3.1 0.87987+10 | 0.91991+8 | 0.95900+ 8
MONK?9al JEFF-3.1; BINGO 0.87950+20 | 0.91960+20 | 0.95860+20
EXPERIMENT DATE AND EXPERIMENTAL CHANNEL 216 245 280
July 2007 EC2 — Area Method - 0.92280 0.95040
July 2007 ECS5 — Area Method - 0.91550 0.94790

Table Il: Neutron source multiplication factor for the Californium neutron source with the beam tube;
the standard deviation is reported in pcm units

COMPUTER PROGRAM AND NUCLEAR DATA FILES

CONFIGURATION

216 245 280
MCNPX2.6b ENDFB-VI.6 — Equation 2 0.90886 0.94009 0.96947
MCNPX2.6b ENDFB-VI.6 — Equation 1 0.90884 0.94008 0.96946
MONK9a1 ENDFB-VI.2; DICE (Ctee) — Code Output 0.90820+30 | 0.93810+30 | 0.96700+20
PARTISN5.86 | ENDFB-VI.8 — Equation 1 0.91103 0.94091 0.96987
TORT3.1 ENDFB-VI.8 — Equation 1 0.91120 0.94105 0.96997

Table lll: Neutron source multiplication factor for the Californium neutron source without the beam tube;
the standard deviation is reported in pcm units

COMPUTER PROGRAM AND NUCLEAR DATA FILES

CONFIGURATION

216 245 280
MCNPX2.6b ENDFB-VI.6 — Equation 2 0.91649 0.94773 0.97701
MCNPX2.6f ENDFB-VI.6 — Equation 1 0.91647 0.94772 0.97700
MONK?9al ENDFB-VI.2; DICE (Ctee) — Code Output 0.91460+30 | 0.94590+20 | 0.97460+20
PARTISN5.86 | ENDFB-VI.8 — Equation 1 - 0.94843 0.97707
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Table IV: Neutron source multiplication factor for the D-D neutron source; (E, ﬁ) indicates

that the energy-angle distribution (Figure 37) of the neutron source is modeled;

the standard deviation is reported in pcm units

COMPUTER PROGRAM AND NUCLEAR DATA FILES

CONFIGURATION

216 245 280
MCNPX2.6b | ENDFB-VI.6 — Equation 2 0.90488 0.93779 0.96848
MCNPX2.6b | ENDFB-VI.6 — Equation 2. (E, C2) Source | 0.90422 - -
MCNPX2.6b | ENDFB-VI.6 — Equation 1 0.90486 0.93777 0.96847
MCNPX2.6b | ENDFB-VI.6 — Equation 1. (E, C2) Source | 0.90419 - -
MONK9al ENDFB-VI.2; DICE (Cyee) — Code Output | 0.90240+30 | 0.93490+20 | 0.96560+20
PARTISN5.86 | ENDFB-VI.8 — Equation 1 0.90246 0.93566 0.96742
TORT3.1 ENDFB-VI.8 — Equation 1 0.90263 0.93579 0.96752

Table V: Neutron source multiplication factor for the D-T neutron source; (E, ﬁ) indicates
that the energy-angle distribution (Figure 37) of the neutron source is modeled;
the standard deviation is reported in pcm units

COMPUTER PROGRAM AND NUCLEAR DATA FILES

CONFIGURATION

216 245 280
MCNPX2.6b | ENDFB-VI.6 — Equation 2 0.86608 0.91129 0.95505
MCNPX2.6b | ENDFB-VI.6 — Equation 2. (E, (2 ) Source | 0.86652 - -
MCNPX2.6b | ENDFB-VI.6 — Equation 1 0.86209 0.90954 0.95459
MCNPX2.6b | ENDFB-VI.6 — Equation 1. (E, 2 ) Source | 0.86337 - -
MONK9al ENDFB-VI.2; DICE (Cges) — Code Output | 0.85990+30 | 0.90680+20 | 0.95030+20
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Table VI: Delayed neutron fraction [pcm] as a function of the number of the fuel rods calculated

with MCNP - ENDF/B-VI.6 and PARTISN — ENDF/B-VI.8

B ADJOINT-WEIGHTED (EFFECTIVE)

CONFIGURATION

COMPUTER PROGRAM AND NUCLEAR DATA FILES 216 245 280
MCNPX2.7b K-Ratio Equation 9 792+3.3 | 784+£3.1 | 770+£4.5
MCNP4c3 Meulekamp and van der Marck Equation 5 785+1.6 | 774+1.5 | 767+1.5
PARTISN5.86 | Fission Source Adjoint Equation 11 783 774 764
PARTISN5.86 | Cf Source Adjoint Equation 11 782 773 764
PARTISN5.86 | DD Source Adjoint Equation 11 782 773 764
PARTISN5.86 | K-Ratio Equation 9 808 786 775

B ADJOINT-UNWEIGHTED (AVERAGE) CONFIGURATION

COMPUTER PROGRAM AND NUCLEAR DATA FILES 216 245 280
MCNPX2.7a Fission”® Tally Equation 12 693 687 680
MCNPX2.7a K-Ratio® Equation 9 691+3.2 | 694+£3.1 | 693+4.4
PARTISN5.86 | Adjoint = 1 Equation 12 673 673 673
PARTISN5.86 | K-Ratio® Equation 9 685 686 686

A Delayed neutrons have the same energy spectrum as prompt neutrons
® The statistical error is negligible

Table VII: Prompt neutron lifetime [us] as a function of the number of the fuel rods

£, ADJOINT-WEIGHTED (EFFECTIVE)

CONFIGURATION

COMPUTER PROGRAM AND NUCLEAR DATA FILES 216 245 280
MCNPX2.6b ENDF/B-VI.6 — Equation 16 74.3+1.6 | 78.8+1.2 | 81.5+1.3
PARTISN5.86 |ENDF/B-VI.8 — Fission Adjoint Equation 17 73.4 75.3 80.3
PARTISN5.86 |ENDF/B-VI.8 — Cf Source Adjoint Equation 17 | 72.4 74.5 79.8
PARTISN5.86 | ENDF/B-VI.8 — DD Source Adjoint Equation 17 | 73.0 74.9 80.1
f, ADJOINT-UNWEIGHTED (AVERAGE) CONFIGURATION

COMPUTER PROGRAM AND NUCLEAR DATA FILES 216 245 280
MCNPX2.6b ENDFB-VI.6 — Equation 18 Adjoint=1 259.8 255.1 242.2
PARTISN5.86 |ENDFB-VI.8 — Equation 18 Adjoint=1 240.5 237.1 227.8

41




Table VIII: Correction factors calculated by MCNP/MCNPX for the 245 and 280 configurations for

*He detector, and D-D neutron source. All the modeled detectors have 0.45 cm radius and 25 cm

length. For the two detectors case, the detectors are located in EC2 and EC3 or at EC5 and EC6
experimental channels

METHOD AND NUMBER CONFIGURATION
OF MODELED 245 280
DETECTORS EC2 EC5 EC2 EC5
Kinetic* 0 0.991 1.051 0.991 1.054
Kinetic® 1 0.993 1.065 0.986 1.046
Static® 2 0.973+0.007 | 1.059+0.009 | 0.967+0.005 | 1.039+0.006

A = 10 million neutron histories; B = 30 million neutron histories; C = 100 million neutron histories

Table IX: Correction factor calculated by PARTISN for the 245 and 280 configurations for *He
detector, and the D-D neutron source with static (source mode) simulations without detector

modeling

245 CONFIGURATION

EC1 EC2 EC3 EC5 EC6
0.940 0.992 1.046 1.055 1.055
280 CONFIGURATION
EC1 EC2 EC3 EC5 EC6
0.960 0.996 1.038 1.046 1.048
Table X: Neutron multiplication factor (k) obtained by MCNP/MCNPX (with ENDF/B-VI.6

nuclear data files) and EA-MC'?® (with JENDL-3.2 nuclear data library) for the 245 and 280
configurations. All the modeled detectors have 0.45 cm radius and 25 cm length. In the case two
detectors are used the detectors are located at EC2 and EC3 or at EC5 and EC6 experimental
channels. The standard deviation is reported in pcm

CONFIGURATION
MODEL D DETECTORS 245 220
EC2 EC5 EC2 EC5
MCNPX 0 0.91911+4 0.91911+4 0.95833+7 0.95833+7
MCNPX 1 0.91578+7 0.91881+8 0.95524+8 0.95801+8
MCNPX 2 0.91435+8 0.91874+9 0.95341+7 0.95767+8
EA-MC 0 0.92184+2 0.92184+2 0.95797+2 0.95797+2
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Table XI: Neutron multiplication factor (k) obtained by pulsed neutron source experiments using
the area method and two detectors. The detectors are located in the experimental channels EC2
and EC3 or EC5 and EC6. The detector acquiring the signal (EC2 or EC5) has 0.45 cm radius
and 25 cm height. The error is reported in pcm units

REACTIVITY AND CONFIGURATION
NUMBER OF MODELED 245 280
DETECTORS EC2 EC5 EC2 EC5
Poxp No correction | 0.92402+410 | 0.91647+340 | 0.95072+180 | 0.94857+230
C-Pexp Kinetic 0 0.92464 0.91257 0.95112 0.94596
C-Pexp Kinetic 1 0.92449 0.91152 0.95136 0.94635
C-Pexp Static 2 0.92593+404 | 0.91198+363 | 0.95228+176 | 0.94667+239
Table XIl: EK10 fuel composition (weight fractions)
. 234
Isotope IAI\E/\,/AithaE:h mli\rk W&ZSZE:U zvl\c/thcmu an.d
Specifications -1% Correction
4y 0.000000 6.993270E-04 6.846411E-04
2y 0.079691 7.917936E-02 7.751659E-02
28y 0.728557 7.280830E-01 7.127933E-01
0 0.142022 1.086529E-01 1.063712E-01
Mg 0.049730 8.311200E-02 1.023666E-01
o 0.000000 3.209660E-08 3.142257E-08
g 0.000000 1.421121E-07 1.391278E-07
C 0.000000 9.168880E-05 8.976334E-05
YN 0.000000 9.132934E-06 8.941143E-06
N 0.000000 3.594571E-08 3.519085E-08
g 0.000000 5.896629E-05 5.772800E-05
2g; 0.000000 3.092349E-06 3.027409E-06
0g; 0.000000 2.123521E-06 2.078927E-06
>*Mn 0.000000 4.309374E-06 4.218877E-06
*Fe 0.000000 5.290215E-06 5.179121E-06
= 0.000000 8.675683E-05 8.493493E-05
*'Fe 0.000000 2.118113E-06 2.073633E-06
*Fe 0.000000 2.743075E-07 2.685470E-07
BNi 0.000000 3.881562E-06 3.800049E-06
ONi 0.000000 1.546720E-06 1.514239E-06
INi 0.000000 6.836170E-08 6.692610E-08
2N 0.000000 2.214903E-07 2.168390E-07
*Ni 0.000000 5.825982E-08 5.703636E-08
®cu 0.000000 2.511515E-06 2.458773E-06
®cu 0.000000 1.156037E-06 1.131760E-06
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Figure 1. YALINA thermal facility




Figure 2. External view of the YALINA thermal subcritical assembly model
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Figure 3. External view of the YALINA thermal subcritical assembly model with corner cut
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Figure 4. Zoom of the external view of the YALINA thermal subcritical assembly model with
corner cut
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Figure 5. External view of the YALINA thermal subcritical assembly model with left half-side
cut
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Figure 6. External view of the YALINA thermal subcritical assembly model with right half-side
cut
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Figure 7. Horizontal section of the YALINA thermal subcritical assembly model at the middle
of the active fuel height
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Figure 8. Horizontal section of the YALINA thermal subcritical assembly model at the height
of the borated polyethylene axial reflector
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Figure 9. Vertical section of the YALINA thermal subcritical assembly model
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Figure 10. Zoom of the vertical section of the YALINA thermal subcritical assembly model
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Figure 11. Horizontal section of the YALINA thermal subcritical assembly model with 216 fuel
rods
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Figure 12. Horizontal section of the YALINA thermal subcritical assembly model with 245 fuel
rods
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Figure 13. Horizontal section of the YALINA thermal subcritical assembly model with 280 fuel
rods
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Figure 14. Horizontal section of the YALINA thermal subcritical assembly MCNP/MCNPX
model
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Figure 15. Zoom of the horizontal section of the YALINA thermal subcritical assembly
MCNP/MCNPX model
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Figure 16. Vertical section of the YALINA thermal subcritical assembly MCNP/MCNPX model
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Figure 17. Zoom of the vertical section of the YALINA thermal subcritical assembly
MCNP/MCNPX model
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Figure 18. Vertical section of the YALINA thermal subcritical assembly MCNP/MCNPX model
at x=0
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Figure 19. PARTISN model of YALINA Thermal

62



Legend:

Measurement Channels (air).
rimental Channel EC2 (air).
tal Channel EC3 (air).

eel, air, an

I, and

, air,

Figure 20. PARTISN model of YALINA Thermal with right side corner cut
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Figure 21. PARTISN model of YALINA Thermal with left side corner cut
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Figure 22. PARTISN model of YALINA Thermal with corner cut between z=0 and z=12.4
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Figure 23. PARTISN model of YALINA Thermal with corner cut between z=12.4 and z=35
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Figure 24. PARTISN model of YALINA Thermal with corner cut between z=35 and z=35.4
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Figure 25. PARTISN model of YALINA Thermal with corner cut between z=35.4 and z=39.9
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Figure 26. PARTISN model of YALINA Thermal with corner cut between z=39.9 and z=64.9
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Figure 27. PARTISN model of YALINA Thermal with corner cut between z=64.9 and z=66.35
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Figure 28. PARTISN model of YALINA Thermal with corner cut between z=66.35 and z=71.4
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Figure 29. PARTISN model of YALINA Thermal with corner cut between z=71.4 and z=89.9
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Figure 30. PARTISN model of YALINA Thermal with corner cut between z=89.9 and z=93
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Figure 31. PARTISN model of YALINA Thermal with corner cut between z=93 and z=94.4
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Figure 32. PARTISN model of YALINA Thermal with corner cut between z=94.4 and z=94.5
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Figure 33. PARTISN model of YALINA Thermal with corner cut between z=94.5 and z=103.5
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Angular Distribution DD
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Figure 34. Angular distribution of the D-D neutrons obtained with 250 KeV deuterons, the
deuteron beam is at 270° with upward direction (the vertical section of the YALINA thermal
assembly has been added as semi-transparent background)

| Angular Distribution DT |
90

1.5

180

270

Figure 35. Angular distribution of D-T neutrons obtained with 250 KeV deuterons, the
deuteron beam is at 270° with upward direction
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Figure 36. Microscopic differential cross section of D-D and D-T neutrons obtained with
250 KeV deuterons, the angle is between the deuteron beam and the neutron flight path (0° in
the current figure corresponds to 90° in Figures 34 and 35 and it means the neutron is emitted
in the forward direction relative to the deuteron beam direction)
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Figure 37. Energy of D-D and D-T neutrons obtained with 250 KeV deuterons, the angle is
between the deuteron beam and the neutron flight path (0° in the current Figure corresponds
to 90° in Figures 34 and 35 and it means the neutron is emitted in the forward direction
relative to the deuteron beam direction)
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Figure 38. Delayed neutron fraction as a function of incident neutron energy
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Figure 39. Total number of fission neutrons as a function of incident neutron energy
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Figure 40. Total macroscopic cross section of the fuel and moderator unit cell
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Figure 41. Absorption macroscopic cross section of the fuel and moderator unit cell
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Figure 42. Fission macroscopic cross section of the fuel and moderator unit cell
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Figure 43. Fission neutrons multiplied by the fission macroscopic cross section of the fuel
and moderator unit cell
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Figure 44. Neutron spectra of the fuel and moderator unit cell
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Figure 45. Neutron flux in the EC1 experimental channel calculated by MCNPX
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Figure 46. Neutron flux in the EC2 experimental channel calculated by MCNPX
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Figure 47. Neutron flux in the EC3 experimental channel calculated by MCNPX
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Figure 48. Neutron flux in the EC5 experimental channel calculated by MCNPX
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Figure 49. Neutron flux in the EC6 experimental channel calculated by MCNPX
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Figure 50. Neutron flux in the EC7 experimental channel calculated by MCNPX
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Figure 51. Neutron flux in the EC1 experimental channel calculated by MCNPX with Cf
neutron source
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Figure 52. Neutron flux in the EC2 experimental channel calculated by MCNPX with Cf neutron

source
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Figure 53. Neutron flux in the EC3 experimental channel calculated by MCNPX with Cf neutron
source

86



Experimental Channel EC5 - Cf 216 With Tube
0.014 T T T 245 With Tube
280 With Tube
0.012 216 No Tube
' 245 No Tube
280 No Tube
0.01
€ 0.008 |
L
(e
o
% 0.006
0.004 /’// P
/_./ \
- k
0.002 = S

0
-225 -175 -125 -75 -2.5 2.5 7.5 12.5 17.5 22.5
z [em]

Figure 54. Neutron flux in the EC5 experimental channel calculated by MCNPX with Cf neutron

source
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Figure 55. Neutron flux in the EC6 experimental channel calculated by MCNPX with Cf neutron
source
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Figure 56. Neutron flux in the EC7 experimental channel calculated by MCNPX with Cf neutron
source
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Figure 57. Neutron flux in the EC1 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 216 fuel rods
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Figure 58. Neutron flux in the EC2 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 216 fuel rods
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Figure 59. Neutron flux in the EC3 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 216 fuel rods
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Figure 60. Neutron flux in the EC5 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 216 fuel rods
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Figure 61. Neutron flux in the EC6 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 216 fuel rods
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Figure 62. Neutron flux in the EC7 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 216 fuel rods
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Figure 63. Neutron flux in the EC1 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 280 fuel rods
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Figure 64. Neutron flux in the EC2 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 280 fuel rods
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Figure 65. Neutron flux in the EC3 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 280 fuel rods
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Figure 66. Neutron flux in the EC5 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 280 fuel rods
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Figure 67. Neutron flux in the EC6 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 280 fuel rods
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Figure 68. Neutron flux in the EC7 experimental channel from MCNPX and PARTISN
criticality calculation for the YALINA thermal with 280 fuel rods
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Figure 69. Neutron flux in the EC1 experimental channel calculated by MCNPX, MONK,
PARTISN, and TORT for the YALINA thermal with 216 fuel rods and D-D neutron source
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Figure 70. Neutron flux in the EC2 experimental channel calculated by MCNPX, MONK,
PARTISN, and TORT for the YALINA thermal with 216 fuel rods and D-D neutron source
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Figure 71. Neutron flux in the EC3 experimental channel calculated by MCNPX, MONK,
PARTISN, and TORT for the YALINA thermal with 216 fuel rods and D-D neutron source
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Figure 72. Neutron flux in the EC5 experimental channel calculated by MCNPX, MONK,
PARTISN, and TORT for the YALINA thermal with 216 fuel rods and D-D neutron source
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Figure 73. Neutron flux in the EC6 experimental channel calculated by MCNPX, MONK,
PARTISN, and TORT for the YALINA thermal with 216 fuel rods and D-D neutron source
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Figure 74. Neutron flux in the EC7 experimental channel calculated by MCNPX, MONK,
PARTISN, and TORT for the YALINA thermal with 216 fuel rods and D-D neutron source
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Figure 75. Neutron spectra in the EC1 experimental channel calculated by MCNPX with Cf
neutron source
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Figure 76. Neutron spectra in the EC2 experimental channel calculated by MCNPX with Cf
neutron source

Neutron Spectrum in EC3 - Cf

0.4

216 Cf
245 Cf [
280 Cf

0.36

0.32

0.28 fi

I"-"_l—'_

0.24
0.2 p
0.16

0.12 i

0.08 F | ‘ﬁ
08 -_ ﬂdﬂj ttt

0.04 T 4 e t
0 -2I e —lI o OI o 1I o 2I o 3I e 4I e 5I e 6I s 7
10 10 10 10 10 10 10 10 10 10
Energy [eV]
Figure 77. Neutron spectra in the EC3 experimental channel calculated by MCNPX with Cf
neutron source
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Figure 78. Neutron spectra in the EC5 experimental channel calculated by MCNPX with Cf
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Figure 79. Neutron spectra in the EC6 experimental channel calculated by MCNPX with Cf
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Figure 80. Neutron spectra in the EC7 experimental channel calculated by MCNPX with Cf

neutron source
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Figure 81. Neutron spectra in the EC1 experimental channel calculated by MCNPX with Cf
neutron source and with and without the beam tube
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Figure 82. Neutron spectra in the EC1 experimental channel calculated by MCNPX with D-D

neutron source

Neutron Spectrum in EC2 - DD

0.4 ——rrrr—r—rrrem
216 DD
0.36~ 245 DD
280 DD

0.32

0.28

0.24

0.2

0.16 :

0.12

Normalized Flux / Lethargy

0.08

0.04 '_ -

0 11 1111 11 11111 11 11110 11 11111 11 1 111 11 1111 11 1111 11 111111 1111l
102 100 10° 100 10©0 100 100 10° 10° 10’
Energy [eV]
Figure 83. Neutron spectra in the EC2 experimental channel calculated by MCNPX with D-D
neutron source
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Figure 84. Neutron spectra in the EC3 experimental channel calculated by MCNPX with D-D
neutron source
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Figure 85. Neutron spectra in the EC5 experimental channel calculated by MCNPX with D-D

neutron source
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Figure 86. Neutron spectra in the EC6 experimental channel calculated by MCNPX with D-D
neutron source
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Figure 87. Neutron spectra in the EC7 experimental channel calculated by MCNPX with D-D
neutron source
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Figure 88. Neutron spectra in the EC1 experimental channel calculated by MCNPX with D-T

neutron source
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Figure 89. Neutron spectra in the EC2 experimental channel calculated by MCNPX with D-T
neutron source
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Figure 90. Neutron spectra in the EC3 experimental channel calculated by MCNPX with D-T
neutron source
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Figure 91. Neutron spectra in the EC5 experimental channel calculated by MCNPX with D-T
neutron source
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Figure 92. Neutron spectra in the EC6 experimental channel calculated by MCNPX with D-T
neutron source
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Figure 93. Neutron spectra in the EC7 experimental channel calculated by MCNPX with D-T
neutron source
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Figure 94. Neutron spectra in the EC1 experimental channel of the YALINA thermal with 216

fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 95. Neutron spectra in the EC2 experimental channel of the YALINA thermal with 216

fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 96. Neutron spectra in the EC3 experimental channel of the YALINA thermal with 216

fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 97. Neutron spectra in the EC5 experimental channel of the YALINA thermal with 216

fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 98. Neutron spectra in the EC6 experimental channel of the YALINA thermal with 216
fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 99. Neutron spectra in the EC7 experimental channel of the YALINA thermal with 216
fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 100. Neutron spectra in the EC1 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 101. Neutron spectra in the EC2 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 102. Neutron spectra in the EC3 experimental channel of the YALINA thermal with

280 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 103. Neutron spectra in the EC5 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 104. Neutron spectra in the EC6 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 105. Neutron spectra in the EC7 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN

112



Experimental Channel EC1 - 216 DD

1.5
1.25
=
o
< 1
°
o
- MCNPX
X
5 o751 MONK
< PARTISN
I TORT
T
E 05
o
b4 0
0.25
0 L |||||u%l.: PR TTT | Btk i M TR Y i MRS W TTT] SRR A HTIT] R AT TTT B A TET B AT
4 5 6

10 100 100 100 10°0 100 100 100 10° 10

Energy [eV]
Figure 106. Neutron spectra in the EC1 experimental channel of the YALINA thermal with
216 fuel rods with D-D neutron source calculated by MCNPX, MONK, PARTISN, and TORT
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Figure 107. Neutron spectra in the EC2 experimental channel of the YALINA thermal with
216 fuel rods with D-D neutron source calculated by MCNPX, MONK, PARTISN, and TORT
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Figure 108. Neutron spectra in the EC3 experimental channel of the YALINA thermal with
216 fuel rods with D-D neutron source calculated by MCNPX, MONK, PARTISN, and TORT
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Figure 109. Neutron spectra in the EC5 experimental channel of the YALINA thermal with
216 fuel rods with D-D neutron source calculated by MCNPX, MONK, PARTISN, and TORT
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Figure 110. Neutron spectra in the EC6 experimental channel of the YALINA thermal with
216 fuel rods with D-D neutron source calculated by MCNPX, MONK, PARTISN, and TORT
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Figure 111. Neutron spectra in the EC7 experimental channel of the YALINA thermal with
216 fuel rods with D-D neutron source calculated by MCNPX, MONK, PARTISN, and TORT
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Figure 112. °He reaction rate in the EC1 experimental channel of the YALINA thermal with
216 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 113. *He reaction rate in the EC2 experimental channel of the YALINA thermal with
216 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 114. °He reaction rate in the EC3 experimental channel of the YALINA thermal with
216 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 115. *He reaction rate in the EC1 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN

117



| He (n,p) reaction rate - EC2 - 280 Fi |
1.3 T

—

1.2 ’ /::/ \_

11

0.9 F \
0.8

> // \
0.5-% MCNPX

PARTISN

04 1 1 1
25 -20 -15 -10 -5 0 5 10 15 20 25

z [em]

c-® [10'24/sp]

Figure 116. °He reaction rate in the EC2 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 117. °He reaction rate in the EC3 experimental channel of the YALINA thermal with
280 fuel rods from criticality calculation by MCNPX and PARTISN
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Figure 118. *He(n,p) reaction rate per source particle in the EC1 experimental channel with
Cf neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 119. *He(n,p) reaction rate per source particle in the EC1 experimental channel with
D-D neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 122. *He(n,p) reaction rate per source particle in the EC3 experimental channel with
Cf neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 123. *He(n,p) reaction rate per source particle in the EC3 experimental channel with
D-D neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 124. *He(n,p) reaction rate per source particle with D-T neutron source calculated by
MCNPX
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Figure 125. #*°U (n,f) reaction rate per source particle in the EC1 experimental channel with
Cf neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 126. #*°U (n,f) reaction rate per source particle in the EC1 experimental channel with

D-D neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 127. #*°U (n,f) reaction rate per source particle in the EC2 experimental channel with
Cf neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 128. #*°U (n,f) reaction rate per source particle in the EC2 experimental channel with
D-D neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 129. #*°U (n,f) reaction rate per source particle in the EC3 experimental channel with
Cf neutron source calculated by MCNPX, PARTISN, and TORT
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Figure 132. In (n,y) reaction rate per source particle in EC2 experimental channel with Cf
neutron source calculated by MCNPX and PARTISN
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Figure 133. In (n,y) reaction rate per source particle in EC2 experimental channel with D-D
neutron source calculated by MCNPX and PARTISN
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Figure 134. In (n,y) reaction rate per source particle in EC7 experimental channel with Cf
neutron source calculated by MCNPX and PARTISN
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Figure 135. In (n,y) reaction rate per source particle in EC7 experimental channel with D-D
neutron source calculated by MCNPX and PARTISN
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Figure 136. **’Au (n,y) reaction rate per source particle in the EC2 experimental channel with
Cf neutron source calculated by MCNPX and PARTISN
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Figure 137. **’Au (n,y) reaction rate per source particle in the EC2 experimental channel with
D-D neutron source calculated by MCNPX and PARTISN
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Figure 138. °>°Mn (n,y) reaction rate per source particle in the EC2 experimental channel with
Cf neutron source calculated by MCNPX and PARTISN
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Figure 139. >°Mn (n,y) reaction rate per source particle in the EC2 experimental channel with
D-D neutron source calculated by MCNPX and PARTISN
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Figure 140. In (n,y) reaction rate per source particle in the EC2 experimental channel with
explicit modeling of the irradiation samples calculated by MCNPX
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Figure 141. In (n,y) reaction rate per source particle in the EC7 experimental channel with
explicit modeling of the irradiation samples calculated by MCNPX
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Figure 142. ®’Au (n,y) reaction rate per source particle in the EC2 experimental channel with
explicit modeling of the irradiation samples calculated by MCNPX
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Figure 143. °°Mn (n,y) reaction rate per source particle in the EC2 experimental channel with
explicit modeling of the irradiation samples calculated by MCNPX

131



| Neutron Flux - EC1 - 245 Cf Source
0.022 : :

0.02 /ﬂ
0.018
0.016 /

0.014

0.012 }/ \r

0.01
/ MCNPX \
0.008

¢ [n/sp*cm?]

4 MCNPX Distributed Source
PARTISN \
0.006 i i i i
225 -175 -125 -75 2.5 25 7.5 12.5 17.5 22.5
z [cm]

Figure 144. Comparison of MCNP and PARTISN neutron flux in the EC1 experimental
channel of YALINA thermal with 245 fuel rods from Cf neutron source
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Figure 145. Comparison of MCNP, PARTISN and experimental results for the *He reaction
rate in the EC1 experimental channel of YALINA thermal with 245 fuel rods from Cf neutron
source
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Figure 146. Comparison of MCNP and PARTISN neutron flux in the EC2 experimental
channel of the YALINA thermal with 245 fuel rods from Cf neutron source
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Figure 147. Comparison of MCNP, PARTISN and experimental results for the *He reaction
rate in the EC2 experimental channel of the YALINA thermal with 245 fuel rods from Cf
neutron source
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Figure 148. Comparison of MCNP and PARTISN neutron flux in the EC3 experimental
channel of the YALINA thermal with 245 fuel rods from Cf neutron source
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Figure 149. Comparison of MCNP, PARTISN and experimental results for the *He reaction
rate in the EC3 experimental channel of the YALINA thermal with 245 fuel rods from Cf
neutron source
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Figure 150. Comparison of MCNP and PARTISN neutron flux in the EC1 experimental
channel of the YALINA thermal with 280 fuel rods from Cf neutron source
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Figure 151. Comparison of MCNP, PARTISN and experimental results for the *He reaction
rate in the EC1 experimental channel of the YALINA thermal with 280 fuel rods from Cf
neutron source
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Figure 152. Comparison of MCNP and PARTISN neutron flux in the EC2 experimental
channel of the YALINA thermal with 280 fuel rods from Cf neutron source
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Figure 153. Comparison of MCNP, PARTISN and experimental results for the *He reaction
rate in the EC2 experimental channel of the YALINA thermal with 280 fuel rods from Cf
neutron source
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Figure 154. Comparison of MCNP and PARTISN neutron flux in the EC3 experimental
channel of the YALINA thermal with 280 fuel rods from Cf neutron source
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Figure 155. Comparison of MCNP, PARTISN and experimental results for the *He reaction
rate in the EC3 experimental channel of the YALINA thermal with 280 fuel rods from Cf
neutron source
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Figure 156. *He(n,p) and #**U(n,f) reaction rates in the YALINA thermal with 216 fuel rods
from D-D and D-T pulsed neutron sources
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Figure 157. He(n,p) and #*°U(n,f) reaction rates in the YALINA thermal with 245 fuel rods
from D-D and D-T pulsed neutron sources

138



| 280 - Last Pulse -5 us - 20 ms |

235()(n,) EC1 - DD |
3He(n,p) EC2 - DD |-
3He(n,p) EC5 - DD | |
235 f) EC1 - DT | |

()
8 10" *He(n,p) EC2 - DT I
5 3He(n,p) EC5 - DT [
5
@®
Q
o
°
()
N
g 5
E 10
=

10°

0 2 4 6 8 10 12 14 16 18 20

Time [ms]

Figure 158. He(n,p) and **°U(n,f) reaction rates in the YALINA thermal with 280 fuel rods
from D-D and D-T pulsed neutron sources
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Figure 159. He(n,p) reaction rate in the EC2 experimental channel of YALINA thermal with
245 fuel rods from D-D pulsed neutron source
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Figure 160. *He(n,p) reaction rate in the EC5 experimental channel of YALINA thermal with
245 fuel rods from D-D pulsed neutron source
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Figure 161. He(n,p) reaction rate in the EC2 experimental channel of the YALINA thermal
with 280 fuel rods from D-D pulsed neutron source
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Figure 162. He(n,p) reaction rate in the EC5 experimental channel of YALINA thermal with
280 fuel rods from D-D pulsed neutron source
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Figure 163. Comparison of MCNP/MCNPX and PARTISN results for *He(n,p) reaction rate in
the EC2 experimental channel of YALINA thermal with 216 fuel rods from D-D single pulse
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Figure 164. Comparison of MCNP/MCNPX and PARTISN results for *He(n,p) reaction rate in
the EC5 experimental channel of YALINA thermal with 216 fuel rods from D-D single pulse
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Figure 165. Comparison of MCNP/MCNPX and PARTISN results for He(n,p) reaction rate in
the EC2 experimental channel of YALINA thermal with 280 fuel rods from D-D single pulse
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Figure 166. Comparison of MCNP/MCNPX and PARTISN results for *He(n,p) reaction rate in
the EC5 experimental channel of YALINA thermal with 280 fuel rods from D-D single pulse
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Figure 167. *He(n,p) microscopic cross section from MCNPX calculations and from
ENDF/B-VI.8 nuclear data files
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Figure 168. lllustration of A, and A4 of the area method
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Figure 169. Correction factor as a function of the axial position calculated by PARTISN for
the 245 configuration and the D-D neutron source
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Figure 170. Correction factor as a function of the axial position calculated by PARTISN for
the 280 configuration and the D-D neutron source
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Appendix A: DRAGON Modeling

Three types of DRAGON models have been used to generate the macroscopic cross
sections. The first model consists of a single EK10 fuel rod inside a 2 x 2 cm polyethylene
square box using a two-dimensional geometry. This input generates the homogenized cross
section for the fuel and moderator unit cell. Figure Al illustrates the geometry used in
DRAGON for this input. The fuel and the moderator zones have been split into multiple
regions to better match the MCNP results. The fuel zone has been divided into 3 regions and
the moderator zone into more than 20 regions. Reflected boundary conditions have been
applied to all side boundaries of Figure Al.

Figure A1l. DRAGON geometry for the fuel and moderator unit cell

The second model represents one eight of the assembly including the target, fuel, and
reflector zones using a two-dimensional geometry. This model has been modified several
times to generate the homogenized cross sections for the fuel rods next a fuel hole, the fuel
hole, the experimental and measurement channels, the fuel zone with the empty channels for
the control rods, and the graphite reflector regions. This model has also been modified to
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take into account the different number of fuel rods in the three fuel loading configurations
(216, 245, and 280). Figure A2 shows the DRAGON geometry for this model when the target
region is filled with lead. A reflected boundary condition has been applied to the right side;
symmetric boundary conditions have been applied to the diagonal and bottom boundaries.

Air
and
Polyethylene

O000ee

OO0OO0OO0O0 e e
000000 e:e
000000 e:0

Fuel Rods and Polyethylene

000000 ee

Figure A2. DRAGON geometry for one eight of the subcritical assembly

Lead
and
Air

The third model represents a one quarter of the target zone surrounded by two concentric
square rows of fuel pins using a three-dimensional geometry. This input has the total axial
length of the facility and it was used for generating the homogenized cross sections of the
target, the beam tube, the lead, the borated polyethylene, and the inactive fuel regions.
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Figures A3 and A4 illustrate the horizontal and vertical sections, respectively, of the DRAGON
model for the target region. The axial length of the borated polyethylene and the air zones at
the top and the bottom has been halved in the DRAGON geometry to take advantage of the
reflective boundary conditions. Reflected boundary conditions have been applied to the top
and left boundary of the model in Figure A3 and to the top and bottom boundaries of the
model in Figure A4. Symmetric boundary conditions have been applied to the right and
bottom boundaries of the model in Figure A3.

N\

-

Fuel Rods and Polyethylene

Figure A3. Horizontal section in the lead zone of the DRAGON geometry for the target region
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Appendix B: Alternative Definition of the Kinetics Parameters for Subcritical Systems

In this Appendix, the alternative definition of kinetics parameters for subcritical systems
proposed by Dulla et al.**® and applied by Lee and Maiorino.'*! is examined. In the new
definition of the kinetic parameters, given in Equations B1-B3, neutrons produced from (n,2n)
reactions and external source neutrons are counted as prompt neutrons. The original
proposal of Dulla at al.**° included only source neutrons as prompt neutrons. The definition of
the denominator of the kinetic parameters (F factor) is arbitrary.® The symbols in Equations
B1-B3 follow the notation used in Equations 6 and 15; X,,, is the macroscopic cross section
for the (n,2n) reaction. The alternative definition of the kinetic parameters represents different
physical quantities relative to the classical definition. Consequently, the alternative kinetic
parameters are referred to as source prompt neutron lifetime £, and source delayed neutron
fraction L.

