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MULTIGROUP AND FEW-GROUP CROSS SECTIONS
FOR ENDF/B-IV FISSION PRODUCTS; THE TOAFEW

COLLAPSING CODE AND DATA FILE OF
154-GRoup FISSION-PRODUCT CROSS sEcTIoNs

by

W. B. Wilson,
T. R. England,and R. J.

ABSTRACT

The ENDF/B-IV fission-product

LaBauve

data file includes data
describing 824 nuclides. Cross sections, given for 181 of
these nuclides, have been processed into 154 neutron energy
groups. The production of the data file is described. The
TOAFEW code, useful in collapsing the multigroup values to
few-group cross sections, is presented with instructions
and examples of its use. The file of multigroup cross
sections is available on request.

I. INTRODUCTION

Version four of the Evaluated Nuclear Data File (ENDF/B-IV) includes a li-
brary of data for fission-product nuclides. The fission-product library includes
radioactive decay, neutron reaction,and fission yield data for 824 nuclides.
Basic nuclear data parameters for all nuclides contained
been succinctly presented in Ref. 1, listing half-lives,
branching fractions, and average decay energies.

Of the 824 nuclides, 181 have neutron cross-section
elastic, total inelastic,and radiative capture reactions
Additional cross-section evaluations are included for 36
other neutron absorption reactions, e.g. , (n,2n), (n,p),
(0.0253-eV) value and resonance integral (E.,,+= 0.5 eV;

in the library have
modes of decay, decay

evaluations for total,
from 10-5 eV to 20 MeV.
of the 181 nuclides for
etc. The thermal
T = O K) of radiative

-u.

capture cross sections are also tabulated in Ref. 1, along with branching frac-
tions to radiative capture products.

The cross-section evaluations of the ENDF/B-IV fission-product data file
have been processed into multigroup form, as described in Sec. 11 and Sec. III.
The multigroup library has been collapsed to a four-group cross-section set,
which was combined with ENDF/B-IV radioactive decay and fission yield data to
form a fission-product data library for an updated version of the CINDER code.2
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The TOAFEW code, used in producing few-group values from the multigroup library,

is described in Sec. IV and Sec. V. Four-group (n,y) cross sections produced by
the code are given in Sec. VI. A listing of the code is given in Appendix A,
and sample problems are described in Appendix B.

II. CROSS-SECTION PROCESSING

Cross sections of the 181 nuclides (MATs) of the ENDF/B-IV fission-product
data library having cross-section evaluations were processed into multigroup
form using the NJOY cross-section processing code.3 This procedure first re-
quires, for each reaction (MT), the formation of a set of linear-linear inter-
polation points from the interpretation of the O K cross-section data represen-
tation of ENDF/B-IV, 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~nergy ~uclear ~ata~ile , or PENDF.4

Cross sections described in the PENDF file are then Doppler broadened to
desired temperatures and included in PENDF files corresponding to the elevated
temperatures. 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.

Of the 181 nuclides (MATs) of the ENDF/B-IV fission-product file having
evaluated cross sections, 25 also appear in the ENDF/B-IV general-purpose file.
Multigroup cross sections for 20 of these M.ATs were processed from 900 K PENDF
files retained from previous processing. The remaining 161 MATs were processed
from 1000 K PENDF files produced from the fission-product data file.

Multigroup cross-section values are computed as flux weighted energy-group
averaged values of the cross section. The group j cross-section value Oj is
thus calculated as

E. E.

f

J

J

J
O(E) $(E) dE o(E) $(E) dE

a. =
Ej+1 ‘j+1. (1)

J
9

J

‘j
$(E) dE @j

‘j+1

where

and

2

u(E) is the energy-dependent cross section of the PENDF representation,

$(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$

@ is the group j flux value, the integral of @(E) over the energy range
$0 group j.



The neutron flux spectrum weighting function used in processing multigroup
cross sections should reflect the spectrum appropriate to the cross-section ap-
plication. Because this work is directed at light water reactor (LWR) calcula-
tions, we have defined a flux weighting function and multigroup energy structure
appropriate to power ~eactor studies (PRS).

A. PRS Flux Weighting Function.
The PRS flux description, the product of an investigation of structure

found in the flux spectrum of a mid-life PWR, is applicable to the processing
of neutron multigroup cross sections for power reactor studies. The flux weight-
ing function $(E), described by a set of 115 log-log interpolation points given
in Table I and shown in Fig. 1, was constructed in the following manner,

1.0 x 10-5 eV— 0.625 eV

$(E) approxi~tes amid-life PWR thermal spectrum from a 172-group
calculation.

0.625 eV— 3.0 x 104 eV

$(E) approximates the spectrum from MC2 (Ref. 6) “ultrafine” multigroup
calculations with over 2000 energy groups to vividly display flux pertur-
bations due to 238U resonances at 6.67 eV, 20.9 eV, 36.7 eV,and 66.O eV.

No attempt was made to include observed minor flux depressions due to 238U
resonances at higher energies.

3.0 x 104 eV— 3.0 x 106 eV

$(E) approximates the spectrum fromMC2 “fine” multigroup calculations.
Flux per~~rbations due to 160 resonances at 442 keV, 1.0 MeV,and 1.3 MeV
and the O window at 2.35 MeV are clearly present.

3.0 x 106

$(E)
MeV,

1.0 x 107

O(E)

eV — 1.0 x 107 eV

assumes the shape of a fission spectrum with the temperature of 1.3427
approximating the calculated MC2 multigroup spectrum.

eV — 1.257 x 107 eV

varies as l/E.

1.257 x 107 eV— 1.557 x 107 eV

$(E) is a velocity exponential fusion peak.7

1.557 x 107 eV— 2.0 x 107 eV

$(E) varies as 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.7

3



x3ab
.

man
.

IIc
o

x
:?

=
Iw

d
lfu

b
.l=

r:-1
-

1
.II-7

1

>Id.zaw%M

,i~8
0

1
+

Iw:01
0

1
0

1
0

1
.

8
m

1

‘w
g

w
g

~
:

1
1

8
1

1
1

W
W

k
lw

u
w

m
m

m
a

m
c

n
l-(-

L
n

c
-ln

-
O

o
-c

u
m

.
n

+
0

(-c
u

o
=
r

.
.

.
.

.
.

,-G
S

-I-G
N

o
m

m
tn

m
m

m
c

-b
b

+
.-

0
0

0
0

0
0

0
0

0
0

8
1

1
1

8
1

1
1

1
1

1
U

b
J

L
-lw

b
.lh

lk
lc

..lw
L

d
(d

-*@
o
@

m
J

=
rrw

-
m
a

m
in

m
.

e
c

u
a

w
-
-
-

=
r

l-m
=
rm

l--c
o

(u
ln

m
m

=
rO

c
O

-a
a

-m
o

J
L

n
-

.
.

.
.

.
.

.
.

.
.

.
&

--c
it-.-c

u
&

c
u

&
i

.n
U

3
a

.n
:y:y

W
w

[d
u

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

.
.

.
.

l=
rln

.a
c

o

c
-t-b

yy~

(J
J

W
W

0
0

0
o

r-o
O

m
.n

O
N

c
N

.
.

.
..-

l-c
-t-(-*t-*c

-
0

0
0

0
0

0
0

0
+

+
+

+
+

+
+

+
W

b
.lw

l=
lw

w
w

rti
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
*c

m
-0

-N
m

=
r

w
c

w
c

w
m

m
m

m
m

.
.

.
.

.
.

.
.

-------
-

l-+
m

.D
.D

-l--
0

0
0

0
0

0
0

0
1

8
1

1
1

1
1

1
C

tiw
w

u
ld

h
lw

ld
c

o
m

n
o

a
b

=
m

+
C

u
o

=
l-r-ln

o
o

,=
fc

o
c

r
m

@
&

*=
O

slo
-o

m
c

o
o

.
.

.
.

.
.

.
.

,t-c
o

---m
t-

o

**0
0J
I
L
!
.
I

‘*--=
r

$
-.-1

o
l
-
-
m

.
.

------r
----

t-c
--c

o
c

o
a

!
yyyyo

y

Id
W

ld
ld

w
td

M
m

N
=
z1

-a
Y

.m
m

m
ro

m
C

u
’a

m
m

.
o

$
n

!
0
3
0
m
o
=
$
a

.
.

.
.

.
.

,-.-tn
m

o
-o

------

W
I

z
Ic

o
m

o
-w

m
zm

.o
c

-a
3

m
0

.
(U

m
*m

a
c

-c
o

rn
O

-
N

m
3

n
a

+
w

m
o

-w
m

x
tn

I-I
It-+

c
o

a
a

a
m

a
m

c
a

m
a

m
m

m
m

c
n

m
m

m
m

m
.m

o
o

a
o

0
0

0
0

0
0

-----
.

.
.

0
1

&
l

-------
-------

-r-

8I
a

-=
rc

i=
r=

ra
=
ttr=

=
r

In
@

@
*

I-
*c

-c
-**

t-t-c
-

~
t-c

-l-c
-m

c
-

t-c
-t-

c
o

b
m

m
c

o
1

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

%
1

1
1

1
1

1
1

1
8

8
1

1
8

1
1

1
1

1
1

1
s1

1
1

1
1

1
1

1
1

1
1

1
1

8
1

1
1

1
D

Iw
b

.lw
rxl

b
.lw

k
lfA

w
w

U
w

r-lw
w

w
u

w
w

w
w

L
d

w
w

td
w

ld
m

w
w

w
ld

Id
w

b
.lk

lw
ld

a
8

+
N

m
m

a
m

m
t-c

.w
m

t-.-tn
=
r

in
m

a
+
+

m
=
rm

-m
m

c
n

-u
n

to
.n

c
n

w
a

~
m

m
.

h
.

a
m

+
m

in
-r-=

m
.w

a
c

u
tn

-c
n

m
=
ro

w
ru

m
e

m
m

e
m

o
+
.c

.c
n

-x
+
c

u
c

n
c

u
m

m
c

n
1

.w
m

m
7

e
fD

c
u

c
-o

J
m

a
c

w
u

ttn
m

a
m

m
o

m
o

-m
m

=
ro

=
ra

tn
m

a
=
ro

.
n

-e
m

c
-.

I
7

c
-.

tn
N

IA
c

0
tn

+
a

t-c
u

in
-t-m

c
n

a
=

b
o

.-~
o

c
n

m
-t--

.-m
tn

tn
c

o
rw

rm
.

m
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
it-tD

C
i
U
3
r
n
m
=
=
r
=
r=rm

m
-m

tn
=
rm

m
m

c
u

.-c
u

t-u
m

m
tvc

d
-m

-
-..

.n-m
m

m
I

.-.
.-.-.-m

s
0

0
0

0
0

0
0

0
+

+
+

+
+

+
+

+
W

b
.lIllw

b
.lId

L
d

r.i
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
tiN

m
O

-
C

V
-0

C
D

-=
a

+
m

o
o

.
.

.
.

.
.

.
.

