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ABSTRACT

In this report, amethodol ogy is described which serves as an aternative to the SAS2H path
of the SCALE system to generate cross sections for point-depletion cal culations with the ORIGEN-S
code. ARP, Automatic Rapid Processing, is an algorithm that allows the generation of cross-section
libraries suitable to the ORIGEN-S code by interpolation over pregenerated SAS2H libraries. The
interpolations are carried out on the following variables: burnup, enrichment, and water density. The

adequacy of the methodology is evauated by comparing measured and computed spent fuel isotopic
compositions for PWR and BWR systems.
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1. INTRODUCTION

The SAS2H sequence of the SCALE code system has been used worldwide for treating
problems related to the characterization of irradiated light-water-reactor (LWR) fuel for disposal,
storage and shipment. The calculations, in general, consist of determining the isotopic compositions
of the different materids present in the problem as a function of time, which subsequently enable the
determination of the heat generation and radiation source terms. In the SAS2H scheme, time-
dependent materia concentrations are obtained using the ORIGEN-S code based on a point-depletion
calculation that utilizes problem-dependent cross-section libraries generated by functional modules
in the SAS2H sequence. Thisreport is concerned with the methodology used in the SAS2H control
module to create cross-section libraries for point-depletion calculations with the ORIGEN-S code.
A description of the SAS2H scheme is given, and a capability that serves as an aternative to the
SAS2H sequence, the automatic rapid processing (ARP) methodology, for generating problem-
dependent ORIGEN-S cross-section librariesis discussed. The purpose of this report is to document
the work that has been performed at ORNL to date to develop and validate the ARP methodology
for LWR spent fuel characterization.

Utility programs developed to support the ARP methodology are documented as well. These
utilities provide descriptive information of the contents of the ORIGEN-S cross-section libraries. The
ORIGEN-S burnup-dependent, cross-section data can be listed with the XSECLIST utility or
displayed in plots using the XSECPLOT utility. In addition, LISTBURN lists the burnups at which
ORIGENS-S libraries will be created in a SAS2H calculation.






2. GENERAL DESCRIPTION

The automatic rapid processing (ARP) methodology is intended to generate problem-
dependent cross-section libraries for use in point-depletion calculations with the ORIGEN-S code.*
In the ARP concept, cross-section libraries are created by interpolating over the initial enrichment,
burnup and water density for the reactor assembly under consideration. For this purpose, various
cross-section libraries have to be created at specific enrichments, burnups and water densities with
the SAS2H sequence of the SCALE package? over which the interpol ations are performed. Note that
the ARP methodology is part of the SCALE code system as an option for problem-dependent cross-
section generation for point-depletion calculations. Prior to the description of the ARP scheme,® the
SAS2H sequenceis described briefly.

The SAS2H sequence accesses cross-section preparation codes, BONAMI-S, NITAWL-II,
and XSDRNPM-S, that perform Bondarenko resonance self-shielding, Nordheim resonance self-
shielding, and a one-dimensional (1-D), discrete-ordinates transport calculation, respectively, using
a SCALE multigroup library for a specified fuel composition and unit-cell geometry. The problem-
dependent cross sections generated in this sequence are converted by the code COUPL E? at each time
step into a binary form suitable for the ORIGEN-S code which, in turn, performs a point-depletion
caculation. The whole sequence is repeated throughout the reactor operating history, generating the
number of time-dependent, cross-section libraries specified by user inpuit.

Although in this work the current cross-section libraries for ARP were obtained using the
sequence based on the codes BONAMI-S, NITAWL-I1, and XSDRNPM-S, other codes can be used.
The constraint is that the libraries have to be in the ORIGEN-S format produced by the COUPLE
code. Thus, it is possible that future libraries could be generated using improved resonance processing
methods or multidimensional transport codes that better model the effect of the fuel assembly
geometry. Application of the ARP concept to other point-depletion codes is possible assuming
appropriate modifications are made to ensure consistency in the library format.

The purpose of the ARP methodology is to create an alternative that saves substantial
computer time for performing point-depletion cal culations with the ORIGEN-S code separate from
the SAS2H sequence, but conserving the rigor and accuracy of the SAS2H cross-section-generating
methodology. An advantage of the method is that it can be readily implemented on a persond
computer (PC) and can effectively create ORIGEN-S cross-section libraries with a great reduction
of computer time over what isrequired in the typical SAS2H calculation. In addition, ARP has the
capability to vary the number of cross-section libraries generated per cycle, whereas SAS2H
generates the same number of libraries for each cycle. Updating libraries more frequently at lower
burnups where cross sections change more rapidly may provide improved results. The ARP
methodology has been developed in FORTRAN-77 and implemented on both workstation and PC
environments.

The intent of thiswork isfourfold: (1) to present a description of the ARP methodology;
(2) to describe the procedure for generating cross-section libraries which serves as the basis for
interpolation; (3) to demonstrate the effectiveness of the method by comparing pressurized-water-
reactor (PWR) and boiling-water-reactor (BWR) isotope concentrations calculated with ARP to



direct SAS2H cdculations and experimental results; and (4) to document ORIGEN-S cross-section
library utility programs developed to support the ARP methodol ogy.

Comparative results of PWR spent fuel nuclide concentrations for the H. B. Robinson, Calvert
Cliffs (U.S.), and Obrigheim (Germany) reactors will be presented. Likewise, comparative results of
BWR spent fuel nuclide concentrations for the Cooper Nuclear Station (U.S.), Japan Power
Demonstration Reactor, or JPDR (Japan), and Gundremmingen (Germany) reactors will be given.
A complete description of these reactor and assembly designs is given in ref. 4, for PWR, and in
ref. 5, for BWR systems.



3. METHODOLOGY DESCRIPTION

The main feature of the ARP methodology is that problem-dependent ORIGEN-S cross-
section libraries can be obtained by interpolation. Asiswell known, the success of an interpolation
procedure depends on the choice of independent variables pertinent to the problem under
consideration and consequently on the selection of a suitable interpolation scheme that provides
results within the accepted error margin. To implement the ARP methodol ogy, cross-section changes
vs severa parameters were computed, and it was found that enrichment, burnup and water density
were the independent variables best suited for interpolation. Therefore, cross-section libraries as a
function of enrichment, burnup and water density are created using the SAS2H sequence of the
SCALE system. In particular, the water dengity effects impact BWR systems because the axial liquid-
to-steam change in these systems leads to a variation in the water density and significant cross-section
changes as afunction of the water density are observed. These pregenerated cross sections serve as
the basic libraries from which the interpolation is performed. Significant cross-section changes, as
afunction of these variables, are observed. As an example, cross-section variations with burnup in
atypical PWR assembly areillustrated in Fig. 1 for the 2°Pu isotope. This situation corresponds to
a 15 x 15-type assembly with initial enrichment of 3.0 wt % of #°U, water density 0.7135 g/cm®
irradiated with a specific power of 40 MW/MTU for 1500 days.

The interpolation on the burnup variable is carried out with a scheme developed by Greene®
which has been thoroughly tested and validated in the AMPX cross-section processing codes.” The
interpolation scheme was origindly developed for interpolation in Bondarenko factor tables. It states
that for afunction f(x) with known values at x,,x,,...X,, any value f(x,) can be interpolated according
to

p

fixg) = f(x) + (f(le) - 0x) 1)

q
p
Xl*l - X

where pisafunction of x and is allowed to vary linearly as

pix) = Pix) + ——L (P ) PO 2

It is clear that for a constant p equal to 1, this scheme reduces to the familiar linear
interpolation method. In generd, however, the p values are determined from the known set { x;,f(x)}
according to Eq. (2) in such away that the function f(x) is reproduced within the desired accuracy.

Note that the change of the effective absorption cross sections with enrichment has been
found to approach alinear shape in alogarithm-linear scale. This feature is shown in Fig. 2 for some
isotopes. Therefore, logarithm-linear interpolation is conducted for the cross section as a function of



enrichment. Cross-section change with water density for some isotopes is shown in Fig. 3. Similar
to enrichment, the effective absorption cross section varies linearly in alogarithmic-linear scale with
the water density, and alogarithmic-linear interpolation is utilized.
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Fig. 1. Effective absorption cross section as a function of burnup for the °Pu isotope.
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4. BASIC CROSS-SECTION LIBRARY GENERATION FOR ARP

To generate the basic ARP cross-section libraries for a particular LWR fuel assembly type,
one needs to follow the steps outlined below. Note that extension beyond 5 wt % enrichment has not
been investigated at ORNL. Likewise, extension to non-LWR fuel has not been investigated. Such
applications of the ARP methodology should be tested carefully and validated.

1. Construct SAS2H input with the descriptions (pin cell description such as dimensions,
concentrations, etc.) of the reactor assembly under consideration for five enrichments, for
example, 1.5, 2.0, 3.0, 4.0 and 5.0 wt % of #°U. For aBWR assembly, in addition to enrichment
and burnup, one has aso to consider the water density variation for each enrichment. The
recommended water density values for BWRs are: 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 g/cm®.
No water density variation has been used at ORNL for PWRs.

2. For afixed enrichment and water density, run SAS2H with 21 cyclesand 1 library per cycle. The
cross-section libraries created in this step must contain fresh-fuel cross sections for the first cycle.
From studies performed with PWR and BWR assemblies, it is recommended that agpaafic
power of 40 MW/MTU and irradiation period of 1500 days be applied to obtain the 21
burnup-dependent cross section libraries. The total burnup is 60000 MWD/MTU which
corresponds to 20 burnup steps of 3000 MWD/MTU. With the exception of thefirst library in
the zero-burnup position, the remaining 20 libraries correspond to a burnup position at the
midpoint of each burnup step. The burnup positions are listed in Table 1.

3. Reduce the 21 burnups to 10 burnups following these criteria:
a. retain the fresh-fuel cross sections;

b. retain the minimum, maximum, and inflection points derived from the shape of the absorption
cross sections with burnup for various isotopes of the library; and

c. select points that best represent the burnup-dependent 2*°Pu absorption cross sections.

The ten burnup positions resulting from the gpplication of steps a, b and ¢ are: 0, 1500, 4500,
7500, 10500, 13500, 16500, 31500, 46500, and 58500 MWD/MTU for PWR and BWR systems.
They areindicated in Table 1 with the superscript letter a. The procedure for reducing the burnups
from 21 to 10 positions has been implemented in a FORTRAN program, which is listed in
Appendix A.

Note that the procedure for generating ARP basic libraries is performed only once for each
fuel assembly type and enrichment. Users should not use these cross-section libraries for
configurations other than the ones for which they were generated.



Table 1. Twenty-one burnup positions of the SAS2H-generated libraries

Position Burnup (MWd/MTU)
1 0n
2 1500%
3 45002
4 75007
5 10500%
6 13500%
7 16500%
8 19500
9 22500

10 25500
11 28500
12 31500%
13 34500
14 37500
15 40500
16 43500
17 465007
18 49500
19 52500
20 55500
21 58500%

*These are the 10 burnup positions in the reduced library.

Appendix B illustrates an example of how to generate basic ARP cross-section libraries for
aBWR 7 x 7 assembly corresponding to the Cooper nuclear reactor.
A FORTRAN listing of the ARP code is given in Appendix C.