20MeV

e = j j dE£dQ¢s<rQE> L
ﬂsrcziéjdr jedEde jedE de S(F, QL E) 1a (F,E")vy  (F,E)Z, (F,E)g, (F,QE)  (B2)

F = [dF ZOTeéE deZOTZE de F(F. 0, E) [y (Enz, (F,E) +

v i 20MeV (BB)

125, . (F,Q- O E—>E)]¢ (7,0 E’ t)+_|.dr IdEIngos (F,0,E)s(F, O, E)

The obtained alternative kinetic parameters are smaller than the classical kinetic
parameters, as can be shown by examining Tables A.l and A.ll relative to Tables VI and VII.
The alternative kinetic parameters increase as the number of fuel rods increases. Therefore,
the alternative kinetic parameters depend on the subcriticality of the assembly.

For the classical formulation of the kinetic parameters, the difference between the three
fuel loading configurations is driven by the neutron spectrum and this sets the highest value
for the configuration with 216 fuel rods. This configuration has the softest neutron spectrum
and that weights more the thermal component of the adjoint neutron flux. For the new
formulation of the kinetic parameters, the difference between the three fuel loading
configurations is driven by the subcriticality level and this sets the highest value for the
configuration with 280 fuel rods.
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Table B.I: Source delayed neutron fraction [pcm] as function of the fuel rods number calculated
using PARTISNS.86, nuclear data library based on ENDF/B-VI.8 nuclear data files,
and Equations B2 and B3

ADJOINT-WEIGHTED (EFFECTIVE) B CONFIGURATION
NEUTRON SOURCE 216 245 280
Cf Source 690 711 732
D-D Source 689 711 732

Table B.II: Source prompt neutron lifetime [us] as function of the fuel rods number calculated
using PARTISNS5.86, nuclear data library based on ENDF/B-VI.8 nuclear data files,
and Equations B1 and B3

ADJOINT-WEIGHTED (EFFECTIVE) ¢, CONFIGURATION
NEUTRON SOURCE 216 245 280
Cf Source Adjoint Equations 10 and 15 63.9 68.6 76.4
D-D Source Adjoint Equations 10 and 15 64.3 68.9 76.7
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Appendix C: DRAGON2PARTISN Source Code
To code can be compiled on Linux systems by the command:

gcc -0 dragonZpartisn dragon2partisn.c

The following example generates the cross section of PARTISN and it stores them into the
ASCII file xs.txt:

./dragon2partisn xspin/xs.txt Xs.txt 1 yvyy
./dragon2partisn xslead/xs.txt Xs.txt 1 nny
./dragon2partisn xslead/xs.txt Xs.txt 2 nny
./dragon2partisn xslead/xs.txt Xs.txt 3 yny

The xspin/xs.txt and xslead/xs.txt files are two different DRAGON 3.05E output files with
ASCII macroscopic cross sections located in the directories xspin and xslead.

1, 1, 2 and 3 are the DRAGON materials to be processed which become materials 1 2 3 4 in
PARTISN.

The first y/n flag indicates whether the material is fissile.
The second y/n flag indicates whether the code has to print the fission neutron spectrum.

The third y/n flag is reserved for future developments (always use y).
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// Author: Alberto Talamo
// Email : alby@anl.gov
// Program written to generate PARTISN cross sections for Yalina Thermal

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>

FILE *fr,*fw;

char
buf[256],*head,*filer,*filew,found="n",mark="n",fissile="n",truefissile="n",spectrum="n",partisn="y",sl
="n";

int i,j,k,ngrp,xmat,sumpos=0,sumposl=0,*npos,*ipos,*nposl,*iposl;

double *tot,*tottr,*fis,*nfi,*chi,*cap,*sca,*scal,*sinp,**sout,*sinpl,**soutl,holder;

main(int argc,char *argv[], int mat)

{
printf("'\n"");
(argc<7)

{

printf(""USAGE: filter inputfile outputfile dragonmaterial y|n y|n y|n\n");

printf("'Please put input file, output file, material, fissile, spectrum-output partisn-output in the
execution line\n™);

printf("Use fTissile =y if material is fissile\n");

printf(“Use spectrum =y for printing spectrum to separate file\n");
printf(“Use partisn =y for printing data in partisn format\n');
exit(0);

3
filer=argv[1];
filew=argv[?];
mat=atoi(argv[3]);
Fissile=argv[4][0];
spectrum=argv[5][0];
partisn=argv[6][0];
((Fissilel="y")&&(Fissile!="n"))
{
printf("Fissile value can only be y or n\n");
exit(0);

3
((spectrum!="y")&&(spectrum!="n"))
{

printf("'Spectrum output value can only be y or n\n");
exit(0);

3
((partisn!="y")&&(partisnli="n"))
{

printf("'Partisn value can only be y or n\n");
exit(0);

3
((fr=fopen(Filer, r'"))==NULL)
{

printf(Input Tile not found\n™);
exit(0);

(Yfeof(fr))

fgets(buf,256,fr);
(strstr(buf,"COMPO")&&strstr(buf,”-1"))

{

head=strtok(buf,” ");

head=strtok(NULL,"™ ");

head=strtok(NULL,"™ ");

xmat=atoi (head);
(xmat==mat)

(mark=="n")

{
fgets(buf,256,fr);
(strstr(buf, "CHI')&&(Fissile=="n"))

printf("Material %d is Tissile\n",mat);
exit(0);
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(strstr(buf, )&&(Fissile=="y"))

truefissile=

3
((strstr(buf,
b
3
3

}
fclose(fr);
fr=fopen(filer, );

(Ifeof(fr))

fgets(buf, ,fr);
(strstr(buf, )) si=

fclose(fr);

(s1=="n")

{

printf(

exit(0);

}
mark= ;
fr=fopen(filer, );
(Yfeof(fr))

fgets(buf, ,fr);

M1 (feof(fr))) mark=

(strstr(buf, )&&strstr(buf, )

{

head=strtok(buf, );
head=strtok( ,)s
head=strtok( . );
xmat=atoi (head);

(xmat==mat)

{

found= :
(mark=="n")

{
fgets(buf, ,fr);
(strstr(buf,

{

head=strtok(buf,
head=strtok(
head=strtok(
head=strtok(
head=strtok(
ngrp=atoi (head);
tot =malloc(ngrp*
tottr=malloc(ngrp*
sca =malloc(ngrp*
scal =malloc(ngrp*
cap =malloc(ngrp*
npos =malloc(ngrp*
ipos =malloc(ngrp*
nposl=malloc(ngrp*
iposl=malloc(ngrp*
sout =malloc(ngrp*
soutl=malloc(ngrp*
fis =malloc(ngrp*
nfi =malloc(ngrp*
chi  =malloc(ngrp*

b))
);

o/ o/ /S
N uw e

AN
o/
o/

(i=0;i<ngrp;i++)

tot [i]=0;
tottr[i]=0;
sca [i1]=0;
scal [i]=0;
cap [1]=0;
npos [1]=0;
ipos [i]=0;
nposi[i]=0;
iposl[i]=0;
fis [i]=0;
nfi [i]=0;
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chi [i]=0;

sout [i]=malloc(ngrp* ¢ DF
soutl[i]=malloc(ngrp* (C ));
3

(i=0;i<ngrp;i++)
§j= ;J<ngrp;j++)

sout [i1[i]1=0;
soutl[i]1[j1=0;
b

3

"(i=0;i<=(ngrp/5); i++)
{
fgets(buf, ,Tr);

head=strtok(buf, );
a=0;3<5;j++)
{

(k<ngrp)
tot[k]=atof(head);
k++;
head=strtok( , );
}
}
3
mark=
}
}
3
3
}
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,fr);
(strstr(buf, )&&strstr(buf, b))

{

head=strtok(buf, );
head=strtok( , );
head=strtok( , ;s
xmat=atoi (head);

(xmat==mat)
{
(mark=="n")
{
fgets(buf, ,Fr);
(strstr(buf, »
{
k=0;

(1=0;1<=(ngrp/5);i++)

{
fgets(buf,256,Fr);
head=strtok(buf, );
G=0;3<5;3++)
{

(k<ngrp)
tottr[k]=atof(head);
k++;
head=strtok( , );
3
3
3
mark=
b
3
3
b
b
fclose(fr);
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mark= ;
fr=fopen(filer, );
(1feof(fr))

{
fgets(buf, ,fr);
(strstr(buf, d&&strstr(buf, ))

{

head=strtok(buf, );
head=strtok( , )s
head=strtok( , );
xmat=atoi (head);

(xmat==mat)
(mark== )
{
fgets(buf, ,Tr);
(strstr(buf, )
{
k=0;

(1=0;i<=(ngrp/5);i++)

{
fgets(buf, ,fr);
head=strtok(buf, );
g=0;3<5:3+)
{

(k<ngrp)
{
sca[k]=atof(head);
k++;
head=strtok( ,
3
3
}
mark= ;
3
3
}
}
3
fclose(fr);
mark= ;
fr=fopen(filer, );
(1feof(fr))
fgets(buf, ,fr);
(strstr(buf, d&&strstr(buf, )

{

head=strtok(buf, )s
head=strtok( , );
head=strtok( , );
xmat=atoi (head);

(xmat==mat)
(mark== )
{
fgets(buf, ,Tr);
(strstr(buf, b))
{
k=0;

(1=0;i<=(ngrp/5);i++)

{
fgets(buf, ,Fr);
head=strtok(buf, );
(=0;J<5;J++)
{

(k<ngrp)
{
scal[k]=atof(head);
k++;
head=strtok( ,
3
b
b
mark= ;

);

);
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}
}
}
}

3
fclose(fr);
mark= ;
fr=fopen(filer, )s
(1feof(fr))

fgets(buf, ,Fr);
(strstr(buf,

{
head=strtok(buf,
head=strtok(
head=strtok( ,
xmat=atoi (head);
(xmat==mat)

(mark=="n")

{
fgets(buf,

(strstr(buf,

{
k=0;

)&&strstr(buf,

)
)
);

.fr);
)

(i=05i<=(ngrp/5);i++)

{

fgets(buf,

,fr);

head=strtok(buf, );

3
fclose(fr);
(truefissile=="y")
{
mark= ;
fr=fopen(filer, );
(1feof(fr))

{
fgets(buf, ,fr);
(strstr(buf,

{
head=strtok(buf,

head=strtok(
head=strtok(

a
{

;3<5;:3++)

(k<ngrp)

D))

cap[k]=atof(head);

k++;
head=strtok(

)&&strstr(buf,

);
);
N

xmat=atoi(head);1

(xmat==mat)

(mark==

{
fgets(buf,

(strst

{
k=0;

)

fr);

r(buf, »

D))

(i=0;i<=(ngrp/5);i++)

{
fgets(buf,

he

,Tr);

ad=strtok(buf,
=0;3<5;3++)
{

(k<ngrp)
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{
fis[k]=atof(head);

k++;
head=strtok( , s
3
b
b
mark=
3
b
b
3
3
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,fr);
(strstr(buf, )&&strstr(buf, b))

{

head=strtok(buf, );

head=strtok( , );
head=strtok( , );
xmat=atoi (head);

(xmat==mat)
{
(mark== )
{
fgets(buf, ,Tr);
(strstr(buf, )
{
k=0;

(i=0;i<=(ngrp/5);i++)

{
fgets(buf, ,fr);
head=strtok(buf, );
=0;3<5;3++)
{

(k<ngrp)
nfi[k]=atof(head);
k++;
head=strtok( , );
b
b
3
mark=
b
b
}
}
}
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,fr);
(strstr(buf, )&&strstr(buf, b))

{

head=strtok(buf, );
head=strtok( , );
head=strtok( , );
xmat=atoi (head);

(xmat==mat)
(mark== )}
{
fgets(buf, ,Fr);
(strstr(buf, )
{
k=0;

(1=0;1<=(ngrp/5);i++)
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{
fgets(buf, ,fr);
head=strtok(buf, );
(=0;J<5;3++)
{

(k<ngrp)
chi[k]=atof(head);
k++;
head=strtok( , );
}
}
}
mark= ;
}
}
}
}
}
fclose(fr);
}
sumpos=0;
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,Fr);
(strstr(buf, )&&strstr(buf, )

{

head=strtok(buf, );

head=strtok( , );

head=strtok( , );

xmat=atoi (head);
(xmat==mat)

(mark== )}

{
fgets(buf, ,fr);
(strstr(buf, b))
{
k=0;
(k<ngrp)
fgets(buf, ,fr);

head=strtok(buf, );
=0;3<8;j++)

{
(k<ngrp)
npos[k]=atoi (head);
sumpos=sumpos+npos[k];
k++;
head=strtok( . )s
b
b
}
mark= ;
3
3
}
}
b
fclose(fr);
mark= ;
fr=fopen(filer, );
(1 feof(fr))
{
fgets(buf, ,fr);
(strstr(buf, )&&strstr(buf, )

{

head=strtok(buf, )s
head=strtok( , );
head=strtok( , );
xmat=atoi (head);
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(xmat==mat)

(mark== D)
{
fgets(buf, ,fr);
(strstr(buf, )
{
k=0;
(k<ngrp)
fgets(buf, ,Fr);

head=strtok(buf, ):
A=0;3<8;j++)
{

(k<ngrp)

ipos[k]=atoi (head);
k++;
head=strtok( D N

}
3
mark=
}
}
}
3
3
fclose(fr);
(s1=="y")
{
sumpos1=0;
mark= ;
fr=fopen(filer, );
(1feof(fr))
fgets(buf, ,Tr);
(strstr(buf, )&&strstr(buf, )
{
head=strtok(buf, );
head=strtok( );
head=strtok( , );
xmat=atoi(head);
(xmat==mat)
(mark=="n")
{
fgets(buf, ,fr);
(strstr(buf, )
{
k=0;
(k<ngrp)
fgets(buf, ,Fr);
head=strtok(buf, );
EJ: ;J<8;j++)
(k<ngrp)
{
nposl[k]=atoi(head);
sumposl=sumposl+nposl[k];
k++;
head=strtok( , ;s
}
3
3
mark=
3
}
}
}
}
fclose(fr);
mark= ;
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fr=fopen(filer,
(1feof(fr))

)

fgets(buf, ,fr);
(strstr(buf,

head=strtok(buf,
head=strtok(
head=strtok(
xmat=atoi (head);
(xmat==mat)

(mark==

{
fgets(buf,

(strstr(buf,

{
k=0;

)&&strstr(buf,

)
D M
D M

D))

)

,Fr);
b))

(k<ngrp)

fgets(buf,
head=strtok(buf,

}
fclose(fr);

sinp =malloc(sumpos *
sinpl=malloc(sumposil*
(i=0;i<sumpos ;i++)
(i=0;i<sumposl;i++)
mark= ;
fr=fopen(filer, );
(1feof(fr))

fgets(buf, ,Fr);
(strstr(buf,
{
head=strtok(buf,
head=strtok( ,
head=strtok( ,
xmat=atoi (head);
(xmat==mat)
{

(mark==

{
fgets(buf,

(strstr(buf,

{
k=0;

,Tr);
streok(buf,” ");
EJ: ;J<8:j++)
(k<ngrp)
iposl[k]=atoi(head);

k++;

head=strtok( S I

)&&strstr(buf, ))

)

,fr);
b))

(k<sumpos)

fgets(buf,
head=strtok(buf,

,Fr);
)

(=0;J<5;3++)

{

(k<sumpos)

{
sinp[k]=atof(head);
k++;

head=strtok( D
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}
fclose(fr);
mark="n";
fr=fopen(filer, ' r'");
(1feof(fr))

fgets(buf,256,Fr);
(strstr(buf, "COMPO")&&strstr(buf,-1"))

{

head=strtok(buf,” ");

head=strtok(NULL,"™ ");

head=strtok(NULL,"™ ");

xmat=atoi (head);
(xmat==mat)

(mark=="n")

{
fgets(buf,256,fr);
(strstr(buf, "SCAT 1))
{
k=0;
(k<sumposl)

fgets(buf,256,fr);
head=strtok(buf,” ");
(=0;J<5;:j++)
{

(k<sumposl)
{
sinpl[k]=atof(head);
k++;
head=strtok(NULL,"™ ");
}
}
}
mark="y";
}
}
}
}
}
fclose(fr);

(found=="n")

{
printf("Material %d not Tound\n',mat);
exit(0);

3
((Fissile=="y")&&(truefissile=="n")&&(found=="y"))

printf("Material %d is not Tissile\n",mat);
exit(0);

}
(found=="y")

printf("The total cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)
{
printf(Ctot[%2d]=%12.8e ,i+l,tot[i]);
((i1%5)==4) printf ('\n");

printf ("\n\n"");
printf(*'The transport corrected cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf(Ctot[%2d]=%12.8e ,i+l,tottr[i]);
((1%5)==4) printf ('\n");
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}
printf ("\n\n"");
(truefissile=="y")

printf("'The fission cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf("fis[%2d]=%12_.8e ", i+1,Fis[i]);
((i%5)==4) printf ('\n");

printf ("\n\n"");
printf("'The nu*fission cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf('nfi[%2d]=%12.8e ", i+l,nFi[i]);
((1%5)==4) printf ('\n");

}

printf ("\n\n'"");

printf(""The Tission spectrum for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf('chi[%2d]=%12_.8e ",i+1l,chi[i]);
((1%5)==4) printf ('\n");

printf ("\n\n"");

printf(""The capture cross section for material %d is:\n",mat);
(i=0si<ngrp;i++)

{
printf(cap[%2d]=%12.8e ,i+1l,cap[i]);
((i%5)==4) printf ('\n");

printf ("\n\n"");
printf("'The total O scattering cross section for material %d is:\n",mat);
(i=05i<ngrp;i++)

{
printf('sca[%2d]=%+12.8e ',i+l,sca[i]);
((i%5)==4) printf ('\n"");

printf ("\n\n");
printf(*"'The number of positions in the 0 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

printf('nposOo[%2d]=%2d ', i+1,npos[i]);
((i%5)==4) printf ('\n");

}

printf ("\n\n"");

printf("The first of position in the 0 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf(iposO[%2d]=%2d ", i+1,ipos[i]);
((i%5)==4) printf ("\n");

printf ("\n\n");
printf("'The sum of the position of the 0 scattering matrix for material %d is %d\n\n",mat,sumpos);
printf("'The input O scattering matrix for material %d is:\n",mat);

(1=0; i<sumpos;i++)

{
printf('sca0[%4d]=%+12_.8Ff ", i+1,sinp[i]);
((i%5)==4) printf (\n");

printf ("\n\n"");
printf("'The total 1 scattering cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf('sca0[%2d]=%+12_.8e ',i+l,scal[i]);
((i%5)==4) printf (\n");

printf ("\n\n");
printf(*'The number of positions in the 1 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf('nposl[%2d]=%2d *,i+1,nposi[i]);
((i%5)==4) printf ('\n"");

163



}

printf ("\n\n"");

printf("The first of position 1in the 1 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf(iposi[%2d]=%2d ", i+1,iposl[i]);
((i%5)==4) printf ('\n");
printf ("\n\n");
printf("'The sum of the position of the 1 scattering matrix for material %d is %d\n\n",mat,sumposl);
printf("'The input 1 scattering matrix for material %d is:\n",mat);
(i=0;i<sumposl;i++)

printf('scal[%4d]=%+12_.8e ', i+1,sinpl[i]);
((i%5)==4) printf ("\n");
printf ¢"\n\nBuilding the full scattering matrices\n\n');
k=0;
(i=0;i<ngrp;i++)

k=k+npos[i];
(=0;J<npos[i];j++)

{
sout[j+ipos[i]-npos[i]]1[il=sinp[k-j-11;
}
k=0;
(i=0si<ngrp;i++)

{

k=k+nposi[i];
(=0;J<nposl[i];j++)
{

soutl[j+iposl[i]-nposi[i]][i]=sinpl[k-j-1];
}
3
printf(*"Checking 0 scattering matrix\n');
(i=0;i<ngrp;i++)

{
holder=0;
(=05j<ngrp;j++)

{

holder=holder+sout[i][j];

}

(abs(holder-sca[i])>1e-6)

printf ('Check on 0 scattering matrix not passed for group %d\n",i+1);
exit(0);

printf(*'"Checking 1 scattering matrix\n');
(i=0;i<ngrp;i++)

{
holder=0;
G=0;J<ngrp;j++)

{
holder=holder+soutl[i][j];
}
(abs(holder-scall[i])>1e-6)
printf ('Check on 1 scattering matrix not passed for group %d\n",i+1);
exit(0);
printf(''\n\nThe full 0 scattering matrix is:\n"");
(i=0;i<ngrp;i++)
{
(=0;3<ngrp;j++)
{

printf('sca0[%4d] [%4d]=%12_.8e ", i+1,j+1,sout[i]1[jJ1);
(@%s5)==4) printf ('\n");

3
printf("'\n"");
b

printf(C'\n\nThe full 1 scattering matrix is:\n");
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(i=0;i<ngrp;i++)
g=0;J<ngrp;j++)

{
printf('scal[%4d] [%4d]=%12.8e ", i+1,j+1,soutl[i]11);
(G%5)==4) printf ("\n");

printf('\n"");

3

((fw=Fopen(Filew, "a+""))==NULL)
{

printf(’'Cannot write Tile %s\n",filew);
exit(0);

3

(partisn=="y")

printFC"\n\nWriting PARTISN cross sections\n\n');
printf("'The PARTISN number of cross section data is %d\n",2*ngrp-1+4);
printf("'The PARTISN position of the total cross section is 4\n");
printf(*'The PARTISN position of the self-scattering cross section is %d\n",ngrp+4);
printF(C"\n\nCreating adjusted pl scattering matrix\n\n');
(i=0;i<ngrp;i++)
{
(=0;j<ngrp;j++)
t
(_l==|)
{
sout[il[j]=sout[i]1[j];
}
}

3
fprintf(fw, "DRAGON material %d from Tile %s - FILTER to Tile %s\n",mat,Ffiler,filew);
(i=0;i<ngrp;i++)
{
fprintf(fw,"1. %12.8e %12.8e %12.8e\n",cap[i]+Fis[i],nfi[i],tot[i]);
k=0;j=ngrp-1+i;
(k<(Z*ngrp-1))
g(j>=0)&&(j<=(n9rp—l)))
fprintf(fw, %12 .8e ",sout[J1[i1);
}

{
fprintf(fw, "%12.8e ",0.0);
3
(k==(2*ngrp-2))
fprintf(fw, "%s™," /™) ;
}
((k%5)==4)
fprintf(fw, "\n"");
}
k++;
J--;
3 i
A ((k=-1D)%5)==4)) fprintf(fw, " \n"");
fprintf(fw, "%s\n","T"");
// this piece of code is left for further developments
// and it has given a worse match with MCNP results

fprintf(fw, "ORDER 1 SCATTERING\Nn");
(i=0;i<ngrp;i++)

{
fprintf(fw,”"1. %12.8e %12.8e %12.8e\n",cap[i]+Ffis[i],nfi[i],tottr[i]);
k=0;j=ngrp-1+i;

(k<(2*ngrp-1))

(g>=0)&&(<=(ngrp-1)))

fprintf(fw, %12 _8e ",soutl[J1[iD);
3
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éprintf(fw,"%l2.8e ",0.0);
%k==(2*ngrp—2))
fprintf(fw, %s","/");
%(k%5)224)
#printf(fw,"\n");

}
k++;
i

3
A k-DH%5)==4)) fprintf(fw, " \n");
fprintf(fw, %s\n","T");
fclose(fw);
printf('"\nPARTISN cross section successfully written for material %d\n\n",mat);
(spectrum=="y")
((Ffw=Fopen(‘'spectrum.txt","a+"))==NULL)

printf('Cannot write Tile %s\n",filew);
exit(0);

fprintf(fw, "The spectrum for DRAGON material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
fprintf(fw,"%12.8e ",chi[i]);
((i%5)==4)

fprintf(fw, "\n"");
}
}
fclose(fw);
printf(C"\nFission spectrum successfully written for material %d\n\n",mat);
}
3
(partisn=="n")

printfF('"\n\nCreating adjusted pl scattering matrix\n\n');
(i=0;i<ngrp;i++)
{

(=0;j<ngrp;j++)

{
Ej::i)
sout[i][i]1=sout[i1[i];
b

) 3
printf("'DRAGON material %d from Tile %s - FILTER to Tile %s\n",mat,Ffiler,filew);
fprintf(fw, ‘chit™); (i=0;i<ngrp;i++) fprintf(fw,” %12.8e",chi[i]); fprintf(fw, " \n"");
fprintf(fw, ‘chid™); (i=0;i<ngrp;i++) fprintf(fw,” %12_.8e",chi[i]); fprintf(fw, " \n"");
fprintf(fw, 'xsto'); (i=0;i<ngrp;i++) fprintf(fw,” %12.8e",tot[i]); fprintf(fw, \n"");
fprintf(fw, "xsnf'"); (i=0;i<ngrp;i++) fprintf(fw,” %12_8e",nFi[i1]); fprintf(fw,"\n"");
fprintf(fw, "xsTi'"); (i=0;i<ngrp;i++) fprintf(fw,” %12_8e",Fis[i]); Ffprintf(fw, " \n"");

=0;J<ngrp;j++)

{

fprintf(fw, 'xssc'); (i=0;i<ngrp;i++) fprintf(fw,” %12.8e",sout[J1[i]1); fprintf(fw,"\n"");

}
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Appendix D: DRAGON2TORT Source Code
To code can be compiled on Linux systems by the command:

gcc -0 dragon2tort dragon2tort.c

The following example generates the cross section of TORT and it stores them into the ASCII
file xs.txt:

./dragon2tort xspin/xs.txt Xs.txt 1 yvyy
./dragon2tort xslead/xs.txt Xs.txt 1 nny
./dragon2tort xslead/xs.txt Xs.txt 2 nny
./dragon2tort xslead/xs.txt Xs.txt 3 yny

The xspin/xs.txt and xslead/xs.txt files are two different DRAGON 3.05E output files with
ASCII macroscopic cross sections located in the directories xspin and xslead.

1, 1, 2 and 3 are the DRAGON materials to be processed which become materials 1 2 3 4 in
TORT.

The first y/n flag indicates whether the material is fissile.
The second y/n flag indicates whether the code has to print the fission neutron spectrum.

The third y/n flag is reserved for future developments (always use y)
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// Author: Alberto Talamo
// Email : alby@anl.gov
// Program written to generate TORT cross sections for Yalina Thermal

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>

FILE *fr,*fw;

char
buf[256],*head,*filer,*filew,found="n",mark="n",fissile="n",truefissile="n",spectrum="n",tort="y",sl="n
int i,j,k,ngrp,xmat,sumpos=0,sumposl=0,*npos,*ipos,*nposl,*iposl;

double *tot,*tottr,*fis,*nfi,*chi,*cap,*sca,*scal,*sinp,**sout,*sinpl,**soutl,holder;

main(int argc,char *argv[], int mat)

{
printf("'\n\n"");

printf(” COPYRIGHT 2008, ALBERTO TALAMO\n\n');
printf(” alby@anl .gov\n\n\n\n');
printf(” Released 28 May 2008\n\n\n\n');
printf(” DRAGON2TORT v 1.0 is free software: you can redistribute it and/or modify\n');
printf(” it under the terms of the GNU General Public License as published by\n™);
printf(” the Free Software Foundation version 3 of the License.\n\n");
printf(” DRAGON2TORT 1is distributed in the hope that it will be useful,\n");
printf(” but WITHOUT ANY WARRANTY; without even the implied warranty of\n');
printf(” MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the\n™);
printf(” GNU General Public License for more details.\n\n");
printf(” You should have received a copy of the GNU General Public License\n');
printf(” along with DRAGONZ2TORT. If not, see <http://www.gnu.org/licenses/>_\n\n");
printf(” Argonne National Laboratory makes no warranty\n');
printf(” express or implied, and assumes no liability or\n'");
printf(” responsibility for the use of DRAGON2TORT.\n\n\n\n');

(argc<7)

{

printf(""USAGE: filter inputfile outputfile dragonmaterial y|n y|n y|n\n");

printf("'Please put input file, output file, material, fissile, spectrum-output tort-output in the
execution line\n™);

printf("Use Tissile =y if material is fissile\n");

printf(""Use spectrum =y for printing spectrum to separate file\n");
printf("Use tort =y for printing data in tort format\n');

exit(0);

}
filer=argv[1];
filew=argv[?];
mat=atoi (argv[3]);
fissile=argv[4][0];
spectrum=argv[5]1[0];
tort=argv[6][0];
((Fissilel="y")&&(Fissilel="n"))

printf("Fissile value can only be y or n\n");
exit(0);

((spectrum!="y")&&(spectrum!="n"))
{

printf(*'Spectrum output value can only be y or n\n");
exit(0);

3
((tort!l="y")&&(tort!I="n"))
{

printf("Tort value can only be y or n\n");
exit(0);

3
((fr=fopen(Ffiler, " r'"))==NULL)
{

printf("Input Tile not found\n'™);
exit(0);

(Yfeof(fr))
fgets(buf,256,Fr);
(strstr(buf, "COMPO")&&strstr(buf,-1"))
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{

head=strtok(buf, );

head=strtok( , );

head=strtok( , );

xmat=atoi(head);
(xmat==mat)

(mark=="n")

{
fgets(buf, ,fr);
(strstr(buf,

{
printf(
exit(0);

3
(strstr(buf,
truefissile= ;

3
((strstr(buf,
b
b
b

T
fclose(fr);
fr=fopen(filer, );
(1feof(fr))

{
fgets(buf, ,Fr);
(strstr(buf,

fclose(fr);
(sl== )

{
printf(
exit(0);
}
mark= ;
fr=fopen(filer, );
(feof(fr))

fgets(buf, ,Fr);
(strstr(buf,

{
head=strtok(buf,” ");
head=strtok( , ):
head=strtok( )
xmat=atoi(head);

(xmat==mat)

{

found= ;

(mark== )

{
fgets(buf, ,fr);
(strstr(buf,

{
head=strtok(buf,
head=strtok(
head=strtok(
head=strtok(
head=strtok(
ngrp=atoi(head);

) sl=

N&&(Fissile==

)&&(Fissile==

)
)

tot =malloc(ngrp*
tottr=malloc(ngrp*
sca =malloc(ngrp*
scal =malloc(ngrp*
cap =malloc(ngrp*
npos =malloc(ngrp*
ipos =malloc(ngrp*
nposl=malloc(ngrp*
iposl=malloc(ngrp*
sout =malloc(ngrp*
soutl=malloc(ngrp*
fis =malloc(ngrp*

M| (Feof(fr))) mark=

)

o/ N/ A\

)&&strstr(buf,

AAAAAAAAAAAAAAAAAAA

D))

D))

,mat);

)

));
));
)):
));
DE

,mat);



nfi =malloc(ngrp* ( DF

chi =malloc(ngrp* ( DF
(i=0;i<ngrp;i++)
{
tot [i]=0;
tottr[i]=0;
sca [i1]=0;
scal [i]=0;
cap [i]=0;
npos [i]=0;
ipos [i]=0;
nposl1[i]=0;
iposl[i]=0;
fis [i1]=0;
nfi [i]=0;
chi [i]=0;
sout [i]=malloc(ngrp* ( D
soutl[i]=malloc(ngrp* (C DE

3
(i=0;i<ngrp;i++)
{
(=0;J<ngrp;j++)

{
sout [il[j]1=0;
soutl[i][j]=0;
3

3
k=0;
(i=0;i<=(ngrp/5);i++)
{
fgets(buf, ,Fr);
head=strtok(buf, );
Ej:;j< 33+
(k<ngrp)
tot[k]=atof(head);
k++;
head=strtok( , )
3
3
b
mark=
3
3
3
3
3
fclose(fr);
mark= ;
fr=fopen(filer, );
(1feof(fr))
fgets(buf, ,Fr);
(strstr(buf, )&&strstr(buf, )

{

head=strtok(buf, );
head=strtok( D
head=strtok( D
xmat=atoi (head);

(xmat==mat)
(mark=="n")
{
fgets(buf, ,Fr);
(strstr(buf, b))
{
k=0;

(1=0;i<=(ngrp/5);i++)
{

fgets(buf, ,Tr);
head=strtok(buf, );
G=0;3<5;3++)
{
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(k<ngrp)

tottr[k]=atof(head);

k++;
head=strtok( , );
b
b
3
mark=
b
b
3
3
3
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,Tr);
(strstr(buf, )&&strstr(buf, )

{

head=strtok(buf, );

head=strtok( , );

head=strtok( , );

xmat=atoi (head);
(xmat==mat)

(mark=="n")

{
fgets(buf, ,Fr);
(strstr(buf, )»
{
k=0;
(i=0;i<=(ngrp/5);i++)

fgets(buf, ,fr);
head=strtok(buf, );
Ej:;j< ;J+)
(k<ngrp)
{

sca[k]=atof(head);
k++;
head=strtok( D

b
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))

{
fgets(buf, ,Tr);
(strstr(buf, )&&strstr(buf, )

{

head=strtok(buf, );

head=strtok( , );
head=strtok( , );
xmat=atoi (head);

(xmat==mat)
{
(mark== )}
{
fgets(buf, ,fr);
(strstr(buf, D))
{
k=0;
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(i=

{
fgets(buf,

;i<=(ngrp/s);i++)

,Fr);

head=strtok(buf, );
a=0;3<5;j++)
{

(k<ngrp)
{

scal[k]=atof(head);
k++;
head=strtok(

3
3
b
mark=
}
}
b
3
}
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
{
fgets(buf, ,Tr);
(strstr(buf, )&&strstr(buf, )»
{
head=strtok(buf, );
head=strtok( );
head=strtok( , );
xmat=atoi (head);
(xmat==mat)
(mark== )
{
fgets(buf, ,fr);
(strstr(buf, )
{
k=0;
(1=0;i<=(ngrp/5);i++)
{
fgets(buf, ,Fr);
head=strtok(buf, );
a=0;§<5:3++)
{
(k<ngrp)
cap[k]=atof(head);
k++;
head=strtok(
3
3
b
mark=
}
}
b
3
}
fclose(fr);
(truefissile=="y")
{
mark= ;
fr=fopen(filer, );
(1 feof(fr))
{
fgets(buf, ,Fr);
(strstr(buf, d&&strstr(buf,
{
head=strtok(buf, )s

head=strtok(
head=strtok(

)
)

xmat=atoi(head);1

D))
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(xmat==mat)

(mark=="n")
{
fgets(buf, ,fr);
(strstr(buf, b))
{
k=0;
(i=0;i<=(ngrp/5);i++)
{
fgets(buf, ,fr);
head=strtok(buf, ):
?: ;3<553+)
(k<ngrp)
fis[k]=atof(head);
k++;
head=strtok(
}
3
mark=
}
}
}
b
b
fclose(fr);

mark= ;
fr=fopen(filer, );
(1feof(fr))

fgets(buf, ,Tr);
(strstr(buf,

{
head=strtok(buf,

head=strtok(
head=strtok(

xmat:atoi(head);,

(xmat==mat)

(mark==

{
fgets(buf,

)&&strstr(buf, »

);
);
);

)
fr);

(strstr(bu%, ))

{
k=0;

(i=0;i<=(ngrp/5);i++)

{
fgets(buf,

,Fr);

head=strtok(buf, ):

b
fclose(fr);
mark= ;
fr=fopen(filer, );
(1feof(fr))

fgets(buf, ,Fr);

=0:J<5:3++)
{

(k<ngrp)

nfi[k]=atof(head);
k++;

head=strtok(

b
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(strstr(buf, d&&strstr(buf, b))

{

head=strtok(buf, );

head=strtok( , );
head=strtok( , );
xmat=atoi (head);

(xmat==mat)
{
(mark== )}
{
fgets(buf, ,Fr);
(strstr(buf, )
{
k=0;

(1=0;1<=(ngrp/5);i++)