IC
.3

a
u

.
a

a
.

n
-c

u=
i

!n
L

n
u

)u
-l

m
ln

u
-lln

ln
m

ln
L

n
tn

u
-la

a
a

0
=
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
W

w
w

ld
w

k
lw

w
u

w
w

W
W

ld
k

lw
w

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
-m

a
+

m
o

J
z

N
O

O
0

0
-

O
tn

N
N

O
c

o
m

+
m

Z
+
O

=
tn

l-0
=
7

0
0

-
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.-m
~
m

m
m

=
*m

m
.a

r-o
-.

m
------

ID
*.L

ltD
a

a
y:~

y~
y

W
w

k
lw

w
k

l
0

0
0

0
0

0
0

0
0

0
0

0
,.-.-o

c
vm

m
N

M
=

N
M

U
Y

.
.

.
.

.
.

.--.-
.3

J
O

J
(N

1l
=

---------------
.-.

-.--.
.c

u
c

d
c

u
w

N
c

u
m

m
m

m
m

m
m

m
m

m
m

m
u

tm
m

z
8

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
X

I1
l

II
1

1
1

I
1

1
1

1
1

1
1

1
1

1
1

8
8

1
1

1
1

1
1

1
1

1
1

1
8

1
:1

8
8

8
3

Ik
lw

k
lb

l
rd

td
b

.lk
lu

w
Id

w
u

w
w

w
w

fd
w

w
ld

L
d

w
w

lx.l
b

.lw
b

.lw
k

lld
td

W
lllh

.lw
b

ltx
lc

d
2

800000000000000000000
O

=
r

N
O

=
r

O
m

=
u

a
N

C
n

N
a

a
m

c
n

u
lln

m
h

8
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

.-
O

O
o

m
b

N
ru

m
-=

r
m

m
+
m

c
0

u
3

.
lu

Im
N

C
U

m
m

m
a

3
-C

C
I

C
U

M
-

O
M

N
C

O
+

O
e

c.lm
tf_IN

.-m
N

U
l-U

Y
N

O
.-C

0M
xm

m
~

:N
m

::co
N

m
-N

.-m
c

n
~
w

..s.m
o

m
.-

m
.-zm

m
.a

.--e
a

m
t-m

a
F

m
O

m
O

re.-
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

-1>
lm

0
3

C
U

N
N

N
N

N
W

C
U

C
U

N
-------

--0
0

0
0

0
0

0
0

O
O

O
P

--._
-F

-
W

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

-,1
1

1
!l!

:1
1

1
1

1
1

1
1

1
1

1
1

1
1

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

,Ix
J

ld
w

w
h

.lh
.ltd

w
td

ld
Illw

w
ld

w
m

u
r.

d
lx

lk
lld

W
G

lw
l.d

ld
w

w
u

w
w

ld
h

.lld
w

ld
w

w
w

-8
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
C

0
O

F
C

IIO
O

O
O

O
0

0
0

0
0

0
0

0
*

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

o
-o

=
rz,n

m
o

=
o

c
o

m
c

.
c

-o
o

o
o

C
J

8
0

0
0

0
0

0
0

0
0

0
0

0
N

0
O

O
O

o
o

o
o

o
!n

.-a
a

m
=
r+

c
n

-o
u

n
a

m
m

=
rtn

=
.x

to
o

.o
=
rm

tm
m

o
=
r

c
n

o
o

-=
r+

-o
o

m
*o

o
m

o
m

m
.

-
=
r
@

c
o

o
m

+
m

o
o

-c
u

=
7

Ix
.1

1
..........

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
z

l-
C

n
-N

N
m

=
m

L
n

m
b

M
---N

M
=
=
r

u
l.a

-.-=
m

m
a

n
.n

$
O

t-+
--C

N
N

N
N

m
w

!

vIdm

4



CjY

oJ \

Energy (eV)

Fig. 1.

PRS flux weighting function.
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B. PRS 154-Group Neutron Multigroup Structure
The PRS 154-Group Structure,” a subset of the LASL comprehensive 347-Group

Structure, 8 is primarily intended for use in power reactor studies. The struc-
ture extends from 10-5 eV to 20 MeV and includes all of the energy bounds of
GAM-1, GRANIT, LASER, LASL-30,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 bound-
aries were selected from the CSEWG 239-group structure, where practical.

The energy and lethargy values of the group boundaries are given in Table
11. The corresponding energy group boundary indices of the various subsets
listed above are also identified.

111. 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 multigroup cross sections processed are infinitely dilute, with
a value of 00 = 1010 barns used in the Bondarenko resonance self-shielding
scheme.g All cross sections of the 181 nuclides were processed, except for the
redundant nonelastic cross section (MT = 3) and cross sections for inelastic
scattering to isolated levels (MT = 51, 52, .... 90) and to the continuum
(MT = 91). The reaction types corresponding to MT values encountered here are
identified in Table III.

The 181 nuclides (MATs) and reactions (MTs) for which multigroup cross
sections are tabulated are listed in Table IV. It should be noted that this
tabulation is the same ordering as the nuclide data in the multigroup cross-
section file. This ordering is, in order, on Z, A, S,and MT. Here Z and A are
the nuclear charge and mass number, S is the nuclear state (O = ground, I.= first
isomeric level), and MT is the ENDF/B-IV reaction type identification number.
This ordering does not correspond to the MAT number ordering of nuclides in the
ENDF/B-IV data files.

The multigroup cross-section file contains a total of 25 989 BCD card image
records. The first 69 records of the data file (described in Table V) contain
descriptive information and data on the data file and the group structure and
weighting function used in its production. Multigroup cross-section tabulations
(described in Table VI) consist of 960 sets of 27 records each, beginning with
record 70. The first record of each cross-section
contains alphanumeric information, identifying the
examination of a data file listing.

tabulation 27-record ~et
nuclide and reaction, for

6
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TABLE III

IDENTIFICATION OF MT REACTION TYPES

MT

1

2

4

16

17

22

28

102

103

104

105

106

107

Description

Total

Elastic

Total Inelastic

(n,2n)

(n,3n)

(n,n’a)

(n,n’p)

(njy)

(n$p)

(n$d)

(n,t)

(n,3He)

(n,c%)

11



TAi?LE IV

NUCLIDES AND REACTIONS

NUCLIDE
----------
32-GE-- 72
32-GE- 73
32-GE- 74
32-GE- 76
33-AS- 75
34-SE- 76
34-SE- 77
34-SE- 78
34-SE- 80
34-SE- 82
35-BR- 79
35-BR- 81
36-KR- 80
36-KR- 82
36-KR- 83
36-KR- 84
36-KR- 85
36-KR- 86
37-RB- 85
37-RB- 86
37-RB- 87
38-SR- 86
38-sR- 87
38-sR- 88
38-SR- 89
38-SR- 90
39-Y - 89
39-Y - 90
39-Y - 91
40-ZR- 90
40-ZR- 91
40-ZR- 92
40-ZR- 93
40-ZR- 94
40-ZR- 95
40-ZR- 96
41-NB- 93
41-NB- 94
41-NB- 95
42-MO- 94
42-MO- 95
42-MO- 96
42-MO- 97. .

----------------REACTION MT VALUES -----------------
MAT 1
---- ---

48 X
49 x
51 x
54 x
68 x
85 X
86 x
88 x
91 x
94 x
108 X
112 x
131 x
134 x
135 x
137 x
138 X
140 x
153 x
154 x
156 X
172 X
173 x
175 x
176 X
177 x
192 X
194 x
196 X
215 X
217 X
218 X
219 X
220 x
221 x
222 x
1189 X
238 X
240 X
264 X
265 X
266 X
267 X

2
---
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

:
x

4
---
x
x
x
x
x
x

;
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

i
x
x
x
x

16 17 22 28 102 103 104 105 106 107
--- --- --- --- --- --- --- --- --- ---

x
x
x
x
x
x
x
x
x
x
x
x

x Xxxxxx
x Xxxxxx
xx Xxxxxx
x Xxxxxx

x
xx Xxxx x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

xxx xx
x
x
x
x
x
x

x

12



————.. . . .

;,u’-~:;:

-------- .-

~~-~>- 53
u~-~!s- 99
42-}! 2-100
43-TC- 99
44-RU- 99
44-RU-1OO
44-RU-101
44-RU-102
44-RU-103
44-RU-104
44-RU-105
44-RU-106
45-RH-103
45-RH-105
46-PD-104
46-PD-105
46-PD-106
46-PD-107
46-PD-108
46-PD-11O
47-AG-107
4’7-AG-109
47-AG-111
48-cD-108
48-CD-11O
48-CD-111
48-cD-112
48-cD-113
48-cD-114
48-cD-115M
48-cD-116
49-IN-113
49-IN-115
50-SN-115
50-sN-116
50-SN-117
50-SN-118
50-SN-119
50-SN-120
50-SN-122
50-SN-123
50-SN-124
50-SN-125
50-SN-126
51-SB-121
51-SB-123
51-SB-124
51-SB-125
51-SB-126

PA7 1
---- ---
26i3 X
269 X
270 X
1137 x
308 x
309 x
310 x
311 x
312 X
313 x
314 x
315 x
1125 X
334 x
358 X
359 x
360 X
361 X
363 X
366 X
1138 X
1139 x
391 x
415 x
417 x
418 X
420 X
1282 X
;:; ;

426 X
445 x
449 x
482 X
483 X
484 X
486 X
487 X
489 X
492 X
493 x
495 x
496 X
498 X
511 x
514 x
515 x
518 X
519 x

2
---
x

i
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

:
x
x
x

4 16 i7 22 28 102 ‘-- ‘-’ ‘-- ‘--
-....