10



5. PROCEDURE TO EXECUTE ARP OUTSIDE SCALE

In thiswork we describe the stand-alone use of the ARP methodology as opposed to its use
within the ORIGEN-ARP environment provided in the SCALE code system.? Very few input data
are needed to run the ARP code. In the stand-alone mode the input data are transferred to ARP by
answering questions following the eight self-descriptive promptsissued by ARP. The sequences of
input data are the following: the fuel assembly configuration, the initial enrichment (in wt % of #°U),
the number of depletion cases (number of reactor fuel cycles), fuel irradiation period for each
depletion case (in days), the average specific power of the power history for each depletion case (in
MW/MTU), the number of libraries requested for each depletion case, the water density (for BWR
systems), and the generated library name. A sample case of atypical ARP input is shown in Table 2
in which the prompts are given in bold to differentiate from the input data. In this example the first
prompt, Assembly type, is the fuel assembly configuration that corresponds to BWR-type 7 x 7
array. The second prompt, Enrichment, isthe initial enrichment, which is 2.3 wt % of *°U. The
third prompt, Number of cycles, isthe number of reactor fuel cycles (i.e., the number of depletion
cases, in thisexample equal to 4). In the fourth prompt, Fuel irradiation period for each cycle, the
number of daysin which the fud was irradiated is given. There are four depletion cases corresponding
to 200, 250, 300 and 350 days, respectively. The fifth prompt, Specific power for each cycle, the
average power density (specific power) of the power history for each depletion case is given. They
are respectively, 10, 12, 9, and 11 in MW/MTU. Note that the corresponding burnup for the first
depletion case is 2000 MWA/MTU (200 days times 10 MW/MTU). The number of libraries
requested for each depletion caseis given in the sxth prompt, Number of libraries made per cycle,
which are, respectively, 2, 1, 3, and 2 libraries. The water density is given in the seventh prompt,
Water density (g/cm**3), which is 0.3446 g/cm®. The ORIGEN-S cross-section library name
generated by ARP is provided in the eighth prompt, I nter polated library name, which in this sample
caseiscalled arplib. Thislibrary can be used later in an ORIGEN-S depletion/decay calculation.

Table 2. Input to execute ARP in stand-alone mode

Assembly type: 7x7

Enrichment: 2.3

Number of cycles. 4

Fuel irradiation period for each cycle: 200.0,250.0,300.0,350.0
Specific power for each cycle: 10.0,12.0,9.0,11.0

Number of libraries made per cycle: 2,1,3,2

Water density (g/cm**3): 0.3446

Interpolated library name: arplib

11






6. VALIDATION OF THE ARP METHODOLOGY

To evaluate the ARP methodology, results of calculations of PWR and BWR spent fuel
nuclide concentrations are compared with those obtained with direct SAS2H calculations and existing
measured values. In this regard, fuel assemblies from three PWRs are used, namely, the 14 x 14
Calvert Cliffs, the 14 x 14 Obrigheim, and the 15 x 15 H. B. Robinson. A detailed description of
these reactor assemblies, including significant design characteristics and operating conditions, can be
found inref. 5. A smilar set of caculations was performed for three BWR assemblies. These reactor
assembliesinclude: the 6 x 6 Gundremmingen, the 6 x 6 JPDR, and the 7 x 7 Cooper. A complete
description of these reactor assembliesis given in ref. 4.

6.1 ARPVALIDATION FOR PWR SYSTEMS

The cdculations in this work were done using both ARP/ORIGEN-S and SAS2H/ORIGEN-S
based on basic actinide data processed from both the ENDF/B-1V and ENDF/B-V nuclear data
libraries. The ENDF/B-IV results were obtained with the SCALE 27BURNUPLIB library, a
27-group library which includes actinide data from ENDF/B-1V and fission-product data from
ENDF/B-V, whereasthe ENDF/B-V results utilized the SCALE 44GROUPNDFS library, a 44-group
library based primarily on ENDF/B-V data.® For each reactor assembly, basic ARP cross-section
libraries were created with the SAS2H sequence at enrichments 1.5, 2.0, 3.0, 4.0, and 5.0 wt % of
235, The burnup range in these libraries spans from 0 to 60 GWd/MTU, with ten burnup points
selected as previoudly described.

The ARP interpolated cross-section libraries were generated according to the information
provided in Table 3. Subsequently, the ORIGEN-S code performed a point-depletion calculation
using these libraries, as discussed in the introduction. The SAS2H/ORIGEN-S cal culations performed
here are dso based on the information given in Table 3. Comparative results of these calculations with
available measured data are given in Tables 4 through 9. Comparisons of the measured and computed
fuel compositions for the 14 x 14 Obrigheim assembly for the burnup specifications given in Table
3 areshownin Tables4 and 5. Likewise, the resultsfor the 14 x 14 Cdvert Cliffs assembly are shown
in Tables 6 and 7, respectively. Comparisons of the results for the 15 x 15 H. B. Robinson assembly
are given in Tables 8 and 9. Note that the calculated fuel nuclide concentrations with the cross-
section data generated with the ARP methodology are in good agreement with the SAS2H/ORIGEN-
Sresults. These results demonstrate the effectiveness of the ARP methodology in the prediction of
nuclide concentrations for PWR systems. In fact, the results of calculations performed with
ARP/ORIGEN-S are expected to be as good as that of SAS2H/ORIGEN-S, because the basic cross-
section libraries for ARP are created within the SAS2H scheme.

Another interesting point to note in this work is the globa improvement obtained in the
comparison of results to measured data when the nuclear cross-section library produced from
ENDF/B-V datais used as opposed to that produced from ENDF/B-1V data.
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Table 3. Input datainformation for ARP and SAS2H cross-section generation

Assembly type (VZ:E’%ZTM (G\I/Bvl:jr/rllﬁU) I\(i;di Ligi:i:s,
omgem B e : 1
Catvert Clifs 3038 ey 4 !
H. Bl.SF:o%)iSnson 2.561 ég)gfzi 4 !

Table 4. Measured and computed irradiated fuel composition (in units of mg/g of U)
for 14 x 14 Obrigheim assembly and 25.93-GWd/MTU burnup

ENDF/B-1V actinide data

ENDF/B-V actinide data

%

%

%

%

Nuclide ~Messured — ARP g SASH e ARP g SASH g
=y 1095 1059  -33 1059  -33 1063  -29 1068  -25
2y 359 3620 11 3628 09 3623 09 3621 09
Zpy 00801 00861 7.5 00852 63 0082 14 00809 11
2py, 4805 5036 48 5008 61 4854 10 488 05
2py, 18 1741  -33 1705 -53 184 13 1811 06
#py 0978 1072 96 1051 75 1009 32 09924 15
2py 0312 02766 -113 02749 -119 03038 -26 03071 -16
“Cm 00103 00078 -243 00078 -243 00092 -10.6 00094 -9.0

2o ciff — COMPuted - measured 455

measured
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Table 5. Measured and computed irradiated fuel composition (in units of mg/g of U)
for 14 x 14 Obrigheim assembly and 27.99-GWd/MTU burnup

ENDF/B-1V actinide data

ENDF/B-V actinide data

%

%

%

%

Nuclide ~ Measured  ARP g SASH e ARP g SASH g
25 9.85 9603 25 9508 26 9638 -21 9684 -17
20 37 3767 18 3767 18 3763 17 3763 17
z9py, 00948 01039 96 01028 84 0098 31 0098 31
29py 4925 5104 36 5171 50 4917 -02 4893  -0.7
2i0py 192 1877  -22 1836  -44 1965 24 1947 14
2y, 1058 1162 99 113 74 1093 33 1071 12
2upy, 0372 03316 -109 03208 -11.3 03641 -21 03679 -11
2040 00141 00114 -195 00113 -198 00134 -53 00136 -3.7
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6.2 ARPVALIDATION FOR BWR SYSTEMS

The axial water-to-steam change of state in BWR systems leads to variation in the water
density and consequently changes the effective group cross section. Although in PWR systems the
axia change in the cross sectionsis not amajor effect, these effects play an important role in BWR
gystems. In aSAS2H calculation the axial water-density change is entered explicitly in the generation
of ORIGEN-S cross-section libraries.

Axia water densities were required in arecent ORNL depletion calculation validation study®
on the use of SAS2H in BWR andysis. Particular water density values were assumed for each SAS2H
vaidation cae asliged in Table 10. The same values were used in each ARP validation case. Note
that the SAS2H vaues presented in this section are from preliminary calculations performed for the
vdidation study in Ref. 5. The ARP libraries generated here are consistent with these calculations.
The final results reported in Ref. 5 may differ dightly.

To account for the water density effects in the ARP scheme, SAS2H cross section libraries
were generated at the water densities of 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9 g/cm®. The cross
section at any water density is obtained by a logarithmic-linear interpolation on these pre-generated
SAS2H libraries.

To demonstrate the feasibility of the ARP approach to generate ORIGEN-S cross section
libraries, measured data from three BWR reactor assemblies were compared with calculations
performed with ARP. Results of calculations with SAS2H are aso included. The input data
information provided to SAS2H and ARP are given in Table 10. The 6 x 6 Gundremmingen results
are shown in Tables 11 through 18. The 7 x 7 JPDR results are shown in Tables 19 through 34
whereas the 6 x 6 Cooper results are given in Tables 35 through 40.

The ARP/ORIGEN-S calculated fuel nuclide concentrations agree very well with the
SAS2H/ORIGEN-S results. For BWR systems, an interpolation on the water density isrequired in
addition to the burnup and enrichment. The results shown in Tables 11 through 40 demonstrate the
adequacy of the log-linear interpolation on the water density.

As in the case of PWR systems, the BWR results with calculations using the ENDF/B-V
show an improvement over the results with ENDF/B-IV cross-section libraries.
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Table 10. Input datainformation for ARP and SAS2H cross-section generation

Assembly type Enrichment Burnup Water No. of Libraried/
(Wt % of #°U) (GWdA/MTU) density(g/lem®)  cycles cycle

14.39 0.3849
17.49 0.3849 3 1

19.85 0.3849

6x6 Jes 20.30 0.7460

Gundremmingen ' 21.24 0.3145
23.51 0.3145 4 1

25.73 0.7378

27.40 0.3145

2.16 0.7701

2.65 0.5232

2.71 0.5629

3.30 0.6075

4.04 0.7541

4.25 0.6708

6x6 5.06 0.7534
JPDR 2.5966 5.09 0.5688 4 1

5.38 0.7534

5.60 0.5688

6.04 0.7305

6.08 0.6276

6.15 0.7642

6.51 0.7600

6.95 0.6719

7.01 0.6719

17.84 0.3452

18.96 0.3446

7 x7 29.23 0.3723
Cooper 2.939 30.07 0.4705 ! 1

31.04 0.6124

33.94 0.5736
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7. LISTBURN UTILITY PROGRAM

This utility program isintended to provide the burnup positions where the cross sections are
caculated in a SAS2H calculation. To run this program users are asked to answer some prompts
concerning the number of cycles, fuel irradiation period for each cycle, the specific power for
each cycle and the number of libraries per cycle. To illustrate the use of the LISTBURN
program, let us use the example mentioned in the previous section. The corresponding input

would be:

Number of cycles: 21

Fuel irradiation period of each cycle: 0.0 20*75.0
Specific power for each cycle: 21*40.0

Number of libraries per cycle: 21*1

Output filename: outburn

The file named “outburn” will contain the results listed in Table 41. (Note that the data
in Table 41 areidentical to the datain Table 1.) In Table 41, position 1 corresponds to the cross
sections prior to irradiation (i.e., the fresh-fuel cross sections).
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Table 41. Twenty-one burnup positions of the SAS2H-generated libraries

Position Burnup (MWd/MTU)
1 0
2 1500
3 4500
4 7500
5 10500
6 13500
7 16500
8 19500
9 22500

10 25500
11 28500
12 31500
13 34500
14 37500
15 40500
16 43500
17 46500
18 49500
19 52500
20 55500
21 58500




8. XSECLIST UTILITY PROGRAM

The XSECLIST program is intended to provide an interpreted listing of the ORIGEN-S
burnup-dependent cross-section library. This utility program allows usersto list the information for
any or dl nuclidesin the library as afunction of burnup. Information can be given for the absorption
cross section and/or fission cross section. To run this program users are inquired to answer some
prompts. The absorption cross sections are given for light elements, actinides, and fission products.
At the present time there are 689 light-element nuclides, 129 actinides, and 879 fission products,
totaling 1697 nuclides. Some of the light-element isotopes present may also appear as fisson
products; therefore, afew isotopes may be listed twice, but the cross-section values for each listing
may be different. Many of the 129 actinides have fission cross sections.

ORIGEN-S cross sections are normalized to thermal flux, rather than the more
conventional method of applying total flux. Either thermal flux or specific power may be input
to irradiation cases.

The nuclide ID numbers used in library data have the form 1Z*10000+IA*10+1S, where:

1Z = the atomic number;
IA = the atomic weight;
IS =0, for ground state;
= 1, for metastable state.

