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EPRI PERSPECTIVE

PROJECT DESCRIPTION

The current version of the national reference nuclear data library (ENDF/B-V)
contains a considerable amount of information relating to fission-product nuclides
and heavy actinides (nuclides with Z = 90 or higher). The library contains
information for some 877 fission~product nuclides and some 60 actinide nuclides.
Although most of the fission products and some of the actinides are so short-lived
that only decay characteristics (half-lives and beta and gamma decay energies) are
given, 237 of the longer-lived nuclides have significant cross-section data. This
information is needed for isotopic analyses of LWR fuel as a function of exposure
and for decay heat calculations following a shutdown. In most cases, however, this

extengive data base can be utilized in a considerably condensed form.,

PROJECT OBJECTIVES

The objectives of this project have been (1) to evaluate the adequacy of the
ENDF/B-V fission-product and actinide data files for LWR applicatioms, (2) to
correct errors, and (3) to process and reduce the data files for use in the EPRI

core physics programs (ARMP).

PROJECT RESULTS

Work on the evaluation of the ENDF/B-V data files is continuing. However, during
this study it was advantageous to preprocess the cross sections for the 237 fission-—
product and actinide nuclides into a 154 "fine-group" form using a typical PWR
weight spectrum. This data can be further collapsed into any desired "few-group"
form at a considerably reduced cost with the use of a special-purpose program,
TOAFEW-V.

The present document describes the TOAFEW-V program and its data base. This program

should be of interest in a wide range of applications in the area of LWR core

physics, including burnup, fuel-cycle optimization, and decay heat calculations.

Odelli Ozer, Project Manager
Nuclear Power Division
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ABSTRACT

The ENDF/B-V cross sections of 237 fission-product and actinide nuclides have
been processed at infinite dilution into 154 neutron energy groups at tempera-—
tures of 300, 900, and 1200 K. Additional 154-group self-shielded actinide
cross sections were calculated with Bondarenko background og values as small

as 1 barn. The production and content of the multigroup data library is
described. The TOAFEW-V collapsing code, a modified version of the earlier
TOAFEW code, is presented with instructions and examples of its use. The multi-
group cross sections were produced using a typical light-water reactor spec-
trum. The group structure is sufficiently fine that collapse to few groups
using an appropriate spectrum (e.g., LMFBR, CTR, etc.) is also accurate for

alternate applications.
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SUMMARY

The aggregate fission, parasitic neutron absorption, and decay properties of the
fuel of a nuclear reactor are determined by calculating the inventory of each
nuclide within the fuel and summing their individual contributions. These
inventory and summation calculations depend upon the existence of information
describing the pertinent neutron-reaction and radioactive~decay parameters for
each actinide and fission-product nuclide. The Cross Section Evaluation Working
Group (CSEWG) is responsible for the development and maintenance of the national
reference nuclear data base, ENDF/B. The Fission Product and Actinide Subconr
mittee of CSEWG has recently completed, primarily under DOE funding, massive
data files describing 877 fission products and 60 actinides for ENDF/B-V, the
fifth version of the data base.

The object of the present task has been the reduction of the extensive neutron
reaction data of ENDF/B-V to form a more manageable data base useful to
calculations with core physics, inventory (burnup), and summation codes such as
those of the EPRI ARMP collection. This reduction was accomplished by
processing the detailed representations of the ENDF/B-V neutron reaction cross
sections with the NJOY code-—-producing thermal (0.0253 eV), resonance-integral,

and 154-group values.

The library of processed cross sections is furnished with a flexible cross—
section collapsing code TOAFEW-V. The collapsing code accepts neutron flux
spectrum descriptions in a variety of formats and may be used to produce

few—-group cross sections for a wide range of applications.




Section 1

INTRODUCTION

Version four of the Evaluated Nuclear Data File (ENDF/B-IV) (1) included evalu-
ated cross sections for many significant long-lived fission—product and actinide
nuclides. The cross sections of the ENDF/B-IV fission products were processed
into multigroup form and furnished with a flexible cross—section collapsing code
TOAFEW (2). The actinide and fission-product data content of ENDF/B-V, compared
with that of ENDF/B-1IV in Table 1-1, represents a considerable investment in
recent data evaluation as well as a great increase in data content. The cross
sections of ENDF/B-V actinide and fission-product nuclides have now been pro-
cessed into multigroup form and are provided with the TOAFEW-V modified version

of the earlier code.

0f the 877 fission-product nuclides and 60 actinide nuclides of ENDF/B-V, 237
have neutron cross-section evaluations for total, elastic, and radiative capture
reactions from 10‘5 eV to 20 MeV. Total inelastic evaluations are present for
nearly all of the 237 nuclides, and additional neutron reaction cross—section
evaluations [e.g., (n,2n), (n,p), etc] are present for many of them. Thermal
(0.0253 eV), resonance integral (above 0.5 eV and above 0.625 eV), and multi-
group values have been produced in the processing of each cross—section evalua-
tion as described in Sections 2 and 3. The multigroup library has been col-
lapsed to a 4-group cross—section set for use with ENDF/B-V radioactive decay
and fission yield data in a variety of reactor physics and depletion codes. The
TOAFEW-V code, used in producing few-group values from the companion multigroup
library, is described in Sections 4 and 5. Four-group radiative capture (n,Y)
cross sections produced by the code are given in Section 6. A listing of the

code is given in Appendix A and sample problems are described in Appendix B.

Much of the material presented here is simply repeated from the earlier report

(2) on ENDF/B-IV to form a complete description of the code and data.




Table 1-1

COMPARISON OF FISSION-PRODUCT
AND ACTINIDE DATA CONTENT OF ENDF/B-IV and -V

Actinides Fission Products
Quantity ENDF/B-1IV ENDF/B-V ENDF/B-1V ENDF/B-V
Total nuclides 16 60 824 877
Nuclides with cross sections 16 42 181 196
Stable nuclides 0 0 113 127
Unstable nuclides 16 60 711 750
First isomeric states 0 3 117 148
Second isomeric states 0 0 6 6
Delayed Neutronm Precursors 0 0 57 105
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Section 2

CROSS SECTION PROCESSING

Cross sections of the 237 actinide and fission-product nuclides (MATs) of the
ENDF/B-1IV data library having cross—section evaluations were processed into mul-
tigroup form using the NJOY cross-section processing code (3). This procedure
first requires, for each reaction (MT), the formation of a set of linear—linear
interpolation points from the interpretation of the zero degree kelvin cross—
section data representation of ENDF/B-V, consisting of resonance parameters,
tabulated cross-section values, and various interpolation schemes. Cross—
section tabulations produced in this linear-linear form are combined with other
linearized data and parameters to form a point energy nuclear data file, PENDF
3,4).

Cross sections described in the PENDF file are then Doppler broadened to desired
temperatures and included in PENDF files corresponding to the elevated tempera-
tures. The formation of Doppler broadened PENDF files represents the greatest
computational time and expense in the processing procedure, and these files are
generally recorded for future utilization. PENDF files retained from the ear-
lier processing by Kidman (5) were used in processing 42 fission-product and 34
actinide MATs. New PENDF files were generated for the remaining 161 MATs. All
PENDF files include cross—section tabulations at 300, 900, and 1200 K; multi-

group cross sections were generated at each of these temperatures.

Multigroup cross—section values are computed as flux weighted energy—-group aver-
aged values of the cross section. The group j cross—section value 0y is

thus calculated

E E

/3 /3

g O(B) ¢(E) dE & O(E) ¢(E) dE
o, = J+l = i+l (2-1)
1 IEJ' ¢j

g O(E) dE

j+1

where

o(E) is the energy-dependent cross section of the PENDF representation;
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¢(E) is the energy-dependent neutron flux spectrum weighting function;

Ej and Ej+1 are the upper and lower energy boundaries, respectively, of
energy group j; and

¢j is the group j flux value, the intergral of ¢(E) over the energy range
of group j.

CROSS—SECTION RESONANCE SELF SHIELDING

The resonance structure and high density of a nuclide may produce self-shielding
effects——flux suppressions at neutron energies corresponding to cross—section
maxima and flux peaking due to neighboring cross-section minima. The NJOY code
(3) uses the Bondarenko (6) scheme to describe the effects of such flux pertur-

bations on multigroup cross-section values. Here the weight function is

described by

$(E)

o o () + o5 ° (2-2)

W(E, O
where

¢(E) represents the broad energy behavior of the energy-dependent flux,

0. (E) is the energy-dependent total cross section of the nuclide in
question, and

dp is the background group constant.

The flux weighting function is thus strongly perturbed by a resonance if a very
small value of oy (e.g., 0 = 1 b) is used, forcing the flux spectrum
weighting function to reflect a 1/0.(E) behavior. Large values of 0y result

in 1little perturbation of the flux spectrum weighting function.

Individual fission—-product nuclides produced in reactor fuel generally reach
maximum densities that are relatively small, resulting in negligible flux spec-
trum perturbations. Multigroup cross sections for all fission-product nuclides
have been calculated with a large og value (0g = 1 x 1010 b) and are

referred to as "infinite dilution"” cross sections, alluding to the absence of
any other atoms of the same species and consequently no spectrum perturbation

due to the nuclide's cross-section structure.




The resonance structure and high relative densities of some actinide nuclides
initially present or produced in a reactor fuel may result in strong self-
shielding effects. Consequently, all actinide cross sections have been pro-

cessed at each temperature using three or more values of 0y ranging from 1 to
1 x10'0 b,

PRS FLUX WEIGHTING FUNCTION

The neutron flux spectrum weighting function used in processing multigroup cross
sections should reflect the spectrum appropriate to the cross-section applica-
tion. Because this work is directed at light water reactor (LWR) calculations,
we have used a flux weighting function and multigroup energy structure appropri-
ate to power reactor studies (PRS). The PRS flux description ¢(E) represents
the broad energy behavior of the energy dependent flux of a mid-life PWR. The
function, described by a set of 115 log-log interpolation points given in Table

2-1 and shown in Fig. 2-1, was constructed in the following manner.

1.0 x 10~° ev - 0.625 eV

$(E) approximates a mid-life PWR thermal spectrum from a 172-group
calculation.

0.625 - 3.0 x 10" ev

¢(E) approximates the spectrum from Mc? (7) "ultrafine” multigroup calcula-
.tions with over 2000 energy groups to vividly display flux perturbations
due to 238y resonances at 6.67, 20.9, 36.7, and 66.0 eV, No attempt was
made to include observed minor flux depressions due to resonances at
higher energies.

3.0 x 10" eV - 3.0 x 10° ev

¢(E) approximates the spectrum from Mc? "fine" multigroup calculations.
Fluxlgerturbations due to 0 resonances at 442 keV, 1.0 and 1.3 MeV, and
the "0 window at 2.35 MeV are clearly present.

3.0 x 10° eV - 1.0 x 107 ev

¢(E) assumes the shape of a fission gpectrum with the temperature of 1.3427
MeV, approximating the calculated MC“ multigroup spectrum.
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ENERGY, (EV)
1.0000E-05
.0000E-03
.6000E~02
.4000E-02
.9000E-02
.3000E-02
.3000E-02
5.0000E-02
5.4000E-02
5.9000E-02
7.0000E-02
9,0000E-02
1.1200E-01
1.4000E-01
1.7000E-01
2.1000E-01
3.0000E-01
4,0000E-01
4.9000E-01
5.7000E-01
6 .0000E-01
1.0000E+00
1.3518E+00
4,0100E+00
5.5047E+00
5.8842E+00
6.1350E+00
6.4490E+00
6.6700E+00
6.8940E+00
7.0100E+00
7 .3080E+00
1.7530E+01
1.9860E+01
2.0370E+01
2.0900E+01
2.1400E+01
2.2500E+01
3.4400E+01

EwWwhn =20

5.2500E-04
3.5500E-01
5.5200E-01
7.1200E-01
7.8500E-01
8.2900E-01
8.9800E-01
9.1800E-01
9.2100E-01
9.1800E-01
8.9200E-01
7.9900E-01
6.8600E-01
5.2000E-01
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6.8700E-02
5.1000E-02
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6.3200E-03
4.6164E-03
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3.7279E-03
1.6524E-03
5.3125E-05
1.7632E-03
2.9219E-03
3.6042E-03
1.7156E-03
1.3858E-03
1.0973E-03
1.3739E-05
1.0588E-03
1.3565E-03
8.1519E-04

TABLE 2-1

PRS FLUX WEIGHTING FUNCTION

POINT

ENERGY, (EV)
3.5600E+01
3.5900E+01
3.6700E+01
3.7T400E+01
3.8700E+01
6.1200E+01
6.4900E+01
6.6000E+01
6.7100E+01
6.8200E+01
1.0100E+03
2.0000E+04
3.0700E+04
6.0700E+04
1.2000E+05
2.0100E+405
2.8300E+05
3.5600E+05
3.7700E+05
3.9900E+05
4. 4200E+05
4 . T400E+05
5.0200E+05
5.4000E+05
6.5000E+05
7.7000E+05
9.0000E+05
9.4100E+05
1.0000E+06
1.0500E+06
1.1200E+06
1.1900E+06
1.2100E+06
1.3100E+06
.1.4000E+06
2.2200E+06
2.3500E+06
2.6300E+06

FLUX VALUES ARE GIVEN IN UNITS OF NEUTRONS/ CM¥*2 SEC. EV.

7.4897E-04
6.7872E-04
9.1595E-06
6.5453E-04
8.2618E-04
5.5873E-04
4,8243E-04
4.5797E-05
4,7226E-04
4,.8362E-04
3.7829E-05
2.2257E-06
1.5571E-06
9.1595E-07
5.7934E-07
4,3645E-07
3.8309E-07
3.6926E-07
3.4027E-07
2.7387E-07
1.0075E-07
2.1754E-07
2.6333E-07
3.0501E-07
2,9493E-07
2.5005E-07
2.1479E-07
1.7861E-07
9.1595E-08
1.1518E-07
1.3648E-07
1.5479E-07
1.5022E-07
6.8696E-08
1.2182E-07
5.9033E-08
9.1595E-08
3.9981E-08

POINT

ENERGY, (EV)
3.0000E+06
4 .0000E+06
5.0000E+06
6.0000E+06
8.0000E+06
1.0000E+07
1.25T7T0E+07
1.2600E+07
1.2700E+07
1.2800E+07
1.2900E+07
1.3000E+07
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1.3200E+07
1.3300E+07
1.3400E+07
1.3500E+07
1.3600E+07
1.3700E+07
1.3800E+07
1.3900E+07
1.407T0E+07
1.4200E+07
1.4300E+07
1.4400E+07
1.4500E+07
1.4600E+07
1.4700E+07
1.4800E+07
1.4900E+07
1.5000E+07
1.5100E+07
1.5200E+07
1.5300E+07
1.5400E+07
1.5500E+07
1.5676E+07
2.0000E+07
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3.4731E-10
1.0357E-09
2.8436E~09
7.1910E-09
1.6776E-08
3.6122E-08
7.1864E-08
1.3222E-07
2.2511E-07
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5.1946E~07
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1.0408E-06
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6.0403E-07
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2.9041E~07
1.8213E~-07
1.0699E-07
5.8832E-08
3.0354E-08
1.4687E~-08
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2.8450E-09
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10°

E
:}
TO :
-4 %
t\'l —
o =
-4 =
\ .
(? -
O 45 E=
v 3
o =
— =
[+ p
~ |
7 O 4
[ ] =
P =
o~ —4
g © -
[7 ]
S O "
~ v =
o =
- 3
® —
o =
- g
3
? -
o I 4
-y E
o ]
! Ul I I
(&) :

— s, B, 2] g O 1 23456‘7'8
10°107°107°10°°10710° 10 107 10 10 10" 10" 10 10
Energy (eV)

Figure 2-1. PRS flux weighting function.
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1.0 x 107 eV - 1.257 x 107 ev

$(E) varies as 1l/E.

1.257 x 107 eV - 1.557 x 107 eV

¢(E) 1s a velocity exponential fusion peak (8).

1.557 x 107 eV - 2.0 x 107 eV

¢(E) varies at 1/E.

In the energy range of typical LWR calculations below 10 MeV, the weighting
function accurately describes the appropriate spectrum. Above this energy the
spectrum applies to fusion systems and approximates a functional form suggested
by D. W. Muir and R. Roussin (8).

PRS 154—-GROUP NEUTRON MULTIGROUP STRUCTURE

The PRS 154-group structure (9), a subset of the Los Alamos comprehensive 347-
group structure (9), is primarily intended for use in power reactor studies.
The structure extends from 10~5 eV to 20 MeV and includes all of the energy
bounds of GAM-1, GRANIT, LASER, LASL 30-group, EPRI-CELL (GAM-1 + LASER), and
EPRI 4-group structures. Additional groups were added to extend the upper and
lower energy limits; to better treat the resonances of a number of fuel,
fission—-product, and structural nuclides; and to provide detail of the fission
spectrum region. These additional energy boundaries were selected from the

CSEWG 239-group structure, where practical.
The energy and lethargy values of the group boundaries are given in Table 2-2.

The corresponding energy group boundary indices of the various subsets listed

above are also identified.

2-6



TABLE 2-2

THE 154-GROUP PRS NEUTRON MULTIGROUP STRUCTURE

CORRESPONDS WITH UPPER BOUND OF GROUPS IN THE FOLLOWING

L-¢

GROUP UPPER ENERGY GROUP ENERGY LETHARGY LETHARGY GAMI GRANIT LASER LASL EPRI
NO. BOUND, (EV) WIDTH, (EV) DIFFERENCE 68 48 35 30 4
1 2.000000000E+07 1.7788120E+06 -6.931472E-01 9.314718E-02
2 1.822118800E+07 1.3165995E+06 -6.000000£E-01 7.500000E~02
3 1.690458848E+07 1.9863415E+06 -5.250000E-01 1.250000E-01 1
4 1,491824698E+07 1.4196589E+06 -4.000000E-01 1.000000E-01 2
5 1.349858808E+07 1.5861259E+06 -3.000000E-01 1.250000E-01 3
6 1.191246217E+07 1.9124622E+06 -1.750000E-01 1.750000E-01 4
7 1.000000000E+07 2.2119922E+06 0. 2.500000E-01 1 5 1
8 T7.788007831E+06 1.7227012E+06 2.500000E-01 2.500000E-01 2 6
9 6.065306597E+06 1.3416411E+06 5.000000E-01 2.500000E-01 3 7
10 4.723665527E+06 1.0448711E+06 7.500000E-01 2.500000E-01 4
11 3.678794412E+06 8.1374644E+05 1,000000E+00 2.500000E-01 5 8
12 2.865047969E+06 6.3374637E+05 1.250000E+00 2.500000E-0t1 6 9
13 2.231301601E+06 4.9356217E+05 1.500000E+00 2.500000E-01 7 10
14 1.737739435E+06 3.8438660E+05 1.750000E+00 2.500000E~01 8 1
15 1.353352832E+06 2.9936059E+05 2.000000E+00 2.500000E-01 9 12
16 1.053992246E+06 1.0030062E+05 2.250000E+00 1.000000E-01 10
17 9.536916222E+05 1.3284164E+05 2.350000E+00 1.500000E=~01
18 8.208499862E+05 T7.8114204E+04 2.500000E+00 1.000000E-01 1M 13 2
19 7.427357821E+05 1.0345717E+05 2.600000E+00 1.500000E-01
20 6.392786121E+05 6.0835403E+04 2.750000E+00 1.000000E-01 12
21 5.784432087E+05 8.0572525E+04 2.850000E+00 1.500000E-01
22 M4.,978706837E+05 U4.7378660E+04 3.000000E+00 1.000000E-01 13 14
23 4,504920239E+05 6.2749946E+04 3.100000E+00 1.500000E~01
24 3,877420783E+05 3.6898537E+04 3.250000E+00 1.000000E-01 14
25 3.508435410E+05 4.886970TE+04 3.350000E+00 1.500000E-01
26 3.019738342E+05 2.8736610E+04 3,500000E+00 1.000000E-01 15 15
27  2.732372245E+05 3.8059766E+04 3.600000E+00 1.500000E-01
28 2.351774586E+05 2.2380094E+04 3.750000E+00 1.000000E-01 16
29 2,127973644E+05 2.9640976E+04 3.850000E+00 1.500000E-01
30 1.831563889E+05 4.0514050E+04 4,000000E+00 2.500000E-01 17 16
31 1.426423391E+05 3.1552374E+04 4,250000E+00 2.500000E-01 18
32 1.110899654E+05 2.4573013E+04 4.,500000E+00 2.500000E-01 19
33 8.651695203E+04 1,9137482E+04 14,750000E+00 2.500000E-01 20
34 6.737946999E+04 1.4904286E+04 5,000000E+00 2.500000E-01 21 17
35 5.247518399E+04 1.160T470E+04 5.250000E+00 2.500000E-01 22
36 4.086771438E+04 9,0399064E+03 5.500000E+00 2.500000E-01 23
37 3.182780797E+04 3.7398660E+03 5.750000E+00 1.250000E-01 24
38 2.808794195E+04 2.0295368E+03 5.875000E+00 7.500000E-02
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GROUP

UPPER ENERGY
BOUND, (EV)

2.605840518E+04
2.478752177E+04
2.357862006E+04
1.930454136E+04
1,.503439193E+04
1.170879621E+04
9.118819656E+03
7.101743888E+03
5.530843701E+03
4,307425406E+03
3.354626279E+03
2.612585573E+03
2.034683690E+03
1.584613251E+03
1.234098041E+03
9.611165206E+02
7.485182989E+02
5.829466373E+02
4,539992976E+02
3.535750085E+02
2.753644935E+02
2.144540832E+02
1.670170079E+02
1.300729765E+02
1.013009360E+02
7.889324827E+01
7.360000000E+01
6.975000000E+01
6.855000000E+01
6.700000000E+01
6.144212353E+01
5.990000000E+01
5.905000000E+01
5.840000000E+01
4.785117392E+01
4.,000000000E+01
3.726653172E+01
3.605000000E+01
3.500000000E+01
2.902320409E+01
2.371000000E+01
2.320000000E+01
2.260329407E+01

GROUP ENERGY
WIDTH, (EV)

1.2708834E+03
1.2089017E+03
4.2740787E+03
§.2701494E+03
3.3255957E+03
2.5899766E+03
2.0170758E+03
1.5709002E+03
1.2234183E+03
9.5279913E+02
7.4204071E+02
5.7790188E+02
4,5007044E+02
3.5051521E+02
2,7298152E+02
2.1259822E+02
1.655T166E+02
1.2894734E+02
1.0042429E+02
7.8210515E+01
6.0910410E+01
4,7437075E+01
3.6944031E+01
2.8772040E+01
2,2407688E+01
5.2932483E+00
3.8500000E+00
1.2000000E+00
1.5500000E+00
5.5578765E+00
1.5421235E+00
8 .5000000E-01
6 .5000000E-01
1.0548826E+01
7.8511739E+00
2.7334683E+00
1.2165317E+00
1.0500000E+00
5.9767959E+00
5.3132041E+00
5.1000000E~01
5.9670593E-01
5.0329407E-01

LETHARGY

5.950000E+00
6.000000E+00
6 .050000E+00
6 .250000E+00
6 .500000E+00
6 .750000E+00
7.000000£+00
7 .250000E+00
7 .500000E+00
7.750000E+00
8.000000E+00
8,250000E+00
8 .500000E+00
8.750000E+00
9.000000E+00
9.250000E+00
9.500000E+00
9.750000E+00
1.000000E+01
1.025000E+01
1.050000E+01
1.075000E+01
1.100000E+01
1.125000E+01
1.150000£+01
1.175000E+01
1.181945E+01
1.187318E+01
1,189053E+01
1.191340E+01
1.200000E+01
1.202542E+01
1.203971E+01
1.205078E+01
1.225000E+01
1.242922E+01
1.250000E+01
1.253319E+01
1.256275E+01
1.275000E+01
1.295220E+01
1.297394E+01
1.300000E+01

TABLE 2-2 (cont.)

LETHARGY
DIFFERENCE

5.000000E~02
5.000000E-02
2.000000E-01
2.500000E-01
2.500000E-~01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
2.500000E-01
6.945063E-02
5.372761E-02
1.735401E-02
2.287079E-02
8.659697E-02
2.541915E~02
1.429196E-02
1.106865E-02
1.992202E-01
1.792162E-01
7.078380E-02
3.318879E-02
2.955880E-02
1.872524E~01
2.021988E-01
2.1T4462E-02
2.605663E-02
2.251804E-02

GAMI

68

49

50

51

52

53

CORRESPONDS WITH UPPER BOUND OF GROUPS IN THE FOLLOWING
GRANIT

LASER LASL EPRI
48 35 30 4

19

20

21

22

23

24

25
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GROUP UPPER ENERGY

NO.