--- --- --- --- --- ---
lUj 1U4 lU> lUb lU”(
--- --- --- --- ---

x

;
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x
x

x
x
x
x
x
x
x
x

x x
x
x
x
x
x
x
x

x x
x x

x
x
x
x
x

x x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

xxx
x

x
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1 . . . .
#t. L-. eE

-------- --

52-TE-122
52-TE-123
52-TE-124
52-TE-125
52-TE-126
52-TE-127M
52-TE-128
52-TE-129M
52-TE-130
52-TE-132
53-1 -127
53-I -129
53-I -130
53-I -131
53-I -135
54-XE-128
54-XE-129
54-XE-130
54-XE-131
54-XE-132
54-XE-133
54-XE-134
54-XE-135
54-xE-136
55-CS-133
55-CS-134
55-CS-135
55-CS-136
55-CS-137
56-BA-134
56-BA-135
56-BA-136
56-BA-137
56-BA-138
56-BA-140
57-LA-139
57-LA-140
58-CE-140
58-CE-141
58-CE-142
58-CE-143
58-CE-144
59-PR-141
59-PR-142
59-PR-143
60-ND-142
60-ND-143
60-ND-144
60-ND-145

TABLE IV (cent)

----------------REACilC~i XT ‘/AGUES-----------------

565 X
567 X
568 X
570 x
576 X
1173 x
589 X

1174 x
1175 x
1176 X
595 x

1177 x
1294 X
1178 X
1141 x
614 X
616 X
618 x
619 X
634 X
635 X
637 X
639 X
641 X
643 X
657 X
658 X
674 X
675 X
676 X
677 X
678 X
692 X
693 X
695 X
713 x
714 x
715 x
716 X

x
x
x
x

i
x
x

i
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

:
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x

x

x
x

x

x

x

!-!Ar 1 2 4 16 17 22 28 102 ‘-- ‘-’”
---- --- --- --- --- --- --- --- ---
538 X
539 x
541 x
542 X
544 x
546 X
547 x
549 x
550 x
553 x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x x
x x
x x
x x
x x

x
x x

x
x x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Xxxx
x
x
x

Xxxx

xxx i

lUS 1U4
--- ---

x
x
x
x
x

x

x
x

x

x

x

x
x
x
x
x

x

x

x

x

x

105 106 107
--- --- ---

x x
x x
x
x i
x x

x x

x x
x

xxx

xxx

xxx
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TABLE IV (cent)

!9. ::::5
-------- .-
60-!ib-lu4
60-~iL-lu7
60-!;C-148
60-)iD-150
61-PM-147
61-PM-148
61-PM.-148M
61-PM-149
61-PM-151
62-sM-147
62-sM-148
62-sM-149
62-sM-150
62-sM-151
62-sM-152
62-sM-153
62-sM-154
63-Eu-151
63-Eu-152
63-EU-153
63-Eu-154
63-EU-155
63-Eu-156
63-EU-157
64-GD-154
64-GD-155
64-GD-156
64-GD-157
64-GD-158
64-GD-160
65-TB-159
65-TB-160
66-DY-160
66-DY-161
66-DY-162
66-DY-163
66-DY-164
67-HO-165
68-ER-166
68-ER-167

753 x
754 x
1027 X
756 X
757 x
758 X
759 x
760 X
1290 x
1292 X
1291 X
1293 X
778 X
779 x
780 X
791 x
792 X
793 x
794 x
795 x
797 x
803 X
804 X
811 X
812 X
813 X
814 X
1031 x
820 X
823 X
824 X

..- --- --- ---
28 102

--- ---

----------------REACTIi)!i ET VALtiES -----------------
.U:: 124 16 17 22 103

---- ... ---
717 x
718 X
719 x
721 X
733 x
734 x
735 x
;:: ;

x
x

;
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x

:
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x
x
x

x

x

x
x

x
x
x
x
x

x

x

x
x
x

x

x

x
x

x
x
x
x
x

x

x

x
x
x

x

x
x

x
x
x

:

x

:
x

x

x
x

x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

---
x

x
x
x

x

x

x
x

x
x
x
x
x

x

104 105
--- ---

106 107
--- ---

x

:
x

x

x
x

x
x
x
x
x

x

x
x
x

x

x
x

x
x
x
x
x

x

x

x

x

x
x

x
x
x
x
x

x

x
x
x

x

x

x
x

x
x
x
x
x

*THE 181 NUCLIDES DESCRIBED ABOVE ARE CONTAINED IN THE ENDF/B-IV
FISSION-PRODUCT DATA FILE. TWENTY-FIVE OF THESE ALSO APPEAR IN
THE ENDF/B-IV GENERAL PURPOSE FILE UNDER DIFFERENT MAT NUMBERS.
MULTIGROUP CROSS SECTIONS FOR TWENTY OF THESE, IDENTIFIED WITH
MAT NUMBERS GREATER THAN 1000, WERE PRODUCED FROM 900K PENDF
FILES RETAINED FROM PREVIOUS G.P. FILE PROCESSING. MULTIGROUP
CROSS SECTIONS FOR THE REMAINING 161 NUCLIDES WERE PRODUCED
FROM 1000K PENDF FILES PROCESSED FROM THE F.P. FILE.



TABLE

DESCRIPTION OF DATA

Record (s) Format

1 (20A4)

2 (17A4,14)

3-28 (6E12.5)

29 (17A4,14)

30 - 68 (6E12.5)

69 (20A4)

TABLE

v

FILE RECORDS 1-69

Description

file heading

group structure heading, NGF

group structure energy boundaries
(EF(I),I=1,155)

flux weighting function heading, NFXP

flux weighting function points
(EFLUXP(I),FLUXP(I) ,1=1,115)

cross-section tabulations heading

VI

DESCRIPTION OF CROSS-SECTION TABULATION 27-RECORD SET

Record (s) column (s) Format and Description

1 (A6,A5,2I3,I1,I4,2I2,I3,2E9.3,2A1O)

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, 00 value

48 - 67 reaction identification

2-27 (6E12.5)

(1- 72) multigroup cross-section values

(cXF(I),I=1,154)

16



Iv. TOAFEW COLLAPSING CODE

The TOAFEW 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 di–
rectly 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
group values,

A. Cross-Section Collapsing
Few-group cross-section values

defined by -

than to ~hat used in processing the multi–

appropriate for a flux spectrum $(E) are

‘J =

J
‘J

o(E) $(E) dE

‘J+l
. (2)

VJ

‘J+l

If the energy boundaries of group J of the few-group structure, shown in Fig, 2,
lie in groups m and n of the multigroup structure such that En+l <EJ+l < En
and WI < EJ < Em> then we may write

‘J =

En n-1 E.

J
‘J

O(E) $(E) dE +x J 30(E) V(E) dE + ~ O(E) $(E) dE
j=m+l E

‘J+l ‘j+1 m+l

$.
. (3)

“J

If we assume that the multigroup values are relatively insensitive to the flux
weighting

‘j =

or

function used in processing, then

E.

~

J
o(E) $(E) dE

‘j +1
@j

—

E.

J J
O(E) $(E) m

‘j+1

Vj
1 (4)

17



‘1

‘2

‘3

Multigroup

Group 1

Group 2

E
m-1

Em

E
m+l

‘m+2

E
n-1

En

E
n+l

E
n+2

.
●

✎

✎

●

✎

Structure

‘NGF-1

%GF

‘NGF+l

Group m-1
--- --- --- --- -

Group m

Group m-l-l
●

.

.

Group n-1
---- ---- ---- -

Group n

Group n+l
.
.
.
.
.

●

✎

Group NGF-1

Group NGF

Few-Group Structure

Group 1

.
●

●

✎

‘1

‘2

‘J

Group J

‘J+l

Group ‘+1 ‘J+2

.

.
.

.

‘NGC

Group‘Gc ‘NGC+l

Fig. 2.

Multigroup and few-group energy structures,



The

E.

1

J
o(E) V(E) dE = aj $j .

E
j+1

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

‘J+l
j=m+l E

m+l .

$J

(5)

(6)

If we also assume that o(E) is approximately constant in groups m and n, then

En

J

n-1

.r

‘J
G $(E) dEi-
n x

a. ~. + am ~ W(E) dE

5 Ei+.1
~=m+lJ J

m+l ● (7)

J

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

EJ+I = ~+1 and EJ = Em, then the second assumption above is not required and

(8)

If, in addition, the user flux $(E) is chosen to be the flux description @(E)
used in processing, then the approximation of Eq. (4) is not required. The few-
group cross section is then given exactly by

(9)

The TOAFEW code collapses a set of multigroup (fine) cross sections {CXF(j)}
to a set of few-group (coarse) values {CXC(J)} using Eq. (7). 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

*(E) over that part of fine group j that lies within coarse group J are computed
by the code as FIXIM(J,j). Integrals of the user flux over each coarse group
are computed by the code as FLXI(J). The algorithm corresponding to Eq. (7) is
then

19



CXC (J) =

LFG(J+l)

z CXF(j)*FLXIM(J,j)1/FLXI(J) .

j=LFG(J)

(lo)

In addition to few-group cross sections, the TOAFEW c~~e generates, for
each reaction, an effective thermal cross-section value ~fi~~. This quantity is
calculated as the thermal group value UNGC divided by @l/v>, where <CS1/v> is
the thermal group value of a cross section that varies as l/v and is equal to
unity at 2200 m/s. The value of <al/v> is calculated by the code, using the
user flux description.

A glossary of terms used in the code is included in the code listing of
Appendix A.

B. User Flux Weighting Functions

1. Functional FIux(IFLX=l). A functional expression for neutron flux spec-
tra often used in neutron cross-section processing consists of a fission spec-
trum, l/E “slowing down” region, and a thermal Maxwellian distribution. This
scheme has been extended by Roussin 7 to higher energies, as described in Sec.
11.A, by adding a fusion peak bounded on each flank by a l/E region. These six
regions have been incorporated into a flexible, generalized flux function that
is built into the code as a user flux option. The regions, ordered in increas-
ing energy, are as follows:

Region 1, Maxwellian Distribution, EX(1)<E<EX(2)

V(E) = C(1) E e
-E/TKM

Region 2, Log-Log Slope, Ex(2)~E<EX(3)

V(E) = C(2) ESLPA

Region 3, Fission Spectrum, EX(3)<E<EX(4)

@(E) = c(3) fie-E/TH~A

Region 4, Log-Log Slope, EX(4)<E<EX(5)

$(E) = C(4) ESLPB

Region 5, Fusion Peak, EX(5)<ESEX(6)
— —.

$(E) = C(5) e
-5/TKF(/E - /EP)z

Region 6, Log-Log Slope,

V(E) = c(6) ESLPC

Use of the functional flux description
values (EX(I),I=1,2, ...), distribution

20

EX(6)<E<EX(7)

requires user input of region boundary
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 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.

2. Log-Log Interpolation (IFLX=2,3). The description of neutron flux spec-
tra as a series of log-log segments is commonly used to provide a detailed ac-
counting 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/cm2-s-eV.

3. Histogram Values (IFLX24). Group flux values may be determined in ex-
ternal multigroup transport or diffusion 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 4(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.

c. Input and Output Files
Files input to the TOAFEW code are INPUT, the card input file described in

the following section, and TAPE1, the cross–section data file described in Sec.
111. Files output from the code are OUTPUT, TAPE2,and FILM. The OUTPUT print
file includes a summary of all input information, intermediate calculated val-
ues, and collapsed few-group values. TAPE2 is a print file tabulating only the
collapsed few-group cross sections in a form useful in reporting. FILM is a
graphics plot file useful in comparing the neutron flux spectra used in proc-
essing and collapsing the multigroup cross sections.

Examples of the files INPUT, OUTPUT and TAPE2 and flux spectrum produced
from FILM are given in Appendix B for a variety of sample problems.

D. 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 PLOTM called
in subroutine PLOTX are particular to LASL. Calls to these routines must be
examined and, if necessary, modified to correspond with equivalent user system
routines.

v. TOAFEW CARD INPUT (INPUT FILE)

Card input is supplied by the user to the code in the sequence below. All
energy 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 of Appendix A.



CARD COLUMN (S) FORMAT AND CARD CONTENT

TITLE
1-80

CONTROL
1-5
6-10

11 - 15

16 - 20
21 - 25

LIMITS
1-5
6-10

11 - 15
16 - 20
21 - 25
26 - 30
31 - 40
41 - 50
51 - 60
61- 70

Cards Al, A2, Bl,and B2 are
tional flux description).