The following examples illustrate how XSECLIST can be used for listing information for
some nuclides in the ORIGENS-S library. (The procedure to list the entire library is identical).
The ORIGEN-S library, for which the data are to be listed, was generated in a SAS2H calculation
with the same information as that used in the example of the LISTBURN program.

The input sequence for this case is

Number of cycles: 21

Fuel irradiation period of each cycle: 0.0 20*75.0

Specific power for each cycle: 21*40.0

Number of libraries per cycle: 21*1

Data (absorption (a), fission (f), or both (b)): a

List entire library (yes=y, no=n): n

Enter library name: inplib

Output filename: outlist

No. of materials: 5

Material identification: 10010 10030 80160 410930 942400

In this example the absorption cross section for five nuclides in the ORIGEN-S library
called inplib, namely H, *H, *°O, ®Nb, and ?*°Pu, are listed as a function of burnup. The results
are in the file called outlist and are listed in Table 42. The SAS2H input to generate the burnup-
dependent cross-section library inplib is shown in Appendix D. A list of the burnup-dependent
fission cross sections can be obtained in a similar manner.
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Table 42. Burnup-dependent absorption cross sections listed from the library name inplib

*** Absorption cross section ***
LI GHT ELEMENTS

Material 10010 h 1
Bur nup xsec
0. 00000E+00 2.92297E-01
1. 50000E+00 2.67025E-01
4. 50000E+00 2. 69065E- 01
7. 50000E+00 2.70637E-01
1. 05000E+01 2.71527E-01
1. 35000E+01 2.71941E-01
1. 65000E+01 2.72022E-01
1. 95000E+01 2.71868E-01
2. 25000E+01 2. 71552E-01
2. 55000E+01 2.71128E-01
2. 85000E+01 2.70639E- 01
3. 15000E+01 2.70120E-01
3. 45000E+01 2.69602E- 01
3. 75000E+01 2.69107E-01
4. 05000E+01 2. 68653E-01
4. 35000E+01 2.68251E-01
4. 65000E+01 2.67910E-01
4. 95000E+01 2.67631E-01
5. 25000E+01 2.67413E-01
5. 55000E+01 2.67253E-01
5. 85000E+01 2.67143E-01
Material 10030 h 3
Bur nup xsec

0. 00000E+00 2. 52490E- 06
1. 50000E+00 2. 36058E- 06
4. 50000E+00 2. 36536E- 06
7. 50000E+00 2.37026E- 06
1. 05000E+01 2. 38116E- 06
1. 35000E+01 2. 39632E- 06
1. 65000E+01 2. 41435E- 06
1. 95000E+01 2. 43422E- 06
2. 25000E+01 2. 45510E- 06
2. 55000E+01 2.47627E- 06
2. 85000E+01 2.49719E- 06
3. 15000E+01 2.51729E- 06
3. 45000E+01 2.53615E- 06
3. 75000E+01 2.55341E- 06
4. 05000E+01 2. 56881E- 06
4. 35000E+01 2.58219E- 06
4. 65000E+01 2.59351E- 06
4. 95000E+01 2. 60281E- 06
5. 25000E+01 2.61020E- 06
5. 55000E+01 2. 61586E- 06
5. 85000E+01 2. 61999E- 06
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Table 42 (continued)

Mat eri al

CUORARRNMRWWWNNNRRPRPRNRRO

CUORARRAMRWWWNNNRRPRPRNRRO

Bur nup

. 00000E+00
. 50000E+00
. 50000E+00
. 50000E+00
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01
. 15000E+01
. 45000E+01
. 75000E+01
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01
Mat eri al

Bur nup

. 00000E+00
. 50000E+00
. 50000E+00
. 50000E+00
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01
. 15000E+01
. 45000E+01
. 75000E+01
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01

80160

(0]

16

RPRRPRRRRPRPRREPRPRRPRPRRREPRRRERN

NNPNNNNNNNNNNDNNNNNNNNDN

Xsec

. 27990E- 02
. 7T7986E-02
. 84592E-02
. 90129E-02
. 93594E-02
. 95551E-02
. 96438E-02
. 96565E-02
. 96160E-02
. 95404E-02
. 94431E-02
. 93357E-02
. 92275E-02
. 91258E-02
. 90359E-02
. 89616E-02
. 89051E-02
. 88669E-02
. 88467E-02
. 88429E-02

410930 nb 9

88538E-02

Xsec

. 98754E+00
. 26611E+00
. 31361E+00
. 35273E+00
. 37533E+00
. 38599E+00
. 38825E+00
. 38462E+00
. 37693E+00
. 36664E+00
. 35483E+00
. 34243E+00
. 33020E+00
. 31873E+00
. 30845E+00
. 29967E+00
. 29254E+00
. 28711E+00
. 28334E+00
. 28108E+00
. 28017E+00
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Table 42 (continued)

ACT
Ma

Mat eri al

CUORARMRARWWWNNNRRPRPRNRRO

0
1
4
7
1
1
1
1
2
2
2
3
3.
3
4
4
4
4
5
5
5
FI S

I NI DES
terial
Bur nup
. 00000E+00
. 50000E+00
. 50000E+00
. 50000E+00
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01
. 15000E+01
45000E+01
. 75000E+01
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
85000E+01

Bur nup
. 00000E+00
. 50000E+00
. 50000E+00
. 50000E+00
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01
. 15000E+01
. 45000E+01
. 75000E+01
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01

SI ON PRODUCTS
10030 h

ABRADMDMDIMDIMDIMDIMDMNOIOOIOIOONOCOORERE

ejeleololololojojojoleololololololololeleNe

942400 pu240

Xsec
. 72582E+03
. 25301E+03
. 09789E+03
. 44735E+02
. 26692E+02
. 38705E+02
. 72433E+02
. 21487E+02
. 81527E+02
. 49640E+02
. 23841E+02
. 02758E+02
. 85409E+02
. 71074E+02
. 59202E+02
. 49367E+02
. 41223E+02
. 34489E+02
. 28927E+02
. 24335E+02
. 20545E+02

3
Xsec

. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
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Table 42 (continued)

Mat eri al

CUORARRNMRWWWNNNRRPRPRNRRO

Bur nup

. 00000E+00
. 50000E+00
. 50000E+00
. 50000E+00
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01
. 15000E+01
. 45000E+01
. 75000E+01
. 05000E+01
. 35000E+01
. 65000E+01
. 95000E+01
. 25000E+01
. 55000E+01
. 85000E+01

NNPNNNNNNNNNNNNNDNNDNNNN

410930 nb 93

Xsec

. 98754E+00
. 26611E+00
. 31361E+00
. 35273E+00
. 37533E+00
. 38599E+00
. 38825E+00
. 38462E+00
. 37693E+00
. 36664E+00
. 35483E+00
. 34243E+00
. 33020E+00
. 31873E+00
. 30845E+00
. 29967E+00
. 29254E+00
. 28711E+00
. 28334E+00
. 28108E+00
. 28017E+00
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9. XSECPLOT UTILITY PROGRAM

XSECPLOT isautility program that allows users to obtain ORIGEN-S burnup-dependent
cross sectionsin agraphica form. This program is executed by answering some prompts. Graphical
displays can be obtained for the absorption cross section and the fission cross section. Multiple plots
of the cross sections for various nuclides can be made with this program. However, thereis alimit
of ten selected nuclides per plot. The following examples illustrate the use of the XSECPLOT
program:

1. Plotting of the absorption cross section

Number of cycles. 21

Fuel irradiation period of each cycle: 0.0 20*75.0
Specific power for each cycle: 21*40.0

Number of libraries per cycle: 21*1

Data (absorption (a), fission (f)): a

Enter library name: inplib

Number of materials: 4

Material identification: 10010 80160 410930 942400

In this example, the absorption cross sections of four nuclides in the ORIGEN-S library inplib
are plotted as afunction of burnup. The nuclidesare H, O, ®*Nb, and *°Pu. The results are displayed
inFig. 4.

2. Plotting of the fission cross section

Number of cycles. 21

Fuel irradiation period of each cycle: 0.0 20*75.0

Specific power for each cycle: 21*40.0

Number of libraries per cycle: 21*1

Data (absorption (a), fission (f)): f

Enter library name: inplib

Number of materias. 5

Material identification: 922350 922380 942390 942400 942400

In this example the absorption cross section of five nuclides in the ORIGEN-S library inplib
are plotted as afunction of burnup. The nuclides are 2°U, 2°U, #°Pu, *°Pu, and *'Pu. The results
aredisplayed in Fig. 5.
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Fig. 4. ORIGEN-S burnup-dependent absorption cross sections for four nuclides: H,
O, ®Nb, and *°Pu.
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Fig. 5. ORIGEN-S burnup-dependent fission cross sections for five nuclides: U,
239PU, 24OPU, and 241PU.
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Fi

APPENDIX A

LISTING OF THE FORTRAN PROGRAM
TO REDUCE FROM 21 TO 10 BURNUP POSITIONS

program reduclib
character*80 file
di nensi on r(20000), ir(20000), in(21)

data in/7*1, 4*0, 1, 4*0, 1, 3*0,1/

50
51

ni
nt

| enane of the library with 21 burnup points
wite(6,' (" Input library name:"$)')

read(5,'(a)"') file
open(ni,file=file,status="old,form unformatted')

| ename which will contain the reduced library
wite(6,' (" Reduced library nanme:"$)")

read(5,'(a)"') file
open(nt,file=file,status="unknown', form=" unformatted')

14), (r(k), k = 1,4),
16)
14), (r(k), k = 1,4),
16)

wite(nt) j,
read(ni) j,
wite(nt) j,
read(ni) j,
wite(nt) j,
do 1 k =1,
read(ni) j, (i
wite(nt) j, (i
conti nue
do 2 k =1, 32
read(ni) j, (r
wite(nt) j, (
conti nue
el se
if( in(il) .eq. 0 ) then
do 3k =1, 4
read(ni)
conti nue
el se
do 4 k =1, 4

(
(
r
r
read(ni) j, (
(
(
4

read(ni) j, (r(kk), kk =1, j)
wite(nt) j, (r(kk), kk =1, j)
conti nue
endi f
endi f
conti nue
st op
end
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This program will prompt the following statements:
(@ Inputlibrary name:

User isrequired to enter the library name that contains the 21 burnup positions.
(b) Reduced library name:

User isrequired to enter the reduced library name that will have the 10 burnup positions.
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EXAMPLE ON HOW TO GENERATE ARP BASIC LIBRARIES






APPENDIX B

EXAMPLE ON HOW TO GENERATE ARP BASIC LIBRARIES

Severd steps are required to create ARP cross-section libraries. As a matter of example, here
a sample case is presented for aBWR 7 x 7 assembly. The example can be used as a guideline to
generate ARP cross-section libraries for other reactor assemblies. The steps are as follows:

1. Construction of SAS2H input.

It isassumed that users are familiar with the SCALE system, in particular, with the SAS2H
sequence. The BWR 7 x 7 SAS2H input is displayed in Fig. B-1. Thisinput indicates that SAS2H
will generate problem-dependent cross sections for an enrichment of 2.0 wt % of #°U and water
density of 0.2 g/cm?. The total number of cyclesis 21 with one library per cycle. The burnup position
of each library isgivenin Table 1 (p. 10). Note that the fresh-fuel cross section, corresponding to
the first burnup position, isincluded.

