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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

extensive 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 applications, (2) to

correct errors, and (3) to process and reduce the data files for use in the EPRI

core physics programs (ARMT).

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 ao 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, ENDFIB. The Fission Product and Actlnide Subcom-

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.

.
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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-IV in Table l–l, 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.

Of 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.
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Table 1-1

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

Actinides
ENDF/B-IV ENDF/B-V

Total nucltdes 16 60
Nuclides with cross sections 16 42
Stable nuclides o 0
Unstable nuclides 16 60
First isomeric states o 3
Second isomeric states o 0
Delayed Neutron Precursors o 0

Fission Products
ENDF/B-IV ENDF/B-V

824 877
181 196
113 127
711 750
117 148

6 6
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-IV 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 ~oint 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-

ner processing by Kidman (~) 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

aged values of the cross

thus calculated

rE~

values are computed

section. The group

rE~

as flux weighted energy-group aver-

j cross-section value Uj is

J-
l? o(E) $(E) dE
‘ij+l = ‘j+l

‘j =
?j

‘j

E
4(E) dE

j+l

(2-1)

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+l 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 nucllde 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

(~) uses the Bondarenko (~) scheme to describe the effects of such flux pertur-

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

described by

$(E>Q
$(E)

= CSt(E)+ a. ‘
(2-2)

where

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

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

ao is the background group constant.

The flux weighting function is thus strongly perturbed by a resonance

small value of ao (e.g., co = 1 b) is used, forcing the flux spectrum

weighting function to reflect a I/at(E) behavior. Large values of uo

in little perturbation of the flux spectrum weighting function.

in

if a very

result

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 nuclldes

have been calculated with a large a. value (UO = 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.

2-2



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 CO ranging from 1 to

1X1O 10 be

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 ~ower ~eactor 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 10-5 ev - 0.625 eV

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

0.625 - 3.0 x 104 eV

$(E) approximates the spectrum from MC2 (7) “ultrafine“ multigroup calcula-
tions with over 2000 energy groups to viv~dly display flux perturbations
due to 23% resonances at 6.67, 20.9, 36.7, and 66.0 eV53 No attempt was
made to include observed minor flux depressions due to % resonances at
higher energies.

3.0 x 104 eV - 3.0 x 106 eV

$(E) approximates the spec~qum from MC2 “fine” multigroup calculations.
Flux-perturbations due
the ‘bO window at 2.35

3.0 x 106

$(E)
MeV,

eV - 1.0 x 107 eV

assumes the shape
approximating the

to l“O resonances at 442 keV, 1.0 and 1.3 MeV, and
MeV are clearly present.

of a fission spectrum with the temperature of 1.3427
calculated MC2 multigroup spectrum.
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Figure 2-1. PRS flux weighting function.
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1.0 x 107 eV - 1.257 x 107 eV

$(E) varies as l/E.

1.257 x 107 eV - 1.557 x 107 eV

$(E) is a velocity exponential fusion peak (8_).

1.557 x 107 eV - 2.0 x 107 eV

$(E) varies at l/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 (~).

PRS 154-GROUP NEUTRON MULTIGROUP STRUCTURE

The PRS 154-group structure (~), a subset of the Los Alamos comprehensive 347-

group structure (~), 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, GMIT, 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 (~), 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, .0., 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 (Mls), temperatures, and Bondarenko background cross section UO

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 increasing Z,

A, S, temperature, MF, and MT, and finally on decreasing ao. Here Z and A are

the nuclear charge and mass number , and S is the nuclear state (O = 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 information 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
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Versions of ENDF/B are released on intervals of five to six years. Modificat-

ions, 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=lo2)bf 1~~Rh (MAT=9355) at 0.5 eV was changed from 36o to 3600 b as

required for agreement with other values in the l/v behavior. The interpolation

scheme (INT) used in describing the l/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), ~~Sr (MAT=9179), ~~Ru (MAT=9325), ~~Ru (~T=9327),

l~~Pd (MAT=9379), l~~Cd (MAT=9440), l~~Sn (MAT-9513), l#n (MAT=9516), l~~e

(MAT=9576), and l~!Sm (MAT=9803). Total (MT=l) and (n,y) (MT=1132)multigroup

values for these nuclides in the file and collapsed values given in Section 6

reflect these corrections. 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

MT—

1
2
4
16
17

18
22
28
37
102

103
104
105
106
107

Description

Total
Elastic
Total Inelastic
(n,2n)
(n,3n)

Total fission
(n,n’a)
(n,n’p)
(n,4n)

(n,y)

(n,p)
(n,d)
(n,t)
(n,3He)

(n,a)
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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(I),FLUXP(I) ,1=1,115]

69 (20A4) Cross-section tabulations heading

3-8



Table 3-4

DESCRIPTION OF CROSS-SECTION TABULATION 27-REcoRD SET

Record(s) Column(s)

1

1-11

12-14

15-17

18

19-22

23-24

25-26

27-29

30-38

39-47

48-58

59-69

70-80

2-27

Format and Description

(A6,A5,213,11,14,212,13,2E9.3,3E11 .4)

Nuclide identification

IZ, nuclide Z value

IA, nuclide A value

IS, nuclide state I.D.

MAT, ENDF/B nuclide I.D.

IVER, ENDF/B version

MF, ENDF/B file number

MT, ENDF/B reaction I.D.

TEMP, temperature (K)

SZ, 00 value

Cross-section value at 0.0253 eV

Resonance integral above 0.5 eV

Resonance integtral above 0.625 eV

(6E12.5)

1-72 Mult%group cross-section values

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

3-9
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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

~EJu(E) y(E) dE ~EJ c(E) y(E) dE
E
J+l ‘J+l

‘J =
=

Y
.

~EJ Y(E) dE
J

E
J+l

(4-1)

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 En+l ~

EJ+I <J% and %+1 <E.J ~%, then we may write

jEna(E) Y(E) dE + ’11 ~Ej u(E) Y(E) dll+ ~
‘J

6(E) Y(E) dE

‘J+l
j=m+l Ej+l E

m+l
. (4-2)

‘J = Y
J

4-1 ‘)”$
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If it is assumed that the multigroup values are relatively insensitive to the

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

~Ej o(E) +(E) dE ~Ej cr(E)Y(E) dE

Ej+l
E

= j+l

‘j = ‘$j
>

‘j

or

/Eju(E) Y(E) dE = oj Yj .

Ej+l

(4-3)

(4-4)

The few-group cross-section expression may now be written as

~En.(E) Y(L7)~ + ‘j ‘J

‘J+l
j+l”jyj +4ti,a(E) y(E) m

‘J = YJ
. (4-5)

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

an ~Eny(E) dE +j~l ~j ‘j + “m ~
‘J Y(E) dE

E
j=m+l m-i-l

‘J = Y
.

J

(4-6)

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

‘J+l = Efil and EJ = Em, then the second assumption above Is not required, and

(4-7)
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If, in addition, the user flux Y(E) is chosen to be the flux description Q(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

EJ+l are determined as LFG(J) and LFG(J+l), respectively. All integrals of

the user flux Y(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 FLX1(J). The algorithm cor-

responding to Eq. (4-6) is then

[

LFG(J+l)

CXC(J) = 1

1/

CXF(j)*FLXIM(J,j) FLXI(J) .
j=LFG(J)

—

(4-9)

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

each reaction, an effective thermal cross-section value o
NGC“

calculated as the thermal group value oNGC divided by <Ul,v>,

the thermal group value of a cross section that varies as l/v

unity at 0.0253 eV. The value of <O~,v> is calculated by the

user flux description.

This quantity is

where <o~,v> is

and is equal to

code, using the

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

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

4-3
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USER FLUX WEIGHTING FUNCTIONS

Functional Flux (IFLX=l).

A functional expression for neutron flux spectra often used in neutron cross-

section processing consists of a fission spectrum, l/E ‘“slowingdown’”region,

and a thermal Maxwellian distribution. This scheme has been extended by Roussin

(Q) to higher energies, as described in Section 2, by adding a fusion peak

bounded on each flank by a l/E region. These six regions have been incorporated

into a flexible B generalized flux function that is built into the code a9 a u9er

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

Region 1, Maxwellian Distribution, EX(1)QIQ3X(2), Y(E) = C(1) E e–E/T~—.

Region 2, Log-Log Slope, Ex(2)QIQIx(3), Y(E) = c(2) ESLpA.—

Region 3, Fission Spectrum, EX(3)QIOIX(4), Y(E) = c(3)@ e-E/THETA—-

Region 4, Log-Log Slope, EX(4)QI~X(5), y(E) = c(4) ESLpB——

Region 5, Fusion Peak, Ex(5)OIQIX(6), Y(E) =—— C(5) e–5(fi-fip)2/TKF

Region 6, Log-Log Slope, EX(6)~~X(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,S.LPC). Coefficients C(I) are calculated in the routine

COEFS by equating flux expressions at the common boundaries. Regions I-1 and

1+1 may be joined and Region I omitted by defining identical values for EX(I)

and EX(I+l). 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.
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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
2

this option must be in units of flux-per-unit-energy, i.e., n/cm ‘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+l 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 TAPE1, the cross-section 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 input 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
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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.