{
fgets(buf, ,Tr);
head=strtok(buf, );
(4=05J<5:3+9)
{

(k<ngrp)
{
chi[k]=atof(head);
k++;
head=strtok( ,
}
3
3
mark= ;
}
3
3
}
}
fclose(fr);
sumpos=0;
mark= ;
fr=fopen(filer, );
(1feof(fr))
fgets(buf, ,Fr);
(strstr(buf, )&&strstr(buf, b))
{
head=strtok(buf, );
head=strtok( , );
head=strtok( , s
xmat=atoi (head);
(xmat==mat)
(mark=="n")
{
fgets(buf, ,fr);
(strstr(buf, )
{
k=0;
(k<ngrp)

fgets(buf, ,Fr);
head=strtok(buf, );
Ej: ;J<8;j++)
(k<ngrp)
npos[k]=atoi(head);

sumpos=sumpos+npos[k];

k++;

head=strtok( D

}

mark= ;



}
}

b
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))

fgets(buf, ,fr);
(strstr(buf, d&&strstr(buf, D))

{

head=strtok(buf, )s

head=strtok( . ):

head=strtok( , );

xmat=atoi (head);
(xmat==mat)

(mark== )}

{
fgets(buf, ,Tr);
(strstr(buf, )
{
k=0;
(k<ngrp)

fgets(buf, ,Tr);
head=strtok(buf, );
g=0;J<8;3++)
{

(k<ngrp)
ipos[k]=atoi (head);
k++;
head=strtok( , );
}
}
}
mark= ;
}
}
}
}
}
fclose(fr);
(s1=="y")
{
sumpos1=0;
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,fr);
(strstr(buf, d&&strstr(buf, b))

{

head=strtok(buf, );

head=strtok( . );

head=strtok( . );

xmat=atoi (head);
(xmat==mat)

(mark=="n")

égets(buf, ,fr);
(strstr(buf, b))
{
k=0;
(k<ngrp)
fgets(buf, ,fr);
head=strtok(buf, s
Ej=:j< ;i)
(k<ngrp)
{
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nposl[k]=atoi(head);
sumposl=sumposl+nposl[k];

k++;
head=strtok( , s
3
b
b
mark= ;
3
b
b
3
3
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,fr);
(strstr(buf, )&&strstr(buf, b))

{
head=strtok(buf, );
head=strtok( D

head=strtok( , );
xmat=atoi (head);
(xmat==mat)
{
(mark=="n")
{
fgets(buf, ,Tr);
(strstr(buf, )
{
k=0;
(k<ngrp)
fgets(buf, ,fr);

head=strtok(buf, );
=0;3<8;j++)
{

(k<ngrp)
iposl[k]=atoi (head);
k++;
head=strtok( , );
3
b
3
mark= ;
b
b
b
3
3
fclose(fr);

sinp =malloc(sumpos * C
sinpl=malloc(sumposl* ( ));
(i=0;i<sumpos ;i++) p ;
(i=0;i<sumposl;i++) p
mark= ;
fr=fopen(filer, );
(1 feof(fr))

fgets(buf, ,fr);
(strstr(buf, d&&strstr(buf, b))
{
head=strtok(buf, );
head=strtok( , );
head=strtok( , );
xmat=atoi (head);
(xmat==mat)

(mark== )}

{
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fgets(buf, ,Fr);

(strstr(buf, b))
{
k=0;

(k<sumpos)

fgets(buf, ,Tr);
head=strtok(buf, );
A=0;3<5;j++)
{
(k<sumpos)

{
sinp[k]=atof(head);

k++;
head=strtok( , );
}
}
3
mark=
}
}
3
3
}
fclose(fr);
mark= ;
fr=fopen(filer, );
(Yfeof(fr))
fgets(buf, ,fr);
(strstr(buf, )&&strstr(buf, )

{

head=strtok(buf, );

head=strtok( D

head=strtok( S

xmat=atoi (head);
(xmat==mat)

(mark== )}

{
fgets(buf, ,fr);
(strstr(buf, D))
{
k=0;
(k<sumpos1)

fgets(buf, ,Tr);
head=strtok(buf, s
=0;3<5;3++)
{

(k<sumposl1)
{
sinpl[k]=atof(head);
k++;
head=strtok( D N
}
}
b
mark=
}
}
3
3
}
fclose(fr);
(found== )}
{
printf( ,mat) ;
exit(0);
3
((Fissile=="y")&&(truefissile=="n")&&(found=="y"))
{
printf( ,mat);
exit(0);
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3
(found=="y")

printf("The total cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf(Ctot[%2d]=%12_.8e ",i+1,tot[i]);
((i%5)==4) printf ('\n");

}

printf ("\n\n"");

printf("'The transport corrected cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf("tot[%2d]=%12_.8e ",i+1,tottr[i]);
((i%5)==4) printf ("\n");

printf ("\n\n"");
(truefissile=="y")

printf("'The fission cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

printf(C'fis[%2d]=%12.8¢e ",i+1,Fis[i]);
((1%5)==4) printf ('\n"");

printf ("\n\n"");
printf("'The nu*fission cross section for material %d is:\n",mat);
(i=0si<ngrp;i++)

{
printf('nfi[%2d]=%12.8e ", i+l,nFi[i]);
((i%5)==4) printf ('\n");

printf ("\n\n"");
printf("'The fission spectrum for material %d is:\n",mat);
(i=05i<ngrp;i++)

{
printf('chi[%2d]=%12_.8e ",i+1l,chi[i]);
((i1%5)==4) printf ('\n"");

printf ("\n\n");

printf(""The capture cross section fTor material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf(cap[%2d]=%12_.8e *,i+1l,cap[i]);
((i%5)==4) printf ("\n");

printf ("\n\n"");
printf("'The total O scattering cross section for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf('sca[%2d]=%+12_.8e ',i+1l,sca[i]);
((1%5)==4) printf ('\n");

printf ("\n\n"");
printf("'The number of positions in the 0 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf('nposo[%2d]=%2d ", i+1,npos[i]);
((i%5)==4) printf ('\n");

printf ("\n\n"");
printf("'The first of position in the 0 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf(iposO[%2d]=%2d ', i+1,ipos[i]);
((i%5)==4) printf (\n");
printf ("\n\n'");
printf("'The sum of the position of the 0 scattering matrix for material %d is %d\n\n',mat,sumpos);
printf("'The input O scattering matrix for material %d is:\n",mat);
(i=0; i<sumpos;i++)

{
printf('sca0[%4d]=%+12_.8F ", i+1,sinp[i]);
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((i%5)==4) printf ('\n");
printf ("\n\n"");
printf(""'The total 1 scattering cross section for material %d is:\n',mat);
(i=0;i<ngrp;i++)
{

printf('sca0[%2d]=%+12_.8e ',i+1l,scal[i]);
((i%5)==4) printf ('\n");
}
printf ("\n\n"");
printf("'The number of positions in the 1 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
printf("'nposl[%2d]=%2d ", i+1,nposl[i]);
((i%5)==4) printf ('\n");
printf ("\n\n"");
printf("'The first of position in the 1 scattering matrix for material %d is:\n",mat);
(i=0;i<ngrp;i++)

printf(iposl[%2d]=%2d *,i+1,iposi[i]);
((i%5)==4) printf ("\n");
3
printf ("\n\n"");
printf("'The sum of the position of the 1 scattering matrix for material %d is %d\n\n",mat,sumposl);
printf("'The input 1 scattering matrix for material %d is:\n",mat);
(i=0;i<sumposl;i++)

printf('scal[%4d]=%+12_.8e ", i+1l,sinpl[i]);
((1%5)==4) printf ('\n"");
printf (¢"\n\nBuilding the full scattering matrices\n\n');
k=0;
(i=0;i<ngrp;i++)
{

k=k+npos[i];
(=0;J<npos[i];j++)
{

sout[j+ipos[i]-npos[i]l[i]l=sinp[k-j-1];
b
b
k=0;
(i=0;i<ngrp;i++)
{
k=

k+nposl[i];
(=0;j<nposl[i];j++)
{

soutl[j+iposi[i]-nposi[i]l[il=sinpl[k-j-11;
}
printf(*'Checking 0 scattering matrix\n');
(i=05i<ngrp;i++)

{

holder=0;
g=0;J<ngrp;j++)
{

holder=holder+sout[i][j];
}
(abs(holder-sca[i])>1e-6)
printf ('Check on 0 scattering matrix not passed for group %d\n",i+1);
exit(0);
}
printf('Checking 1 scattering matrix\n');
(i=0;i<ngrp;i++)

{
holder=0;
g=0;j<ngrp;j++)
{
holder=holder+soutl[i][j]:
}
(abs(holder-scal[i])>1e-6)
{
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printf ('Check on 1 scattering matrix not passed for group %d\n",i+1);
exit(0);

}
printf(C'\n\nThe full 0 scattering matrix is:\n"");
(i=0;i<ngrp;i++)
@=0;J<ngrp;j++)
{

printf('sca0[%4d] [%4d]=%12_.8e ", i+1,j+1,sout[i]1[]1);
@uns5)==4) printf ('\n");

printf("'\n"");

printf(’'\n\nThe full 1 scattering matrix is:\n"");
(i=0;i<ngrp;i++)

G=0;J<ngrp;j++)

{
printf(scal[%4d][%4d]=%12_.8e ", i+1,j+1,soutl[i][]);
(@%s)==4) printf ('\n");

printf("'\n"");
3
((fw=Fopen(Filew, "a+"))==NULL)

printf('Cannot write Tile %s\n",filew);
exit(0);
(tort=="y")
printfC"\n\nWriting TORT cross sections\n\n');
printf("'The TORT number of cross section data is %d\n",2*ngrp-1+4);
printf("'The TORT position of the total cross section is 4\n");
printf("'The TORT position of the self-scattering cross section is %d\n",ngrp+4);
printf("\n\nCreating adjusted pl scattering matrix\n\n');
(i=0;i<ngrp;i++)

g=0;J<ngrp;j++)

sout[i]1[j]=sout[i1[il:;
3
T

(i=0;i<ngrp;i++)

A~

fprintf(fw,"1. %+11.4e %+11_.4e %+11_4e\n",cap[i]+Fis[i],nfi[i],tot[i]);
k=0;j=ngrp-1+i;

(k<(2*ngrp-1))

g(j>=0)&&(j <=(ngrp-1)))

fprintf(fw, "%+11_4e " ,sout[J1[i]);
3

{

fprintf(fw, "%+11.4e ",0.0);
3

((k%5)==4)

{

fprintf(fw,  \n"");

k++;
J--:
}
((k-1D)%5)==4)) FprintF(fw, " \n"");
// this piece of code is left for further developments
// and it has given a worse match with MCNP results
(i=05i<ngrp;i++)

{
fprintf(fw,"1. %+11.4e %+11.4e %+11_.4e\n",cap[i]+Fis[i],.nfi[i],tot[i]);
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k=0;j=ngrp-1+i;
(k<(2*ngrp-1))

g(j >=0)&&(J<=(ngrp-1)))

fprintf(fw, "%+11.4e " ,soutl[J1[11*3);
// fprintf(fw,"%+11.4e ",soutl[j1[i]);

{

fprintf(fw, "%+11.4e ",0.0);
3

((k%5)==4)

{

fprintf(fw, "\n"");

k++;
i
b ]
Q(k=-1D)%5)==4)) fprintf(fw, " \n"");
fclose(fw);
printf(C'\nTORT cross section successfully written for material %d\n\n",mat);
(spectrum=="y")
((fw=Fopen(‘'spectrum.txt"”,"a+"))==NULL)
{

printf('Cannot write Tile %s\n",filew);
exit(0);

}
fprintf(fw, "The spectrum for DRAGON material %d is:\n",mat);
(i=0;i<ngrp;i++)

{
fprintf(fw, "%12.8e ",chi[i]);
((i%5)==4)

fprintf(fw, "\n"");
}

}
fclose(fw);
printf(C"\nFission spectrum successfully written for material %d\n\n",mat);

}
(tort=="n")

printF('"\n\nCreating adjusted pl scattering matrix\n\n');
(i=0;i<ngrp;i++)

g=0;J<ngrp;j++)

[
(J::.)
{
sout[i][j]=sout[i1[}];
}
}
}
printf("'DRAGON material %d from Tile %s - FILTER to Tile %s\n",mat,Ffiler,filew);
fprintf(fw, ‘chit™); (i=0;i<ngrp;i++) fprintf(fw,” %12_.8e",chi[i]); fprintf(fw,"\n"");
fprintf(fw, "chid™); (i=0;i<ngrp;i++) fprintf(fw,” %12_.8e",chi[i]); fprintf(fw,"\n");
fprintf(fw, 'xsto"); (i=0;i<ngrp;i++) fprintf(fw,” %12.8e",tot[i]); fprintf(fw, " \n"");
fprintf(fw, 'xsnf'"); (i=0;i<ngrp;i++) fprintf(fw,” %12.8e",nFi[i]); fprintf(fw, " \n"");
fprintf(fw, “xsTi'"); (i=0;i<ngrp;i++) fprintf(fw,” %12_8e",Fis[i]); fprintf(fw, " \n"");
g=0;J<ngrp;j++)
{
fprintf(fw, 'xssc'); (i=0;i<ngrp;i++) fprintf(fw,” %12.8e",sout[J1[i]1); fprintf(fw, " \n"");
}
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Appendix E: Source Code for the Calculation of the Effective Delayed Neutron Fraction
To code can be compiled on Linux systems by the command:

gcc —0 betaadj betaadj.-.c

The code can be executed by the command:

./betaad]j

The code expects two PARTISN ETDOUT files in the current directory:

1) edtouta containing the adjoint flux
2) edtoutr containing the fission rate integrated over volume

The code works for 69 energy groups calculations.

182



// Author: Alberto Talamo
// Email : alby@anl.gov
// Program written to calculate Yalina Thermal effective delayed neutron fraction

#define LINES 12
#define G 69
#define ODDG 3
#define SKIP 36

// LINES include both full lines and half-full lines
// 0ODDG includes ONLY group entries NOT the total (last value)

// include standard and math C libraries
#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <errno.h>

#include <string.h>

double calculate_chiig (unsigned long int,unsigned long int,double);
double calculate_betag(double);

double e[70],v[69],chi[69];
double eb[79].b[79].ebd[6].bd[6] .wbdi[6];
double

eb1[186],b1[186],eb2[221],b2[221],eb3[302],b3[302],eb4[302],b4[302],eb5[302],b5[302] ,eb6[302] ,b6[302] ;

int main(int argc,char *argv[])

{

FILE *Fr=NULL,*fa=NULL;

char buff[256],bufr[256],bufa[256];

unsigned long int 1i,Q;

double *datar,*dataa,*datah,xr[6],xa[6],num=0,den=0,h=0,he=0,chiig=0,betag=0;
double nor[6],hnum,hden;

e[ 0]=19.64E+6;

e[ 1]=6.065307000000000E+6;
e[ 2]=3.678794000000000E+6;
e[ 3]=2.231302000000000E+6;
e[ 4]=1.353353000000000E+6;
e[ 5]=8.208500000000000E+5;
e[ 6]=4.978707000000000E+5;
e[ 7]=3.019738000000000E+5
e[ 8]=1.831564000000000E+5;
e[ 9]=1.110900000000000E+5;
e[10]=6.737947000000000E+4;
e[11]=4.086771000000000E+4;
e[12]=2.478752000000000E+4;
e[13]=1.503349000000000E+4;
e[14]=9.118820000000000E+3;
e[15]=5.530844000000000E+3;
e[16]=3.526622000000000E+3;
e[17]=2.248673000000000E+3;
e[18]=1.433817000000000E+3;
e[19]=9.142423000000000E+2;
e[20]=3.717032000000000E+2;
e[21]=1.486254000000000E+2;
e[22]=7.567357000000000E+1;
e[23]=4.825160000000000E+1;
e[24]=2.760773000000000E+1;
e[25]=1.592827000000000E+1;
e[26]=9.905554000000000E+0;
e[27]=4.000000000000000E+0;
e[28]=3.300000000000000E+0;
e[29]=2.600000000000000E+0;
e[30]=2.100000000000000E+0;
e[31]=1.500000000000000E+0;
e[32]=1.300000000000000E+0;
e[33]=1.150000000000000E+0
e[34]=1.123000000000000E+0;
e[35]=1.097000000000000E+0;
e[36]=1.071000000000000E+0;
e[37]=1.045000000000000E+0
e[38]=1.020000000000000E+0
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e[39]=9.960000000000001E-1;
e[40]=9.720000000000000E-1;
e[41]=9.500000000000000E-1;
e[42]=9.099999999999999E-1;
e[43]=8.500000000000000E-1;
e[44]=7.800000000000000E-1;
e[45]=6.250000000000000E-1;
e[46]=5.000000000000000E-1;
e[47]=4.000000000000000E-1;
e[48]=3.500000000000000E-1;
e[49]=3.200000000000000E-1;
e[50]=3.000000000000000E-1;
e[51]=2.800000000000000E-1;
e[52]=2.480000000000000E-1;
e[53]=2.200000000000000E-1;
e[54]=1.800000000000000E-1;
e[55]=1.400000000000000E-1;
e[56]1=9.999999999999999E-2;
e[57]1=8.000000000000000E-2;
e[58]=6.700000000000000E-2;
e[59]=5.800000000000000E-2;
e[60]=5.000000000000000E-2;
e[61]=4.200000000000000E-2;
e[62]=3.500000000000000E-2;
e[63]=3.000000000000000E-2;
e[64]1=2.500000000000000E-2;
e[65]=2.000000000000000E-2;
e[66]=1.500000000000000E-2;
e[67]=1.000000000000000E-2;
e[68]=5.000000000000000E-3;

e[69]1=0.0;

chi[ 0]=4.23614420e-02;
chi[ 1]=9.99016762e-02;
chi[ 2]=2.12527424e-01;
chi[ 3]=2.29415342e-01;
chi[ 4]=1.75834775e-01;
chi[ 5]=1.28027558e-01;
chi[ 6]=5.56633994e-02;
chi[ 7]=2.43730601e-02;
chi[ 8]=1.64825842e-02;
chi[ 9]=9.93314944e-03;
chi[10]=1.95214420e-03;

chi[11]=1.83465076e-03;
chi[12]=1.18020945e-03;
chi[13]=1.32842004e-04;
chi[14]=1.97383750e-04;
chi[15]=8.78311112e-05;
chi[16]=4.53476314e-05;
chi[17]=2.84571652e-05;
chi[18]=7.22563937e-06;
chi[19]=9.71575082e-06;
chi[20]=2.73465866e-06;
chi[21]=7.09480332e-07;
chi[22]=1.40179225e-07;
chi[23]=1.24003719e-07;
chi[24]=5.07342008e-08;
chi[25]=9.46713996e-09;
chi[26]=1.43810430e-08;
(9=27;9<G;g++)

chi[g]=0;
}

eb[ 0]=1.000000e-5;
eb[ 1]=2.530000e-2;
eb[ 2]=5.000000e-2;
eb[ 3]=1.000000e+1;
eb[ 4]=1.000000e+2;
eb[ 5]=1.000000e+3;
eb[ 6]=5.500000e+3;
eb[ 7]=7.750000e+3;
eb[ 8]=1.000000e+4;
eb[ 9]=1.500000e+4;
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eb[10]=2.000000e+4;
eb[11]=3.000000e+4;
eb[12]=4.000000e+4;
eb[13]=5.000000e+4;
eb[14]=6.000000e+4;
eb[15]=7.000000e+4;
eb[16]=8.000000e+4;
eb[17]=9.000000e+4;
eb[18]=1.000000e+5;
eb[19]=1.200000e+5;
eb[20]=1.300000e+5;
eb[21]=1.400000e+5;
eb[22]=1.500000e+5;
eb[23]=1.700000e+5;
eb[24]=2.000000e+5;
eb[25]=2.500000e+5;
eb[26]=3.000000e+5;
eb[27]=3.500000e+5;
eb[28]=4.000000e+5;
eb[29]=5.000000e+5;
eb[30]=6.000000e+5;
eb[31]=7.000000e+5;
eb[32]=8.000000e+5;
eb[33]=9.000000e+5;
eb[34]=1.000000e+6;
eb[35]=1.200000e+6;
eb[36]=1.400000e+6;
eb[37]=1.600000e+6;
eb[38]=1.800000e+6;
eb[39]=2.000000e+6;
eb[40]=2.200000e+6;
eb[41]=2.400000e+6;
eb[42]=2.600000e+6;
eb[43]=2.800000e+6;
eb[447=3.000000e+6;
eb[45]=3.500000e+6;
eb[46]=4.000000e+6;
eb[47]=4.500000e+6;
eb[48]=5.000000e+6;
eb[49]=5.500000e+6;
eb[50]=6.000000e+6;
eb[51]=6.500000e+6;
eb[52]=7.000000e+6;
eb[53]=7.500000e+6;
eb[54]1=8.000000e+6;
eb[55]=8.500000e+6;
eb[56]=9.000000e+6;
eb[57]=9.500000e+6;
eb[58]=1.000000e+7;
eb[59]=1.050000e+7;
eb[60]=1.100000e+7;
eb[61]=1.150000e+7;
eb[62]=1.200000e+7;
eb[63]=1.250000e+7;
eb[64]=1.300000e+7;
eb[65]=1.350000e+7;
eb[66]=1.400000e+7;
eb[67]=1.450000e+7;
eb[68]=1.500000e+7;
eb[69]=1.550000e+7;
eb[70]=1.600000e+7;
eb[71]=1.650000e+7;
eb[72]=1.700000e+7;
eb[73]=1.750000e+7;
eb[74]=1.800000e+7;
eb[75]=1.850000e+7;
eb[76]=1.900000e+7;
eb[77]=1.950000e+7;
eb[78]=2.000000e+7;

b[ 0]=2.436700e+0;
b[ 1]=2.436700e+0;
b[ 2]=2.436700e+0;
b[ 3]=2.436700e+0;
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b[ 4]=2.433800e+0;
b[ 5]=2.433800e+0;
b[ 6]=2.433800e+0;
b[ 7]=2.433800e+0;
b[ 8]=2.433800e+0;
b[ 9]=2.430568e+0;
b[10]=2.428822e+0;
b[11]=2.425701e+0;
b[12]=2.423662e+0;
b[13]=2.423474e+0;
b[14]=2.424763e+0;
b[15]=2.427546e+0;
b[16]=2.430875e+0;
b[17]=2.434348e+0;
b[18]=2.437763e+0;
b[19]=2.445148e+0;
b[20]=2.448498e+0;
b[21]=2.451609e+0;
b[22]=2.454480e+0;
b[23]=2.461376e+0;
b[24]=2.468672e+0;
b[25]=2.471926e+0;
b[26]=2.474470e+0;
b[27]=2.476584e+0;
b[28]=2.478467e+0;
b[29]=2.483665e+0;
b[30]=2.488804e+0;
b[31]=2.498085e+0;
b[32]=2.508477e+0;
b[33]=2.519675e+0;
b[34]=2.532706e+0;
b[35]=2.556938e+0;
b[36]=2.582102e+0;
b[37]=2.606924e+0;
b[38]=2.630685e+0;
b[39]=2.653354e+0;
b[40]=2.675612e+0;
b[41]=2.697988e+0;
b[42]=2.720509e+0;
b[43]=2.743971e+0;
b[44]=2.768200e+0;
b[45]=2.827824e+0;
b[46]=2.892750e+0;
b[47]=2.967097e+0;
b[48]=3.045345e+0;
b[49]=3.132001e+0;
b[50]=3.222551e+0;
b[51]=3.317200e+0;
b[52]=3.405401e+0;
b[53]=3.476412e+0;
b[54]=3.544635e+0;
b[55]=3.617747e+0;
b[56]=3.689833e+0;
b[57]=3.761163e+0;
b[58]=3.830917e+0;
b[59]=3.899283e+0;
b[60]=3.966945e+0;
b[61]=4.034130e+0;
b[62]=4.101022e+0;
b[63]=4.169664e+0;
b[64]1=4.241148e+0;
b[65]=4.314359e+0;
b[66]=4.388344e+0;
b[67]=4.462294e+0;
b[68]=4.537460e+0;
b[69]=4.614076e+0;
b[70]=4.690103e+0;
b[71]=4.763749e+0;
b[72]=4.833436e+0;
b[73]=4.899934e+0;
b[74]=4.964851e+0;
b[75]=5.028246e+0;
b[76]=5.090174e+0;
b[77]=5.150692e+0;
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b[78]=5.209845e+0;
ebd[0]=1.000000e-5;
ebd[1]=2.530000e-2;
ebd[2]=5.000000e+4;
ebd[3]=4.000000e+6;
ebd[4]=7.000000e+6;
ebd[5]=2.000000e+7;
bd[0]=1.585000e-2;
bd[1]=1.585000e-2;
bd[2]=1.670000e-2;
bd[3]=1.670000e-2;
bd[4]=9.000000e-3;
bd[5]=9.000000e-3;
whdi [0]=3.197266e-2;
whdi[1]=1.663712e-1;
whdi[2]=1.613104e-1;
whdi [3]=4.596467e-1;
whdi [4]=1.334993e-1;
whdi [5]=4.719978e-2;
ebl[ 0]= 0.0000000e+000;
bi[ 0]= 2.3642900e-007;
ebl[ 1]= 1.0000000e+004;
bi[ 1]= 2.1184730e-006;
ebl[ 2]= 2.0000000e+004;
bi[ 2]= 2.3697070e-006;
ebl[ 3]= 3.0000000e+004;
bi[ 3]= 8.2064170e-007;
ebl[ 4]= 4.0000000e+004;
bi[ 4= 1.5500980e-006;
ebl[ 5]= 5.0000000e+004;
bi[ 5]= 2.3761880e-006;
ebl[ 6]= 6.0000000e+004;
bi[ 6]= 1.6040290e-006;
ebl[ 7]= 7.0000000e+004;
bi[ 7]= 2.0367980e-006;
ebi[ 8]= 8.0000000e+004;
bi[ 8]= 1.6775230e-006;
ebl[ 9]= 9.0000000e+004;
bi[ 9]= 9.5116420e-007;
ebi[ 10]= 1.0000000e+005;
bi[ 10]= 7.6421610e-007;
ebi[ 11]= 1.1000000e+005;
bi[ 11]= 1.1896910e-006;
ebl[ 12]= 1.2000000e+005;
bi[ 12]= 1.7619240e-006;
ebi[ 13]= 1.3000000e+005;
bi[ 13]= 1.9944970e-006;
ebi[ 147= 1.4000000e+005;
bi[ 14]= 2.0761490e-006;
ebl[ 15]= 1.5000000e+005;
bi[ 15]= 1.6408930e-006;
ebl[ 16]= 1.6000000e+005;
bi[ 16]= 1.3809110e-006;
ebi[ 17]= 1.7000000e+005;
bi[ 17]= 1.8061250e-006;
ebi[ 18]= 1.8000000e+005;
bi[ 18]= 2.0465980e-006;
ebl[ 19]= 1.9000000e+005;
bi[ 19]= 1.4208980e-006;
ebl[ 20]= 2.0000000e+005;
bi[ 20]= 1.3025290e-006;
ebi[ 21]= 2.1000000e+005;
bi[ 21]= 1.3546730e-006;
ebl[ 22]= 2.2000000e+005;
bi[ 22]= 1.2816820e-006;
ebl[ 23]= 2.3000000e+005;
bi[ 23]= 1.4886790e-006;
ebl[ 24]= 2.4000000e+005;
bi[ 24]= 2.4435270e-006;
ebl[ 25]= 2.5000000e+005;
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bi[ 25]= 2.9509680e-006;
ebl[ 26]= 2.6000000e+005;
bi[ 26]= 2.2517920e-006;
ebl[ 27]= 2.7000000e+005;
bi[ 27]= 1.6379560e-006;
ebl[ 28]= 2.8000000e+005;
bi[ 28]= 1.1205940e-006;
ebl[ 29]= 2.9000000e+005;
bi[ 29]= 8.1822770e-007;
ebi[ 30]= 3.0000000e+005;
bi[ 30]= 8.5142850e-007;
ebi[ 31]= 3.1000000e+005;
bi[ 31]= 1.0501910e-006;
ebl[ 32]= 3.2000000e+005;
bi[ 32]= 1.0127600e-006;
eb1[ 33]= 3.3000000e+005;
bi[ 33]= 8.3308890e-007;
ebl[ 34]= 3.4000000e+005;
bi[ 34]= 8.2168590e-007;
ebi[ 35]= 3.5000000e+005;
bi[ 35]= 8.0332600e-007;
ebl[ 36]= 3.6000000e+005;
bi[ 36]= 1.2835390e-006;
ebl[ 37]= 3.7000000e+005;
bi[ 37]= 1.7473810e-006;
ebl[ 38]= 3.8000000e+005;
bi[ 38]= 1.4961920e-006;
ebi[ 39]= 3.9000000e+005;
bi[ 39]= 1.2380730e-006;
ebl[ 40]= 4.0000000e+005;
bi[ 40]= 1.1055540e-006;
ebi[ 41]= 4.1000000e+005;
bi[ 41]= 1.0728630e-006;
ebl[ 42]= 4.2000000e+005;
bi[ 42]= 9.7547050e-007;
ebl[ 43]= 4.3000000e+005;
bi[ 43]= 1.0139280e-006;
ebl[ 44]= 4.4000000e+005;
bi[ 44]= 1.0810930e-006;
ebi[ 45]= 4.5000000e+005;
bi[ 45]= 8.5467670e-007;
ebl[ 46]= 4.6000000e+005;
bi[ 46]= 9.9310960e-007;
ebl[ 47]= 4.7000000e+005;
bi[ 47]= 1.1514630e-006;
ebi[ 48]= 4.8000000e+005;
bi[ 48]= 1.0704800e-006;
ebl[ 49]= 4.9000000e+005;
bi[ 49]= 1.0939650e-006;
ebi[ 50]= 5.0000000e+005;
bi[ 50]= 1.1254100e-006;
ebl[ 51]= 5.1000000e+005;
bi[ 51]= 9.1002160e-007;
ebl[ 52]= 5.2000000e+005;
bi[ 52]= 7.3212090e-007;
ebl[ 53]= 5.3000000e+005;
bi[ 53]= 5.7679500e-007;
ebl[ 54]= 5.4000000e+005;
bi[ 54]= 5.5076940e-007;
ebl[ 55]= 5.5000000e+005;
bi[ 55]= 7.2191920e-007;
ebl[ 56]= 5.6000000e+005;
bi[ 56]= 7.9505850e-007;
ebl[ 57]= 5.7000000e+005;
bi[ 57]= 9.0032350e-007;
ebl[ 58]= 5.8000000e+005;
bi[ 58]= 9.2454210e-007;
ebl[ 59]= 5.9000000e+005;
bi[ 59]= 7.2494060e-007;
ebl[ 60]= 6.0000000e+005;
bi[ 60]= 6.1113220e-007;
ebi[ 61]= 6.1000000e+005;
bi[ 61]= 5.4271030e-007;
ebl[ 62]= 6.2000000e+005;
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bil[ 62]= 3.7186750e-007;
ebl[ 63]= 6.3000000e+005;
bi[ 63]= 3.7783810e-007;
ebl[ 64]= 6.4000000e+005;
bi[ 64]= 3.4935150e-007;
ebl[ 65]= 6.5000000e+005;
bi[ 65]= 3.3129270e-007;
ebl[ 66]= 6.6000000e+005;
bi[ 66]= 2.7793070e-007;
ebl[ 67]= 6.7000000e+005;
bi[ 67]= 3.3123970e-007;
ebl[ 68]= 6.8000000e+005;
bi[ 68]= 3.8705320e-007;
ebl[ 69]= 6.9000000e+005;
bi[ 69]= 3.1405330e-007;
ebl[ 70]= 7.0000000e+005;
bi[ 70]= 3.0606000e-007;
ebl[ 71]= 7.1000000e+005;
bi[ 71]= 3.4054080e-007;
ebl[ 72]= 7.2000000e+005;
bi[ 72]= 3.9295560e-007;
ebl[ 73]= 7.3000000e+005;
bi[ 73]= 4.8489230e-007;
ebl[ 74]= 7.4000000e+005;
bi[ 74]= 6.0266530e-007;
ebl[ 75]= 7.5000000e+005;
bi[ 75]= 5.1302230e-007;
ebl[ 76]= 7.6000000e+005;
bi[ 76]= 4.7379900e-007;
ebl[ 77]= 7.7000000e+005;
bi[ 77]= 4.1896790e-007;
ebi[ 78]= 7.8000000e+005;
bi[ 78]= 3.7708300e-007;
ebl[ 79]= 7.9000000e+005;
bi[ 79]= 2.7883990e-007;
eb1[ 80]= 8.0000000e+005;
bi[ 80]= 2.8609210e-007;
ebi[ 81]= 8.1000000e+005;
bi[ 81]= 2.9175340e-007;
ebi[ 82]= 8.2000000e+005;
bi[ 82]= 3.1253650e-007;
ebi[ 83]= 8.3000000e+005;
bi[ 83]= 4.0444640e-007;
ebl[ 84]= 8.4000000e+005;
bi[ 84]= 6.9158160e-007;
ebi[ 85]= 8.5000000e+005;
bi[ 85]= 7.4276060e-007;
ebl[ 86]= 8.6000000e+005;
bi[ 86]= 5.0668460e-007;
ebl[ 87]= 8.7000000e+005;
bi[ 87]= 3.3776040e-007;
ebl[ 88]= 8.8000000e+005;
b1[ 88]= 2.8047450e-007;
ebl[ 89]= 8.9000000e+005;
bi[ 89]= 2.2385060e-007;
ebl[ 90]= 9.0000000e+005;
bi[ 90]= 2.2218850e-007;
eb1l[ 91]= 9.1000000e+005;
bi[ 91]= 2.4169570e-007;
ebl[ 92]= 9.2000000e+005;
bi[ 92]= 2.5248070e-007;
ebl[ 93]= 9.3000000e+005;
bi[ 93]= 3.3791620e-007;
ebl[ 94]= 9.4000000e+005;
bi[ 94]= 4.3919400e-007;
ebl[ 95]= 9.5000000e+005;
bi[ 95]= 4.1440740e-007;
ebl[ 96]= 9.6000000e+005;
bi[ 96]= 3.3660040e-007;
ebl[ 97]= 9.7000000e+005;
bi[ 97]= 2.9985030e-007;
ebl[ 98]= 9.8000000e+005;
bi[ 98]= 2.6709260e-007;
ebi[ 99]= 9.9000000e+005;
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b1[ 99]= 2.6292460e-007;
eb1[100]= 1.0000000e+006;
b1[100]= 2.2045220e-007;
eb1[101]= 1.0100000e+006;
b1[101]= 1.8137610e-007;
eb1[102]= 1.0200000e+006;
b1[102]= 1.5532050e-007;
eb1[103]= 1.0300000e+006;
b1[103]= 1.9232130e-007;
eb1[104]= 1.0400000e+006;
b1[104]= 2.5076590e-007;
eb1[105]= 1.0500000e+006;
b1[105]= 2.7307480e-007;
eb1[106]= 1.0600000e+006;
b1[106]= 2.0252510e-007;
eb1[107]= 1.0700000e+006;
b1[107]= 1.5000270e-007;
eb1[108]= 1.0800000e+006;
b1[108]= 1.4738900e-007;
eb1[109]= 1.0900000e+006;
b1[109]= 1.6256010e-007;
eb1[110]= 1.1000000e+006;
b1[110]= 1.3848800e-007;
eb1[111]= 1.1100000e+006;
b1[111]= 2.0249590e-007;
eb1[112]= 1.1200000e+006;
b1[112]= 2.7152580e-007;
eb1[113]= 1.1300000e+006;
bi[113]= 3.3732520e-007;
eb1[114]= 1.1400000e+006;
b1[114]= 3.8656040e-007;
eb1[115]= 1.1500000e+006;
b1[115]= 3.0101520e-007;
eb1[116]= 1.1600000e+006;
b1[116]= 2.1068140e-007;
eb1[117]= 1.1700000e+006;
b1[117]= 2.3223020e-007;
eb1[118]= 1.1800000e+006;
b1[118]= 2.2189040e-007;
eb1[119]= 1.1900000e+006;
b1[119]= 2.1620800e-007;
eb1[120]= 1.2000000e+006;
b1[120]= 1.9032010e-007;
eb1[121]= 1.2100000e+006;
b1[121]= 1.6056110e-007;
eb1[122]= 1.2200000e+006;
b1[122]= 9.1099230e-008;
eb1[123]= 1.2300000e+006;
b1[123]= 8.8747780e-008;
eb1[124]= 1.2400000e+006;
b1[124]= 7.7003790e-008;
eb1[125]= 1.2500000e+006;
b1[125]= 9.5079580e-008;
eb1[126]= 1.2600000e+006;
b1[126]= 7.0511210e-008;
eb1[127]= 1.2700000e+006;
b1[127]= 5.4205650e-008;
eb1[128]= 1.2800000e+006;
b1[128]= 5.7144840e-008;
eb1[129]= 1.2900000e+006;
b1[129]= 5.1591350e-008;
eb1[130]= 1.3000000e+006;
b1[130]= 7.3959710e-008;
eb1[131]= 1.3100000e+006;
b1[131]= 7.1609230e-008;
eb1[132]= 1.3200000e+006;
b1[132]= 8.0865020e-008;
eb1[133]= 1.3300000e+006;
b1[133]= 6.4650970e-008;
eb1[134]= 1.3400000e+006;
b1[134]= 8.3989660e-008;
eb1[135]= 1.3500000e+006;
b1[135]= 7.4459860e-008;
eb1[136]= 1.3600000e+006;
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b1[136]= 9.4653770e-008;
eb1[137]= 1.3700000e+006;
b1[137]= 9.7006400e-008;
eb1[138]= 1.3800000e+006;
b1[138]= 7.8644500e-008;
eb1[139]= 1.3900000e+006;
b1[139]= 6.6884840e-008;
eb1[140]= 1.4000000e+006;
b1[140]= 3.9151230e-008;
eb1[141]= 1.4100000e+006;
b1[141]= 4.1502680e-008;
eb1[142]= 1.4200000e+006;
b1[142]= 4.5305550e-008;
eb1[143]= 1.4300000e+006;
b1[143]= 4.3158550e-008;
eb1[144]= 1.4400000e+006;
b1[144]= 7.6912280e-008;
eb1[145]= 1.4500000e+006;
b1[145]= 3.8456140e-008;
eb1[146]= 1.4600000e+006;
b1[146]= 4.2436490e-008;
eb1[147]= 1.4700000e+006;
b1[147]= 2.8747290e-008;
eb1[148]= 1.4800000e+006;
b1[148]= 2.1980230e-008;
eb1[149]= 1.4900000e+006;
b1[149]= 1.3415160e-008;
eb1[150]= 1.5000000e+006;
b1[150]= 2.1289390e-008;
eb1[151]= 1.5100000e+006;
b1[151]= 1.5510560e-008;
eb1[152]= 1.5200000e+006;
b1[152]= 4.2230610e-009;
eb1[153]= 1.5300000e+006;
b1[153]= 2.1220760e-008;
eb1[154]= 1.5400000e+006;
b1[154]= 4.3502500e-010;
eb1[155]= 1.5500000e+006;
b1[155]= 3.6534590e-009;
eb1[156]= 1.5600000e+006;
b1[156]= 2.0516190e-008;
eb1[157]= 1.5700000e+006;
b1[157]= 2.2986760e-008;
eb1[158]= 1.5800000e+006;
b1[158]= 8.2997200e-010;
eb1[159]= 1.5900000e+006;
b1[159]= 8.0984140e-009;
eb1[160]= 1.6000000e+006;
b1[160]= 9.4343500e-010;
eb1[161]= 1.6100000e+006;
b1[161]= 1.0363100e-008;
eb1[162]= 1.6200000e+006;
b1[162]= 8.6291270e-009;
eb1[163]= 1.6300000e+006;
b1[163]= 4.5021890e-009;
eb1[164]= 1.6400000e+006;
b1[164]= 1.9802020e-008;
eb1[165]= 1.6500000e+006;
b1[165]= 2.5059290e-008;
eb1[166]= 1.6600000e+006;
b1[166]= 5.4219710e-009;
eb1[167]= 1.6700000e+006;
b1[167]= 1.1804300e-010;
eb1[168]= 1.6800000e+006;
b1[168]= 3.3839390e-009;
eb1[169]= 1.6900000e+006;
b1[169]= 8.1350150e-009;
eb1[170]= 1.7000000e+006;
b1[170]= 0.0000000e+000;
eb1[171]= 1.7100000e+006;
b1[171]= 3.4960300e-009;
eb1[172]= 1.7200000e+006;
b1[172]= 1.1104270e-009;
eb1[173]= 1.7300000e+006;
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b1[173]= 0.0000000e+000;
eb1[174]= 1.7400000e+006;
b1[174]= 2.8514000e-010;
eb1[175]= 1.7500000e+006;
b1[175]= 1.8951000e-010;
eb1[176]= 1.7600000e+006;
b1[176]= 1.1406200e-010;
eb1[177]= 1.7700000e+006;
b1[177]= 5.8291600e-011;
eb1[178]= 1.7800000e+006;
b1[178]= 2.1824700e-011;
eb1[179]= 1.7900000e+006;
b1[179]= 4.1814300e-012;
eb1[180]= 1.8000000e+006;
b1[180]= 5.5958300e-031;
eb1[181]= 1.8100000e+006;
b1[181]= 0.0000000e+000;
eb1[182]= 1.8200000e+006;
b1[182]= 0.0000000e+000;
eb1[183]= 1.8300000e+006;
b1[183]= 0.0000000e+000;
eb1[184]= 1.8400000e+006;
b1[184]= 0.0000000e+000;
eb1[185]= 20.000000e+006;
b1[185]= 0.0000000e+000;
eb2[ 0]= 0.0000000e+000;
b2[ 0]= 1.0515390e-006;
eb2[ 1]= 1.0000000e+004;
b2[ 1]= 1.0763120e-006;
eb2[ 2]= 2.0000000e+004;
b2[ 2]= 1.0800620e-006;
eb2[ 3]= 3.0000000e+004;
b2[ 3]= 1.0700410e-006;
eb2[ 4= 4.0000000e+004;
b2[ 4]= 1.0606630e-006;
eb2[ 5]= 5.0000000e+004;
b2[ 5]= 1.0577670e-006;
eb2[ 6]= 6.0000000e+004;
b2[ 6]= 1.0529180e-006;
eb2[ 7]= 7.0000000e+004;
b2[ 7]= 1.3563340e-006;
eb2[ 8]= 8.0000000e+004;
b2[ 8]= 1.5663060e-006;
eb2[ 9]= 9.0000000e+004;
b2[ 9]= 1.6479710e-006;
eb2[ 10]= 1.0000000e+005;
b2[ 10]= 1.4255730e-006;
eb2[ 11]= 1.1000000e+005;
b2[ 11]= 1.3123720e-006;
eb2[ 12]= 1.2000000e+005;
b2[ 12]= 1.3301650e-006;
eb2[ 13]= 1.3000000e+005;
b2[ 13]= 1.2481040e-006;
eb2[ 147= 1.4000000e+005;
b2[ 14]= 1.1568440e-006;
eb2[ 15]= 1.5000000e+005;
b2[ 15]= 1.2024630e-006;
eb2[ 16]= 1.6000000e+005;
b2[ 16]= 9.8173980e-007;
eb2[ 17]= 1.7000000e+005;
b2[ 17]= 8.8840110e-007;
eb2[ 18]= 1.8000000e+005;
b2[ 18]= 8.9690780e-007;
eb2[ 19]= 1.9000000e+005;
b2[ 19]= 9.1398390e-007;
eb2[ 20]= 2.0000000e+005;
b2[ 20]= 8.9212460e-007;
eb2[ 21]= 2.1000000e+005;
b2[ 21]= 1.0164730e-006;
eb2[ 22]= 2.2000000e+005;
b2[ 22]= 1.0664770e-006;
eb2[ 23]= 2.3000000e+005;
b2[ 23]= 1.0604140e-006;
eb2[ 24]= 2.4000000e+005;
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b2[ 24]= 1.1601270e-006;

