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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;

2-1



¢(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.




0L~3LLnG"1
01-308L6" ¢
60-390%L°1
60-30648°2
60-38899°9
80-3.89k "1
80~3HGE0" €
80-32€88° S
L0-36690° 1L
Lo-3€£128°1
Lo-3Lh06°2
LO-3LLEE R
Lo-3E0#0°9
L0-3%0L8" L
L0-31G6L5°6
90-30.80°1
90~-30hGL" L
90-38040° L
L0-36288°8
L0-38Lh0° L
L0-3946L°G
Lo-32169°¢
Lo-3L162°¢
Lo-3222¢€"1
80-37981°.
80-32219°€
80-39LL9°1L
60-30L61L°1
60-39EnB8"2
60-3LGE0° 1L
OL=3LELK"E
0L-36L9h°¢
01-3€660°¢€
60-39.22°1
60-3EGLL K
60-36.90°6
80-3E£L0L" L
80-32hLL"E

Xn1d

10+30000°2
L0+39.9G° L
L0+30066° L
L0o+300hRG"1
L0o+300£G° L
L0+30026° L
Lo+300L6°1
L0+30006° L
Lo+30060°1L
Lo+3008f1° L
Lo+300L4° 1L
L0+3009%° L
L0+3006h° L
Lo+300ht" L
Lo+300EH° L
Lo+3002h" 1L
Lo+3oloh-t
Lo+3006€° 1L
L0+3008€°1L
L0+300LE" )
L0+3009E° 1
L0+300GE" L
Lo+300HE" L
Lo+300€€" 1L
Lo+3002€°1
Lo+3001€°1L
L0+3000¢€°1L
Lo+30062°L
L0+30082"° L
Lo+300l2°1L
L0+30092°1
Lo+3olse
10+30000° L
90+30000°8
90+30000°9
90+30000° S
90+30000° K
90+30000° €

(A3) ‘XDYINZ

Stl
il
€Lt
cLl
Lt

84

INTOd

80-31866° €
80-34966L°6
80-3EE06°G
Lo-32812°L
80-39698°9
1L0-32205° L
L0-36LhS° L
L0-38h9E" L
L0-38161"1L
80-3G6G6L°6
L0-3198L°L
Lo-36LhL"2
10-36006°2
L0-3E646°2
L0-31060°€
L0-3EE€9° 2
Lo-3nsll e
L0-36L00°1
Lo-3l8ElL 2
L0-3L20h°€
1L0-39269°€
L0-360E8°€
L0-36h9E°h
L0-341E6L" G
L0~-3666L°6
90-31L6S° L
90-34622°2
G0-3628L°¢€
©0-329€8" h
wo-3922L t
G0-3L6LG h
70-3EHS8 h
#0-3€L8S° S
h0-38192°8
t0-3EGHG" 9
90-366G1°6
70-32.8L°9
t0-3L68t° L

Xn1d

*A3 *03S ZweasWD /SNOUINAN 40 SLINA NI NIAID 33UV SINTVA XN7T1d

90+300£9°2
90+300SE"2
90+300¢c°¢
90+3000h° L°
90+300LE" L
90+300te° L
90+30061°1L
90+3002L°1L
90+30060°1
90+30000° L
GO+300L%° 6
60+30000°6
60+3000L° L
60+30005°9
G0+3000%°S
60+30020° S
S0+300hL t
G0+300ch "t
60+30066°€
G0+300LL°€
60+30095°€
G0+300£8°2
§0+30010°¢
50+30002° L
©0+300L0°9
t0+300L0° €
£#0+30000°2
€0+30010°1L
L0+30028°9
L0+300tL°9
10+30009°9
L0+3006%°9
L0+3002L°9
L0+300.8°€
Lo+300hL" €
L0+300L9°€
L0+30066° €
L0+30095° €

(A3) ‘X9Y3NZ

INIOd

NOILONNJ ONILHOI3M XN7T4 SHd

1-¢ a1avl

70-3616L°8
£0-3695E° L
£0-38840°1
G0-36ELE"!L
£0-3€L60° 1
£0-3868E° L
€0-3961L°1L
€0-32109°¢
€0-36L26°¢
€0-32€9.L°1
60-362LE°S
£0-31259° L
£0-36.2L°¢€
€0-3066L "t
£0-319L9°Hh
£0~3002€°9
20-32068° 1
20-3InLbh e
20-300EL " h
20-300.LE"h
20~3000L°S
20-300.18°9
10~30080°1
L0-30025°¢
L0-300€8" €
L0-30002°S
10-30098°9
L0-30066° L
L0-30026°8
10-3008L°6
L0-300L2°6
10-3008L°6
10-340086°8
L0-30062°8
10-30068° L
1o-3002L° .
10-30025° ¢
L0-30066°E
#0-30062° S

Xn1d

LO+300hh"E
L0+30062°2
Lo+3dooyl* e
L0+30060°2
Lo+30L£0°2
L0+30986° |
LO+30EGL" L
00+3080€° L
00+30010° 1
00+30468°9
00+300.9°9
00+306ht" 9
00+306€L°9
00+32%88° S
00+3.L006° S
00+30010°h
00+3816E° 1
00+30000° 1L
10-30000°9
10-3000L°G
10-30006" 1
L0-30000"h
10-30000° €
10-3000L ¢
10-30001°1
10-3000h° L
L0=-3002L°L
20-30000°6
20-30000° .
20-30006°G
20-3000%° S
20-30000° S
20-3000€°h
20-3000€° €
20-30006°¢
20-30Q0h"¢
20-30009° L
£0-30000°6
50-30000° |

(A3) ‘XDYIN3

ot

NN N 00N

INIOd

2-4



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.

2-5




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.
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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.
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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)
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=TEMPERATURES~~ BONDORINKO SELF-SHIELDING SIGMA ZERO

18 22 28 37 102 103 104 105 106 107 300K 900K 1200K 1EO 1E1 5E1 1E2 3E2 1E3 1E4 1E5 1E10

TABLE 3-2

Q

MULTIGROUP FILE SUMMARY

EACTION MT VALUE

4 16 17

2

1
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+MINOR CORRECTIONS HAVE BEEN MADE TO MF3 MT102 DATA REPRESENTATIONS OF ENDF/B-V FOR SOME
NUCLIDES AS DESCRIBED IN SECTION 3.



Table 3-3

DESCRIPTION OF DATA FILE RECORDS 1-69

Record(s) Format Description
1 (20A4) File heading
2 (17A4,14) Group structure heading, NGF
3-28 (6E12.5) Group structure energy bound-
aries [EF(I),I=1,155]
29 (17A4,14) Flux weighting function head-
ing, NFXP
30-68 (6E12.5) Flux weighting function points

[EFLUXP(L),FLUXP(I),I=1,115]

69 (20A4) 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.
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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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TABLE 6-2 (cont.)
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