Limits

Card Column(s)

Title
1–80

Control
1-5
6-10
11-15

16-20
21-25

1-5
6-1o

11-15
16-20
21-25
26-30
31–35
36-40
41-50
51-60
61-70
71-80

Format and Card Content

(20A4)
Problem description (alphanumeric)
(1615)
IFLX, collapsing flux control
NFX, number of user-supplied flux values

+ NGC, number of coarse groups; sign controls input—
of EC values, cards E and F below
NT, table number for TAPE2 heading
IPLTFX, flux plot control
(8I5,4E1O.3)
MINZ
MAxz
MINA

‘1

limits of nuclide Z and A,
MINMF file MF, reaction MT, Bonda-
MAXMF renko uo value, and tempera-
MINMT ture within which TAPE1 mul-
MAXMT tigroup cross sections should
SZMIN be collapsed.
SZMAX
TEMIN
TEMAX

Cards Al, A2, Bl, and B2 are supplied only if IFLX=l (see Section 4 for
functional flux description).

Al (6E12.5) Region boundaries
1-12 EX(l)

13-24 EX(2)
25-36 EX(3)
37-48 EX(4)
49-60 EX(5)
61-72 EX(6)

(6E12.5) Region boundaries (cent)
1-12 EX(7)

A2

! .;
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Card

B1

column(s)

1-12
13-24
25-36
37-48
49-60
61-72

B2
1-12

Cards C are supplied only if
energy.

c
1-12

13-24
25-36

.

.

.

.

.

.

.

Cards D1 and D2 are supplied
decreasing energy.

D1
1-12

13-24
25-36

.

.

.

.

.

D2
1-12
13-24
25–36

.

.

.

.

.

Format and Card Content

(6E12.5) Flux parameters
TXM, Maxwellian temperature
SLPA, region 2 flux slope
THETA, fission spectrum temperature
SLPB, region 4 flux slope
TXF, fusion peak temperature
EP, fusfon peak energy

(6E12.5) Flux parameters (cent)
SLPC, region 6 flux slope

FLX=3 . Values may be increasing or decreasing

(6E12.5) Log-1og flux points
EFLUX(l)
FLUX(1)
EFLUX(2)

.

.

.
EFLUX(NFX)
FLUX(NFX)

only if IFLX ~ h. Values may be increasing or

(6E12.5) Histogram flux boundaries
EFLUX(l)
EFLUX(2)
EFLUX(3)

.

.

.
EFLUX(NFX+l)

(6E12.5) Histogram flux values
FLUX(1)
FLUX(2)
FLUX(3)

.

.

.
FLUX(NFX)

A positive sign on NGC of the CONTROL card requires that coarse-group structure

boundaries [EC(I), 1=1, NGC+l] be read from card(s) E. A negative sign on NGC

requires that fine-group structure boundary indices [LB(I), 1-1, NGC=l] be read

from card(s) F; coarse-group structure boundaries are selected from fine-group

structure boundaries according to EC(IGC) = EFILB(IGC)].

5-2



Card

E

column(s)

1-12
13-24

.

.

.

.

.

F
1-5
6-10
.
.
.
.
.

Format and Card Content

(6E12.5) Coarse-group structure
EC(1)
EC(2)

.

.

.
EC(NGC+l)

(1615) Coarse-group structure
LB(1)
LB(2)

.

.

.
LB(NGC+l)

- L)
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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 .

6-10 The infinite dilution (IJO= 1010 b) 900 K radiative capture (MT=102) cross

sections of all 237 n’uclidespresent 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, ‘alongwith 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 105 eV

2

5.530843701 x 103 eV

3

6.250600000 x 10–1 eV

4

1.000000000 x 10-5 eV

6-1
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Appendix A

TOAFEW CODE LISTING

PRtlGRflM TOFIFEbJ (INPUT,OUTPUT?PLOTSTFIPE1 7TflPE2) MOD
c**++****+**+********w****w*wM***+ti****w*+**w+**w4***~ W***+*

8: W.B.WILSUN, T.R.ENGLf3ND, R.J.LFI B13UVE FEBRURRY 1978 :
c+ TII13FEW-V MODS 13PRIL 1981 + RllD
C+ GROUP T-2, NUCLEf3R DRT13 ●

C+ LOS RLRt.lQX NFITIDNRL LFtB13RFiTQRY
c+

+ MtlD

c**+*+*+++***++*****+****+*w***w**+*+*w***++**M**+****w****+**Me:
C++++ FIDDITICINS (RDD) F!ND MODIFICRTIDNS <MOD> TO THE 13RIGINRL TIIRFEW
c+

● RDD
COLLFIPSING CCIIIE RRE INDIC13TED IN CIILUMNS 74-76. THESE CHRN6ES

c+
+ RDII

HFIVE BEEN REQUIRED RS FOLLDWS.
c+

● t3DD
+ CORRECT ORDER OF STRTEtlENT NUMBERS IN 30 GD Tll

c+
+ 17DD

+ RERD FIND OUTPUT THERMFIL CROSS SECTIONS RND RESONRNCE INTEGRFILS+ RDD
c+ + RE13D RND USE MF RRNGE OF USER INPUT
c+

● RUD
+ CHRNGE ERF f?RGUMENTS TO RBS. VFILUE IN ENTEG F13R RGN.5?1FLX=1

c+
● R~D

+ CORRECT SIGN ❑F EXP RRGUMENT IN C(5) EXPRESSION OF CtlEFS
c+

● F!D?J
+ CHRNGE PLOTTING ROUTINE CRLLS FtS REQUIRED BY PRDGRESS

C*
+ f311D

● EITHER MISCELLANEOUS IMPROVEMENTS ● RDD
cO++++ee++++++e++ee++e++++e+e++ee*++e+e+++++w++M+++e++e++e+eee*+w++*+ RDD
c+***+**6+**w*+**+***e*+e*******+******+***+****+*******we**********
C+TOF!FEW-V CDLLFIPSES MULTIGRIIUP CROSS SECTIONS RERD FROM R CDMPRTIBLE +
c+DRTFI FILE! USING EITHER R LDG-LOG FLUX DESCRIPTION GIVEN IN THE DFITFI +
C+FILE cIR R FLUX DESCRIPTION PROVIDED BY THE USER.
c+*+**+*+********+*********+*M***+-*+******-***ti-+**--*****e:
c
C TFIPE 1 IS THE INPUT DRTR FILE
C TRPE 2 IS RN DUTPUT PRINT FILE OF CDLLRPSED CRCESS SECTIONS

E
c
c
c
c
c

E
c

:
c
c
c
c

:
c

E
c
c
c
c

:
c
c
c
c
c
c
c
c
c
c
c
c
c

E

C(I> =CilEFFICIENT OF FUNCTIONFIL FLUX,REGIUN 1, CRLC. IN COEFS
CX2200 =VRLUE OF CROSS SECTION RT 0.0253 EV. REFID FROM TRPE1 RDD
CXC(IGC> =CIN3RSE GROUP IGC CROSS SECTION CRLCULRTED
CXF(IGF) =FINE GROUP IGF CROSS SECTION INPUT
CXFLXI(IGC)=INTEGRFIL OVER CORRSE GROUP IGC, FROM EC(IGC+l) TO EC<IGC),

OF THE PRODUCT IIF WEIGHTING FLUX RND FINE GROUP
CRtlSS SECTIONS

EC (IGC)
EF <IGF)
EFLUX(IFX>
EFLUXP(I>
EP
EX(I)
FLUX(IFX)
FLXI(IGC>

=CIJfiRSEzGROUP IGC UPPER EtiER6Y BOUND
=FINE-GRIIUP IGF UPPER ENERGY BIIUND
=ENERGY RT FLUX DISCONTINUITY OR HISTOGRFitl BOUNDRRY IFX
=ENERGY VRLUE I RT DRTR FILE FLUX VRLUE FLUXP<I>
=ENERGY OF FUSION PERK IN FUNCTIIINFIL FLUX DESCRIPTION
=ENERGY BOUNDRY I IIF FUNCTIIINRL FLUX DESCRIPTION
=FLUX RT DISCONTINUITY ❑R HISTOGRRM GROUP IFX
=INTEGRFIL ❑VER CORRSE GROUP 16C! FROM EC(IGC+l) TO EC(IGC>,

❑F THE WEIGHTING FLUX
FLXIM(IGC,

IGF>=INTEGRRL OF FLUX OVER THRT PRRT OF FINE GROUP IGF
WITHIN CORRSE GROUP IGC

FLUXP(I> =DRTFI FILE FLUX VRLUE I RT ENERGY VFILUE EFLUXP(I)
I FLX =1, CllLL13PSE TO FLUX FUNCTION BUILT INTD CIIEFS,ENTE6,PLOTX

=2s COLLFtPSE TO LOG-LOG FLUX RERD FROM DRTR FILE
=3, COLLi3PSE TO LOG-LOG FLUX REFID FROM CfiRD INPUT
=4Y CIILLRPSE TO HISTllGRfWl FLUXj N/CM++2-SEC-UNIT ENER6Y
=5, COLLRPSE TO HISTOGRRM FLUX? N/CMe+2-SEC-UNIT LETHRRGY
=6, CIILLFIPSE TO HISTllGRRtl FLUX? N/CM++2-SEC (INTEGRRL)