1
eb2[ 25]= 2.5000000e+005;
b2[ 25]= 1.5522230e-006;
eb2[ 26]= 2.6000000e+005;
b2[ 26]= 1.4687350e-006;
eb2[ 27]= 2.7000000e+005;
b2[ 27]= 1.3094820e-006;
eb2[ 28]= 2.8000000e+005;
b2[ 28]= 9.6738970e-007;
eb2[ 29]= 2.9000000e+005;
b2[ 29]= 7.9123850e-007;
eb2[ 30]= 3.0000000e+005;
b2[ 30]= 8.0281970e-007;
eb2[ 31]= 3.1000000e+005;
b2[ 31]= 1.1269290e-006;
eb2[ 32]= 3.2000000e+005;
b2[ 32]= 1.1958020e-006;
eb2[ 33]= 3.3000000e+005;
b2[ 33]= 1.0565680e-006;
eb2[ 34]= 3.4000000e+005;
b2[ 34]= 1.0157050e-006;
eb2[ 35]= 3.5000000e+005;
b2[ 35]= 1.1354010e-006;
eb2[ 36]= 3.6000000e+005;
b2[ 36]= 1.8018930e-006;
eb2[ 37]= 3.7000000e+005;
b2[ 37]= 2.2836700e-006;
eb2[ 38]= 3.8000000e+005;
b2[ 38]= 1.9389550e-006;
eb2[ 39]= 3.9000000e+005;
b2[ 39]= 1.6371910e-006;
eb2[ 40]= 4.0000000e+005;
b2[ 40]= 1.4063460e-006;
eb2[ 41]= 4.1000000e+005;
b2[ 41]= 1.2295840e-006;
eb2[ 42]= 4.2000000e+005;
b2[ 42]= 1.1660950e-006;
eb2[ 43]= 4.3000000e+005;
b2[ 43]= 1.0576310e-006;
eb2[ 44]= 4.4000000e+005;
b2[ 44]= 1.0162430e-006;
eb2[ 45]= 4.5000000e+005;
b2[ 45]= 1.1475590e-006;
eb2[ 46]= 4.6000000e+005;
b2[ 46]= 1.3503870e-006;
eb2[ 47]= 4.7000000e+005;
b2[ 47]= 1.5077290e-006;
eb2[ 48]= 4.8000000e+005;
b2[ 48]= 1.4157470e-006;
eb2[ 49]= 4.9000000e+005;
b2[ 49]= 1.4290800e-006;
eb2[ 50]= 5.0000000e+005;
b2[ 50]= 1.4165000e-006;
eb2[ 51]= 5.1000000e+005;
b2[ 51]= 1.2973680e-006;
eb2[ 52]= 5.2000000e+005;
b2[ 52]= 1.0836610e-006;
eb2[ 53]= 5.3000000e+005;
b2[ 53]= 9.0744000e-007;
eb2[ 54]= 5.4000000e+005;
b2[ 54]= 9.0452130e-007;
eb2[ 55]= 5.5000000e+005;
b2[ 55]= 1.0754170e-006;
eb2[ 56]= 5.6000000e+005;
b2[ 56]= 1.0525560e-006;
eb2[ 57]= 5.7000000e+005;
b2[ 57]= 1.1721940e-006;
eb2[ 58]= 5.8000000e+005;
b2[ 58]= 1.1390740e-006;
eb2[ 59]= 5.9000000e+005;
b2[ 59]= 8.6442890e-007;
eb2[ 60]= 6.0000000e+005;
b2[ 60]= 7.1309910e-007;
eb2[ 61]= 6.1000000e+005;
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b2[ 61]= 6.1369020e-007;
eb2[ 62]= 6.2000000e+005;
b2[ 62]= 4.5017710e-007;
eb2[ 63]= 6.3000000e+005;
b2[ 63]= 4.3206930e-007;
eb2[ 64]= 6.4000000e+005;
b2[ 64]= 4.1481620e-007;
eb2[ 65]= 6.5000000e+005;
b2[ 65]= 4.4103720e-007;
eb2[ 66]= 6.6000000e+005;
b2[ 66]= 4.3674980e-007;
eb2[ 67]= 6.7000000e+005;
b2[ 67]= 5.0574690e-007;
eb2[ 68]= 6.8000000e+005;
b2[ 68]= 4.8788300e-007;
eb2[ 69]= 6.9000000e+005;
b2[ 69]= 4.0697900e-007;
eb2[ 70]= 7.0000000e+005;
b2[ 70]= 3.8472520e-007;
eb2[ 71]= 7.1000000e+005;
b2[ 71]= 4.5362860e-007;
eb2[ 72]= 7.2000000e+005;
b2[ 72]= 5.2691040e-007;
eb2[ 73]= 7.3000000e+005;
b2[ 73]= 6.3565050e-007;
eb2[ 74]= 7.4000000e+005;
b2[ 74]= 7.8211860e-007;
eb2[ 75]= 7.5000000e+005;
b2[ 75]= 6.8678060e-007;
eb2[ 76]= 7.6000000e+005;
b2[ 76]= 6.1950470e-007;
eb2[ 77]= 7.7000000e+005;
b2[ 77]= 5.5272300e-007;
eb2[ 78]= 7.8000000e+005;
b2[ 78]= 4.7472190e-007;
eb2[ 79]= 7.9000000e+005;
b2[ 79]= 3.6189770e-007;
eb2[ 80]= 8.0000000e+005;
b2[ 80]= 3.5143200e-007;
eb2[ 81]= 8.1000000e+005;
b2[ 81]= 3.5429560e-007;
eb2[ 82]= 8.2000000e+005;
b2[ 82]= 3.6220880e-007;
eb2[ 83]= 8.3000000e+005;
b2[ 83]= 5.0202190e-007;
eb2[ 84]= 8.4000000e+005;
b2[ 84]= 8.5932640e-007;
eb2[ 85]= 8.5000000e+005;
b2[ 85]= 9.2307030e-007;
eb2[ 86]= 8.6000000e+005;
b2[ 86]= 6.3006740e-007;
eb2[ 87]= 8.7000000e+005;
b2[ 87]= 4.1223760e-007;
eb2[ 88]= 8.8000000e+005;
b2[ 88]= 3.4966060e-007;
eb2[ 89]= 8.9000000e+005;
b2[ 89]= 2.7640800e-007;
eb2[ 90]= 9.0000000e+005;
b2[ 90]= 2.5489220e-007;
eb2[ 91]= 9.1000000e+005;
b2[ 91]= 2.8426020e-007;
eb2[ 92]= 9.2000000e+005;
b2[ 92]= 3.1388620e-007;
eb2[ 93]= 9.3000000e+005;
b2[ 93]= 4.0217560e-007;
eb2[ 947= 9.4000000e+005;
b2[ 94]= 5.1585060e-007;
eb2[ 95]= 9.5000000e+005;
b2[ 95]= 5.2159630e-007;
eb2[ 96]= 9.6000000e+005;
b2[ 96]= 4.3845460e-007;
eb2[ 97]= 9.7000000e+005;
b2[ 97]= 3.7443530e-007;
eb2[ 98]= 9.8000000e+005;
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b2[ 98]= 3.3213260e-007;
eb2[ 99]= 9.9000000e+005;
b2[ 99]= 3.1779460e-007;
eb2[100]= 1.0000000e+006;
b2[100]= 2.8078650e-007;
eb2[101]= 1.0100000e+006;
b2[101]= 2.3296910e-007;
eb2[102]= 1.0200000e+006;
b2[102]= 1.9869580e-007;
eb2[103]= 1.0300000e+006;
b2[103]= 2.4186660e-007;
eb2[104]= 1.0400000e+006;
b2[104]= 3.1960240e-007;
eb2[105]= 1.0500000e+006;
b2[105]= 3.4905720e-007;
eb2[106]= 1.0600000e+006;
b2[106]= 2.5738030e-007;
eb2[107]= 1.0700000e+006;
b2[107]= 1.9173360e-007;
eb2[108]= 1.0800000e+006;
b2[108]= 1.8687120e-007;
eb2[109]= 1.0900000e+006;
b2[109]= 2.0580520e-007;
eb2[110]= 1.1000000e+006;
b2[110]= 1.7305620e-007;
eb2[111]= 1.1100000e+006;
b2[111]= 2.4886720e-007;
eb2[112]= 1.1200000e+006;
b2[112]= 3.2940680e-007;
eb2[113]= 1.1300000e+006;
b2[113]= 4.1989740e-007;
eb2[114]= 1.1400000e+006;
b2[114]= 4.8439270e-007;
eb2[115]= 1.1500000e+006;
b2[115]= 3.7810070e-007;
eb2[116]= 1.1600000e+006;
b2[116]= 2.6058430e-007;
eb2[117]= 1.1700000e+006;
b2[117]= 2.8758020e-007;
eb2[118]= 1.1800000e+006;
b2[118]= 2.7495820e-007;
eb2[119]= 1.1900000e+006;
b2[119]= 2.6093710e-007;
eb2[120]= 1.2000000e+006;
b2[120]= 2.2967900e-007;
eb2[121]= 1.2100000e+006;
b2[121]= 2.0162160e-007;
eb2[122]= 1.2200000e+006;
b2[122]= 1.1951350e-007;
eb2[123]= 1.2300000e+006;
b2[123]= 1.1935090e-007;
eb2[124]= 1.2400000e+006;
b2[124]= 1.0614790e-007;
eb2[125]= 1.2500000e+006;
b2[125]= 1.2388280e-007;
eb2[126]= 1.2600000e+006;
b2[126]= 9.0542740e-008;
eb2[127]= 1.2700000e+006;
b2[127]= 6.8245140e-008;
eb2[128]= 1.2800000e+006;
b2[128]= 6.7737570e-008;
eb2[129]= 1.2900000e+006;
b2[129]= 6.8700420e-008;
eb2[130]= 1.3000000e+006;
b2[130]= 9.1914570e-008;
eb2[131]= 1.3100000e+006;
b2[131]= 8.9385640e-008;
eb2[132]= 1.3200000e+006;
b2[132]= 9.8965310e-008;
eb2[133]= 1.3300000e+006;
b2[133]= 8.2207700e-008;
eb2[134]= 1.3400000e+006;
b2[134]= 1.0491840e-007;
eb2[135]= 1.3500000e+006;
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b2[135]= 9.1026430e-008;
eb2[136]= 1.3600000e+006;
b2[136]= 1.1281490e-007;
eb2[137]= 1.3700000e+006;
b2[137]= 1.1196310e-007;
eb2[138]= 1.3800000e+006;
b2[138]= 7.4063490e-008;
eb2[139]= 1.3900000e+006;
b2[139]= 7.8681520e-008;
eb2[140]= 1.4000000e+006;
b2[140]= 5.3087340e-008;
eb2[141]= 1.4100000e+006;
b2[141]= 5.1822110e-008;
eb2[142]= 1.4200000e+006;
b2[142]= 5.9963010e-008;
eb2[143]= 1.4300000e+006;
b2[143]= 4.9983590e-008;
eb2[144]= 1.4400000e+006;
b2[144]= 9.5447430e-008;
eb2[145]= 1.4500000e+006;
b2[145]= 4.7694320e-008;
eb2[146]= 1.4600000e+006;
b2[146]= 5.2409120e-008;
eb2[147]= 1.4700000e+006;
b2[147]= 3.5730860e-008;
eb2[148]= 1.4800000e+006;
b2[148]= 2.8549240e-008;
eb2[149]= 1.4900000e+006;
b2[149]= 1.9136980e-008;
eb2[150]= 1.5000000e+006;
b2[150]= 2.9072530e-008;
eb2[151]= 1.5100000e+006;
b2[151]= 2.1314040e-008;
eb2[152]= 1.5200000e+006;
b2[152]= 6.5461280e-009;
eb2[153]= 1.5300000e+006;
b2[153]= 2.7899340e-008;
eb2[154]= 1.5400000e+006;
b2[154]= 3.5495120e-009;
eb2[155]= 1.5500000e+006;
b2[155]= 7.6967420e-009;
eb2[156]= 1.5600000e+006;
b2[156]= 2.7193730e-008;
eb2[157]= 1.5700000e+006;
b2[157]= 3.0639010e-008;
eb2[158]= 1.5800000e+006;
b2[158]= 4.0798970e-009;
eb2[159]= 1.5900000e+006;
b2[159]= 1.2985910e-008;
eb2[160]= 1.6000000e+006;
b2[160]= 3.7167560e-009;
eb2[161]= 1.6100000e+006;
b2[161]= 1.3615180e-008;
eb2[162]= 1.6200000e+006;
b2[162]= 1.1433780e-008;
eb2[163]= 1.6300000e+006;
b2[163]= 6.7905040e-009;
eb2[164]= 1.6400000e+006;
b2[164]= 2.5500520e-008;
eb2[165]= 1.6500000e+006;
b2[165]= 3.1904050e-008;
eb2[166]= 1.6600000e+006;
b2[166]= 7.5120250e-009;
eb2[167]= 1.6700000e+006;
b2[167]= 9.6503000e-010;
eb2[168]= 1.6800000e+006;
b2[168]= 6.4633940e-009;
eb2[169]= 1.6900000e+006;
b2[169]= 1.3569370e-008;
eb2[170]= 1.7000000e+006;
b2[170]= 4.9448790e-009;
eb2[171]= 1.7100000e+006;
b2[171]= 8.0145280e-009;
eb2[172]= 1.7200000e+006;
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b2[172]= 2.6987840e-009;

2
eb2[173]= 1.7300000e+006;
b2[173]= 1.3672810e-009;
eb2[174]= 1.7400000e+006;
b2[174]= 9.0183400e-010;
eb2[175]= 1.7500000e+006;
b2[175]= 1.2194060e-009;
eb2[176]= 1.7600000e+006;
b2[176]= 4.1593850e-009;
eb2[177]= 1.7700000e+006;
b2[177]= 6.2791480e-009;
eb2[178]= 1.7800000e+006;
b2[178]= 8.6756180e-009;
eb2[179]= 1.7900000e+006;
b2[179]= 8.4832530e-009;
eb2[180]= 1.8000000e+006;
b2[180]= 3.1930800e-011;
eb2[181]= 1.8100000e+006;
b2[181]= 2.9311000e-011;
eb2[182]= 1.8200000e+006;
b2[182]= 2.6869700e-011;
eb2[183]= 1.8300000e+006;
b2[183]= 2.4595400e-011;
eb2[184]= 1.8400000e+006;
b2[184]= 2.2479700e-011;
eb2[185]= 1.8500000e+006;
b2[185]= 2.0493700e-011;
eb2[186]= 1.8600000e+006;
b2[186]= 1.8603900e-011;
eb2[187]= 1.8700000e+006;
b2[187]= 1.6843200e-011;
eb2[188]= 1.8800000e+006;
b2[188]= 1.5184100e-011;
eb2[189]= 1.8900000e+006;
b2[189]= 1.3632100e-011;
eb2[190]= 1.9000000e+006;
b2[190]= 1.2192000e-011;
eb2[191]= 1.9100000e+006;
b2[191]= 1.3571100e-011;
eb2[192]= 1.9200000e+006;
b2[192]= 1.0703300e-011;
eb2[193]= 1.9300000e+006;
b2[193]= 8.7486700e-012;
eb2[194]= 1.9400000e+006;
b2[194]= 7.5378800e-012;
eb2[195]= 1.9500000e+006;
b2[195]= 6.6313700e-012;
eb2[196]= 1.9600000e+006;
b2[196]= 5.7908700e-012;
eb2[197]= 1.9700000e+006;
b2[197]= 5.0219500e-012;
eb2[198]= 1.9800000e+006;
b2[198]= 4.3325800e-012;
eb2[199]= 1.9900000e+006;
b2[199]= 3.7026400e-012;
eb2[200]= 2.0000000e+006;
b2[200]= 3.1273000e-012;
eb2[201]= 2.0100000e+006;
b2[201]= 2.6156100e-012;
eb2[202]= 2.0200000e+006;
b2[202]= 2.1670900e-012;
eb2[203]= 2.0300000e+006;
b2[203]= 1.7844300e-012;
eb2[204]= 2.0400000e+006;
b2[204]= 1.4654100e-012;
eb2[205]= 2.0500000e+006;
b2[205]= 1.1919000e-012;
eb2[206]= 2.0600000e+006;
b2[206]= 9.4735400e-013;
eb2[207]= 2.0700000e+006;
b2[207]= 7.2952100e-013;
eb2[208]= 2.0800000e+006;
b2[208]= 5.4000700e-013;
eb2[209]= 2.0900000e+006;
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b2[209]= 3.7791400e-013;
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eb2[210]= 2.1000000e+006;
b2[210]= 2.4427500e-013;
eb2[211]= 2.1100000e+006;
b2[211]= 1.3953300e-013;
eb2[212]= 2.1200000e+006;
b2[212]= 6.4065300e-014;
eb2[213]= 2.1300000e+006;
b2[213]= 1.8496900e-014;
eb2[214]= 2.1400000e+006;
b2[214]= 2.2570300e-015;
eb2[215]= 2.1500000e+006;
b2[215]= 0.0000000e+000;
eb2[216]= 2.1600000e+006;
b2[216]= 0.0000000e+000;
eb2[217]= 2.1700000e+006;
b2[217]= 0.0000000e+000;
eb2[218]= 2.1800000e+006;
b2[218]= 0.0000000e+000;
eb2[219]= 2.1900000e+006;
b2[219]= 0.0000000e+000;
eb2[220]= 20.000000e+006;
b2[220]= 0.0000000e+000;
eb3[ 0]= 0.0000000e+000;
b3[ 0]= 7.3623090e-007;
eb3[ 1]= 1.0000000e+004;
b3[ 1]= 1.0874920e-006;
eb3[ 2]= 2.0000000e+004;
b3[ 2]= 1.1093480e-006;
eb3[ 3]= 3.0000000e+004;
b3[ 3]= 1.1108600e-006;
eb3[ 4]= 4.0000000e+004;
b3[ 4= 1.0951400e-006;
eb3[ 5]= 5.0000000e+004;
b3[ 5]= 1.1689930e-006;
eb3[ 6]= 6.0000000e+004;
b3[ 6]= 1.1030840e-006;
eb3[ 7]= 7.0000000e+004;
b3[ 71= 1.0621310e-006;
eb3[ 8]= 8.0000000e+004;
b3[ 8]= 1.1932370e-006;
eb3[ 9]= 9.0000000e+004;
b3[ 9]= 1.3800830e-006;
eb3[ 10]= 1.0000000e+005;
b3[ 10]= 1.4964580e-006;
eb3[ 11]= 1.1000000e+005;
b3[ 11]= 1.6037340e-006;
eb3[ 12]= 1.2000000e+005;
b3[ 12]= 1.6277940e-006;
eb3[ 13]= 1.3000000e+005;
b3[ 13]= 1.5661720e-006;
eb3[ 147= 1.4000000e+005;
b3[ 14]= 1.4800900e-006;
eb3[ 15]= 1.5000000e+005;
b3[ 15]= 1.3386210e-006;
eb3[ 16]= 1.6000000e+005;
b3[ 16]= 1.3852410e-006;
eb3[ 17]= 1.7000000e+005;
b3[ 17]= 1.4447050e-006;
eb3[ 18]= 1.8000000e+005;
b3[ 18]= 1.3652470e-006;
eb3[ 19]= 1.9000000e+005;
b3[ 19]= 1.3267560e-006;
eb3[ 20]= 2.0000000e+005;
b3[ 20]= 1.2519220e-006;
eb3[ 21]= 2.1000000e+005;
b3[ 21]= 1.3726970e-006;
eb3[ 22]= 2.2000000e+005;
b3[ 22]= 1.3659820e-006;
eb3[ 23]= 2.3000000e+005;
b3[ 23]= 1.4417140e-006;
eb3[ 24]= 2.4000000e+005;
b3[ 24]= 1.4125840e-006;
eb3[ 25]= 2.5000000e+005;
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b3[ 25]= 1.2187050e-006;
eb3[ 26]= 2.6000000e+005;
b3[ 26]= 1.3091140e-006;
eb3[ 27]= 2.7000000e+005;
b3[ 27]= 1.4721220e-006;
eb3[ 28]= 2.8000000e+005;
b3[ 28]= 1.4480080e-006;
eb3[ 29]= 2.9000000e+005;
b3[ 29]= 1.4168730e-006;
eb3[ 30]= 3.0000000e+005;
b3[ 30]= 1.3209120e-006;
eb3[ 31]= 3.1000000e+005;
b3[ 31]= 1.2905760e-006;
eb3[ 32]= 3.2000000e+005;
b3[ 32]= 1.2805610e-006;
eb3[ 33]= 3.3000000e+005;
b3[ 33]= 1.2897820e-006;
eb3[ 34]= 3.4000000e+005;
b3[ 34]= 1.2301970e-006;
eb3[ 35]= 3.5000000e+005;
b3[ 35]= 1.2930720e-006;
eb3[ 36]= 3.6000000e+005;
b3[ 36]= 1.3461340e-006;
eb3[ 37]= 3.7000000e+005;
b3[ 37]= 1.4145260e-006;
eb3[ 38]= 3.8000000e+005;
b3[ 38]= 1.4433500e-006;
eb3[ 39]= 3.9000000e+005;
b3[ 39]= 1.3797690e-006;
eb3[ 40]= 4.0000000e+005;
b3[ 40]= 1.2186210e-006;
eb3[ 41]= 4.1000000e+005;
b3[ 41]= 1.0744450e-006;
eb3[ 42]= 4.2000000e+005;
b3[ 42]= 9.8701650e-007;
eb3[ 43]= 4.3000000e+005;
b3[ 43]= 1.0058210e-006;
eb3[ 44]= 4.4000000e+005;
b3[ 44]= 1.0063590e-006;
eb3[ 45]= 4.5000000e+005;
b3[ 45]= 9.9749270e-007;
eb3[ 46]= 4.6000000e+005;
b3[ 46]= 9.7657910e-007;
eb3[ 47]= 4.7000000e+005;
b3[ 47]= 9.7371860e-007;
eb3[ 48]= 4.8000000e+005;
b3[ 48]= 9.1897430e-007;
eb3[ 49]= 4.9000000e+005;
b3[ 49]= 9.1955920e-007;
eb3[ 50]= 5.0000000e+005;
b3[ 50]= 9.4844360e-007;
eb3[ 51]= 5.1000000e+005;
b3[ 51]= 8.9677710e-007;
eb3[ 52]= 5.2000000e+005;
b3[ 52]= 8.6966560e-007;
eb3[ 53]= 5.3000000e+005;
b3[ 53]= 8.8350110e-007;
eb3[ 54]= 5.4000000e+005;
b3[ 54]= 8.3784590e-007;
eb3[ 55]= 5.5000000e+005;
b3[ 55]= 8.3663860e-007;
eb3[ 56]= 5.6000000e+005;
b3[ 56]= 8.1303170e-007;
eb3[ 57]= 5.7000000e+005;
b3[ 57]= 8.1248990e-007;
eb3[ 58]= 5.8000000e+005;
b3[ 58]= 9.0800630e-007;
eb3[ 59]= 5.9000000e+005;
b3[ 59]= 1.0968810e-006;
eb3[ 60]= 6.0000000e+005;
b3[ 60]= 1.1766510e-006;
eb3[ 61]= 6.1000000e+005;
b3[ 61]= 1.0598120e-006;
eb3[ 62]= 6.2000000e+005;
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b3[ 62]= 1.0155490e-006;
eb3[ 63]= 6.3000000e+005;
b3[ 63]= 8.7646950e-007;
eb3[ 64]= 6.4000000e+005;
b3[ 64]= 8.8886850e-007;
eb3[ 65]= 6.5000000e+005;
b3[ 65]= 9.5259790e-007;
eb3[ 66]= 6.6000000e+005;
b3[ 66]= 9.3986340e-007;
eb3[ 67]= 6.7000000e+005;
b3[ 67]= 8.8223520e-007;
eb3[ 68]= 6.8000000e+005;
b3[ 68]= 8.0135650e-007;
eb3[ 69]= 6.9000000e+005;
b3[ 69]= 7.7792370e-007;
eb3[ 70]= 7.0000000e+005;
b3[ 70]= 7.5206190e-007;
eb3[ 71]= 7.1000000e+005;
b3[ 71]= 7.6305100e-007;
eb3[ 72]= 7.2000000e+005;
b3[ 72]= 7.6992290e-007;
eb3[ 73]= 7.3000000e+005;
b3[ 73]= 8.1994740e-007;
eb3[ 74]= 7.4000000e+005;
b3[ 74]= 7.5434740e-007;
eb3[ 75]= 7.5000000e+005;
b3[ 75]= 6.5065510e-007;
eb3[ 76]= 7.6000000e+005;
b3[ 76]= 7.7111860e-007;
eb3[ 77]= 7.7000000e+005;
b3[ 77]= 8.0125930e-007;
eb3[ 78]= 7.8000000e+005;
b3[ 78]= 6.3593030e-007;
eb3[ 79]= 7.9000000e+005;
b3[ 79]= 6.5602120e-007;
eb3[ 80]= 8.0000000e+005;
b3[ 80]= 6.0034980e-007;
eb3[ 81]= 8.1000000e+005;
b3[ 81]= 5.2361530e-007;
eb3[ 82]= 8.2000000e+005;
b3[ 82]= 4.2804020e-007;
eb3[ 83]= 8.3000000e+005;
b3[ 83]= 3.7595530e-007;
eb3[ 84]= 8.4000000e+005;
b3[ 841= 3.2668910e-007;
eb3[ 85]= 8.5000000e+005;
b3[ 85]= 3.2282300e-007;
eb3[ 86]= 8.6000000e+005;
b3[ 86]= 3.0662700e-007;
eb3[ 87]= 8.7000000e+005;
b3[ 87]= 3.2405740e-007;
eb3[ 88]= 8.8000000e+005;
b3[ 88]= 3.2975530e-007;
eb3[ 89]= 8.9000000e+005;
b3[ 89]= 3.4948070e-007;
eb3[ 90]= 9.0000000e+005;
b3[ 90]= 3.5291910e-007;
eb3[ 91]= 9.1000000e+005;
b3[ 91]= 3.1742680e-007;
eb3[ 92]= 9.2000000e+005;
b3[ 92]= 2.4581370e-007;
eb3[ 93]= 9.3000000e+005;
b3[ 93]= 2.2090590e-007;
eb3[ 94]= 9.4000000e+005;
b3[ 94]= 2.0443730e-007;
eb3[ 95]= 9.5000000e+005;
b3[ 95]= 2.1448330e-007;
eb3[ 96]= 9.6000000e+005;
b3[ 96]= 2.1058670e-007;
eb3[ 97]= 9.7000000e+005;
b3[ 97]= 2.1818130e-007;
eb3[ 98]= 9.8000000e+005;
b3[ 98]= 2.2990550e-007;
eb3[ 99]= 9.9000000e+005;
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b3[ 99]= 2.1842780e-007;
eb3[100]= 1.0000000e+006;
b3[100]= 1.7389300e-007;
eb3[101]= 1.0100000e+006;
b3[101]= 1.8819670e-007;
eb3[102]= 1.0200000e+006;
b3[102]= 1.6192420e-007;
eb3[103]= 1.0300000e+006;
b3[103]= 1.4670100e-007;
eb3[104]= 1.0400000e+006;
b3[104]= 1.4270080e-007;
eb3[105]= 1.0500000e+006;
b3[105]= 1.1864080e-007;
eb3[106]= 1.0600000e+006;
b3[106]= 1.4317600e-007;
eb3[107]= 1.0700000e+006;
b3[107]= 1.2139040e-007;
eb3[108]= 1.0800000e+006;
b3[108]= 1.2162330e-007;
eb3[109]= 1.0900000e+006;
b3[109]= 1.1481070e-007;
eb3[110]= 1.1000000e+006;
b3[110]= 1.0955470e-007;
eb3[111]= 1.1100000e+006;
b3[111]= 1.1777020e-007;
eb3[112]= 1.1200000e+006;
b3[112]= 1.3288110e-007;
eb3[113]= 1.1300000e+006;
b3[113]= 1.0591900e-007;
eb3[114]= 1.1400000e+006;
b3[114]= 1.1125670e-007;
eb3[115]= 1.1500000e+006;
b3[115]= 1.0471610e-007;
eb3[116]= 1.1600000e+006;
b3[116]= 1.1497730e-007;
eb3[117]= 1.1700000e+006;
b3[117]= 1.0688110e-007;
eb3[118]= 1.1800000e+006;
b3[118]= 1.1316310e-007;
eb3[119]= 1.1900000e+006;
b3[119]= 8.9393870e-008;
eb3[120]= 1.2000000e+006;
b3[120]= 9.6042810e-008;
eb3[121]= 1.2100000e+006;
b3[121]= 7.5092760e-008;
eb3[122]= 1.2200000e+006;
b3[122]= 1.1195640e-007;
eb3[123]= 1.2300000e+006;
b3[123]= 8.2938050e-008;
eb3[124]= 1.2400000e+006;
b3[124]= 7.4063090e-008;
eb3[125]= 1.2500000e+006;
b3[125]= 6.5986000e-008;
eb3[126]= 1.2600000e+006;
b3[126]= 7.3147490e-008;
eb3[127]= 1.2700000e+006;
b3[127]= 6.4860040e-008;
eb3[128]= 1.2800000e+006;
b3[128]= 5.2557550e-008;
eb3[129]= 1.2900000e+006;
b3[129]= 7.3950900e-008;
eb3[130]= 1.3000000e+006;
b3[130]= 6.5329870e-008;
eb3[131]= 1.3100000e+006;
b3[131]= 4.3043050e-008;
eb3[132]= 1.3200000e+006;
b3[132]= 5.1310950e-008;
eb3[133]= 1.3300000e+006;
b3[133]= 6.1184630e-008;
eb3[134]= 1.3400000e+006;
b3[134]= 6.2567130e-008;
eb3[135]= 1.3500000e+006;
b3[135]= 5.6436720e-008;
eb3[136]= 1.3600000e+006;
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b3[136]= 5.3897730e-008;
eb3[137]= 1.3700000e+006;
b3[137]= 4.2678960e-008;
eb3[138]= 1.3800000e+006;
b3[138]= 6.5176290e-008;
eb3[139]= 1.3900000e+006;
b3[139]= 3.2091550e-008;
eb3[140]= 1.4000000e+006;
b3[140]= 4.2938540e-008;
eb3[141]= 1.4100000e+006;
b3[141]= 4.6706390e-008;
eb3[142]= 1.4200000e+006;
b3[142]= 4.5433130e-008;
eb3[143]= 1.4300000e+006;
b3[143]= 3.7745200e-008;
eb3[144]= 1.4400000e+006;
b3[144]= 4.4642660e-008;
eb3[145]= 1.4500000e+006;
b3[145]= 2.7453880e-008;
eb3[146]= 1.4600000e+006;
b3[146]= 2.0760400e-008;
eb3[147]= 1.4700000e+006;
b3[147]= 2.5156790e-008;
eb3[148]= 1.4800000e+006;
b3[148]= 2.5837770e-008;
eb3[149]= 1.4900000e+006;
b3[149]= 4.1328170e-008;
eb3[150]= 1.5000000e+006;
b3[150]= 2.2823690e-008;
eb3[151]= 1.5100000e+006;
b3[151]= 2.7988070e-008;
eb3[152]= 1.5200000e+006;
b3[152]= 3.7918410e-008;
eb3[153]= 1.5300000e+006;
b3[153]= 4.2105200e-008;
eb3[154]= 1.5400000e+006;
b3[154]= 3.1300660e-008;
eb3[155]= 1.5500000e+006;
b3[155]= 3.6036850e-008;
eb3[156]= 1.5600000e+006;
b3[156]= 3.4590730e-008;
eb3[157]= 1.5700000e+006;
b3[157]= 3.0060780e-008;
eb3[158]= 1.5800000e+006;
b3[158]= 3.1661950e-008;
eb3[159]= 1.5900000e+006;
b3[159]= 3.0106900e-008;
eb3[160]= 1.6000000e+006;
b3[160]= 2.4053860e-008;
eb3[161]= 1.6100000e+006;
b3[161]= 2.5244600e-008;
eb3[162]= 1.6200000e+006;
b3[162]= 1.4444910e-008;
eb3[163]= 1.6300000e+006;
b3[163]= 3.1469660e-008;
eb3[164]= 1.6400000e+006;
b3[164]= 3.3816410e-008;
eb3[165]= 1.6500000e+006;
b3[165]= 2.9549730e-008;
eb3[166]= 1.6600000e+006;
b3[166]= 1.8798960e-008;
eb3[167]= 1.6700000e+006;
b3[167]= 2.0810700e-008;
eb3[168]= 1.6800000e+006;
b3[168]= 1.6588210e-008;
eb3[169]= 1.6900000e+006;
b3[169]= 2.9494610e-008;
eb3[170]= 1.7000000e+006;
b3[170]= 4.1558190e-008;
eb3[171]= 1.7100000e+006;
b3[171]= 2.5863500e-008;
eb3[172]= 1.7200000e+006;
b3[172]= 2.8768690e-008;
eb3[173]= 1.7300000e+006;
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b3[173]= 3.1011290e-008;