BOUND, (EV)

2.150000000E+01
2.030000000E+01
1.760346312E+01
1.370959086E+01
1.067704010E+01
8.315287191E+00
7.000000000E+00
6.475952176E+00
5.043476626E+00
3.927863545E+00
3.059023205E+00
2.5608U44T746E+00
2.382369668E+00
2.316025224E+00
2.294291100E+00
2,272659436E+00
2.251130233E+00
2.172128648E+00
2.094077819E+00
2.017906924E+00
1.935616006E+00
1.855391363E+00
1.808968066E+00
1.763054886E+00
1.726080501E+00
1.717731877E+00
1.647585728E+00
1.594931210E+00
1.578502156E+00
1.457419257E+00
1.444980246E+00
1.307852396E+00
1.208671859E+00
1,166381171E+00
1.125351747E+00
1.098681422E+00
1.072168217E+00
1.062309251E+00
1.052495823E+00
1.042727933E+00
1.013697491E+00
9.506527323E-01

GROUP ENERGY
WIDTH, (EV)

1.2000000E+00
2.6965369E+00
3.8938723E+00
3.0325508E+00
2.3617529E+00
1.3152872E+00
5.2404782E-01
1.4324755E400
1.1156131E+00
8.6884034E-01
4,9817846E-01
1.7847508E-01
6.6344HU44E-02
2.1734124E-02
2.1631664E-02
2.1529203E-02
7.9001585E-02
7.8050829E-02
7.6170895E-02
8.2290918E-02
8.0224643E-02
4,6423297E-02
4.5913180E-02
3.6974385E-02
8.3486240E-03
7.0146149E-02
5.2654518E-02
1.6429054E-02
1.2108290E-01
1.2439011E-02
1.3712785E-01
9.9180537E-02
4,2290688E-02
4.1029424E-02
2.6670325E-02
2.6513205E-02
9.8589660E-03
9.8134280E-03
9.7678900E-03
2.9030442E-02
6.3044759E-02
7.4227910E-02

LETHARGY

1.302252E+01
1.,305004E+01
1.310747E+01
1.325000E+01
1.350000E+01
1.375000E+01
1.400000E+01
1.417219E+01
1.425000E+01
1.450000E+01
1.475000E+01
1.500000E+01
1.517T76E+01
1.525000E+01
1.527828E+01
1.528767E+01
1.529714E+01
1.530666E+01
1.534239E+01
1.537898E+01
1.541603E+01
1.545767E+01
1.550000E+01
1.552534E+01
1.555105E+01
1.557224E+01
1.557T709E+01
1.561878E+01
1.56512TE+01
1.566162E+01
1.574143E+01
1.575000E+01
1.584971E+01
1.59285TE+01
1.596419E+01
1.600000E+01
1.602398E+01
1.604841E+01
1.605765E+01
1.606693E+01
1.607626E+01
1.610449E+01
1.616870E+01

TABLE 2-2 (cont.)

LETHARGY
DIFFERENCE

2.752467E-02
5.743205E-02
1.425252E-01
2.500000E-01
2.500000E-01
2.500000E-01
1.721855E-01
7.781450E-02
2.500000E-01
2.500000E~01
2.500000E-01
1.777585E-01
7.224153E-02
2.824320E-02
9.428544E-03
9.473203E-03
9.518288E-03
3.572479E-02
3.659436E-02
3.705248E-02
4.163517E-02
4.232997E-02
2.533910E-02
2.570852E-02
2.119480E-02
4.848487E-03
4.169372E-02
3.248041E-02
1.035421E-02
7.980916E-02
8.571589E-03
9.970925E~02
7.886428E-02
3.561618E-02
3.581029E-02
2.398490E-02
2.442778E-02
9.237892E-03
9.280759E-03
9.324026E-03
2.823576E-02
6.421097E~02
8.129791E-02

CORRESPONDS WITH UPPER BOUND OF GROUPS IN THE FOLLOWING

GAMI

63

64

65

GRANIT

29
28
27
26
25
24
23

LASER

35

34

33
32
N
30

29
28
27
26
25
24
23

LASL EPRI
30 4
26
27
28
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GROUP

UPPER ENERGY
BOUND, (EV)

GROUP ENERGY
WIDTH, (EV)

LETHARGY

TABLE 2-2 (cont.)

CORRESPONDS WITH UPPER BOUND OF GROUPS IN THE FOLLOWING

150
151
152
153
154
LOWER

PDWEUID s a2 WWW S ST OO

1
6
2
7
2
1

.764248219E-01
.820788385E-01
.825603376E-~01
.250600000E-01
.315785254E-01
.032348036E-01
.170162887E-01
.139937719E-01
.576651631E-01
.206276321E=-01
.011196812E-01
.907370290E-01
.7T05181801E-01
.510279384E-01
.276897400E-01
.844286894E-01
.5229979T4E-01
.457214336E~01
.115679726E-01
.196830640E-02
.692243500E-02
.275507340E-02
.061162060E-02
.049207660E-02
.239644140E-02
.324715000E-03
.27689T400E-03
.602187410E-04
.529886000E-04
.388794386E-04

BOUND 1.000000000E-05

9.4345983E-02
9.9518501E-02
5.7500338E-02
9.3481475E-02
2.8343722E-02
8.6218515E-02
3.0225168E-03
5.6328609E-02
3.7037531E-02
1.9507951E=-02
1,0382652E-02
2,0218849E-02
1.9490242E-02
2.3338198E-02
4,3261051E-02
3.2128892E-02
6.5783638E-03
3.4153461E-02
2.9599666E-02
2,5045871E~02
1.4167362E-02
1.2143453E-02
1.0119544E~02
8.0956352E-03
6.0717264E-03
4,0478176E-03
1.5166787E-03
5.0723014E-04
1.1410916E-04
1.2887944E-04

1.625000E+01
1.636390E+01
1.650000E+01
1.658800E+01
1.675000E+01
1.680479E+01
1.699273E+01
1.700000E+01
1.714625E+01
1.725557E+01
1.731834E+01
1.735343E+01
1.742551E+01
1.750029E+01
1.759787E+01
1.780859E+01
1.800000E+01
1.804415E+01
1.831122E+01
1.861952E+01
1.898416E+01
1.927036E+01
1.960447E+01
2,000581E+01
2.050844E+01
2.118139E+01
2.220304E+01
2.330000E+01
2.440026E+01
2.500000E+01

2.763102E+01

LETHARGY GAMI GRANIT LASER LASL EPRI
DIFFERENCE 68 48 35 30 4
1.138954E-01 66
1.361046E-01 22 22
8.800328E-02 67
1.619967E-01 21 21 )
5.479406E-02 68
1.879316E-01 20 20
7.274353E~03 19 19
1.462537E-01 BOT 29
1.093168E-01 18 18
6.277263E-02 17 17
3.508862E-02 16 16
7-207987E-02 15 15
7.477506E-02 14 14
9.758033E-02 13 13
2.107210E-01 12 12
1.914120E-01 1 L
4.415412E-02 30
2.670628E-01 10 10
3.083014E-01 9 9
3.646431E-01 8 8
2.862017E-01 7 7
3.341082E-01 6 6
4.013414E-01 5 5
5.026289E-01 ] L)
6.729445E-01 3 3
1,021651E+00 2 2
1.096963E+00 1 1
1.100262E+00
5.997382E-01 BOT BOT
2.631021E+00 BOT
BOT

%*THE UPPER ENERGY BOUNDRIES OF GROUPS 104,128 AND 132 CORRESPOND TO LETHARGY VALUES OF 15.5,16.588 AND 17.0 OF
THE CSEWG 239-GROUP STRUCTURE. THESE ENERGIES DIFFER SLIGHTLY FROM THE VELOCITY-SPECIFIED BOUNDRIES OF GROUP
STRUCTURES USED WITH GRANIT AND LASER.




Section 3

MULTIGROUP CROSS-SECTION FILE

Multigroup cross sections were processed with the NJOY code (3), using the PRS
154=-group structure and neutron flux spectrum weighting function previously
described. All reaction cross—section tabulations (identified in ENDF/B by MT
values) were processed, except for the redundant nonelastic cross sections
(MT=3) and cross sections for inelastic scattering to isolated levels (MT=51,
52, «e., 90) and to the continuum (MT=91). The reaction types corresponding to

MT values encountered here are identified in Table 3-1.

Cross-section evaluations of ENDF/B are given in File 3 (MF=3) of the data col-
lection for each nuclide (identified in ENDF/B by MAT value). A variety of data
types are included in other files (MFs), Of particular interest are energy-
dependent branching fractions for reactions in which the residual nucleus may be
the ground or isomeric state. These reaction (MT) branching fractions, given in
File 9 (MF=9) have been processed with associated cross sections of File 3
(MF=3), producing partial cross sections leading to the ground state of the
residual nucleus. These are identified with MF=9 in the multigroup file. The
complimentary partial cross sections leading to the isomeric state of the
residual nucleus, not included in the multigroup file to prevent confusion, may

be computed as the difference between MF=3 and MF=9 values.

The reactions (MTs), temperatures, and Bondarenko background cross section g
values for each reaction processed are given for each nuclide (MAT) in Table
3-2. The ordering of the information of Table 3-2 is similar to that of the
multigroup cross—-section library, where tabulations are ordered on ilncreasing Z,
A, S, temperature, MF, and MT, and finally on decreasing ¢gp. Here Z and A are
the nuclear charge and mass number, and S is the nuclear state (0 = ground,

1 = first isomeric, etc.)

The multigroup cross-section file contains a total of 226,059 BCD card-image
records. The first 69 records of the data files (described in Table 3-3) con-
tain descriptive Iinformation and parameters on the data file and the group
structure and weighting function used in its production. Multigroup
cross-section tabulations consist of 8370 sets of 27 records each, as described
in Table 3-4, begining with record 70. The first record of each cross—section
tabulation 27-record set contains alphanumeric information, identifying the

nuclide and reaction, for examination of a data file listing.

3-1




Versions of ENDF/B are released on intervals of five to six years. Modifica-
tions, corrections, or additions to the data file for a particular nuclide of an
ENDF/B version are formally released in a "MOD" to the version, giving the
nuclide a new MAT identification. We have identified some errors in the MF3
tabulations of 11 fission-product nuclides. The (n,Y) cross section

(MF=3 MT=102) of lgth (MAT=9355) at 0.5 eV was changed from 360 to 3600 b as
required for agreement with other values in the 1/v behavior. The interpolation
scheme (INT) used in describing the 1/v behavior of 10 fission-product nuclides

has been changed from linear-linear (INT=2) to log-log (INT=5); the nuclides

affected are 'Se (MAT=9089), S¥sr (MAT=0179), J0ru (MAT=9325), SRy (MAT=9327),
102 347 106 38 112 44 114 44 120,

Pd (MAT=9379), 196ca (MAT=9440), '12sn (MAT=9513), 'l%sn (MaT=9516), %%Te
46 2,448 50 50 52

(MAT=9576), and 628m (MAT=9803). Total (MT=1) and (n,y) (MTI=102) multigroup
values for these nuclides in the file and collapsed values given in Section 6
reflect these correctons. These corrections have been made with the help and
concurrence of the pertinent data evaluators (10,11), although they are not

incorporated in MODs to ENDF/B-V and do not reflect official ENDF/B changes.

Table 3-1

IDENTIFICATION OF ENDF/B MT REACTION TYPES

|3

Description

Total

Elastic

Total Inelastic
(n,2n)

(n,3n)

~SEON BN

-

18 Total fission
22 (n,n'a)
28 (n,n'p)

37 (n,4n)
102 (n,v)
103 (n,p)
104 (n,d)
105 (n,t)
106 (n, 3He)
107 (n,a)

3-2
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TABLE 3-2

MULTIGROUP FILE SUMMARY

REACTION MT VALUES. =TEMPERATURES~~ BONDORINKO SELF-SHIELDING SIGMA ZERO
NUCLIDE MAT 1 2 4 16 17 18 22 28 37 102 103 104 105 106 107 300K 900K 1200K 1E0 1E1 5EV 1E2 3E2 1E3 1E4 1E5 1E10
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~TEMPERATURES-- BONDORINKO SELF-SHIELDING SIGMA ZERO
18 22 28 37 102 103 10K 105 106 107 300K 900K 1200K 1EO 1E1 5E1 1E2 3E2 1E3 1EW 1E5 1E10

TABLE 3-2 (cont.)

REACTION MT VALUES.
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Table 3-3

DESCRIPTION OF DATA FILE RECORDS 1-69

Record(s) Format
1 (20A4)

2 (17A4,14)
3-28 (6E12.5)
29 (17A4,14)
30-68 (6E12.5)

69 (20A4)

Description
File heading

Group structure heading, NGF

Group structure energy bound-
aries [EF(1),I=1,155]

Flux weighting function head-
ing, NFXP

Flux welghting function points
[EFLUXP(L),FLUXP(I),I=1,115]

Cross—-section tabulations heading



Table 3-4

DESCRIPTION OF CROSS—SECTION TABULATION 27-RECORD SET

Record(s) Column(s) Format and Description
1 (A6,A5,213,11,14,212,13,2E9.3,3E11.4)

1-11 Nuclide identification

12-14 IZ, nuclide Z value

15-17 IA, nuclide A value

18 IS, nuclide state I.D.

19-22 MAT, ENDF/B nuclide I.D.

23-24 IVER, ENDF/B version

25-26 MF, ENDF/B file number

27-29 MT, ENDF/B reaction I.D.

30-38 TEMP, temperature (K)

39-47 Sz, og value

48-58 Cross~section value at 0.0253 eV
59-69 Resonance integral above 0.5 eV
70-80 Resonance integtral above 0.625 eV

2-27 (6E12.5)
1-72

Multigroup cross—section values

[CXF(L),I=1,154]

3-9

.



Section 4

TOAFEW-V COLLAPSING CODE

The TOAFEW-V code produces few-group flux weighted average cross sections by
collapsing multigroup values, using either a flux weighting function provided by
the user or a log-log flux weighting function read from the data file. Fine-
group cross sections processed and collapsed to a few—group subset with a common
flux weighting function yield few-group values identical to those processed
directly into the few-group structure with that flux description. Few-group
cross sections for use in calculations with a spectrum different from that used
in processing may be closely approximated by collapsing with the appropriate
flux spectrum. Few-group values so produced are generally far more sensitive to
the flux description used in collapsing than to that used in processing the mul-
tigroup values; the multigroup values can therefore be used to produce few-group

cross sections for fast-reactor or CTR applications.

CROSS—SECTION COLLAPSING

Few—-group cross—section values appropriate for a flux spectrum ¥Y(E) are defined
by

EJ EJ
J ¥ o(E) ¥(E) dE /7 o(®) ¥(E) dE
E E
o, = g+1 o _J+ . . (4-1)
[V wE) @ J
EJ+1

If the energy boundaries of group J of the few-group structure shown in Fig.
4-1, lie in groups m and n of the multigroup structure such that Ej;; <
Ej+1 £ Ep and Ep4) < Ej £ By, then we may write

E n—-1 E, EJ
[ oE) WEY dE + | [ J o(B) W(E) d& + [ Y o(E) ¥(E) dE
E j=m+l E E
_ J+1 i+l o1
oy = m . (4-2)
J
4-1




If it is assumed that the multigroup values are relatively insensitive to the

flux weighting function ¢(E) used in processing, then

E E
[3 o) sy a8 [ 3 o) wE) aE

E E,
oj - i+l ; - i+l . i (6-3)
h| h|
or
E,
[ 3 oE) ¥E) d&E = o ¥y - (4=4)
B

The few~group cross—section expression may now be written as

E n-1 EJ
™ o(E) WE) dE + ] © + [ o(R) WE) dE

¥
33
i j=m+l E

J ¥ = (4=5)

Q
R
.

J

If it is assumed that o(E) is approximately constant in groups m and n, then

E n—=1 EJ
o [PWE)E+ ) o, ¥,+0o [ ¥E) dE
"E._ ., jem#1 § 30O E

o, = J ¥ . (4-6)

J

If the few-group structure is a subset of the multigroup structure such that

E and EJ = Em, then the second assumption above is not required, and

41 " Enn

n n
o = ) o Wj /Y v

. (4-7)
j=m j=m 3



If, in addition, the user flux Y¥(E) is chosen to be the flux description ¢(E)
used in processing, then the approximation of Eq. (4~3) is not required. The

few-group cross section is then given by

(4-8)

The TOAFEW-V code collapses a set of multigroup (fine) cross sections %CXF(j)}
to a set of few—group (coarse) values {CXC(J)} using Eq. (4-6). The locations
of fine groups m and n containing the few-group energy boundaries Ej and
Ej41 are determined as LFG(J) and LFG(J+l), respectively. All integrals of

the user flux ¥(E) over that part of fine group j that lie within coarse group
J are computed by the code as FLXIM(J,j). Integrals of the user flux over
each coarse group are computed by the code as FLXI(J). The algorithm cor-

responding to Eq. (4-6) is then

LFG(J+1)

CXC(J) = ) CXF( j)*FLXIM(J, ) FLXI(J) . (4-9)
J=LFG(J)

In addition to few-group cross sections, the TOAFEW-V code generates, for

each reaction, an effective thermal cross-section value 0322. This quantity is
o
calculated as the thermal group value ONGC divided by <°1/v>’ where < 1/v> is

the thermal group value of a cross section that varies as 1/v and 1s equal to
unity at 0.0253 eV. The value of <°1/v> is calculated by the code, using the

user flux description.

A glossary of terms used in the code 1is included in the code listing of Appen-

dix A. Modifications to the original code are clearly noted.

U~




USER FLUX WEIGHTING FUNCTIONS

Functional Flux (IFLX=1).

A functional expression for neutron flux spectra often used in neutron cross-—
section processing consists of a fission spectrum, 1/E "slowing down" region,
and a thermal Maxwellian distribution. This scheme has been extended by Roussin
(8) to higher energies, as described in Section 2, by adding a fusion peak
bounded on each flank by a 1/E region. These six regions have been incorporated
into a flexible, generalized flux function that is built into the code as a uger

flux option. The regions, ordered in increasing energy, are as follows.

Region 1, Maxwellian Distribution, EX(1)<E<EX(2), ¥(E) = C(1) E e~E/TKM
Region 2, Log-Log Slope, EX(2)<E<EX(3), ¥(E) = C(2) ESLPA

Region 3, Fission Spectrum, EX(3)<ESEX(4), ¥(E) = C(3)/E e E/THETA
Region 4, Log-Log Slope, EX(4)<E<EX(5), ¥(E) = C(4) ESLPB

Region 5, Fusion Peak, EX(5)<E<EX(6), ¥(E) = C(5) e~5(YE-YEp) 2/TKF

Region 6, Log~Log Slope, EX(6)<E<EX(7) Y(E) = c(6) ESLPC

Use of the functional flux description requires user input of region boundary
values [EX(I),I=1,2,...], distribution parameters (TKM,THETA,TKF,EP), and log-
log slopes (SLPA,SLPB,SLPC). Coefficients C(I) are calculated in the routine
COEFS by equating flux expressions at the common boundaries. Regions I-1 and
I+l may be joined and Region I omitted by defining identical values for EX(I)
and EX(I+l1). Low-lying regions not required must be specified with appropriate
parameters, yet may be negated by equating nonzero energy boundaries. Parame-—
ters of higher energy regions not desired must be specified, although coeffi-

cients of regions above the few-group energy structure are not calculated.



Log-Log Interpolation (IFLX=2,3)

The description of neutron flux spectra as a series of log-log segments is com-
monly used to provide a detailed accounting of energy structure. The user may
specify such a flux description by setting IFLX=3 and supplying a set of NFX
energy and flux values. Alternatively, the log-log flux description given in
the data file may be selected by setting IFLX=2. Flux values specified under

this option must be in units of flux—-per-unit-energy, i.e., n/cmz—s—eV.

Histogram Values (IFLX>4)

Group flux values may be determined in external multigroup transport or diffu-
sion calculations and supplied to the code. NFX group fluxes may be specified
in units of flux—per-unit-energy (IFLX=4), flux-per-unit-lethargy (IFLX=5), or
as integrated group fluxes (IFLX=6). Group flux values are transformed to (if
not furnished in) a histogram representation to Y(E); accuracy is obviously

increased with the use of a large number of groups. The user must also supply

NFX+1 histogram energy boundary values.

INPUT AND OUTPUT FILES

Files input to the TOAFEW-V code are INPUT, the card input file described in the
following section; and TAPEl, the cross-sectlon data file described in Section
3. Files output from the code are OUTPUT, TAPE2, and PLOT. The OUTPUT print
file includes a summary of all ipput information, intermediate calculated val-
ues, and collapsed few-group cross sections in a form useful in reporting. PLOT
is a graphics plot file useful in comparing the neutron flux spectra used in

processing and collapsing the multigroup cross sections.

Examples of the files INPUT, OUTPUT, and TAPE2 and the flux spectrum produced

from PLOT are given in Appendix B for a variety of sample problems.

LOCAL SYSTEM ROUTINE LIMITATIONS

The error function routine ERF called in function subprogram ENTEG and the
min/max vector value routines MINV and MAXV and plotting package calls to GPLOT,
LIB4020, PLOTM, and GDONE in subroutine PLOTX are particular to Los Alamos.
Calls to these routines must be examined and, if necessary, modified to corre-

spond with equivalent user system routines.

4-5 A
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Figure 4-1. Multigroup and few-group energy structures.



Section 5

TOAFEW-V CARD INPUT (INPUT FILE)
Card input is supplied by the user to the code in the sequence below. All ener-
gy values supplied to and generated by the code are in units of electron volts.
Integer values must be right adjusted. All variables are clearly described in

the code listing in Appendix A.

Card Column(s) Format and Card Content
Title (20A4)
1-80 Problem description (alphanumeric)
Control (1615)
1-5 IFLX, collapsing flux control
6-10 NFX, number of user-supplied flux values
11-15 + NGC, number of coarse groups; sign controls input
~  of EC values, cards E and F below
16-20 NT, table number for TAPE2 heading
21-25 IPLTFX, flux plot control
Limits (815,4E10.3)
1-5 MINZ —
6-10 MAXZ
11-15 MINA
16-20 MAXA limits of nuclide Z and A,
21-25 MINMF file MF, reaction MT, Bonda-
26-30 MAXMF renko 0g value, and tempera-
31-35 MINMT ture within which TAPEl mul-
36-40 MAXMT tigroup cross sections should
41-50 SZMIN be collapsed.
51-60 SZMAX
61-70 TEMIN
71-80 TEMAX

Cards Al, A2, Bl, and B2 are supplied only if IFLX=1
functional flux description).

(see Section 4 for

Al (6E12.5) Region boundaries
1-12 EX(1)
13-24 EX(2)
25-36 EX(3)
37-48 EX(4)
49-60 EX(5)
61-72 EX(6)
A2 (6E12.5) Region boundaries (cont)
1-12 EX(7)



Card Column(s) Format and Card Content

Bl (6E12.5) Flux parameters
1-12 TKM, Maxwellian temperature
13-24 SLPA, region 2 flux slope
25-36 THETA, fission spectrum temperature
37-48 SLPB, region 4 flux slope
49-60 TKF, fusion peak temperature
61-72 EP, fusion peak energy
B2 (6E12.5) Flux parameters (cont)
1-12 SLPC, region 6 flux slope

Cards C are supplied only if FLX=3. Values may be increasing or decreasing
energy.

c (6E12.5) Log-log flux points
1-12 EFLUX(1)
13-24 FLUX(1)
25-36 EFLUX(2)
. EFLUX(NFX)
: FLUX(NFX)

Cards Dl and D2 are supplied only if IFLX > 4. Values may be increasing or
decreasing energy.

D1 (6E12.5) Histogram flux boundaries
1-12 EFLUX(1)
13-24 EFLUX(2)
25-36 EFLUX(3)
. EFLUX(NFX+1)
D2 (6E12.5) Histogram flux values
1-12 FLUX(1)
13-24 FLUX(2)
25-36 FLUX(3)
. FLUX(NFX)

A positive sign on NGC of the CONTROL card requires that coarse—-group structure
boundaries [EC(I), I=1, NGC+l] be read from card(s) E. A negative sign on NGC
requires that fine-group structure boundary indices [LB(L), I=1, NGC=l] be read
from card(s) F; coarse-group structure boundaries are selected from fine-group

structure boundaries according to EC(IGC) = EF[LB(IGC)].

5-2



Card

Column(s) Format and Card Content
(6E12.5) Coarse-group structure
1-12 EC(1)
13-24 EC(2)
: EC(NGC+1)
(1615) Coarse-group structure
1-5 LB(1)
6-10 LB(2)
. LB(NGC+1)

)




Section 6

FOUR-GROUP RADIATIVE CAPTURE (n,y) CROSS SECTIONS

Four-group (n,y) cross sections have been generated with the TOAFEW-V code and
library in the EPRI 4-group structure for use in reactor physics and fuel deple-
tion calculations. The energy bounds of the group structure are given in Table
6-1. The infinite dilution (gg = 1010 b) 900 K radiative capture (MT=102) cross
sections of all 237 nuclides present were collapsed using the PRS flux
description. These 4-group values and effective thermal value defined in
Section 4 of this report are listed in Table 6—2,'along with thermal and reso-

nance integral values read from the data library.