Al—
1-12

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

A2—

B1—

B2—

1-12

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

1-12

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

t 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

(615 ,4J31O.3)
MINZ

MINA

MINMT

SZMIN
SZMAX
TEMIN
TEMAX

limits of nuclide Z and A,
reaction MT, Bondarenko
00 value and temperature
within which TAPE1 multi-
group cross sections should
be collapsed.

supplied only if IFLX=l (see Sec. IV. B. 1 for func-

Cards C are supplied only if 13?LX=3.
energy.

(6E12.5) Region Boundaries
EX(l)
EX( 2)
EX(3)
EX(4)
EX(5)
EX(6)

(6E12.5) Region Boundaries (continued)
EX(7)

(6E12.5) Flux Parameters
TKM, Maxwellian temperature
SLPA, region 2 flux slope
THETA, fission spectrum temperature
SLPB, region 4 flux slope
TKF, fusion peak temperature
EP, fusion peak energy

(6E12.5) Flux Parameters (continued)
SLPC, region 6 flux slope

Values may be in increasing or decreasing
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1-12
13 - 24
25 - 36

●

●

.
●

●

(6E12.5) Log-Log Flux Points
EFLUX(l)
FLUX (1)
EFLUX(2)

●

.

EFL;X(NFX)
FLUX(NFX)

Cards D1 and D2 are supplied only if IFLlQ4. Values may be in increasing or
decreasing energy.

D1—
1-12

13 - 24
25 - 36

.

.
●

●

D2—

(6E12.5) Histogram Flux Boundaries
EFLUX(l)
EFLUX(2)
EFLUX (3)

●

●

.

EFLUX(NFX+l)

(6E12.5) Histogram Flux Values
1-12 FLUX(1)

13 - 24 FLUX(2)
25 - 36 FLUX(3)

. .
●

✎

✎

✎ FLU;(NFX)

A positive sign on NGC of the CONTROL card requires
boundaries [EC(I), 1=1, NGC+l] be read from card(s). .
requires that fine-group structure boundary indices
from card(s) l?; coarse-group structure boundaries are selected from fine-group
structure boundaries according to EC(IGC) = EFILB(IGC)].

1-12
13 - 24

.
●

.

.

1-5
5 - 10

●

.

.

.

(6E12.5) Coarse-Group Structure
EC(1)
EC(2)

.

.

.
EC(NGC+l)

(1615) Coarse-Group Structure
LB(1)

LB(2)
.
.

LB(;GC+l)

23



VI. FOUR-GROUP (n,y) CROSS SECTIONS

Four-group (n,y) cross sections have been generated with the TOAFEW code
and data file in the EPRI 4-group structure for use in the EPRI-CINDER Data Set.2

The radiative capture (MT=102) cross sections of all nuclides present were col-
lapsed using the PRS flux description. Group cross sections for all other neu-
tron absorption reactions were found to be negligible in the computation of par-
asitic neutron absorption in thermal reactors.

The four-group values, tabulated in Table VII, may be adequate for many user
applications. In addition to the four-group values, an effective thermal cross
section for each reaction is tabulated. This quantity is defined in Sec. IV.A
and in a footnote to Table VII.
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APPENDIX A

TOAFEW CODE LISTING

IASL Identification No. LP-0886

PROGRAM TOAFEW (INPUT,OUTPUT,FILM,TAPEI ,TAPE2)
c****************%&*****************************************************
Cif
C* wOBOwILsoN, T.ROENGLAND, ROJ.LA BAUVE FEBRUARY 1978 :
C* GROup T-2, NUCLEAR DATA *
C* Los ALAMos scientific LABORATORY *
C* *
c**************************************s# *******************************
c********%***********************************************************3**

C*TOAFEW COLLAPSES MULTIGROUP CROSS SECTIONS READ FROM A COMPATIBLE *
C*DATA FILE, USING EITHER A LOG-LOG FLUX DESCRIPTION GIVEN IN THE DATA ●

C*FILE OR A FLUX DESCRIPTION PROVIDED BY THE USER.
c******************************%***********s***************************:

c
C TAPE 1 IS THE INPUT DATA FILE
C TAPE 2 IS AN OUTPUT PRINT FILE OF COLLAPSED CROSS SECTIONS
c
C DESCRIPTION OF VARIABLES
C%%****%******************

C C(I) =COEFFICIENT OF FUNCTIONAL FLUX,REGION I, CALC. IN COEFS
C CXC(IGC) =COARSE GROUP IGC CROSS SECTION CALCULATED
C CXF(IGF) =FINE GROUP IGF CROSS SECTION INPUT
C CXFLXI(IGC)=INTEGRAL OVER COARSE GROUP IGC, FROM EC(IGC+l) TO EC(IGC).
c
c
C EC(IGC)
C EF(IGF)
C EFLUX(IFX)
C EFLUXP(I)
C EP
C EX(I)
C FLUX(IFX)
C FLXI(IGC)
c
C FLXIM(IGC.

OF THE PRODUCT OF WEIGHTING FLUX AND FINE GROUP-
CROSS SECTIONS

=COARSE-GROUP IGC UPPER ENERGY BOUND
=FINE-GROUP IGF UPPER ENERGY BOUND
=ENERGY AT FLUX DISCONTINUITY OR HISTOGRAM BOUNDARY IFX
=ENERGY VALUE I AT DATA FILE FLUX VALUE FLUXP(I)
=ENERGY OF FUSION PEAK IN FUNCTIONAL FLUX DESCRIPTION
=ENERGY BOUNDRY I OF FUNCTIONAL FLUX DESCRIPTION
=FLUX AT DISCONTINUITY OR HISTOGRAM GROUP IFX
=INTEGRAL OVER COARSE GROUP IGC, FROM EC(IGC+l) TO EC(IGC),

OF THE WEIGHTING FLUX

c IGi)=INTEGRAL OF FLUX OVER THAT PART OF FINE GROUP IGF
c WITHIN COARSE GROUP IGC
C FLUXP(I) =DATA FILE FLUX VALUE I AT ENERGY VALUE EFLUXP(I)
C IFLX =1, COLLAPSE TO FLUX FUNCTION BUILT INTO COEFS,ENTEG,pLOTX

=2, COLLAPSE TO LOG-LOG FLUX READ FROM DATA FILE
: =3, COLLAPSE TO LOG-LOG FLUX READ FROM CARD INPUT
c =4, COLLAPSE TO HISTOGRAM FLUX,
c =5, COLLAPSE TO HISTOGRAM FLUX,

N/CM**2-SEC-UNIT ENERGY
N/CM**2-SEC-UNIT LETHARGY

c
C IA

=6, COLLAPSE TO HISTOGRAM FLUX;
=A VALUE OF NUCLIDE

N/cM**2-sEc (INTEGRAL)

C IS =0, GROUND STATE
c =1, ISOMERIC STATE
C IVER =ENDF/B VERSION FROM WHICH MULTIGROUP VALUES PROCESSED
C IZ =2 VALUE OF NUCLIDE
C LB(IGC) =FINE GROUP BOUND CORRESPONDING TO COARSE GROUP BOUND IGC
C LFG(IGC) =FINE GROUP WITHIN WHICH COARSE GROUP BOUNDRY IGC LIES
C MAT =EliDF/B-IVER NUCLIDE IDENTIFICATION NUMBER
C MINA,MAXA =LIMITS OF IA WITHIN WHICH CROSS SECTIONS TO BE COLLAPSED
C MINZ,MAXZ =LIMITS OF 12 WITHIN WHICH CROSS SECTIONS TO BE COLLAPSED
C MINMT,MAXMT=LIMITS OF MT WITHIN WHICH CROSS SECTIONs TO BE COLLAPSED
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c FIT =ENDF/B REACTION IDENTIFICATION NUMBER
C NGC =NUMBER OF COARSE GROUPS
C NGF =NUMBER OF FINE GROUPS
C NFX =NUMBER OF FLUX DISCONTINUITY POINTS, IF IFLX=2 OR 3
c =NUMBER OF FLUX HISTOGRAM VALUES, IF IFLX=4,5 OR 6
C NFXP =NUMBER OF DATA FILE FLUX LOG-LOG POINTS
C SLPA =LOG-LOG FLUX SLOPE, REGION 2, FUNCTIONAL FLUX
C SLPB =LOG-LOG FLUX SLOPE, REGION 4, FUNCTIONAL FLUX
C SLPC =LOG-LOG FLUX SLOPE, REGION 6, FUNCTIONAL FLUX
C SYM(IZ) =CHEMICAL SYMBOL OF ELEMENT WITH 2=12
c Sz =SIGMA-O USED IN PROCESSING WITH BONDORINKO SELF SHIELDING
C THERM =THERMAL GROUP VALUE OF l/V CROSS SECTION= UNITY AT 2200M/S
C THETA =FISSION SPECTRUM TEMP. (MEV),FUNCTIONAL FLUX
C TKM =NEUTRON TEMP.(MEV) OF MAXWELLIAN, FUNCTIONAL FLUX
C TKF =NEUTRON TEMP.(MEV) OF FUSION PEAK, FUNCTIONAL FLUX
c **********************************************************************

c
c ********************* ******%**************** ******************E**

c *THIs vERsIoN oF ToAFEw Is DIMENSIONED FoR THE FoLLowING vALuEs *
c * NGC=4 NGF=154 NFX=200 NFXP=115 *
c *ARRAys ARE DIHE~{sIoNED AS 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) *
C * FLUX(NFX) FLXIM(NGC,NGF) EFLUXP(NFXP) FLUXP(NFXP) *
c *****%**************** ********************** %***%****************

C STORAGE
c *********S

COMMON /A/ EFLUX(201),FLUX(200),EF( 155),EC(5),CXF(154),CXC(4)
COMMON /B/ LB(5), LFG(5), CXFLXI(4),FLXI(4)
COMMON /C/ IFLX,NFX,NFXP,NGF, NGC,T1TLE(20 ),TITL(17)
COMMON /D/ FLXIM(4, 154),SYM(103)
COMMON /E/ ErLUXP( l15),FLUXP(l15)
COMMON /F/ C(6), EX(7),TKM,SLPA,THETA,SLPB,TKF, EP,SLPC

c
DATA SYM/2H H,2HHE,2HLI,2HBE,2H B,2H C,2H N,2H 0,2H F,2HNE,21{NA,2H
IMG,2HAL,2HSI,2H P,2H S,2HCL,2HAR,2H K,2HCA,2HSC,2HTI,2H V,2HCR,2HM
2N,2HFE, 2HC0,2HN1,2HCU,2HZN ,2HGA,2HGE,2HAS,2HSE,2HBR ,2HKR,2HRB,2HSR
3,2H Y,2HZR,2HNB,2HM0,2HTC,2HRU ,2HRH,2HPD,2HAG,2HCD,2HIN,2HSN ,2HSB,
42HTE,2H I,2HXE,2HCS,2HBA,2HLA,2HCE ,2HPR,2HND,2HPM,2HSM,2HEU ,2HGD,2
5HTB,2HDY,2HH0,2HER,2HTM ,21{YB,2HLU,2HHF,2HTA,2H w,2HRE,2Hos,2H1R,2H
6PT,2HAu,2HHG,2HTL,2i{PB,2HBI ,2HPO,2HAT,2HRkJ,2HFR,2HRA ,2HAc,2HTH,2HP
7A,2H U,2HNP,2HPU,2HAM,2HCM,2HBK ,2HCF,2HES,2HFM,2HMD,2HN0,2HLRI

c
c **********************************************************************
c
C READ JOB DESCRIPTIVE PARAMETERS
C********************************