3
eb3[174]= 1.7400000e+006;
b3[174]= 1.2030730e-008;
eb3[175]= 1.7500000e+006;
b3[175]= 1.4620750e-008;
eb3[176]= 1.7600000e+006;
b3[176]= 2.4056830e-008;
eb3[177]= 1.7700000e+006;
b3[177]= 2.0542030e-008;
eb3[178]= 1.7800000e+006;
b3[178]= 1.9559930e-008;
eb3[179]= 1.7900000e+006;
b3[179]= 1.6476670e-008;
eb3[180]= 1.8000000e+006;
b3[180]= 1.1982890e-008;
eb3[181]= 1.8100000e+006;
b3[181]= 1.3020750e-008;
eb3[182]= 1.8200000e+006;
b3[182]= 7.2590950e-009;
eb3[183]= 1.8300000e+006;
b3[183]= 4.3820460e-009;
eb3[184]= 1.8400000e+006;
b3[184]= 9.2027840e-009;
eb3[185]= 1.8500000e+006;
b3[185]= 4.7312400e-009;
eb3[186]= 1.8600000e+006;
b3[186]= 5.9386460e-009;
eb3[187]= 1.8700000e+006;
b3[187]= 7.5269350e-009;
eb3[188]= 1.8800000e+006;
b3[188]= 6.9362210e-009;
eb3[189]= 1.8900000e+006;
b3[189]= 4.4413090e-009;
eb3[190]= 1.9000000e+006;
b3[190]= 1.4324580e-008;
eb3[191]= 1.9100000e+006;
b3[191]= 8.7118120e-009;
eb3[192]= 1.9200000e+006;
b3[192]= 1.2918120e-008;
eb3[193]= 1.9300000e+006;
b3[193]= 3.7701100e-009;
eb3[194]= 1.9400000e+006;
b3[194]= 7.0020910e-009;
eb3[195]= 1.9500000e+006;
b3[195]= 2.6783700e-009;
eb3[196]= 1.9600000e+006;
b3[196]= 5.2264300e-009;
eb3[197]= 1.9700000e+006;
b3[197]= 7.2397680e-009;
eb3[198]= 1.9800000e+006;
b3[198]= 1.1158030e-008;
eb3[199]= 1.9900000e+006;
b3[199]= 4.1909290e-009;
eb3[200]= 2.0000000e+006;
b3[200]= 3.4833680e-009;
eb3[201]= 2.0100000e+006;
b3[201]= 7.0904660e-009;
eb3[202]= 2.0200000e+006;
b3[202]= 5.8491740e-009;
eb3[203]= 2.0300000e+006;
b3[203]= 2.3087450e-009;
eb3[204]= 2.0400000e+006;
b3[204]= 4.8086760e-009;
eb3[205]= 2.0500000e+006;
b3[205]= 2.4108260e-009;
eb3[206]= 2.0600000e+006;
b3[206]= 5.9661920e-009;
eb3[207]= 2.0700000e+006;
b3[207]= 3.2299340e-009;
eb3[208]= 2.0800000e+006;
b3[208]= 5.2390530e-009;
eb3[209]= 2.0900000e+006;
b3[209]= 5.1394840e-009;
eb3[210]= 2.1000000e+006;
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b3[210]= 4.8137990e-009;
eb3[211]= 2.1100000e+006;
b3[211]= 4.5353130e-009;
eb3[212]= 2.1200000e+006;
b3[212]= 2.9956290e-009;
eb3[213]= 2.1300000e+006;
b3[213]= 3.4748500e-010;
eb3[214]= 2.1400000e+006;
b3[214]= 2.1740800e-009;
eb3[215]= 2.1500000e+006;
b3[215]= 2.1887520e-009;
eb3[216]= 2.1600000e+006;
b3[216]= 7.9002100e-010;
eb3[217]= 2.1700000e+006;
b3[217]= 2.3026410e-009;
eb3[218]= 2.1800000e+006;
b3[218]= 5.0824620e-009;
eb3[219]= 2.1900000e+006;
b3[219]= 2.6744110e-009;
eb3[220]= 2.2000000e+006;
b3[220]= 2.2327820e-009;
eb3[221]= 2.2100000e+006;
b3[221]= 5.0319400e-010;
eb3[222]= 2.2200000e+006;
b3[222]= 2.6706400e-011;
eb3[223]= 2.2300000e+006;
b3[223]= 2.5565800e-011;
eb3[224]= 2.2400000e+006;
b3[224]= 4.9302400e-010;
eb3[225]= 2.2500000e+006;
b3[225]= 8.8786700e-010;
eb3[226]= 2.2600000e+006;
b3[226]= 7.5095200e-010;
eb3[227]= 2.2700000e+006;
b3[227]= 7.5383500e-010;
eb3[228]= 2.2800000e+006;
b3[228]= 3.9940040e-009;
eb3[229]= 2.2900000e+006;
b3[229]= 9.5543700e-010;
eb3[230]= 2.3000000e+006;
b3[230]= 3.6276130e-009;
eb3[231]= 2.3100000e+006;
b3[231]= 1.7941400e-011;
eb3[232]= 2.3200000e+006;
b3[232]= 4.4576900e-010;
eb3[233]= 2.3300000e+006;
b3[233]= 4.4503000e-010;
eb3[234]= 2.3400000e+006;
b3[234]= 1.5723700e-011;
eb3[235]= 2.3500000e+006;
b3[235]= 1.1119100e-010;
eb3[236]= 2.3600000e+006;
b3[236]= 7.7011600e-010;
eb3[237]= 2.3700000e+006;
b3[237]= 2.3724060e-009;
eb3[238]= 2.3800000e+006;
b3[238]= 5.3089200e-010;
eb3[239]= 2.3900000e+006;
b3[239]= 8.5467900e-011;
eb3[240]= 2.4000000e+006;
b3[240]= 3.1301890e-009;
eb3[241]= 2.4100000e+006;
b3[241]= 5.6829000e-010;
eb3[242]= 2.4200000e+006;
b3[242]= 1.2157300e-009;
eb3[243]= 2.4300000e+006;
b3[243]= 1.2152450e-009;
eb3[244]= 2.4400000e+006;
b3[244]= 9.9871000e-012;
eb3[245]= 2.4500000e+006;
b3[245]= 2.8584100e-010;
eb3[246]= 2.4600000e+006;
b3[246]= 2.7091450e-009;
eb3[247]= 2.4700000e+006;
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b3[247]= 2.7190010e-009;
eb3[248]= 2.4800000e+006;
b3[248]= 2.5430800e-010;
eb3[249]= 2.4900000e+006;
b3[249]= 2.4442000e-010;
eb3[250]= 2.5000000e+006;
b3[250]= 2.3492000e-010;
eb3[251]= 2.5100000e+006;
b3[251]= 2.2569000e-010;
eb3[252]= 2.5200000e+006;
b3[252]= 2.1685300e-010;
eb3[253]= 2.5300000e+006;
b3[253]= 2.0814200e-010;
eb3[254]= 2.5400000e+006;
b3[254]= 1.9983100e-010;
eb3[255]= 2.5500000e+006;
b3[255]= 1.9190000e-010;
eb3[256]= 2.5600000e+006;
b3[256]= 1.8410300e-010;
eb3[257]= 2.5700000e+006;
b3[257]= 1.7669000e-010;
eb3[258]= 2.5800000e+006;
b3[258]= 4.8174400e-010;
eb3[259]= 2.5900000e+006;
b3[259]= 4.5673900e-010;
eb3[260]= 2.6000000e+006;
b3[260]= 4.3277100e-010;
eb3[261]= 2.6100000e+006;
b3[261]= 4.0961200e-010;
eb3[262]= 2.6200000e+006;
b3[262]= 3.8764900e-010;
eb3[263]= 2.6300000e+006;
b3[263]= 3.6671700e-010;
eb3[264]= 2.6400000e+006;
b3[264]= 3.4676500e-010;
eb3[265]= 2.6500000e+006;
b3[265]= 3.2770000e-010;
eb3[266]= 2.6600000e+006;
b3[266]= 3.0948500e-010;
eb3[267]= 2.6700000e+006;
b3[267]= 2.9196600e-010;
eb3[268]= 2.6800000e+006;
b3[268]= 2.7515800e-010;
eb3[269]= 2.6900000e+006;
b3[269]= 2.5914300e-010;
eb3[270]= 2.7000000e+006;
b3[270]= 2.4385700e-010;
eb3[271]= 2.7100000e+006;
b3[271]= 2.2941900e-010;
eb3[272]= 2.7200000e+006;
b3[272]= 2.1613700e-010;
eb3[273]= 2.7300000e+006;
b3[273]= 2.0360800e-010;
eb3[274]= 2.7400000e+006;
b3[274]= 1.9161500e-010;
eb3[275]= 2.7500000e+006;
b3[275]= 1.8011900e-010;
eb3[276]= 2.7600000e+006;
b3[276]= 1.6912500e-010;
eb3[277]= 2.7700000e+006;
b3[277]= 1.5868200e-010;
eb3[278]= 2.7800000e+006;
b3[278]= 1.4874200e-010;
eb3[279]= 2.7900000e+006;
b3[279]= 1.3924400e-010;
eb3[280]= 2.8000000e+006;
b3[280]= 1.3026900e-010;
eb3[281]= 2.8100000e+006;
b3[281]= 1.2174900e-010;
eb3[282]= 2.8200000e+006;
b3[282]= 1.1369100e-010;
eb3[283]= 2.8300000e+006;
b3[283]= 1.0616300e-010;
eb3[284]= 2.8400000e+006;
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b3[284]=
eb3[285]=
b3[285]=
eb3[286]=
b3[256]=
eb3[287]=
b3[287]=
eb3[2858]=
b3[258]=
eb3[289]=
b3[2589]=
eb3[290]=
b3[290]=
eb3[291]=
b3[291]=
eb3[292]=
b3[292]=
eb3[293]=
b3[293]=
eb3[294]=
b3[294]=
eb3[295]=
b3[295]=
eb3[296]=
b3[296]=
eb3[297]=
b3[297]=
eb3[298]=
b3[298]=
eb3[299]=
b3[299]=
eb3[300]=
b3[300]=
eb3[301]=
b3[301]=

eb4[
b4[
eb4d[
b4[
eb4[
b4[
eb4d[
b4[
eb4d[
b4[
eb4[
b4[
eb4d[
b4[
ebad[
b4[
eb4d[
b4[
eb4d[
b4[
eb4[
b4[
ebad[
b4[
eb4[
b4[
eb4d[
b4[
eb4[
b4[
eb4d[
b4[
eb4[
b4[
eb4d[
b4[
eb4[
b4[
eb4a[

0]=
0]=
1]=
1]=
2]=
2]=
3]=
3]=
1]=
4]=
5]=
5]=
6]=
6]=
1=
1=
8]=
8]=
9]=
9]=
10]=
10]=
11]=
11]=
12]=
12]=
13]=
13]=
14]=
14]=
15]=
15]=
16]=
16]=
17]=
17]=
18]=
18]=
19]=

9.8956800e-011;
2.8500000e+006;
9.2141800e-011;
2.8600000e+006;
8.5611600e-011;
2.8700000e+006;
7.9489200e-011;
2.8800000e+006;
7.3682700e-011;
2.8900000e+006;
6.8207400e-011;
2.9000000e+006;
6.3043900e-011;
2.9100000e+006;
5.8256300e-011;
2.9200000e+006;
5.3806300e-011;
2.9300000e+006;
4.9691000e-011;
2.9400000e+006;
4.5799700e-011;
2.9500000e+006;
4.2154800e-011;
2.9600000e+006;
3.8741300e-011;
2.9700000e+006;
3.5554900e-011;
2.9800000e+006;
3.2575000e-011;
2.9900000e+006;
2.9802300e-011;
3.0000000e+006;
0.0000000e+000;
20.000000e+006;
0.0000000e+000;
0.0000000e+000;
4.6906190e-007;
1.0000000e+004;
9.1690400e-007;
2.0000000e+004;
9.2202380e-007;
3.0000000e+004;
8.4312920e-007;
4.0000000e+004;
8.4146540e-007;
5.0000000e+004 ;
7.8908120e-007;
6.0000000e+004;
9.2624400e-007;
7.0000000e+004 ;
9.5769110e-007;
8.0000000e+004;
9.9526590e-007;
9.0000000e+004 ;
1.0267900e-006;
1.0000000e+005;
1.0036840e-006;
1.1000000e+005;
1.0929280e-006;
1.2000000e+005;
1.1730330e-006;
1.3000000e+005;
1.2049300e-006;
1.4000000e+005;
1.2204620e-006;
1.5000000e+005;
1.2950450e-006;
1.6000000e+005;
1.4007900e-006;
1.7000000e+005;
1.3370550e-006;
1.8000000e+005;
1.2597460e-006;
1.9000000e+005;
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ba[ 19]= 1.1271540e-006;

1
eb4[ 20]= 2.0000000e+005;
ba[ 20]= 1.1845020e-006;
eb4[ 21]= 2.1000000e+005;
b4a[ 21]= 1.1842540e-006;
eba[ 22]= 2.2000000e+005;
ba[ 22]= 1.1784780e-006;
eb4[ 23]= 2.3000000e+005;
ba[ 23]= 1.1947270e-006;
eba[ 247= 2.4000000e+005;
ba[ 24]= 1.2048930e-006;
eb4[ 25]= 2.5000000e+005;
b4a[ 25]= 1.0763750e-006;
eb4[ 26]= 2.6000000e+005;
b4a[ 26]= 1.1547200e-006;
eb4[ 27]= 2.7000000e+005;
ba[ 27]= 1.1941650e-006;
eb4[ 28]= 2.8000000e+005;
b4a[ 28]= 1.2249190e-006;
eb4[ 29]= 2.9000000e+005;
ba[ 29]= 1.2694270e-006;
eb4[ 30]= 3.0000000e+005;
b4a[ 30]= 1.2226450e-006;
eb4[ 31]= 3.1000000e+005;
ba[ 31]= 1.1884210e-006;
eb4[ 32]= 3.2000000e+005;
b4a[ 32]= 1.2014770e-006;
eb4[ 33]= 3.3000000e+005;
ba[ 33]= 1.2496690e-006;
eb4[ 34]= 3.4000000e+005;
b4a[ 34]= 1.1600930e-006;
eb4[ 35]= 3.5000000e+005;
ba[ 35]= 1.1127810e-006;
eb4[ 36]= 3.6000000e+005;
b4[ 36]= 1.1101610e-006;
eb4[ 37]= 3.7000000e+005;
ba[ 37]= 1.0775710e-006;
eb4[ 38]= 3.8000000e+005;
b4[ 38]= 1.0965350e-006;
eb4[ 39]= 3.9000000e+005;
ba[ 39]= 1.1024910e-006;
eb4[ 40]= 4.0000000e+005;
b4[ 40]= 1.0273860e-006;
eb4[ 41]= 4.1000000e+005;
b4a[ 41]= 1.0407200e-006;
eb4[ 42]= 4.2000000e+005;
ba[ 42]= 9.4107160e-007;
eb4[ 43]= 4.3000000e+005;
b4[ 43]= 9.4084250e-007;
eb4[ 44]= 4.4000000e+005;
ba[ 44]= 9.3049530e-007;
eb4[ 45]= 4.5000000e+005;
ba[ 45]= 9.1472470e-007;
eb4[ 46]= 4.6000000e+005;
ba[ 46]= 9.6386200e-007;
eb4[ 47]= 4.7000000e+005;
b4a[ 47]= 1.1220730e-006;
eb4[ 48]= 4.8000000e+005;
b4a[ 48]= 1.1888080e-006;
eb4[ 49]= 4.9000000e+005;
b4[ 49]= 1.2304510e-006;
eb4[ 50]= 5.0000000e+005;
b4a[ 50]= 1.1346610e-006;
eb4[ 51]= 5.1000000e+005;
b4[ 51]= 1.0268460e-006;
eb4[ 52]= 5.2000000e+005;
ba[ 52]= 9.7816960e-007;
eb4[ 53]= 5.3000000e+005;
b4[ 53]= 9.7297560e-007;
eb4[ 54]= 5.4000000e+005;
ba[ 54]= 9.6257910e-007;
eb4[ 55]= 5.5000000e+005;
b4[ 55]= 8.7675280e-007;
eb4[ 56]= 5.6000000e+005;
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b4[ 56]= 8.7142560e-007;
eb4[ 57]= 5.7000000e+005;
ba[ 571= 7.9150880e-007;
eb4[ 58]= 5.8000000e+005;
b4[ 58]= 7.5014170e-007;
eb4[ 59]= 5.9000000e+005;
ba[ 59]= 7.6704380e-007;
eb4[ 60]= 6.0000000e+005;
b4a[ 60]= 8.6106340e-007;
eb4[ 61]= 6.1000000e+005;
ba[ 61]= 8.9644440e-007;
eb4[ 62]= 6.2000000e+005;
b4a[ 62]= 9.0566100e-007;
eb4[ 63]= 6.3000000e+005;
b4[ 63]= 8.2101050e-007;
eb4[ 64]= 6.4000000e+005;
ba[ 64]= 7.4079980e-007;
eb4[ 65]= 6.5000000e+005;
b4[ 65]= 6.9615430e-007;
eb4[ 66]= 6.6000000e+005;
ba[ 66]= 7.1242310e-007;
eb4[ 67]= 6.7000000e+005;
b4a[ 67]= 6.7350730e-007;
eb4[ 68]= 6.8000000e+005;
ba[ 68]= 6.3685300e-007;
eb4[ 69]= 6.9000000e+005;
b4[ 69]= 6.5351050e-007;
eb4[ 70]= 7.0000000e+005;
ba[ 70]= 6.7645560e-007;
eb4[ 71]= 7.1000000e+005;
b4a[ 71]= 5.7633080e-007;
eb4[ 72]= 7.2000000e+005;
b4[ 72]= 5.5188910e-007;
eb4[ 73]= 7.3000000e+005;
b4a[ 73]= 5.6467470e-007;
eb4[ 74]= 7.4000000e+005;
ba[ 74]= 5.3809640e-007;
eb4[ 75]= 7.5000000e+005;
b4a[ 75]= 5.4557640e-007;
eb4[ 76]= 7.6000000e+005;
ba[ 76]= 5.5866990e-007;
eba[ 77]= 7.7000000e+005;
b4a[ 77]= 5.4015870e-007;
eb4[ 78]= 7.8000000e+005;
b4a[ 78]= 5.3491560e-007;
eb4[ 79]= 7.9000000e+005;
ba[ 79]= 5.1110150e-007;
eb4[ 80]= 8.0000000e+005;
b4[ 80]= 4.4419370e-007;
eb4[ 81]= 8.1000000e+005;
b4a[ 81]= 4.5047470e-007;
eba[ 82]= 8.2000000e+005;
ba[ 82]= 4.4329130e-007;
eb4[ 83]= 8.3000000e+005;
b4a[ 83]= 4.0697590e-007;
eb4[ 847= 8.4000000e+005;
b4[ 84]= 3.9933770e-007;
eb4[ 85]= 8.5000000e+005;
b4a[ 85]= 4.1249340e-007;
eb4[ 86]= 8.6000000e+005;
b4a[ 86]= 3.6936920e-007;
eb4[ 87]= 8.7000000e+005;
ba[ 87]= 3.8383970e-007;
eb4[ 88]= 8.8000000e+005;
b4[ 88]= 4.4588510e-007;
eb4[ 89]= 8.9000000e+005;
ba[ 89]= 4.6836340e-007;
eb4[ 90]= 9.0000000e+005;
b4a[ 90]= 4.6853320e-007;
eb4[ 91]= 9.1000000e+005;
ba[ 91]= 5.3733240e-007;
eb4[ 92]= 9.2000000e+005;
b4a[ 92]= 4.8535500e-007;
eb4[ 93]= 9.3000000e+005;
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b4a[ 93]= 4.3167050e-007;

4
eba[ 94]= 9.4000000e+005;
b4a[ 94]= 3.9581840e-007;
ebd[ 95]= 9.5000000e+005;
ba[ 95]= 4.2608060e-007;
eba[ 96]= 9.6000000e+005;
ba[ 96]= 3.7131440e-007;
ebd[ 97]= 9.7000000e+005;
ba[ 97]= 4.3668400e-007;
eba[ 98]= 9.8000000e+005;
b4[ 98]= 3.9026860e-007;
ebd[ 99]= 9.9000000e+005;
ba[ 99]= 3.8035590e-007;
eb4[100]= 1.0000000e+006;
b4[100]= 4.1303150e-007;
eb4[101]= 1.0100000e+006;
b4[101]= 4.5603950e-007;
eba[102]= 1.0200000e+006;
b4[102]= 3.3549110e-007;
eb4[103]= 1.0300000e+006;
b4[103]= 4.0142800e-007;
eb4[104]= 1.0400000e+006;
b4[104]= 3.0623070e-007;
eb4[105]= 1.0500000e+006;
b4[105]= 2.3864860e-007;
eb4[106]= 1.0600000e+006;
b4[106]= 2.8427980e-007;
eb4[107]= 1.0700000e+006;
b4a[107]= 2.5852250e-007;
eb4[108]= 1.0800000e+006;
b4[108]= 3.2475690e-007;
eb4[109]= 1.0900000e+006;
b4[109]= 2.6955920e-007;
eba[110]= 1.1000000e+006;
b4[110]= 2.3018840e-007;
eb4[111]= 1.1100000e+006;
b4[111]= 2.5846640e-007;
eba[112]= 1.1200000e+006;
ba[112]= 2.8294310e-007;
eb4[113]= 1.1300000e+006;
b4[113]= 2.6849910e-007;
eba[114]= 1.1400000e+006;
b4[114]= 2.9249900e-007;
eba[115]= 1.1500000e+006;
ba[115]= 2.4491130e-007;
eb4[116]= 1.1600000e+006;
b4[116]= 2.8414340e-007;
eba[117]= 1.1700000e+006;
ba[117]= 2.4642110e-007;
eb4[118]= 1.1800000e+006;
ba[118]= 2.6646560e-007;
eba[119]= 1.1900000e+006;
b4a[119]= 2.2207850e-007;
eb4[120]= 1.2000000e+006;
b4[120]= 2.8257850e-007;
eba[121]= 1.2100000e+006;
b4[121]= 1.8155250e-007;
eba[122]= 1.2200000e+006;
ba[122]= 1.8727990e-007;
eba[123]= 1.2300000e+006;
b4[123]= 1.9041670e-007;
eb4[124]= 1.2400000e+006;
b4[124]= 1.6500080e-007;
eb4[125]= 1.2500000e+006;
b4[125]= 1.8777230e-007;
eb4[126]= 1.2600000e+006;
ba[126]= 2.1000420e-007;
eb4[127]= 1.2700000e+006;
b4[127]= 1.7996690e-007;
eba[128]= 1.2800000e+006;
b4[128]= 1.5064540e-007;
eb4[129]= 1.2900000e+006;
b4[129]= 1.4625080e-007;
eb4[130]= 1.3000000e+006;
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ba[130]= 1.8702970e-007;

1
eba[131]= 1.3100000e+006;
b4a[131]= 1.2859950e-007;
eba[132]= 1.3200000e+006;
ba[132]= 1.1313950e-007;
eba[133]= 1.3300000e+006;
b4[133]= 1.6168180e-007;
eb4[134]= 1.3400000e+006;
b4[134]= 1.3892550e-007;
eba[135]= 1.3500000e+006;
b4[135]= 1.8082730e-007;
eb4[136]= 1.3600000e+006;
b4[136]= 1.4202410e-007;
eb4[137]= 1.3700000e+006;
b4[137]= 1.5087960e-007;
eb4[138]= 1.3800000e+006;
ba[138]= 2.3314790e-007;
eb4[139]= 1.3900000e+006;
b4[139]= 1.2185290e-007;
eb4[140]= 1.4000000e+006;
ba[140]= 2.2121560e-007;
eb4[141]= 1.4100000e+006;
b4[141]= 1.7179600e-007;
eb4[142]= 1.4200000e+006;
b4[142]= 1.8584270e-007;
eb4[143]= 1.4300000e+006;
ba[143]= 1.3771830e-007;
eb4[144]= 1.4400000e+006;
b4[144]= 1.6274370e-007;
eba[145]= 1.4500000e+006;
b4[145]= 1.6173410e-007;
eb4[146]= 1.4600000e+006;
b4[146]= 1.7349550e-007;
eba[147]= 1.4700000e+006;
ba[147]= 1.2561340e-007;
eb4[148]= 1.4800000e+006;
b4[148]= 1.2048440e-007;
eba[149]= 1.4900000e+006;
b4[149]= 1.2404150e-007;
eb4[150]= 1.5000000e+006;
b4[150]= 8.2179530e-008;
eba[151]= 1.5100000e+006;
b4a[151]= 7.8252170e-008;
eba[152]= 1.5200000e+006;
b4[152]= 1.5413700e-007;
eb4[153]= 1.5300000e+006;
b4a[153]= 1.0116020e-007;
eba[154]= 1.5400000e+006;
b4[154]= 8.6974000e-008;
eb4[155]= 1.5500000e+006;
b4[155]= 8.8651530e-008;
eb4[156]= 1.5600000e+006;
b4[156]= 1.2311410e-007;
eb4[157]= 1.5700000e+006;
b4[157]= 6.3318490e-008;
eb4[158]= 1.5800000e+006;
b4[158]= 3.6518470e-008;
eb4[159]= 1.5900000e+006;
b4[159]= 7.9768420e-008;
eb4[160]= 1.6000000e+006;
b4[160]= 7.7095590e-008;
eb4[161]= 1.6100000e+006;
b4[161]= 7.6666980e-008;
eb4[162]= 1.6200000e+006;
b4[162]= 6.9206190e-008;
eb4[163]= 1.6300000e+006;
b4[163]= 6.9749600e-008;
eb4[164]= 1.6400000e+006;
b4[164]= 8.1186320e-008;
eb4[165]= 1.6500000e+006;
b4[165]= 7.2932350e-008;
eb4[166]= 1.6600000e+006;
b4[166]= 5.9335730e-008;
eb4[167]= 1.6700000e+006;
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b4[167]= 6.8188170e-008;
eb4[168]= 1.6800000e+006;
b4[168]= 4.5271050e-008;
eb4[169]= 1.6900000e+006;
b4[169]= 6.1807150e-008;
eba[170]= 1.7000000e+006;
b4a[170]= 5.0963440e-008;
eba[171]= 1.7100000e+006;
b4a[171]= 4.9935340e-008;
eba[172]= 1.7200000e+006;
b4[172]= 5.2135140e-008;
eba[173]= 1.7300000e+006;
b4[173]= 6.3206940e-008;
eba[174]= 1.7400000e+006;
b4a[174]= 5.5703650e-008;
eb4[175]= 1.7500000e+006;
b4a[175]= 4.9096560e-008;
eba[176]= 1.7600000e+006;
b4a[176]= 4.7044810e-008;
eba[177]= 1.7700000e+006;
b4a[177]= 3.7483810e-008;
eb4[178]= 1.7800000e+006;
b4a[178]= 4.0583340e-008;
eba[179]= 1.7900000e+006;
b4a[179]= 2.7977110e-008;
eb4[180]= 1.8000000e+006;
b4[180]= 3.8498580e-008;
eb4[181]= 1.8100000e+006;
b4[181]= 3.7535750e-008;
eb4[182]= 1.8200000e+006;
b4[182]= 4.7161750e-008;
eb4[183]= 1.8300000e+006;
b4[183]= 3.5191880e-008;
eb4[184]= 1.8400000e+006;
b4[184]= 2.9624540e-008;
eb4[185]= 1.8500000e+006;
b4[185]= 3.6047590e-008;
eb4[186]= 1.8600000e+006;
b4[186]= 3.3438620e-008;
eba[187]= 1.8700000e+006;
b4[187]= 3.2801160e-008;
eba[188]= 1.8800000e+006;
b4[188]= 4.4801240e-008;
eba[189]= 1.8900000e+006;
b4[189]= 4.5334540e-008;
eba[190]= 1.9000000e+006;
b4[190]= 4.6847640e-008;
eba[191]= 1.9100000e+006;
b4[191]= 5.8712100e-008;
eba[192]= 1.9200000e+006;
b4a[192]= 5.5434880e-008;
eba[193]= 1.9300000e+006;
b4a[193]= 4.4988420e-008;
eba[194]= 1.9400000e+006;
b4[194]= 4.3537620e-008;
eb4[195]= 1.9500000e+006;
b4a[195]= 4.1351180e-008;
eb4[196]= 1.9600000e+006;
b4[196]= 3.5421330e-008;
eba[197]= 1.9700000e+006;
b4a[197]= 2.5920720e-008;
eb4[198]= 1.9800000e+006;
b4[198]= 2.4207710e-008;
eb4[199]= 1.9900000e+006;
b4[199]= 2.9941450e-008;
eb4[200]= 2.0000000e+006;
b4[200]= 1.8957920e-008;
eb4[201]= 2.0100000e+006;
b4a[201]= 2.4517670e-008;
eb4[202]= 2.0200000e+006;
b4[202]= 2.6801490e-008;
eb4[203]= 2.0300000e+006;
b4[203]= 2.2859400e-008;
eb4[204]= 2.0400000e+006;
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b4[204]= 2.8754160e-008;