IR =R VFILUE IIF NUCLIDE
IS =0, GROUND STRTE

=1, ISOMERIC STRTE
I VER =ENDF/B VERSION FROtl WHICH MULTIGROUF’ VRLIJES pRncEssED

=Z VFILUE OF NUCLIDE
K(16c) =FINE GROUP BOUND CURRESPONDING TO CIIRRSE GROUP BOUND IGC
LFG(IGC) =FINE GROUP WITHIN WHICH CURRSE GRCIUP BOUNDRY IGC LIES
MRT =ENDF/B-IVER NUCLIDE IDENTIFICATION NUMBER
MINRJMRXR =LIMITS OF Ifl WITHIN MHICH CROSS SECTIONS TO BE COLLflPSED
MINZSMRXZ =LIMITS OF 12 WITHIN WHICH CROSS SECTIONS TO BE COLLRPSED
MINMF,MRXMF=LIMITS OF MF WITHIN WHICH CROSS SECTIONS TO BE COLLFIPSED
MINIIT,MFIXMT=LIMITS OF MT WITHIN WHICH CROSS SECTIONS TO BE COLLRPSED
IIT =ENDF/B RERCTICIN IDENTIFICRTIIIN NUMBER
NGC =NUMBER OF CDFIRSE GROUPS
Nf5F =NUMBER OF FINE GROUPS

FtDD
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C NFX
c
C NFXP
c R1500
C R1625
C SLPFI
C SLPB
C SLPC
C SYM(IZ)
c Sz
C THERM
C THETFI
C TKM
C TKF
c +**+++*

=NUMBER OF FLUX DISCONTINUITY POINTS> IF IFLX=2 OR 3
=NUMBER IIF FLUX HISTOGRRM VFILUES, IF IFLX=4,5 ❑R 6
=NUMBER OF DFITFI FILE FLUX LOG-LOG POINTS
=\/RLIJE OF REsnNRHcE INTEGRRL RBCIVE .500 EV REFtD FRIIM TFiPEl
=VFILUE OF RESONRNCE INTEGRRL FIBIIVE .625 EV REf3D FRCPI Tf3PEl
=LtlG-LCIG FLUX SLOPE, REGION 2, FUNCTIDNFtL FLUX
=LDG-LDG FLUX SLOPE, REGION 4, FUNCTItlNFIL FLUX
=LUG-LtlG FLUX SLIIPE~ REGION 6J FUNCTIIINFIL FLUX
=CHEMICFIL SYMBOL ❑F ELEPIENT WITH 2=12
=SIGMFI-O USED IN PRIICESSIN6 tdITH BIJND13RINKII SELF SHIELDING
=THERMFIL GRtlUP VFILUE OF lzV CROSS SECTION= UNITY RT 2200tl/S
=FISSION SPECTRUM TEMP. @lEV>,FUNCTItlNRL FLUX
=NEUTRON TEMP. OIEV) OF MFIXWELLIt3Nr FUNCTIUNFIL FLUX
=NEUTRIIN TEMP. (MEV> IIF FUSION PEt3KJ FUNCTIDNFIL FLUX

RDD
RDD

c
c +*++**+**e+e+e*+**+**e**-*+-*-ew+-*+w-****e**~
C ●THIS VERSION OF TOFIFEU IS DIMENSIONED FOR THE FOLLIJbJING VflLUES ●

c + NGC=4 NGF=154 NFX=200 NFXP=115 ●

c +RRRRYS FiRE DIMENSIONED FE FOLLOWS ●

c + EFLUX(NFX+l) EF(NGF+l) EC(NGC+l> CXF(NGF) CXC(NGC) +
c + LB(NGC+l) LFG(NGC+l) CXFLXI(NGC> FLXI<NGC> ●

● FLUX<NFX> FLXIM(NGCSNGF) EFLUXP(NFXP)
; ++e+++e+++e+++-++e+e+++wetie++++eee+

FLUXP(NFXP) ●

+++++++++-e+~~e
C STDRFIGE
c ●*********

COMMON /Fiz EFLUX(201),FLUX(200>,EF(155) JEC(5),CXF(154),CXC<4)
COMMON ~B/ LB(5), LFG(5>$CXFLXI (4)SFLXI(4>
COMMON /CZ IFLXrNFXrNFXPrNGF,NGCSTITLE (20),TITL<17)
COMMON zD/ FLXIM(4, 154),SYM(103)
COMMON /E/ EFLUXP(115) JFLUXP(115>
COMMON /F/ C<6>SEX(7) STKM,SLPR~THETRJSLPB~ TKF,EP>SLPC

c
D13T17 SYM/2H H,2HHE,2HLIr2HBEs2H Bs2H CJ2H N,2H II,2H F>2HNEs2HNR,2H

1MG,2HRL,2HSIS2H P,2H SJ2HCLt2HFIRr2H K,2HC19,2HSC,2HT172H V,2HCR,2HM
2N,2HFE,2HC0, 2HNI,2HCU92HZN, 2HGFI>2HGE?2HRS, 2HSES2HBR,2HKR92HRB? 2HSR
3,2H YJ2HZRJ2HNB,2HMOJ2HTC\2HRU>2HRH)2HPDS2HRG>2HCDJ2HIN>2HSNs2HSB3
42HTE!2H IS2HXEr2HCS>2HB8S2HLR;2HCES2HPRs2HNDS2HPM!2HSM>2HEUJ2HGD$2
5HTB,2HDY,2HHII,2HER,2HTM,2HYB, 2HLU,2HHF,2HTFI,2H W,2HRES2H13S,2HIRS2H
6PTs2HFIU)2HHG, 2HTLr2HPBJ2HBI J2HPOJ2HRTJ2HRNr 2HFR,2HRFIs2Hf3C$ 2HTH,2HP
7FI,2H U,2HNP$2HPU,2HRM,2HCM!2HBKS2HCF?2HES~2HFH>2HMD,2HNO,2HLR/

?ERD 390, TITLE
2RINT 420
?ERD 400, IFLX,NFX,NGCSNTSI PLTFX

NGC=IFIBS(NGC)
PRINT 470, IFLX,NFX,NGC>NTJ IPLTFX
RE1311 4O5rMINZJMRXZSRINR3MRXRJMINMFrMRXMFJMINMTJMRXHTsSZHINrSZMRXr MOD

1 TEMIN,TEMRX MOD
PRINT 7lO,MINZ,MRXZrMINR,RRXR\HINMFSMRXMF3MINMTJHRXMTJSZMIN>SZMRXt MOD

1 TEMIN,TEMFIX MOD
NGCPI=NGC+l

C REFID DRTf3 FILE HERDING
Ceeeeee+me+++eweweee-

REFID < 1J390>TITLE
PRINT 440, TITLE

C REFID MULTIGROUP STRUCTURE
C++++e+eee+++++++e+e+ti++e+

REFID ( 1s395)TITL, N6F
PRINT 440, TITL
NGFP1= NGF + 1
REFID < 1,410)(EF(IGF) JIGF=1,NGFP1>
PRINT 450, (EF(IGF), 16F=1,N6FP1>

C REFID Dt3Tfl SET FLUX WEIGHTING FUNCTION
C***+**+******M****+*W**+M**M***

RERD ( 13395)TITL, NFXP
PRINT 440, TITL
RERD ( 1J410)(EFLUXP(I) 9FLUXP (I)JI=lsNFXP)
PRINT 450, (EFLUXP(I) SFLUXP<I), I=l?NFXP)

C RERD CIILLRPSING FLUX DESCRIPTION
c*+*e**+e*ee+++**++e***e+e*ww+*
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IF(IFLX. NE.2) Gll TO 30
C CDLLFIPSE TLI Iw3TR SET LIIG-LOG FLUX
C+++ee

NFX=NFXP
DO 20 I=l,NFXP
EFLUX(.l)=EFLUXP (1)

20 FLUX(I)=FLUXP(I)
GO TO 140

C CDLLFIPSE TO WT.FUNCTItlti DTHER THRti THRT REFiD FROM DflTfl FILESET
Ce++++++ee+++++e
C BRRNCH UN INPUT FLUX DESCRIPTION
C+e++e

30 GD TO (35,140,40,60,60,60), IFLX
C REt3D PFIRFIMETERS IIF FUNCTION13L FLUX
C*****

35 REFID 410s (EX(I)SI=1,7)
REFiD 410, TKII,SLPFI,THETR,SLPB,TKF,EP,SLPC
GO TO 140

C REFID LIJG-LOG ENERGY-FLUX INTERPOLATION POINTS FROM CFIRDS
C+****

40 RERD 410, (EFLUX(I>,FLUX(I), I=l ,NFX>
IF (EFLUX(l) .GT.EFLUX(NFX>> GO TII 140

C ORDER IN DECREFiSING ENERGY

STOWF=FLUX<NFX+l-IP)
EFLUX<NFX+l-IP) =EFLUX(IP)
FLUX(NFX+l-IP> =FLUX(IP)
EFLUX(IP)=STOWE

50 FLUX(IP)=STIIWF
GO TO 140

C RERD HISTDE.R1311 FLUXES FROM CF!RDS
C****+

60 NFXP1=NFX+l
REftD 410, (EFLUX(I), I=l,NFXP1>
RERD 410, <FLU%(I>, I=l,tiFX>
IF (EFLUX(l) .GT.EFLUX(NFXP1)) GO TO 90

C ORDER IN DECREFISING ENER6Y
c+*e*+*+*+**+++***********

NP=NFxP1/2
DO 70 IP=l,NP
STIIIJE=EFLUX(NFXP1+l-IP)
EFLUX(NFXP1+l-IP) =EFLUX(IP)