READ 390, TITLE
PRINT 420
READ 400, IFLX,NFX,NGC, NT,IPLTFX
PRINT 430, TITLE
IGCFLG=O
IF(NGC.LT.0) IGCFLG=l
NGC=IABS(NGC)
PRINT 470, IFLX,NFX,NGC,NT,IPLTFX
READ 405,MIN2, MAx2,MINA,MAxA, MINMT, MAXMT,S2MIN,SZMAX,TEMIN ,TEr4AX
PRINT 710,MINZ, MAXZ,MINA,MAXA, MINMT, MAXMT,SZMIN,SZMAX ,TEMIN,TEMAx
NGCP1=NGC+l

C READ DATA FILE HEADING
c***********************

READ ( 1,390)TITLE
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PRINT 440, TITLE
C READ MULTIGROUP STRUCTURE
c*****lt********************

READ ( 1,395)TITL, NGF
PRINT 440, TITL
NGFP1= NGF + 1
READ ( I,410)(EF(IGF), IGF=I,NGFPI )
PRINT 450, (EF(IGF), IGF=?,NGFP1)

C READ DATA SET FLUX WEIGHTING FUNCTION
C**************************************

READ ( 1,395)TITL, NFXP
PRINT 440, TITL
READ ( 1,41O)(EFLUXP(I),FLUXP(I) ,I=l,NFXP)
PRINT 450, (EFLUXP( I),FLUXP(I), I=l,NFXP)

C READ COLLAPSING FLUX DESCRIPTION
C*******%*************************

lF(lFLX.NE.2) GO TO 30
C COLLAPSE TO DATA SET LOG-LOG FLUX
C*****

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

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

C COLLAPSE TO WT.FUNCTION OTHER THAN THAT READ FROM DATA FILESET
C*******S*******

C BRANCH ON INPUT FLUX DESCRIPTION
C*****

30 GO TO (35,40,140,60,60,60), IFLX
C READ PARAMETERS OF FUNCTIONAL FLUX
c***fi*

35 READ 410, (Ex(I),I=l ,7)
READ 410, TKM,SLPA,THETA,SLPB,TKF, EP,SLPC
GO TO 140

C READ LOG-LOG ENERGY-FLUX INTERPOLATION POINTS FROM CARDS
C*****

40 READ 410, (EFLUx(I),FLUX(I),I=l,NFX)
IF (EFLux( l).GT.EFLUX(NFX)) GO TO 140

C ORDER IN DECREASING ENERGY
C***************%*****%*****

NP=NFx/2
DO 50 IP=l,NP
STOWE=EFLUX(NFX+I-IP)
STOWF=FLUX(NFX+l-IP)
EFLUX(NFX+l-IP)=EFLUX(IP)
FLUX(NFX+l-IP)=FLUX(lP)
EFLUX(IP)=STOWE

50 FLUX(IP)=STOWF
GO TO 140

C READ HISTOGRAM FLUXES FROM CARDS
C*****

60 NFXP1=NFX+l
READ 410, (EFLux(I), I=l,NFxpl)
READ 410, (FLUX(I),I=I,NFX)
IF (EFLUx( l).GT.EFLux(NFXPl) ) GO TO 90

C ORDER IN DECREASING ENERGY
C**%E***********************

NP=NFxP1/2
DO 70 IP=l,NP
STOME=EFLUX(NFXP1+l-IP)
EFLUX(NFXPI+l-IP)=EFLUX( 1P)



70 EFLUX(IP)=STOWE
NP=NFx/2
DO 80 lP=l,NP
STOWF=FLUX(NFX+l-IP)
FLUX(NFX+l-IP)=FLUX(IP)

80 FLUX(IP)=STOWF
C CONVERT HISTOGRAM FLUXES TO UNITS OF N/CM**2 SEC EV
ca*****************************************#*********

90 GO TO (140,140,140,140,100,120), IFLX
C GROUP FLUXES INPUT AS PER-UNIT-LETHARGY
C*****

100 DO 110 I=l,NFX
110 FLUX(I)=FLUX(I)*ALOG(EFLUX(I )/EFLUX(I+l))/(EFLUX(I)-EFLUX( 1+1))

GO TO 140
C GROUP FLUXES INPUT AS INTEGRAL GROUP FLUXES
C*****

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

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

150 FLXIM(IGC, IGF)=O.O
c
C READ COARSE-GROUP STRUCTURE FROM CARDS
c*********%*****************************

IF(IGCFLG.EQ.0) GO TO 155
READ 400, (LB(IGC), IGC=l,NGCP1)
DO 153 IGC=l,NGCP1
IJ=LB(IGC)

153 EC(IGC)=EF(IJ)
GO TO 157

155 READ 410, (EC(IGC),IGC=l,NGCP1)
157 IF (Et(l).GT.Ec(NGcPl)) Go TO 170

C ORDER IN DECREASING ENERGY
C***************************

NP=NGcP1/2
DO 160 IP=l,NP
STOWE=EC(NGC+2-IP)
EC(NGC+2-IP)=EC(IP)

160 EC(IP)=STOWE
170 PRINT 700

PRINT 450, (EC(I),I=l,NGCP1)
c
C PRINT USER FLUX
c******#*********

GO TO (190,200,175,180,180,180) , IFLX
175 PRINT 540, NFX

PRINT 450, (EFLUX(I ),FLUX(I),I=l,NFX)
GO TO 200

180 PRINT 600, NFX
PRINT 450, (EFLUX(I ),FLUX(I), I=l,NFX) ,EFLUX(NFXP1)
GO TO 200

190 CALL COEFS
PRINT 690, EX(l), C(1),TKM,EX(2),C(2),SLPA, Ex(3),C( 3),TtiETA,Ex(4),
1C(4),SLPB,EX(5),C(5),TKF ,EX(6),EP,C(6),EX(7),SLPC

c
C DETERMINE LFG VALUES
c*********************

200 N=l
IF (EF(l).GT.EC(l)) GO TO 220
IF (EF(l).EQ.EC(l)) GO TO 210
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210

220

230
240

250
255

PRINT 490, EF(l),EC(I)
STOP
LFG(l)=l
N=2
IF (EC(NCCPI ).GE.EF(NGFPl)) Go TO 230
PRINT 510, EF(NGFP1),EC(NGCP1)
STOP
DO 250 IGF=l,NGF
IF (Ec(N1.LT.EF(IGF+l)) GO TO 250
LFG(N)=IGF
N=N+l
IF (N.GT.NGCP1) GO TO 255
GO TO 240
CONTINUE
PRINT 520, NGCPI
PRINT 460, (LFG(I), I=l,NGCP1)

C CALCULATE FINE-AND COARSE-GROUP FLUX INTEGRALS
C***********************************8********%**

260 DO 280 IGC=l,NGC
IGCPI=IGC+l
FLXI(IGC)=ENTEG(EC(IGCP1) ,EC(lGC) ,2)
L=LFG(IGCP1 )-1
M=LFG(IGC)+I
MM1=M-1
LPI=L+l
FLXIM(IGC,MM1 )=ENTEG(EF(M) ,EC(IGC) ,2)
FLXIM(IGC,LP1 )=ENTEG(EC( IGcP1),EF(LP1),2)
DO 270 IGF=M,L
IGFP1=IGF+l

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

C CALCULATE FLUX-WEIGHTED-AVERAGE OF l/V CROSS SECTION =UNITY AT 2200M/S
c***********************************************************************

TOP=ENTEG( EC(NGCP1),EC(NGC) ,1)
BOT=ENTEG(EC(NGCP1 ),EC(NGC) ,2)
THERM=TOPIBOT
IF(NGC.LE.4) PRINT 530, TOP,BOT,THERM

C PRINT COARSE GROUP FLUXES FOR USERS FLUX
c************************%****************

TFX=THERM*FLXI(NGC)
PRINT 720, NGC
PRINT 450, (FLXI(IGC), IGC=l,NGC)
IF(NGC.LE.4) PRINT 730, TFX
READ ( 1,390)TITLE
PRINT 440, TITLE
IF(NGC.GT.4) WRITE(2,585) NT,NGC
INUM=O
IPAGE=O

C READ FINE-GROUP CROSS SECTIONS AND TEST EOF AND Z,A, AND MT LIMITS
c**********E**************&*********#*******************************

290 READ ( I,570)TAG1,TAG2, 1Z,IA,IS, MAT,IVER,MF,MT,TEMP,SZ, R1,R2
IF (EOF, 1) 380,300

300 READ ( 1,4?O)(CXF(I), I=1,NGF)
IF (IZ.LT.MINZ) GO TO 290
IF (12.GT.MAxz) GO TO 380
IF (IA.LT. MINA.oR. IA.GT.MAxA) GO TO 290
IF (MT.LT.MINMT.OR.MT.GT.MAXMT) GO To 290
IF(SZ. LT.SZMIN.OR.SZ .GT.SZMAX) GO TO 290
IF(TEMP.LT.TEMIN.OR.TEMP .GT.TEMAX) GO TO 290
INUM=INUM+l
IF(INuM.EQ.48) lNUM=l
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(-J********************%***************

c*coLLApsE FINE (JROUFI CROSS SECTIONS*

c*****************it*****************it

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

310 CXFLXI(IGC)=CXFLXI(IGC)+FLXIM( IGC,IGF)*CXF(IGF)
320 CXC(IGC)=CXFLXI(IGC)/FLXI(IGC)

C OUTPUT COLLAPSED CROSS SECTIONS
c%%E&*S*#ti**%****EE**EE+******SX*

W=lH

IF(IS.NE.0) W=lHM
IF(NGC.LE.4) GO TO 325
WRITE(2,565) SYM(IZ), IA,W,MAT,MF,MT,TEMP ,SZ
PRINT 565, SYM(IZ), IA,W,MAT,MF,MT,TEMP ,SZ
WRITE(2,450) (CXC(IGC), IGC=l,NGC)
PRINT 450, (CXC(IGC), IGC=I,NGC)
GO TO 290

325 EFFEC=CXC(NGC)/THERM
IF (INUM.NE.1) GO TO 370
IPAGE=IPAGE+l
IF (IpAGE.EQ.1) INUM=6
WRITE (2,420)
GO TO (330,340,350,360), NGC