2
eb4[205]= 2.0500000e+006;
b4[205]= 2.8265670e-008;
eb4[206]= 2.0600000e+006;
b4[206]= 2.0169420e-008;
eb4[207]= 2.0700000e+006;
b4a[207]= 1.9408210e-008;
eb4[208]= 2.0800000e+006;
b4[208]= 1.9380010e-008;
eb4[209]= 2.0900000e+006;
b4[209]= 1.7360530e-008;
eb4[210]= 2.1000000e+006;
b4[210]= 1.6537540e-008;
eba[211]= 2.1100000e+006;
b4[211]= 2.3267040e-008;
eba[212]= 2.1200000e+006;
b4[212]= 1.5785100e-008;
eba[213]= 2.1300000e+006;
b4[213]= 2.2465530e-008;
eb4[214]= 2.1400000e+006;
b4[214]= 1.3508660e-008;
eb4[215]= 2.1500000e+006;
b4[215]= 1.6143370e-008;
eb4[216]= 2.1600000e+006;
b4[216]= 1.0598450e-008;
eba[217]= 2.1700000e+006;
b4[217]= 1.8157340e-008;
eb4[218]= 2.1800000e+006;
b4[218]= 1.5971960e-008;
eba[219]= 2.1900000e+006;
b4[219]= 1.3830140e-008;
eb4[220]= 2.2000000e+006;
b4[220]= 1.8480160e-008;
eba[221]= 2.2100000e+006;
b4[221]= 1.6167310e-008;
eb4[222]= 2.2200000e+006;
b4[222]= 1.8005760e-008;
eb4[223]= 2.2300000e+006;
ba[223]= 1.5230130e-008;
eb4[224]= 2.2400000e+006;
b4[224]= 9.9166360e-009;
eb4[225]= 2.2500000e+006;
b4[225]= 1.5690450e-008;
eb4[226]= 2.2600000e+006;
b4[226]= 1.0098340e-008;
eba[227]= 2.2700000e+006;
b4a[227]= 1.2467990e-008;
eb4[228]= 2.2800000e+006;
b4[228]= 1.2391660e-008;
eb4[229]= 2.2900000e+006;
b4[229]= 1.3023410e-008;
eb4[230]= 2.3000000e+006;
b4[230]= 1.4150590e-008;
eba[231]= 2.3100000e+006;
b4[231]= 6.4036020e-009;
eb4[232]= 2.3200000e+006;
b4[232]= 1.8894980e-008;
eba[233]= 2.3300000e+006;
b4[233]= 1.3764590e-008;
eba[234]= 2.3400000e+006;
b4[234]= 1.4179140e-008;
eb4[235]= 2.3500000e+006;
b4[235]= 1.6993500e-008;
eb4[236]= 2.3600000e+006;
b4[236]= 7.2969850e-009;
eba[237]= 2.3700000e+006;
ba[237]= 1.1874240e-008;
eb4[238]= 2.3800000e+006;
b4[238]= 9.4897940e-009;
eb4[239]= 2.3900000e+006;
b4a[239]= 1.1374620e-008;
eb4[240]= 2.4000000e+006;
b4[240]= 1.4388660e-008;
eb4[241]= 2.4100000e+006;
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b4[241]= 8.0999850e-009;
eba[242]= 2.4200000e+006;
b4[242]= 8.6883290e-009;
eba[243]= 2.4300000e+006;
b4[243]= 5.8601730e-009;
eba[244]= 2.4400000e+006;
b4[244]= 6.7445610e-009;
eb4[245]= 2.4500000e+006;
b4[245]= 7.2162290e-009;
eb4[246]= 2.4600000e+006;
b4[246]= 7.6119210e-009;
eba[247]= 2.4700000e+006;
b4[247]= 7.5771860e-009;
eba[248]= 2.4800000e+006;
b4[248]= 5.9101560e-009;
eb4[249]= 2.4900000e+006;
b4[249]= 8.7453920e-009;
eb4[250]= 2.5000000e+006;
b4[250]= 5.8128120e-009;
eba[251]= 2.5100000e+006;
b4[251]= 5.7657110e-009;
eb4[252]= 2.5200000e+006;
b4[252]= 3.6190820e-009;
eba[253]= 2.5300000e+006;
b4[253]= 6.4925830e-009;
eb4[254]= 2.5400000e+006;
b4[254]= 3.5305530e-009;
eb4[255]= 2.5500000e+006;
b4[255]= 3.4885670e-009;
eb4[256]= 2.5600000e+006;
b4[256]= 3.4469600e-009;
eb4[257]= 2.5700000e+006;
b4[257]= 6.3707990e-009;
eb4[258]= 2.5800000e+006;
b4[258]= 3.4284330e-009;
eb4[259]= 2.5900000e+006;
b4[259]= 3.3898590e-009;
eb4[260]= 2.6000000e+006;
b4[260]= 2.9311980e-009;
eb4[261]= 2.6100000e+006;
b4[261]= 2.8936470e-009;
eba[262]= 2.6200000e+006;
b4[262]= 2.8577860e-009;
eba[263]= 2.6300000e+006;
b4[263]= 2.8224000e-009;
eb4[264]= 2.6400000e+006;
b4[264]= 2.7880860e-009;
eb4[265]= 2.6500000e+006;
b4[265]= 2.7559120e-009;
eb4[266]= 2.6600000e+006;
b4[266]= 2.7242680e-009;
eba[267]= 2.6700000e+006;
b4a[267]= 2.6939660e-009;
eb4[268]= 2.6800000e+006;
b4[268]= 1.8230160e-009;
eb4[269]= 2.6900000e+006;
b4a[269]= 1.7941370e-009;
eba[270]= 2.7000000e+006;
b4[270]= 4.8200310e-009;
eba[271]= 2.7100000e+006;
b4a[271]= 1.7385400e-009;
eba[272]= 2.7200000e+006;
ba[272]= 1.7120140e-009;
eba[273]= 2.7300000e+006;
b4a[273]= 1.6863270e-009;
eba[274]= 2.7400000e+006;
b4[274]= 1.6610150e-009;
eb4[275]= 2.7500000e+006;
b4a[275]= 1.6365210e-009;
eba[276]= 2.7600000e+006;
b4[276]= 4.7156700e-009;
eba[277]= 2.7700000e+006;
b4a[277]= 4.7126490e-009;
eb4[278]= 2.7800000e+006;
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ba[278]=
eba[279]=
ba[279]=
eba[280]=
b4a[280]=
eba[281]=
b4[281]=
eba[282]=
ba[282]=
eba[283]=
ba[283]=
eba[284]=
ba[284]=
eb4[285]=
b4[285]=
eba[286]=
ba[286]=
eba[287]=
ba[287]=
eba[288]=
ba[2858]=
eba[289]=
b4a[289]=
eba[290]=
b4a[290]=
eba[291]=
b4a[291]=
eba[292]=
b4[292]=
eba[293]=
b4a[293]=
eba[294]=
b4[294]=
eba[295]=
b4a[295]=
eba[296]=
b4[296]=
eba[297]=
ba[297]=
eba[298]=
ba[298]=
eba[299]=
b4a[299]=
eba[300]=
b4[300]=
eba[301]=
b4a[301]=

eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[
b5[
eb5[

0]=
0]=
1]1=
1]1=
2]=
2]=
3]=
3]=
a]=
a]=
5]=
5]=
6]=
6]=
1=
1=
g8]=
g8]=
9]=
9]=
10]=
10]=
11]=
11]=
12]=
12]=
13]=

1.5661470e-009;
2.7900000e+006;
5.1547440e-009;
2.8000000e+006;
5.0746660e-009;
2.8100000e+006;
1.8957220e-009;
2.8200000e+006;
2.8355130e-009;
2.8300000e+006;
2.7611590e-009;
2.8400000e+006;
2.6900920e-009;
2.8500000e+006;
2.6214230e-009;
2.8600000e+006;
2.5539750e-009;
2.8700000e+006;
2.4884650e-009;
2.8800000e+006;
2.4247710e-009;
2.8900000e+006;
2.3621510e-009;
2.9000000e+006;
2.2999620e-009;
2.9100000e+006;
2.2393730e-009;
2.9200000e+006;
2.1806530e-009;
2.9300000e+006;
2.1222830e-009;
2.9400000e+006;
2.0650610e-009;
2.9500000e+006;
2.0093130e-009;
2.9600000e+006;
1.9546630e-009;
2.9700000e+006;
1.9007070e-009;
2.9800000e+006;
1.8475450e-009;
2.9900000e+006;
1.7954240e-009;
3.0000000e+006;
0.0000000e+000;
20.000000e+006;
0.0000000e+000;
0.0000000e+000;
3.1349080e-007;
1.0000000e+004 ;
1.5351750e-006;
2.0000000e+004;
9.6561200e-007;
3.0000000e+004;
8.2377380e-007;
4.0000000e+004;
9.4940160e-007;
5.0000000e+004 ;
1.0236760e-006;
6.0000000e+004;
1.1387530e-006;
7.0000000e+004 ;
1.2989320e-006;
8.0000000e+004;
1.2863340e-006;
9.0000000e+004 ;
1.2824980e-006;
1.0000000e+005;
1.3189020e-006;
1.1000000e+005;
1.3897260e-006;
1.2000000e+005;
1.3891230e-006;
1.3000000e+005;
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bS[ 13]= 1.3774270e-006;
eb5[ 14]= 1.4000000e+005;
bS[ 14]= 1.3802780e-006;
eb5[ 15]= 1.5000000e+005;
b5[ 15]= 1.3748280e-006;
eb5[ 16]= 1.6000000e+005;
bS[ 16]= 1.4641450e-006;
eb5[ 17]= 1.7000000e+005;
b5[ 17]= 1.5165120e-006;
eb5[ 18]= 1.8000000e+005;
bS[ 18]= 1.5327420e-006;
eb5[ 19]= 1.9000000e+005;
b5[ 19]= 1.3874450e-006;
eb5[ 20]= 2.0000000e+005;
b5[ 20]= 1.4430570e-006;
eb5[ 21]= 2.1000000e+005;
b5[ 21]= 1.4396080e-006;
eb5[ 22]= 2.2000000e+005;
b5[ 22]= 1.4658500e-006;
eb5[ 23]= 2.3000000e+005;
b5[ 23]= 1.3620080e-006;
eb5[ 24]= 2.4000000e+005;
b5[ 24]= 1.3686070e-006;
eb5[ 25]= 2.5000000e+005;
b5[ 25]= 1.3703950e-006;
eb5[ 26]= 2.6000000e+005;
b5[ 26]= 1.3790210e-006;
eb5[ 27]= 2.7000000e+005;
bS[ 27]= 1.3182030e-006;
eb5[ 28]= 2.8000000e+005;
b5[ 28]= 1.2915760e-006;
eb5[ 29]= 2.9000000e+005;
bS[ 29]= 1.2221690e-006;
eb5[ 30]= 3.0000000e+005;
b5[ 30]= 1.2718980e-006;
eb5[ 31]= 3.1000000e+005;
bS[ 31]= 1.2490890e-006;
eb5[ 32]= 3.2000000e+005;
b5[ 32]= 1.2017000e-006;
eb5[ 33]= 3.3000000e+005;
bS[ 33]= 1.2249520e-006;
eb5[ 34]= 3.4000000e+005;
bS[ 34]= 1.2437640e-006;
eb5[ 35]= 3.5000000e+005;
b5[ 35]= 1.2134490e-006;
eb5[ 36]= 3.6000000e+005;
bS[ 36]= 1.1747710e-006;
eb5[ 37]= 3.7000000e+005;
b5[ 37]= 1.1134380e-006;
eb5[ 38]= 3.8000000e+005;
b5[ 38]= 1.1068930e-006;
eb5[ 39]= 3.9000000e+005;
b5[ 39]= 1.0857480e-006;
eb5[ 40]= 4.0000000e+005;
b5[ 40]= 1.0026840e-006;
eb5[ 41]= 4.1000000e+005;
b5[ 41]= 1.0232830e-006;
eb5[ 42]= 4.2000000e+005;
b5[ 42]= 1.0179440e-006;
eb5[ 43]= 4.3000000e+005;
b5[ 43]= 1.0777770e-006;
eb5[ 44]= 4.4000000e+005;
b5[ 44]= 9.6880970e-007;
eb5[ 45]= 4.5000000e+005;
b5[ 45]= 1.0026300e-006;
eb5[ 46]= 4.6000000e+005;
b5[ 46]= 9.7749980e-007;
eb5[ 47]= 4.7000000e+005;
b5[ 47]= 1.0174580e-006;
eb5[ 48]= 4.8000000e+005;
bS[ 48]= 1.0245330e-006;
eb5[ 49]= 4.9000000e+005;
b5[ 49]= 1.0633960e-006;
eb5[ 50]= 5.0000000e+005;
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bS[ 50]= 1.0217550e-006;
eb5[ 51]= 5.1000000e+005;
bS[ 51]= 9.5211800e-007;
eb5[ 52]= 5.2000000e+005;
b5[ 52]= 9.2140230e-007;
eb5[ 53]= 5.3000000e+005;
b5[ 53]= 9.4699690e-007;
eb5[ 54]= 5.4000000e+005;
b5[ 541= 9.1804420e-007;
eb5[ 55]= 5.5000000e+005;
b5[ 55]= 8.5076930e-007;
eb5[ 56]= 5.6000000e+005;
b5[ 56]= 8.5519510e-007;
eb5[ 57]= 5.7000000e+005;
b5[ 57]= 8.1382240e-007;
eb5[ 58]= 5.8000000e+005;
b5[ 58]= 8.5125670e-007;
eb5[ 59]= 5.9000000e+005;
b5[ 59]= 7.3946660e-007;
eb5[ 60]= 6.0000000e+005;
b5[ 60]= 7.7441190e-007;
eb5[ 61]= 6.1000000e+005;
b5[ 61]= 7.4660100e-007;
eb5[ 62]= 6.2000000e+005;
b5[ 62]= 6.9016580e-007;
eb5[ 63]= 6.3000000e+005;
b5[ 63]= 6.9906410e-007;
eb5[ 64]= 6.4000000e+005;
bS[ 64]= 5.9733640e-007;
eb5[ 65]= 6.5000000e+005;
b5[ 65]= 6.4258690e-007;
eb5[ 66]= 6.6000000e+005;
bS[ 66]= 6.0213720e-007;
eb5[ 67]= 6.7000000e+005;
b5[ 67]= 5.9365220e-007;
eb5[ 68]= 6.8000000e+005;
b5[ 68]= 6.2085260e-007;
eb5[ 69]= 6.9000000e+005;
b5[ 69]= 6.0799980e-007;
eb5[ 70]= 7.0000000e+005;
bS[ 70]= 5.5610690e-007;
eb5[ 71]= 7.1000000e+005;
bS[ 71]= 5.0920170e-007;
eb5[ 72]= 7.2000000e+005;
b5[ 72]= 5.3962200e-007;
eb5[ 73]= 7.3000000e+005;
bS[ 73]= 5.2729340e-007;
eb5[ 74]= 7.4000000e+005;
b5[ 74]= 5.2074720e-007;
eb5[ 75]= 7.5000000e+005;
b5[ 75]= 4.8662970e-007;
eb5[ 76]= 7.6000000e+005;
bS[ 76]= 4.6440430e-007;
eb5[ 77]= 7.7000000e+005;
b5[ 771= 4.5003720e-007;
eb5[ 78]= 7.8000000e+005;
b5[ 78]= 4.4710110e-007;
eb5[ 79]= 7.9000000e+005;
b5[ 79]= 4.3723010e-007;
eb5[ 80]= 8.0000000e+005;
b5[ 80]= 3.8348310e-007;
eb5[ 81]= 8.1000000e+005;
b5[ 81]= 3.7991800e-007;
eb5[ 82]= 8.2000000e+005;
b5[ 82]= 3.7701210e-007;
eb5[ 83]= 8.3000000e+005;
b5[ 83]= 3.6524170e-007;
eb5[ 84]= 8.4000000e+005;
b5[ 84]= 3.4440670e-007;
eb5[ 85]= 8.5000000e+005;
b5[ 85]= 3.5400550e-007;
eb5[ 86]= 8.6000000e+005;
b5[ 86]= 3.0449840e-007;
eb5[ 87]= 8.7000000e+005;
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bS[ 87]= 3.0935720e-007;
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eb5[ 88]= 8.8000000e+005;
bS[ 88]= 3.3335480e-007;
eb5[ 89]= 8.9000000e+005;
bS[ 89]= 3.4611990e-007;
eb5[ 90]= 9.0000000e+005;
bS[ 90]= 3.1740920e-007;
eb5[ 91]= 9.1000000e+005;
bS[ 91]= 3.5508430e-007;
eb5[ 92]= 9.2000000e+005;
bS[ 92]= 3.2450070e-007;
eb5[ 93]= 9.3000000e+005;
bS[ 93]= 3.0712670e-007;
eb5[ 94]= 9.4000000e+005;
b5[ 94]= 3.1996430e-007;
eb5[ 95]= 9.5000000e+005;
bS[ 95]= 3.0523250e-007;
eb5[ 96]= 9.6000000e+005;
b5[ 96]= 2.9617440e-007;
eb5[ 97]= 9.7000000e+005;
bS[ 97]= 3.1102350e-007;
eb5[ 98]= 9.8000000e+005;
b5[ 98]= 2.8319730e-007;
eb5[ 997= 9.9000000e+005;
bS[ 99]= 2.7478190e-007;
eb5[100]= 1.0000000e+006;
b5[100]= 3.0348540e-007;
eb5[101]= 1.0100000e+006;
b5[101]= 2.9068510e-007;
eb5[102]= 1.0200000e+006;
b5[102]= 2.6109140e-007;
eb5[103]= 1.0300000e+006;
b5[103]= 2.9471180e-007;
eb5[104]= 1.0400000e+006;
b5[104]= 2.4376290e-007;
eb5[105]= 1.0500000e+006;
b5[105]= 1.9373490e-007;
eb5[106]= 1.0600000e+006;
b5[106]= 2.2157590e-007;
eb5[107]= 1.0700000e+006;
b5[107]= 2.2458080e-007;
eb5[108]= 1.0800000e+006;
b5[108]= 2.1948540e-007;
eb5[109]= 1.0900000&+006;
b5[109]= 1.9338290e-007;
eb5[110]= 1.1000000e+006;
b5[110]= 1.7324900e-007;
eb5[111]= 1.1100000e+006;
b5[111]= 1.9141560e-007;
eb5[112]= 1.1200000e+006;
b5[112]= 1.9084880e-007;
eb5[113]= 1.1300000e+006;
b5[113]= 1.7714940e-007;
eb5[114]= 1.1400000e+006;
b5[114]= 1.9894090e-007;
eb5[115]= 1.1500000e+006;
b5[115]= 1.9484530e-007;
eb5[116]= 1.1600000e+006;
b5[116]= 1.9744090e-007;
eb5[117]= 1.1700000e+006;
b5[117]= 1.7266380e-007;
eb5[118]= 1.1800000e+006;
b5[118]= 1.9191740e-007;
eb5[119]= 1.1900000e+006;
b5[119]= 1.7755650e-007;
eb5[120]= 1.2000000e+006;
b5[120]= 1.9609060e-007;
eb5[121]= 1.2100000e+006;
b5[121]= 1.7858860e-007;
eb5[122]= 1.2200000e+006;
b5[122]= 1.4487980e-007;
eb5[123]= 1.2300000e+006;
b5[123]= 1.6260160e-007;
eb5[124]= 1.2400000e+006;
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b5[124]= 1.6614110e-007;

1
eb5[125]= 1.2500000e+006;
b5[125]= 1.5673920e-007;
eb5[126]= 1.2600000e+006;
bS[126]= 1.4447470e-007;
eb5[127]= 1.2700000e+006;
b5[127]= 1.4933960e-007;
eb5[128]= 1.2800000e+006;
b5[128]= 1.3178980e-007;
eb5[129]= 1.2900000e+006;
b5[129]= 1.3691660e-007;
eb5[130]= 1.3000000e+006;
b5[130]= 1.3581030e-007;
eb5[131]= 1.3100000e+006;
bS[131]= 1.2568750e-007;
eb5[132]= 1.3200000e+006;
b5[132]= 1.2314830e-007;
eb5[133]= 1.3300000e+006;
b5[133]= 1.3778800e-007;
eb5[134]= 1.3400000e+006;
b5[134]= 1.1410150e-007;
eb5[135]= 1.3500000e+006;
bS[135]= 1.4580640e-007;
eb5[136]= 1.3600000e+006;
b5[136]= 1.1273840e-007;
eb5[137]= 1.3700000e+006;
b5[137]= 1.1868950e-007;
eb5[138]= 1.3800000e+006;
b5[138]= 1.4730060e-007;
eb5[139]= 1.3900000e+006;
b5[139]= 1.1408250e-007;
eb5[140]= 1.4000000e+006;
b5[140]= 1.2850720e-007;
eb5[141]= 1.4100000e+006;
b5[141]= 1.1415640e-007;
eb5[142]= 1.4200000e+006;
b5[142]= 1.2522290e-007;
eb5[143]= 1.4300000e+006;
b5[143]= 1.0663670e-007;
eb5[144]= 1.4400000e+006;
b5[144]= 1.0709420e-007;
eb5[145]= 1.4500000e+006;
b5[145]= 1.0660530e-007;
eb5[146]= 1.4600000e+006;
b5[146]= 1.1692490e-007;
eb5[147]= 1.4700000e+006;
b5[147]= 1.0999860e-007;
eb5[148]= 1.4800000e+006;
b5[1458]= 8.3804320e-008;
eb5[149]= 1.4900000e+006;
b5[149]= 8.7308190e-008;
eb5[150]= 1.5000000e+006;
b5[150]= 7.4367650e-008;
eb5[151]= 1.5100000e+006;
b5[151]= 8.5802410e-008;
eb5[152]= 1.5200000e+006;
bS[152]= 9.8454500e-008;
eb5[153]= 1.5300000e+006;
b5[153]= 9.0302420e-008;
eb5[154]= 1.5400000e+006;
bS[154]= 7.5359700e-008;
eb5[155]= 1.55000006+006;
b5[155]= 9.0747320e-008;
eb5[156]= 1.5600000e+006;
bS[156]= 8.1598530e-008;
eb5[157]= 1.5700000e+006;
b5[157]= 7.4278760e-008;
eb5[158]= 1.5800000e+006;
b5[158]= 6.0280260e-008;
eb5[159]= 1.5900000e+006;
b5[159]= 8.0973300e-008;
eb5[160]= 1.6000000e+006;
b5S[160]= 7.4156500e-008;
eb5[161]= 1.6100000e+006;
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b5[161]= 6.3035420e-008;
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eb5[162]= 1.6200000e+006;
b5[162]= 7.1802860e-008;
eb5[163]= 1.6300000e+006;
b5[163]= 6.7313780e-008;
eb5[164]= 1.6400000e+006;
b5[164]= 8.8871680e-008;
eb5[165]= 1.6500000e+006;
b5[165]= 6.7937370e-008;
eb5[166]= 1.6600000e+006;
b5[166]= 6.9253290e-008;
eb5[167]= 1.6700000e+006;
b5[167]= 6.8377160e-008;
eb5[168]= 1.6800000e+006;
bS[168]= 6.1872150e-008;
eb5[169]= 1.6900000e+006;
b5[169]= 6.6644880e-008;
eb5[170]= 1.7000000e+006;
bS[170]= 5.0038890e-008;
eb5[171]= 1.7100000e+006;
b5[171]= 6.2772550e-008;
eb5[172]= 1.7200000e+006;
bS[172]= 4.6882020e-008;
eb5[173]= 1.7300000e+006;
b5[173]= 4.9922200e-008;
eb5[174]= 1.7400000e+006;
bS[174]= 5.7472040e-008;
eb5[175]= 1.7500000e+006;
b5[175]= 4.7905710e-008;
eb5[176]= 1.7600000e+006;
b5[176]= 5.0501260e-008;
eb5[177]= 1.7700000e+006;
b5[177]= 4.3333640e-008;
eb5[178]= 1.7800000e+006;
bS[178]= 4.3356870e-008;
eb5[179]= 1.7900000e+006;
b5[179]= 3.8914650e-008;
eb5[180]= 1.8000000e+006;
b5[180]= 3.8565980e-008;
eb5[181]= 1.8100000e+006;
b5[181]= 4.8949030e-008;
eb5[182]= 1.8200000e+006;
b5[182]= 5.3352150e-008;
eb5[183]= 1.8300000e+006;
b5[183]= 3.7029280e-008;
eb5[184]= 1.8400000e+006;
b5[184]= 3.9365220e-008;
eb5[185]= 1.8500000e+006;
b5[185]= 4.4136230e-008;
eb5[186]= 1.8600000e+006;
b5[186]= 3.4238950e-008;
eb5[187]= 1.8700000e+006;
b5[187]= 4.1874120e-008;
eb5[188]= 1.8800000e+006;
b5[188]= 4.2203960e-008;
eb5[189]= 1.8900000e+006;
bS[189]= 4.4504490e-008;
eb5[190]= 1.9000000e+006;
b5[190]= 4.1358790e-008;
eb5[191]= 1.9100000e+006;
b5[191]= 4.1689670e-008;
eb5[192]= 1.9200000e+006;
b5[192]= 3.7712220e-008;
eb5[193]= 1.9300000e+006;
bS[193]= 4.4652790e-008;
eb5[194]= 1.9400000e+006;
b5[194]= 4.1650230e-008;
eb5[195]= 1.9500000e+006;
bS[195]= 4.1058190e-008;
eb5[196]= 1.9600000e+006;
b5[196]= 3.9260750e-008;
eb5[197]= 1.9700000e+006;
b5[197]= 3.8678540e-008;
eb5[198]= 1.9800000e+006;
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b5[198]= 2.8623840e-008;
eb5[199]= 1.9900000e+006;
b5[199]= 3.2343680e-008;
eb5[200]= 2.0000000e+006;
b5[200]= 2.5729160e-008;
eb5[201]= 2.0100000e+006;
b5[201]= 3.3342010e-008;
eb5[202]= 2.0200000e+006;
b5[202]= 3.0990530e-008;
eb5[203]= 2.0300000e+006;
b5[203]= 2.7843580e-008;
eb5[204]= 2.0400000e+006;
b5[204]= 4.4473340e-008;
eb5[205]= 2.0500000e+006;
b5[205]= 4.4015210e-008;
eb5[206]= 2.0600000e+006;
b5[206]= 3.3620680e-008;
eb5[207]= 2.0700000e+006;
b5[207]= 2.6555810e-008;
eb5[208]= 2.0800000e+006;
b5[208]= 2.1158260e-008;
eb5[209]= 2.0900000e+006;
b5[209]= 2.4468840e-008;
eb5[210]= 2.1000000e+006;
b5[210]= 2.4061140e-008;
eb5[211]= 2.1100000e+006;
b5[211]= 2.8299850e-008;
eb5[212]= 2.1200000e+006;
b5[212]= 2.8877150e-008;
eb5[213]= 2.1300000e+006;
b5[213]= 2.8772820e-008;
eb5[214]= 2.1400000e+006;
b5[214]= 3.3092760e-008;
eb5[215]= 2.1500000e+006;
b5[215]= 1.9809240e-008;
eb5[216]= 2.1600000e+006;
b5[216]= 2.0904350e-008;
eb5[217]= 2.1700000e+006;
b5[217]= 1.8982600e-008;
eb5[218]= 2.1800000e+006;
b5[218]= 2.8254490e-008;
eb5[219]= 2.1900000e+006;
b5[219]= 1.4566240e-008;
eb5[220]= 2.2000000e+006;
b5[220]= 3.5506490e-008;
eb5[221]= 2.2100000e+006;
b5[221]= 1.7423690e-008;
eb5[222]= 2.2200000e+006;
b5[222]= 2.1014780e-008;
eb5[223]= 2.2300000e+006;
b5[223]= 1.9336000e-008;
eb5[224]= 2.2400000e+006;
b5[224]= 2.3779730e-008;
eb5[225]= 2.2500000e+006;
b5[225]= 1.9083670e-008;
eb5[226]= 2.2600000e+006;
b5[226]= 1.8567670e-008;
eb5[227]= 2.2700000e+006;
b5[227]= 2.0190970e-008;
eb5[228]= 2.2800000e+006;
b5[228]= 1.9166320e-008;
eb5[229]= 2.2900000e+006;
b5[229]= 1.9912190e-008;
eb5[230]= 2.3000000e+006;
b5[230]= 1.5047430e-008;
eb5[231]= 2.3100000e+006;
b5[231]= 2.4916350e-008;
eb5[232]= 2.3200000e+006;
b5[232]= 2.2318680e-008;
eb5[233]= 2.3300000e+006;
b5[233]= 1.9470940e-008;
eb5[234]= 2.3400000e+006;
b5[234]= 1.6033790e-008;
eb5[235]= 2.3500000e+006;
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b5[235]= 1.6411720e-008;

1
eb5[236]= 2.3600000e+006;
b5[236]= 1.6851690e-008;
eb5[237]= 2.3700000e+006;
b5[237]= 1.3833750e-008;
eb5[238]= 2.3800000e+006;
b5[238]= 1.9414790e-008;
eb5[239]= 2.3900000e+006;
b5[239]= 1.5756980e-008;
eb5[240]= 2.4000000e+006;
b5[240]= 1.4368480e-008;
eb5[241]= 2.4100000e+006;
b5[241]= 1.8675950e-008;
eb5[242]= 2.4200000e+006;
bS[242]= 1.3524970e-008;
eb5[243]= 2.4300000e+006;
b5[243]= 9.4762730e-009;
eb5[244]= 2.4400000e+006;
b5[244]= 1.1692090e-008;
eb5[245]= 2.4500000e+006;
b5[245]= 1.6229660e-008;
eb5[246]= 2.4600000e+006;
bS[246]= 1.4042520e-008;
eb5[247]= 2.4700000e+006;
b5[247]= 1.2962180e-008;
eb5[248]= 2.4800000e+006;
b5[248]= 1.2915680e-008;
eb5[249]= 2.4900000e+006;
b5[249]= 2.5897080e-008;
eb5[250]= 2.5000000e+006;
b5[250]= 9.8188000e-009;
eb5[251]= 2.5100000e+006;
b5[251]= 8.7313180e-009;
eb5[252]= 2.5200000e+006;
b5[252]= 8.3760750e-009;
eb5[253]= 2.5300000e+006;
b5[253]= 9.8627510e-009;
eb5[254]= 2.5400000e+006;
b5[254]= 1.0125910e-008;
eb5[255]= 2.5500000e+006;
b5[255]= 9.5293200e-009;
eb5[256]= 2.5600000e+006;
b5[256]= 1.0911350e-008;
eb5[257]= 2.5700000e+006;
b5[257]= 1.4880580e-008;
eb5[258]= 2.5800000e+006;
b5[258]= 7.7456830e-009;
eb5[259]= 2.5900000e+006;
b5[259]= 8.1500530e-009;
eb5[260]= 2.6000000e+006;
b5[260]= 6.7074480e-009;
eb5[261]= 2.6100000e+006;
b5[261]= 7.1119410e-009;
eb5[262]= 2.62000006+006;
b5[262]= 1.2752870e-008;
eb5[263]= 2.6300000e+006;
b5[263]= 7.1781580e-009;
eb5[264]= 2.6400000e+006;
b5[264]= 6.0820330e-009;
eb5[265]= 2.6500000e+006;
bS[265]= 1.2042210e-008;
eb5[266]= 2.66000006+006;
b5[266]= 7.6749270e-009;
eb5[267]= 2.6700000e+006;
b5[267]= 7.0867990e-009;
eb5[268]= 2.6800000e+006;
b5[268]= 6.5523430e-009;
eb5[269]= 2.6900000e+006;
b5[269]= 1.3606940e-008;
eb5[270]= 2.7000000e+006;
b5[270]= 9.3394970e-009;
eb5[271]= 2.7100000e+006;
b5[271]= 7.0801020e-009;
eb5[272]= 2.7200000e+006;
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b5[272]=
eb5[273]=
b5[273]=
eb5[274]=
bs5[274]=
eb5[275]=
b5[275]=
eb5[276]=
b5[276]=
eb5[277]=
b5[277]=
eb5[278]=
b5[278]=
eb5[279]=
b5[279]=
eb5[280]=
b5[280]=
eb5[281]=
b5[281]=
eb5[282]=
b5[282]=
eb5[283]=
b5[283]=
eb5[284]=
b5[284]=
eb5[285]=
b5[285]=
eb5[286]=
b5[286]=
eb5[287]=
b5[287]=
eb5[288]=
b5[2858]=
eb5[289]=
b5[289]=
eb5[290]=
b5[290]=
eb5[291]=
b5[291]=
eb5[292]=
b5[292]=
eb5[293]=
b5[293]=
eb5[294]=
b5[294]=
eb5[295]=
b5[295]=
eb5[296]=
b5[296]=
eb5[297]=
b5[297]=
eb5[298]=
b5[298]=
eb5[299]=
b5[299]=
eb5[300]=
b5[300]=
eb5[301]=
b5[301]=