70 EFLUX(IP)=ST13WE
NP=NFXZ2
DO 80 IP=l,NP
STIIWF=FLUX(NFX+l-IP)
FLUX(NFX+l-IP> =FLUX<IP)

80 FLUX(IP>=STOWF
CIINVERT HISTCIGRFWl FLUXES TD UNITS ❑F

,***+*+********+**+++*M++W+**MW*4
EV

+++
90 60 TO (140,140,140,140,100,.120) , IFLX

C GROUP FLUXES INPUT FIS PER-IAIIT-LETHRR6Y
C*****

100 Dll 110 I=l,NFX
110 FLUX(I)=FLUX(I)+FILOG(EFLUX (1>/EFLUX(I+l))/(EFLUX (1)-EFLUX<I+l))

GO TO 140
C GROUP FLUXES INPUT FIS INTEGRRL GROUP FLUXES
C****+

120 DO 130 I=l,NFX
130 FLUX(I)=FLUX(I)/<EFLUX (1>-EFLUX(I+l>)
140 CONTINUE

DO 150 IGC=l,NGC
DO 150 IGF=l,NGF

150 FLXIM(IGC, IGF)=O.O
c
C RERD COFtRSE-GRIJUP STRUCTURE FROM CFIRDS
ce++++++++++e+++++++-+~+++ee++~+-

IF(IGCFLG.EL2. O) GO TO 155
RERD 400, (LB(IGC>, IGC=l,NGCP1>
DO 153 IGC=l,NGCP1

153

155
157

IJ=LB<IGC)
EC(IGC)=EF(IJ>
GO Ttl 157
RERD 410, (EC<IGC), IGC=l,NGCP1>
IF (EC(l) .GT.EC(NGCPI)) GO TO 170

MUD
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C ORDER IN DECREFISING ENER6Y
C+++++++++++++++ee+++ww+++

NP=NGcP1/2
DD 160 IP=l,NP
STOUE=EC(NGC+2-lP>
EC(NGC+2-IP> =EC<IP>

160 EC<IP>=STUWE
170 PRINT 700

PRINT 450, (EC(I),I=l,NGCP1)
c
C PRINT USER FLUX
co+++++++++++++++

GO TD (190,200, 175s180,180?180) , IFLX
175 PRINT 540, NFX

PRINT 450, (EFLUX(I) sFLUX<I>~I=lJNFX)
GO TO 200

180 PRINT 600, NFX
PRINT 450, (EFLUX<I) SFLUX(I)JI=lJNFX) ,EFLUX(NFXP1)
GII TO 200

190 CFILL CIIEFS
PRINT 690, EX(l>,C(l) STKMJEX(2)JC(2> ,SLPRJEX(3)J C(3)JTHETRSEX(4) ,

lC(4)sSLPBrEX(5) sC(5),TKFrEX(6) JEPrC(6)rEX(7> JSLPC
c
C DETERMINE LFG VRLUES
C+e+++ee+++e++e+-eee+

200

210

220

230
240

250
255

N=l
IF (EF(l>.GT.EC(l)) GO TO 220
IF (EF(l).EQ.EC(l>) GO TO 210
PRINT 490! EF(l),EC(l)
STOP”
LFG(l)=l
N.2
IF (EC(NGCP1) .GE.EF(NGFP1) ) Go TO 230
PRINT 510s EF(NGFP1),EC<NGCP1)
STOP
DD 250 IGF=lsNGF
IF (EC(N) .LT.EF(IGF+l>) Gil TO 250
LFG(N>=IGF
N=Pi+ 1
IF <N.GT.NGCP1) GCI TO 255
GO TO 240
C13NTINUE
PRINT 520, NGCP1
PRINT 460, (LFG(I)s I=lrNGCPl>

C C17LCULRTE FINE-RND CORRSE-GRtlUP FLUX INTEGRRLS
c*****+********+**+*****+++*****w*M*M****-*

260 DO 280 IGC=l,NGC
IGCP1=IGC+l
FLXI(IGC)=ENTEG(EC(IGCP1) ,EC(1GC>!2)
L=LFG(IGCPI)-1
M=LFG(IGC)+l
MM1=M-1
LP1=L+l
FLXIM<IGC,MM1)=ENTEG (EF (M)3EC(IGC>J2)
FLXIM(IGC,LP1>=ENTEG(EC (IGCP1>SEF(LP1>;2)
DCI 270 IGF=MJL
IGFP1=IGF+l

270 FLXIM<IGC, IGF>=ENTEG(EF (IGFP1),EF(IGF> ,2)
280 CONTINUE

C Ct3LCULRTE FLUX-bJEIGHTED-9VERR6E ❑F l/V CROSS SECTION =UNITY FIT 2200M/S
c*ee**+*+e*e*e*+*+e*+*e*ee**eeM-e~*e**~-*e-*e**+*-+e+*@*+e+

TIIP=ENTEG<EC <NGCPl>tEC(NGC> ,1)
BIIT=ENTEG(EC (NGCP1)SEC(NGC> J2)
THERM=T13P/BflT
IF(NGC.LE.4) PRINT 530, TIIPrBUTrTHERM

C PRINT CtlfiRSE GROUP FLUXES FOR USERS FLUX
c+ee+e+e+ti+-e++++e++e-w++--e+-+~

TFX=THERM*FLXI (N6C)
PRINT 720, NGC
PRINT 450, (FLXI(IGC)r IGC=l,NGC>
IF<NGC.LE.4) PRINT 730, TFX
REFID ( 1,390)TITLE
PRINT 440, TITLE
IF(NGC.GT.4) WRITE(2,585) NT,NGC
INUM=O
IPFIGE=O

C RERD FINE-GROUP CROSS SECTIONS FiND TEST EUF FiND Z,FI, RND MT LItlITS
ce+e**++**+**eee**-e++e*we*-*e*+6*-e*+-*+***e*tiew*-*
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FIDD

290 REfiD ( I,570)TRGl,TRG2, 1Z,IFl, lsvM~T, 1vER,Mf,M7,TEMp9s2,c%2200, Mon
1 R1500sR1625 tlnr.1

IF (EIIF( 1>> 380s300 MDD
300 RERD ( 1,410)(CXF(I) II=1,NGF)

IF (IZ.LT.MINZ) Gll TO 290
IF (IZ.GT.MRXZ) GII TO 380
IF <IFI.LT.MINR.IIR. IR.GT.MFIXR) GO TO 290
IF (MF.LT.MINMF.OR.IIF.GT.MFIXIIF) 60 Tll 290
IF (MT.LT.MINMT.CIR.MT.GT.NFIXI’IT) GO TCI 290
IF(SZ.LT.SZMIN.CIR.SZ.GT.SZtlFIX) Gtl TO 290
IF(TEMP.LT.TEMIN.DR.T EI’IP.GT.TEMFIX) GCI TO 290
INUM=INUM+l
IF(INUM.EQ.48) INUM=l

c+*****++4**&e*N*Me*****~
c+cOLLRPsE FINE GROUP CROsS sECTIONS+
c+*+*+e**&****+******e*+~m

Ml 320 IGC=l>NGC
CXFLXI(IGC)=O.O
LI=LFG(IGC>
L3=LFG(IGC+1>
DO 310 IGF=L1,L3

310 CXFLXI<IGC)=CXFLXI (IGC) +FLXIM(IGC,I GF>WXF(IGF>
320 CXC(IGC)=CXFLXI(IGC)/FLXI <IGC>

C OUTPUT C’DLLFIPSED CROSS SECTIONS

Id=1H
IF(IS.NE.0) W=lHM
KTEMP=TEMP

325

330

340

350

360

370

IF(NGC.LE.4) GO TO 325
WRITE(2,565) SYM(IZ), IflSld,tlF!T,MF,flT,TEMP,SZ
PRINT 565, SYM<IZ), IR,U,MRT,MF,RT, TEPIP,SZ
WRITE(2,450> (CXC(IGC),IGC= l,NGC)
PRINT 450, (CXC<IGC),IGC=I ,NGC)
Gil TD 290
EFFEC=CXC<NGC) /THERI1
IF (INUM.NE.1) GO TO 370
IPFiGE=IPRGE+l
IF (IPfIGE.EL2.1) INUM=6
URITE (2,420)
GO TO <330s340,350!360>, NGC
IF (IPRGE.EQ.1> IJRITE (2,620>NT
IF(IPFIGE.EQ. 1) PRINT 660
WRITE (2,660)
GO Ttl 370
IF (IPfiGE.EQ.1) WRITE (2,630)NT
IF(IPRGE.EQ.1) PRINT 670
WRITE (2,670)
GO TO 370
IF f.IPFIGE.EQ.1> WRITE (2s640)NT
IF<IPFIGE.EQ. 1> PRINT 680
WRITE (2,680>
Gll TCI 370
IF (IPRGE.EQ.1) WRITE (2,580)NT
IF(IPRGE.EQ. 1) PRINT 550
WRITE (2,550)
CONTINUE
WRITE (2,560) IZ,SYtl(IZ), It3,bJ,tlFiT,MFpMT~KTEtlP,