Problem-dependent cross-section libraries at specific enrichments, 1.5, 2.0, 3.0, 4.0, and
5.0 wt % **U and water densities 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9 g/cm® are created by
changing the numbersindicated in bold in Fig. B-1. Note that the cross-section library isin thefile
ft33f001, whereas the file ft71f001 contains the isotopic concentrations. For instance, to generate
across-section library at 3.0 wt % U, modification to the SAS2H input with regard to the fractional
composition of enriched uranium has to be made, while keeping other input values unchanged. The
changes would be as follows:

uo2 1 den=10. 32 1 840
92234 0.0178 92235 2.0 92236 0.0092 92238 97.973 end

becomes

uo2 1 den=10. 32 1 840
92234 0.0267 92235 3.0 92236 0.0138 92238 96. 9595 end

Smilaly, cross-section libraries for other enrichments are obtained. An analogous procedure
isused to generate water-density-dependent cross-section libraries. The following change would be
needed to generate problem-dependent cross sections at 0.3 g/cm?®. The changes would be:

h2o 3 den=0. 2000 1 558 end

becomes

h2o 3 den=0. 3000 1 558 end

Note that in the SAS2H input of Fig. B-1, the reactor power history is given in 21 lines,
namely, the assembly average specific power (keyword “power="), fuel irradiation period (keyword
“burn=") and downtime (keyword “down="). The average specific power for each cycle is
40 MWIMTU, and the fuel irradiation is 75 days, resulting in a burnup per cycle of 3000 MWd/MTU.
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Note aso that the irradiation time for the first cycleis 1.0 x 10*°, meaning that the fresh-fuel cross
sections are retained.

=sas?2 par m=' hal t 21, ski pshi pdat a
sas2 cooper bwr 7x7.

m xtures of fuel-pin-unit-cell

27burnuplib latticecel

uo2 1 den=10. 32 1 840

92234 0.0178 92235 2.0 92236 0.0092 92238 97.973 end
' bwr 7x7

co-59 3 0 1-20 558 end
zr-94 1 0 1-20 840 end
nb-95 1 0 1-20 840 end
nm-95 1 0 1-20 840 end
tc-99 1 0 1-20 840 end
rh-103 1 0 1-20 840 end
rh-105 1 0 1-20 840 end
ru-106 1 0 1-20 840 end
sn-126 1 0 1-20 840 end
xe-131 1 0 1-20 840 end
cs-134 1 0 1-20 840 end
cs-135 1 0 1-20 840 end
cs-137 1 0 1-20 840 end
pr-143 1 0 1-20 840 end
nd-143 1 0 1-20 840 end
ce-144 1 0 1-20 840 end
nd-144 1 0 1-20 840 end
nd-145 1 0 1-20 840 end
nd-146 1 0 1-20 840 end
nd-147 1 0 1-20 840 end
pm 147 1 0 1-20 840 end
sm147 1 0 1-20 840 end
nd-148 1 0 1-20 840 end
pm 148 1 0 1-20 840 end
pm 148 1 0 1-20 840 end
pm 149 1 0 1-20 840 end
sm149 1 0 1-20 840 end
nd-150 1 0 1-20 840 end
sm150 1 0 1-20 840 end
sm151 1 0 1-20 840 end
eu-151 1 0 1-20 840 end
sm152 1 0 1-20 840 end
eu-153 1 0 1-20 840 end
eu-154 1 0 1-20 840 end
eu-155 1 0 1-20 840 end

zircalloy 2 1 620 end
h2o 3 den=0. 2000 1 558 end

Fig. B-1. SAS2H input for the generation of ARP cross-section library
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m xtures of larger-unit-cell

uo2 5 den=10. 32 1 840
92234 0.0178 92235 2.0 92236 0.0092 92238 97.973 end
arbm gdburn 10. 32 7011
64154 2.18 64155 14.80 64156 20.47
64157 15.65 64158 24.84 64160 21. 86
8016 150.0 5 0.034 840 end

....above is 3.4 wt % gadolinium (as gd2-ox3) in the
' bur nabl e poi son pins of bw assenbly...
n 6 0 1-5 840 end
1

zircalloy 7 558 end
' ....above is zircalloy casing around assenbly

h2o 11 den=0.7627 1 552 end
' ....above is channel noderator at higher density
end conp

fuel -pin-cell geonetry:
squarepi tch 1.875 1.212 13 1.430 2 1.242 0 end

assenbly and cycl e paraneters:

npi n/ assm=49 fuel ngt h=1944. 52 ncycles=21 nlib/cyc=1
printlevel=4 Ilightel=8 inplevel=2 nunzones=7 end
5 0.606 6 0.621 2 0.715 3 1.058

500 3.311 7 3.412 11 3.845

power =40 burn=1. 0e- 15 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=1500. 0 end
h 14.5 o 236 cr 2.1
m 0.13 fe 5.8 ni 2.1
zr 455 sn 7.7
end
=shel |
mv ft33f001 $RTNDI R/ bwr 7x7e2d2.1i b
mv ft71f001 $RTNDI R/ bwr 7x7e2d2. con
end

Fig. B-1 (continued)
2. Reduce Cross-Section Library from 21 to 10 burnups
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In usng the FORTRAN program listed in Appendix A to reduce from 21-burnup to 10-burnup
libraries, users are required to answer prompts, which are the names of the files containing the
21-burnup library and the filename of the 10-burnup library. At this point, users should be aware of
the convention in regard to the filename of the 10-burnup library.
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APPENDIX C

FORTRAN LISTING OF THE ARP CODE

In addition to the FORTRAN program, ARP requiresa C routine called jstime, which islisted at the
end of the ARP listing.

program arp
par anet er (nl1=10000, n2=40, n3=2, n4=3000)

(@]

character*80 confi, filein, bw(3)

Thi s program generates ORI GEN-S cross section libraries by

i nterpolating over burnup, enrichnent and water density. SAS2H
pre-generated libraries nust exist to carry out the interpolation.
In this version libraries exist for PAR and BWR system for the
foll owi ng configurations:

a) PWR systens:
14x14, 15x15 and 17x17 configurations.
The follow ng exanple for the 14x14 configuation illustrates
how t he pre-generated SAS2H libraries are referenced in the
program s114x14, s214x14 and so on where s114x14 neans
1.5 %enrichment for the 14x14 configuration, s214x14
means 2.0 % enrichnment, etc.

b) BWR syst ens:
6x6, 7x7 and 8x8 configurations.
The library nanmes are s16x62, s16x63 and so on. s16x6
neans 1.5 % enrichnent and water density of 0.2 g/cnt*3
for the 6x6 configuration.

Luiz C. Leal

Nucl ear Data Group

Radi ation Information Anal ysis Section

Conput ati onal Physics and Engi neering Division
Cak Ridge National Laboratory

e-mail: leallc@rnl.gov

http://ww. cad. ornl . gov/ ~r os/ NUCDATA/ NDgr oup. ht ni

s NesNsNesNsNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNeoNoNoNoNeo NN el

di nension a(nl, n2, n3), rcap(n4, n2, n3), rfiss(n4, n2, n3),
* genu(n4, n2, n3), i1r(n4)

c
common /inp/kj, enrt, ncy, tirad(n2), spf(n2), nlcy(n2), confi,
* filein, rho
c
data bwr/'6x6', '7x7', '8x8'/
c
c Pronpt s:
c

wite(6,' (" Assenbly type:"$)')

read(5,'(a)"') confi

wite(6,' (" Enrichment:"$)')

read(5,*) enrt

wite(6,' (" Number of cycle:"$)')

read(5,*) ncy

wite(6,' (" Fuel irradiation period for each cycle:"$)")

read(5,*) (tirad(i), i = 1, ncy)

wite(6,' (" Specify power for each cycle:"$)')
read(5,*) (spf(i), i = 2, ncy+1)

wite(6,' (" Nurmber of libraries nade per cycle:"$)")
read(5,*) (nlcy(i), i =1, ncy)

wite(6,' (" Water density (g/cnm*3):"$)")
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OO0

OO0

(9]

read(5,*) rho
wite(6,' (" Interpolated library nanme:"$)")
read(5,'(a)') filein
End of pronpts
call jstine(jl)
Define case: PWR (14x14, 15x15, 17x17)
BWR (6x6, 7x7, 8x8)

if(confi .eq. bw(1l) .or. confi .eq. bw(2) .or.
* confi .eq. bw(3)) then

Perform enrichnent and water density interpolation for BWR

call libdensenrch(ir, a, rcap, rfiss, genu, nl, n2, n3, n4)
el se

Perform enrichnent interpolation for PR

call libenrch(ir, a, rcap, rfiss, genu, nl, n2, n3, n4)
endi f

Perform i nterpol ati on over burnup

call libburn(ir, a, rcap, rfiss, genu, nl, n2, n3, n4)
Interpolated library name

call newib(a, rcap, rfiss, genu, nl, n2, n3, n4)

call jstine(j2)

tlf =(j1-j)2) * 0.01

wite(6,'(a, f9.2, a)') ' Cpu tinme used ', tlf,' seconds

st op
end

Performinterpolation in water density and enrichnent

subroutine libdensenrch(ir, a, rcap, rfiss, genu, nl, n2, n3, n4)

paranmet er (ml=3000, n2=40, nB8=2, m4=5, nb=8, n6=10000)
character*80 file(100), fileb(40), confi, filein, conf(4), bw (3)

di nension a(nl, n2, n3), rcap(n4, n2, n3), rfiss(n4, n2, n3),
* genu(n4, n2, n3), i1r(n4)

common /di m nburnl, na, ncap, nfiss, ngenu

comon /inp/kj, enrt, ncy, tirad(m2), spf(nm2), nlcy(n2), confi,
* filein, rho

enri chnment vector |ocally dinensioned

di nension enr(m4), dens(nb), ax(nb, nR), capx(nl, nR),
* fisx(ml, nR), genx(ml, nR)

vector dens contains the water densities for which cross section
libraries are tabul ated

data nd, dens/8, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9/

vector dens contains the water densities for which cross section
libraries are tabul ated

data np, enr/5, 1.5, 2.0, 3.0, 4.0, 5.0/
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[eNesNsNeoNsNeoNoNoNeNel

eNeNesNeNeNel

o0

o0

eNeNesNeNeNe)

o0

data bwr/' 6x6',

" 7x7"

, ' 8x8'/

define sas2 library names for five water densities and five

enri chnents.
Exanpl es:

a) s16x62 neans 1.5 % enrichnenent

density of 0.2 g/cnt*3 for a 6x6 assenbly

b) s37x74 neans 3.0 % enr chrmenent

0.4 g/cnm*3 for a 7x7 assenbly

5,

5,

5,

5,

5,

5,

5,

5,

5,

5,

Configuration: bw 6x6
data file/

Configuration: bw 6x6

Enrichment 1.5 %

Water densities: 0.2,0.3,0.4,0.
* 's16x62', 's16x63'
* 's16x67', 's16x68

Enrichment 2.0 %

Water densities: 0.2,0.3,0.4,0.
* 's26x62', 's26x63'
* 's26x67', 's26x68

Enrichrment 3.0 %

Water densities: 0.2,0.3,0.4,0.
* 's36x62', 's36x63'
* 's36x67', 's36x68

Enrichment 4.0 %

Water densities: 0.2,0.3,0.4,0.
* 's46x62', 's46x63'
* 's46x67', 's46x68

Enrichment 5.0 %

Water densities: 0.2,0.3,0.4,0.
* 's56x62', 's56x63'
* 's56x67', 's56x68'
Configuration: bw 7x7

Enrichrment 1.5 %

Water densities: 0.2,0.3,0.4,0.
* 's17x72', 's17x73
* 's17x77', 's17x78'

Enrichment 2.0 %

Water densities: 0.2,0.3,0.4,0.
* 's27x72', 's27x73'
* ''S27x77', 's27x78'

Enrichment 3.0 %

Water densities: 0.2,0.3,0.4,0.
* 's37x72', 's37x73
* 's37x77', 's37x78'

Enrichment 4.0 %

Water densities: 0.2,0.3,0.4,0.
* 'S4TXT72', ' S4Tx73'
* 'SATXTT', ' S4Tx78',

Enrichment 5.0 %

Water densities: 0.2,0.3,0.4,0.
* 's57x72', 'sb7x73'
* "'s57x77', 'sb7x78

and wat er of
and water density of

0.6,0.7,0.8,and 0.9 g/cnt*3
's16x64', 's16x65', 's16x66
's16x69',

0.6,0.7,0.8,and 0.9 g.cn**3
's26x64', 's26x65', 's26%x66
' $26%69'

0.6,0.7,0.8,and 0.9 g.cn**3
's36x64', 's36x65', 's36x66
' $36x%69'