TABLE 6~-1

EPRI FOUR-GROUP STRUCTURE

Group Energy, eV

1.0 x 107 ev
1

8.208499862 x 10° eV
2

5.530843701 x 103 ev
3

6.250600000 x 10~1 ev
4

1.000000000 x 10~3 ev
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TABLE 6-2 (cont.)
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OND14 65 3102 08 1541 5; 96981E-02 5.03102E-02 5.856897E-01 2.00658E500
6oun1u2 86 3102 500 1£+10 9:52507E-07 2.832608-01 2.26892E401 2. ;uugss’o1
OND 02 900 1Ee+ 51084E-02 = -01 7.79893E~
GOND14E 9767 3102 900 1E+10 4.51084E-02 8.33473E-02 2.956305-0 71988301
boRbiit 9768°3102° 7900 1E+10"5. 10BUSE-02"3.93064E-01 "6 603865001 5" 72783E+01
60NDI48 9769 3102 900 1E+10 6.19428E-02 1.02 T8E-01 2.25854E400 1. guovs.oo
6ONDIR0 9771 3102 900 1E+10 2. -633896-02 1.04E17E-01 183030400 6. 3336-01
bleHILT 9 3 3102 900 1kel0 1.28866E-01 7.7 Jusale-d! 1919102 988801E.01
G1PMING G978k 3102 900 1E+10 4.9271BE-01 2.57395E+00 2.83250E403 2.649 14E403
sibniiém 782 10277900 {E+10"4.927168-01 "2, 5739g£+oo ;.18088E¢02 1.906248+04
bIPMING 9785 3102 900 1E+10 5.264B7E-01 2.13418E+00 7.37983E407 7. Zasuuz’oz
61PMI5ST 9788 3102 900 1E+10 1. 01026E-0? 2.03785~02 1.73205E402 96U9E02 31
+625M1B4 § 03 3102 900 1E+10 2.44760E-01 2.18841E-07 2. 213318400 3.86685E-01 g
2 3 - + . !
62SMINT 9805 3102 900 1E+10 1.82583E-01 B.60702E-01 7.64233E+01 3.441895+01 3
625Miad" 980773102 900" 1E+10" 203160867 5 6663-01' 11052800 " 1.5635 é+06' 3
625M149 1319 3102 900 1EV10 3 06789E-02 1.232 2E+00 3:440228+00 u.g7§ 16504 5
25M150 9808 3102 900 1E+10 1-31309E-01 2.86248E-01 1.15208E407 5<4o03oE 3
2SMI5T 9810 3102 900 IE+10 2.57968E-01 1.60536E+00 2895595105 & . 6828 350 6
62SK152 9811 3102 900 1E+10 8.9012BE~02 3.65346E-01 2.760K5E+03 1.169505003 2. 119
838His3""3815°3102° 900 1E10 "2 35680804 1 190348053 366678 5°1.83819E402"3:31
25M15 8§1; 105 309 1E418 5.703325—02 1.n2339£- 13 3Zs+oo : “0RuBIEe05 5 E!
630151 1357 3102 900 1E410 3-J5UZ8E-01 2.70801E+00 05339s+02 ET901EXD ’
63EU152 1292 3102 900 1E+10 - Jug24E-01 3:24995E400 3.25440E402 7.6 8305103 1.38
63BU153 1359 3102 900 1E+10 1.62826E-01 1.71669E+00 1-37439E+03 1.39787E+03 2,523
EUISH "1293°3102° "900 1E+10°7.38178E-03"7 8 095’00 2.20970E+02 4964575403 41961
g e 33102 398 1E+10 é.oﬁngts-01 1.513 £+00 153008003 3 gug £+03 & 1329
§ EU1 3 §102 800 1E¢10 5100 23E-04 3.54003E"07 1.23520E405 2.6866 4:8%9
EU15T 102 900 1E+10 3.22379E-03 2.52811E-02 1.157105405 5. -058U0E03 1. -s0516
646D152 1362 3102 900 1E+10 3.14777E-01 5.54281E-01 3.23325E401 8.01865E500 1,447
JGD154 1364 3102 900 1E+10 3. Ji2U0E-01 "8.56674E01 2386708401 & . 693588001 "B 473 g0}
2uco155 1?25 102 239 1E18 {:335785-01 1:2254 3500 1.3237 Ev02 1.91337E 0k {2 3
64GD155 1366 3102 §0D 1E+10 9.61730E-02 3:90195E-01 1. 14368E401 g.sgggzz-o1 Zz
6“6015; 1367 3102 900 1£+10 5:430245-02 815573E-01 2:91069+01 B.24069Ea04 1:48
64GD156 1368 3102 900 1E+10 6.55924E-02 1.91531E-01 6.51629E+00 1. 12045400 022
6EGD160" 137073103960 18410 5.ug195£-oz i-ii3sie-6i"4. 020682-01 4.25396E20177.6
65TB189 9 2] 3192 900 1E+10 9.12003E-03 i 035368400 1.68096£401 11432856401 218 62 £401
65TB160 3855 3102 900 1E+10 11430 7Ug-03 7.841436-02 o 88090E0] o 9153Ee02 5.
6001160 9884 3105 900 1E+10 7:93981 g -2007TE+00 1.51606E+02 3.59
66DY161 9865 3102 900 1E+10 5.9%233E~02 1.22132E400 1.1705TE+02 3.10247E+02 5.59995E902
D162 6 3102900 1E+10°2.790R5E-01 530118601 370692384031 141778103 3.
§§°’“23 8827 102 §oo 1E+10 5.133?32-02 5. ?9 OHE-01 3. 82; E+02 7.7u93§s¢m 13
DY16% 1031 3102 900 1E+10 §-00518E-02 1. -SOBUTE-01 2302676401 113012 £+
6 HOlos 9872 3102 900 1E.10 -921706-02 8. SuB4E-01 7. J400E+01 3:13998E0
6ER166 9875 3102 900 1E+10 1.43092E-01 2.98597E-01 1.48463E+01 1.08729E+01 3519

E+00 6 02510E+00
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TABLE 6-2 (cont.)

SIGMA  GROUP 1 GROUP 2 GROUP GROUP & THERMAL X-SECTION RESONANCE INTEG. AbOVb
NUCLIDE MAT MFMT (K) 2ER0  X-SECTION X~-SECTION X-SECTION  X~SECTION EFFECTIVE® (0.0253 EV) 0.500 EV 0.625 E

68bh167 9%%6 }\02 900 1E+10 6.095090E-02 8.02473E-01 1.58766E+02 1.07057E+03 1. 63238E+03 6.73660E+02 3.00780E+03 1.75140E+03

ENDF
9OTh2 0 6030 3102 900 1E+10 1. RMOSNE-OZ 21“225—01 Z ggzu7a~o1 33268+01 2. MH2625401 2 90E401 ;7205402 8. 517&0&402
90Th232 1390 3102 900 1E+10 7.87452E~02 2. 4E-01 5115*00 §.06262E+00 Z 633 1E+00 1 50h400 150E+01 8 E+01

8.
9\PA2§ 31 gl 1E+10 1. 2 229E~-01 2 612N1E+00 5.36287E+01 2.57258E+02 ZEOOZ ZZZ6OE+02 6. 0 B 05402 Sga 05#02
G1PA2 1 310 0 1E+10 1.06012E-01 8.03290E-01 7. 6653E+01 2.13067E+01 3.84584E+01 ' 80E+01 8. 6440E+02 TOE+02
52°0232° 82'2' i62° '66 iélié'é.ééss'éléé'éIZi'78éi6i'é'fzeééé$6i g'ﬂéiéééiéi 6250676401 ':zgué E+01°3.16920E+02° 'Ziéééééoéé
§2 v2 1 éa 102 00 1E+10 2.290 E=-02 E. 1806E-01 1. 3 E+01 8“522E001 5.&83§7E001 58520E+01 .g?1“0£¢02 .gg OE+Q2
2 UZ 1 102 00 1E+10 1.51204E-01 4.71970E-01 6.0 5 E#Ol 5.42976E+01 9. E+01 1.03760E+02 T4TOE+02 6.54150E+02
2 UZ 1 2 102 00 1E+10 6.211 gE—OZ 'S 28015-01 1.2 E+01 5.28 125401 53710E+01 83 QL+ 1 1. Qk+02 1.3 ¢30e+02
82 U2 1 g 102 300 1E+10 1.6133bE-01 4.62993E~01 3.2 3377E+01 2 912 E+00 g 2 g E+Q00 g 17 gg 00 3. zgag 0E+02 3. gﬁiOL#OZ
g U3 8231 368 908 16416 1 610R06-05"5.ddis1En01 2. G80EE0H" %Z“"‘éééé“"é'2""“%%“3’2”?’%"*2%’25"g""géi'“;'%":‘é‘é"’i“"z
Ne2d 1337 3102 300 1Ev1D 7:30480E-03 T:34102E+00 gi%ﬁzous*o1 1:356%3 £+02 2. ‘133205202 3143730402 -18850E+02 & Zggéos+oz
3INP238 8 § 102 900 1E+10 0. 3. %989E—02 .55610E+00 1. g E 2 1.93594E+02 2. 2;550E002 g ?68 0E+01 3.2 )
4PU236 8436 3102 900 1E+10 2.68486E-02 2.67201E~01 2.90215E+01 8. [v] 3540 1.54515E+02 1.63710E+02 2830E+02 07690E+02
94pU237" 8ﬂ§g'§i6é°'§66'ié;i6'iIéé'iééléé'iZgéﬁéiéléi'iiﬂiivuaiéi'siéésé Ee03" 8 i550E402 5 hi360E+02" 1. 864A0E+02" 1.61410E402
g4PU23 133 3102 900 1E+10 1.05851E=01 5. 836“E—01 1.30123E+01 2 u391 E+02 4,U3873E+02 5.63500E+02 1.52430E+02 1."63502‘02
gypy2 9 1399 3102 600 1E+10 1.27012E-02 3.51432E 01 1.85560E+01 4.1 TE+02 7.5568504E+02 2.711 0E+02 1.92850E+02 1.78850E402
9upU240 1 30 102 00 1E+«10 6.29 61E-02 3.%82282—01 g. 83% 02 1.982 E+02 3.53 549E+02 2. é16u08002 8.00190E+03 7-3“1705003
gupU241 1381 3102 300 1E+10 9.29891E-02 3.62 ¥E-01 1 % 8 01 2.95720E+02 5.33772E+02 3. 2980E+02 1. 96510E+02 1.89790E+02
éﬁéﬁéﬁé"iéﬁé'éiéé"ééé'iélié'é:iéééiéléé'ilééééééléi'iIi 360E+02° i'i'iéééiéi'é'éiééiéiéi't.gé'éééiéi'i:éi'éééléé'i:éiéiéééé
QHPUY 8 “z 3102 900 1E+10 2.10830E-02 2.961125-01 Z.g 554E+01 4.68049E+01 8.4 826E+01 8.82760E+01 2.75§ 0E+02 2.72070E+0
9apU24 844 102 900 1E+10 1.01208E-02 1.19 62E-01 8.52064E+00 1.00500E+00 1.81“013&00 1.84560E+00 1.05680E+02 1. 056 10E+02
g5AM241 3261 3102 00 1E+10 1.29760E-01 1.41% ;“E+00 g LO4THBE+01 6.15186E+02 1. 1&0“1 3.81"208002 1.“1? 0500? g 8;;50&002
g5AM242 k2 3102 00 1E+10 O. 3.21% 5E-02 5.05919E+00 1.32252E+02 2. 387 14E+0 .53900E402 7.12 0E+0 3
éékﬁéié&'ias "iéé"ééé'ié$i6'i:gééiééléé'é:iéééééléi'é:iééo'éléi'iléiéééeiéé'i'é'éééé¢03 1:3571908+03 2 83810E+02 2. 32420E+02
82 ? Agﬁ% §102 00 1E+10 8.2 622E-0. 7.291395—01 1 5930 £+02 4.762 8 1 7.52910E+01 1. 81900E+03 1. 1060L+0
cM24 4 102 0 1E+10 .u123 E-Og 1.61041E-01 9.106% 00 1.39 E+02 2.21“ 6E+02 2.50940E+02 1.101HOE00 9 85380E+0
8 CM2“2 8642 3102 800 1E+10 1.52 ?§E-O 1.28“§5E-01 1. 62 68&401 .15% 6E+00 5205E+01 1.32280E001 1. 553203402 22330h002
CM243 1343 3102 00 1E+10 5.525188-03 1.67362E-01 2.2 4YE+01 3.35 3E+01 .05527E+01 5.86280E+01 2.50870E+02 2.
$6CMaaE" 134473702 "900 " 1E+10"7.03873E-0 'é:éééZiéléi'é°§2 """ i'5337§1 £+00°1 ouzuza+o1 i:éﬁiiééiéi'é:éiiéé"éé 5.91290E+02
60&252 1 42 102 900 1k+10 2.03011E-02 2. 20 ‘E-01 9 gggE+00 1.43 1§£#02 3228+02 ?.85 LOE+02 1.16700E+02 1.0 0E+Q2
gﬁCH2“ 15“ %102 900 1E+10 3.13102E-02 1.2 211E-01 1.00 £4+01 Z. 12 E=01 1.35 E+00 .303305400 1.03780E+02 1.03700E+02
CM25§ 8 “l 102 900 1E+10 2.03506E-02 2. 84569E-01 4.21752E+01 .035 6E+01 7.39264E+01 5. 6140E+01 H.EEM9OE+02 4§.75280E+02
96CM24 8648 3102 600 1E+10 4.1 738E-02 1.96567E-01 2.37239E+01 1.38148E+ 00 2.419356E+00 2,458T70E+00 2.4B250E+402 2. 120b002
1 L
. o . . . 4 .
98CF250 8850 3102 900 1E+10 6.73837E~02 2. 36375—01 T.8412 1.3 8E+03 2. “13955#0 1.61870£+03 1.12870E+0“ 8.36‘105+0
el ;ass % 118 e Snie L '~ai%735:3$ STESE 2IeNGdnds 1iazeonctay 1askookad
98CF353° "8853 '165" 06 iBeiG 0. " " 3 30066E02" 2 809026401 2.38468E+02° u L0835E+02° 3 021205402 3. 769808402 " 3. 02990E+02
ES25 102 00 1B+10 O. 784E-02 1.11177E+02 9. 9UE+02 1 E+03 2.02000E+02 36290E+0 .163
99 g g g ?g y ;86 4 76654 2 g 62 3 163808+03
#NOTE THAT THE EFFECTIVE THERMAL CROSS SECTION IS THE GROUP 4 CROSS SECTION DIVIDED BY SIGMA(1/V)
WHERE SIGMA(1/V) IS THE GROUP M VALUE OF A 1/V CROSS SECTION EQUAL TO UNITY AT .0253EV (=.554018)

+MINOR CORRECTIONS HAVE BEEN MADE TO MF3 MT102 DATA REPRESENTATIONS OF ENDF/B-V FOR SOME
NUCLIDES AS DBSCRIBED IN SECTION 3.
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Appendix A

TOAFEW CODE LISTING

PROGRAM TOAFEW C(INPUT,OUTPUT,»PLOTs TRPE1, TAPE2)
CO0000000000000000000000000000000000000000008000000000000000000000000000

Ce
Ce W.B.WILSONs T.R.ENGLANDs R.J.LA BAUVE FEBRURRY 1978
Ce TORFEW-Y MODS APRIL 1981

Ce TGROUP T-2y NUCLERR DRTA

Ce LDOS ALAMOS NATIONAL LABORATORY
Ce
CO0000000000000000000000000000000000600000000000000050000000000000000000
Ceeee ADDITIONS (ADD) AND MODIFICATIONS MOD> TO THE ORIGINAL TDAFEW -
Ce COLLAFPSING CODE ARE INDICATED IN COLUMNS 74-76. THESE CHRNGES *
Ce HAVE BEEN REQUIRED AS FOLLDWS. .

L 2R 2% 2R 2 X ]

Ce ¢ CORRECT ORDER OF STATEMENY NUMBERS IN 30 50 7O

Ce ¢ RERD AND OUTPUT THERMAL CROSS SECTIONS AND RESONANCE INTEGRALSe
Ce ¢ READ AND USE MF RANGE OF USER INPUT *
Ce ¢ CHANGE ERF ARGUMENTS TO ABS. VALUE IN ENTEG FDR RGN.S» IFLX=1 e
Ce ¢ CORRECT SIGN OF EXP ARGUMENT IN C<(5> EXPRESSION DF COEFS .
Ce ¢ CHANGE PLOTTING ROUTINE CALLS RS REQUIRED BY PROGRESS .
Ce + OTHER MISCELLANEDUS IMPROVEMENTS .

C00000000000000000000000080000000000000000000000000090000000000000006000
CO0000005400000000000000000000000000000000000000000000000000000000000000
CeTORFEW-V COLLAPSES MULTIGROUP CROSS SECTIONS READ FROM A COMPRTIBLE o
CeDATA FILE, USING EITHER A LOG-L0OG FLUX DESCRIPTION GIVEN IN THE DATA 0
CeFILE OR R FLUX DESCRIPTION PROVIDED BY THE USER.
Coo00000000o00000000000000000oooo00000000000000000oooooooo¢ooooooooooooo
c

€ TAPE 1 IS THE INPUT DATA FILE
C TAPE 2 IS AN DUTPUT PRINT FILE OF COLLAPSED CROSS SECTIONS

c

C DESCRIPTION OF VARIABLES
CO000000044000006000000000

C<I> =COEFFICIENT OF FUNCTIONAL FLUXsREGION Is CARLC. IN COEFS
cxaa00 =VYALUE OF CROSS SECTION AT 0.0253 EV. READ FROM TRPE1
CXC 160 =COARSE GROUP I6GC CROSS SECTION CALCULRTED

CXF CIGF)> =FINE GROUP IGF CROSS SECTION INPUT

CXFLXI CIGC>=INTEGRAL OVER CORRSE GROUP IGCs FROM ECCIGC+1> TO ECKIGLY»
DOF THE PRODUCT OF WEIGHTING FLUX RAND FINE GRDUP
CROSS SECTIONS

EC (IGC> =COARSE-GROUP 1GC UPPER ENERGY BOUND

EF <IGF> =FINE-GROUP IGF UPPER ENERGY BOUND

EFLUX (IFX> =ENERGY AT FLUX DISCONTINUITY DR HISTOGRAM BOUNDARY IFX
EFLUXPC(I> =ENERGY YALUE I AT DATA FILE FLUX VYALUE FLUXP (I

EP =ENERGY OF FUSION PEAK IN FUNCTIONAL FLUX DESCRIPTION
EXC(D) =ENERGY BOUNDRY I OF FUNCTIONAL FLUX DESCRIPTION

FLUX CIFX) =FLUX AT DISCONTINUITY OR HISTOGRAM GROUP IFX
FLXICIGE) =INTEGRAL OVER CORRSE GROUP 1GC» FROM ECCIGC+1> TO ECCIGE) »
OF THE WEIGHTING FLUX

FLXIMC(IGC,
IGF>=INTEGRAL OF FLUX OVER THAT PART OF FINE GROUP IGF
WITHIN COARSE GROUP 16C
FLUXP (1) =DATR FILE FLUX VYRLUE I AT ENER6Y VRLUE EFLUXPC(D)
IFLX =1y COLLAPSE TO FLUX FUNCTION BUILY INTO CDEFS,ENTEG,PLOTX

=2y COLLAPSE TO LDG-LODG FLUX REARD FROM DATA FILE

=3y COLLAPSE TO LOG-LOG FLUX RERD FROM CARD INPUT

=4y COLLAPSE TO HISTOGRAM FLUXs N/CMee2-SEC-UNIT ENERGY
=5y COLLAPSE TO HISTOGRAM FLUXs N-/CMee2~SEC~UNIT LETHRRGY
=€y COLLAPSE TO HISTOGRAM FLUXs N-/CMee2-SEC (INTEGRAL)

IA =A VYALUE OF NUCLIDE
Is =0y, GROUND STRTE
=1, ISDMERIC STATE
IVER =ENDF /B VERSION FROM WHICH MULTIGROUP YALUES PROCESSED
12 =Z VYALUE OF NUCLIDE
LBCIGEC =FINE GROUP BOUND CORRESPONDING TO COARSE GROUP BOUND IGC
LFGC(IGC> =FINE GROUP WITHIN WHICH COARSE G6ROUP BOUNDRY 16C LIES
MAT =ENDF/B-1IVER NUCLIDE IDENTIFICATION NUMBER

MINA, MAXA =LIMITS OF IA WITHIN WHICH CROSS SECTIONS TO BE COLLAPSED
MINZ,MAXZ =LIMITS OF 12 WITHIN WHICH CROSS SECTIONS TO BE COLLAPSED
MINMFy MAXMF=LIMITS OF MF WITHIN WHICH CROSS SECTIONS TO BE CDLLAFSED
MINMTs MAXMT=LIMITS OF MT WITHIN WHICH CROSS SECTIONS TO BE COLLAPSED

0000000000000 00000000000N00000O000000000O000

MT =ENDF/B REACTION IDENTIFICATION NUMBER
NGC =NUMBER OF CDARSE GROUPS
NGF =NUMBER QOF FINE GROUPS

MoD

ADD
MOD

ADD
ADD
/DD
& ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD

ADD

ADD



NF¥X =NUMBER OF FLUX DISCONTINUITY POINTS, IF IFLX=2 OR 3
=NUMBER OF FLUX HISTOGRAM VYALUES, IF IFLX=4,5 OR 6

NFXP =NUMBER OF DRTA FILE FLUX LDG-LOG POINTS

RIS00 =VALUE OF RESONANCE INTEGRAL ABOVE .500 EV READ FROM TAPE1L

RI625 =VALUE OF RESONANCE INTEGRAL ABOVE .625 EV READ FROM TAPE!

SLPAR =L 06-LOG FLUX SLOPEs REGION 25 FUNCTIBNAL FLUX

SLPB =L 06G-LOG FLUX SLOPEs REGION 45 FUNCTIONAL FLUX

SLPC = 06-LOG FLUX SLOPEs REGION 6s FUNCTIDNAL FLUX

SYMC12> =CHEMICAL SYMBOL OF ELEMENT WITH 2Z=12

SZ =SIGMA-0 USED IN PROCESSING WITH BONDDRINKO SELF SHIELDING

THERM =THERMAL GROUP VALUE OF 1,v CROSS SECTION= UNITY AT 2200M/S

THETR =FISSION SPECTRUM TEMP. (MEV) s FUNCTIONAL FLUX

TKM =NEUTRON TEMP. (MEY> OF MAXWELLIANs, FUNCTIONAL FLUX

TKF =NEUTRON TEMP. (MEV> OF FUSION PEAK,» FUNCTIONAL FLUX

0000000000000 0000000000000000000000000000000000500460000000080000000000

0000000000000 00000000000000000000000000000000000000000000000000¢
*THIS VERSION OF TOAFEW IS DIMENSIONED FOR THE FOLLOWING VALUES e
+ NGC=4 NGF=154 NFX=200 NFXP=115
#ARRAYS ARE DIMENSIONED AS FOLLOWS
¢ EFLUX(NFX+1> EF(NGF+1> ECCNGC+1> CXF(NGF> CXC<(NGC)
¢ LBCNGC+1> LFGCNGC+1> CXFLXICNGCY FLXINGD
o FLUXCNFX> FLXIM(NGCsNGF> EFLUXP (NFXP>  FLUXP (NFXP)
0000000000000 00000000000000000000000080000000000050000000000000
STORAGE
000600000
COMMON /A7 EFLUX (201) s FLUX (200 9 EF (155) s EC (5> s CXF (154) » CXC (4
COMMON B/ LB(S)s LFG(S) s CXFLXI (4) sFLXI (D
COMMON ~C/ IFLXsNFXsNFXPsyNGFsNGCs TITLEC20>» TITLC1?)
COMMON D/ FLXIM(45154>,SYM(103)
COMMON /E~/ EFLUXP <115) s FLUXP (115)
COMMON /F7/ C(6)sEX(?)» TKMs SLPAs THETAs SLPB TKFyEP» SLPC

OO000O0O0O000000000000O00000000
L 2K 2R 2K 2N 2% 4

DATA SYM/2H Hs2HHE»2HLI»2HBE,2H Bs2H Cs2H Nr2H Os2H F»2HNE» 2HNAs2H
1MGs2HAL 2HSIs2H Ps2H S»2HCL»2HARs 2H K» 2HCA» 2HSC»2HTI2H V> 2HCRs 2HM
2Ns 2HFEs 2HCOs 2HNI» 2HCU» 2HZN» 2HGA» 2HGE » 2HRS » 2HSE » 2HBRy 2HKR » 2HRB» 2HSR
3s2H Ys2HZRs 2HNBy 2HMO> 2HTCs 2HRU» 2HRH» 2HPDs 2HAG» 2HCDs 2HINs 2HSN» 2HSB)
42HTEs2H 1s2HXEs 2HCSs 2HBA s ZHLRA» 2HCE» 2HPRs 2HND» 2HPM» 2HSMy 2HEU» 2HGDy 2
SHTBs 2HDY s 2HHO» 2HER s 2HTM» 2HYBs 2HLUs 2HHF s 2HTAs 2H Wy 2HRE» 2HOSy 2HIR» 2H
6PTs 2HAUs 2HHG s 2HTL » 2HPB» EHB 15 2HPOs 2HAT» 2HRN» 2HFRs 2HRAs 2HACY 2HTHy 2HP
7As2H Uy 2HNPy 2HPUs 2HAMs 2HCMs 2HBK s 2HCF » 2HES » 2HF M 2HMD» 2HNO» 2HLR/

00000000000 00000000000000000080000000000000800000P0000000000000006000

READ JOB DESCRIPTIVE PARAMETERS
CPPC0000000000000000006800000000
READ 390s TITLE
PRINT 420
READ 400s IFLXsNFXsNGCsNTs IPLTFX
PRINT 430y TITLE
IGCFLG=0
IF(NGC.LT. 0> IGCFLG=1
NGC=1RBS (NGC)
PRINT 470y IFLXsNFXyNGCyNTs IPLTFX
REAN 405sMINZs MAXZs MINAs MAXAs HINMF s MAXMF s MINMT » MAXMT» SZMINy SZMAXs
1 TEMIN, TEMAX
PRINT 710sMINZyMAXZy MINAs MAXAs MINMFy MAXMF s MINMT » MAXMT» SZMIN> SZMAX
1 TEMIN, TEMAX
NGCP1=NGC+1
C READ DATA FILE HERDING
CO0000090000000000000000¢
READ ¢ 15,3900 TITLE
PRINT 440, TITLE
C READ MULTIGROUP STRUCTURE
CP0000000000006600600000000
READ ¢ 15395)TITL, NE6F
PRINT 440y TITL
NGFP1= NGF + 1
READ ¢ 15410) CEF CIGF)» IGF=1yNGFP1>
PRINT 4505 (EF (IGF)»16F=1>N6FP1)
C READ DATA SET FLUX WEIGHTING FUNCTION
COP000000000000000000000000000000000000
READ ¢ 15s395)TITLs NFXP
PRINT 440, TITL
READ ¢ 15410> CEFLUXP (1) s FLUXP CI) » I=15 NFXP)
PRINT 4505 <EFLUXP (1> sFLUXP (I)>» Ix1yNFXP>
C READ COLLAPSING FLUX DESCRIPTION
CO60000400000000000006000000000000