1=1,NGC),EFFEC,CX2200,R1500,R162S
Sz, (Cxc (IGC>, 16C MOD

MCID
PRINT 560~IZ,SYIl(IZ) pIFi,bJ,MFIT,MF,PlT,KTEtlP,SZ, <CXC(16C),16C ilOD

l=l,NGC),EFFECfCX2200~R1500,R1625 MQD
C RETURN TO RERD NEXT FINE-GROUP CROSS SECTIONS FIBOVE
c*******+**”*+****+*Me*M+***e**e**-e-w**w~

GO TO 290
380 IF<NGC.LE.4) WRITE (2,590>N6C,NGC,THERM

WRITE (2,420>
END FILE 2

C GO PLOT FLUX, IF DESIRED

390 FLIRMRT (20t34}
395 FclRtmT(17Ft4914)
400 F13RMFtT (161S)
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405 FORMFIT( 8I5J4E1O.3>
410 FIIRM13T (6 E12.5>
420 FIIRMFIT (l HI)
430 FIIRM13T<20XS20R4>
440 FIIRMRT <3 X~23HECHtl FROM DFITR FILE s20F14)
450 F(IRMRT <1X,1OE12.5>
460 FIIRMFIT (1X,1616)
470 FORMfiT(10X!40H*@WltlFlRY IIF PROBLEM CONTROL INPUT++~*+,/,5X,6HIFLX

1 =~13,3XS83H,WHERE l=COLLFtPSE Ttl BUILT-IN FUNCTItlNFIL FLUX, WITH PFI
2RRtlETERS REFID FROM CRRD INPUT,/,24X,87H2=CllLLflPSE TO FLUX DESCRIBE
3D BY SET ❑F LUG-LUG INTERPtlLFITIUti POINTS RERD FROM DRTR FILE,/v24X
4,88H3=CLILLFIPSE TO FLUX DESCRIBED BY SET OF LUG-LOG INTERPCILRTIUN P
5(IINTS REFtD FROM CRRD INPUTv~v24X~74H4=CtlLLFtPSE TO HIST13GRRPI FLUX R
6ERD FROM C13RD INPUT IN UNITS N/CM**2-SEC-EY,/v24Xv85H5=CClLLRPSE T
7n HIsTn5RRm FLUX RERD FRnm CFIRD INpUT IN UNITS N/cMe+2-sEc-uNIT L
8ETHRRGYv/,24Xv95H6=CtlLLRPSE TO HISTIIGRRM FLUX RERD FROPl CRRD INPUT
9 IN UNITS N/CM**2-SEC (GROUP INTEGRRL FLUXES),Z!6X?5HNFX =>13,3XJ
158HsNUMBER IIF FLUX VRLUES IN USER CllLLRPSING FLUX DESCRIPTION,
2 3X731H(SET TO NFXP BY CIIDE lF IFLX=2> s/\
36X~5HNGC =, 13J3X,24HJNUMBER ❑F CDRRSE 6R0UPS~/~7X,4HNT =,13J3X,
431H,TRBLE NUMBER FOR T19PE2 HERDINGs/,3XS8HIPLTFX =,13s3X,24HJUHERE
5 O=NCI PLOT IIF FLUX,/S24XS87H1=MflKE PLOT OF LU6-LIIG FLUX REFiD FROM
6DRTR FILE RNDs IF DIFFERENT? USER CCILLRPSING FLUX>

490 FKIRMRT(1X,46HFINE 6RIIUP CROSS SECTIONS WITH UPPER BUUND ❑F ~E12.5~
13X,20HCFiN NOT BE CIILLRPSED s/s5XJ46HTll CORRSE GROUP STRUCTURE UITH
2 UPPER BOUND ❑F sE12.5,/s20XS9HI GIVE UP >

510 FCIRMF!T <//$lX,45HFINE GROUP CRUSS SECTICINS WITH LIlbJER BOUND IIF,lPE
112.5!3X,20HCRN NOT BE CCILLRPSED,I,5X,45HTII CIIRRSE GROUP STRUCTURE
21JITH LIIWER BOUND tlF,lPE12.5,Z/~20X,9HI GIVE UP,//>

520 FURMRT(3X, 16H(LFG(IGC) ,IGC=l, S13,1H>,3HRRE,815)

MUD

530 FllRMFIT (3X,88HFLUX-hJEIGHTED RVERR6E IIF l/V CROSS SECTION <UNITY FIT
1. 0253EV > ❑VER LOWEST CURRSE GRULJP,/,30X,lH=,E12.5,
2 3H z ?E12.5!3H = ,E12.5)

MnD

540 FIIRMRT (z,1OX$21HINPUT WEIGHT FUNCTIUN,10X,15\6HPUINTS\/)
560 F13RMt3T(13\R2,13$fll, 15t 12, 13? 15,E6.0,8E12.5>
565 FURMRT</,lXpR2,13,Rl,5X, 3HMRT,14,5Xp2HMF, 13,5X,2HtIlT, 13v5X,

1 5HTEMP=,F6. 0~5Xv8HS1GtlR 0=rE8.1>
570 FCIRMfIT (R6?R5,213~ Il,14,212s 13,2E9.3, 3E11.4) MUD
590 FllRMfiT(/, 60H +NIITE THFIT THE EFFECTIVE THERIIRL CRIISS SECTICIN IS TH MDD

lE GRClUP?12,36H CROSS SECTION DIVIDED BY SIGtlR(l/V),/J2X,30HUHERE S
21GMFi<l/V) 1S THE GROUP s12,58H VRLUE ❑F R l/V CROSS SECTIUN EQURL tmD
3TII UNITY FIT .0253EV (=$F7.6s1H)) MUD

600 FllRMFiT </,10X,21HINPUT WEIGHT FUNCTIIIN, 10X, I5,16HHISTOGRI3M VRLUES,
11OX!2OHFLUX-PER-UNIT-ENER6Y )

620 FDRMRT (42X~5HTRBLE,13,//~33X,24HllNE GROUP CRIISS SECTIllNS,;/)
630 FURMFiT (48X,5HTRBLEp13,//p39Xv24HTbJIl GRIIUP CROSS SECTIllNS,//)
640 FIIRMRT (54X,5HT13BLE,13,//,45X,26HTHREE GROUP CROSS SECTIONS,//>
580 FllRMRT(60X,5HT13BLE,13,//,5lX,25HF0UR GROUP CROSS SECTIONS ,//>
585 FIlRIlRT(56Xv5HTRBLE~13,//,48X, 13,21H 6RUUP CROSS SECTIllNS,//)
550 FURMRT<20Xj 10HTEtlP SIGMR~3X,

1 43HGRDUP 1 GROUP 2 GRDUP 3 GROUP 4 ,
2 6X,43HTHERPlRL X-SECTIIIN RESUNRNCE INTE6. RBUVE,I,9H NUCLIDE$
3 20H MRT MFMT (K> ZERO ,4(12H X-SECTION),2X, 10HEFFECTIVE+,
4 35H (0.0253 EV) 0.500 EV 0.625 EV,/,9H --------,4(5H ----),
5 lH-,8(12H -----------))

680 FIIRMRT(20X, 1OHTEMP SIGllFl,3X,
1 31HGRIIUP 1 GROUP 2 GROUP 3 ,
2 6XS43HTHERMRL X-SECTIUN RESCINFINCE INTEG. RBIIVE,/,9H NUCLIDE,
3 20H MRT MFMT <K) ZERO ,3(12H X-SECTION>~ 2X71OHEFFECTIVE+>
4 35H (0.02S3 EV) 0.500 EV 0.625 EV,/,9H --------,4(5H ----),
5 lH-,7(12H -----------))

670 FURMRT(20X, 1OHTEIIP SIGMRS3X,
1 19HGROUP 1 GROUP 2 ,
2 6X,43HTHERllfiL X-SECTION RESCINFINCE INTE6. flBUVE,/;9H NUCLIDE~
3 20H MRT MFMT (K) ZERO ,2(12H X-SECTION>, 2X,1OHEFFECT IVE+,
4 35H (0.0253 EV) 0.500 EV 0.625 EVsz,9H
5 lH-,6(12H -----------)>

--------J4(5H ----)9

660 FDRMRT<20x? loHTEtlP SIGMR,2X9
1 9HClNE GROUP ~
2 6X,43HTHERMRL X-SECTIIIN RESIINRNCE INTEG. RBDVE,/,9H NUCLIDE,
3 20H MRT MFMT <K) ZERO ,12H X-SECTIDl’i
4 35H

J2X\ 10HEFFECTIVE+!
(0.0253 EV> 0.500 EV 0.625 EV,z,9H --------v4(5H ----) ~

5 lH-,5(12H -----------) >
690 FORMRT(//,lOX~46HFUNCTIUNRL FLUX DESCRIPTION USED IN CIILLRPSING,//

1J5X,13HENERGY LIMITS,25X,13HFLUX FUNCTIIJN,21X,3!HINPUT RND CFILCULFI
2TED PRRRMETERS$/JlX,21<lH-) ~3X,49<lH-) >3X,38(lH-> ,/J7H EX(1)=,E13.