0.6,0.7,0.8,and 0.9 g.cn**3
's46x64', 's46x65', 's46x66
' s46x69' ,

0.6,0.7,0.8,and 0.9 g.cn**3
's56x64', 's56x65', 's56x66
' s56x69',

0.6,0.7,0.8,and 0.9 g/cnt*3
's17x74', 's17x75', 's17x76
's17x79",

0.6,0.7,0.8,and 0.9 g.cn**3
'827x74', 's27x75', 's27x76
''s27x79'

0.6,0.7,0.8,and 0.9 g.cn**3
's37x74', 's37x75', 's37x76
's37x79'

0.6,0.7,0.8,and 0.9 g.cn**3
'S47x74' | ' s47xT75', 's47x76
' S47X79"

0.6,0.7,0.8,and 0.9 g.cn**3
's57x74', 's57x75', 's57x76
''s57x79"
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Configuration: bw 8x8

Enrichment 1.5 %

Water densities: 0.2,0.3,0.4,0.5,0.6,0.7,0.8,and 0.9 g/cnt*3
* 's18x82', 's18x83', 's18x84', 's18x85', 's18x86
* 's18x87', 's18x88', 's18x89"

Enrichment 2.0 %
Water densities: 0.2,0.3,0.4,0.5,0.6,0.7,0.8,and 0.9 g.cnt*3

* 's28x82', 's28x83', 's28x84', 's28x85', 's28x86
* 's28x87', 's28x88', 's28x89

Enrichment 3.0 %

Water densities: 0.2,0.3,0.4,0.5,0.6,0.7,0.8,and 0.9 g.cnt*3

* 's38x82', 's38x83', 's38x84', 's38x85', 's38x86
* 's38x87', 's38x88', 's38x89

Enrichment 4.0 %

Water densities: 0.2,0.3,0.4,0.5,0.6,0.7,0.8,and 0.9 g.cnt*3

* 's48x82', 's48x83', 's48x84', 's48x85', 's48x86
* 's48x87', 's48x88', 's48x89'

Enrichment 5.0 %

Water densities: 0.2,0.3,0.4,0.5,0.6,0.7,0.8,and 0.9 g.cnt*3

* 's58x82', 's58x83', 's58x84', 's58x85', 's58x86
* 's58x87', 'sb8x88', 's58x89'/

if( confi .eq. bw (1)) then
I =0
do 212 i =1, 40

I =1 +1

fileb(l) = file(i)
212 conti nue

elfe if( confi .eq. bw(2)) then
=0

do 313 i = 41, 80
I =1 +1
fileb(l) = file(i)
313 conti nue
do 414 i = 81, 120
I =1 +1
fileb(l) = file(i)
414 conti nue
endi f

rho and enr are tested to find library position.

do 11 i1 =1, nd
i f(dens(il) .ge. rho) then
i =il
go to 111
endi f
11 conti nue
111 if(il1 .gt. 1) then
i 1

i =il -

dens(1) = dens(il - 1)

dens(2) = dens(il)
endi f

do 22 j1 =1, np
if(enr(jl) .ge. enrt) then
i =1
go to 222
endi f

22 conti nue
222 if(j1 .gt. 1) then

] =j1-1
enr(1) =enr(jl1 - 1)
enr(2) =enr(jl)
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endi f

Ib =i +(j-1)* nd
c
c | abeled library unit starting fromb50
c
ki = 50
ki = ki +1
open(ki, file=fileb(lb), status="old, fornF unformatted')
open(kj, file=fileb(lb+1), status="old', form= unformatted')
mb =1b + 8
ki = kj +1
ki = ki +1
open(ki, file=fileb(nb), status="old, fornF unformatted')
open(kj, file=fileb(nb+1), status="old', form= unformatted')
c
c Perform search over water density range for interpolation purpose
c total nunber of libraries created with sas2: 10 (fresh-fuel cross
c sections included)
c
c Nurmber of burnup libraries in the base libraries
c
33 nl = 10
ni = 49
do 777 ip =1, 2
do 7 kl =1, 2
ni =ni +1
c
c | oop over libraries
c
do 6 il =1, nl
if (il .le. 1) then
do k =1, 4
read(ni)
4 conti nue
read(nl)J, (ir(k), k =1, j)
do 4 6, 22
read(m)
44 conti nue
read(ni)j, (a(k, il, kl), k=1, j)
na =
read(ni)j, (rcap(k, il, kI), k=1, j)
ncap =
read(nl)J, (rfiss(k, il, k), k=1, j)
nfiss = |
read(ni)j, (genu(k, il, klI), k =1, j)
ngenu = j
do 5 k =1, 14
read(ni)
5 conti nue
el se
read(ni)j, (a(k, il, kI), k=1, j)
read(ni)j, (rcap(k, il, klI), k =1, j)
read(ni)j, (rfiss(k, il, kl), k=1, ])
read(ni)j, (genu(k, il, klI), k =1, j)
endi f
6 conti nue
7 conti nue
c
c Interpolates over water density
c
call linterpa(ip, rho, dens, a, na, nl, nl, n2, n3)
call linterpb(ip, rho, dens, rcap, ncap, nl, n4, n2, n3)
call linterpb(ip, rho, dens, rfiss, nfiss, nl, n4, n2, n3)
call linterpa(ip, rho, dens, genu, ngenu, nl, n4, n2, n3)
c

c Save interpolated water density values for the first

Cc

|f(|p eq.
do 888 ix = 1,

enri chnment

1) t hen

nl
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do 999 jx =1, n2
ax(ix, jx) =a(ix, jx, ip)
999 conti nue
888 conti nue
c
do 555 ix =1, n4
do 666 jx = 1, n2
capx(ix, jx) = rcap(ix, jx, ip)
fisx(ix, jx) =rfiss(ix, jx, 1p)
genx(ix, Jx) = genu(ix, jX, ip)
666 conti nue
555 conti nue
endi f
777 continue
c
c Interpol ates over enrichnent
c
ip=1
c
¢ Recover interpolated water density values for the first enrichnent
c
do 444 ix =1, nl
do 333 jx =1, n2
a(ix, jx, ip) = ax(ix, jx)
333 conti nue
444 continue
c
do 202 ix =1, n4
do 101 jx =1, n2
rcap(ix, jx, ip) = capx(ix, jx)
rfiss(ix, jx, i1p) = fisx(ix, jXx)
genu(ix, jx, ip) = genx(ix, jX)
101 conti nue
202 continue
call linterpa(ip, enrt, enr, a, na, nl, nl, n2, n3)
call linterpb(ip, enrt, enr, rcap, ncap, nl, n4, n2, n3)
call linterpb(ip, enrt, enr, rfiss, nfiss, nl, n4, n2, n3)
call linterpa(ip, enrt, enr, genu, ngenu, nl, n4, n2, n3)
c
return
1000 format (1lp, 3(1x, i7, ell.4))
end
c
c Carry out interpolation over enrichnent
c
subroutine libenrch(ir, a, rcap, rfiss, genu, nl, n2, n3, n4)
par anet er (ml=3000, n2=40, nB8=2, mMi=5)
character*80 file(20), confi, filein, conf(4)
di nension a(nl, n2, n3), rcap(n4, n2, n3), rfiss(n4, n2, n3),
* genu(n4, n2, n3), ir(n4)
c
common /di m nburnl, na, ncap, nfiss, ngenu
c
comon /inp/kj, enrt, ncy, tirad(m), spf(nm2), nlcy(n2), confi,
* filein, rho
c
c enri chnment vector |ocally dinensioned
di nension enr(m4), pcap(nl, nR2, nB), pfiss(nl, n2, nB)
c
c vector enr contains the enrichnments for which cross section
c libraries are tabul ated
c
data np, enr/5, 1.5, 2.0, 3.0, 4.0, 5.0/
c define sas2 library names for 1, 3, and 5 % enrichnent.
data filel/'s114x14', 's214x14', 's314x14', 's414x14', 's514x14'
* 's115x15', 's215x15', 's315x15', 's415x15', 's515x15'
* 's117x17', 's217x17', 's317x17', 's417x17', 's517x17'
* 's18x8', 's28x8', 's38x8', 's48x8', 's58x8'/
c
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33

44
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data conf/'14x14', ' 15x15', '17x17', '8x8'/

| abeled library unit starting fromb50

npp = 2*np
do 11 i =1, npp

if(confi .eq. conf(i)) go to 22
conti nue

Ib=5*i -5
kb = 0
do 1 i = 50, 49+np
Ib=1b+ 1
kb = kb + 1
if(enrt .ge. enr(kb) .and. enrt .le. enr(kb+1l)) then
ki =i
ki =i +1
open(ki, file=file(lb), status='old
open(kj, file=file(lb+1l), status='old',
go to 33
endi f
conti nue

perform search over enrichnment range for

total nunber of libraries created with sas2

form=" unformatted')
forme" unformatted')

i nterpol ati on purpose.

sections included in the first burnup position)

nl = 10
do 7 kl =1, 2
ni = ki + kIl -1
enr (kl) = enr(kb+kl -1)

| oop over libraries

read(ni)j, (ir(k), k =1, j)
do 44 k' = 6, 22

read(ni)
conti nue
read(ni)j, (a(k, il, kl), k=1, j)
na = j
read(ni)j, (rcap(k, il, klI), k =1, j)
ncap = j
read(ni)j, (rfiss(k, il, kl), k=1, j)
nfiss = |
read(ni)j, (genu(k, il, klI), k =1, j)
ngenu = j
do 5 k =1, 14
read(ni)

conti nue

el se
read(ni)j, (a(k, il, kI), k=1, j)
read(ni)j, (rcap(k, il, klI), k =1, j)
read(ni)j, (rfiss(k, il, kl), k=1, ])
read(ni)j, (genu(k, il, kl), k =1, j)

endi f

conti nue
conti nue

Performinterpol ation on enrichnent

10 (fresh-fuel

ip=1

call linterpa(ip, enrt, enr, a, na, nl, nl, n2, n3)

call linterpb(ip, enrt, enr, rcap, ncap, nl, n4, n2, n3)
call linterpb(ip, enrt, enr, rfiss, nfiss, nl, n4, n2, n3)
call linterpa(ip, enrt, enr, genu, ngenu, nl, n4, n2, n3)
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return

1000 format (1lp, 3(1x, i7, ell.4))

end
Linear-linear interpolation on matrix a el enents

subroutine linterpa(ip, xp, X, y, nis, nl, na, nb, nc)
di nension x(nc), y(na, nb, nc)
do2i =1, nis

do 1j =1, nl

a=(y(i, j, 2) - y(i, j, 1)) /I (x(2) - x(1))
y(i, |, 1p) =y, j, 1) +(xp- x(1)) * a
conti nue
conti nue
return
end

Log-linear interpolation on absorption cross section

subroutine linterpb(ip, xp, X, y, nis, nl, na, nb, nc)
di nension x(nc), y(na, nb, nc)
do 2i =1, nis
do 1j =1, nl
if( y(i, j, 1) .ne. 0.0) then
yl =y(i, j, 1)
1))

alyl = alog(y(i, j,
aly2 = alog(y(i, J, 2))

a = (aly2 - alyl) / (x(2) - x(1))
aly = alyl + (xp - x(1)) * a

y(i, j, ip) = exp(aly)

el se o
yl =y(i, j, 1) o
a=(y(i, [, 2) - y(i, j, 1))/ (x(2) - x(1))
y(i, j, ip) =y(, j, 1) +(xp - x(1)) * a
endi f
conti nue
conti nue
return

end

Perform burnup interpolation using interpolation schene devel oped
by N. M G eene (NM3

subroutine libburn(ir, a, rcap, rfiss, genu, nl, n2, n3, n4)
par anet er (ml=3000, nm2=40, nB8=3)

character*80 file, confi, filein

di nension a(nl, n2, n3), rcap(n4, n2, n3), rfiss(n4, n2, n3),
* genu(n4, n2, n3), i1r(n4)

common /di m nburnl, na, ncap, nfiss, ngenu

comon /inp/kj, enrt, ncy, tirad(m), spf(nm2), nlcy(n2), confi,
* filein, rho

burnup and ot her vectors |ocally dinensioned.