330 IF (IpAGE.EQ.1) WRITE (2,620)NT
IF(IPAGE.EQ.1) PRINT 660
WRITE (2,660)
GO TO 370

340 IF (IpAGE.EQ.1) WRITE (2,630)NT
IF(IPAGE.EQ.1) PRINT 670
WRITE (2,670)
GO TO 370

350 IF (IpAGE.EQ.1) WRITE (2,640)NT
IF(IPAGE.EQ.1) PRINT 680
WRITE (2,680)
GO TO 370

360 IF (IPAGE.EQ.1) WRITE (2,580)NT
IF(IPAGE.EQ.1) PRINT 550
WRITE (2,550)

370 CONTINUE
WRITE (2,560)SYM(IZ), IA,W,IZ,IA ,IS,MAT,MF,MT,TEMP,SZ, (CXC(IGC) ,IGC
l=l,NGC),EFFEC
PRINT 560, SYM(IZ), IA,W, IZ,IA,IS,MAT, KF,MT,TEMP,SZ,
1 (cxc(IGc), IGc=l,NGc), EFFEC

C RETURN TO READ NEXT FINE-GROUP C :0SS SECTIONS ABOVE
c****************************************************

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

WRITE (2,420)
END FILE 2

C GO PLOT FLUX, IF DESIRED
C***%*********************

IF (IPLTFx.NE.0) CALL PLOTX
C*
C THIS IS THE END***THIS IS TI{E END***THIS IS THE END***
c*%**s******E**********%************************************************
C*

C FORMATS
C********
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390 FORMAT (20A4)
395 FORMAT(17A4,14)
400 FORMAT (1615)
405 FoRMAT(615,4EI0.3)
410 FORMAT (6E12.5)
420 FORMAT (lHl)
430 FORMAT(20X,20A4)
440 FoRMAT (3X,23HEcH0 FROM DATA FILE ,20A4)
450 FORMAT (IX,1OE12.5)
460 FORMAT (1X,1616)
470 FORMAT( 1OX,4OH**SUKMARY OF PROBLEM CONTROL INPUT******,I,5X,6HIFLX

1 =,13, 3X,83f{,WHERE l=COLLAPSE TO BUILT-IN FUNCTIONAL FLUX, WITH PA
2RAMETERS READ FROM CARD INPUT,/,24X,87H2=COLLAPSE TO FLUX DESCRIBE
3D BY SET OF LOG-LOG INTERPOLATION POINTS READ FROM DATA FILE,/,24X
4,88H3=COLLAPSE TO FLUX DESCRIBED BY SET OF LOG-LOG It/TERPOLATION P
501NTS READ FROM CARD INPUT,/,24X,74H4=COLLAPSE TO HISTOGRA}i FLUX R
6EAD FROM CARD INPUT IN UNITS N/cM**2-sEc-Ev,i,24x,85H5=coLLAPsE T
70 HISTOGRAM FLUX READ FROM CARD INPUT IN UNITS N/CK**2-SEC-UNIT L
8ETHARGy,i,24X,95H6=c0LLAPSE TO HISTOGRAM FLUX READ FROM CARiI I:iPUT
9 IN UNITS N/CH**2-SEC (GROUP INTEGRAL FLUXES),/,6X,5Hl~FX =,13,3X,
158H,NUMBER OF FLUX VALUES IN USER COLLAPSING FLUX DESCRIPTION,
2 3X,31H(SET TO NFXP BY CODE IF IFLX=2) ,/,
36X,5HNGC =,13, 3X,24H,NUMBER OF COARSE GROUPS,/,7X,4HNT =,13,3X,
431H,TABLE NuMBER FOR TApE2 HEADING,i, 3x,8HIpLTFx =,13,3x,24H,wHERE
5 O=NO PLOT OF FLUX,/,24X,87Hl=MAKE PLOT OF LOG-LOG FLUX READ FROM
6DATA FILE AND, IF DIFFERENT, USER COLLAPSING FLUX)

490 FORMAT(1X,46HF1NE GROUP CROSS SECTIONS WITH UPPER BOUND OF ,E12.5,
13X,20HCAN NOT BE COLLAPSED ,/,5x,46HTo COARSE GRoup 5TRUcTuRE WITH
2 UPPER BOUND OF ,E12.5,/,20X,9HI GIVE UP )

510 FORMAT (1/,1x,45HFINE GROUP CROSS SECTIONS WITH LOWER BOUND OF,lPE
112.5,3X,20HCAN NOT BE COLLAPSED,/,5X,45HT0 COARSE GROUP STRUCTURE
2WITH LOWER BOUHD 0F,lPE12.5,//,2OX,9HI GIVE UP,//)

520 FORMAT( 3X,16H(LFG(IGC),IGC= 1,,13, 1H),3HARE,815)
530 FORMAT( 3X,881{FLUX-!4EIGHTED AVERAGE OF l/V CROSS SECTION (UNITY AT

1 2200M/S ) OVER LOWEST COARSE GROUP,/,30X,lH=,E12.5,
2 3H / ,E12.5,3H = ,E12.5)

540 FORMAT (/,10x,21HINPuT WEIGHT Function, 10X,I5,6HPOINTS,I)
560 FORMAT (1X,A2,13,A1 ,1X,13,1X,13,1X ,11,1X,14, 1X,12,1X,13,F6.0 ,E8.1,

15E14.6)
565 FORMAT(/,lX,A2,13,Al,5X,3HMAT ,14,5X,2HMF, 13,5x,2HMT,13,5x ,

1 5HTEMP=,F6 .0,5X,8HSIGNA 0=,E8.1)
570 FORMAT (A6,A5,213, 11,14,212,13,2E9 .3,2A1O)
590 FoRMAT(I, 1X,58HNOTE T}IATTHE EFFECTIVE THERMAL CROSS SECTION IS TH

lE GROUP,12,36H CROSS SECTION DIVIDED BY SIGMA(l/V),/,2X,30H’dHERE S
21GMA(l/V) IS THE GROUP ,12,56H VALUE OF A l/V CROSS SECTIOtl E~UAL
3T0 UNITY AT 2200 M/S .F9.6)

600”FoRMAT (/,10x,21H1NpuT WEIGHT Function, Iox,15, 16HHIsToGRAK VALUES,
110X,20HFLUX-PER-UN1T-ENERG% )

620 FORMAT (///,32X,5HTABLE,I3,24X24X ,24HONE GROUP CROSS SECTIONS)
63o FORMAT (///,39X,5HTABLE,I3,3/,3 1X,24HTW0 GROUP CROSS SECTIONS)
640 FORMAT (///,46X,5HTABLE,I3,37X37X ,26HTHREE GROUP CROSS SECTIO:{S)
580 FORMAT(///,53X,5HTA~LE,I3 ,//,45X,25HFOUR GROUP CROSS SECTIONS )
585 FORMAT(//,56X,5HTABLE,13, //,48X,13,21H GROUP CROSS SECTIO!iS,//)
660 FORMAT (///,3lX,4OHTEMP SIGMA GROUP 1 EFFEc.THERMAL,/,43H

INUCLIDE Z A S MAT MF MT DEG K ZERO ,2(14H CROSS SECTIO!l),/,
243H ------ -- --- - ---- -- --- ----- -------,2(14H
3))

------ -------

670-FORMAT (///,3lx,54HTEIfP SIGMA GROUP 1 GROUP 2 EFFEC.
lTHERMAL,/,43H NUCLIDE Z A S MAT MF MT DEG K ZERO
2ss sEcTIoN),/,43H

,3(14H CRO
------ -- --- - ---- -- --- ----- -------

3 -------------))
,3(14H
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680 FORMAT (///,3lX,68HTEMP SIGMA GROUP 1 CROUP 2 GRO
lUP 3 EFFEC.THERMAL,/,43H NUCLIDE Z A S MAT MF MT DEG K ZE
2R0 ,/,43H .----- -- --- - ---- -- --- ----- ------ - ,4(14H
3

------

-------))
550 FoRMAT (//l,3lx,82HTEMP sIGMA GROUP 1 GROUP 2 GRO

lUP 3 GROUP 4 EFFEC.THERMAL,/,43H NUCLIDE Z A S MAT MF
2 MT DEG K ZERO ,5(14H CROSS SECTION),/,lX,42H ------ -- --- - -
--- -- --- ----- -------,5(14H -------------))

6903FORMAT(//,10X,46HFUNCT10NAL FLUX DESCRIPTION USED IN COllapSing,//
l,5X,131iENERGY LIMITS,25X,13HFLUX FUNCTION,21X, 31}11NPUT AND CALCULA
2TED pARAMETERs,/,1x,21(1H-),3x ,49(ltl-),3x,3d(lH-),/,7H Ex(1)=,E13.
36,3H EV,54X,6HC(1) =E13.6,/,25X,23HF(E)=C(l)*E*EXP(-E/TKM) ,29X,6HT
4KM =,El3.6,3H EV,/,7H EX(2)=,E13.6,3H EV,54X,6HC(2) =,E13.6,/,25X
5, 17HF(E)=c(2)*E**sLpA, 35x ,6HSLPA =,E13.6,/,7H EX(3)=,E1?.6,3H EV,5
64x,6Hc(3) =,E13.6,/,25X,31HF(E)=C(3) *SQRT(E)*EXP(-E/THETA),21X ,6HT
7HETA=,E13.6,3H EV,/,7H EX(4)=,E13.6,3H EV,54X,6HC(4) =,E13.6,/,25X
8,17HF(E)=c(4)*E**sLPR,35x ,6HsLpB =,E13.6,/,7H Ex(5)=,E13.6,3H Ev,5
94X,6HC(5) = ,E13.6,/,25X,49HF(E)=C(5)*EXP(-5 .*(SQRT(E/TKF)-SQRT(EP/
1TKF))**2. ),3X,6HTKF =,E13.6,3H EV,/,7H EX(6)=,E13.6,3H EV,54X,6HE
2P =,E13.6,3H EV,/,25X,17HF(E)=C(6)*E**SLPC, 35X,6HC(6) =,E13.6,/,
37H EX(7)=,E13.6,3H EV,54X,6HSLPC =,E13.6)

700 FoRMAT (lHl,l, 10x,22HcoARsE GROUp STRUCTURE ,)
710 FORMAT(/,5X,62HCOLLAPSE CROSS-SECTION TABULATIONS WITHIN THE FOLLO

lWING LIMITS,/,5X,llH*****Z***** ,4X, llH*****A*****, 3X,13H*REACTION
2MT*,4X,27}1***BONDARENK0 SIGMA zERO***,4x,27H******TEMpERATljRE (K)*
3*****,/, 3(5X,13,4H TO ,13), 2(6X,E1O.3,5H TO ,EIO.3),/)

720 FORMAT(5X,46HINTEGRATED MULTIGROUP FLUXES, FLXI(IGC), IGC=l ,13,
llH))

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

c
c**************%*******************************%****************%*******
C* *
C*ENTEG INTEGRATES FROM El TO E2 THE FOLLOWING- *
C*FOR ITS=l, THE PRODUCT OF FLUX AND l/V CROSS SECTION=UNITY AT 2200M/S*
C*FOR ITS=2, THE FLUX
c********************************************************E*************:
c