MOD
rmD
MnD
mm
MOD
MOD
MOD
MUD
rmD
MOD
Mnn
MOD
MCID
MUD
rlnD
MnD
MOD
MUD
mD
MUD
MUD
mm
mm
MOD
MOD
rmD
MUD
Mm
MUD

36,3H EVs54X~6HC(l) =E13.6,/~25X,23HF(E)=C (l>+E*EXP<-E/TKt!)>29XS6HT
4KM =sE13.6t3H EVr/77H EX<2)=PE13.693H EVv54Xp6HC<2) =vE13.6p/v25X
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5,17 HF<E)=C(2) *E** SLPRV35XV6HSLPR =?E13.6~~s7H EX(3)=\E13.6~3H E$’,5
64X,6HC(3> =\E13.6s/!25X,31HF(E>=C(3> ●SQRT(E>+EXP(-E/THETR) ~21X,6HT
7HETR=,E13.6,3H EV,/S7H EX(4>=,E13.6~3H EV,54X,6HC(4) =,E13.6,/,25X
8v17HF(E>=C(4)+E*+SLPB,35X,6HSLPB =sE13.6,z,7H EX(5>=,E13.6?3H EV,5
94XS6HC<5) =!E13.6,/J25X J49HF<E>=C(5) *XP(-5.+(SQRT (E/TKF>-SQRT (EP/
1TKF>)*+2.), 3X,6HTKF =~E13.6)3H EV>/J7H EX(6)=SE13.6~3H EV~54XS6HE
2P =!E13.6s3H EVp/q25Xy17HF(E>=C<6) @EwSLPCv35Xp6HC<6> =pE13.6p/,
37H EX(7)=!E13.6,3H EV!54X$6HSLPC =,E13.6>

700 FORMFIT <lHl?/,iOX,22HC0RRSE GROUP STRUCTURE ,>
710 FDRMf?T(/,5X,62HC0LLFIPSE CROSS-SECTION TFlBU~17TIONS WITHIN THE FOLLO

lWING LIMITS,/,5X,llH**_Z+**_,4X! llH+++*q*+*,3X, 13H+RERCT10N
2MF+,2X, 13H+RERCTION tlT*,4X,27H+++BONDFIREtiK0 SIGMR ZERO_,4X,27H++ MOD
3++++TEIIPERRTURE (K>*_++,/,4(5X,13,4H TO ,I3),2(6X,E1O.3!5H TO
4E10.3)s/>

, MOD
MOD

720 FIIRMFIT (5X~46HINTE6RRTED MULT16ROUP FLUXESS FLXI(IGC), IGC=l~13,
llH>)

730 FORMFIT(5X,29HEFFECTIVE THERMRL GROUP FLUX=,E15.6)
END
FUNCTION ENTEG <E1,E2,1TS)

c
C*++**++*+**+**W*** ~-*-- ~-we++-+—~~ +++-+

&ENTE6 INTE6RFtTES FRom E1 To E2 THE FOLLOkIING-
+

C+FOR ITS=l, THE PRcIDUCT OF FLUX FIND l/V CROsS SEcTIDN=UNITy FIT 2200w’s:
C+FCIR ITS=2, THE FLUX ●

c+***6e*+****+*++**+*++****+*w*-**ww**~*ww*w*~ ● W*+*+
L

COMMON /R/ EFLUX(201>,FLUX(200>,EF(155) ,EC(5),CXF(154) JCXC(4>
CIIMMUN /B/ LB(5), LFG(5)jCXFLXI (4>~FLXI<4)
COMMON /C/ IFLXSNFX,NFXPJNGF,NGC,TITLE(20> ,TITL<17>
COMMON /F/ C(6),EX(7),TKM,SLPR,THETR,SLPB,TKF,EP,SLPC

c
NFXP1=NFX+l
ENTEG=O. O
IF (E1.EQ.E2> RETURN
IF (E2.LT.E1) GO TO 520

C BR13NCH ON FLUX DESCRIPTION
C***+*++****+**++-******

GO TO (10,3LO,31O,42O,42O,42O) , IFLX
c
C FUNCTIONFiL CFiLCULRTION IIF FLUX INTEGRRL HERE FOR IFLX=l

NXP1=NX+l
EPS=O. 000001

C DETERMINE REGIONS UF El FIND E2
c+++++

20

30

40

50

DO 20 IX=l,NX
IF (E1.GE.EX(IX> .FtND.El.LT.EX(IX+l)> GO TO 30
CONTINUE
PRINT 570, E1, (EX(I)SI=l,NXP1)
PRINT 550, E2
ST13P
iii=Ix
DO 40 IX=LE1,NX
IF (E2.GT.EX(IX> .FIND.E2.LE.EX (1X+1>) GO Ttl 50
CONTINUE
PRINT 560, El
PRINT 580~ E2~(EX<I) JI=l,NXPl)
STOP
LE2=IX
Go TO <60!90, 130,160)200,270> , LE1

C REGION 1
C*+***

60 TK=TKM
ER=EX(l>
EB=EX(2)
IF (E1.GT.ER> ER=E1
IF <E2.LT.EB> EB=E2
RR=EFvTK
RB=EB/TK
IF (ITS.EQ.1) GO TO 70
ENTEG=ENTEG+C (I)+(TK++2.) ● ((1.+RR)~XP (-1.*Rfl)-<1. +RB)~XP<-1. +RB)

1)
GO TO 80

70 SRFI=SQRT<RR)
SRB=SQRT(RB>
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XR=EXP (-1. ●RFwRF!)
XB=EXP (- 1. ●RB*RB>
ENTEG=ENTE6+C ( 1> + (TK++l . 5) ●SQRT <0. 0253) ● (SRFI*XR-SRB*XB+ <SQRT (P I ) /2

1.)+(ERF<SRB> -ERF(SRFI)>)
80 IF (LE2.EQ.1) RETURN

C REGION 2
c+++++

90 EFI=EX(2>
EB=EX(3)
IF (E1.GT.ER) ER=E1
IF (E2.LT.EB) EB=E2
R=EB/EFI
CDN=C<2)
SLDPE=SLP17
IF <ITS.EQ.2) GO TO 100
CtlN=CCIN*SQRT (.0253)
SLIIPE=SLPR-O .5

100 TEST=FIBS(SLUPE+l.0)
IF (TEST.LT.EPS) GO TO 110
ENTEG=ENTEG+CtlN+ <EB*+(SLtlPE+l .)-EFi+*(SLUPE+l .>)/CSLtlPE+l .)
GD TO 120

110 ENTEG=ENTE6+CUN*LUG(R>
120 IF (LE2.EQ.2> RETURN

C REGION 3

130 ER=EX(3)
EB=EX(4)
IF (E1.GT.ER)
IF (E2.LT.EB>
%=ER/THETFI
SRFI=SQRT(RFI)

EFI=E 1
EB=E2

RB=EBzTHETR
SRB=SQRT(RB)
TP=THETFI*PI
SR=SQRT(ER)
SB=SQRT(EB)
XFI=EXP(-1.*RFI)
XB=EXP<-1.*RB)
STP=SQRT(TP)
IF (ITS.EQ.2) GO TO 140
ENTEG=ENTEG+C (3)*SQRT(. 0253) <XR-XB)

140
150

C REGION 4

GO TO 150
ENTEG=ENTEG+C (3>*THETR+<SR*XR-SB*XB+ (STP/2.)*(ERF CSRB>-ERF(SRR> >)
IF (LE2.EQ.3) RETURN

C***++
160 EFI=EX(4)

EB=EX(5)
IF (E1.GT.ER) ER=E1
IF (E2.LT.EB> EB=E2
R=EB/ER
CON=C<4)
SLDPE=SLPB
IF <ITS.EQ.2) GO TO 170

170

180
190

C REGION 5
C*+**+

200 TK=TKF
EFI=EX<5)
EB=EX(6)
IF (E1.GT ‘.ER) ER=E 1

CtlN=CON+SQRT (.0253)
SLIIPE=SLPB-O .5
TEST=RBS<SLOPE+l .0>
IF (TEST.LT.EPS) GO TO 180
ENTEG=ENTEG+CON* <EB+*(SLIIPE+I .>-EFI++(SLOPE+l .>)/<SLDPE+l .)
GO TD 190
ENTEG=EMTEG+CCIN+LDG (R>
IF (LE2.E12.4) RETURN

IF (E2.LT.EB) EB=E2
Rl=(-5./TK>+ (SQRT<EFI>-SQRT (EP>)+(SC!RT(ER> -SQRT(EP))
Fi2=(-5.~TK)* (SQRT(EB>-SQRT <EP)>*(SQRT<EB> -SQRT<EP>)
F13=<TK*EP*PI) /5.
R4=(5.*EB)YTK
fi5=(5.+EP)/TK
F16=sQRT<F14> -SQRT<F15)

FIDDFlBlw=FlBs(R6)
F17=(5.*ER)~TK
R8=SQRT(F17>-SQRT (R5)
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210

220

230

FIER8=FIBS (F18)
IF (I TS. ECI.1) GD TO 230
TERM=C (5)+ (TK/5. ) + (EXP (Ftl) -EXP (R2) >
IF (R6. LT. O.) GO Ttl 210
IF <F18. GT. O.) Gll Tll 220
ENTEG=ENTEG+TERH+C (5)+SQRT(R3)* (ERF(FIBR8>+ERF (R6>)
GD TO 260
ENTEG=ENTE6+TERM+C (5)*SQRT(R3> +(ERF<RBR8)-ERF @iBR6>>
GO TO 260
ENTEG=ENTEG+TERU+C <5)*SQRT(F13>* (ERF<F16>-ERF <R8>>
GO TO 260
CON=C(5)+SQRT (.0253+PI+TK/5. )
IF (R6.LT. O.) GO TO 240
IF (F18.GT.O.) GO TD 250
ENTEG=ENTEG+CIIN* (ERF(F!BF18>+ERF (R6))
GD TO 260