ADD
ADD

MOD
MOD
MOD
MOD



IFCIFLX.NE.2> 60 TO 30
C COLLAPSE TD DATA SET LOG-LDG FLUX
Ceoeoooe
NF X=NF XP
DO 20 I=1sNFXP
EFLUX CI>=EFLUXP (1>
20 FLUXCI) =FLUXP CI>
GO TO 140
C CDLLAPSE TO WT.FUNCTION DTHER THAN THAT READ FROM DATAR FILESET
Ceoe000000000000
€ BRANCH ON INPUT FLUX DESCRIPTIDON
Ceeosoo
30 GO0 TO (35,1405,40,60560,600, IFLX
C READ PARAMETERS OF FUNCTIONAL FLUX
Coosoe
35 READ 410, (EXCID>sI=1s?
REARD 410, TKM» SLPRy THETA,SLPBy TKF»EP»SLPC
GO TO 140
C READ LOG~-LOG ENERGY-FLUX INTERPOLATION POINTS FROM CARDS
Ceocoe
40 READ 4105 C(EFLUXCID »FLUXC(I) » I=1sNFXD
IF (EFLUX (1> ,GT.EFLUXC(NFX>> 60 TD 140
C ORDER IN DECRERSING ENERGY
Ce00000000000000000000000000
NP=NFX-/2
DO S0 IP=1,NP
STOWE=EFLUX (NFX+1-1P>
STOWF=FLUX (NFX+1-1P>
EFLUX (NFX+1-IP>=EFLUX (IP)
FLUX (NFX+1-1IP>=FLUXCIP)
EFLUX CIP)>=STOWE
S0 FLUXCIP> =STOWF

GO 7O 140
C READ HISTOGRAM FLUXES FROM CARDS
Ceoooe
60 NFXP1=NFX+1
REARD 410, C(EFLUXC(I)> s I=1yNFXP1)>
READ 410> <FLUXCID » I=19NFXD
IF (EFLUX (1) .GT.EFLUX(NFXP1>) 60 TO 90
C ORDER IN DECREARSING ENERGY
Ce000000000040000000000000000
MP=NFXP1-2
DO P70 IP=1sNP
STOWE=EFLUX (NFXP1+1—~1P)
EFLUX (NFXP14+1-1IP>=EFLUX CIP>
7?0 EFLUXCIP)>=STOWE
NP=NFX-2
DO 80 IP=1sNP
STOWF=FLUX (NFX+1-1P)
FLUX CNFX+1-1P) =FLUX (1P
80 FLUX (IP)=STOWF
C CONVERT HISTOGRAM FLUKXES TO UNITS OF N/CMee2 SEC EV
(00000000000 00000000000000000000000000000000000060000¢
S0 GO0 TO (1405140514051405,1005120>s IFLX
C GROUP FLUXES INPUT AS PER-UNIT-LETHRARGY
Cooooe
100 DO 110 I=1sNFX
110 FLUXC(ID =FLUX (I ¢ALDG CEFLUX (I) 7EFLUX C(I1+1)) 7/ (EFLUX CI) ~EFLUX CI+1)>)>

GO0 TO 140
C GROUP FLUXES INPUT RS INTEGRAL GROUP FLUXES
Cooose
120 DO 130 I=1,NFX
130 FLUX (D) =FLUX (I> 7/ CEFLUX (I>—EFLUXCI+1))
140 CONTINUE
0 150 16C=1sNGC
DO 150 IGF=1sNGF
150 FLXIMCIGCy IGF>=0.0
Cc

C READ CORRSE-GROUP STRUCTURE FROM CARDS
CO0000000000000000000000000000000000000¢
IFCIGCFLG.EQ. 0> GO TO 155
READ 400> L BCIGLC)sIGC=1,NGCP1>
DO 153 I6GC=1,NGCP1
1J=LB(IGC)
153 ECIGC) =EF (I
60 TaQ 157
155 READ 4105 C(ECCIGC) s IGC=15NGCP1>
157 IF <EC(1>.GT.ECCNGCP1>> GO TO 170

MOD

"



C ORDER IN DECRERSING ENEREY
Coe0000000000000000060000000
NP=NGCP1 /2
DO 160 IP=1,NP
STOWE=EC <(NGC+2-1P>
EC (NGC+2~1P)>=EC (IP>
60 ECCIP>=STOWE
70 PRINT 700
PRINT 4505 <(ECCID>s I=15NGCP1)
c
C PRINT USER FLUX
Coeee000000000000
GO TO <190+2005175,1805,1805180)» IFLX
175 PRINT 540, NFX
PRINT 4505 CEFLUXCI> s FLUXCI) » I=15NFX)
GD TO 200
180 PRINT 600> NFX
PRINT 450s (EFLUXCI) yFLUXCI> s I=1sNFX) s EFLUX (NFXP1)

60 TO 260
190 CALL COEFS

PRINT 690s EXC1>>CC1) s TKMsEX(2)sC (2> s SLPASEX (3 sC (3 9y THETASEX(4) »

1C¢4) s SLPBYyEX (5> s C(5) » TKF2EX (61 yEP»C (6> s EX (7> 9y SLPC
c
C DETERMINE LFG VALUES
Ceee000000000000000000
200 N=1
IF ¢EF(1>.6T.ECC1>> GO TO 220
IF (EFC1Y.EQ.EC(1>) 6O TO 210
PRINT 490s EF(1),ECC1D
STOP’
210 th(1)=1
220 IF (EC(NGCP1).GE.EF(NGFP1>> GO TO 230
PRINT S10s EF (NGFP1)>sECCNGCP1)>
sSTOP
230 DO 250 IGF=1sNGF
240 IF (ECCND.LT.EFCIGF+1>> GO TO 250
LFG (N> =IGF
N=N+1
IF (N.GT.NGCP1> GO TO 255
GO TO 240
250 CONTINUE
255 PRINT 520s NGCP1
PRINT 46€0s (LFG(I)s I=1yNGCP1)
C CALCULATE FINE-AND COARSE-GROUP FLUX INTEGRALS
COe00000000000000000000000000000000000000000000¢

260 DO 280 IGC=1,NGC
IGCP1=16GC+1
FLXI CIGCY =ENTEG CEC CIGCP1)> » EC C(IGC) » 2>
L=LFG (1GCP1> -1
M=LFG (IGC) +1
MM1=M-1
LPl=L+1
FLXIMCIGCs MM1)> =ENTEG C(EF (M>»EC CIGC>»2>
FLXIMCIGC,LP1> =ENTEG CECCIGCP1> yEF (LP1)>s2)
DO 270 IGF=MsL
IGFP1=IGF+1
270 FLXIMCIGCs IGF) =ENTEG C(EF (1IGFP1) s EF CIGF) » 2>
280 CONTINUE

C CALCULATE FLUX-WEIGHTED-RYERAGE OF 1-¥ CROSS SECTION =UNITY AT 2200M/S
Ce0000000000000000000000000500050000000000600008000000000000000000000000

TOP=ENTEG ¢EC (NGCP1> » EC (NGC> 5 1>

BOT=ENTEG CEC (NGCP 1> s EC(NGC) s 2)

THERM=TOP-BOT

IF(NGC.LE.4> PRINT 530, TOP,BOT» THERM
C PRINT CDARSE GROUP FLUXES FOR USERS FLUX
COP000000000000000000000000000000000000000

TFX=THERM®FLXI (NGC>

PRINT 7?20, NGC

PRINT 4505 (FLXICIGC)s IGC=1sNGC>

IF(NGC.LE.4> PRINT 730, TFX

READ ¢ 1,390 TITLE

PRINT 440> TITLE

IFC(NGC.GT.4> WRITEC2,585> NTsNGC

INUM=0

IPAGE=0

C READ FINE-GROUP CROSS SECTIONS AND TEST EOF AND Z,Ay AND MT LIMITS
COP00000000000000000000000000000000000060000000000000000000800000000



290 READ ¢ 1:570> TAG1» TAG2> 125 1A IS»MAT» IVERs MFH>MT> TEMP» SZ,CX2200y
1 RISO0sRIE25
IF (EOF C 15> 380,300
300 READ < 15,4105 (CXF (I)» I=1sNGF>
IF (12.LT.MIN2> 60 7D 290
IF <1Z.6T.MAXZ> 60 TO 380
IF (IR.LT.MINR.OR.IR.6T.MAXA> GO TO 290
IF (MF.LT.MINMF.OR.MF.GT.MAXMF> 60 TO 290
IF (MT.LT.MINMT.OR.MT.GT.MAXMTY> GO TO 290
IF(S2.LT.SZMIN.OR.S2.6GT.SZMRAX) 60 TO 290
IFCTEMP.LT. TEMIN.OR. TEMP.GT. TEMAX> GO TO 290
INUM=TNUM+1
IF C(INUM.EG. 48> INUM=1
CO000000040046000000000000000000000000
CeCOLLAPSE FINE GROUP CROSS SECTIONSe
CO00000000004000000000000000000000000
g 320 IGC=1sNGC
CXFLXICIGE>=0.0
Li=LFG (IGC>
L3=LFGIGC+1D
DO 310 IGF=L1,L3
310 CKXFLXICIGE) =CXFLKI (1GC) +FLXIM(IGC, IGF> oCXF (16F>
320 CXCCIGE) =CXFLXICIGC) 7FLXI (IGC)
C DUTPUT COLLRPSED CRDSS SECTIONS
CO0000000000000000000000000000000
W=1H
IF(IS.NE. 0> W=1HM
KTEMP=TEMP
IF(NGC.LE.4> 60 TO 325
WRITE(2s565) SYMCIZ)> IAsWyMATyMFyMTs TEMP,SZ

PRINT 565, SYMCIZY» IAs WY MATIMF s MTy TEMPyS2
WRITE(2s450> (CXCCIGE) s IGC=1sNGC>

PRINT 450, (CXCCIBLY » IGC=1yNGCH

GO 70 290

325 EFFEC=CXC (NGC) /THERM
IF CINUM.NE.1)> GO TO 370
IPAGE=IPARGE+1
IF (IPAGE.EQ.1> INUM=6
UWRITE (2,420
60 TO (3305340s3505360>» NGC
330 1IF (IPAGE.EQ.1> URITE (256200NT
IFC(IPAGE.EQ. 1> PRINT 660
WRITE (2s660>
GO TO 370
340 IF (IPAGE.EQ®.1> WRITE <(2y630>NT
IF (IPRGE.EQ. 1> PRINT €70
WRITE (256702
60 70 370
350 IF (IPAGE.EQ.1> WRITE (25640 NT
IF({IPAGE.EQ. 1> PRINT 680
WRITE (2s680>
60 TO 370
360 IF (IPAGE.EQ.1> WRITE <(2yS80)YNT
IF(IPRGE.EQ. 1> PRINT 550
WRITE (2,550
370 CONTINUE
WRITE ¢(2yS60>IZySYMCIZ) » IAsbsMATsMFyMTsKTEMP»S2Zs (CXC (IGL)Y » 16C
1=1,NGC)Y » EFFECy CX2200sRIS00sR1625
PRINT 5605 I12ySYMC(I2) s IR>YWsMATsMFsMTs KTEMP»S25 CCXC (I6C) » I6C
1=1sNGC) s EFFEC»CX2200sRIS00sRI62S
C RETURN TO READ NEXT FINE-GROUP CROSS SECTIONS ABOVE
COP00000000000000000000000000000000000008000000000000
GO TO 290
380 IFC(NGC.LE.4) WRITE (25905 N6C»NGC» THERM
WRITE (254202
END FILE 2
C GO PLOT FLUXs IF DESIRED
COe00000000000000000000000
IF (IPLTFX.NE. 0> CALL PLDTX
Ce
C THIS IS THE ENDeeeTHIS IS THE ENDeeeTHIS IS THE ENDeee
COP000000000000000000000000000000000000000000000000000000000000000000000
Ce
C FORMATS
Cocosooee
390 FORMAT <(20A4>
395 FORMAT (17A4y 14>
400 FORMAT <1615

MOoD
MOD
Mmop

ADD

MOD
MaD
MODp
MoD

)




405 FORMAT(815,4E10.3)

410 FORMAT (6E12.%5)

420 FORMAT <(1H1)

430 FORMAT (20Xs 20R4)

440 FORMAT (3X,23HECHO FROM DATA FILE s 20R4)

450 FORMAT <(1X»10E12.5)

460 FORMAT <(1X»1616)

470 FORMAT (10Xy 40HeoSUMMARY OF PROBLEM CONTROL INPUTeeeeee;/»5X;6HIFLX
1 =913,3X»83H,WHERE 1=COLLAPSE TO BUILT-IN FUNCTIONRL FLUX, WITH PA
2RAMETERS READ FROM CARD INPUT,/s24X,87H2=COLLAPSE TO FLUX DESCRIBE
3D BY SET DOF LOG-LOG INTERPOLRTION POINTS RERD FROM DATR FILEs/s24X
4,88H3=COLLAPSE TO FLUX DESCRIBED BY SET OF LOG-LDG INTERPOLATION P
SOINTS READ FROM CARD INPUT»/y24Xs74H4=COLLAPSE TO HISTOGRAM FLUX R
6EAD FROM CARD INPUT IN UNITS N/CMee2-SEC-EY)s/»24Xy85SHS=COLLAPSE T
70 HISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CMee2-SEC-UNIT L
S8ETHARGY> /s 24Xy 9SH6=COLLAPSE TO HISTOGRAM FLUX RERD FROM CARD INPUT
9 IN UNITS N/CMeep2~-SEC (GROUP INTEGRAL FLUXES) » /96Xy SHNFX =5 I353X»
158Hy NUMBER OF FLUX VALUES IN USER COLLARPSING FLUX DESCRIPTIDON»

2 3Xy31HC(SET TO NFXP BY CODE IF IFLX=2> y/»

36X SHNGC =5 13y 3Xs»24Hy NUMBER OF COARSE GRUOUPS)y/» 7Xs 4HNT =5 I3y 3X»
431H, TRBLE NUMBER FOR TRAPE2 HERADING» 7y 3XsBHIPLTFX =513, 3Xy24H» WHERE
S 0=ND PLOT OF FLUX»/»24X,87HI=MAKE PLOT OF LOG-LO6 FLUX READ FROM
6DATA FILE ANDy IF DIFFERENT» USER COLLAPSING FLUX>

490 FORMAT (1X»46HFINE GROUP CROSS SECTIONS WITH UPPER BOUND OF »E12.5»
13X 20HCAN NOT BE COLLAPSED »~/s5X»46HTO COARSE GROUP STRUCTURE WITH
2 UPPER BOUND OF »E12.55/,20Xy9HI GIVE UP >

S10 FORMAT (/731X 4SHFINE GROUP CROSS SECTIONS WITH LOWER BOUND OF» 1PE
112.5y3Xs 20HCAN NOT BE COLLAPSEDy/»5Xy4SHTO COARSE GROUP STRUCTURE
2UITH LOWER BOUND DFs 1PE12.55~7/520Xs9H1I GIVE UPs~//>

520 FORMAT (3X» 16H(LFGCIGC) » IGC=153 I3y 1H> s BHARE» 8IS

530 FORMAT (3X» 88HFLUX-WEIGHTED AYERAGE OF 1V CROSS SECTION <UNITY AT
1 .0253EY > OVER LDOWEST CDARSE GROUPs/»30Xs1H=sE12.5s
2 3H ~» »E12.5s3H = ;E12.5)

540 FORMAT (/510X 21HINPUT WEIGHT FUNCTION»>10Xs IS 6HPOINYSy /)

560 FORMATCI3»A2yI39A1515,125135I55E6. 05y8BE12.5)

565 FORMAT (/v 1XsA2s 135 A1y SXs SHMAT» 145 5Xy 2HMF» 135 5Xy 2HMT » 135 SX»

1 SHTEMP=sF6. 0y S5XsBHSIGMA 0=sES8. 1)

570 FORMAT <A6yAS,213y11514,212513,2E9.3»3E11.4>

590 FORMAT (/s 60H eNOTE THAT THE EFFECTIVE THERMAL CRDOSS SECTION IS TH
1E GROUPsI2y36H CROSS SECTION DIVIDED BY SIGMAC1/V)y/s2Xy 30HWHERE S
2IGMACLI/Y) IS THE GROUP »12»58H VALUE OF R 1YV CROSS SECTION EQUAL
3T0 UNITY AT .0253EY (=sF7.651H>)

600 FORMAT (/s 10Xy 21HINPUT WEIGHT FUNCTION»10X515516HHISTOGRAM YRLUES,
110Xy 20HFLUX-PER-UNIT-ENERGY > R

620 FORMAT <42XySHTRBLEY I35 7/ 33X»24HONE GROUP CROSS SECTIONSs /)

630 FORMAT <48X,SHTABLES I3y //539X»24HTWO GROUP CROSS SECTIONS»~//>

640 FORMAT (54XsSHTRBLE» I3/ /545Xy 26HTHREE GROUP CROSS SECTIONS» /7>

580 FDRMAT (608Xs SHTABLE» I3»~ /551X 25HFOUR GROUP CROSS SECTIONS »/7)

585 FORMAT (S6Xy SHTABLEY I35 7/548X» 13s21H GROUP CROSS SECTIONS, />

S50 FORMAT (20X 1 0HTEMP SIGMAs 3X»

1 43HGROUP 1 GROUP 2 GROUP 3 GROUP 4 »
2 6Xs43HTHERMAL X-SECTION RESONARNCE INTEG. ABOYE»~/»9H NUCLIDE,
3 20H MAT MFMT (K> ZERD >4 (i2H X—SECTION) »2Xs 1 OHEFFECTIVE®,

4 35H (0.0253 EY> 0.500 EV 0.625 EVs /s 9H ————mm—m 34 (SH ——==,
5 1H-38(18H —=—————e—— »

680 FORMAT (20Xs 1 OHTEMP SIGMA»3X»
1 31HGROUP 1 GROUP 2 GROUP 3

2 6X»43HTHERMAL X-SECTION  RESONANCE INTEG. ABOVE»s/s9H NUCLIDE,
3 20H MAT MFMT (K> ZERD »3C12H  X-SECTION) »2X» 1 OHEFFECTIVE®s
4 35H (0.0253 E¥> 0.500 EV  0.625 EVs~/y9H ———————— 94 (5H ——==3,
5 1H—3 7 (18H —==———————— >

670 FORMAT (20X» 1 O0HTEMP SIGMA»3X»
1 19HGROUP 1 GROUP 2 »
2 6X»43HTHERMAL X-SECTION  RESONANCE INTEG. ABOVEs/»9H NUCLIDE,
3 20H MAT MFMT (K> ZEROD »2C128H  X-SECTION) »2Xs 1 OHEFFECTIVE®,
4 35H ¢0.0253 EV) 0.500 EY 0,625 EVy/s9H ~=m————n y4(SH =——=),
5 1H-»6C18H ——————————~ >

660 FORMAT (20X» 1 OHTEMP SIGMA»2X»
1 9HONE GROUP »
2 6X» 43HTHERMAL X—-SECTION  RESONANCE INTEG. ABDVE>~/»9H NUCLIDEs
3 20H MAT MFMT (K> ZERD s12H X-SECTION  »2X»10MEFFECTIVE®,
4 35H <0.0253 EY> 0.500 EV  0.625 EVs/ 3OH —=—————n y4CSH ———=>
S 1H-»5(12H =~————mm—— >

690 FORMAT (//» 10Xs 46HFUNCTIONAL FLUX DESCRIPTION USED IN COLLAPSINGs.//
1> 5X> 13HENERGY LIMITS»25Xs 13HFLUX FUNCTION,21Xs31HINPUT AND CALCULA
2TED PARAMETERS» /s 1X»21 (1H-> » 3X549 (1H-) 33Xy 38 (1H=>» /3 7H EX (1) =y E13.
365 3H EV»S4Xy6HC (1) =E13.65 /s 25K s 23HF (E) =C (1) $ESEXP (—E/TKM) 5 29Xs 6HT
4KM  =,E13.6y3H EVs/s7H EX(2)=,E13.653H EV»54%Xy6HC (@ =sE13.65 /525K
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c

Ss 1 7HF (E) =C (2) ¢E®¢SLPR;s 35Xy 6HSLPR =yE13.65/s7H EX(3)=sE13.6s3H EV»5
64X, 6HC (3> =»E13.69 /925Xy 31HF (E> =C (3> #SQRT (E> ¢EXF (~E/THETR) s 21Xy 6HT
PHETA=:E13.653H EVs /s 7H EX(4>=9E13.693H EVsS54Xs6HC (4D =,E13,65/925X
85 17HF CE> =C (4) ¢E®eSLPB)» 35X»6HSLPB =»E13.65/37H EX(5)=yE13.6s3H EV¥s5
F4Xs6HC (D) =»E13.65 /525Xy 4OHF (ED =C (5) ¢EXP (-5. ¢ (SGRT (E/TKF) —SQRT CEP~
1TKF>)> 02,53 3Xs 6HTKF =3E13.693H EVs/»7H EX(6>=3E13.693H EVYsS54Xs6HE
2P =sE13,693H EVy /925Xy 17HF (E) =C (6) 6E®#SLPCr» 35Xy 6HC (6> =E13.65/»
37H EX(7)=+E13.693H EVY»54Xs 6HSLPC =3E13.6>

700 FORMAT (1H1s/y10Xs 22HCORRSE GROUP STRUCTURE )

710 FORMAT /55Xy 62HCOLLAPSE CRDSS-SECTION TRBULATIONS WITHIN THE FOLLO
1WING LIMITSs/»5Xs 11He 0000200064, 4Ks | L1Heoosof 00000, 3K, L IHOREACTION
2MF e, 24y 13HOREACTION MTe5>4X,27Hee+BONDARENKD SIGMA ZEROeee,;4X;27Hee
3¢+¢eTEMPERATURE (K) #04444,./,4(5X,1354H TO »13>+2(6XyE10.395H TO
4E10.3>5 7>

720 FORMAT (5Xs46HINTEGRATED MULTIGROUP FLUXESs FLXICIGC)» IGC=1513»
11H>)D

730 FORMAT (SXs29HEFFECTIVE THERMAL GROUP FLUX=5E15.6)

END
FUNCTION ENTEG <(E1sE25ITS)

CO000000000000000000000000P00000000P000000000000000000000000000000000000

C
CeENTEG INTEGRRTES FROM Ei1 TO E2 THE FOLLOWING-

*

CeFOR ITS=1y THE PRODUCT OF FLUX AND 1,V CROSS SECTION=UNITY AT EEOOH/SO
CeFOR ITS=2» THE FLUX .
CO0000000000000000000000000000000000000000000000000000000000000000000000

C

COMMON /R/ EFLUX (201> s FLUX (200> s EF (155) s EC (5> s CXF (154) » CXC (4>
COMMON /B/ LB(S)s LFG(5)sCXFLXI (4> sFLXI (4>

COMMON ~C/ IFLXsNFXyNFXPyNGFyNGCs TITLECRO s TITL(1?

COMMON #F/ C(6>sEX (7> TKMs SLPA» THETAs SLPBy TKFsEP» SLPC

NFEXP1=NFX+1

ENTEG=0. 0

IF <E1.EQ.E2> RETURN

IF <E2.LT.E1> 60 7O S20

C BRANCH DN FLUX DESCRIPTIDN
Ce00000600000600060000000000

C

GO TO <165,3105310,42054205420>s IFLX

C FUNCTIONAL CRLCULATION OF FLUX INTEGRAL HERE FOR IFLX=1
Ce0000000000000000000000000000000000000000000000060006000

10 PI=3.141592654
NX=6
NXP1=NX+1
EPS=0.000001

C DETERMINE REGIDNS OF Ef AND E2
Ceeoooe

DO 20 IX=1sNX

IF (E1.GE.EX(IX>.AND.E1.LT.EX(IX+1>> 60 TDO 30
20 CONTINUE

PRINT 570s Els <EXC(I)» I=1sNXP1)

PRINT 550, E2

STOP
30 LE1=

00 40 IX=LE1sNX

IF (E2.GT.EXCIX).AND.E2.LE.EX(IX+1>> 60O TO S50
40 CONTINUE

PRINT 560, El

PRINT S580s E2» (EXCI)>» I=1sNXP1)

STOP
S0 LEe=IX

GO TO <6059051306,1605200,270>s LEL

C REGIDN 1
Ceoooe

60 TK=TKM
ER=EX (1>
EB=EX (2)
IF (E1.GT.ER> ER=E1
IF <E2.LT.EB> EB=E2
RA=ER/TK
RB=EB/TK
IF (ITS.E@.1> GO TO 70
ENTEG=ENTEG+C (1) ¢ (TK##2,) ¢ ((1.+RA) ¢EXP (~1.8RA) — (1. +RB) ¢EXP (~1. #RB)
1)
GO TO 80
70 SRA=SART (RA
SRB=SQRT (RB>

MOD
MOD
MOD

A4



80
C REG

XA=EXP (—1.eRASRA

XB=EXP (~1.oRBeRE>
ENTEG=ENTE6+C(I)O(TKOOI.S)OSQRT(0.0253)O(SRROXR—SRBOXB+(SQRT(PI)/2
1.)  CERF (SRB) —ERF (SRAY>>

IF (LE2.EQ.1> RETURN

ION 2

Ceoeee

90

100

110
120
C REG

EA=EX (2

EB=EX (3

IF <E1.GT.ER> ER=E1L

IF (E2.LT.EB> EB=E2
R=EB/ER

CON=C (2>

SLOPE=SLPA

IF <ITS.EQ.2> GO TO 100
CON=CON®SGRT (. 0253)
SLOPE=SLPR-0.5

TEST=AES (SLOPE+1. 00

IF CTEST.LT.EPS) GO TO 110
ENTEG=ENTEG+CON® (EBe¢ (SLOPE+1.) ~ERee (SLOPE+1.)) 7/ (SLOPE+1.)
GO 70 120
ENTEG=ENTEG+CON®RLOG (R>

IF (LE2.E&.2> RETURN

ION 3

[ag 2 2 2 23

130

140
1S0
C REG
(g 2 2 23
160

170

ER=EX (3)

EB=EX (4D

IF (E1.GT.ER> ER=El

IF <(E2.LT.EB> EB=E2
RA=ER~-THETA

SRA=SART (RA)

RR=EB/THETA

SRB=SQGRT (RB)

TP=THETA®PI

SA=SART (EA)

SB=SQRT CEB>

XA=EXP (-1.eRA>

XB=EXP (-1.®RB)

STP=SART (TP)

IF (ITS.EQ.2> GO TO 140
ENTEG=ENTEG+C (3) ¢SQRT (. 0253 ¢ THETR® (XA-XB>
G0 TO 150

ENTEG=ENTEG+C ¢3) ¢ THETR® (SReXA-SBeXB+ (STP~/2. ) & (ERF (SRB> ~ERF (SRAY>>
IF (LE2.EQ.3> RETURN

ION 4
.