eb6[
b6[
eb6[
b6[
eb6[
b6[
eb6[
b6[
eb6[
b6[
eb6[
b6[
eb6[
b6[
eb6[

0]=
0]=
1]1=
1]1=
2]=
2]=
3]=
3]=
a4]=
4]=
5]=
5]=
6]=
6]=
1=

1.3691210e-008;
2.7300000e+006;
1.3143790e-008;
2.7400000e+006;
6.0847830e-009;
2.7500000e+006;
6.0114140e-009;
2.7600000e+006;
7.6359310e-009;
2.7700000e+006;
7 .5779690e-009;
2.7800000e+006;
5.2772190e-009;
2.7900000e+006;
5.9941670e-009;
2.8000000e+006;
1.3011050e-008;
2.8100000e+006;
4.9034810e-009;
2.8200000e+006;
4.8451110e-009;
2.8300000e+006;
1.1607030e-008;
2.8400000e+006;
1.1321090e-008;
2.8500000e+006;
4.8599500e-009;
2.8600000e+006;
6.3676030e-009;
2.8700000e+006;
5.2337890e-009;
2.8800000e+006;
5.1606240e-009;
2.8900000e+006;
6.1485020e-009;
2.9000000e+006;
3.6771450e-009;
2.9100000e+006;
4.6738650e-009;
2.9200000e+006;
8.6679020e-009;
2.9300000e+006;
6.8772130e-009;
2.9400000e+006;
5.7210460e-009;
2.9500000e+006;
5.6408020e-009;
2.9600000e+006;
4.7513360e-009;
2.9700000e+006;
4.6744760e-009;
2.9800000e+006;
5.1397440e-009;
2.9900000e+006;
6.1586340e-009;
3.0000000e+006;
0.0000000e+000;
20.000000e+006;
0.0000000e+000;
0.0000000e+000;
2.3780630e-007;
1.0000000e+004 ;
2.8496800e-006;
2.0000000e+004;
1.1830990e-006;
3.0000000e+004 ;
8.0506760e-007;
4.0000000e+004;
1.1268910e-006;
5.0000000e+004 ;
9.4672110e-007;
6.0000000e+004;
1.0417670e-006;
7.0000000e+004;
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b6[ 7]1= 1.4147030e-006;
eb6[ 8]= 8.0000000e+004;
b6[ 8]= 1.4289610e-006;
eb6[ 9]= 9.0000000e+004;
b6[ 9]= 1.4099600e-006;
eb6[ 10]= 1.0000000e+005;
b6[ 10]= 1.3007170e-006;
eb6[ 11]= 1.1000000e+005;
b6[ 11]= 1.2217920e-006;
eb6[ 12]= 1.2000000e+005;
b6[ 12]= 1.2520870e-006;
eb6[ 13]= 1.3000000e+005;
b6[ 13]= 1.2476070e-006;
eb6[ 14]= 1.4000000e+005;
b6[ 14]= 1.2704880e-006;
eb6[ 15]= 1.5000000e+005;
b6[ 15]= 1.3828360e-006;
eb6[ 16]= 1.6000000e+005;
b6[ 16]= 1.3348340e-006;
eb6[ 17]= 1.7000000e+005;
b6[ 17]= 1.3458880e-006;
eb6[ 18]= 1.8000000e+005;
b6[ 18]= 1.4019070e-006;
eb6[ 19]= 1.9000000e+005;
b6[ 19]= 1.3140090e-006;
eb6[ 20]= 2.0000000e+005;
b6[ 20]= 1.3560930e-006;
eb6[ 21]= 2.1000000e+005;
b6[ 21]= 1.3717330e-006;
eb6[ 22]= 2.2000000e+005;
b6[ 22]= 1.3663250e-006;
eb6[ 23]= 2.3000000e+005;
b6[ 23]= 1.2719740e-006;
eb6[ 24]= 2.4000000e+005;
b6[ 247= 1.3024090e-006;
eb6[ 25]= 2.5000000e+005;
b6[ 25]= 1.4203390e-006;
eb6[ 26]= 2.6000000e+005;
b6[ 26]= 1.3311400e-006;
eb6[ 27]= 2.7000000e+005;
b6[ 27]= 1.2131640e-006;
eb6[ 28]= 2.8000000e+005;
b6[ 28]= 1.1827850e-006;
eb6[ 29]= 2.9000000e+005;
b6[ 29]= 1.1569020e-006;
eb6[ 30]= 3.0000000e+005;
b6[ 30]= 1.1881230e-006;
eb6[ 31]= 3.1000000e+005;
b6[ 31]= 1.3384470e-006;
eb6[ 32]= 3.2000000e+005;
b6[ 32]= 1.2184240e-006;
eb6[ 33]= 3.3000000e+005;
b6[ 33]= 1.2115860e-006;
eb6[ 34]= 3.4000000e+005;
b6[ 34]= 1.1955370e-006;
eb6[ 35]= 3.5000000e+005;
b6[ 35]= 1.1761880e-006;
eb6[ 36]= 3.6000000e+005;
b6[ 36]= 1.1474010e-006;
eb6[ 37]= 3.7000000e+005;
b6[ 37]= 1.0370830e-006;
eb6[ 38]= 3.8000000e+005;
b6[ 38]= 9.5877990e-007;
eb6[ 39]= 3.9000000e+005;
b6[ 39]= 8.7827650e-007;
eb6[ 40]= 4.0000000e+005;
b6[ 40]= 8.7317890e-007;
eb6[ 41]= 4.1000000e+005;
b6[ 41]= 9.0066260e-007;
eb6[ 42]= 4.2000000e+005;
b6[ 42]= 9.9777660e-007;
eb6[ 43]= 4.3000000e+005;
b6[ 43]= 1.0420640e-006;
eb6[ 44]= 4.4000000e+005;
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b6[ 44]= 9.5381240e-007;
eb6[ 45]= 4.5000000e+005;
b6[ 45]= 9.8224630e-007;
eb6[ 46]= 4.6000000e+005;
b6[ 46]= 9.2318690e-007;
eb6[ 47]= 4.7000000e+005;
b6[ 47]= 8.7727190e-007;
eb6[ 48]= 4.8000000e+005;
b6[ 48]= 8.4320520e-007;
eb6[ 49]= 4.9000000e+005;
b6[ 49]= 8.4104990e-007;
eb6[ 50]= 5.0000000e+005;
b6[ 50]= 9.1713620e-007;
eb6[ 51]= 5.1000000e+005;
b6[ 51]= 8.4525320e-007;
eb6[ 52]= 5.2000000e+005;
b6[ 52]= 8.1776320e-007;
eb6[ 53]= 5.3000000e+005;
b6[ 53]= 8.9627840e-007;
eb6[ 54]= 5.4000000e+005;
b6[ 54]= 9.3087590e-007;
eb6[ 55]= 5.5000000e+005;
b6[ 55]= 8.5629880e-007;
eb6[ 56]= 5.6000000e+005;
b6[ 56]= 8.1588500e-007;
eb6[ 57]= 5.7000000e+005;
b6[ 57]= 8.8232040e-007;
eb6[ 58]= 5.8000000e+005;
b6[ 58]= 8.9538200e-007;
eb6[ 59]= 5.9000000e+005;
b6[ 59]= 7.7069720e-007;
eb6[ 60]= 6.0000000e+005;
b6[ 60]= 7.5737450e-007;
eb6[ 61]= 6.1000000e+005;
b6[ 61]= 6.9971900e-007;
eb6[ 62]= 6.2000000e+005;
b6[ 62]= 6.4640250e-007;
eb6[ 63]= 6.3000000e+005;
b6[ 63]= 6.9684160e-007;
eb6[ 64]= 6.4000000e+005;
b6[ 64]= 6.1481630e-007;
eb6[ 65]= 6.5000000e+005;
b6[ 65]= 6.4712740e-007;
eb6[ 66]= 6.6000000e+005;
b6[ 66]= 6.0735250e-007;
eb6[ 67]= 6.7000000e+005;
b6[ 67]= 6.0247610e-007;
eb6[ 68]= 6.8000000e+005;
b6[ 68]= 6.3550150e-007;
eb6[ 69]= 6.9000000e+005;
b6[ 69]= 6.3365340e-007;
eb6[ 70]= 7.0000000e+005;
b6[ 70]= 5.7075580e-007;
eb6[ 71]= 7.1000000e+005;
b6[ 71]= 5.2998900e-007;
eb6[ 72]= 7.2000000e+005;
b6[ 72]= 5.5644760e-007;
eb6[ 73]= 7.3000000e+005;
b6[ 73]= 5.6515030e-007;
eb6[ 74]= 7.4000000e+005;
b6[ 74]= 5.6156350e-007;
eb6[ 75]= 7.5000000e+005;
b6[ 75]= 5.0446040e-007;
eb6[ 76]= 7.6000000e+005;
b6[ 76]= 4.7424540e-007;
eb6[ 77]= 7.7000000e+005;
b6[ 77]= 4.6065410e-007;
eb6[ 78]= 7.8000000e+005;
b6[ 78]= 4.6049320e-007;
eb6[ 79]= 7.9000000e+005;
b6[ 79]= 5.1369360e-007;
eb6[ 80]= 8.0000000e+005;
b6[ 80]= 4.9721550e-007;
eb6[ 81]= 8.1000000e+005;
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b6[ 81]= 4.7423070e-007;
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eb6[ 82]= 8.2000000e+005;
b6[ 82]= 4.4868550e-007;
eb6[ 83]= 8.3000000e+005;
b6[ 83]= 4.0629120e-007;
eb6[ 84]= 8.4000000e+005;
b6[ 84]= 3.4950650e-007;
eb6[ 85]= 8.5000000e+005;
b6[ 85]= 3.4239860e-007;
eb6[ 86]= 8.6000000e+005;
b6[ 86]= 3.1210140e-007;
eb6[ 87]= 8.7000000e+005;
b6[ 87]= 3.0787010e-007;
eb6[ 88]= 8.8000000e+005;
b6[ 88]= 3.0938310e-007;
eb6[ 89]= 8.9000000e+005;
b6[ 89]= 3.1503110e-007;
eb6[ 90]= 9.0000000e+005;
b6[ 90]= 3.1543940e-007;
eb6[ 91]= 9.1000000e+005;
b6[ 91]= 3.1145230e-007;
eb6[ 92]= 9.2000000e+005;
b6[ 92]= 3.0580060e-007;
eb6[ 93]= 9.3000000e+005;
b6[ 93]= 2.9135220e-007;
eb6[ 947= 9.4000000e+005;
b6[ 94]= 3.5321170e-007;
eb6[ 95]= 9.5000000e+005;
b6[ 95]= 3.0578630e-007;
eb6[ 96]= 9.6000000e+005;
b6[ 96]= 2.7837640e-007;
eb6[ 97]= 9.7000000e+005;
b6[ 97]= 2.9890750e-007;
eb6[ 98]= 9.8000000e+005;
b6[ 98]= 2.5262100e-007;
eb6[ 99]= 9.9000000e+005;
b6[ 99]= 2.7075260e-007;
eb6[100]= 1.0000000e+006;
b6[100]= 2.7912580e-007;
eb6[101]= 1.0100000e+006;
b6[101]= 2.5769370e-007;
eb6[102]= 1.0200000e+006;
b6[102]= 2.7068450e-007;
eb6[103]= 1.0300000e+006;
b6[103]= 2.7213460e-007;
eb6[104]= 1.0400000e+006;
b6[104]= 2.3691040e-007;
eb6[105]= 1.0500000e+006;
b6[105]= 2.2456880e-007;
eb6[106]= 1.0600000e+006;
b6[106]= 2.1965630e-007;
eb6[107]= 1.0700000e+006;
b6[107]= 2.1546370e-007;
eb6[108]= 1.0800000e+006;
b6[108]= 2.0322860e-007;
eb6[109]= 1.0900000e+006;
b6[109]= 1.8394990e-007;
eb6[110]= 1.1000000e+006;
b6[110]= 1.7744720e-007;
eb6[111]= 1.1100000e+006;
b6[111]= 1.8962150e-007;
eb6[112]= 1.1200000e+006;
b6[112]= 1.8543160e-007;
eb6[113]= 1.1300000e+006;
b6[113]= 1.7597210e-007;
eb6[114]= 1.1400000e+006;
b6[114]= 1.9073260e-007;
eb6[115]= 1.1500000e+006;
b6[115]= 1.8916380e-007;
eb6[116]= 1.1600000e+006;
b6[116]= 1.8888100e-007;
eb6[117]= 1.1700000e+006;
b6[117]= 1.7157010e-007;
eb6[118]= 1.1800000e+006;
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b6[118]= 1.7435670e-007;

1
eb6[119]= 1.1900000e+006;
b6[119]= 1.6263980e-007;
eb6[120]= 1.2000000e+006;
b6[120]= 1.6227240e-007;
eb6[121]= 1.2100000e+006;
b6[121]= 1.7150110e-007;
eb6[122]= 1.2200000e+006;
b6[122]= 1.4854300e-007;
eb6[123]= 1.2300000e+006;
b6[123]= 1.6716780e-007;
eb6[124]= 1.2400000e+006;
b6[124]= 1.5772920e-007;
eb6[125]= 1.2500000e+006;
b6[125]= 1.4949100e-007;
eb6[126]= 1.2600000e+006;
b6[126]= 1.4375070e-007;
eb6[127]= 1.2700000e+006;
b6[127]= 1.5301080e-007;
eb6[128]= 1.2800000e+006;
b6[128]= 1.4529810e-007;
eb6[129]= 1.2900000e+006;
b6[129]= 1.5861290e-007;
eb6[130]= 1.3000000e+006;
b6[130]= 1.4389230e-007;
eb6[131]= 1.3100000e+006;
b6[131]= 1.3800780e-007;
eb6[132]= 1.3200000e+006;
b6[132]= 1.3123880e-007;
eb6[133]= 1.3300000e+006;
b6[133]= 1.2538290e-007;
eb6[134]= 1.3400000e+006;
b6[134]= 1.2296450e-007;
eb6[135]= 1.3500000e+006;
b6[135]= 1.3234780e-007;
eb6[136]= 1.3600000e+006;
b6[136]= 1.1697690e-007;
eb6[137]= 1.3700000e+006;
b6[137]= 1.1389210e-007;
eb6[138]= 1.3800000e+006;
b6[138]= 1.2009980e-007;
eb6[139]= 1.3900000e+006;
b6[139]= 1.1906520e-007;
eb6[140]= 1.4000000e+006;
b6[140]= 1.1944240e-007;
eb6[141]= 1.4100000e+006;
b6[141]= 1.1550720e-007;
eb6[142]= 1.4200000e+006;
b6[142]= 1.1596430e-007;
eb6[143]= 1.4300000e+006;
b6[143]= 1.1463150e-007;
eb6[144]= 1.4400000e+006;
b6[144]= 9.9606620e-008;
eb6[145]= 1.4500000e+006;
b6[145]= 9.1859770e-008;
eb6[146]= 1.4600000e+006;
b6[146]= 9.8858930e-008;
eb6[147]= 1.4700000e+006;
b6[147]= 1.2381720e-007;
eb6[148]= 1.4800000e+006;
b6[148]= 9.5616570e-008;
eb6[149]= 1.4900000e+006;
b6[149]= 1.0034940e-007;
eb6[150]= 1.5000000e+006;
b6[150]= 9.2810550e-008;
eb6[151]= 1.5100000e+006;
b6[151]= 1.0408650e-007;
eb6[152]= 1.5200000e+006;
b6[152]= 1.1778210e-007;
eb6[153]= 1.5300000e+006;
b6[153]= 1.0077300e-007;
eb6[154]= 1.5400000e+006;
b6[154]= 8.1171870e-008;
eb6[155]= 1.5500000e+006;
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b6[155]= 9.8279020e-008;
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eb6[156]= 1.5600000e+006;
b6[156]= 7.6449370e-008;
eb6[157]= 1.5700000e+006;
b6[157]= 8.5988370e-008;
eb6[158]= 1.5800000e+006;
b6[158]= 8.5273420e-008;
eb6[159]= 1.5900000e+006;
b6[159]= 8.3842320e-008;
eb6[160]= 1.6000000e+006;
b6[160]= 7.7267180e-008;
eb6[161]= 1.6100000e+006;
b6[161]= 8.3362310e-008;
eb6[162]= 1.6200000e+006;
b6[162]= 8.1097320e-008;
eb6[163]= 1.6300000e+006;
b6[163]= 8.3207050e-008;
eb6[164]= 1.6400000e+006;
b6[164]= 8.3781340e-008;
eb6[165]= 1.6500000e+006;
b6[165]= 7.8360060e-008;
eb6[166]= 1.6600000e+006;
b6[166]= 7.6895970e-008;
eb6[167]= 1.6700000e+006;
b6[167]= 7.4219650e-008;
eb6[168]= 1.6800000e+006;
b6[168]= 7.8700020e-008;
eb6[169]= 1.6900000e+006;
b6[169]= 7.9529130e-008;
eb6[170]= 1.7000000e+006;
b6[170]= 6.3851140e-008;
eb6[171]= 1.7100000e+006;
b6[171]= 6.1177820e-008;
eb6[172]= 1.7200000e+006;
b6[172]= 5.9755980e-008;
eb6[173]= 1.7300000e+006;
b6[173]= 5.8977870e-008;
eb6[174]= 1.7400000e+006;
b6[174]= 6.2864480e-008;
eb6[175]= 1.7500000e+006;
b6[175]= 5.3695350e-008;
eb6[176]= 1.7600000e+006;
b6[176]= 5.6164020e-008;
eb6[177]= 1.7700000e+006;
b6[177]= 5.9618120e-008;
eb6[178]= 1.7800000e+006;
b6[178]= 5.6373470e-008;
eb6[179]= 1.7900000e+006;
b6[179]= 5.8108290e-008;
eb6[180]= 1.8000000e+006;
b6[180]= 5.8961170e-008;
eb6[181]= 1.8100000e+006;
b6[181]= 5.8589830e-008;
eb6[182]= 1.8200000e+006;
b6[182]= 5.8723890e-008;
eb6[183]= 1.8300000e+006;
b6[183]= 4.9240470e-008;
eb6[184]= 1.8400000e+006;
b6[184]= 6.0291680e-008;
eb6[185]= 1.8500000e+006;
b6[185]= 6.4181500e-008;
eb6[186]= 1.8600000e+006;
b6[186]= 5.5478260e-008;
eb6[187]= 1.8700000e+006;
b6[187]= 5.4407700e-008;
eb6[188]= 1.8800000e+006;
b6[188]= 5.5919210e-008;
eb6[189]= 1.8900000e+006;
b6[189]= 5.4479820e-008;
eb6[190]= 1.9000000e+006;
b6[190]= 5.6089850e-008;
eb6[191]= 1.9100000e+006;
b6[191]= 5.3554650e-008;
eb6[192]= 1.9200000e+006;
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b6[192]= 4.2152040e-008;
eb6[193]= 1.9300000e+006;
b6[193]= 5.5706320e-008;
eb6[194]= 1.9400000e+006;
b6[194]= 4.9790060e-008;
eb6[195]= 1.9500000e+006;
b6[195]= 4.4804550e-008;
eb6[196]= 1.9600000e+006;
b6[196]= 4.4788730e-008;
eb6[197]= 1.9700000e+006;
b6[197]= 5.6858400e-008;
eb6[198]= 1.9800000e+006;
b6[198]= 4.1539580e-008;
eb6[199]= 1.9900000e+006;
b6[199]= 4.1134810e-008;
eb6[200]= 2.0000000e+006;
b6[200]= 3.8012780e-008;
eb6[201]= 2.0100000e+006;
b6[201]= 4.2472720e-008;
eb6[202]= 2.0200000e+006;
b6[202]= 3.5638140e-008;
eb6[203]= 2.0300000e+006;
b6[203]= 3.4932430e-008;
eb6[204]= 2.0400000e+006;
b6[204]= 4.3382970e-008;
eb6[205]= 2.0500000e+006;
b6[205]= 4.2838490e-008;
eb6[206]= 2.0600000e+006;
b6[206]= 4.8832590e-008;
eb6[207]= 2.0700000e+006;
b6[207]= 4.0855650e-008;
eb6[208]= 2.0800000e+006;
b6[208]= 3.5829920e-008;
eb6[209]= 2.0900000e+006;
b6[209]= 3.6067620e-008;
eb6[210]= 2.1000000e+006;
b6[210]= 3.6252500e-008;
eb6[211]= 2.1100000e+006;
b6[211]= 3.8767440e-008;
eb6[212]= 2.1200000e+006;
b6[212]= 4.0318690e-008;
eb6[213]= 2.1300000e+006;
b6[213]= 3.9840820e-008;
eb6[214]= 2.1400000e+006;
b6[214]= 3.5242140e-008;
eb6[215]= 2.1500000e+006;
b6[215]= 3.4319990e-008;
eb6[216]= 2.1600000e+006;
b6[216]= 3.2023560e-008;
eb6[217]= 2.1700000e+006;
b6[217]= 3.0917390e-008;
eb6[218]= 2.1800000e+006;
b6[218]= 3.2056480e-008;
eb6[219]= 2.1900000e+006;
b6[219]= 2.6609580e-008;
eb6[220]= 2.2000000e+006;
b6[220]= 4.0096650e-008;
eb6[221]= 2.2100000e+006;
b6[221]= 3.1332020e-008;
eb6[222]= 2.2200000e+006;
b6[222]= 3.1387970e-008;
eb6[223]= 2.2300000e+006;
b6[223]= 3.1244830e-008;
eb6[224]= 2.2400000e+006;
b6[224]= 3.5702790e-008;
eb6[225]= 2.2500000e+006;
b6[225]= 2.6444670e-008;
eb6[226]= 2.2600000e+006;
b6[226]= 2.7185740e-008;
eb6[227]= 2.2700000e+006;
b6[227]= 2.8332390e-008;
eb6[228]= 2.2800000e+006;
b6[228]= 2.8013800e-008;
eb6[229]= 2.2900000e+006;
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b6[229]= 2.6331640e-008;
eb6[230]= 2.3000000e+006;
b6[230]= 2.5096200e-008;
eb6[231]= 2.3100000e+006;
b6[231]= 3.5171310e-008;
eb6[232]= 2.3200000e+006;
b6[232]= 2.7547030e-008;
eb6[233]= 2.3300000e+006;
b6[233]= 2.7308630e-008;
eb6[234]= 2.3400000e+006;
b6[234]= 2.8944000e-008;
eb6[235]= 2.3500000e+006;
b6[235]= 2.5887320e-008;
eb6[236]= 2.3600000e+006;
b6[236]= 2.7283320e-008;
eb6[237]= 2.3700000e+006;
b6[237]= 2.3173720e-008;
eb6[238]= 2.3800000e+006;
b6[238]= 2.3809660e-008;
eb6[239]= 2.3900000e+006;
b6[239]= 2.2476600e-008;
eb6[240]= 2.4000000e+006;
b6[240]= 2.3116510e-008;
eb6[241]= 2.4100000e+006;
b6[241]= 3.1081040e-008;
eb6[242]= 2.4200000e+006;
b6[242]= 2.7616570e-008;
eb6[243]= 2.4300000e+006;
b6[243]= 2.0298260e-008;
eb6[244]= 2.4400000e+006;
b6[244]= 2.3710130e-008;
eb6[245]= 2.4500000e+006;
b6[245]= 2.3148800e-008;
eb6[246]= 2.4600000e+006;
b6[246]= 2.3821650e-008;
eb6[247]= 2.4700000e+006;
b6[247]= 2.0725860e-008;
eb6[248]= 2.4800000e+006;
b6[248]= 2.4128720e-008;
eb6[249]= 2.4900000e+006;
b6[249]= 2.9082360e-008;
eb6[250]= 2.5000000e+006;
b6[250]= 2.2424150e-008;
eb6[251]= 2.5100000e+006;
b6[251]= 1.9312410e-008;
eb6[252]= 2.5200000e+006;
b6[252]= 1.9836420e-008;
eb6[253]= 2.5300000e+006;
b6[253]= 1.9631280e-008;
eb6[254]= 2.5400000e+006;
b6[254]= 2.5295910e-008;
eb6[255]= 2.5500000e+006;
b6[255]= 2.3637040e-008;
eb6[256]= 2.5600000e+006;
b6[256]= 2.7870690e-008;
eb6[257]= 2.5700000e+006;
b6[257]= 2.0017430e-008;
eb6[258]= 2.5800000e+006;
b6[258]= 1.8654500e-008;
eb6[259]= 2.5900000e+006;
b6[259]= 1.9963000e-008;
eb6[260]= 2.6000000e+006;
b6[260]= 1.6058120e-008;
eb6[261]= 2.6100000e+006;
b6[261]= 1.7362550e-008;
eb6[262]= 2.6200000e+006;
b6[262]= 1.9118010e-008;
eb6[263]= 2.6300000e+006;
b6[263]= 1.7753960e-008;
eb6[264]= 2.6400000e+006;
b6[264]= 1.4580760e-008;
ebB[265]= 2.6500000e+006;
b6[265]= 1.7113120e-008;
eb6[266]= 2.6600000e+006;
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b6[266]= 1.9504700e-008;
eb6[267]= 2.6700000e+006;
b6[267]= 1.7836960e-008;
eb6[268]= 2.6800000e+006;
b6[268]= 1.6910460e-008;
eb6[269]= 2.6900000e+006;
b6[269]= 2.2530180e-008;
eb6[270]= 2.7000000e+006;
b6[270]= 2.0394310e-008;
eb6[271]= 2.7100000e+006;
b6[271]= 1.8721720e-008;
eb6[272]= 2.7200000e+006;
b6[272]= 2.2870580e-008;
eb6[273]= 2.7300000e+006;
b6[273]= 2.1213420e-008;
eb6[274]= 2.7400000e+006;
b6[274]= 1.5977780e-008;
eb6[275]= 2.7500000e+006;
b6[275]= 1.5830440e-008;
eb6[276]= 2.7600000e+006;
b6[276]= 1.5678120e-008;
eb6[277]= 2.7700000e+006;
b6[277]= 1.5540260e-008;
eb6[278]= 2.7800000e+006;
b6[278]= 1.3844080e-008;
eb6[279]= 2.7900000e+006;
b6[279]= 1.0591750e-008;
eb6[280]= 2.8000000e+006;
b6[280]= 1.5616620e-008;
eb6[281]= 2.8100000e+006;
b6[2581]= 1.2643610e-008;
eb6[282]= 2.8200000e+006;
b6[282]= 1.0930370e-008;
eb6[283]= 2.8300000e+006;
b6[283]= 1.5187200e-008;
eb6[284]= 2.8400000e+006;
b6[284]= 1.4300160e-008;
eb6[285]= 2.8500000e+006;
b6[285]= 1.1312570e-008;
eb6[286]= 2.8600000e+006;
b6[286]= 1.5910810e-008;
eb6[287]= 2.8700000e+006;
b6[287]= 1.2635400e-008;
eb6[288]= 2.8800000e+006;
b6[288]= 1.2518130e-008;
eb6[289]= 2.8900000e+006;
b6[289]= 1.5559340e-008;
eb6[290]= 2.9000000e+006;
b6[290]= 8.2936920e-009;
eb6[291]= 2.9100000e+006;
b6[291]= 1.1357610e-008;
eb6[292]= 2.9200000e+006;
b6[292]= 1.5097300e-008;
eb6[293]= 2.9300000e+006;
b6[293]= 1.4213100e-008;
eb6[294]= 2.9400000e+006;
b6[294]= 1.0887630e-008;
eb6[295]= 2.9500000e+006;
b6[295]= 1.0765470e-008;
eb6[296]= 2.9600000e+006;
b6[296]= 8.2275770e-009;
eb6[297]= 2.9700000e+006;
b6[297]= 8.1081220e-009;
eb6[298]= 2.9800000e+006;
b6[298]= 9.6054320e-009;
eb6[299]= 2.9900000e+006;
b6[299]= 1.2748300e-008;
eb6[300]= 3.0000000e+006;
b6[300]= 0.0000000e+000;

eb6[201]= 20.000000e+006:
b6[301]= 0.0000000e+000;

(g=0;9<G;g++)
{
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vlgl=elgl-((e[9]-e[g+11)/2);
v[g]=2.2e5*sqrt(v[g]/0.025);

// printf(C'v[%d]=%7.2e %7.2e\n",g,v[g], sqrt(l));
3

(9=0;9<G;g++)
{
;[g]=l/V[g];

datar=malloc(G* (double));
dataa=mal loc(G* (double));
datah=mal loc(G* (double));

((Fr=fopen(“edtoutr™,"r"))==NULL) exit(l);
((fa=fopen(“edtouta™, " r'))==NULL) exit(l);

(i=0;i<SKIP;i++)

{
fgets(bufr,256, fr);
fgets(bufa,256, fa);

(1feof(fr))

(i=0;I<LINES-1;i++)

{

fgets(bufr,256,fr);

fgets(bufa,256,fa);

sscanf(bufr, %It %IT %IT %IT %IT %I

sscanf(bufa, %It %IT %IT %IT %IT %I
(9=0;9<6;g++)

{
datar[g+(i*6)]=xr[g];
dataa[g+(i*6)]=xalg];
b

}
fgets(bufr,256, fr);
fgets(bufa,256, fa);
sscanf(bufr, %It %IT %IT %IT %IF %IT"
sscanf(bufa, %It %IT %IT %IT %IF %IT"
(1feof(fr))
{

,&X
,&X

(g=0;9g<0DDG;g++)

{
datar[g+(i*6)]=xr[g];
dataa[g+(i*6)]=xa[g];
3

(9=0;9<G;g++)
{
datah[g]=dataalg]:
3

h =0;

hden=0;
(9=0;9<G;g++)

// uncomment this line if partisn is versio
// dataa[g]=datah[G-1-qd];

he =0.5*(e[gl+elg+1D;
betag =calculate_betag(he);
h =h+betag*datar[g];
hden =hden+datar[g];

3

(i=0;i<6;i++)

{

nor[i]=0;

hnum =0;

(9=0;9<G;g++)
{

he =0.5*(e[gl+elg+11):
chiig =calculate_chiig(i+l,qg,
// adjoint calculation
hnum =hnum+h*dataa[g]*chiig*
// no adjoint calculation
// hnum =hnum+h*1_0*chiig*wbdi[
nor[i]=nor[i]+chiig;

num=num+hnum/nor[i];

}

"Lexr[0],&xr[1],&xr[2],&xr[3],&xr[4],&xr[5]);
",&xa[0],&xa[1],&xa[2],&xa[3],&xa[4],&xa[5]);

r[0],&xr[1],&xr[2],&xr[3],&xr[4],&xr[5]);
a[0],&xa[1],&xa[2],&xa[3],&xa[4],&xa[5]);

n 2 (do not uncomment if version 5)

he);
whdi[i];
il;
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(9=0;09<G;g++)

// adjoint calculation
den=den+hden*dataa[g]*chi[g];

// no adjoint calculation

// den=den+hden*1.0*chi[g];

}
}
}

fclose(fr);
fclose(fa);
free(datar);
free(dataa);
free(datah);
printf("'The delayed neutron fraction time is %7.3e\n",num/den);

}

double calculate_chiig(unsigned long int i,unsigned long int g,double energy)

{
unsigned long int gbh1=185,gb2=220,gb3=301,gb4=301,gb5=301,gb6=301;
double hj;

(i==1)
{

(ebl[gbl]>energy)

{

gbl--;

}
h=bl[gbl]*(e[g]l-e[g+1]1)/(ebl[gbl+1]-ebl[gbl]);
}

(i==2)
{

(eb2[gb2]>energy)

{

gh2--;

}
h=b2[gb2]*(e[g]l-e[g+1]1)/(eb2[gbh2+1]-eb2[gb2]);
3
(i==3)

{

(eb3[gb3]>energy)

{

gh3--;

}
h=b3[gh3]1*(e[g]l-e[g+1]1)/(eb3[gh3+1]-eb3[gb3]);
3
(i==4)

{

(eb4[gb4]>energy)

{

gb4--;

}
h=b4[gb4]*(e[g]l-e[g+1]1)/(eb4[gb4+1]-eba4[gb4d]);
by
(i==5)

{

(eb5[gb5]>energy)

{

gb5--;

}
h=b5[gb5]*(e[g]-e[g+1])/(eb5[gh5+1]-eb5[gbh5]);
}

(eb6[gb6]>energy)

{

gh6--;

}
h=b6[gb6]1*(e[g]l-e[g+1]1)/(eb6[gh6+1]-eb6[gh6]);

// printf("i=%d energy=%f gbl=%d bl=%e\n",i,energy,gbl,bl[gbl]);
h);
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double calculate_betag(double energy)
unsigned long int gb=78,gbd=5;
(eb[gb]>energy)
{

gb—-;
// printf('gb=%d energy=%f\n",gb,energy);

(ebd[gbd]>energy)
{

gbd--;
// printf('gbd=%d energy=%f\n',gbd,energy);

// printf("energy=%f gb=%d b=%e gbd=%d bd=%e\n'',energy,gb,b[gb+1],gbd,bd[gbd+1]);
(bd[gbd+1]/b[gb+1]);
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Appendix F: Source Code for the Calculation of the Prompt Neutron Generation Time
To code can be compiled on Linux systems by the command:

gcc —o0 pgtadj pgtadj.c

The code can be executed by the command:

./pgtadj

The code expects three PARTISN ETDOUT files in the current directory:

1) edtouta containing the adjoint flux
2) edtoutr containing the fission rate integrated over volume
3) edtoutf containing the forward flux integrated over volume

The code works for 69 energy groups calculations.
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// Author: Alberto Talamo
// Email : alby@anl.gov
// Program written to calculate Yalina Thermal prompt neutron generation time

#define LINES 12
#define G 69
#define ODDG 3
#define SKIP 36

// LINES include both full lines and half-full lines
// 0DDG includes ONLY group entries NOT the total (last value)

// include standard and math C libraries
#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <errno.h>

#include <string.h>

int main(int argc,char *argv[])

{

FILE *FF=NULL,*Fr=NULL,*fa=NULL ;

char buff[256],bufr[256],bufa[256];

unsigned long int 1i,9;

double *dataf,*datar,*dataa,*datah,xf[6],xr[6],xa[6],e[70],v[69],chi[69],num=0,den=0,h=0;

e[ 0]=10.00E+6;
e[ 1]=6.065307000000000E+6;
e[ 2]=3.678794000000000E+6;
e[ 3]=2.231302000000000E+6;
e[ 4]=1.353353000000000E+6;
e[ 5]=8.208500000000000E+5;
e[ 6]=4.978707000000000E+5;
e[ 7]=3.019738000000000E+5;
e[ 8]=1.831564000000000E+5;
e[ 9]=1.110900000000000E+5;
e[10]=6.737947000000000E+4 ;
e[11]=4.086771000000000E+4;
e[12]=2.478752000000000E+4 ;
e[13]=1.503349000000000E+4 ;
e[14]=9.118820000000000E+3;
e[15]=5.530844000000000E+3
e[16]=3.526622000000000E+3;
e[17]=2.248673000000000E+3;
e[18]=1.433817000000000E+3;
e[19]=9.142423000000000E+2;
e[20]=3.717032000000000E+2;
e[21]=1.486254000000000E+2;
e[22]=7.567357000000000E+1;
e[23]=4.825160000000000E+1 ;
e[247=2.760773000000000E+1;
e[25]=1.592827000000000E+1 ;
e[26]=9.905554000000000E+0;
e[27]=4.000000000000000E+0;
e[28]=3.300000000000000E+0;
e[29]=2.600000000000000E+0;
e[30]=2.100000000000000E+0;
e[31]=1.500000000000000E+0;
e[32]=1.300000000000000E+0;
e[33]=1.150000000000000E+0;
e[34]=1.123000000000000E+0;
e[35]=1.097000000000000E+0;
e[36]=1.071000000000000E+0;
e[37]=1.045000000000000E+0;
e[38]=1.020000000000000E+0;
e[39]=9.960000000000001E-1;
e[40]=9.720000000000000E-1;
e[41]=9.500000000000000E-1;
e[42]=9.099999999999999E-1;
e[43]=8.500000000000000E-1;
e[44]=7 .800000000000000E-1;
e[45]=6.250000000000000E-1;
e[46]=5.000000000000000E-1;
e[47]=4.000000000000000E-1;
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e[48]=3.500000000000000E-1;
e[49]=3.200000000000000E-1;
e[50]=3.000000000000000E-1;
e[51]=2.800000000000000E-1;
e[52]=2.480000000000000E-1;
e[53]=2.200000000000000E-1;
e[54]1=1.800000000000000E-1;
e[55]=1.400000000000000E-1;
e[56]1=9.999999999999999E-2;
e[57]1=8.000000000000000E-2;
e[58]=6.700000000000000E-2;
e[59]=5.800000000000000E-2;
e[60]=5.000000000000000E-2;
e[61]=4.200000000000000E-2;
e[62]=3.500000000000000E-2;
e[63]=3.000000000000000E-2;
e[64]=2.500000000000000E-2;
e[65]=2.000000000000000E-2;
e[66]=1.500000000000000E-2;
e[67]=1.000000000000000E-2;
e[68]=5.000000000000000E-3;
e[69]=1.000000000000000E-5;

chi[ 0]=2.67091803e-02;
chi[ 1]=1.14537567e-01;
chi[ 2]=2.17341527e-01;
chi[ 3]=2.32795596e-01;
chi[ 4]=1.75022319e-01;
chi[ 5]=1.09199747e-01;
chi[ 6]=6.18954971e-02;
chi[ 7]=3.18517275e-02;
chi[ 8]=1.57796200e-02;
chi[ 9]=7.73822563e-03;
chi[10]=3.69500765e-03;

chi[11]=1.77082187e-03;
chi[12]=8.63423396e-04;
chi[13]=4.27901075e-04;
chi[14]=1.90922379¢-04;
chi[15]=8.67884519e-05;
chi[16]=4.47510574e-05;
chi[17]=2.32361072e-05;
chi[18]=1.24022135e-05;
chi[19]=9.76445699¢-06;
chi[20]=2.78398807e¢-06;
chi[21]=7.08925313e-07;
chi[22]=2.18123503e-07;
chi[23]=1.42040903e-07;
chi[24]=7.20953039¢-08;
chi[25]=3.34741408e-08;
chi[26]=2.05054338e-08;
(9=27;9<G;g++)

chi[g]=0;
}

// Blotzmann constant 8.617343*1e-5 [eV/K]
(9=0;9<G;g++)
{
vlgl=e[g]l-((e[gl-e[g+11)*0.5);
v[g]=2.2e5*sqrt(v[g]/(293.15*8.617343*1e-5));
// printf("v[%d]=%7.2e %7.2e\n",g,v[g]l, sqart(l));
3
(9=0;9<G;g++)

vlgl=1/v[d]l;

dataf=malloc(G* (double));
datar=mal loc(G* (double));
dataa=mal loc(G* (double));
datah=malloc(G* (double));

((Ff=fFopen('edtoutf”, " r'"))==NULL) exit(l);
((fr=fopen('edtoutr™, " r'"))==NULL) exit(l);
((Fa=fopen('edtouta™, " r'"))==NULL) exit(l);
(1=0;i<SKIP;i++)

{
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fgets(buff,256, fF);
fgets(bufr,256, fr);
fgets(bufa,256, fa);

(1 feof(fF))

(i=0; I<LINES-1;i++)
{
fgets(buff,256,FF);

fgets(bufr,256,fr);
fgets(bufa,256,fa);

sscanf(buff, %It %IT %IT %IF %IT %IT",&xFL0],&xF[1].,&xF[2] . &xF[3].&xF[4].&xF[5]1);
sscanf(bufr, %It %IT %IT %IT %0F %IT",&xr[0],&xr[1],&xr[2],&xr[3],&xr[4],&xr[5]);
sscanf(bufa, %It %IT %IT %IT %IT %IT",&xa[0],&xa[1],&xa[2],&xa[3],&xa[4],&xa[5]1);

(g=0;9<6;g++)
{

dataf[g+(i*6)]=xf[gl;
datar[g+(i*6)]1=xr[gl;
dataa[g+(i*6)]=xalg]l:
}

}
fgets(buff, 256, fF);
fgets(bufr,256, fr);
fgets(bufa,256, fa);
sscanf(buff, %It %IT %IT %IT %IT %IT",&xFL[0],&xF[1],&xF[2],&xF[3],&xF[4],&xF[5]);
sscanf(bufr, %It %IT %IT %IT %IT %IT",&xr[0],&xr[1],&xr[2],&xr[3],&xr[4],&xr[5]1);
sscanf(bufa, “%HIT %IT %IT %IT %IT %If",&xa[0],&xa[1],&xa[2],&xa[3],&xa[4],&xa[5]1);
(Yfeof (fF))
{

(g=0;g<0DDG;g++)

{
dataf[g+(i*6)]=xf[al;
datar[g+(i*6)]=xr[gl;
dataa[g+(i*6)]=xal[gl;
3

(9=0;9<G;g++)
datah[g]=dataal[g]l;

h=0;
(9=0;9<G;g++)
{

// uncomment this line if partisn is version 2 (do not uncomment if version 5)
// dataa[g]=datah[G-1-qd];
h=h+datar[g];

(g=0;9<G;g++)

// adjoint calculation
num=num+dataf[g]*dataa[g]*v[g]l;
den=den+h*dataa[g]*chi[g];

// no adjoint calculation

// num=num+dataf[g]*1.0*v[g]l;

// den=den+h*1.0*chi[g];

}
}

3
fclose(ffF);
fclose(fr);
fclose(fa);
free(dataf);
free(datar);
free(dataa);
free(datah);
printf(""The prompt neutron generation time is %15.10e\n",num/den);

}
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Appendix G: Source Code for the Pulse Superimposition

To code can be compiled on Linux systems by the command:

gcc —o pulse pulse.c

The code can be executed by the command:

./pulse rate.txt time.txt

The code expects two files in the current directory:

1) rate . txt containing the reaction rate and its relative error calculated by MCNPX
2) time.txt containing the time bin (in shakes) for the reaction rate

The samples of these two files are given in Appendices H and |I.