240 ENTEG=ENTEG+CON+(ERF <FIBR8) -ERF(RBF!6)>
60 TO 260

250 ENTEG=ENTEG+C0N+<ERF<R6>-ERFa38>>
260 IF (LE2.EQ.5) RETURN

C REGION 6

270

280

290
300

c

EFI=EX(6)
EB=EX(7>
IF (E1.GT.ER> EFi=El
IF (E2.LT.EB) EB=E2
R=EB/ER
cnN=c(6)
SLOPE=SLPC
IF <ITS.EQ.2) GO TO 280
CDN=CDN*SQRT (.0253)
SLDPE=SLPC-O. 5
TEST=FIBS(SLIIPE+l .>
IF (TEST.LT.EPS> GO TO 290
ENTEG=ENTEG+CON+ (EB++(SLCIPE+l
GO TO 300
ENTEG=ENIEG+CCIN+FILIIG <R>
RETURN

.> -ER*+<SLDPE+l .))/(SLDPE+l

C IFLX=2 OR 3, LOG-LOG INTERP13LFITICIN
c*+*++*+****6+e**e++**w**H**-**
C FIND CIIRRECT FLUX SEGMENT FUR El FIND E2
c+++++

310 NFXM1=NFX-1
1111 320 IFX=l,NFXM1
JFX=IFX
IF <E2.LE.EFLux(lFx) .RND-E2. GT.EFLux(lFx+l)) GO TO 330

320 CONTINUE
330 LFH=JFX

DO 340 IFX=LFH,NFXM1
JFX=IFX
IF (E1.LT.EFLUX(IFX) .FIND.E1.GE.EFLUX (IFX+l>) GO TO 350

340 CONTINIJE
3S0 LFL=JFX

C INTEGRFITE LUG-LUG FLUX

360

370

380

DO 410 IFX=LFH,LFL
EH=EFLUX(IFX)
EL=EFLUX(IFX+l>
IF (E2.LT.EFLUX(IFX>) EH=E2
IF (E1.GT.EFLUX(IFX+I)) EL=E1
Rl=FLux<IFx) zFLux<IFx+I>
R2=EFLLIX(IFX> /EFL
S=RLllG(Rl>/FILOG (R
IF (ITS.EQ.1) G!J
IF (R1.EQ. 1.> GO
IF (FIBS(S+l.).LT.
R1=EH+(EHzEFLU
R2=EL+(EL/EFLU
ENTEG=ENTE6+FL

.. ..- .
.UX(IFX+I>
?2)
TU 380
TO 370

,1.OE-05> GD TO 360
JX<IFX+I>)*+S
JX(IFX+l>)eS
.UX(IFX+l)+(R1-R2)Z(S+ 1.)

GO TO 410
R3=EH/EL
R4=FlLnG(R3)
ENTEG=ENTE6+EFLUX (IFX)+LUX(IFX) +RBS<R4>
GO TD 410
ENTEG=ENTEG+FLUX (IFX)*<EH-EL>
GO Tll 410
IF (fiBSCS+. 5).LT.l.OE-05) GO Ttl 390

MOD

MOD

MOD

MOD

.)

RDII

MUD

FIDD

MUD
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390

400

410

IF (RBS(S-.5) .LT.l. OE-O5> GO TO 400
RI =SG!RT <EH) + (EH/EFLUX ( IFX+l> > **S
R2=SQRT (EL) ● (EL/EFLUX ( IF%+1) ) +oS
ENTEG=ENTE6+ (FLUX(IFX+l) ●S12RT(.0253) /CS+O.5))+(Rl-R2)
Gtl Ttl 410
R3=EH/EL
R4=RLIIG<R3>
CO=FLUX(IFX+l) /EFLUX(IFX+l )QS
ENTEG=ENTE6+Ctl+SQRT (0.0253)+FIBS (R4)
GO TO 410
CII=FLUX(IFX+l> /EFLUX(iFX+ !)*S
ENTEG=ENTE6+C0@SQRT (0.0253)*(EH-EIJ
CONTINUE
RETURN

c
C IFLX=4>5 OR 6, 13RBITRRRY HISTOGRflM FLUX TREfiTMENT
c++ee+++~+ee+eee-e+e-w--~~+~+-~e

420 IF (E1.GE.EFLUX(l)> RETURN
IF (E2.LE.EFLUX(NFXP1)) RETURN

c
C LUCRTE FLUX HISTIIGRFItl GROUP LUCRTIUNS ❑F El FiNDE2
C**-+

DO 430 IH=l,NFX
IF (E2.LE.EFLUX(IH) .RND.E2.GE.EFLUX(IH+l) ) Gil TO 440

430 ~;l;INUE

440 Li!:IH
DCI 450 IH=LH,NFX
IF (E1.LE.EFLUX(IH) .FIND.E1 .GE.EFLUX<IH+l)> GO TO 460

450 CONTINUE
STOP

460 LL=IH
C INTEGRRTE FLUX HISTOGRFItl
C*****

470
480

490

500

IF (ITS.EQ.1) GO Tfl 490
ENTEG=(E2-EFLUX (LH+l))*FLUX (LH)
IF (LH.EQ.LL) Gil TII 480
L=LH+l
DO 470 IH=L,LL
ENTEG=ENTEG+ (EFLUX(IH>-EFLUX (IH+l))*FLUX (IH)
ENTEG=ENTE6- (EI-EFLUX(LL+l ))*~LUX<LL>
RETURN
L=LH+ 1
ENTEG=2.+SG)RT (.0253>+FLUX <LH>*CSQRT<E2) -SQRT<EFLUX(L) ))
IF (LH.EQ.LL> GO TO 510
DO 500 IH=L,LL
IHP1=IH+l
ENTEG=ENTEG+2. +SQRT<.0253> +FLUX(IH>*<SQRT (EFLUX(IH)>-SQRT <EFLUX

l<IHPI>>>
510 LLP1=LL+l

ENTEG=ENTEG-2. +SQRT(.0253) ●FLUX(LL)+<SQRT <E1)-SQRT(EFLUX <LLP1)))
RETURN

520 PRINT 590, E1!E2
STOP

C********
C FORMRTS
C.*****-*

550 FORIIRT (zs1OXS4HE2= ~ E12.5s~>
560 FIIRMFIT (/J10XS4HEl= ~ E12.5~/)
570 FllRf’lRT(/s10X,3HEi=, E12.5,3X,48HCF!NNIIT BE FOUND IN THE FULLDWING E

lNERGY SEGMENTS~/J3XS10E12.5S/>
580 FURMRT (/,10X,3HE2=,E12.5S3X?48HCRNNilT BE FOUND IN THE FIILLIIWING E

lNERGY SEGMENTS,/,3X,10E12.5S/)
590 FIIRMRTV,l OX,21HENTEG CRLLED WITH E1=?E12.5$3X, 16H6RERTER THRN E2=

1, E12.5,3X>6H STOP,~)
END
SUBROUTINE PLDTX

c
c**+eee*eee+*****e-+*ee-*w+*w+-*++***e~*-~~ -++++**
c+pLDTX pLOTS THE LQG-LI16 FLUX WEIGHTING FUNCTION RERD FRtItl THE DRTR +
C+FILE. R USER-SUPPLIED FLUX DESCRIPTION IS NLIRMRLIZED TO THIS BY * NOD
c+EQURTING FLuX INTEGRRLS OVER THE ENERGY RRNGE ❑F THE CCIRRSE 6R0UP +
c+sTRUCTuRE RND SUPERIMPOSED ❑N THE FLUX PLIIT.
c**++*+*+****+***++*******ti**+w********w*~***+*w**w*M******:

COMMON /R/ EFLUX(201),FLUX(200> ?EF(155> ?EC<5)SCXF(154),CXC<4)
CCIMMDN /C/ IFLX,NFX,NFXP,NGF,NGC,TITLE (20),TITL(17)
COMMON /E/ EFLUXP(115),FLUXP(115)
COMMON /F/ C(6),EX(7>,TKM,SLPR,THETR,SLPB~TKF,EP~SLPC
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DIMENSION EB(400)J FB(400)s V<2), H(2>
c

CFILL GPLIIT(1HU,20HTDRFEU-V PLOT IIUTPUT,20)
CRLL LIB4020

c
C BRFINCH IIN FLUX DESCRIPTION
C+***+*****+W****-**-**

Gil Tll <10,210,140,160,160,160> X IFLX
c

NPRPi=NPR+l
1=0
NGFP1=NGF+l
NGCPI=NGC+I

C REGION 1
C**++*

IF (EX(2).LE.EF<NGFP1) .DR.EX-(1) .EQ.EX(2)) GO TO 30
1=1
EB(l)=EX (l)
IF (EX<l).LT.EF(NGFP1)) EB<I>=EF(N6FP1)
TK=TKM
ET=EX(2)
IF (EX(2>.GT.EF<l)) ET=EF(l)
DO 20 J=l,NPRP1
IF (J.EG!.1) GO TO 20
1=1+1
FIM1=I-1
EB(I)=EB<l)e((ET/EB(l) >**(FIMIzFN)>