ER=EX (4)

EB=EX (5)

IF (E1.6T.ERA) EA=E1

IF (E2.LT.EB> EB=E2
R=EB/ERA

CON=C (4>

SLOPE=SL.PB

IF <ITS.E@.2> 60 TO 170
CON=CON®SQRT ¢. 0253>
SLOPE=SLPB-0.5

TEST=ABS (SLOPE+1. 0

IF (TEST.LT.EPS> 60 7O 180
ENTEG=ENTEG+CONe (EBe® (SLOPE+1.> —-ERe+ (SLOPE+1.>) / (SLOPE+1.)

GO _TO 190
180 ENTEG=ENTEG+CON®ALOG (R>
190 IF (LE2.E@.4> RETURN

C REG

ION S

Ceoooe
200 TK=TKF

ER=EX (5>

EB=EX (6)

IF <E1.GT.ER> ERA=E1l

IF <ER.LT.EB> EB=E2

Al= (=S, /TK) ¢ (SART (ERA> —SART (EP) ) ¢ (SGRT CER> ~SART (EP) )
A2=(-5./TK) ¢ (SQRT (EBY ~SART (EP> > ¢ (SQRT CEB> ~SQRT CEP>)
A3= (TK*EPePI) /5.

A4= (S, #EB) /TK

AS=(S.¢EP> /TK

A6=SGRT (A4> -SART (AS)

ABA6=ABS (A6) ADD
R7=(5. ¢ERY /TK

A8=SART (A?> —SGRT (A5




ABAB=ABS (A8)
IF (ITS.ER.1> 60 TO 230
TERM=C (5) ¢ (TK/5.) ¢ (EXP (A1) ~EXP (A2)>
IF (R6.LT.0.> 60 7O 210
IF <A8.GT.0.> GO TO 220
ENTEG=ENTEG+TERM+C (5> #SQRT (A3)> ¢ (ERF (ABAB) +ERF (R6) )
GO TO 260
210 ENTEG=ENTEG+TERM+C (5> ¢SERT (A3) » (ERF (ABAS) —ERF (ABR6)
60 70 260
220 ENTEG=ENTEG+TERM+C (5> ¢SQRT (A3)  (ERF (A6 —ERF (ABY >
G0 TO 260
230 CON=C(S5) #SART ¢, 0253ePI1eTK/S5.)
IF (R6.LT.0.> GO TO 240
IF <(A8.67.0.> GO0 7O 250
ENTEG=ENTEG+CONe (ERF (ABAB) +ERF (R6))
G0 7O es6o
240 ENTEG=ENTEG+CONe (ERF (RBAB) —ERF (ABRS) >
GO TO 260
250 ENTEG=ENTEG+CONe (ERF (A6> ~ERF (AB)>
260 IF (LE2.EQ.5> RETURN
C REGIDON ¢
Cocoee
270 ER=EX (6>
EB=EX (7
IF (E1.GT.EA> EA=E1
IF (E2.LT.EB> EB=E2
R=EB/EA
CON=C (6>
SLOPE=SLPC
IF <ITS.EQ.2> GD YD 280
CON=CONeSQRT (. 6253)
SLOPE=SLPLC-0.5
280 TEST=ABS (SLOPE+1.)
IF <TEST.LT.EPS) 60 7O 290
ENTEG=ENTEG+CON® (EBe* (SLOPE+1.>-ERe# (SLOPE+1.>) / (SLOPE+1.)
60 TO 300
290 ENTEG=ENTEG+CONeARLOG6 (R>
c 300 RETURN

C IFLX=2 OR 3s LOG~-LOG INTERPOLARTION
£9000000000000000000600000000000000¢
C FIND CORRECT FLUX SEGMENT FOR Et AND ER2
Cooooe
310 NFXM1=NFX-1
DO 320 IFX=1yNFXM1
JFX=1F¥
IF (E2.LE.EFLUXC(IFX) .AND.E2.GT.EFLUXCIFX+1)>> GO TO 330
320 CONTINUE
330 LFH=JFX
DO 340 IFX=LFHsNFXM1
JFE¥=IF¥X
IF E1.LT.EFLUXC(IFX) .AND.E1.GE.EFLUXCIFX+1>> 60 TO 350
340 CONTINUE
350 LFL=JFX
C INTEGRATE LO6G-LOG FLUX
Cee000000000000000000000
DD 410 IFX=LFHsLFL
EH=EFLUX C(IFX)
EL=EFLUX C(IFX+1)>
IF C(E2.LT.EFLUXCIFX>> EH=ER
IF (E1.GT.EFLUXCIFX+1>> EL=E1
RI=FLUX CIFX) /FLUX C(IFX+1)>
R2=EFLUX CIFX) VEFLUX (IFX+1>
S=RL0OG (R1> 7ALOG (R2)
IF (ITS.EQ.1> GD TO 38¢
IF <R1.EQ.1.> 60 TO 370
IF C(ABS(S+1.).LT.1.0E-05> GO TO 360
Ri=EHe (EH/EFLUX (IFX+1)) ®eS
R2=EL & (EL/EFLUX (IFX+1)>) eeS
ENTEG=ENTEG+FLUX (IFX+1)> ¢ (R1-R2)> 7 (S+1.)
GO TO 410
360 R3I=EH-EL
R4=ALOG (R3)
ENTEG=ENTEG+EFLUX (IFX) ¢FLUX (IFX) ¢ABS (R4)
GO TO 410
370 ENTEG=ENTEG+FLUX C(IFX) ® CEH-EL)>
60 TO 410
380 IF (ABS(S+.5 .LT.1.0E-05> GO TO 390

MDD
MOD

MOD
MOD

ADD

MOD
ADD

MOD




IF (ABS¢S-.5)>.LT.1.0E-05> GO TO 400
R1=SQRT (EH> ® (EH/EFLUX (IFX+1)) ®eS
R2=SQRT CEL) ¢ (EL/EFLUX (IFX+1)) »oS
ENTEG=ENTEG+ (FLUX (IFX+1) ¢SQRT (. 0253) 7 (§+0.5> ) ¢ (R1~R2)
60 7O 410

390 R3=EH/EL
R4=ALOG (R3>
CO=FLUX CIFX+1) VEFLUX (IFX+1) ¢S
ENTEG=ENTEG+CO®SQRT (0. 0253) #+ABS (R4
GO TO 410

400 CO=FLUXCIFX+1) ZEFLUX CIFX+1) ooS
ENTEG=ENTEG+C*SQRT (0. 0253) ¢ (EH-EL)

410 CONTINUE
RETURN

c

C IFLX=4,5 OR 65 ARBITRARY HISTOGRAM FLUX TREATMENT
CO0000000000000000000000000000000000000000000000000

420 IF <E1.GE.EFLUX(1>> RETURN
IF <E2.LE.EFLUXCNFXP1>> RETURN
c

C LOCARTE FLUX HISTOGRAM GROUP LOCATIONS OF E1 AND E2
Cooooe
DO 430 IH=1sNFX
IF (E2.LE.EFLUXCIH) .AND.E2.GE.EFLUX(IH+1>)> GO TO 440
430 CONTINUE
sTOP
440 LH=IH
DO 450 IH=LHsNFX
IF (E1.LE.EFLUXC(IHY .AND.E1.GE.EFLUX(IH+1>> 60O TO 460
450 CONTINUE
STOP
460 LL=IH
C INTEGRRTE FLUX HISTOGRAM
Ceeoee
IF (ITS.EQ.1> 60 TO 490
ENTEG= (E2-EFLUX (LH+1) ) oFLUX (LH)
IF <LH.EQ.LL> GO TO 480
L=lLH+1
DO 470 IH=LsLL
470 ENTEG=ENTEG+ (EFLUX (IH) —EFLUX (IH+1>) oFLUX C(IH>
480 ENTEG=ENTEG- (E1-EFLUX (LL+1)> eFLUX (LL>
RETURN
490 L=LH+1
ENTEG=2. ¢SQRT ¢. 0253> ¢FLUX (LH)> ¢ (SART CE2> -SART CEFLUX (L))
IF (LH.EQ.LL> G0 7O 510
DO 500 IH=LsLL
IHP1=IH+1
500 ENTEG=ENTEG+2. ¢SQART €. 0253) ¢FLUX (IH) ¢ (SART CEFLUX (IH> > —SQRT CEFLUX
1 C(IHP1>)>)
510 LLPI=LL+1
ENTEG=ENTEG-2. ¢SGRT (. 0253> ¢FLUXCLL) ¢ (SARTCE1)—SQRT CEFLUXCLLP1>))
RETURN
520 PRINT 590s EilsE2
STOP
Coooossee
C FORMRTS
Ceoooooee
550 FORMAT <(/y10Xs4HER= » E12.5,
560 FORMAT (/s 10Xs4HE1= » EI12.557)

570 FORMAT (/5 10Xy3HEL1=» E12.553X»48HCANNOT BE FOUND IN THE FOLLUWING E

1NERGY SEGMENTS»/»3X»10E12.5s>

580 FORMAT (/5 10Xy»3HER2=rE12.5y3X»48HCANNOT BE FOUND IN THE FOLLOWING E

1NERGY SEGMENTS,/»3X»10E12.5s )

590 FORMART (/» 10Xs21HENTEG CALLED WITH E1=yE12.553Xs 16H6REATER THAN E2=

1 » E12.5,3Xs6H STOPy»
END
SUBROUTINE PLOTX

CO0000000000000000000000000000000000000000000000000000000000000000000000

CePLOTX PLOTS THE LOG-LO6 FLUX WEIGHTING FUNCTION RERD FROM THE DATA
CeFILE. A USER-SUPPLIED FLUX DESCRIPTION IS NORMALIZED TO THIS BY
CeEQUATING FLUX INTEGRALS OYER THE ENERGY RANGE OF THE CORARSE GROUP
CeSTRUCTURE AND SUPERIMPOSED ON THE FLUX PLOT.

-
¢ MOD
-
.

CO0000000000000000000000000000000000000000000000000000000000000000000000

COMMON ~Rs EFLUX (201> s FLUX (200> » EF (155> » EC (5) s CXF (154) »CXC (4>
COMMON ~#C/ IFLXyNFXsNFXPyNGFsNGC» TITLECR0) s TITL (17

COMMON /E/ EFLUXP (1155 FLUXP (115)
COMMON /F7/ C(6>EX(?) s TKMs SLPRy THETR» SLPBy TKFyEPySLPC
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DIMENSION EB(400>» FB(400) ¥ <2)»H(2)

CALL GPLOT (1HU,20HTORFEW-Y PLOT OUTPUT,20> ADD

CALL LIB4020 ADD

C
C BRANCH ON FLUX DESCRIPTIDN
Ce00000000000000000000000000

G0 TO <10,210,140516051605160>x IFLX

c

C BUILT IN FUNCTIONAL FLUX--—-CRLCULRTE FLUXES FOR PLOTTING
C00000000000000000000000000000000000000000000000000000000¢

10 NPR=20
FN=NPR
NPRP1=NPR+1
I=0
NGFP1=NGF +1
NGCP1=NGC+1

C REGIDN 1
Cooeoe

1=1
EB (1)=EX (1)
IF (EXC1).LT.EF(NGFP1))> EBC1) =EF (N6FP1)
TK=TKM
ET=EX (&
IF CEX(®@>.6T.EFC1>> ET=EF (1
DO 20 J=15NPRP1
IF ¢J.EQ.1> 60 TO 20
I=1+1
FIiMi=1~1
EBC(ID=EB (1) ¢ (CET/EB(1)) ¢ (FIMI/FN>)>
20 FBC(I>=C(1>eEBC(I) ¢EXP(~1.¢EBCI) /TK)
IF C(ET.GT.EC<1>> 60 TO 130
C REGION 2
[al 2 2 2 24
30 IF C(EX(3).LE.EF (NGFP1) .OR.EX<2).EQ.EX(3>> 60 TO S0
IF<C<2).LE.0.> 60O TO 130
I=I+1
EBCI) =EX (2>
IF (EXC2).LT.EF (NGFP1>) EBI>=EF (NGFP1)
K=1
ET=EX (3>
IF (EX(3>.GT.EFC1>») ET=EF (1)
DO 40 J=1NPRP1
IF (J.EQ.1> 60 7O 40
I=I+1
FIM1=0-1
EBCID=EB (K ¢ (CET/EB (K> ) #& (FIMLI/FN))
40 FBC(I>=C(2)eEB(I) ¢eSLPA
IF C(ET.GE.ECC1>)> 60 TO 130
C REGIDN 3
Ceosoee
S0 IF (EX{4).LE.EF (NGFP1).0OR.EX(3).EQR.EX(C4)> 60 TO 70
IF(C(3.LE.0.> 60O TO 130
I=I+1
EB(I)=EX (3>
IF (EX(3.LT.EF(NGFP1)> EBCIX>=EF (NGFP1)
K=1
ET=EX (4)
IF (EX<4).6T.EF Q1)) ET=EF (1)
DO 60 J=1sNPRP1
IF (J.ER.1> 60 TO 60
I=I+1
FIMLI=U~-1
EBC(I>=EB (K> ¢ CCET/EB (K> ) ¢ (FUM1-FN)> )
60 FBC(I)=C (3> eSARTC(EB (1)) ¢EXP (~1.¢EB(I) /THETR)
IF (ET.GE.ECC1>> 60 YO 130
C REGION 4
Cesoee
70 IF (EX(S).LE.EF(N6FP1).0R.EX(4>.EQ.EX(5>> 600 TO 90
IF(CC4>.LE.0.> 6O TO 130
I=I+1
EBCI> =EX (4)
IF CEX(4>.LT.EF(NGFP1>)> EBCI)=EF (N6FP1)
K=1
ET=EX (5)
IF (EX(S).GT.EF(1>> ET=EF (1)
DO 80 J=1sNPRP1
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IF ¢EX<2) .LE.EF (NGFP1> .OR.EX (1> .EQ.EX(2)> GO TO 30

MOD
MOD
ADD



IF ¢J.EQ.1> 60 TO 80
I=1+1
FJM1i=4-1
EBCI>=ERCK) ¢ (CET/EB(K) > oo (FIMI/FN>)

80 FBCI)=C<(4>eEB(]I)>eeSLPC
IF (ET.GE.EC<1>> 60 TO 130

C REGION S
(a0 2 22 2]

90 IF (EX(6>.LE.EF (NGFP1>.DOR.EX(5S).EQ.EX(6>> 6O TO 110
IFCC¢S>.LE.0.> GO TO 130
I=T+1
TK=TKF
EB(I)=EX (S
IF (EX(5).LT.EF(NGFP1>> EBCI>=EF (N6FP1>
K=1
ET=EX (6>
IF (EX<6) .6GT.EFC1)) ET=EF (1)
DO 100 J=1,NPRP1
IF <J.EQ.1> GO TO t0¢
I=1+1
FIMi=Jd-1
EBCI>=EB<K) ¢ (CET/EB(K>)> ®o (FUM1/FN>>

100 FBCI>=C(5)®EXP ((-5,/TK) ¢ (SRRTCER(I> ) ~SART CEP>> ¢ (SQRT (EB(I>> -SART

1CEPYD
IF CET.GE.EC(1>> GO TO 130
€ REGION 6
sl 222 24
110 IFC(C¢SY.LE.0.> 60 7O 130
I=1+1

EBC(I>=EX (6>
IF CEX(6).LT.EF(NGFP1>> EB(I>=EF (NGFP1)
ET=EX (7>
éF ET.GT.EFC1>> ET=EF (1>
=1
DO 120 J=1sNPRP1
IF (J.E@.1> GO TO 120
I=1+1
FiM1=J-1
EBCI>=EB(K) @ (CET/EBCK) ) ¢ (FUM1/FN>>
120 FBCI>=C(6) ¢EB(I) ®eSLPC
130 NB=1
EL=EC (NGC+1)>
EH=EC (1>
FN=ENTEGCEL»EH» 2>
60 TO 180
€ FLUX IS SET OF LDOG-L.0OG INTERPDLATION POINTS
COe000000000000000000000000000000000000000000

140 EH=EC (1>
EL=EC (NGC+1)
FN=ENTEGC(ELsEHs 2>
DO 150 I=1,NFX
EBCI>=EFLUX (I>
150 FBLCI>=FLUXCI>
NB=NF¥X
GO0 TO 180
C FLUX HISTOGRAMs ARBITRARY STRUCTURE
CP000000000000000000000000006000000000
160 EL=ECCNGC+1>
EH=EC (1)
FN=ENTEG CEL»EH» 2>
IB=0
DO 170 IH=1»NFX
IB=]B+t
EBC(IB) =EFLUX (IH>
FBCIB) =FLUX CIH>
IB=IB+1
EBCIB) =EFLUX (IH+1)
170 FBCIBY=FLUXCIHD
NB=IB
C NOW INTEGRATE THE LO6G-LOG FLUX READ FROM THE DATA FILE DVER THE LIMITS
C OF THE USER COARRSE GROUP STRUCTURE. NORMALIZE THE USER FLUX FOR PLOT.
(X 22222222 24
180 DO 190 I=1,NFXP
EFLUX (1> =EFLUXP CI>
190 FLUXCI) =FLUXP (1)
LFLX=IFLX

IFLX=2a
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NFX=NFXP
FN=ENTEG CELsEHy2) 7/FN
00 200 1=1sNB
200 FBCI)=FB(I>eFN
C PLOT DRATA FILE FLUX AND DIFFERENT USER FLUX
CO00000000000000000000000 0000000000006 0000000
C DETERMINE MIN VALUE VilL AND MAX VYRLUE ViH OF DATA FILE FLUX
CALL MINVYCFLUXs 1sNFXsL1sVYEL)
CALL MAXY FLUXs 1y NFXsL2yVIHD
C DETERMINE MIN VALUE V2L AND MAX VALUE Y2H OF USERS FLUX
CALL MINVCFBy1sNBsL3sV2L)
CALL MAXY (FBs1sNBsL4s ¥Y2H)
C SET LIMITS OF ORDIMATE FOR PLOTTING
V(1= AMIN1 (ViLsVvaL)
Y@= AMAX1 (V1HyV2H)
C SET LIMITS OF ABSCISSA FOR PLOTTING
H1)>= EF (NGF+1)>
H@>= EF (>
C PLOT BLANK LDG-LOG FRAME WITH CAPTIDONS
CALL PLOTMC(HsVY»-25s-15-154551.51.51.515HFLUX COMPARISON, 15,
1 11HENERGYs» EV.»11s22HFLUX (N/CMee2 SEC EV) s22)
C FLOT DATA FILE FLUX DN FRAME
CALL PLOTMCEFLUXs FLUXs —NFXs—1y 1»-48y-1.)
C PLOT USER FLUX ON FRAME
IFLX=LFLX
L=-1
CC=1.
IFCIFLX.LT.4> 60 TO 205
C IF HISTOGRAM USER FLUX»s DRAW HISTOGRAM
L=1
CC=-1.
205 CALL PLOTMCEBsFBs~NBs—15Ls—-39,CC)
CALL GDONE
RETURN
C PLOT DATAR FILE FLUXy USED IN COLLAPSING
CO000000000000000 0000060000000 0PPLPPPPPPPPP0PO000000

210 CALL PLOTMCEFLUXs FLUX»—=NFX»s—151539s—1.51.51.538HFLUX FROM DATA FIL
1E USED IN COLLAPSING» 38y 11HENEREYs EV.»11,22HFLUX <(N/CMee2 SEC EV

2)s22)
CALL GDONE
RETURN
END
SUBROUTINE COEFS
(o
CO0000040000000000000000000000000000000000000000060000000000000000040000
Ce
CeCOEFS CALCULATES THE COEFFICIENTS OF THE FUNCTIONAL FLUX EXPRESSION
Ce
CO0000000000000000000000000000008000000050000000000000000000000000000000
[
COMMON /A7 EFLUX (201> »FLUX (200> s EF (155> yEC (5) » CXF (154> CXC (4>
COMMDN ~/C/ IFLXyNFXsNFXPsNGFyNGCy TITLEC20> » TITL (17>
COMMON /F7 C(6)sEX(?)> s TKM>» SLPRs THETAs SLPBs TKFyEPs SLPC
c

IF (EXC1>.6T.EC(NGC+1>> EX(1>=EC(NGC+1>

IF (EX(?).LT.ECC1))> EX(?>=ECC(1

Cd1)>=1.0

C@»=C(3)=C(4>=C(B)=C6>=0.0

IFCEX (@) .GE.EC(1)>> GO TO 280

C@>=CC1>eEX (2) *EXP (—1.¢EX (2> /TKM) /EX (2> +*SLPA

IFCEX(3).GE.EC(1>)> 6O TO 200

C(3>=C(@>eEX (3> ¢+ (SLPA-0. 5> *EXP (EX (3> /THETR)

IFCEX<(4>.GE.EC(C1>> 60 TO 200

C(a)=C(3)eEX (4) ¢+ (0.5S-SLPB) ¢EXP (~1, #EX (4> /THETA>

IFCEX(S) .GE.EC(1>> GO TO 200

RP=EP/TKF

RXS=EX (5> /TKF

SRP=SQRT (RP>

SRXS5=SQRT (RXS>

C(S)=C (4> ¢ (EX(5) +eSLPB) ¢EXP ( 5.4 (SRXS-SRP) ¢ (SRXS5-SRP) )

IFCEX(6>.GE.EC(1>> GO TD 200

RX6=EX (6) /TKF

SRX6=SART (RX6>

C(E)=C(C (D) 7EX(6) ¢oSLPL) ¢EXP (~5. ¢ (SRX6-SRP) ¢ (SRXE6~SRP)Y )
200 CONTINUE

RETURN

END
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Appendix B

SAMPLE PROBLEMS




1-4

SAMPLE CALCULATIONS WFERE VERFORMED FOR FOUR DIFFERENT, TYPICAL PROKLEMS.,
THE PROBLEMS ARE EACH PRESENTED WITH A SHORT DESCRIPTION, "LISTINGS OF THE
INPUT, OUTPUT, AND TAPE2 FLILES, AND THE FLUX PLOT GENERATED FROM THE FILH FILE.

SAMPLE PROBLEM I. CALCULATE 4-CROUP CROSS SECTIONS FOR ALL REACTIONS OF XE~-135 TABULATED

me=mmuzmam===mmec [N THE DATA FILE IN THE EPRI 4-GROUP STRUCTURE. COLLAPSE WITIH THE

FESEEESCERERIsnRs dgs FLUX WELGHTING FUNCTION. INPUT THE COARSE GROUP STRUCTURE BY TAGGING NGC
CATIVE AND SPECIFYINC THE (LB(IGC),IGC=1,5) VALUES.

INPUT FILE FOR SAMPLE PROBLEM 1.