COMMON /A/ EFLUX(201),FLUX(200),EF( 155) ,EC(5),CXF(154),CxC(4)
COMMON /B/ LB(5), LFG(5),CXFLX1 (4),FLx1(4)
COMMON /C/ IFLX,NFX,NFXP, NGF,NGC,T1TLE(20 ),T1TL(17)
COMMON /F/ c(6),Ex(7),TKM,sL.PA,THETA ,SLPB,TKF,EP,SLPC

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

C BRANCH ON FLUX DESCRIPTION
C*******************%* ***%**

GO TO (10,310,310.420,420,420) , IFLX
c
C FUNCTIONAL CALCULATION OF FLUX INTEGRAL HERE FOR IFLX=l
c************************************************%*******

10 [~=~.141592654

NX;l=NX+l
EPS=O.000001

C DETERMINE REGIONS OF El AND E2
C*****

DO 20 IX=l,NX
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20

30

40

50

IF (E1.GE.Ex(Ixl. AND.El.LT.Ex( IX+I)) GO TO 30
CONTINUE
PRINT 570, E1, (EX(I),I=l,NXP1)
PRINT 550, E2
STOP
LE1=IX
DO 40 IX=LE1,NX
IF (E2.GT.Ex(Ix).AND.E2.LE.Ex( IX+I)) GO TO 50
CONTINUE
PRINT 560, El
PRINT 580; E2, (EX(I),I=1,NXP1)
STOP
LE2=IX
GO TO (60,90,130,160,200,270), LE1

C REGION 1
C*****

60 TK=TKM
EA=EX(l)
EB=EX(2)
IF (E1.GT.EA) EA=E1
IF (E2.LT.EB) EB=E2
RA=EA/TK
RB=EB/TK
IF (ITs.EQ.1) GO TO 70
ENTEG=ENTEG+C( 1)*(TK**2. )*((1.+RA)*EXP(-l .*RA)-( 1.+RB)*EXP(-1.*RB)

1)
GO TO 80

70 SRA=SQRT(RA)
SRB=SQRT(RB)
XA=EXP(-l.*RA*RA)
XB=EXP(-1.*RB*RB)
ENTEG=ENTEG+C(l )*(TK**l .5)*SQRT(0.0253)* (SRA*XA-SRB*XB+(SQRT(PI)/2
I.)*(ERF(SRB)-ERF(SRA)))

80 IF (LE2.EQ.1) RETURN
C REGION 2
C*****

90

100

110
120

EA=EX(2)
EB=EX(3)
IF (E1.GT.EA) EA=E1
IF (E2.LT.EB) EB=E2
R=EB/EA
CON=C(2)
SLOPE=SLPA
IF (ITS.EQ.2) GO TO 100
CON=CON*SQRT( .0253)
SLOPE=SLPA-O.5
TEST=ABS(SLOPE+l .0)
IF (TEsT.LT.EPS) GO TO 110
ENTEG=ENTEG+CON*(EB**(SLOPE+l .)-EA**(SLOPE+l .))/(SLOPE+l. )
GO TO 120
ENTEG=ENTEG+CON*ALOG(R)
IF (LE2.EQ.2) RETURN”””-

C REGION 3
C***** ““ -

130 EA=EX(3)
EB=EX(4)
IF (EI.GT.EA) EA=E1
IF (E2.LT.EB) EB=E2
RA=EA/THETA
SRA=SQRT(RA)
RB=EB/THETA
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SRB=SQRT(RB)
TP=THETA*PI
SA=SQRT(EA)
SB=SQRT(EB)
XA=EXP(-1.*RA)
XB=EXP(-1.*RB)
STP=SQRT(TP)
IF (lTS.EQ.2) GO TO 140
ENTEG=ENTEG+C( 3)*SQRT( .0253)*THETA*(XA-XB)
GO TO 150

140 ENTEG=ENTEG+C( 3)*THETA*(SA*XA-SB*XB+(STP\2. )*(ERF(SRB)-ERF(SRA)))
150 IF (LE2.EQ.3) RETURN

C REGION 4
C*****

160

170

180
190

EA=EX(4)
EB=EX(5)
IF (E1.GT.EA) EA=EI
IF (E2.LT.EB) EB=E2
R=EB/EA
CON=C(4)
SLOPE=SLPB
IF (ITs.EQ.2) GO TO 170
CON=CON*SQRT( .0253)
SLOPE=SLPB-O.5
TEST=ABS(SLOPE+l .0)
IF (TEST.LT.EPS) GO TO 180
ENTEG=ENTEG+CON*(EB**(SLOPE+l .)-EA**(SLOPE+l .))/(SLOPE+l. )
GO TO 190
ENTEG=ENTEG+CON*ALOG(R)
IF (LE2.EQ.4) RETURN

C REGION i -
C*****

200

210

220

230

240

TK=TKF
EA=EX(5)
EB=EX(6)
IF (E1.GTOEA) EA=EI
IF (E2.LT.EB) EB=E2
Al=(-5./TK)*(SQRT(EA)-SQRT(EP) )*(SQRT(EA)-SQRT(EP))
A2=(-5./TK)*(SQRT(EB)-SQRT(EP) )*(SQRT(EB)-SQRT(EP))
A3=(TK*EP*PI)/5.
A4=(5.*EB)/TK
A5=(5.*EP)/TK
A6=SQRT(A4 )-SQRT(A5)
A7=(5.*EA)/TK
A8=SQRT(A7)-SQRT(A5)
IF (ITs.EQ.1) GO TO 230
TERM=c(5)*(TK/5.)*(ExP(Al )-EXP(A2))
IF (A6.LT.o.) GO TO 210
IF (A8.GT.0. ) GO TO 220
ENTEG=ENTEG+TERM+C(5)*SQRT(A3 )*(ERF(A8)+ERF(A6))
GO TO 260
ENTEG=ENTEG+TERM+C(5)*SQRT(A3)*(ERF(A8 )-ERF(A6))
GO TO 260
ENTEG=ENTEG+TERM+C(5)*SQRT(A3)*(ERF(A6 )-ERF(A8))
GO TO 260
CON=C(5)*SQRT(.0253*PI*TK/5 .)
IF (A6.LT.O.) GO TO 240
IF (A8.GT.O.) GO TO 250
ENTEG=ENTEG+COH*(ERF(A8 )+ERF(A6)1
GO TO 260
ENTEG=ENTEG+CON*(ERF(A8)-ERF(A6 ))
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GO TO 260
250 ENTEG=ENTEG+CON*(ERF(A6)-ERF(A8 ))
260 IF (LE2.EQ.5) RETURN

C REGION 6
c****fi

270 EA=EX(6)
EB=EX(7)
IF (EI.GT.EA) EA=EI
IF (E2.LT.EB) EB=E2
R=EB/EA
CON=C(6)
SLOPE=SLPC
IF (lTS.EQ.2) GO TO 280
CON=CON*SQRT( .0253)
SLOPE=SLPC-O.5

280 TEST=ABS(SLOPE+l. )
IF (TEsT.LT.Eps) Go TO 290
ENTEG=ENTEG+CON*(EB**(SLOPE+l .)-EA**(SLOPE+l .))/(SLOPE+l. )
GO TO ~00

290 ENTEG=ENTEG+CON*ALOG(R)
300 RETURN

c
C IFLX=2 OR 3, LOG-LOG INTERPOLATION
C***S*********ES********************

C FIND CORRECT FLUX SEGMENT FOR El AND E2
C*****

310 NFXM1=NFX-1
DO 320 IFX=l,NFXM1
IF (E2.LE. EFLux(IFx) .AND.E2.GT. EFLUX(IFX+l)) GO TO 330

320 CONTINUE
330 LFH=IFX

DO 340 IFX=LFH,NFXMI
IF (E1.LT.EFLux(IFxl .AND.El.GE .EFLux(IFx+l)) GO TO 350

340 CONTINUE
350 LFL=IFX

C INTEGRATE LOG-LOG FLUX
c***********************

DO 410 IFX=LFH,LFL
EH=EFLUX(IFX)
EL=EFLUX(IFX+l )
IF (E2.LT.EFLux(IFx)) EH=E2
IF (E1.GT.EFLux(IFx+l)) EL=E1
Rl=FLUX(IFX)/FLUX(IFX+l)
R2=EFLux(IFx)/EFLux(IFx+l )
s=ALoG(Rl)/ALoG(R2)
IF (ITs.EQ.1) GO TO 380
IF (RIOEQ.l.) Go TO 370
IF (ABs(s+l .).LT.l.OE-05) GO TO 36o
Rl=EH*(EH/EFLUX(IFX+l ))**S
R2=EL*( ELIEFLUX(IFX+1) )**S
ENTEG=ENTEG+FLUX(IFX+l )*(R1-R2)/(S+l.)
GO TO 410

360 R3=EH/EL
R4=ALOG(R3)
ENTEG=ENTEG+EFLUX(lFX)*FLUX( IFX)*ABS(R4)
GO TO 410

370 ;;T;~=~~;EG+FLuX(IFX)*(EH-EL)

380 IF (ABS(S+ .5) .LTol.oE-05) GO TO 390
IF (ABs(s-.5) .LT.l.0E-05) Go TO 400
Rl=SQRT(EH)*(EH/EFLUX(IFX+l ))**S
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R2=sQRT(EL)*(EL/EFLux(IFx+l ))**S
ENTEG=ENTEG+(FLUX(IFX+I )*SQRT( .0253)/(S+O.5))*(Rl-R2)
GO TO 410