The code works for 25000 pulses, 20 ms period of the external neutron source, and 25
processors.
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// Author: Alberto Talamo

// Email : alby@anl.gov

// Program written to calculate Yalina Thermal response to neutron pulses by MCNP
// The program superimposes 25000 pulses and it uses 25 MPI processors

#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <string.h>

#include "/usr/local/mpich/intel/include/mpi.h"

#define NM 441 // number of MCNP data to process

#define N 50000000// maximum of a vector monitoring about 500 s with 10 micros step
#define NP 25000 // number of pulses in about 500 s occurring each 20 millis
#define NPI 2000 // number of time intervals in 20 millis with 10 micros step

static double X[50000000],XP[50000000]; // take the memory from heap instead of stack
which is limited

int main(int argc,char *argv[])

{

FILE *fp=NULL,*F0,*F1,*F2,*F3,*F4,*f5,*F6,*F7,*F8,*Ff9,*F10,*F11,*F12,*F13;
char buf[256],*head;

int myid,numprocs,err;

unsigned long i,j,.k,m,n;

double time;

double *t,*dt,*x,*e;

MPI_Init(&argc, &argv);
MP1_Comm_size(MP1_COMM_WORLD, &numprocs);
MP1_Comm_rank(MP1_COMM_WORLD, &myid);

t =calloc(N\M (double));
dt=calloc(NM-1, (double));
x =calloc(NM (double));
e =calloc(\M (double));
(arge<3)
printf("'Usage: pulse filename_x filename_t\n");
exit(l);
(myid==0) printf ("\n’ ),
(myid==0) printf ("Reading reaction rates from the MCNP output\n);
(myid==0) printf ( \ D
((fp=fopen(argv[1], ' r'))==NULL) {printf('file 1 not found\n");exit(l);}
k=0;
(1 feof(fp))
fgets(buf,256,fp);

head=strtok(buf,” ");
x[k]=atof(head);
head=strtok(NULL,"™ ");
e[k]=atof(head);

(myid==0) printf('reaction rate[%3lu]=%10e error[%31u]=%10e\n",k,x[K],k,e[k]);
k++;
(k==NM) ;

(i=2;i<=5;i++)

{
head=strtok(NULL,"™ ");
x[k]=atof(head);
head=strtok(NULL,"™ ");
e[k]=atof(head);
(myid==0) printf('reaction rate[%3lu]=%10e error[%31u]=%10e\n",k,x[k],k,e[k]);
k++;

}
}
fclose (fp);
(myid==0) printf ('\n");

(myid==0) printf (Reading time structure from the MCNP output\n');
(myid==0) printf ('\n");

239



((fp=fopen(argv[2], ' r'"))==NULL) {printf('file 2 not found\n);exit(l);}
k=0;
(1feof(fp))

{

fgets(buf,256,fp);

head=strtok(buf,” ");

t[k]=atof(head)*1e-8;

(myid==0) printF("t[%3lu]=%70\n",k,t[K]);

k++;
(k==Nm) ;
(i=2;i<=5;i++)

{
head=strtok(NULL,"™ ");
t[k]=atof(head)*1e-8;
(myid==0) printf(C't[%3lu]=%7g\n",k,t[k]1);
k++;

b
b
fclose (fp);

(myid==0) printf ("'\n");

(myid==0) printf ('Check for max or min arguments in the execution line\n");
(myid==0) printf ("\n"");

(strstr(argv[3], 'max™))

{

(1=0;i<NM-1;i++) x[i]=x[i]+x[i]*e[i];
(myid==0) printf ("\n"");

(myid==0) printf ('Statistical error added\n");
(myid==0) printf ("'\n");

3
(strstr(argv[3]," min’))
{

(1=0;i<NM-1;i++) x[i]=x[i]-x[i1*e[i];
(myid==0) printf ('\n"");
(myid==0) printf (’Statistical error subtracted\n');
(myid==0) printf ("'\n");
}

(myid==0) printf ("'\n");

(myid==0) printf (“Calculating time intervals\n);

(myid==0) printf ('\n"");

(1=0;I<NM-1;i++) de[i]=Ce[i+1]-t[i]);

(myid==0) { (1=0;i<NM-1;i++) printf('between t[%3lu]=%7g \t and \t t[%3lu]=%7g \t
de[%3lu]=%7g\n", i, €[i], i, e[i+1],i,dt[i]);}

(myid==0) printf ("\n");

(myid==0) printf ("Normalizing reaction rates\n');

(myid==0) printf ("\n");

(myid==0) printf("t] 0]=%7g \t x old[ 0O]=%7g\t x_new[ O]=%70\n",t[0],x[0],.x[0]);
(i=0;i<NM-1;i++)

(myid==0) printf("t[%3lu]=%7g \t x_old[%3lu]=%7o\t",i+1,t[i+1],i+1,x[i+1]);
x[i+1]=x[i+1]/dt[i];
(myid==0) printf(">x new[%3lu]=%7g\n"", i+1,x[i+1]);

(myid==0) printf ("'\n"");

(myid==0) printf (Calculating response of 1 pulse over %d [s]\n",N-1);
(myid==0) printf ('\n");

(i=0;i<N;i++)

{
X[i] =0;
XP[i1]=0;
i=0;
time=0;

A=0;J<N;j++)
{
XOA=xL[i1; //+(xL[i+1]-x[i])*(time-tLi1)/tLi+1]-t[i1));
time=time+dt[0];
WXO1PEeD 1 XO1<0)) {printfCerror on i=%lu\n",j); exit(l);}
(time>=0.9999999999*t[i+1]) i++;

}
(myid==0)
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{
O =fopen('O.m","w"");
fprintf(FO ,""clear all; close all;\n");
fprintf(FO ,""x=[\n"");
time=0;
=055 <CLO*NPI) ;j++)

{
Ffprintf(FO, 010\ LOF\N", time, X[JD); // first 10 1 pulse
time=time+dt[0];
}

}

err=MPI_Barrier(MPI_COMM_WORLD) ;

(myid==0) printf ('\n");

(myid==0) printf ('Calculating %d pulses superimposition\n"”,NP);

(myid==0) printf ("\n");

(m=0;m<25;m++)

(myid==m)
{
(=m*1000; j<(m+1)*1000; j++)

{
i=j*NPI;

(k=1;k<N;k++) XPL[kI=XP[k]I+X[k-i1;
}

}

/* old code for 5 processors
if (myid==0)
{

for (§j=0;j<3000;j++)
{
i=j*NPI;
for (k=i ;k<N;k++) XP[K]=XP[K]+X[k-il;
3
3
if (myid==1)
{
for (§J=3000;j<7000;j++)
{
i=j*NPI ;
for (k=i;k<N;k++) XP[Kk]=XP[k]+X[k-i];
3
3
it (myid==2)
{
for (§j=7000;j<12000;j++)
{
i=j*NPI;
for (k=i;k<N;k++) XP[k]=XP[k]+X[k-i];
3
3
if (myid==3)
{
for (j=12000;j<18000;j++)
{
i=j*NPI;
for (k=i;k<N;k++) XP[k]=XP[k]+X[k-i];
3
3
it (myid==4)
{
for (J=18000;j<NP;j++)
{
i=j*NPI;
for (k=i;k<N;k++) XP[Kk]=XP[k]+X[k-i];
3
3
*/
(i=0;i<N;i++) X[i]=0;
printf(rank %d finished \n",myid);
err=MPI_Barrier(MPI_COMM_WORLD);
err=MPI_Allreduce(&XP[0] ,&X[0] ,10000000,MP1_DOUBLE,MP1_SUM,MP1_COMM_WORLD) ;

err=MPI_Allreduce(&XP[10000000],&X[10000000],10000000,MP1_DOUBLE ,MPI_SUM,MPI_COMM_WORLD) ;
err=MPI_Allreduce(&XP[20000000] ,&X[20000000],10000000,MP1_DOUBLE ,MPI_SUM,MPI_COMM_WORLD) ;
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err=MP1_Allreduce (&XP[30000000] ,&X[30000000], 10000000, MP1_DOUBLE ,MP1_SUM,MPI_COMM_WORLD) ;
err=MP1_Allreduce (&XP[40000000] ,&X[40000000] , 10000000, MP1_DOUBLE ,MP1_SUM,MP1_COMM_WORLD) ;

(myid==0)
{

printf ("'\n"");
printf ("Writing
printf ("'\n"");
=fopen('1.m","

Matlab files\n",NP);

1.m","w);

2 =fopen('2.m","w'");

3 =fopen('3.m","w'");

T4 =fopen('4.m","w");

5 =fopen(’'5.m™,"w");

6 =fopen('6.m","w'");

7 =fopen("'7.m","w'");

8 =fopen('8.m","w");

9 =fopen("'9.m","w");

f10=Fopen("'10.m","w'");

fll=Fopen('11.m","w'");

f12=Fopen('12.m","w"");

f13=Fopen("'13.m","w"");

fprintf(f1 ,""clear all; close all;\n");

fprintf(f2 ,"clear all; close all;\n");

fprintf(f3 ,""clear all; close all;\n");

fprintf(f4 ,"clear all; close all;\n");

fprintf(f5 ,""clear all; close all;\n");

fprintf(f6 ,""clear all; close all;\n");

fprintf(F7 ,""clear all; close all;\n");

fprintf(f8 ,"clear all; close all;\n");

fprintf(F9 ,""clear all; close all;\n");

fprintf(F10, 'clear all; close all;\n");

fprintf(fll, clear all; close all;\n");

fprintf(f12, clear all; close all;\n");

fprintf (13, clear all; close all;\n");

fprintf(F1L ,"x=[\n"");

fprintf(F2 ,"x=[\n"");

fprintf(f3 ,"x=[\n"");

fprintf(f4 ,"x=[\n"");

fprintf(f5 ,"x=[\n"");

fprintf(F6 ,""x=[\n"");

fprintf(F7 ,"x=[\n"");

fprintf(f8 ,""x=[\n"");

fprintf(F9 ,"x=[\n"");

fprintf (10, " x=[\n"");

fprintf(F11, " x=[\n"");

fprintf(F12, " x=[\n"");

fprintf (13, " x=[\n"");

time=0;

Q=0;3<N;j++)
{

a>=C 0))&&@<( 10*NP1)))  fprintf(f1 , " %10P\th10M\n",time,XJ1);
(G>=( 10 *NP1))&&(<( 20*NP1)))  fprintf(f2 ,"%10F\t%10f\n",time,X[§]1);
(G>=( 20 *NP1))&&(<( 30*NP1)))  fprintf(f3 , "HlOA\tH10M\n", time,X1);
a>=C 30 *NP1))&&(<( 40*NP1)))  fprintf(f4 ,"%10P\th10M\n",time, X1);
a>=C 40 *NPI1))&&@<( 50*NP1)))  Fprintf(f5 ,"%10M\t%10M\n", time, XJ1);
(G>=( 90 *NP1))&&(<( 100*NP1)))  fprintf(f6 , "HlOM\tH10M\n",time,X1);
(@>=C 490 *NP1))&&@<( 500*NP1)))  fprintf(f7 , " %lO0A\tH10MA\n", time, X1);
a>=C 990 *NP1))&&(<( 1000*NP1))) fprintf(F8 , " 10P\L%10F\n", time, X[J1);
(@>=C 4990 *NP1))&&<( 5000*NP1))) fprintf(FO , " 10P\L%LO0F\N", time, X[J1);
(@>=C 9990 *NPI1))&&(J<(LO000*NPI))) fprintf(F10, 610\ T%1I0OM\N", time, X1
(@>=C 14990 *NP1))&&(F<(15000*NP1))) fprintf(F11, %10\ T%10M\Nn", time, X1
(>=C 19990 *NP1))&&(J<(20000*NP1))) fprintf(F12, 010\ %10\n", time, X[J1);
(@>=((NP-10)*NP1))&&(<( NP*NP1))) fprintf(F13, %010\ 10\n", time, X[J1);

time=time+dt[0];

3
fprintf(FO ,"];\n"")
fprintf(F1 ,"];\n"")
fprintf(f2 ,"1:\n")
fprintf(F3 ,"1:\n")
fprintf(F4 ,"];\n"")
fprintf(F5 ,"];\n"")
fprintf(f6 ,"]:\n"")
fprintf(F7 ,"];\n"")
fprintf(f8 ,"];\n"")
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fprintf(f9 ,
fprintf(f10,"
fprintf(f11,”
fprintf(fl2,”
fprintf(f13,”

b
MP1_Finalize(Q);

}

W

A3
:\n'
:\n'
;\n'
;\n"

rfiiing
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NNNNRPRPRPRPRPPNMNONOWWRRPNNRPOOORNWOORNWWOWWWAAMMNIOOUONNOORRPREO

-00000E+00
.54897E-01
.35926E-01
-18163E-01
.04747E-01
.36875E-02
.52221E-02
_77117E-02
-09407E-02
-46022E-02
-99103E-02
-49339E-02
-10006E-02
.79212E-02
.38344E-02
-07680E-02
.76718E-02
-53905E-02
.28490E-02
.09288E-02
.89945E-02
.62623E-01
.06354E-02
-30132E-02
.23037E-02
.06530E-02
-33209E-02
.74149E-03
-13514E-03
.67600E-03
.06112E-03
.71932E-04
.22477E-04
-93255E-04
.52153E-04
.29266E-04
-54714E-04
.04728E-04
.79353E-04
.19862E-04
-80285E-04
-54008E-03
.39804E-03
.51134E-03
-39505E-03
.49075E-03
.32772E-03
.45889E-03
.25053E-03
.08470E-03
.15067E-03

[eNeoNeoRoloNololoNolooolololoNoNooNoloNoNoNoooloNoNoololololoNolocj o oNoloN oo oo NoloNoNoNoNoNoNa]

.0000
.0056
.0051
.0047
.0047
-0050
-0052
.0055
.0057
-0060
-0063
.0065
.0068
.0070
.0073
.0076

0079

.0081
.0084
.0087
.0089
.0046
.0061

0079

.0102
.0128
.0158
.0193
.0232
.0274
.0604
.1122
.1291
.1344
.1477
-1091
-1060
1171
.1216
.1091
-1159
.0571
.0563
.0561
-0606

0607

.0582
.0465
.0489
.0490
.0485

PNNNNRPRPRPRPPRPOWOWWWWRNNORANORRPWRMRORNNWWWRARAMADMNUOTIOOONOWORRERERRE

Appendix H: Sample for Rate.txt

.13953E-01
.51131E-01
.34038E-01
.15817E-01
.03021E-01
.13924E-02
.37964E-02
.57668E-02
-91205E-02
.31716E-02
.83741E-02
-43017E-02
-03954E-02
.67486E-02
-36790E-02
.02451E-02
. 72325E-02
.51348E-02
.24995E-02
.98677E-02
.69470E-01
.44748E-01
.15077E-02
.84682E-02
.01773E-02
.94253E-02
.24353E-02
.11011E-03
.39544E-02
-10335E-03
.26713E-04
.35398E-04
.18682E-04
-98428E-04
-99563E-04
.24334E-04
-38655E-04
-59598E-04
-46046E-04
-49552E-04
-65059E-03
.48346E-03
.45452E-03
.44513E-03
.48387E-03
.33549E-03
.70244E-03
.37826E-03
.38931E-03
-31089E-03
-96334E-03

[eNeoNeoRoooNoloNolooolololoNoNooNoloNoNoNooololoN o oloololoNolocj o oNoloNoNoNoloNoloNoNoNoNoNoNa]

-0044
-0055
-0050
.0047
.0048
.0051
-0053
.0055
.0058
.0061
-0063
.0066
.0068
.0071
.0073
.0076

0079

.0081
.0085
.0088
.0035
.0048
.0064

0083

.0105
.0132
.0163
.0202
.0131
.0316
.0666
.1196
.1382
-1340
.1285
.1184
.1187
-1063
.1210
1241
.0582
-0549
.0580
.0558
.0582

0618

.0451
.0487
.0466
.0496
.0485

ENNNNRPRPRPRPRPPOWWONWWOREPNONREPNRPENANRPNWOWOWOWWWRARDMNDMNOUOONOORRERRRR

.56660E-01
.48514E-01
.29531E-01
.13572E-01
-.00640E-01
-93243E-02
.18419E-02
-48047E-02
.76630E-02
.28360E-02
-86149E-02
-35027E-02
-96597E-02
.57162E-02
.28998E-02
-96806E-02
.66437E-02
.46768E-02
.21134E-02
.02280E-02
.36965E-01
.28111E-01
.24202E-02
-30296E-02
.69960E-02
. 74553E-02
.13763E-02
-56096E-03
.68607E-02
.87740E-03
.30884E-04
.23960E-04
.86220E-04
.48398E-04
.48577E-04
-48061E-04
.52146E-04
-36195E-04
.69794E-04
.24110E-04
-59504E-03
.73376E-03
.59813E-03
-43053E-03
.44960E-03
.43172E-03
.67400E-03
.43131E-03
.40863E-03
.06541E-03
-98583E-03

[eNeoNeoRooNololoNoloololololoNoNooNoloNoNoNooololoN o ololololoN oo o oNoloNoN o oo NoloNoNoNoNoNoNa]

-0054
.0054
-0049
.0047
.0048
.0051
-0054
.0056
.0059
.0061
-0063
.0066
.0068
.0071
.0074
.0077

0080

.0082
.0085
.0088
.0038
.0051
.0068
.0088
.0111
.0139
.0171
-0209
.0156
.0383
-0849
-1310
.1460
.1602
S1121
-1265
.1139
.1170
.1172
.1182
.0599
.0565
.0582
.0563
.0590

0571

.0435
.0443
.0469
.0477
.0498

RPNNNNRRPRPRRPRENWWOWONWRRNANPNRENRORNNWWWWARMDRUIUIOON0OORE R R

-55760E-01
-44838E-01
-26246E-01
.12073E-01
.84268E-02
-90116E-02
-05008E-02
.27074E-02
.62798E-02
-16593E-02
-69606E-02
.25807E-02
-93111E-02
-53564E-02
.26506E-02
-93150E-02
.65179E-02
-40993E-02
.15211E-02
-97954E-02
.08502E-01
.13624E-01
.46975E-02
.00458E-02
.44441E-02
.58821E-02
.05739E-02
.12350E-03
.17828E-02
.05563E-03
.76810E-04
-44937E-04
.63188E-04
.34891E-04
.81642E-04
-94098E-04
.64444E-04
.12289E-04
-56293E-04
.66388E-04
.57943E-03
.50201E-03
.37611E-03
-41956E-03
.35735E-03
.26667E-03
.61244E-03
.38541E-03
.53644E-03
.03168E-03
-98651E-03

[eNeoNeoRoloNololoNolooolololoNoNooNoloNoNoNooololoNoololololoN oo o oNoloNoN o oo NoloNoNoNoNoNoNa]

.0057
.0053
.0048
.0046
.0049
.0051
-0054
.0056
.0059
.0061
.0064
.0066
.0069
.0072
.0075
.0077

0079

.0082
.0086
.0088
.0040
.0054
.0072
.0091
.0116
.0144
.0179
.0215
.0191
.0451
-0930
.1281
.1552
.1613
.1108
.1228
.1065
.1148
.1225
.1189
.0535
.0560
.0578
.0580
.0581

0593

.0434
.0462
.0469
.0499
.0508

PNNNNRPRPRPRPRPPNOOWOWOWRRPPRPWORPNOODORPNWUIUORPNWOWWWOWWARMIMNOUTDOONNOORRREPR

.55946E-01
.41631E-01
.22626E-01
.08705E-01
.55888E-02
.68522E-02
-95001E-02
-15114E-02
-50461E-02
-10662E-02
-58404E-02
-16728E-02
-80082E-02
.48214E-02
.17037E-02
-80349E-02

61772E-02

.35354E-02
-13025E-02
.92877E-02
.82458E-01
.01103E-01
.83484E-02
.54141E-02
.30416E-02
.48419E-02
.78074E-03
.51862E-03
. 73690E-03
.33442E-03
.24849E-04
.84731E-04
.57264E-04
.68635E-04
.02179E-04
-45040E-04
-05950E-04
-03802E-04
-19850E-04
.75031E-04
.63417E-03
.47157E-03
.46945E-03
-51650E-03
.35347E-03
.41121E-03
.56794E-03
.36875E-03
.40057E-03
.24679E-03
. 77756E-03

[eNeoNeoReooNololoNolooolololoNoNooNoloNoNoNooololoNoololololoNolocooNoloN oo oloNoloNoNoNoNoNoNo]

.0057
.0052
.0048
.0047
.0050
.0052
-0054
.0057
.0060
.0062
-0065
.0067
.0069
.0072
.0074
.0078

0080

.0083
.0086
.0090
.0043
.0058
.0076
.0096
.0121
.0151
.0187
.0228
.0235
.0547
-0997
.1521
.1556
.1639
.1113
-1097
.1316
.1101
.1124
-1144
.0559
.0571
.0564
.0594
.0601

0600

.0449
.0436
.0473
.0495
.0504



ARFPWORNWUOORWRERPEPNNWONMNWRANFRPWOWOADMNIUONRADNOOOOOR -

-99253E-03
-86997E-03
-27398E-03
.68962E-03
.73938E-03
-59119E-03
.73632E-03
.32630E-03
.27504E-03
.23244E-03
-36760E-03
.65605E-03
.21516E-03
.78706E-03
-10767E-02
.25752E-03
-99945E-03
.68891E-03
-99919E-03
.45455E-03
.63164E-03
.70446E-03
.22831E-03
.86167E-03
.61088E-03
.25042E-03
.19440E-03
.66468E-03
.29715E-04
.24738E-04
-04890E-04
.22416E-04
.52322E-04
.88070E-05
.14178E-05
.70788E-05
.09368E-05
.48587E-07

eNoNoNeoloNoloNoNoloNeolooloNoNoolololoNololojololoNoJoNooNoloNoNoNoNoNoNa)

.0515
-0500
.0254
.0279
.0300
-0309
-0330
.0339
.0267
.0293
.0323
.0339
.0356
.0370
.0222
.0262
.0324
.0368
.0418
.0466

0384

.0452
.0506
.0536
.0585

0664

.0409
.0570
.0834
.1026
-1249
-1540
.1742
.2107
.3882
-5934
.7269
.9982

PRPWOWOOWWWORNUORPRFEPEPNWOANWAORPRPWAMIODUINOADNUINNON

-16522E-03
.67258E-03
-93475E-03
.02470E-03
.73200E-03
-96872E-03
.57248E-03
.63094E-03
.36160E-03
-90902E-03
.02735E-03
.27969E-03
.90201E-03
.71562E-02
-01280E-02
.39352E-03
-89279E-03
.80823E-03
.85733E-03
.65322E-03
.47037E-03
.69467E-03
.92805E-03
.74200E-03
.54724E-03
.86865E-03
.65545E-03
-53200E-03
.52000E-04
.85752E-04
-40338E-04
-05308E-04
.30407E-05
.67547E-05
. 74369E-05
.82402E-05
-11636E-05

[eNeoNoNoNoNoNoNoNoloNooNooloNoelojoNoloNoNololololoNoNoN o ool oNoNoNoNa]

-0469
-0239
-0259
.0277
.0292
.0314
.0341
.0246
.0270
.0294
.0327
.0346
.0374
.0178
.0224
.0273
.0329
.0398
.0436
.0338

0408

.0441
.0515
.0559
.0587

0300

.0434
.0586
.0797
.1073
.1162
.1314
.1891
-2309
.2913
.4215
.5159

BWNORNNANRPNARENNWORANWRMNITIORPRWMTTOOMTIUIONO®OER

-97136E-03
-88619E-03
-33274E-03
.80722E-03
.69906E-03
-07365E-03
-94824E-03
.18702E-03
.72561E-03
-97301E-03
.33547E-03
.38742E-03
.77091E-03
-50575E-02
.24799E-03
. 79556E-03
.62607E-03
.38065E-03
.68329E-03
.40926E-03
.17182E-03
.62359E-03
.13871E-03
.80550E-03
.24987E-03
.69511E-03
.21265E-03
.29424E-03
.84000E-04
.37039E-04
-81562E-04
.63016E-04
.21051E-04
.55529E-05
.69919E-05
.86693E-05
-93543E-06
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[eNeoNoNoNoNoNoNoNoloNooNololoNoelojoNoloNolololololoNoNol o ool oNoNoNoNa]

.0485
-0239
.0268
.0275
.0301
.0310
.0337
.0258
.0282
-0298
.0323
.0331
.0369
.0190
.0236
.0289
.0338
.0397
.0431
.0345

0426

.0451
.0496
.0568
.0602

0330

.0492
.0697
.0852
.1181
.1430
.1433
.1938
.2524
-4891
.3795
.7828

BRPNNNNRPWORRPAREPNNWOWWONWRMOOORWDMTOONPMDMTONO®OER

-99735E-03
-32593E-03
-38122E-03
.50051E-03
. 79559E-03
-81610E-03
.54515E-03
.88695E-03
.41543E-03
.61064E-03
.06522E-03
.16895E-03
.87244E-03
.32887E-02
.31601E-03
.01232E-03
.04479E-03
.34334E-03
.68845E-03
-98132E-03
.14641E-03
.42885E-03
.02847E-03
.67727E-03
.31911E-03
-54096E-03
-91576E-03
.02859E-03
.28183E-04
.39794E-04
. 75400E-04
-36799E-04
-99246E-05
.82177E-05
-40634E-05
.17329E-05
.11381E-06

[eNeoNoNoNoloNoNoNololooJooloNooclojoNoloNolololololoNoNol o oNoNoNoNoNoNa]

.0527
.0247
.0263
.0287
.0302
.0331
-0364
.0259
.0290
-0306
.0322
.0346
.0378
.0204
.0248
.0301
.0359
.0420
.0447
.0347

0417

.0449
.0510
.0543
.0630

0355

.0502
-0699
.0926
.1265
.1598
.1397
.2277
-3368
.4842
.5519
.6781

WNPFPOORPNNOORPRWRPEPREPNNWONNWOOORWADMNUIUIONADUUIONO©OPR

-95890E-03
-34326E-03
-04349E-03
.09132E-03
.42505E-03
.70591E-03
-40218E-03
.69666E-03
.23203E-03
.29572E-03
.76250E-03
.43277E-03
.41445E-03
.25407E-02
.11823E-03
-46315E-03
.85734E-03
-92685E-03
.47609E-03
.58353E-03
.87304E-03
.28325E-03
.88068E-03
.65363E-03
.17349E-03
.55668E-03
.77105E-03
-96081E-04
.19252E-04
.76690E-04
-08145E-04
.61522E-04
.02298E-05
.27147E-05
.71803E-05
-33087E-06
.63346E-11

[eNeoNoNoNoNoNoNoNoloNooNooloNoelojoNoloNoloolololoNoNol o oNoNoNoNoNoNa]

.0498
.0253
.0277
.0292
.0307
.0331
.0342
.0256
.0295
.0310
.0333
.0349
.0379
.0206
.0269

0301

.0370
.0413
.0460
.0382

0429

.0474
.0534
.0556
.0649

0398

.0548
.0708
.0979
.1315
.1684
.1707
.2503
.2734
-4054
.7606
.6806



BRWWONNRPRPRPPNORARRMWWONNRPRPRPEPNUORMPMOWONNRPPOOOONNOOODTUIADMWWNNREOO

-0000E+00
-0000E+03
-0000E+04
-5000E+04
-0000E+04
-5000E+04
-0000E+04
-5000E+04
-0000E+04
-5000E+04
-0000E+04
-5000E+04
-0000E+04
-5000E+04
-O0O00E+04
-5000E+04
-0000E+04
-5000E+04
-00O00E+04
-5000E+04
-0000E+05
-5000E+05
-0000E+05
-5000E+05
-0000E+05
-5000E+05
-0000E+05
-5000E+05
-0000E+05
-5000E+05
-0000E+06
-2500E+06
-5000E+06
. 7500E+06
-0000E+06
-5000E+06
-0000E+06
-5000E+06
-0000E+06
-5000E+06
-0000E+06
-5000E+06
-0000E+07
-2500E+07
-5000E+07
. 7500E+07
-0000E+07
-5000E+07
-0000E+07
-5000E+07
-0000E+07

BRWWONNRPRPRPPRPOORARMWWONNRPRPRPRPOUORMRMNWWONNRPPOOOONNOOODTUIADMWWNNREOPR

Appendix I: Sample for Time.txt

-0000E+03
-0000E+03
-1000E+04
.6000E+04
.1000E+04
.6000E+04
-1000E+04
-6000E+04
-1000E+04
-6000E+04
-1000E+04
.6000E+04
-1000E+04
-6000E+04
-1000E+04
-6000E+04
-1000E+04
-6000E+04
-1000E+04
-6000E+04
-1000E+05
-6000E+05
-1000E+05
.6000E+05
-1000E+05
.6000E+05
-1000E+05
-6000E+05
-5000E+05
-0000E+05
-0500E+06
-3000E+06
-5500E+06
-8000E+06
-1000E+06
.6000E+06
-1000E+06
.6000E+06
-1000E+06
.6000E+06
-5000E+06
-0000E+06
.0500E+07
.3000E+07
-5500E+07
-8000E+07
-1000E+07
-6000E+07
-1000E+07
.6000E+07
-1000E+07

BRWWONNRPRPRPPRPOORARMWWONNRPRPRPRPOORMRMNWWNNRPPOOOONNOOOTUIADMWWNNRESNN

-0000E+03
-0000E+03
.2000E+04
. 7000E+04
.2000E+04
.7000E+04
-2000E+04
. 7000E+04
-2000E+04
-7000E+04
-2000E+04
. 7000E+04
-2000E+04
.7000E+04
-2000E+04
. 7000E+04
-2000E+04
. 7000E+04
-2000E+04
. 7000E+04
-2000E+05
. 7000E+05
-2000E+05
. 7000E+05
-2000E+05
. 7000E+05
-2000E+05
. 7000E+05
-0000E+05
-5000E+05
-1000E+06
-3500E+06
.6000E+06
-8500E+06
.2000E+06
. 7000E+06
.2000E+06
. 7000E+06
.2000E+06
. 7000E+06
-0000E+06
-5000E+06
-1000E+07
.3500E+07
.6000E+07
.8500E+07
-2000E+07
. 7000E+07
-2000E+07
-7000E+07
-2000E+07
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BRWWONNRPRPRPPRPOORARRMWWONNRPRPRPPOODMRMWWNNRPPOOOONNOOOTUIADMWWNNERREOOW

-0000E+03
-0000E+03
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+04
-8000E+04
-3000E+05
-8000E+05
-3000E+05
-8000E+05
-3000E+05
-8000E+05
-3000E+05
-8000E+05
-5000E+05
-0000E+05
-1500E+06
-4000E+06
.6500E+06
-9000E+06
-3000E+06
-8000E+06
-3000E+06
-8000E+06
-3000E+06
-8000E+06
-5000E+06
-0000E+06

1500E+07

-4000E+07
.6500E+07
-9000E+07
-3000E+07
-8000E+07
-3000E+07
-8000E+07
-3000E+07

RWWONNRPRPRPPONRARAWOWWONNRPRPRPPONDMRAMOWWONNRPPOOOONNOOODTUIADMWWNNRREOD

-0000E+03
-0000E+03
-4000E+04
-9000E+04
.4000E+04
-9000E+04
-4000E+04
-9000E+04
-4000E+04
-9000E+04
-4000E+04
-9000E+04
-4000E+04
-9000E+04
-4000E+04
-9000E+04
-4000E+04
-9000E+04
-4000E+04
-9000E+04
-4000E+05
-9000E+05
-4000E+05
-9000E+05
-4000E+05
-9000E+05
-4000E+05
-9000E+05
-0000E+05
-5000E+05
-2000E+06
-4500E+06
. 7000E+06
-9500E+06
-4000E+06
-9000E+06
-4000E+06
-9000E+06
-4000E+06
-9000E+06
-0000E+06
-5000E+06
.2000E+07
.4500E+07
.7000E+07
-9500E+07
-4000E+07
-9000E+07
-4000E+07
-9000E+07
-4000E+07



AR WWNNRRPRPRPNUODMDPMOWWONNRPRPRPRPNUOAMRMWOWWNNRRRRENOA

-5000E+07
-0000E+07
-5000E+07
-0000E+08
-2500E+08
-5000E+08
- 7500E+08
-0000E+08
-5000E+08
-0000E+08
-5000E+08
-0000E+08
-5000E+08
-0000E+08
-5000E+08
-0000E+09
-2500E+09
-5000E+09
. 7500E+09
-0000E+09
-5000E+09
-0000E+09
-5000E+09
-0000E+09
-5000E+09
-0000E+09
-5000E+09
-0000E+10
.2500E+10
-5000E+10
- 7500E+10
-0000E+10
-5000E+10
-0000E+10
-5000E+10
-0000E+10
-5000E+10
-0000E+10

APRWWNNRPRPRPRPOUOADMNWWONNRPRPRPRPOORARMWWNNRERREREROON

.6000E+07
-5000E+07
-0000E+07
-0500E+08
-3000E+08
-5500E+08
-8000E+08
-1000E+08
.6000E+08
-1000E+08
.6000E+08
-1000E+08
.6000E+08
-5000E+08
-0000E+08
-0500E+09
-3000E+09
-5500E+09
-8000E+09
-1000E+09
.6000E+09
-1000E+09
-6000E+09
-1000E+09
.6000E+09
-5000E+09
-0000E+09
-0500E+10
-3000E+10
-5500E+10
-8000E+10
-1000E+10
.6000E+10
-1000E+10
.6000E+10
-1000E+10
.6000E+10

APRWWNNRPRPPRPFRPOOARDWWONNRPRPRPRPOORARMWWNNRERPRPREPRERPOODN

. 7000E+07
-0000E+07
-5000E+07
-1000E+08
-3500E+08
.6000E+08
-8500E+08
-2000E+08
. 7000E+08
-2000E+08
. 7000E+08
-2000E+08
. 7000E+08
-0000E+08
-5000E+08
-1000E+09
-3500E+09
-6000E+09
-8500E+09
-2000E+09
. 7000E+09
-2000E+09
. 7000E+09
-2000E+09
. 7000E+09
-0000E+09
-5000E+09
-1000E+10
-3500E+10
.6000E+10
-8500E+10
-2000E+10
.7000E+10
.2000E+10
.7000E+10
-2000E+10
.7000E+10
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ARWWNNRPRPPRPPRPOOADMWWNNRPPRPRPPRPOORARRMWWNNRPRPRPPRPOODN

-8000E+07
-5000E+07
-0000E+07
-1500E+08
-4000E+08
.6500E+08
-9000E+08
-3000E+08
-8000E+08
-3000E+08
-8000E+08
-3000E+08
-8000E+08
-5000E+08
-0000E+08

1500E+09

-4000E+09
.6500E+09
-9000E+09
-3000E+09
-8000E+09
-3000E+09
-8000E+09
-3000E+09
-8000E+09
-5000E+09
-0000E+09
-1500E+10
-4000E+10
.6500E+10
-9000E+10
-3000E+10
-8000E+10
-3000E+10
-8000E+10
-3000E+10
-8000E+10

ARWWNNRPRPRPRPONARMNWWONNRPPRPRPPRPONRARAMWOWWONNRERPRPRPPOND

-9000E+07
-0000E+07
-5000E+07
-2000E+08
-4500E+08
.7000E+08
-9500E+08
-4000E+08
-9000E+08
-4000E+08
-9000E+08
-4000E+08
-9000E+08
-00O00E+08
-5000E+08
-2000E+09
-4500E+09
. 7000E+09
-9500E+09
-4000E+09
-9000E+09
-4000E+09
-9000E+09
-4000E+09
-9000E+09
-0000E+09
-5000E+09
-2000E+10
-4500E+10
.7000E+10
-9500E+10
-4000E+10
-9000E+10
-4000E+10
-9000E+10
-4000E+10
-9000E+10
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