SAHP%E PROBLEM l,EPSI 4-?? XE=135 ALL MT 900K PRS FLUX

56 541135 135 3 3 1 10a1.0 +104 .0 +1d9.0 +0J .0 +02
7 181 47 128|155 1 |

OUTPUT FILE FROM SAMPLF PROBLEM'I, f : ‘

SAMPLE PROBLEM 1,EPRI 4-GP XF-135 ALL MT 900K PRS FLUX
**SUMMARY OF PROBLEM CONTROL INPUT**akw
IFLX = 2 »WHERE I-COLLAPQE TO RUILT-IN FUNCTIONAL FLUX, WITH PARAMETERS READ FROM CARD INPUT
2=COLLAPSE T0 FLUX DESCRIRED BY SIT OF LOG-LOC INTERPOLATION POINTS READ FROM DATA FILE
3'POLLAP§F TO FLUX DRSCRIRED BY SET OF LOG-LOG INTECRPOLATION POINTS READ FROM CARD INPUT
4=COLLAPSE TO HISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC-EV
5=COLLAPSE. TO HISTOCRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC-UNIT LETHARG
6=COLLAPSE TO HISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC (CROUP INTEg§AL -FLUXES)

NFX = 0 »NUMBER OF FLUX VALUCS IN USER COLLAPSING FLUX DESCRIPTION (SET TO NFXP KY CODE IF IFLX=
NCC = 4 NUHBFR OF COARSE GROUPS
NT = 9 TABLE NUMBER FOR TAPE2 HEADING

IPLTFX = | WHERE O=NO PLOT FLUX

1=MAKE PLOT OF LOG-LOC FLUX READ FROM DATA FILE AND, IF DIFFERENT, USER COLLAPSING FLUX
COLLAPSE CROSS SECTION TABULATIONS WITHIN THE FOLLOWINC LIMITS
kkkkny *KARKKAR  XREACTION MF* *REACTION MT* **%*BONDARENKO SIGMA ZERQ*** *RAXXXTEMPERATURE (K)*®#*#kx
54 TO 56 135 TO 135 jT0 3 1 To 102 1.000E+10 TO  1,000E+10 9.000E+02 TO  9.000E+02

ECHO FROM DATA FILE TOAFEW-V 154-GP ENDF/B-V FISSION-PRODUCT AND ACTINIDE CROSS SECTIONS 2-9-81

ECHO FROM DATA FILE

PRS 154-CRNUP NEUTRON MULTICROUP STRUCTURE

2.00000E+07 1.822120H)7 1.690465+07 |.49]182T+17 1.3A986 07 1.19125F+07 1.00000F+07 7.78801E+06 6.06531E+06 4.72367E+06
3.67879F+H06 2 86505F+06 2.231305+06 1. 7377AF+06 11353356406 1.05399r0+06 9.53692E405 8.20850EH05 7.42736E+05 0.39279F+05
5.7R44ITH05 4.07RT1F405 4.50432T+H)5 3.87742F405 3.50844F+05 3.01974F4H05 2.73237F+05 2.35177F+05 2,12797F+)5 1.83156FE+05
1.42642F405 1.110000405 8,65170T+04 6.73795T+04 5.247520+04 4.0R677F+)4 3.18278F+04 2.B0B79T+04 2.060584E4+04 2.47875E+04
2.35786T+04 1.93045E+04 1.50344E+04 |, 170885404 9. 118325+03 7.10174F+0 3+33084E+03 4.30743F4+03 3.35463E+03 2.61259E+U3
2.03468F+03 1.58461F+03 1.23410F+03 9.61117F+02 7.48518F+02 5.82947F+02 4.53999F+02 31535751402 2. 753645402 2,144 54F+02
1670177412 1.30073F-+H12 1,01301F+02 7.38932r+01 7.36000F+01 6.97500F+H)1 6855006401 6. 70D00T+01 6.14421E+01 5.9900UE+L]
3.90500E+01 5.84000F+01 4.78512F+01 4.00000E+01 3.72665E+01 3.60500E+01 3.50000r+01 2.902320+01 2.37100E+01 2.32000E+01
2.26033F+01 2.21000F+01 2.150008+01 2.03000F+)1 1.76035E+01 1.37096E+01 1.06770F+01 8.31529E+00 7.00000E+00 6.47595E+00
2.046348F+00 3,92786F+00 3.05902F+00 2.56084E+00 2.38237F+00 2.31603E+00 2.29429F4+00 2.27266E+00 22251 1 3E+00 2.17213E+0U
2.09408E4+00 2.01791E+00 1.93562T+00 1.85539F+00 1,B0897E+HI0 1.76305E+00 1.72608F+00 1.71773E+00 1.64759E+00 1.59493CE+H00
1.57850E+00 1.45742E+00 1.44498E+00 1.30785E+00 1.208670+00 1.1663BE+00 1,12535E+00 1,09868E+00 1.07217E+00 1.06231E+00
k.0;250E+00 1.04273E400 5.0%370E 9.30633E-01 8.76425E-01 7.82079E-01 6.82560E-01 6.2506UE~01 5.31579E-01 5.03235E~U1

«17016E~U1 4.13994E~01 3.57665E-01 3.206285-01 3.01120E-01 2,90737E-01 2.70518E-01 2.51028E-01 2.27690E-01 1.84429E-01
1.32300E-01 1.45721E-01 1.11568E-01 8.19683F-02 5.69224E-02 4.27551E-02 3.06116E-02 2.04921E-02 1.23964E~02 6.32472E-03
2.27690E-03 7.60219E-04 2.52989E-04 1.38879F-04 1.00000E-05




ECHO FROM DATA FILE PRS NEUTRON FLUX WELICHTINC FUNCTION 115 LOG-LOG INTERPOLATION PTS
2.00000E+07 1.54770E-10 1.56760EH)7 1.97800C~10 |.55000E407 1.14060E-09 1.54000E407 2.84500E~09 [ .S3000F+07 6.6658UE-UY
1.52000E+07 1,46870E-08 1.51000E+H)7 3.03540E~08 1. 50000h+07 5.88320E-08 1.49000E+07 1.06Y90E-07 1.48000E-H)7 1.82130E-07
1.47000E407 2,90410E~07 1.46000E+07 4.33170E~07 1.45000E+07 6.04030E-U7 1.44000E+07 7.870405-07 1.43000E+07 9.57570E-07
1.42000E407 1.08700E-06 1.40700E+07 1.15400E-06 1.39000E+07 1.04080E-06 1.38000E+07 8.88250E-07 1.37000£+07 7.04780E-07
1.36000E+07 5.19460E-07 1.35000E+07 3.55)20E~07 1.34000E+07 2.25110E-07 1.33000E+07 1.32220E-07 1.32000E+07 7.1864UE-08
1.31000E+07 3,61220E-08 1.30000E+07 1.67760E~08 1.29000C+07 7.19100E-09 1.2BUO0E+07 2.84360E-09 1.27000E+07 1.03570E-09
1.26000E407 3,47310E-10 1.25700E+07 2.46190E~10 }.00000E+07 3.09530E-10 H.00000E+06 1.22760E-09 6.00000E+06 4,71530E-09
3+00000E+06 9.06790E-09 4.00000E+06 1.70730E-08 3,00000E+06 3.11420E-08 2.63000E+06 3.998L0E-08 2.35000E+06 9.15950E-08
2.22000E406 5.90330E-08 1.40000E+06 1.21820E~07 1.31000E+06 6.86960E-08 1.21000E+06 1.50220E-07 b.19000E+06 1.54790E-07
1.12000E+06 1.36480E~07 1.05000E+06 1.15180E-07 1.G0000E+06 9.15950E-08 9.41000E+05 1.78610E-07 9.00000E+05 2.147 E-07
7.70000E+05 2,50050E-07 6.30000E+05 2.94930E-07 5.40000E+05 3.05010E-07 5.02000E405 2.63330E-07 &.74000E+05 2.17540E-07
4.42000E+05 1,00750E-07 3.99000E+H05 2,73870E~07 3.77000E+05 3.40270E-07 3.36000EH)S5 3.69260E-07 2.83000E+35 3.83090E-07
2.01000E+H)5 4.36450E-07 1,20000E+05 5.79340E-07 6.07000F+04 8.15950E-07 3.07000E+04 1.55710E~06 2 .00000E+04 2.22570E-06
1.01000E+03 3,78290E-05 6.82000E+01 4.83620E~046 6.71000E+0) 4.72260E~04 b.60000E+0]1 4.57970E-05 6.49000E+01 4.82430E-04
6.12000E+01 5,58730E-04 3.87000E+01 8.26180E~04 3.74000E+01 6.54530E-04 3.67000E+01 9.15950E-06 3.59000L+01 6.78720E-04
3+36000E+01 7.48970E-04 3,44000F+01 8.15190E-04 2.25000E+01 1.35650E-03 2.14000E+01 1.058B0E-03 2.09000E+01 1.37390E-05
2,03700E+01 1.09730E-03 1.98600E+01 1.38580F-03 1.75300E+01 1.71560E~03 7.30800E+00 3.60420E-03 7.01000E+00 2.92190E-03
6.89400E+00 1.76320E-03 6.67000E+00 5.31250E~05 6.44900F+00 1.65240E-03 6.13500E400 3.72790E-03 5.88420E+00 4.19500E-03
2+30470E4H00 4.61640F-03 4.01000E+00 6.32000E~03 1,35180E+00 1.85020F~02 1.00000E+00 2.49140E-02 6.00000E-01 4.13000E~02
3.70000E-01 4.37000E-02 4,90000E-01 5.10000E-02 4,00000E-01 6.87000F-02 3.00000E-01 1.08000E-O1 2.10000E~01 2.52000E-01
1.70000E-01 3,83000E-01 1.40000F-01 5.20000E-01 1.120008-0] 6.86000E~01 9.00000E-02 7.99000E-01 7.00000E~02 8.92000E-01
2.90000E-02 9.18000F-01 5.40000E-02 9.21000E-01 5.00000E-02 9.18000C-01 &.30000E-02 8.98000E-01 3.30000E-02 8,2 000E-01
2.90000E-02 7.85000E-01 2,40000E-02 7.12000E~0! 1,60000E-02 5.52000E-01 9.00000E-03 3.55000E-01 1.D0000E~05 5.25000E~-04

RSE_GROUP STRUCTURE
1. OOOOOE+O7 8.20850E405 5.53084E+03 6.25060E-01 1.00000E-05
(LFg(IGC),IGc-

27 154
FLUX-WEIGHTED AVERAGE OF 1/V CROSS SECTION (UNITY AT .0253EV 2 OVTR LOWEST COARSE GROUP
= 8.89715E-02 / 605 3E-01 = =01
NTEGRATED MULTIGROUP FLUXES FLXI(ICC;
2.37019E-01 3.75805E~01 2.86382E-01 1.605 jE-
EFFECTIVE THERMAL GROUP FLUX= 8. 897151E-02

ECHO FROM DATA FILE TABULATIONS ORDERED ON INCREASING Z,A,STATE,TEMP,MF,MT AND DECREASING SIGMA-O

P SIGMA  GROUP 1 GROUP 2 CROUP 3 GROUP 4 THERMAL X-SCCTION
NUCLIDE MAT MFMT (K) ZERO  X-SECTION  X-SECTION  X-SECTION  X-SECTION EFFECTIVE* (0,.0253 EV)

0.6

RESONANCE INTEC. ABOVE
0.500 EV 25 EV

J4XE135 1294 3 1 900 1E+10 5.9728GE+00 6.35420E+00 6.51127F+02 1,97377E406 3.56265E406 2.99730E+06
24XE135 1294 3 2 900 IR+10 5.09127E+00 6.34314F+00 2.87155E+02 3.05409E+05 5.51261F405 3.07880E+05
S4XE135 1294 3 4 900 IE+10 8.81044E-01 7.83121E-03 0. 0. 0. .

S4XE135 1294 3102 900 IE+10 5.55362E-04 3.2238BRE-03 3.63971F+02 1.66836E+06 3.01139E+06 2.6B8940E+06

TAPE2 FILE FROM SAMPLE PROBLEM 1.

TABLF. 9
FOUR GROUP CROSS SECTIONS

3;2OE+03

——— vm—— ————

S4XE135 1294 3 4 900 1E+10 8.810645-01

SIGMA  CROUP 1 GROUP 2 CROUP 3 GROUP 4 TUERMAL X-SECTION RESONANCE INTEG. ABOVE
NUCLIDE MAT MFMT (K) ZERO  X-SECTION  X-SECTION X-SECTION X-SECTION EFFECTIVE* (0.0253 EV) 0.500 EV 0.625 EV
J4XE135 1294 3 1 900 1E+10 5.97286E+00 6.35420E+00 6.51127E+02 1,97377C+06 3.56265E+06 .99730E+Ob 1.25290E+04 7,2868UE+03
S4XE135 1294 3 2 900 1E+10 5.09127E+00 ? gg?l&2+00 2,87155E402 3 3 .03409E+05 5 51261E+05 3: -07880E+05 g.é27ggéigg 3'54;%0E+03
54XE135 1294 3102 900 1E+10 5.55362E-04 3.223H8E-U3 3.63971E+02 1.66836E+06 3 01139E406 2.68940E+06 7.41880E+03 4:045805+03

*NOTE THAT THE EFFECTIVE THERMAL CROSS SECTION IS THE CROUP &4 CROSS SECTION DIVIDED BY SIGMAgl/V)
WHERE SIGMA(1/V) IS THE GROUP & VALUE OF A 1/V CROSS SECTION EQUAL TO UNITY AT .0253EV (=.554018)




FLUX FROM DATA FILE USED IN COLLAPSING

FLUX. (N/CM3#2 SEC_EV)
o (-]

ENERGY. EV

Figure B~l. Flux plot from sample problem 1.
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SAMPLE PROBLEM 2. CALCULATE 2-GROUP RADIATIVE CAPTURE CROSS SECTTONS IN BiW 2-CROUP STRUCTURE,
Sewnmcusazcza=xmx  USINC HISTOGRAM FLUX DESCRIPTION. UISTOGRAM FLUX VALULS WERE CALCULATLD
memzmmammwm==s=== EXTERMALLY IN 111 ENERGY GROUPS AND SUPPLIED AS CROUP INTEGRATED VALUES.
DEFITS 2;CROUP STRUCTURE WITH ENCRCY BOUNDARIES 1.E-05EV.,1,8554031EV,.,
AND 1OMEV.

INPUT FILE FOR SAMPLE PROBLEM 2. .
SA}W%E g%?BLEHZZ,BTE 2-GT (N,GAMMA) FOR ALL KENON,900K ,HLSTOGRAM 111-CP FLUX

54 S& 124 136 3 3 102 1021.0 +101.0 +109.0 +029.0 +02
1.0 +07b.0653066+063.67879b4+062.2313016+061.3533528+068.2084999+05
4.2787068+053.0197383+051.8315639+051.l108997+056.7379470+0k4.0867714+04
2.4787522+0A1.5034392+049.l188197+035.5308&37+033.35A6263+032.0366837+03
l.2340980+037.k851830+020.5399930+O22.7536449+021.6701701+021.0130094+02
6.14A2124+013.7266532+012.2603294+01l.370959l+018.3152872+005.0634766+00
3.0590232+001.855&03l+001.8000125+001.7500]38+001.70001&0+001.6500151+00
1.60001 0+001.5500133+001.5100150+001.47001A7+001.L3001k8+001.3900155+00
1.3500139+001.3100135+001.2800135+001.2500132+001.2200133+001.l900134+00
1.1600132+001.1400132+001.1200131+4001, 16001314001, 130+001.07001 32400
l.0600133+001.0500134+001.0&00136*001.0200135+001.0000137+009.8001385-0)
9.6001A01-019.4001378-019.1001369-013.800L371—018.5001268—018.2001327-01
7.9001230—017.6001273-017.3001202-017.000I104-016.7001155-016.4001197~01
6.1001087—015.8001014~015.5001009-015.2001013-014.9001122-01&.6001127—01
A.3001095-01b.0001051-013.8001083—013.6001020-013.4001001-013.2001019—01
3.1001022—013.000l022-012.9001019-012.8001016-012.7001011-012.6001016-0l
2.6000082-0}2.2001010-012.0001083—01l.8001128—011.6001l20—01].kOOlllB-Ol
1.2001092-011.1001095-01l.0001094—019.001056&-028.0010806—027.0010819—02
6.0010358-025.0010352-024.0010392—023.0009966—022.0010035-021.0010178-02
5°0100957-031.0100428~032 .0999706-041.0000000-05
6.3797412—013.0565294+005.7326530+006.8270876+005.7268298+006.1698076+00
A.l969518+004.221753&+003.2296350+002.6639372+002.2947076+002.0600196+00
1.9103046+001.8109646+001.7329866+001.6756761+001.6590423+001.6366861+00
l.622#981+001.5947158+001.55632&2+001.5265886+001.h748602+001.k328803+00
1.4111223+001.3429236+001.2693679+001.2308217+001.ll96303+001.108337l+00
l.0930927+006.5690565-025.7310591~025.8656948-026.0397776-026.2250226-02
6.4040971-025.2465#87-025.3510686-025.65&2566-025.6153833-025.80&1453-02
5.9956789-026.6231372—024.7280934-024.8248750-024.9081108-024.9823077—02
3.3722899-023.4227617-023.4889884—023.5655920-021.8163502—021.8358117—02
1.8581266-021.8794406-023.8277C?2-023.9196386-024.0124366-02&.1080629-02
4.2065769-026.5047679-026.7529228-027.0168727-027.30001)9-027.bOkBle—OZ
7.9341940-028,2922523-028.6836709-029.1116366- 9.5836685-021.0106149-01
1.0691100-011.1348682-01l.2097225—011.2965127-011.3985723-011.5213629-01
1.6715710-01l.2174504-011.3167949-011.&367729—011.5831697—018.567950k-02
9.0881930-029.6803483—021.0354914—01l.1123203-011.1994019-012.70 950-01
3.208 830-013.8366197-014.6116170—015.5512l58-016.6587522-017.9129752-01
6.4562606-014.7891385—0[5.1083429—015.3952399-015.6268709-015.7624009-01
5.7625342-015.5673205-015.1049635—014.2874370—013.0067370-018.3&54729-02
2.7726338-021.0842853~034.5729249-05
1.0 +071,8554031+001,0 ~05



!

OUTPUT FILE FROM SAMPLE. PRORLEM 2

SAMPLE PRORLE!* 2, R+ 2-GP (M CAMMA) FOR ALL XFNON,900K,MISTOGRAM 111-CP FLUX
#XSIMMARY OF PROELEM CONTROL INPUT*****
IFLX = 6 ,WHERE 1=COLLAPSE TO RUILT-IN FUNCTIONAL FLUX WITHL PARAMCTERS READ FROM CARD INPUT
2=COLLAPSE TO FLUX DESCRIBED RY SLCT OF LOC-LOG INTERPOLATION POINTS READ FROH DATA FILE
3=COLLAPSE T FLUX DESCRIBED BY SET OF 1.OG-LOG INTERPOLATION POINTS READ FROM CARD INPUT
4=COLLAPS). TO HISTOCRAM FLUX READ FROM CARD INPUT IN UMITS N/CM**2-SEC-EV
5=COLLAPSE TO HISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC~UNIT LETHARGY
6=2COLLAPSE TO HISTOCRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC (GROUP INTEGRAL FLUXES)
NFX =111 ,NUMBER OF FLUX VALUES IN USER COLLAPSING FLUX DESCRIPTION  (SET TO NFXP BY CODE IF IFLX=2)
NCC = 2 ,NUHBER OF COARSE GROUPS
10 , TABLE NUMBER FOR TAPEZ HEADING
IPLTFX LA ,NHEKE 0=NO PLOT OF F ,
1=MAKE PLOT OF LOC LOG FLUX READ FROM DATA FILE AND, IF DIFFERENT, USER COLLAPSING FLUX

COLLAPSE CROSS-SECTION TABULATIONS WITHIN TiiE FOLLOWING LINITS
ATt #x#kk  XREACTION MF? *REACTION MT*  #***BONDARENKO SIGMA ZERO®*%  *k#A*TEMPERATURE (K)*%#%#k

54 TO 54 124 TO 136 3T0 3 102 TO 102 1.000E+10 TO  1.000E+10 9.000E+02 TO  9.UUV0E+02

ECHO FRUM DATA FILE TOAFEW-V 154-GP ENDF/B-V FISSION-PRODUCT AND ACTINIDE CROSS SECTIONS 2-9-81
ECHO FROM_DATA FILE PRS 154-CROUP NEUTRON MULTIGROUP STRUCTURE

2.00000E+07 1.82212E+07 1.69046EH)7 1.49182E407 1.34986E+07 1.19125E407 1.00000E+07 7.78B01E+06 6.06531E+06 4.72367E+06
3.67879E+06 2.86505E+06 2.23130E+06 1.73774E+06 1.35335E+06 1.05399E+06 9.53692E+05 8.20850E+05 7.42736E+05 6.39279E+H)5
5.7B443E405 4.97871E+05 4.50492E+05 3.87742E+05 3.50844E+05 3.01974E+05 2.73237E405 2.35177E+05 2.12797E+05 1.83156E+05
1.42642F405 1,11090EH)5 8.63170E+04 6.73795F+04 5.24752E+04 4.08677E+04 3.18278E+04 2.80879E+04 2.60584E+04 2.47875E+04
2.35786F404 1,93045E+04 1,50344E+04 1.17088+04 9.11882E+03 7.10174E403 5.53084E+03 4.30743E+03 3.35463E+03 2.61259E+03
2.03468E403 1.58461E+03 1,23410F+03 9.61117E402 7.48518E+H)2 5.82947E+02 4.53999E+02 3.53575E+02 2.75364E+02 2.14454E+02
1.67017E+02 1.30073E+02 1.01301E+02 7.88932E+01 7.36000E+01 6.97500E+01 6.85500E+01 6.70000E+01 6.14421E+01 5.99000E+0]
3.90500E+01 5.84000E+01 4,78512E+01 4.00000F+01 3.72665E+01 3.60500E+01 3.50000E+01 2.90232E+01 2.37100E+01 2.320005+01
2.26033E+01 2.21000F+01 2.15000E+0]1 2.03000E+01 1.76035E+01 1.37096E+01 1.06770E401 8.31529E+00 7.00000E+00 6.47595E+00
3.04348E+00 3,92786F+00 3,05902FH00 2.56084F+00 2.38237E+00 2.31603E+00 2.29429E4+00 2.27266E+00 2.25113E+H00 2.17213E400
2.09408E400 2.01791E4+00 1.93562E+00 1,85539E400 1.80897E+00 1.76305E+00 1.7260BE+00 1.71773E+00 1.64759E+00 1.59493E+00
1.57850F+00 1.45742F+H00 1.44498E+00 1,30785E+00 1.20867E+00 1.16638E+00 1.12535F+00 1.09868E+00 1.07217E+00 1.06231E+00
1.05250F400 1,04273F+00 1.01370F+00 9.50653E-01 8.76425E-01 7.82079E-01 6.82560E-01 6.25060E-01 5.31579E-01 5.03235L~01
4.17016F~01 4.13994E-01 3.57665E~01 3.20628E-01 3.01120E-01 2.90737E-01 2.70518E-01 2.51028E-0L 2,27690E-01 1.84429E-01
1.52300F-01 1.4572 &E-Ol 1.11568E~01 8.19683F-02 5.69224E-02 4,27551E-02 3.06116E-02 2.04921E-02 1.23964E-02 6.32472E-03
2,27690E-03 7.6021 2.52989E-04 1,38879E-04 1.00000E-05

ECHO FROM_DATA FILE PRS NEUTRON FLUX WEIGHTING FUNCTION 115 LOC-LOG INTERPOLATION PTS
2,00000E; 1.54770E-10 1.56760E+07 1.97800E-10 1. 55000E+O7 1. 14000F~09 1.54000E+07 2.84500E-09 1.53V00EH07 6.060b88UE-UY
1.52000E407 1 .46870E-08 1.510006+07 3.03540E-08 1.50000E+07 5,88320E-08 1.49000E+07 1.06990E-07 1.48000E+07 1.82130L-07
1.47000E+07 2.90410E-07 1.46000E+07 4.33170E-07 1.45000E+07 6.04030E-07 1.44000E+07 7.87040E~07 1.4300UE+07 9.57570E-07
1.42000E+07 1.08700E-06 1.40700E+07 1.15400E-06 1.39000F+07 1.040B0L-06 1.38000E+07 8.88250E-07 1.37000E+07 7.04780E-07
1.36000E+07 5.19460E-07 1.35000E+07 3.55120E-07 1.34000E+07 2.251106~07 1.33000C+07 1.32220E-07 1.32000E+07 7. 1864UE-08
1.31000E+07 3.61220E-08 1.30000E+07 1.67760E~08 1.29000r+07 7.18100E~09 1.28000E+07 2.84360E-09 1.27000E+07 1.03570E-09
1.26000E+07 3.47310E~10 1.25700E+)7 2.46190E-10 1.00000E+07 3.09530E-10 8.00000F+06 1.22760E-00 6.00000E+06 4.71530E-09
3+00000E+06 9.06790E~09 4.00000EH)6 1.70730FE-08 3.000QUE+HN6 3.11420E-08 2.63000C+)6 3.9Y9BI10E-08 2.35000E+06 9.15950E-08
2.22000F+06 5.903301-08 1.40000F+06 1.21820E-07 1.31000F+36 6.86960E-08 1.21000E+06 1.50220E-07 1.19000E+06 1.54790E-07
1.12000F4+06 1.36480r-07 1.05000C+06 1.15180F-07 1.00000E+H)6 9.15950E-08 9.41000E+05- 1.78610E-U7 9.00000E+05 2.14790E-U7
7.70000E+05 2.50050E-07 6.50000E+05 2.94930E-07 5.40000E+05 3.05010E-07 5.02000F+05 2.63330E-07 &.74000E+05 2.17540E-07
4.42000F+05 1.00750E-07 3,99000E+05 2.73B70R-07 3.77000E+05 3,40270F-07 3.56000E+05 3.69260E-07 2.83000E+05 3.83090E-07
2.01000F+05 4,36450E-07 1.20000E+05 5.79340F~07 6.07000F+04 9.15950E~07 3.07000F+04 1.55710E-06 2.00000E+04 2.22570E-06
1.01000F+03 3,78290E-05 6,82000F+01 4,83620E~04 6.71000E+01 4.72260E~04 6.60000E+01 4.57970E-05 6.49000E+01 4.82430E-04
6.12000F401 5.58730E-04 3.87000F+0] 8.26180F-04 3.74000F+01 6.54530F-04 3.67000F+01 9.15950E-06 3.59000E+01 6.78720E-04
3.56000F+01 7.48970E-04 3.44000F+01 8.15190F-04 2,250005+H01 1.35650E~03 2.14000C+01 1.058B0E-03 2.09000E+01 1.37390E-05
2,03700F+01 1.09730F-03 1.98600E+01 1.38580F-03 1.75300F+01 1.71560E-03 7.30800E+30 3.60420E-03 7.01000E+00 2.92190E-03
6.89400r+00 1.76320E-03 6.,67000F+00 5.31250E-05 6.44900E+H)Q 1.65240E-03 6.13500F+00 3.72790E-03 5.88420C+00 4. 19500E-03
2+20470E4+00 4.61640F~03 4.01000E+00 6.32000F-03 1.35180E+00 1.85020E-02 1.00000E+00 2.49140E-02 6.00000E~01 4.13000E-02
5.70000E-01 4.37000E-02 4.90000F-01 5.10000E-02 4.00000F~01 6.87000E-02 3.00000E-01 1.08000E-01 2.10000E~01 2.52000E-01
1.70000E-01 3.83000E-Q1 1.40000E-0] 5.20000E-01 1.12000E-01 6.86000E~01 9.00000E-02 7.99000E-01 7.00000E-02 8.92000E-01
3+.90000E-02 9.18000E-01 5.40000E-02 9.21000E-01 5.00000E-02 9.18000E-01 4.30000E-02 8.98000E-01 3.30000E-02 8.29000E-01
2.90000E-02 7.85000E-0! 2.40000E-02 7.12000E-01 1.60000E-02 5.52000E-01 9.00000E-03 3.55000E-01 1.00000E-05 5.25000E-04
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INPUT WEIGHT FU!