di nensi on burn(n?), burnl (n2), pcap(ml, n2), pfiss(ml, nR)
burnup val ues at which cross sections are tabul ated
*data nburn, burn/10, 0.0, 1500.0, 4500.0, 7500.0, 10500.0,

13500. 0, 16500.0, 31500.0,
46500. 0, 58500. 0/

this step requires paraneters for generating burnup vector, (vector
burnl), for interpolation on the cross section table.

followi ng are the user input fromwhich vector burnl are obtained

tirad - irradiation tinme for each cycle.
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ncy - nunber of cycle.

spf - specific power for each cycle.

nlcy - nunber of requested libraries for each cycle.
spf(1) = 0.0

| =0

bas = 0.0

| oop over cycles to determ ne vector burnl

do 2i =1, ncy
ncc = nlcy(i)
if(i .ne. 1) bas = bas + tirad(i-1) * spf(i)
rat = (tirad(i)/ncc) * spf(i+1)
do 1j =1, nlcy(i)
I =1 +1
burnl (I) = bas + 0.5 * (2*j - 1) * rat
conti nue
conti nue
nburnl =1

¢ Ofsets burnup vectors for interpolation purpose

Cc

OO0

o0

7
8

do 3 i =1, nburn

burn(i) = burn(i) + 50.0
conti nue
do 4 i =1, nburnl

burnl (i) = burnl (i) + 50.0
conti nue

Generates coeficients for NMG interpolation schenme on
bur nup.

call nnginterp2(nburn, burn, ncap, rcap, nfiss, rfiss,
* pcap, pfiss, nl, n2, n3, n4, ml, n2, nB)

set aside points for interpolation.
do 8 i =1, nburnl

do 7j =1, nburn - 1
if(burnl (i) .gt. burn(j) .and. burnl (i) .le. burn(j+1))
t

* hen
call intburna(i, burnl (i), j, burn(j), burn(j+1),
* a, na, nburn, nl, n2, n3)
call intburnb(i, burnl (i), j, burn(j), burn(j+1),
* rcap, ncap, nburn, pcap, n4, n2, n3, 1)
call intburnb(i, burnl (1), j, burn(j), burn(j+1),
* rfiss, nfiss, nburn, pfiss, n4, n2, n3, 1)
call intburnb(i, burnl (i), j, burn(j), burn(j+1),
* genu, ngenu, nburn, npcap, n4, n2, n3, 0)
go to 8
endi f
conti nue
conti nue
return

1000 format (1lp, 3(1x, i7, ell.4))

(9]

end
Schenme devel oped by NN M Greene

subroutine nnginterp2(nburn, burn, ncap, rcap, nfiss, rfiss,

* pcap, pfiss, nl, n2, n3, n4, ml, n2, nB)
di nensi on burn(n?), rcap(n4, n2, n3), rfiss(n4, n2, n3),

Vector |ocally dinmensioned

di nensi on yy(21)
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Conpute p's for absorption cross sections.

do 3 i =1, ncap
do 1j =1, nburn
if(rcap(i, j, 1) .ne. 0.0) then
yy(j) = alog(rcap(i, j, 1))
el se

yy(i) = rcap(i, j, 1)
endi f
conti nue
do 2 k = 2, nburn - 1
xa = burn(k-1)
ya = yy(k-1)
xb = burn(k+1)
yb = yy(k+1)
x = burn(k)

k

y = yy(k)
call pfit33(xa, ya, xb, yb, x, y, p)

pcap(i, k) =p
conti nue

pcap(i, 1) = pcap(i, 2) + (burn(1) - burn(2)) *

¥ (pcap(i, 3) - pcap(i
* (burn(3) - burn(2))
pcap(i, nburn) = pcap(i, nburn-1)

2)) /

+

(burn(nburn) - burn(nburn-1))
(pcap(i, nburn-1) - pcap(i, nburn-2)) /

* (burn(nburn-1) -
conti nue

bur n( nbur n- 2)

Conpute p's fo fission cross sections.

do 6 i =1, nfiss
do 4 j =1, nburn

if(rfiss(i, j, 1) .ne. 0.0) then

yy(j) = alog(rfiss(i, j, 1))
el se _ _ o

yy(j) =rfiss(i, j, 1)
endi f
conti nue
do 5 = 2, nburn - 1

xa bur n(k-1)

ya = yy(k-1)

xb bur n(k+1)

yb = yy(k+1)

x = burn(k)

= k

=

y = yy(k)
call pfit33(xa, ya, xb, yb, x, y, p)

pfiss(i, k) =p
conti nue

pfiss(i, 1) = pfiss(i, 2) + (burn(1l) - burn(2))
: (pfiss(i, 3) - pfiss(i, 2)) /

(burn(3) - burn(2))

pfiss(i, nburn) = pfiss(i, nburn-1) +
(burn(nburn) - burn(nburn-1))
* (pfiss(i, nburn-1) - pfiss(i
bur n( nbur n- 2))

* (burn(nburn-1) -
conti nue

return

end

*

)

*

*

nburn-2)) /

Interpolation is carried out based on the formalism

y=ya+(x**p-xa**p) *(yb-ya)/ (xb**p-xa**p)

where p varies with x according to:

p(x) = pa + (pb - pb)*(x-xa)/(xb-xa)

subroutine pfit33(xa,ya, xb,yb, x,y, p)
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f (x, xa, ya, xb, yb, p) ya+((x/xa)**p 1.0)*(yb- ya)/((xb/xa)**p 1.0)
df (x, xa, ya, xb yb, p) =(yb-ya) *(((xb/ xa) **p- 1.

((x/xa)** *(alog(x) al og(xa))) - ((x/xa)**p-l 0)*
((xb/xa)**p (al og(xb)-alog(xa))))/ ((xb/xa)**p-1.0)**2

c
c calculate p's in y=zya+(x**p-xa**p)*(yb-ya)/ (xb**p-xa**p) fit
c
eps=0. 001
né = 6
c
c *** do 3-point p-fits
c
pmax = 5.0
p=1.0
i c=0
if (y.eq. 0.0) go to 150
if (y.lt.ya.and.y.lt.yb) go to 150
if (y.gt.ya.and.y.gt.yb) go to 150
c
c *** the two preceeding statenments test for non-nonotonicity
c *** the follow ng checks for the case when it's unnecessary to interp
c

if (abs((ya-y)/y).le.eps.and.abs((yb-y)/y).le.eps) go to 150
140 v=f (X, xa, ya, xb, yb, p)

dv=df ( x, xa, ya, xb, yb, p)

nl i ne=nline+l

if (abs((v- y)/y) le.1l.0e-5) go to 150

if (dv.eq.0.0) dv=1.0
~am nl(pmax, p- (v-y)/dv)
ic+l
ic.le.10) go to 140
150 conti nue
160 conti nue

if(ic.gt.10)return 1

return
end
c
c
c
subroutine intburna(ip, xp, iqg, xa, xb, y, nis, nburn, nl, n2, n3)
di mensi on y(nl, n2, n3)
doli =1, nis
a=(y(i, ig+l, 1) - y(i, iqg, 1)) / (xb - xa)
y(l ip, 2) =y(i, iqg, 1) +(xp - xa) * a
1 conti nue
return
end
c
c
c
subroutine intburnb(ip, xp, iqg, xa, xb, y, nis, nburn, p
* n4, n2, n3, key)
di nension y(n4, n2, n3), p(n4, n2)
if(key .eq. 0) then
do1i = 1, nis
a = (y(i, ig+l, 1) - y(i, iq, 1)) / (xb - xa)
y(i, ip, 2) =y(i, iq, 1) + (xp - xa) * a
1 conti nue
el se
do 2i =1, nis
if(y(i, ig, 1) .le. 0.0) goto 2
al ogyl = alog(y(i, iq, 1))
al ogy2 = alog(y(i, ig+l, 1)) o _
pv. = p(i, iq) + (xp - xa) * (p(i, iq+l) - p(i, iq)) / (xb -xa)
prta = ((xp/xa) ** pv - 1.0) * (alogy2 - alogyl) /
* ((xb/xa) ** pv - 1.0)
alogy = alogyl + prta
y(i, ip, 2) = exp(alogy)
2 conti nue
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endi f
return

1000 format (1lp, 3(1x, i7, ell.4))

end

Create interpolated cross section library

subroutine newib(a, rcap, rfiss, genu, nl, n2, n3, n4)

par anet er (ml=20000, nR2=40)

character*80flle, confi, filein

d| nension a(nl, n2, n3), rcap(n4, n2, n3), rfiss(n4, n2, n3),
genu(n4, n2, n3)

di nension r(mt), ir(ntl)

comon /dinm nl, na, ncap, nfiss, ngenu

comon /inp/kj, enrt, ncy, tirad(m2), spf(nm2), nlcy(n2), confi,
* filein

Uses existing open libraries to store new library

ni = kj
rewi nd ni
nt = 34

open(nt,file=filein,status="unknown', form=" unformatted')
do 4 il =1, nl

if (il .le. 1) then
read(nl) (|r(k), k =1, 14), (r(k), k =1,4),
* r(k), k = 15, 16)
wite(nt) ( r(k), kK =1, 14), (r(k), k =1,4),
* ir(k), k = , 16)
read(ni) j, (r(k), k=1, j)
wite(nt) j, (r(k), k =1, j)
read(ni) j, (ir(k), k=1, J)
wite(nt) j, (ir(k), k=1, J)
read(ni) j, (r(k), k=1, j)
wite(nt) j, (r(k), k =1, )
do 1 k =1,
read(ni) j, (ir(kk), kk =1, j)
wite(nt) j, (ir(kk), kk =1, J)
conti nue
do 2 k =1, 14
read(ni) j, (r(kk), kk =1, j)
wite(nt) j, (r(kk), kk =1, J)
conti nue
read(ni)
wite(nt) na, (a(k, il, 2), k =1, na)
read(ni)
wite(nt) ncap, (rcap(k, il, 2), k = 1, ncap)
read(ni)
wite(nt) nfiss, (rfiss(k, il, 2), k =1, nfiss)
read(ni)
wite(nt) ngenu, (genu(k, il, 2), k = 1, ngenu)

do 3 k =1, 14
read(ni) j, (r(kk), kk =1, j)
wite(nt) j, (r(kk), kk =1, J)
conti nue
el se
read(ni)
wite(nt) na, (a(k, il, 2), k =1, na)
read(ni)
wite(nt) ncap, (rcap(k, il, 2), k = 1, ncap)
read(ni)
wite(nt) nfiss, (rfiss(k, i
read(ni) j, (r(k), k =1, j)
wite(nt) ngenu, (genu(k, il
endi f
conti nue
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return
end

The jstinme routine

Date the nodul e was | ast pernmanently updated: 93/ 07/ 22

Ti me the nodul e was | ast permanently updat ed: 07: 38:55
Pr ogramrer nane: L. M PETRI E
Modul e nane: ULJSTI ME
Current archiving | evel nunber: 00001
Current nunber of pernmanent updates: 00001

Date of |ast access by librarian: 93/ 07/ 22

Dat aset nanme: X4S. SCALE4. MASTER

HHHBHBHBHHRH BB H B H B R B H AR AR B A H B AR B AR B AR HH A
*/

#i ncl ude <sys/tines. h>

#i f def UNDERSCORE

#define JSTIME jstine_

#el se

#define JSTIME jstine

#endi f

extern void JSTIME (long *tine_left)

struct tms buf, *buffer;
doubl e time_used;
| ong tinme_gns;
buf fer = &buf;
time_gns = (long)tines(buffer);
if (time_gms !'= -1)
time_used = (buffer->tms_utime + buffer->tns_stine +
buffer->tns_cutine + buffer->tns_cstine)/60.;
*time_left = 100.*(20000000. -ti ne_used);
return;

}

el se

{
*time_left = OL;

return;
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APPENDIX D

FORTRAN LISTING OF THE LISTBURN UTILITY PROGRAM

program |l i stburn
di nension tirad(30), spf(30), nlcy(30), burnl (30)
character*80 filein

Thi s program generates burnup positions at which ORIGEN-S |libraries were
created in the SAS2H sequence. The input variables are simliar to that
SAS2H i nput .

tirad - irradiation tinme for each cycle.