20 FB(I>=C(l>*EB(I)+EXP(-1.+EB <1)/TK)
IF (ET.GT.EC(l)) GO TO 130

C REGIIIN 2
c+++++

30 IF <EX(3).LE.EF<NGFP1> .OR.EX<2> .EQ.EX<3)> GO TO 50
IF(C(2). LE. O.) GO TO 130
1=1+1
EB (I)=EX (2)
IF (EX<2).LT.EFWGFP1)> EB(I>=EF<NGFP1>
K= I
ET=EX(3)
IF (EX(3>.GT.EF(l)) ET=EF(l)
DO 40 J=l,NPRP1
IF (J.EG!.1) GO TO 40
1=1+1
FJM1=J-1
EB<I>=EB<K>+( (ET/EB(K>>**(FJMl/FN> )

40 FB(I)=C(2)*EB(I)++SLPFI
IF (ET.GE.EC(l)) 60 TD 130

C REGION 3

IF (EX(4).LE.EF(NGFP1) .OR.EX(3> .EQ.EX(4>) GO TO 70
IF(C(3).LE. O.> GO TO 130
1=1+1
kBli;=EX(3)
IF {EX(3).LT.EF(NGFP1)) EB(I>=EF(NGFPI>
K=T

ET~Ex(4)
IF (EX(4>.GT.EF(l>> ET=EF(l>
Dll 60 J=l,NPRP1
IF (J.EL?.1> GO-TO 60
1=1+1
FJM1=J-1
EB(I)=EB(K)+ ((ET/EB(K))++ (FJtll/FN>)
FB(I)=C(3)+SL?RT (EB(I))*EXP(-1 .+EB(I)/THETR)
IF (ET.GE.EC(l)> (Xl TO 130

60

C REGION 4
C*****

70 IF (EX(5).LE.EF(N6FP1) .OR.EX(4) .EQ.EX(5>) GO TO 90
IF(C<4>.LE.O.) m To 130
1=1+1
EB (1) =EX <4)
IF <EX(4>.LT.EF(NGFP1>) EB(I)=EF(NGFP1>
K= I
ET=EX(5)
IF (EX(5>.GT.EF(l)) ET=EF(I)
DO 80 J=l,NPRP1
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IF (J. EQ.1) GO TO 80
1=1+1
FJM1=J-1
EB<I>=EB<K)* ((ET/EB<K))++<FJMl/FN> )

80 FB(I)=C (4)*EB(I)+*SLPC
IF (ET. GE. EC(l)) GO TO 130

C REGION 5

IF <EX(6).LE.EF(NGFP1) .UR.EX (5).EQ.EX(6>> GO TO 110
IF<C<5).LE. O.> GU Ttl 130
1=1+1
TK=TKF
EB <1) =EX (5)
IF .(EX(5) .LT.EF(NGFP1)) EB<I)=EF(N6FP1)
K= I
ET=EX<6)
IF (EX(6).GT.EF<l)) ET=EF(l)
DO 100 J=l,NPRP1
IF (J.EQ.1) Gn TO 100
1=1+1
FJM1=J-1
EB(I)=EB(K) ● ((ET/EB(K) )+*(FJM1/FN) >
FB(I)=C<5>*EXP (<-5./TK)*(SQRT <EB<I)>-SQRT (EP)>+(SQRT(EB (1>)-SQRT100

1 (EP) ) )
IF (ET.GE.EC(l>) GO TO 130

C REGION 6
c+++++

110

120
130

IF(C(6).LE. O.) GII TO 130
1=1+1
EB (I)=EX (6>
IF <EX<6). LT. EF(NGFP1)) EB(I)=EF(NGFP1)
ET=EX (7>
IF (ET. GT. EF(l)) ET= EF(l)
K= I
DO 120 J=l, NPRP1
IF (J. EQ.1> GO TO 120
1=1+1
FJII1=J-1
EB (I) =EB (K) ● ( (ET/EB <K) )++ <FJM1/FN> >
FB (I) =C (6) ●EB (1) ●*SLPC
NR= T..-.
EL=EC <NGC+l>
EH=EC (1)
FN=ENTEG (EL, EH , 2)
GO TCl 180

C FLUX IS SET ❑F LCIG-LLIG INTERPDLRTIIIN PIIINTS
c*+e++***we-e+eewe+e**e**ee*e+e--**ww

140 EH=EC(l>
EL=EC(NGC+l)
FN=ENTEG(EL ,EH>2)
DO 150 I=l,NFX
EB(I)=EFLUX(I)

150 FB<I>=FLUX(I)
NB=NFX
GO Ttl 180

C FLUX HISTCIGRFIM, FIRBITRFiRY STRUCTURE
C+*+********++***+*******M**+**M**

160

!70

EL=EC<NGC+l)
EH=EC(l)
FN=ENTEG<EL, EH,2>
IB=O
;;=;Cll~lIH=l,NFX

EB(IB)=EFLUX (IH)
FB<IB>=FLUX(IH>
IB=IB+l
EB(IB>=EFLUX(IH+I)
FB<IB)=FLUX CIH>
NB=IB
INTEGRRTE THE LOG-LOG FLUX REFIDC NIIW

C OF THE USER CURRSE GROUP STRUCTURE.
C*****+****

180 DO 190 I=lsNFXP
EFLUX(I)=EFLUXP (I)

190 FLUX(I)=FLUXP(I)
LFLX=IFLX

FROM THE DRTR
NORtlRLIZE THE

FILE ❑VER THE LIMITS
USER FLUX FOR PLOT.

IFLX=2
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NFX=NFXP
FN=ENTEG(EL, EH,2>zFN
DO 200 I=l,NB

200 FB(I)=FB<I)+FN
C PLOT DFITFI FILE FLUX FiND DIFFERENT USER FLUX
cee+++++++++ww+ee+eee+~e~~~
C DETERMINE MIN VFiLUE VIL RtiD MRX VRLUE VIH ❑F DRTR FILE FLUX

CFiLL MINV(FLUX, l,NFX,L1,VIL)
CFILL MFIXV(FLUX, 1,NFX?L2!V1H)

C DETERMINE MIN VRLUE V2L RND MFIX VRLUE V2H IIF USERS FLUX
CFILL MINV<FB, 1,NB,L3,V2L)
CFILL MFIXV<FB,l, NB,L4,V2H)

C SET LIMITS DF ORDINFITE FUR PLOTTING
V(l)= RMINI<V1LJV2L)
v(2)= RMRX1(V1H,V2H)

C SET LIMITS OF FIBSCISSFIFOR PLOTTING
H(l)= EF(NGF+l>
H(2)= EF(l)

C PLOT BLRNK LOG-LOG FRFIME WITH CRPTIDNS
CRLL PLOTM<H,VJ-2J-1,-1J45) 1.J1.,1.J15HFLUX CDMPRRISnN,15,

1 11HENER6Y, EV.J11,22HFLUX (N/cM++2 sEc Ev) ,22)
C PLOT DRTFI FILE FLUX ON FRFIME

C13LL PLOTM(EFLUX~FLUXJ-NFXs-lJ lJ-48J-1.)
C PLOT USER FLUX ON FRRME

IFLX=LFLX
L=-1
Cc=l. MOD
IF<IFLX.LT.4) GO TO 205

C IF HISTDGRFttl USER FLUX, DRFtW HISTUGRFIM
L= 1

c

c

200

COMMON /FI/ EFLUX(201>,FLUX (200),EF<155) >EC<5)$CXF<154>,CXC(4)
CUMMDN /C/ IFLX,NFX,NFXPJNGF,NGC,TITLE<20) 9TITL(17)
CCIMMDN /F/ C(6>,EX(7) !TKtl,SLPFl,THETF!,SLPB, TKF,EP,SLPC

IF (EX(l>.GT.EC(NGC+l>> EX(l>=EC(NGC+l>
IF (EX(7).LT.EC(l)) EX(7>=EC(1)
C(l)=l.o
C(2)=C(3)=C <4)=C<S)=C<6>=0. O
IF(EX(2).GE.EC(l)) GO TO 200
C(2>=C<1>+EX (2)+EXP<-1.*EX (2)/TKtl)/EX(2)*SLPFI
IF(EX(3).GE.EC(l)) GO TO 200
C(3)=C(2)+EX (3)++(SLPR-O. 5)*EXP<EX<3) zTHETR)
IF(EX(4).GE.EC<l>) GO TO 200
C(4>=C<3)+EX <4)*+<0.5-SLPB) +EXP<-1.+EX <4>/THETFI>
IF(EX(5>.GE.EC(l)) GO TO 200
RP=EP/TKF
Rx5=Ex(5)/TKF
SRP=S12RT<RP>
SRX5=SL2RT<RX5)
C<5)=C(4>*<EX(5)**SLPB) +EXP( 5.+(SRX5-SRP)+<SRX5-SRP) )
IF<EX(6>.GE.EC(l>> GO TO 200
RX6=EX<6)/TKF
SRX6=SC!RT(RX6)
C<6)=(C(5>/EX <6>*+SLPC>+EXP (-5.+(SRX6-SRP) +(SRX6-SRP>)
CONTINUE
RETURN
END
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Figure B-3. Flux plot from sample problem 3.
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