AL OINO~OC~CC

72665E+01

(2]

OVER LOWEST COARSE GROUP

.0253EV g
4.65735E-01

1,338650401 =

UNITY AT

= 6.23457F4H00 /

INTEGRATED MULTIGROUP FLUXES

FLUX-WEICHTED AVERAGE OF 1/v CROSS SECTION (
7.50227E+01 1.33865F+01

2)

, FLXI(ICC),ICC=1,




JA!!

EFFECTIVE THFERMAL CROUP FLIU'X= 6.234570F4+00
ECHO FROM DATA FILE TABULATIONS ORDFRED ON THCREASING Z,A,STATE, TE!IP ,MF ,MT AND DECREASING SICMA-U

TEMP SIGMA  GROUP 1} GROUP 2 THERMAL X-SECTION RESONANCE INTEC. AKOVE
NUCLIDE MAT MFMT (K) ZERO  X-SECTION X-SECTION EFFECTIVE* (0.0253 EV) 0.500 EV 0.625 EV

S4XC124 1335 3102 900 1E+10 8.91435E+01 8.07968FE+01 1,73482EH)2 1.65070E+02 3.06570E+03 3.056605+03
54XCI26 1339 3102 900 1E+10 1.89780E+00 1.02914E+00 2.20970E+00 2.20760E+00 4.4U160E+01 4.39140E+01
J4XE128 1348 3102 900 1E+10 4.78776E-01 2.44801E+00 5.25624E400 5.37380E+00 1.11730E+H01 1.09470C+01
S4XEL29 1349 3102 900 1E+10 7.95063E+00 8.49873£+00 1.82480E+01 1.80540E40) 2,55050E+02 2,54180E+02
J4XE130 1350 3102 900 1E+10 1.64933E-01 2.82740E400 6.07084E+00 6.21490E+00 4,43470E+00 4.17450E+00
J4XEL31 1351 3102 900 1E+10 3.00222EH)1 4.29763E+0) 9.22764E+01 9.03780E+01 1.01630E+03 1.01180E+03
34XE132 1352 3102 900 1E+10 8.66639E-02 2.05622E-01 4.41500E-01 4.41360C~01 1.71320E+00 1.69270E+00
24XE133 9643 3102 900 1E+10 1.11507E+01 &.89524E401 1.90994E+02 1.90590E402 3.65740E+02 3.56850E+02
J4XEL34 1354 3102 900 L1E+10 3.83968E-02 1.15751E-0) 2.48535E-01 2.50650E~01 7.64470E-U1 7.53240E-01
J4XE135 1294 3102 900 1E+10 6.87852E+U0 1.28503E+06 2.75915E+06 2.68940E+06 7.41880E+03 4.04580E+03
S4XE136 1356 3102 900 1E+10 3.96618E-03 7.48984E~02 1.60818E~01 1.60440E~01 1.21030E-01 1.13610E-01

TAPE2 FILE FROM SAMPLE PROBLEM 2,

TABLE 10
TWO GROUP CROSS SECTIONS

TEMP SICMA  CROUP 1 GROUP 2 THERMAL. X-SECTION RESONANCE INTEC. ABOVE
NUCLIDE MAT MFMT (K) ZERO  X-SECTION  X-SEGTION EFFECTIVE# (0.0253 EV) 0,500 EV 0.625 LV
54XE124 1335 3102 900 1E+10 8.91435E401 8.07968E+01 1.73482F4+02 1.65070E+02 3.06570E403 3.05660E+03
24XE126 1339 3102 900 1E+10 1.897B0F+00 1.02914F+00 2.20970E+00 2,20760E+00 4.40160E+H01 4.39140E+01
34XE128 1348 3102 900 1E+10 4.78776E-01 2.44801F+00 3423624E4+00 5.37380FH00 1.11730E4+01 1.09470E+01
34XE129 1349 3102 900 IE+10 7.95063E+00 8.49873E+00 1.82480E+01 1.80540E+01 2,55050E+02 2.54180E+02
24XEL30 1350 3102 900 1E+10 1.64933FE-01 2.R82740F+00 6.07084E+00 6.,21490E+H00 4.43470E+00 4.17450E+00
J4XE131 1351 3102 900 1E+10 3.00222E+01 4.29763F+01 9.22764F+01 9.03780F+01 1.01630E+03 1.01180E+03
S4XE132 1352 3102 900 IE+10 8.66639E-02 2.05622F-01 4.41500E-01 4.41360E~01 1.71320E+00 1.69270E+00
J4XE133 9643 3102 900 1F+10 1.11507E+H01 8.89524F+01 1.90994E+02 1.90590E+02 3.65740E+02 3.56850E+02
J4XE134 1354 3102 900 1E+10 3.83968E-02 1.15751E~01 2.48535E-01 2.50650E-01 7,64470E-01 7.53240E-01
34XE135 1294 3102 900 1E+10 6.87852E+00 1.28503E+06 2.75915FE+06 2.68940E+06 7.41880E+03 4.04580E+03
S4XE136 1356 3102 900 1E+10 3.96618E-03 7.48984E-02 1.60818E-01 1.60440E-01 1,21030E-01 1.13610E-01
*NOTE THAT THE EFFECTIVE THERMAL CROSS SECTION IS THE GROUP 2 CROSS SECTION DIVIDED BY SICMA(X/V%
WHERE SIGMA(1/V) IS THE CROUP 2 VALUE OF A 1/V CROSS SECTION EQUAL TO UNITY AT .0253EV (=.465735)
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SAMPLE PROBLUM 3. CALCULATE 3-GROUP RADIATIVE CAPTURL CROSS SECTIONS FOR ALL DYSPROSIUM
mcxmcaasss==s===x KUCLIDES USINC MTR FLUX SPECTRUM. USE FUNCTIONAL FLUX DLSCRIPTION FOR
m=xmo=xwmm==m====  THERMAL MAXUELLIAN AT 343.2K é .0295738EV.) BELOW 0.105 EV, AND
ABOVE THIS ENERGY. DEFINE 3-GROUP STRUCTURL WITH BOUNDARIES 1. L-OSFV-
0.105EV.,5.53KEV., AND 10 MEV.

INPUT FILE FOR SAMPLE ,PROBLEM 3.

SAHP%E PRgBLEM33, ?;CP (N,GAMMA), ALL DYSPROSIUM 3OK,FUNCTIONAL FLUX FOR MTR

66 66 160 164 3 3 102_ 1021.0 +101.0 +103.0 +023.0 +02
-051.05 +071.0 +071.0 +071.0 +07

1.0 -011.0
1.0 +07

(2).95738 -02-1.0 0. 0. 0. 0.
1.0 -051.05 -015.53 +031.0 +07

OUTPUT FILE FROM SAMPLL PROBLEM 3.

SAMPLE PROBLEM 3 3-FP (N CAHMA)‘ ALL DYSPROSIUM 300K,FUNCTIONAL FLUX FOR MTR

**SUMMARY OF PROBLEM CONTROL INPUT* ¥

IFLX = | ,WHERE 1=COLLAPSE TO BUTLT-IN FUNCTIONAL FLUX, WITH PARAMETERS READ FROM CARD INPUT
2=COLLAPSE TO FLUX DESCRIBED BY SET OF LOC-LOC INTERPOLATION POINTS READ FROM DATA FILE
3=COLLAPSE TO FLUX DESCRIBED BY SET OF LOG~LOG INTCRPOLATION POINTS READ FROM CARD INPUT
4=COLLAPSE TO UISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CMA*2-SEC-E
5=COLLAPSE TO HISTOGRAM FLUX READ FROM CARD INPUT 'IN UNITS N/CM**Z-th—UhIT LETHAR
6=COLLAPSE TO HISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC (GROUP INTLGRAL FLUXES)

NFX = 0 ,NUMBER OF FLUX VALUES IN USER COLLAPSING FLUX DESCRIPTION  (SET TO NFXP BY CODE IF 1FLX=2)

NCC = 3 NUMBER OF COARSE GROUPS

NT = 1] TABLE NUMBER FOR TAPEZ HEADING
IPLTFX = 1 ERE 0=NO PLOT OF FLUX

1=MAKE PLOT OF LOC-LOG FLUX READ FROM DATA FILE AND, IF DIFFERENT, USER COLLAPSING FLUX

COLLAPSE CROSS-SECTION TABULATIONS WITHIN THE FOLLONINC LIMITS
*ARARKARR  KREACTION MF* *REACTION MT*

*RARKZ R

***BONDARENKO SICMA

ZERQ*** *xkkk*TEMPERA'

TURE (K) kkkKhAk

66 TO 66 160 TO 164 310 3 102 TO 102 1.000E+10 TO  1.000E+10 3.000E+02 TO  3.000E+)2

ECHO FROM DATA FILE TOAFEW-V 154-CP ENDF/B-V FISSION-PRODUCT AND ACTINIDE CROSS SECTIONS 2~9-81

ECHO FROM DATA FILE 'PRS 154-GROUP NEUTRON MULTIGROUP STRUCTURE

2.00000E+07 1,82212E+07 1.69046E+H07 1.49182E+07 4986E+07 1.19125E+07 1.00000E+07 7.78B01E+06 6.06531E+06 4.72367E+06
3.67879E+06 2.86505E+06 2.23130E+06 1.73774E+06 1.35335E+06 1.05399E+06 9.53692E+05 8.20850E+05 7.42736E+05 6.39279E+05
5.78443E+05 4,97871E405 4.50492E4+05 3.87742E+05 3.50B44E+05 3.01974E+05 2.73237E+05 2.35177E+035 2,12797E+05 1.83156E+05
1.42642E405 1.11090F+05 8.65170F+04 b.73795E+04 5.24752E+0h 4.08677E+0h 3.18278E+0h 2.B0879E+0h 2.60584E+0h 2.47875E+0b
2.35786E+04 1.93045E+04 1.50344E+04 1,17088E+04 9,11882E+03 7.10174E+03 5.53084E+03 4.30743E+03 3.35463E+03 2.61259E+03
2.03468E+03 1,58461FE+03 1.23410E+03 9.611170402 7.48518E+02 5.82947E402 4.53999E+02 3.53575E+02 2.,75364E+02 2.14454E+02
1.67017E+02 1.30073E+02 1.01301E+02 7.88932E+01 7.36000E+01 6.97500E+01 6.85500E+01 6.70000E+01 6.14421E+01 5.99000E+01
5.90500E+01 5.84000F+01 4.78512E+01 4.00000E+01 3.72665E+01 3.60500F+01 3.50000E+01 2.90232C+01 2.37100E+01 2.32000C+01
2,26033E+01 2,21000E4+01 2.15000E+01 2.03000E+01 1,76035E+01 1.37096E+)1 1.06770E+0]1 8,31529E+00 7.00000E+00 6.475935E-H00
5.04348EH00 3.92786E+00 3.05902E+00 2.56084F+10 2.38237E+00 2.31603E+00 2.29429E400 2.27266E+00 2.25113E4+00 2.17213E+)0
2.09408E+00 2,01791E+00 1,93562E+00 1.B5539E+00 1,80R97E+00 1.76305E+00 1.72608E+00 1.71773C+00 1.64759E+00 1.39493E+00
1.57850E+00 1.45742EH00 1,44498E+00 1.30785E+00 1.20867F+00 1.16638E+00 1.12535E400 1.09868E+00 1,07217E+00 1.06231E4+0
1.05250F+00 1.042737+00 1,01370E+00 9.50653F~01 R.76425F-01 7.82079E~01 6.82560E-01 6.25060E~01 5.31579E-01 5,03235E-01
4.17016E-01 4.13994E-01 3,57665E-01 3.20628E-01 3.01120E-01 2.90737E-01 2.70518E-01 2.51028E-01 2,27690E-01 1.84429E-0}
1.52300F-01 1.45721E-01 1.11568E-01 8,19683T-02 5.69224E-02 4.27551C-02 3.06116E-02 2.04921E-02 1,23964E~02 6.32472E-03
2.27690E-03 7.60219E-04 2.52989E-04 1.38879E-04 1.0C000E~05
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F }ROW DAT PRS RO FL X UCICHTIRC NCTIO)
ﬁ.gog 1.§a§§3r-1n 1.5(? k l. 5?-10 1. ggonr+o9
5°nnor+07 1.46870F-08 1.51nnnr+o7 3.03 OF-0R O0E+07
1 470008407 2.904105-07 1,46000F+07 4.331705-07 1 Lsonor+n7
1.42000F+07 1.087007-06 1.407000+1/ 1.15300F-06 1.390001407
1.36000F+07 5.19460E-07 1.35000E+07 3.55120F-07 1.340( WF+07
1.31000F+07 3.61220F-08 1.300065407 1.67760F-08 1.29000E+07
1.260005407 3.47310E-10 1.25700E+07 2.46190E-10 1.00000E+07
5.00000C+06, 9.06790C-09 4.00000F+06 1.70730F-08 3.00000F+06
2.22000C+06' 5.90330C-08 1.Aonoor+06 1.21820%-07 1.31000F+06
5.12000E+06‘1.364802—07 1.05000E 1.15180E-07 1.00000E+06
L70000E+05 2.50050E~07 5.sooonr+os 2.94930E-07 5.A)ooor+os
4.42000E+05 1.00750E-07 3.99000FE+05 2.73870C-07 3.77000E+05
2.01000E+05 4.36450E~07 1.20000L+05 5.79340E-07 6.07000E+04
1.01000E+03 3.78290E~-05 6.82000F+)1 4.83620E~04 6.71000E+H0]
6.120000+01 5.58730E-04 3.87000E+0]1 8.26180C-04 3.74000E+U1
3.56000E+0]1 7.48970E~04 3.44000E+0]1 8.15190C~04 2.25000E+01
2.03700E+01 1.09730E-03 1.98600E+01 1.38580E-03 1.75300E+01
0.89400E+00 1.76320E~03 6.67000E+00 5.31250E-05 6.44900E+U0
5.50470E+00 4.61640E-03 4.01000E+00 6.32000E-03 1.35180E+00
5.70000E-01 4.37000E-02 4.90000E~01 5.10000E-02 4.00000C-01
1.70000E-01 3.B3000E-01 1.40000E-01 5.20000E-01 1.12000E-U1
5.90000E-02 9.18000E~01 5.40000£-02 9.21000E-01 5.00000E-02
2.90000E-02 7.85000E-01 2.4U00VE-02 7.120Q0E-U} 1.60000E-02
OARSE CROUP STRUCTURE
1. ooooos+o7 5.53000E+03 1.05000E-01 1,00000E-05

FUNCTIONAL FLUX DESCRIPTION

ENERGY LIMITS

USED IN COLLAPSING

FLUX FUNCTION

12 LOG-LOG INTERPOLA
1.140

.540005+0;Igh82500E 09

60?—0 1 1.53000E+07
5.88320%-08 1.4900 990C~07 1.48000E+07
6.040301.-07 1.44000E+07 7 8 0 OE-07 1.43000F+07
1.04080E-06 1.38000F+07 8.88250F-07 1.37000E+07
2.25110E-07 1.33000F+07 1.322205-07 1.32000E+07
7.19100F-09 1.28000E+07 2.84360E-09 1.27000F+07
3.09530r~-10 8.00000E+06 1.22760E-09 6.00000L+00
3.11420E-08 2.63000E-H)6 3.99810E-08 2.35000E+06
6.86960F—-08 1.21000F+06 1.50220E-07 1.19000E+06
9.15950E-08 9.41000E+05S 1.78610E-07 9.UUQUOE+DS
3.05010F-07 5.02000F 2.63330F-07 4.74000E+03
3.402706~07 3.56000E+05 3.69260E-07 2.83000E+05
§.15950E-07 3.07000E+04 1.55710E-06 2.00000C+04
4.7226Ur~06 6.60000FE+H1 &4.57970E-05 6.49000E401
6.54530E-04 3.67000E+01 9.15950LC-06 3.59000E+01
1.35650E-03 2.14000E+01 1.05880E-03 2.09000C+01
1.71560E-03 7.30800E+00 3.60420L-03 7.01000E+0U
1.65240E-03 6.13500E+00 3.727Y0E-03 5.88420E+0U
1.85020E-02 1.00000E+00 2.49140E-02 6.00000L-01
6.87000E-02 3.00000E-01 1.0BOUQE-O1 2.lUVUUE-UL
6.86000E-01 9.00VU0E-02 7.9Y0U0L-01 7.0000VE-02
9.18000E~01 4.30000E-02 8.9800QE-01 3.300GUE-U2
5.52000E-01 9.00000E-Q3 3.5500UE-01 1.000QUE-05

INPUT AND CALCULATED PARAMETERS

LD CC £ =i
o
&
(=3
o
1
c
-3

950E-U8

U ~aC— O

570E-0b

e b AL LD SICE BN O P =
WD NN 0N NS L =38~ I Lnee

90V0E~-01

EX(1)= 1.000000E-~05
EX(2)= 1.050000E-01
EX(3)= 1.000000E+07
EX(4)= 1.000000E+H7
EX(5)= 1.000000E+07
EX(6)= 1.000000F+07

F.Xi7)- 1.000000E+07 E
LFC(IGCZ7ICCT2

154
FLUX-WEICHTED AVERAGE OF l/V CROSS SECTION (UNITY AT
7.11385 7.60340E-04 =
NTEGRATED MULTIGROUP FLUXESé FLXI(ICC),ICC=1, 3)

EV

F(E)=C(1)*E*EXP(~E/TKM)
F(E)=C(2)*E**SLPA

F(E)=C(3)*SQRT(E)*EXP(~E/THETA)

F(R)=C(4)*E**SLPR

F(E)-C(S)*EXP(—S.*(SORT(E/TKF)-SQRT(EP/TKF))**2.)

F(E)=C(6)*E**SLPC

EV
4)ARE

SE-04 /

2, 374175-03 3,44145E-03 7.60340

EFFECTIVE THERMAL GROUP FLUX=

7.113851E-04

.0253EV

Cc(1) = 1.000000E+00Q
TKM = 2.9573805-02 EV
C(2) = 3.165499E-04
SLPA =~-1.000000E+00
c(3) = 0.

THE;A- Q. EV
C(4

SLPB
c(5)
TKF

EV

. EV
P :
€(6) = 0.

3g60VER LOWEST COARSE GROUP
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ECHO FPOM DATA FILF

TCHP SICMA CROUP '}

CROUP 2 CROUP 3

THERMAL X-SECTION

TABULATIONS ORDEPED ON INCREASING Z,A,STATE,TEMP,MF,MT AND DRECREASING SIGHA-0

RESONANCL. INTEC. ABOVE

NUCLIDE MAT MPFMT (K) ZERO X-SECTION  X=-SFCTION  X-SFCTION EFFECTIVEX (0.0253 FV)  0.500 Lv 0.625 EV
66DYI60 9864 3102 300 1E+10 1.21410E4+00 1.59449E+02 5.39279E+0)1 5.76390E401 6. 10910E+)] 1.66540EH)3 1.66090E+03
66DY161 9865 3102 300 1E+10 1.24925L+00 l J6436E+02 5.08429E+02 5.43417E+02 5.86050E+02 1.20450E+03 1.]18500E+03
66DY162 9866 3102 300 IE+10 5.11843E-01 2,87430E+02 1.75380E+02 1.87449E+02 1.99500E+02 2. 76960403 2.75820E+03
66DY163 Y867 3102 300 1E+10 5,19738E~01 1 41801F+02 1.17983E+02 1.26102E+02 1.34540E+02 1.46670E+03 1.45610E+H)3
606LY164 1031 3102 300 1E+10 1.71146E-01 1.32340E402 2.175Y9L+03 2. 2,52150E+03 3.20580E+02 2.49140E+02

TAPE2 FILE FROM SAMPLE PROBLEM 3. !

32574EH03

f

. TABLE il
THREE GROUP CROSS SECTIONS

GROUP 2 CGROUP 3
X-SECTION  X~SECTION FEFFECTIVE*

THERMAL X-SECTION

(0.0253 EV)

RESONANCE INTEG. ABOVE
0.500 EV 0.625 EV

TEMP SIGMA  GROUP 1
NUCLIDE MAT MFMT (K) ZERO  X-SECTION
66NY160 9864 3102 300 1E+10 1.21410E+00
66DY161 9865 3102 300 1F+10 1.24925T+00
66DY162 9866 3102 300 1E+10 5.118431-01
66DY163 9867 3102 300 1E+10 5.19738E-01
66DY164 1031 3102 300 1E+10 1.71146E-01

«99449F4+02 5.39279E+01 5.76390F+01
36436FE+02 5.08429E+02 5,43417F+02
874307402 1.75380E+02 1.87449EH)12
41861F+02 1.179830+02 1.26102F+02
32340E+02 2.17599F403 2,32574E+03

1
1
2
1
1.

6.10910E+01
5.86050E+02
1.99500C+02
1.34540E+402
2.52150E+03

1.66540E+H)3 1.66090E+03
1.20450E+03 1.18500E+03
2.76960E+03 2.75820E+03
1.66670E+03 1.45610E+03
3.20580E+02 2.49140E+02

*NOTE THAT THE EFFICTIVE THERMAL CROSS SECTION IS THE GROUP 3 CROSS SFCTION DIVIDFD RY SICMASIéZES)

WHERE SIGMA(1/V) IS THE GROUP 3 VALUE OF A 1/V CROSS SECTION

EQUAL TO UNITY AT .0253EV (=,93



(N/CMas2 SEC EV)
o o L

FLUX
(-]

Figure B-3.

FLUX COMPAR]SON

ENERGY, EV

Flux plot from sample problem 3.




SAMPLE PROBLTY &4,

CALCULATF 68=CRONP TOTAL CROSS SECTIONS IN ™I GAU-I1 STRUCTURE FOR ALL 10DINC
NUCLIDES USING THE PRS FLUX URICHTINC FUNCTION. SINGE THE CODE 1S DIMENSIONFD
FOR NGC=4, T7 IS NTCESSARY T0 TNCRLASE THF DIMENSIONS OF FEC(NGC+1),CXC(NGC).,
LEG(NGC+1] , CYPLXT (CC)LR(NGC+ ), FLXT(NGC), AND FLXIM(NGC,KCF).  SPRCTEY TUE
CAM=1 ENERGY ROUNDARIES RY TAGGING NGC NRRATIVE AND USING TE (LE(ICC),1CC=1,69)
INPUT, DO NOT “AKI FLUY PLOT.