ncy - nunber of cycle.

spf - specific power for each cycle.

nlcy - nunber of requested libraries for each cycle.

wite(6,' (" Number of cycle:"$)')

read(5,*) ncy

wite(6,' (" Fuel irradiation period for each cycle:"$)")
read(5,*) (tirad(l), I =1, ncy)

wite(6,' (" Specific power for each cycle:"$)")
read(5,*) (spf(l), I = 2, ncy+1)

wite(6,' (" Nurmber of libraries per cycle:"$)"')
read(5,*) (nlcy(l), I =1, ncy)

wite(6,' (" Qutput filename:"$)")

read(5,'(a)') filein

no = 22

open(no, file=filein,status=" unknown')

spf(1) = 0.0

| =0

bas = 0.0
| oop over cycles to determ ne vector burnl

wite(no,*)" Burnup position of the SAS2H generated libraries
wite(no,*)" Position Bur nup (GND MTU) '
do 2 i =1, ncy
ncc = nlcy(i)
if(i .ne. 1) bas = bas + tirad(i-1) * spf(i)
rat = (tirad(i)/ncc) * spf(i+1)
do 1j =1, nlcy(i)
I =1 +1
burnl (I) = bas + 0.5 * (2*j - 1) * rat
burnl (1) = burnl(l) / 1000.0
write(no,1000)1, burnl(I)
1 conti nue

2 conti nue
st op

1000 format (1x, i4, 16x, f10.5)
end
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FORTRAN LISTING OF THE XSECLIST UTILITY PROGRAM

program xsecl i st
di nension tirad(30), spf(30), nlcy(30), burnl (30)

c
c This programin intended to |ist ORI GEN-S/ SAS2H cross sections
c library as a function of the burnup
c
c
c tirad - irradiation tinme for each cycle.
c ncy - nunber of cycle.
c spf - specific power for each cycle.
c nlcy - nunber of requested libraries for each cycle.
c
wite(6,' (" Number of cycle:"$)')
read(5,*) ncy
wite(6,' (" Fuel irradiation period for each cycle:"$)")
read(5,*) (tirad(i), i = 1, ncy)
wite(6,' (" Specifc power for each cycle:"$)")
read(5,*) (spf(i), i = 2, ncy+1)
wite(6,' (" Nurmber of libraries per cycle:"$)"')
read(5,*) (nlcy(i), i =1, ncy)
spf(1) = 0.0
| =0
bas = 0.0
c
c | oop over cycles to determ ne vector burnl
c
do 2 i =1, ncy
ncc = nlcy(i)
if(i .ne. 1) bas = bas + tirad(i-1) * spf(i)
rat = (tirad(i)/ncc) * spf(i+1)
do 1j =1, nlcy(i)
I =1 +1
burnl (I) = bas + 0.5 * (2*j - 1) * rat
burnl (1) = burnl(l) / 1000.0
c write(no,1000)1, burnl(I)
1 conti nue
c
2 conti nue
call listxsec(l, burnl)
st op
1000 format (1x, i4, 16x, f10.5)
end
c
c
c
subroutine listxsec(nl, burn)
character*1l char1(3), char2, chard, charl, id*6
c
paranmeter (icf=2000, inl=30)
di nension ntrd(icf), ir(icf), id(icf), rcap(icf, inl),
* rfiss(icf, inl), burn(nl)
c
common /char/char1l, char2, chard, charl
c
data charl1l, char2/'a', 'f', 'b', 'n'/
c

wite(6,' (" Data (absorption (a), fission (f), or both (b)): "$)")
read(5,'(a)') chard
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*

Loop over

5

1000

*

*

wite(6,' (" List
read(5,'(a)') char

cal
cal

rdlib(icf,
sel ect (ntrd,
kcap,

st op

end

subroutine rdlib(i
character*80 file
di nension ir(icf),

common/ couter/itot

wite(6,' (" Enter
read(5,'(a)") file

ni 1

inl,

entire library (yes=y,

ir, rcap,
ir, id, burn,
kfiss)

r

cf, inl, ir, r

rcap(icf,
, ilite, iact,

i brary nane:

inl),

no=n) :

fiss,
rcap,

nl, kcap,
rfiss,

cap, rfiss, nl

rfiss(icf,
ifp

"$)")

"g)"

i cf,

)

kfiss)

inl, nl,

kcap, kfiss)

inl)

open(ni,file=file,status="old,form" unformatted')

libraries

do 5 il 1,
if (il .le. 1) t
do 1k =1, 4
read(ni)

conti nue
read(ni)j,
do 2 k = 6,
read(ni)

conti nue

n

(ir
23

read(ni) j, (r
kcap =
read( ni
kfiss
do 3 k 1,
read(ni)
conti nue
read(ni)
read(ni) il
read(ni) iac
ifp =itot
do 4 k 1,
read(ni)
conti nue
el se
read(ni)
read(ni) j,
read(ni) j,
read(ni)
endi f
conti nue

=1

4

ito

(r
(r

return
format (1p,
end
subroutine sel ect(

3(5x,17

character*1 char 1(

hen

(k), k=1,

i)

cap(k, il), k

g_j , (rfiss(k, il), k

t
te
t
ilite -
8

i act

cap(k, .k
), k

i)
fiss(k, il

,el15.3) )

mrd, ir,
kcap, kfiss)
3), char?2,

par anet er (.t d=2000)

di nension ntrd(icf),

r2(icf,

comon /char/charl

ir(inl),
inl), burn(nl)

, char2, chard,

id, burn,

chard,

i d(icf),

rl, r2,

charl, id*6,

charl
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common/couter/itot, ilite, iact, ifp

no = 22
wite(6,' (" Qutput filename:"$)')
read(5,'(a)') filein
open(no, file=filein, status="unknown')
key = 0
if(charl .eq. char2) then

wite(6,' (" No. of materials: "$)')

read(5, *)nt
wite(6,' (" Material identification: "$)')
read(5,*)(mrd(i), i =1, nt)
key = 1
endi f

if(chard .eq. charl1(1)) then
wite(no,*)"'*** Absorption cross section ***
do 4 i =1, kcap
if(i .eq. 1) then
write(no,*)' LI GHT ELEMENTS'

endi f

if(i .eq. ilite) then
write(no,*)" ACTI Nl DES

endi f

ilia=1ilite + iact

if(i .eq. ilia) then
write(no,*)"' FI SSI ON PRODUCTS

endi f

if(key .eq. 0) then
call noah(ir(i), id(i))
wite(no,*)" Material ', ir(i), id(i)
wite(no,*)' Bur nup Xsec
do 1j =1, nl
write(no,1000) burn(j), r1(i,j)
conti nue
else if(key .eq. 1) then
do3k=1 m
if(mrd(k) .eq. ir(i)) then
call noah(ir(i), id(k))
wite(no,*)" Material ', ir(i), id(k)
wite(no,*)' Bur nup Xsec
do 2j =1, nl
wite(no, 1000) burn(j), rl(i,j)
conti nue
endi f
conti nue
endi f
conti nue
else if(chard .eq. char1(2)) then
wite(no,*)"'*** Fission cross section ***
do 8 i =1, kfiss
if(key .eq. 0) then
call noah(ir(i+689), id(i))
wite(no,*)" Material ', ir(i+689), id(i)
wite(no,*)' Bur nup Xsec
do 5j =1, nl
write(no,1000) burn(j), r2(i,j)
conti nue
else if(key .eq. 1) then
do7k =1 m

if(mrd(k) .eq. ir(i+689)) then
call noah(ir(i+689), id(i))
wite(no,*)" Material ', ir(i+689), id(i)

wite(no,*)' Bur nup Xsec
do 6 ] =1, nl
write(no,1000) burn(j), r2(i,j)
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11
12

13

14
15

conti nue
endi f
conti nue
endi f
conti nue
else if(chard .eq. char1(3)) then
if(key .eq. 0) then
wite(no,*)"'*** Absorption cross section ***
do 10 i = 1, kcap
if(i .eq. 1) then
write(no,*)' LI GHT ELEMENTS
endi f
if(i .eq. ilite) then
write(no,*)" ACTI Nl DES
endi f
ilia=ilite + iact
if(i .eq. ilia) then
write(no,*)"' FI SSI ON PRODUCTS
endi f
call noah(ir(i), id(i))
wite(no,*)" Material ', ir(i), id(i)
wite(no,*)' Bur nup Xsec
do 9 =1, nl
write(no,1000) burn(j), r1(i,j)

conti nue
conti nue
wite(no,*)"'*** Fission cross section ***
do 12 i =1, kfiss
call noah(ir(i+689), id(i))
wite(no,*)" Material ', ir(i+689), id(i)
wite(no,*)' Bur nup Xsec

do 11 j =1, nl
write(no,1000) burn(j), r2(i,j)
conti nue
conti nue
else if (key .eq. 1) then
wite(no,*)"'*** Absorption cross section ***
do 15 i =1, kcap
if(i .eq. 1) then
write(no,*)' LI GHT ELEMENTS

endi f

if(i .eq. ilite) then
write(no,*)" ACTI Nl DES

endi f

ilia=ilite + iact

if(i .eq. ilia) then
wite(no,*)"' FI SSI ON PRODUCTS

endi f

do 14 k = 1, nt
if(mrd(k) .eq. ir(i)) then
call noah(ir(i), id(k))
wite(no,*)" Material ', ir(i), id(k)
wite(no,*)' Bur nup Xsec
do 13 j =1, nl
write(no,1000) burn(j), r1(i,j)

conti nue
endi f
conti nue
conti nue
wite(no,*)"'*** Fission cross section ***
do 18 i =1, kfiss
do 17 k =1 , nt
if(mrd(k) .eq. ir(i+689)) then
call noah(ir(i+689), id(k))
wite(no,*)" Material ', ir(i+689), id(k)
wite(no,*)' Bur nup Xsec
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do 16 j =1, nl
write(no, 1000) burn(j),

16 conti nue
endi f
17 conti nue
18 conti nue
endi f
endi f
return
1000 format(1lp, 2x,el2.5, 6x,el2.5)
end

subrouti ne noah(nucli, nane)
subroutine noah converts six digit
char act er nane*6, buf *8

character*2 el e(99), sta(2)
L] IIIiII

data ele/ ' h','he', , ' be',
* 'na','ng','al','si'," p'," s',"'cl
*'er','m',"'fe','co','ni',"'cu,"'zn'
* 'rb','sr',t oy, zrt,'nb' o', T te
* 'sn','sbh','te'," i',"'xe','cs',"'ba
* 'eu','gd ,'tb',"'dy',"ho',"er',"tn
* 'os','ir','pt',"au',"hg',"tl"," pb’
* "ac','th','pa', u,'np',"'pu,"an

data sta/' ','m/

is = nod(nucli, 10) +1

nz = nucli/ 10000

mw = nucli/10-nz *1000

wite(buf,' (a2,i3,al)') ele(nz), my sta(is)

r2(i,j)

identifier to al phameric

,ar!
' ga’
,tru
,tla
, bt
,tem

.. changed nuclide nanes back to use bl anks,

name = buf (1:6)
return
end

103

n,

k','ca'
‘ge',"'as
"rh', ' pd
‘ce', " pr'
"lu',"'hf
'po', " at
"bk', "' cf
not 0's,

synbol
f',"'ne',

"sc','tit,t v,
"se',"br',"kr',
'ag','cd ,'in",
"nd','pm,'sn,
ta',' w,'re',
‘rn',"fr','ra",
"es'/
2/ 26/ 88 owh
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APPENDIX F

FORTRAN LISTING OF THE XSECPLOT UTILITY PROGRAM

program xsecpl ot
di nension tirad(30), spf(30), nlcy(30), burnl (30)

This programis intended to generate burnup dependent ORI GEN-S cross
cross section data in graphical form

tirad - irradiation tinme for each cycle.

ncy - nunber of cycle.

st - specific power for each cycle.

n nunmber of requested libraries for each cycle.

wite(6,' (" Number of cycle:"$)')
read(5, *) ncy

wite(6,' (" Fuel irradiation period for each cycle:"$)")
read(5, *) (tlrad(l), i = 1, ncy)

wite(6,' (" Specific power for each cycle:"$)")

read(5, *) (Spf(l) i =2, ncy+l)

wite(6,"' (" nmber of libraries per cycle:"$)")

read(5 *) (nlcy(l) i =1, ncy)

spf (1) 0.0

l =0

bas = 0.0

| oop over cycles to determ ne vector burnl

do 2 i =1, nc
Tl ne 1) bas = b d(i-1) * spf (i)
if(i .ne. as as + tirad(i-1) * sp
rat = (tira (|)/ncc) * spf (i +1)
do 1j =1, nlcy(i)
I =1 +1
burnl (I) = bas + 0.5 * (2*j - 1) * rat
burnl (1) = burnl(l) / 1000.0
write(no,1000) I, burnl ()
conti nue
conti nue
call plotxsec(l, burnl)

sto

1000 format (1x, i4, 16x, f10.5)

OO0

end

subroutine plotxsec(nl, burn)
character*1l char1(2), char2, chard, charl, id*6

paranmeter (i cf=2000, |nI:

di nension ntrd(icf), ir(ic id(icf), rcap(icf, inl),
* rfiss(icf, inl), urn(inl), xsec(inl, icf)

common /char/char1l, chard

data charl/'a', 'f'/

rgga?g?:kg;lgngﬁaggbsorption (a), fission (f): "$)"')

call rdlib(icf, inl, ir, rcap, rfiss, nl, kcap, kfiss)
call select(mtrd, ir, id, burn, xsec, rcap, rfiss, icf, inl,
* nl, kcap, kfiss)

st op

end
subroutine rdlib(icf, inl, ir, rcap, rfiss, nl, kcap, kfiss)
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character*80 file
dinension ir(icf), rcap(icf, inl), rfiss(icf, inl)

wite(6,' (" Enter library name: "$
read(g,'(g)') file Y ")

ni =1
open(ni,file
c Loop over lib
do 4 il = ﬁ nl

if (i
do 1 k
read(
' FoRd(niYi . (ir(K). k )
read(ni)j, (ir , =1,
do 2 k :JG, 23 J
read(ni)
2 conti nue

read(ni) j, (rcap(k, il), k
kcap =
read(niﬂ j . (rfiss(k, il), k=1, j)
kfiss = j
do 3 k =1, 15
read(ni)
3 conti nue
el se
reag niy) k. i1 ‘ _
read( ni , rcap(k, i , =1, j
read( ni }, grfiss(k, i?), k = 1, })
read( ni
endi f
4 conti nue
c

=l
QO
=
D
n

1l
[EEY
~

return
1000 foanat(lp, 3(5x%x,i7,e15.3) )
en
subroutine select(ntrd, ir, id, burn, xsec, rl, r2, icf, inl,
* nl, kcap, kfiss)

character*1l char1(2), char2, chard, charl, id*6
c
dimension mrd(icf), ir(icf), id(icf), ri(icf,inl),
* r2(icf, 1nl), burn(inl), xsec(inl, icf)
c
common /char/char1l, chard
c
wite(6,' (" No. of materials: "$)')
read(5,*) m
wite(6, (" Material indentification: "$)")
read(5,*) (mtrd(i), i =1,
do 5 k =1,
if(chard .eq. charl1(1)) then
do 2 i =1, kcap
if(mrd(k) .eq. ir(i)) then
call noah(ntrd(k), 1d(k))
do 1j =1, nl
xsec(j, k) =ri(i,j)
1 conti nue
endi f
2 conti nue
else if(chard .eq. char1(2)) then
do_?(i :d%k)kfiss 1 (i +688 o
if(mr .eq. ir(i+ t hen
cal | noah(n?rd(k), id(Lg)
do 3 =1, nl
xsec(j, k) =r2(i,j)
3 conti nue
endi f
4 conti nue
endi f
5 conti nue
c
call order(nl, nt, inl, icf, xsec, ynin, ymx)
call pplot(nl, m, inl, icf, mrd, 1d, burn, xsec, ymn, ynmax)
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return
end

subroutine noah(nucli, nane)
subroutine noah converts six digit identifier to al phameric synbo
char act er nane*6, buf *8

character*2 eLe(99) sta(2)

data el el , , ,be',t b, e, nt,t o, ', ne',
* 'na','ng',"al',"si", p', s','cl',"ar'," k','ca','sc',"ti'," v
*'er',')m',"'fe','co','ni','cu,"zn","'ga' ,"'ge'," "as',"'se'","br'," kr'
* 'rb',tsrt,t oy zet,'nb' o', te ' ru' ' rht ' pd, tagt, fed' i
* 'spn','sb',"te'," i','xe','¢cs','ba','la,'ce,' pr',' nd," pm,’ sni
* 'eu,'gd ,'tb','dy',"ho' ,ter',"tm, yb' ' lu," " hf', "ta",' wW,6're
* 'os','ir','pt',au’,"hg',"tl","pb',"bi","'po’,at’,'rn","fr','ra
* "ac','th','pa'," u,'np ,'pu,"anm,'cm,"bk',"cf', "es'/

data sta/' ','m/

is = nod(nucli, 10) +1

nz = nucli/ 10000

mwv = nucI|/10 nz *1000

write(buf,' (a2,i3,al)’ L el e(nz), mw, sta(is)

. changed nucl i de nanmes back to use bIanks not 0's, 2/26/88 owh
name = buf (1:6)

return

end

subroutine pplot(n, nt, inl, icf, nrd, id, x, y, ymn, ynmax)

character*50 char1(2)*1, chard*1, top, xlI ab, yl ab, syn(10)*1,
* text*30, txt, id*6
dlnen5|on x(n), y(inl, |cf) id(icf), yhelp(30), mtrd(nt),
kolln(6)
conmon /char/charl chard
data syni &, ?, <, >, @, tal, A,

~-

par anet er ?Iinlogx:O, interval =1, join=1, isort=0,
* i xscal e=0, iyscal e=1)
cal | pinicd(90)

linlogy = 0O
newpage = 1
xmn = x(1
xmax = x(n

yrate = ymax / ymn
wme—MOgrma
if(yrate 2.0) ogy =1
cal openv?40 xxpp 0')
cal | nmxtcs
x| ab=' burnup (
|f(chard eq. harl( ) t hen
yl ab=' Absorptlon cross Section (()barns)
el se |f(chard eq. char1(2)) the
yl ab="Fi ssi on cross Section (()barns)

endi f
top=" CRIGEN—S Cross Section Library'
t xt=' Mat eri a
call plebcd(-21, txt, 7, 3, ' ', 0.0, 0, 0.0)
cal | Esynpr 3, 2.0, 0.0)
do 2 ,ont

do 1L, n

yhelp(l) = y(i, k)

conti nue

if( k gt 1) newpage = 0

text = id
call plotcd I|nlogx, linlogy, x, yhelp, n, interval, join, isort,

* syn(k?, top, xlab, ylab, newpage, ixscale, xmn, xmax,
* iyscale, ymn, ynax{

call pleacd text)
call plebcd(0, text, O, m k), 0, -1, 1)
cal | pengcd(ncurve, nlegendsy
conti nue
kolin(1l) =7
kolin(2) =3
kolin(3) =0
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4
kol 5 7
kolin(6 0
call pdrwed(kolin, 2, 0., 0., 1, x, yhelp)
call pendcd
call closev (0)

kolin(4
in

return
end
subroutine order(n, nmt, inl, icf, y, ymn, ynmax)
di nension y(inl, icf)
Einension yaux(50)
nl =n
do 44 k =1, nt
is=0
do1l1i =kI, n
is=is +1
yaux(i) = y(is,k)
conti nue
ki =k *n+ 1
nl =n* (k+ 1)
conti nue
nl =m *n
nl =nl -1
do 3i =1, n1l
il =i +1
do 2j =il, nl
i f(yaux(i) .le. yaux(j))go to 2
tenp = yaux(i)
yaux(i) = yaux(j)
yaux(j) = te
continue

conti nue
ymn = yauxgﬂ
ymax = yaux )
return

end
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APPENDIX G

SASZ2H INPUT FILE TO GENERATE THE INPLIB ORIGEN-S
CROSS-SECTION LIBRARY

=sas?2 par m=' hal t 21, ski pshi pdat a
gundr enm ngen bw, assy b23, rod al, 268 cm 27.400 gwd/ mtu b5 7/97 4.3r

m xtures of fuel-pin-unit-cell

44gr oup latticecel
uo2 1 den=9.866 1 923 92234 0.0267 92235 3.0 92236 0.0138
92238 96.9595 end

co-59 3 0 1-20 549 end
h-3 10 1-20 923 end
zr-94 1 0 1-20 923 end
nb-95 1 0 1-20 923 end
nm-95 1 0 1-20 923 end
tc-99 1 0 1-20 923 end
rh-103 1 0 1-20 923 end
rh-105 1 0 1-20 923 end
ru-106 1 0 1-20 923 end
sn-126 1 0 1-20 923 end
xe-131 1 0 1-20 923 end
cs-134 1 0 1-20 923 end
cs-135 1 0 1-20 923 end
cs-137 1 0 1-20 923 end
pr-143 1 0 1-20 923 end
nd-143 1 0 1-20 923 end
ce-144 1 0 1-20 923 end
nd-144 1 0 1-20 923 end
nd-145 1 0 1-20 923 end
nd-146 1 0 1-20 923 end
nd-147 1 0 1-20 923 end
pm 147 1 0 1-20 923 end
sm147 1 0 1-20 923 end
nd-148 1 0 1-20 923 end
pm 148 1 0 1-20 923 end
sm148 1 0 1-20 923 end
pm 149 1 0 1-20 923 end
sm149 1 0 1-20 923 end
nd-150 1 0 1-20 923 end
sm150 1 0 1-20 923 end
sm151 1 0 1-20 923 end
eu-151 1 0 1-20 923 end
sm152 1 0 1-20 923 end
eu-153 1 0 1-20 923 end
eu-154 1 0 1-20 923 end
gd-154 1 0 1-20 923 end
eu-155 1 0 1-20 923 end
gd-155 1 0 1-20 923 end
gd-157 1 0 1-20 923 end
gd-158 1 0 1-20 923 end
gd-160 1 0 1-20 923 end
' need the following to use endf/b5 library:
zirc2 21 620 end

h2o 3 den=0.4 1 549 end
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m Xt ures

of larger-unit-cell

need the following to use endf/b5 library:

zirc2 71

h2o 8

b- 10 8
h2o 12
b- 10 12
uo2 9 den=9
end conp

fuel -p

squarepi tch

549 end
....above is zircalloy casing around assenbly
den=0. 7750 1 539 end
0 4.0-5 539 end
den=0. 7750 1 539 end
0 6.0-6 539 end
....above is channel noderator at higher density
866 1 923 92234 0.0267 92235 3.0 92236 0.0138
92238 96.9595 end
in-cell geonetry:
1.780 1.250 13 1.428 2 end

assenbly and cycl e paraneters:

npi n/ assm=36
printlevel =4
nxr epeat s=0
9 0.625 2
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026
9 0.625
500 6. 026

| L N N e N L A e e S e S e A e S e S e A N\ R S R A I \*

f uel ngt h=2601. 4

lighte
end
0.714
3 6.235
0.714
3 6.235

| =8
3

W W W W W W W W W W W W W W W W W

i npl ev

1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405
1.0043
7 6.405

ncycl es=21 nlib/cyc=1

el =2

o 0 0 0 o

12
12
12
12
12
12
12
12
12
12
12
12
12

n

7

7

unzones=7

. 390
390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
. 390
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9 0.625 2 0.714 1.0043
500 6. 026 3 6.235 7 6.405 12 7.390
9 0.625 2 0.714 1.0043
500 6. 026 3 6.235 7 6.405 12 7.390
9 0.625 2 0.714 1.0043
500 6. 026 3 6.235 7 6.405 12 7.390
power =40 burn=1. 0e- 15 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=0. 0 end
power =40 burn=75.0 down=1500. 0 end

h 16.4 0o 265.0 cr 2.4

m 0.15 fe 6.6 ni 2.4

zr 516.0 sn 8.7
end
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