STORAGE ANJUSTNEITS FOR SAMPLE PROBLFM 4,

coion A/
COMMON /B/
COMMON /C/
COMMON /D/
COMMON /E/
COMMON /¥/

FFLUX(201), FLUX(200) RF(ISS),)’.'C(b‘)),(‘..\'F(lS&),CXC(()S)
LR(69),LFGC 69),CXFLX (68),FLXI(68)

IFLX,NFX,NFXP ,NGF,NCC, TITLEC20), TITL(17) .
FLXIN(68.1564) SYH$103 ‘ ;
EFLUXP(115),FLUXPP(115

C(6),E (7),fKM,SLPA,THETA,SLPM,TKF,EP,SLPC

INPUT FILE FOR SAMPLE PKOBLEM 4,

‘ .
SAMP%E PR8BLEP%&, ?QM-I 68-GP TOTAL, ALL IODINE,PRS FLUX, 9UUK
-b

53 53 127

7 8 9
30 31 32
49 50 51
69 73 75
117 125 127

0 '
135 3 ] 1 11.0 +101.0 +109.0 +029.0 +02 .
10 11 12 13 14 15 16 18 20 22 24 26 28
3338 35 36 37 40 - 42 43 4h 45 4p 47 48
22 33 54 55 56 57 58 59 60 61 62 63 64
l%g lgé 85 86 87 8 90 91 92 93 95 104 113

OUTPUT FILE FROM SAMPLE PROBLEM 4,

SAMPLE PROBLEM 4 CAM-IT28;QE*TOTAL, ALL IODINE,PRS FLUX, 900K

?d **SUMMARY OF PROBLEM CONTROL INPUT*#*
— IFLX = 2 JWHERE 1=COLLAPSE TO BUILT-IN FUNCTIONAL FLUX, WITH PARAMITERS READ FROM CARD: INPUT
w 2=COLLAPSE TO FLUX DESCRIRED BY SET OF LOC~LOC INTERPOLATION POINTS READ FROM DATA FILE
3=COLLAPSE TO FLUX DESCRIBED BY SET OF LOG-LOG INTERPOLATION POINTS READ FROM CARD INPUT
4=COLLAPSE TO WISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC-EV
3=COLLAPSF. TO HISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CM**2-SEC-UNIT LETHARGCY
6=COLLAPSE TO HISTOGRAM FLUX RFAD FROM CARD INPUT IN UNITS N/CM**2-SEC (CROUP INTEGRAL FLUXES)
NFX = 0 »FUMBER OF FLUX VALUFS IN USER COLLAPSINC FLUX DESCRIPTION (SET TO NFXP BY CODE IF IFLX=2)
NGC = 68 »NUMRER OF COARSE GCROUPS
NT = 12 » TABLF. NUMBER FOR TAPE2 HEADING
IPLTFX = 0 ,WHERE 0=NO PLOT OF FLUX
I=MAKF. PLOT OF LOG-LOG FLUX READ FROM DATA FILE AND, IF DIFFERENT, USER COLLAPSING FLUX
COLLAPSE CROSS-SECTION TABULATIONS WITHIN THE FOLLONING LIMITS
KRRRKZ Rk A% kxEXXARRkRR  AREACTION MF* *REACTION MT* *%*%BONDARENKQ SICMA ZERQ**% *XARRXTEMPERATURE (K)**&hksk
53 T0 53 127 1O 135 3JT0 3 1 T0 1 1.000E+10 TO  1.000E+10 9.000E+02 TO
ECHO FROM DATA FILE TOAFEW-V 154-GP ENDF/B~V FISSION-PRODUCT AND ACTINIDE CROSS SECTIONS 2~-9-81
“
w0t




h1-¢

ECHO FRROM l)/\T:\ FILE PRS 154=-CROUP NEU TR()’ MULTICROUP STRUCTURE

2.000001407 1.82212T407 1.,69046E+07 1.49182 ITHY7 1.3498674+07 1.19125F+H7 1. 000008+ 7 7.78801T+06 6.00531EHI6 4.72367E+00
36787954006 2. AL ITI00 3331301406 1337741406 1.353351+06 1.05309400 9.53602F+05 B.20BOUL+05 7.427308405 6.39279L+05
3 TRE43FA0S 4o OTRTIFH0S 4. 504021405 JoRT7A2E+0S 3.5084ANHI5 1.01974E+05 2.733371405 2.35177E+0> 2. 12T9TLHS 1.83156E+03
1.42642F+05 1.11000F+05 8,65170F+H04 (.717‘)5!‘«&(1& 5.%75"r+na 4.0R677F+01c 3.18278E+04 2,.8UB79E+04 2.60584E+04 2.478750L+04
3UT5IROIA0A 1.03065F408 1250344F+04 1. 1708RE0G A TIBRIEHNT 70101747403 5.530841403 4.307431403 30354631403 2.61259L+03
3 03468F407 1L5RAGITANT 1223410F+03 9.A1 117542 7 4HSIAFH0D 5.R2047T+I2 4.539991402 3.53575F+)2 2.75364E+02 2. 14454E+02
1.6701774+02 1.10071r+m 1.01301F+02 7.R8932F401 7.36000T+H)L 6.07500F+01 6.85500F+01 6.700 W01 6.144210+01 5,99000E+U]
5.90500T4+01 S.84N0NFH0T 4.78512M+H0L 4.000000+11 3.72RAS5THIL 3.605007+01 3.50000F4+01 2.90232F+01 2,37100C+01 2.32000r+01
2.260330H)1 2.21000T40] 2.15000F+01 2.03000T+01 1.760357+01 1.37096T+01 1.067700+01 8.31529E+10 7.00000E+0Q 6.,47595L+00
ST OARLALTO0 I-02786T+00 3o03002F+00 7.5R0RGFHN0 2182370400 2.31603L+D0 2.294297400 2.27266T+00 2. 251 13E+00 2.172136+00
3 A0KORFANN 2.01701F400 1.935634+00 1.R55I0T+AN TIRORITE+00 1.76305T+00 1.726080HI0 1.71773F+00 1,64759L+00 159493 E+00
2 RSOTA00 1457425400 1.45A0RT+N0 1230785I+10 1120867E+00 1.16638F+00 1.12535T+00 L.09B6BEHI0 1.07217E+00 1.0023LE+HY
1.0;2snn+oo 11023750400 1.01370T400 9.50653F-01 8.76425E-01 7.82079F-01 6.82560L-01 §.25060L-01 5.31579E-U1 5.03235L-0L
102 k1035625201 3.57665F-01 3.20628F-01 3.01120E-01 2.90737r=0) 2.70518E-01 2.510281-01 2,27090E-01 1.84429E-0]
152300F~01 1.45721F~01 1.115680-01 B.196R3T-02 5.69224F-02 4.275511~02 3.06116E~02 2 5. 04921-02 1.23964E-02 6.32472E-U3
2.276901-03 7. 6021‘)[‘-()1. 2.52989T-04 1.38879r=04 1,0N000E=05
ECIIO I‘R()\l DATA PRS NEUTRON FLUN URICNTING FUNCTION 115 LOC-LOC INTE RP()LATIOL PTS
2.000005+07 1.54 T 10 1R86Th6r407 1.97H00K-10 1 .55000F+07 1.14060F-09 1.54000L+07 2.84500L-09 1.53U0VE+07 6.66BBUE-03
1.52000F+07 1.46870E-08 1.51000r+07 3.g35non—ox 1. suqour+o7 5.883205-08 1. AJUUUF+07 1. uu990c-87 1. 480UUEH7 1 82130E-07
1 47000F+07 2.90410F~07 1.460006+Q7 &.33k70r-07 1.450 00h+04 6.04030E-07 1.44000F+)7 7.870408 1.43000F+07 9 575705-8
1420000407 1.08700E-06 1.407005+07 1-15400E-06 1.3900UE+I7 1.04080E-06 1.380006+07 8.38250E-U7 1. 370UUE+07 7.047BUE-07
1.36000E+07 5.19460T-07 1.35000F+07 3.55120F-07 1 1.34000E+07 2.25110E-07 1. 33U00}:.+07 1.32220}2-07 1.32000CH)7 7. 18b4UE~-VE
1.31000F+07 3.61220E-08 1.30000E+07 1.067760L-08 1.290(IUE+U7 7.19100E-VY 28000CH)7 2.84306VE-09 L. 27000E+07 1.03570E-UY
1.26000E4+07 3.47310E-10 1,25700E+07 2.4619UE~10 1.000QUE+07 3.09530E-10 8.00000L+06 1.22760E-09 6.00000C+06 4.71530E-UY
5, U0U00EH6 9.06790E-0Y 4 ,00000EHI6 1.707305-08 3.00000E+06 3.11420E-08 2.63000EHI6 3.YYBL0E-UB 2 <3S5000DE+06 9. 15Y50E-U8
21290005400 5.90330E~08 1.40000E+06 1.21820£-07 1.31QUOL+U6 ©.86960E-08 1.210U0EH)GL 1.50220E-U7 1.19000E+06 1.54790E-07
1 12000E+06 1.364B0E-07 1.05000E+06 1.151B0E-07 1.00000E+06 9.15950E-08 9.4100UE+)5 1.78610E-U7 Y. 0UOVVE+US 2.14790E-07
7 70000E+0S 2. 500506~07 6.50000L+05 2.94930E-07 5.40000E+05 3.05010E-07 5.020UVE+DS 2.0333UL-07 4.7400UE+D5 2. 17540E-07
4 000E+03 TI00730F-07 3.99000E+05 2.73870E-07 3.77000C+05 3.40270E-07 3.56U00E+05 3.69260C-07 2.83000L+)5 3.83090E~07
3 S OO0ET0D 4. 30430E-07 1.20000E405 5+79340E-07 6.07000£+04 9.15950E-U7 3.070QUC+04 1.55710E-06 2.0000UE+DL 2.225708-00
€ 1 000E403 3.78290F-U5 6.82000E401 4.83620E-04 6.71000E+01 4.72260E-04 6.6000UL+01 4.57970E-05 0.4J000E+0L &.82430E-00
6-12000E+01 5.58730E-04 3.87000E+01 8.26180E-04 3.74000E+01 6.54330E-04 3.67000F+01 9.15950E-06 3.59000E+01 0.78720E-U4
856000001 7 48970E-04 3.44000E+01 8.15190C-04 2.25000F+01 1.35650E-03 2.14000E+01 1.05880E-U3 2.09000E+01 1.37350E~-05
3289005401 11087 30E-03 1.98600F+01 1.38580E-03 1.75300E+01 1.71560F-03 7.3080VE+00 3.60420E-U3 7.0LUQCE+DU 2.92190E-03
6189400100 1.76320E-03 6.67000E4+00 5.31250E-05 6.44300E+00 1.652400-03 6.13500E+00 3,727Y0E-03 5.88420E+00 4 .19500E-03
0 S04TORI00 4. 61540F-03 4.01000F+00 b.32000E-03 1.35180E+00 1.85020F-02 1.000U0E+00 2.49140E-02 6.0000VE-01 4. 1300VE-02
21700005201 4.37000E-02 4.90000E~01 S.10000E-02 4.00000C-01 6.87000E-02 3.000U0E-01 1.0BOLOE-UL 2.1U00VE-0) 2.52000E~01
1 L RE Sl 3:330006-01 1.40000E~01 5.20000E-01 1.12000E-01 6.86000F-01 9.00000E-02 7.99000F-01 7.QUOVOE-02 8.92UOUE-0L
5 00000E-02 9. 1R000F-01 5.40000E-02 9.21000F—01 5.00000F-02 9.18000F-0 &.30000E-02 8.98000E-01 3.3UUV0E-02 8.29000E-01
3" 90000F-03 7 .85000E-01 2.40000F~02 7.12000F-01 1.60000E-02 5.52000E~01 9.00000E-03 3.55000E-01 1.00000E-05 5.23000E-04
COARSE GRQUP STRUCTURT
1000007407 7 7RR01F+06 6065310406 4.72367E+06 3,677 79E+06 2.86505E+06 2.231300+06 1.73774L+06 1,35335E+06 1.05399E406
Ao 20850F105 6.10270F405 4.07A71F+05 3.B7742F+03 3.01974F+05 2.351770+05 1.83156L+05 1.426420405 1. IIOYUE+0S B.03170E+04
6597051408 91247521+ 4.0RGTTFEANA 3. 1827ACHIA 2.A7RTSCHNE 1.930450+04 1.50344T+04 1.17088E+04 9. 11882E+03 7.10174E+03
020 22307231401 3.354A3F407 2.612505403 2.0146RTHI3 125RARIT40Y 1123410F+03 0.61117E+12 7.48518E+02 5.82947E402
2:23090F402 3.93575F402 2.75364F407 2. 14454FH12 1.670176+02 1.300736+402 1013015402 7.88932E+01 6.14421E+01 4.78312E401
7266540, 2.90332F401 2.26033F401 1.7603SEHT 1.370067+01 1.06770T+01 B.31529E+00 6.47595F+00 5.0434BE+00 3.92780E+00
37059037400 7. 38337F+00 1.85539F+00 1.44498F+00 1.125351+00 8.76425F~01 6.82560F-01 5.31579F-01 4.13994E-01
(LFC(I(‘(‘) 1GC=1, K9)AR
} 4 9 10 11 12 13 14 15 17 19 21 23 25 27
9 30 31 32 33 3% 3% 35 39 41 42 43 4k 45 ke 47
48 &9 50 51 52 53 54 55 5 57 S8 59 en bl 62 03
6 72 34 71 80 8% BS 86 ®#7 B9 90 9l 92 94 103 112
116 124 126 128 131



G1-4

TETEGEATTD ‘lU ’T‘l(“iO\‘P Fl l"'f‘ﬁ TLXI(

1.57700F-N3 4.44567F-03 9.607831-03
4.80386R-02 4, 16709T~02 2 llGlSF -2
1.38708E-02 1.309220-02 1.238661-02
1.035381-02 1.02221E-02 1.009221-02
9.08204T-U3 8.95901T-03 8.83765F-03
6.169620-03 7.43635(-03 5.809915-03
6 .30545F gs 6.28635F-03 6.267315-03
ECHO FROW DATA FILE TABULATIONS

1127 MATY9606 HFE 3 MT
4.,03750E400 3.89574E4+00 4. 11643E+00
0.24402E+00Q 6.15331 E+00 6. 056980+H0U
5,92555E+00 5 99074E+00 6.07628E+00
8.00542E+00 8.48566E+00 9 8Y4E+00
3.36654E+01 7,33305E+00 1. ﬂ 836E+01
1.91617E402 3.66316E+00 1.63630E+01

3.793726+00° 3.8B008E+00 3.97804F+00
1129 MAT9608 MF 3 MT

4,04529E+00 3.903751400 4.151207+400
6.186778+00 6.05971T+00 5.,93285E+00
5.90159F+0Q 6.00171E+00 6.12500F+00
8.623090+00 9.22074F+00 9.87939F+00
1.78092F+01 1.90793F+01 2.06819F+01
5.249677+H00 5,358B0F+00 5.48704E+00
7.16892FH0 7.51229E4H00 7.91234F+00
1130 MAT9609 MF 3 MT

034565400 3, 907R1FHOD 4. 16967540

6,149 1F400 5,99R44F+H00 5.86544T+0

5.90323F4+00 6.03226F+00 6,204 L8F400
9.08117F400 9,69981FH10 1.04394F+01
3.10633FH01 3.50727F+H11. 4.113441401
1.33239F+02 8.26728F+01 5.98486F+00
6.44152E+00 6.67660E+00 6.94102E+00
1131 HATI611 MF 3 MT

h.OhObbE+00 3.91628E+00 4.19032E+00
6.13706F+00 5.99086E+00 5.83956E+00
5.93152+00 6.07228F+00 6.27576F+00
9.68802E+00 1.05011E+01 1.14347E+01
2.44197E401 2.70687E4+01 1.60383E+01
4.73569EH00 4.73B14E+00 4.74124E+00
4.78461E400 4.79386E400 4.80419E+00
1135 MAT9618 MF 3 MT

4.,07308EH0 3.96910E+00 4,26727L+00
6.07234E4+00 5.87518E400 5.67500E+00
6.11660EH0 6.3686BE+00 b 6IV24EHIO
4.81205E+00 4.81205E+00 4.81206E+00
4.81216C400 4.81219E+00 4.81221E400
4.81260E400 4.81269E+00 4.,81279E+H)0
4.81447E4+00 4.814ABTEHQ0 4.81536E+00

94L-03 Y.83729E-03
794L-03 B.5Y9E5E-03
8241F=03 7.10814E-03 0.54385E-U3
6. L24801E-03 b, 22845E=D3 6.21163E-03 ©
ORDERED ON LNCREASING Z,A, STATE ”FWP,NF MT AND DECREASING SIGNA-U

SIGMA U= 1.0E+10
5.8420UE+QU
5.85297n+00

~L‘\J-—\ln

900
W92049THIU 5.427050+00

bwu-—c‘u&‘
e s e 8 o

PN — C N

c:wwuwos—-\o WIS D WO~ B DO
(=

5
6;HUF 02 3.493941-02
1y 19210-02 2.24547E-02
20961-02 1.10376F-02

2.71220E-U3

248335E-03

1336E+00 5.87420F+00
1859E+)U 6. 50603E4+00 6
37565+01 1.12074E+H
7673E+01 4.149611+00
9344400 3.39017L-4H00
U387E+00 4. 34038EH

0

42447400 5,56156E+00
68B4E+)0 5.73049EHI0
7506F+00, 6.72382E+00
5392L+)1 1.25532E+01
6752FH11 6.40669T.+00
6877+ 5.93753E+00
6918I+00 9.45490F-+H00

00 " SICMA D= 1.0E+

3.51326F-02
LOBRYIT~02
1.089730-02
9,58865L~03
8.30844F-03
A.naoazu-u3

.21079C-03

195E+J0

L 14126C+0L
4.,03619E+01
3.4064)12E+00
4,438901E+00

SICHMA 0= 1.0C+10

+947861-+00
«72037E+H0
.0U590L+00
367996401

04624F+00) 5.5R784F+H)0 6.00347E+Q0
07117+00 5.66839FH10 5.66685L+00
88G1F+10 6.86021F+00 7.17849F+00
3SRIE+01 1.55020F+0]1 1.83027C+01
1578F+01 6.43404F+0]1 7.47314E+01
17777400 5.62888F+00 5.73281E+00
8387F4+00 7.96329C+00 8.40780E+00
00 ICMA 0= 1.0E+]
57620400 5.60492E+H0 6.04706E+00
6365EHI0 5. 6]855F+00 5.63480E+00
1492F+00 7.02088F+H00 7.37932E+00
7068E+01 1.50164E+01 1.64611E4+01
2523E+00 4.72643E+H00 4.72784E+00
4825EH0 4.75262E+00 4.75642E+00
2971E+00 4.84508E+00 4.86298E+0U
90y SIGMA 0= 1.0E+10
L32341E4+00 5.81718E+00 6.25453E+00
A9204E400 5.45784EH00 5.52040E+HOY
40U697E+00 7.87219E+00 7 .47129E+00
#1208E4+00 4.81209E+00 4.81210E+00
1227E400 4.81231E+00 4.81235E+00
1304E+00 4.81319E+00 4.81335E+00
1662E+00 4.81747E+00 4.81845E+00

3.960476-02 3.53772F-02
1.77936E-02 1.62701E-02
1.075880-02 1.06221E~02
9.40134L-03 Y.33318E-U3
7.54050E-D3 8.39829E~03
5.71924E-03 6.34L43E-03
6,41033F-03

6.142860+00 6.28578C
5.84BUSE+OU 5.8592YE u
6.95662E4+00 7..25383E40
1.37255E+401 1,80576L+01
4.79026F401 6.48973E+00
3,.57011E4+00 3.63277EH+00
4.,66453E+00

6.21948E+00 6.320445+00
5.73413E+00 5.76873E+00
7.31027£+00 7.68708E4+00
1.46514E401 1,55799E+01
2.74528E401 4.97968E+0U
6.36247F4+00 6.58241E+00
1.08529E+01

6.23245T+H00 6.26922E+00
5.69015E4+00 5.73536E+00
7.52640E+Q0, 7.98575E+00
2.10736E+01 2,38798E401
8.54952E+01 9.9085YE-+)1
5.90738EH0 6.0570SE+0V
8.91101E400

6.,27251€400 6.29035E+00
5.66920E+00 5.71758E+0U
7.76351FH00 8.31652E+4Q0
1.81190E+01 1.9989Y8E+01
4.72937E400 4,73118E400
4,76352EH00 4.76952E+H)0
4 ,88255E+0U

6.64651E400 6,40721C+00
5.61164E+00 5.72193E+00
5.23000E+00 4.81207C400
4,.81211E+00 4.81213E+00
4 B1240F+00 14, 81246E+00
4,81359E+00 4,.81383E+00
4.81969E+00

3.90860UE-02
1.4989bE~-02
1.0457UE-02
9.200675E~03
7.91186E~U3
6.32461C-U3

28701400
LB2433E400
.10732E+00
.66402E+01
. 121 30E+00
»85732E+00

3320LE+00



9T-4

TAPEZ FILE FROM SAMPLE PROBLEM 4.

TARLL 12
68 GROUP CROSS SECTIONS

1127 MATIA06 TEMP= 900 SIGMA O= 1.0T+10

MF 3 1

4.03750r4+00 3.89574FH10 4. 11443THI0 4. 46AKAFAN0 4.92640T4H0 5, 427058400 5.8426054+00 6.14286E+00 6.28578L+H00 6.30246E+00
g.zl./;ozr.mn 215331400 6.0569RT+HI0 §5,97519T+00 5.91336F+0 5,874 20T4H00 5,.85297CHI0 5.84805L+H00 5.85929E+00 ;.886395-*00

S52855140N 5.99074EH0 6.07628THI0 6.18134F+N0 ASA1B59F+00 6o SN6N3THIN 6.72195E+00 6,95662E+HI0 7.25383E+00 7.60061EHI0
8.00542% Ro4RSAGEHI0 9.02804F+00 9.64723T-+00 1,0375AT+] 1.12074T4H11 1.14126E+01 1.372550+01 1.80576F+01 1.54625E+01
30366547401 7.33305E+00 1.73836F+01 6.805800-+01 3.17673B+01 4.14961F+00 4.03619T+01 4.79026E+31 6.48973E+00 3,06604E+)2
1.916175+02 3.66316E4+00 1.63630T+01 3.21R80E+00 3,.29344T+10 3. 3901 7E+H00 3.46412E400 3.57011E400 3.63277E+00 3.71165E+0U
3.90372E+00 3.R8008EH0 3.97804F+00 4,08423F+00 4.20387T+00 4 4.340385+00 4,48901E+00 4.6b6453EHIO
1129 MATI608 MF 3 MT ] TLMP= 900 SICHA +10
4.04529T400 3.903757400 4.15120F+00 4.53900F+00 5.04244C+00 5.56156r+00 5.94786E+00 6.21948F+00 6.32044E+00 6.28701C+00
6. 18877F400 6.05971E+00 5.932855+00 5,83546T+00 5.76884F+00 5.73049E4+00 §,72037FH00 5.734130+00 5.76873L+00 5.82433E+00
5.90159E+00 6.00171F+00 6.12500E+00 6.28226T+00 6.47506R+00 6.72382F+00 7.00500F+00 7.31027C+H0 7.6870BE+00 8.10732E+H0U
8.62309F+00 9.220740+00 9.87939C+00 1.06471E+01 1.15392F+11 1.25532EH)1 1.36799E401 1.46514E+01 1.557Y9EH01 1.664U2E+01
1.78092E+01 1.90793F+01 2,06819F+01 1.92182r+01 3.767520+01 6 4066IEHI 6.08328E+00 2.74528C+01 4.97968L+UU 5.12130E+0U
5.24967F+00 5.35880EH00 5.48704E+00 5.6168BEHI0 5.76877E+00 5.93753L+00 6.07B45E+00 6.30247E+00 6.58241E+0U 6.85732EH00
7.16892F+00 7.51229C+00 7.91234F+00 8.36694F+00 8.86918E+00 9.45490C+00 1.01104E+01 1.08529£+01
113v AT960Y MF 3 MT 1 TLNP= 900 SIGM M 0= 1.0C+10
4.0345404+00 3.90781EHIU 4, 16967E+I0 4, 58428E+HIU 5, 104241400 5.58784EH0 6.00347E+00 6.23245E+00 6.20Y22E+HI0 6.20340EHUU
6. 1494 1E+00 S5.99B44E400 5.86544E+00 5.77324E400 5,70711E400 5.66839k+00 5.66685C+00 5.69U15EHOU 5.73536EHIU 5.8UBbTE+UU
5.90323E400 6.03226E+00 6.20418E+00 6.38870L+00 6.58891E+0U b6.86021E+U0 7 17B4YE400 7.52640E+00 7,98575E+00 8.51030E+00
9.08117E+00 9.69981E+H0 1.04304E+01 1.16992E+01 1,33581E+01 1.55020E401 1.83027E+01 2.10736E+01 2,38798E+01 2.71767E+01
3.106336+01 3.56727E+01 4.11344E401 4,75974E+01 5.5157HEH01 6.43404E+01 7.47314E+0] B.54952E+01 9.9UB59E+01 1.13990E+02
1.33239E+02 8.26728E+01 5.9BABOEHIO 5.42266E+00 5.51777E+00 5.02888C+00 5.73281E+00 5.90738E+00 6.05705E+00 6.24144E+0V
684 152E+00 6.67660E+00 6.94102EH00 7,.23914E+00 7.58387E+00 7.96329E+00 8.40780E4+00 8.91101L+00
1131 MAT9611 MF 3 LY. TEMP= 90 SIGMA = 1,0E+10
4.04066E+00 3.91628E+00 4.190320+00 4.61822EH00 5.15762L+00 5. 60492E400 6,04706E+00 6.27251E+00 6.29035E+00 6.26934E+00
6.13706E+00 5.99086E+00 5.83956E+00 5.72079E+00 5.663650+00 5.61855F+00 5.63480F+00 5.66920E+00 5.71758L+00 5.B1989E+0U
5°93152r+00 6.07228F+H00 6.27576F+00 6.48937E+00 6.71492E+HD 7.02088E400 7.37932E+00 7.76351E+00 8.31652E+00 8.96517EH00
9.68802F+00 1.05011F+01 1.14347E+01 1,25152E+01 1.370681401 1.50164T+01 1646115401 1.81190E4+01 1,99898E+01 2.20595E+01
2.441975+01 2.70687E+01 1.60383E+01 4.,74176F+00 4.72523E+00 4.720643E+00 4.72784E+00 4.72937E+00 4.73118E+00 4,73320E+00
4735695400 4.73814E+00 4,74124FHI0 4,74447E+H00 4.74825EH)0 4.75262EH00 4.75642F+00 4.76352E+00 4.76952E+00 4,77647E+00
4o7BAGLEHO0 4.79386EH00 4.80419E4+00 4.81626F+00 4.R2971E+00 4,84508EHI0 4.86298E+00 4.88255E+00
1135 MATI61R MF 3 1 TEMP= 900 SIGHA 0= 1.0F+10
4.07308F4+00 3.96910F+00 4.26727r+00 4.63886E+N0 5.32341F+00 5.81718T: T400 6.25453E+00 6.,44651EH00 6.40721F+00 6.27598E+00
6.07236E+00 5.87518F400 5,67500F+00 5,53839F+00 5.49204F+00 5,45784T+00 5.52040E+00 5.61164L+00 5.72193E400 5.91124E+00
6.11660F+00 b2 36R6ATHI0 5.69024F+00 7,.03819F+00 7.40697T+00 7.872190+00 7.47129T+00 5.23000E+00 4.81207E+00 4.81204E+00
4.81205F400 4.R]1205E400 4.81206T+00 4.81207F+00 4.81208T+00 4.81209F+00 4 812108400 4.81211E+00 4.81213E400 4.81214E+00
4.81216E+00 4.81319F400 4.81221F400 4.81224F+1 4,81227F+00 4.81231CHI0 4.81235E+00 4.81240C+00 4,81246E+00 4,.81253E+00
4 812601400 4.81369F+00 4.81279E+00 4.812900-H00 4.81304EH10 4,.81319E+H00 4 813356400 4.81359F+H)0 4,.81383EH00 4.81413EH0
4-81447F4+00 &4 B14K7E400 4,81536E+00 4.81594F+00 4.81662I+H10 4.81747E+00 4.81845F+0U 4,81969EH10
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