390 R3=EH/EL
R4=ALOG(R3)
co=FLux(IFx+I )/EFLUX(IFX+I )**s
ENTEG=ENTEG+CO*SQRT(0.0253)*ABS( R4)
GO TO 410

400 CO=FLUX(IFX+l)/EFLUX(IFX+l )**S
ENTEG=ENTEG+CO*SQRT(O.0253) *(EH-EL)

410 CONTINUE
RETURN

c
C IFLX=4,5 OR 6, ARBITRARY HISTOGRAM FLUX TREATMENT
c***********************&*s&*********************fi*

420 IF (E1.GE.EFLUX(l)) RETURN
IF (E2.LE.EFLux(NFxpl)) RETuRN

c
C LOCATE FLUX HISTOGRAM GROUP LOCATIONS OF El AND E2
C*****

DO 430 IH=l,NFX
IF (E2.LE.EFLUx(IH) .AND.E2.GE .EFLUX(IH+l)) GO TO 440

430 CONTINUE
STOP

440 LH=IH.
DO 450 IH=LH,NFX
IF (E1.LE. EFLUx(IH) .AND.El.GE .EFLUx(IH+l)) GO TO 460

450 CONTINUE
STOP

460 LL=IH
C INTEGRATE FLUX HISTOGRAM
C***%*

IF (ITS.EQ.1) GO TO 490
ENTEG=(E2-EFLUX(LH+1 ))*FLUX(LH)
IF (LH.EQ.LL) GO TO 480
L=LH+l
DO 470 IH=L,LL

470 ENTEG=ENTEG+(EFLUX(IH)-EFLUX(IH+l ))*FLUX(IH)
480 ENTEG=ENTEG-(E1-EFLUX(LL+l ))*FLUX(LL)

RETURN
490 L=LH+l

ENTEG=2.*SQRT( .0253)*FLUX (LH)*(SQRT(E2)-SQRT(EFLUX(L) ))
IF (LH.EQ.LL) GO TO 510
DO 500 IH=L,LL
IHP1=IH+l

500 ENTEG=ENTEG+2.*SQRT( .0253)*FLUX(IH)* (sQRT(EFLUX(IH) )-sQRT(EFLUx
l(IHP1 )))

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 FORMATS
C********

550 FORMAT (/,10X,4HE2= , E12.5,/)
560 FORMAT (/,Iox,4HEl= E12.5,/)
570 FoRMAT(/,lox,3HEl=, ~12.5,3X,48HCANNOT BE FOUND IN THE FOLLOWING E

lNERGY SEGMENTS,/,3X,10E12.5,/)
580 FORMAT (/,10x,31iE2=,E12.5,3x,48HcANNoT BE FOUND IN THE FOLLOWING E

lNERGY SEGMENTS,/,3X,10E12.5,/)
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590 FORMAT(/,10X,21HENTEG CALLED WITH El=,E12.5,3X, 16HGREATER THAN E2=
1 E12.5,3X,6H STOP,/)
EiD
SUBROUTINE PLOTX

c
c*u:k*************#*****#****************%*fi****************************

C&PLOTX PLOTS Tf{ELOG-LOG FLUX WEIGHTING FUHCTION READ FROM THE DATA *
C*FILE. A USER-SUPPLIED FLUX DESCRIPTION IF NORMALIZED TO THIS BY *

c*EQUATING FLUX INTEGRALS OVER THE ENERGY RANGE OF THE COARSE GROUP *
c*STRUCTURE AND SUPERIMPOSED ON THE FLUX PLOT.
c&*&*******************************************************************:

COMMON /A/ EFLUX(201),FLUX(200),EF( 155),EC(5), CXF(154),CXC(4)
COMMON /C/ IFLX,NFX, NFXP, NGF,NGC,TITLE(20) ,TITL(17)
COMMON /E/ EFLUXP( 115),FLUXP(115)
COMMON /F/ C(6),EX(7),TKM,SLPA,THETA ,SLPB,TKF,EP,SLPC
DIMENSION EB(400), FB(400),V(2),H(2)

c
c
c BRANCH ON FLUX DESCRIPTION
c**ff************************

GO TO (10,210,140,160,160,160), IFLX
c
c BUILT IN FUNCTIONAL FLUX--- CALCULATE FLUXES FOR PLOTTING
c*&E#*****************************************************

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

~*;~~;ON 1

IF (Ex(2).LE.EF(NGFpl ).oR.Ex( 1).EQ.Ex(2)) GO TO 30

i;~l)=EX(l)
IF (EX(l).LT.EF(NGFP1)) EB(l)=EF(NGFP1)
TK=TKM
ET=EX(2)
IF (EX(2).GT.EF(l)) ET=EF(l)
DO 20 I=l,NPRP1
IF (1.EQ.1) GO TO 20
FIM1=I-1
EB(I)=EB( l)*((ETIEB(l))** (FIMIIFN))

20 FB(I)=c( l)*EB(I) *EXP(-1.*EB(I )\TK)
IF (ET.GT.EC(l)) GO TO 130

c REGION 2
C**SS*

30 IF (EX(3).LE.EF(NGFpl ).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.EF(NGFP1)) 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.EQ.1) GO TO 40
1=1+1
F’JM1=J-I
EB(I)=EB(K)* ((ETIEB(K))** (FJMl\FN))

40 FB(I)=C(2)*EB(I) **SLPA
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IF (ET.GE.Ec(l)) GO TO 130
C REGION 3
C*****

50 IF (Ex(4).LE.EF(NGFpl ).oR.Ex( 3).EQ.Ex(4)) GO TO 70
IF(C(3).LE.O.) GO TO 130
1=1+1
EB(I)=EX(3)
IF (EX(3).LT.EF(NGFP1)) EB(I)=EF(NGFP1)
K=I
ET=EX(4)
IF (EX(4).GT.EF(l)) ET=EF(l)
DO 60 J=l,NPRP1
IF (J.EQ.1) GO TO 60
1=1+1
FJM1=J-1
EB(I)=EB(K)*((ET/EB(K))**(FJMl/FN ))

60 FB(I)=C( 3)*SQRT(EB(I) )*EXP(-1 .*EB(I)/THETA)
IF (ET.GE.EC(l)) GO TO 130

C REGION 4
C*****

70 IF (Ex(5).LE.EF(NGFPl ).OR.Ex(4) .EQ.Ex(5)) GO TO 90
IF(C(4).LE.O.) GO TO 130
1=1+1
EB(I)=EX(4)
IF (EX(4).LT.EF(NGFpl)) EB(l)=EF(NGFP1)
K=I
ET=EX(5)
IF (EX(5).GT.EF(l)) ET=EF(l)
DO 80 J=I,NPRP1
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(I)) GO TO 130

C REGION 5
C*****

90 IF (Ex(6).LE.EF(NGFPl ).oR.EX(5 ).EQ.Ex(6)) GO TO 110
IF(C(5).LE.0. ) GO TO 130
1=1+1
TK=TKF
EB(I)=EX(5)
IF (EX(5).LT.EF(NGFP1)) EB(l)=EF(NGFP1)
K=I
ET=EX(6)
IF (EX(6).GT.EF(I)) ET=EF(l)
DO 100 J=I,NPRP1
IF (J.EQ.1) GO TO 100
1=1+1
FJM1=J-1
EB(I)=EB(K)*( (ET\EB(K))** (FJMl\FN))

100 FB(I)=C(5)*EXP( (-5.ITK)*(SQRT(EB( l))-SQRT(EP) )*(SQRT(EB(I) )-SQRT
l(EP)))
IF (ET.GE.EC(l)) GO TO

C REGION 6
C*****

110 IF(C(6).LE.0. ) GO TO
1=1+1
EB(I)=EX(6)
IF (EX(6).LT.EF(NGFP1):
ET=EX(7)
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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
FJM1=J-1
EB(I)=EB(K)*( (ET\EB(K) )**(FJMl\FN) )

120 FB(I)=C(6)*EB(I )**SLPC
130 NB=I

EL=EC(NGC+l)
EH=EC(l)
FN=ENTEG(EL,EH,2)
GO TO 180

C FLUX IS SET OF LOG-LOG INTERPOLATION POINTS
c*********************%**********************

140 EH=EC(I)
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 TO 180

C FLUX HISTOGRAM, ARBITRARY STRUCTURE
c************************************

160 EL=EC(NGC+l)
EH=EC(l)
FN=ENTEG(EL,EH,2)
IB=O
DO 170 lH=l,NFX
IB=IB+l
EB(IB)=EFLUX(IH)
FB(IB)=FLUX(IH)
IB=IB+l
EB(IB)=EFLUX(IH+l )

170 FB(IB)=FLUX(IH)
NB=IB

C NOW INTEGRATE THE LOG-LOG FLUX READ FROM THE DATA FILE OVER THE LIMITS
C OF THE USER COARSE GROUP STRUCTURE. NORMALIZE THE USER FLUX FOR PLOT.
C**********

180 DO 190 I=l,NFXP
EFLUX(I)=EFLUXP(I)

190 FLUX(I)=FLUXP(I)
LFLX=IFLX
IFLX=2
NFX=NFXP
FN=ENTEG(EL,EH,2)/FN
DO 200 I=l,NB

200 FB(I)=FB(I)*FN
C PLOT DATA FILE FLUX AND DIFFERENT USER FLUX
c********************************************
C DETERMINE MIN VALUE VIL AND MAX VALUE VIH OF DATA FILE FLUX

CALL MINV(FLUX, l,NFX,LI,VIL)
CALL MAXV(FLUX, 1,NFX,L2,VIH)

C DETERMINE MIN VALUE V2L Al/l)MAX VALUE V2H OF USERS FLUX
CALL MINV(FB, 1,NB,L3,V2L)
CALL MAXV(FB, 1,NB,L4,V2H1

C SET LIMITS OF ORDIIJATE FOR PLOTTING
v(l)= AMIN1(V1L,V2L)
V(2)= AMAX1(V1H,V2H)

C SET LIMITS OF ABSCISSA FOR PLOTTING
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H(l)= EF(NGF+l)
H(2)= EF(l)

C PLOT BLANK LOG-LOG FRAME WITH CAPTIONS
CALL PLOT14(H,V,-2,-1,-1 ,45,1. ,1.,1.,15HFLUX COMpARIs0N,15,
1 llHENERGY, EV. ,11,22HFLUX (N/CM**2 SEC EV) ,22)

C PLOT DATA FILE FLUX ON FRAME
CALL PLOTM(EFLUX,FLUX,-NFX,-l , 1,-48,-1.)

C PLOT USER FLUX ON FRAME
IFLX=LFLX
L=-1
C=l.
IF(IFLX.LT.4) GO TO 205

C IF HISTOGRAM USER FLUX, DRAW HISTOGRAM
L=l
C=-1 .

205 CALL PLOTM(EB,FB,-NB,-l,L,-39,C)
RETURN

C PLOT DATA FILE FLUX, USED IN COLLAPSING
c**************************************************#****

210 CALL PLOTM(EFLUX,FLUX,-NFX,-1,1 ,39,-I .,1.,1.,38HFLUX FROM DATA FIL
lE USED IN COLLAPSING, 38,11HENERGY, EV. ,11,22HFLUX (N/CM**2 SEC EV
2),22)
RETURN
END
SUBROUTINE COEFS

c
c***********************************************************************
C* *
c*coEFs calculates THE coefficients oF TIIEFunctional FLux ExpREssIoN *
C* *
c*******#*E*************************************************************

c
COMMON /A/ EFLUX(201),FLUX(200),EF( 155),EC(5), CXF(154),CXC(4)
COMMON /C/ IFLX, NFX,NFXP, NGF,NGC,T1TLE(20) ,TITL(17)
COMMON /F/ C(6), EX(7),TKM,SLPA,THETA ,SLPB,TKF,EP,SLPC

c
IF (EX(l).GT.Ec(NGC+l)) EX(l)=Ec(NGC+l)
IF (Ex(7).LT.Et(l)) Ex(7)=Ec(1)
C(l)=l.o
C(2)=C(3)=C(4)=C(5)=C(6)=0 .0
IF(EX(2).GE.EC( l)) GO TO 200
c(2)=c(l)*Ex(2)*ExP(-1.*Ex(2)/TKM)/Ex(2)**sLPA
IF(EX(3).GE.EC( l)) GO TO 200
C(3)=C(2)*EX(3)**(SLPA-O.5 )*EXP(EX(3)/THETA)
IF(EX(4).GE. EC(l)) GO TO 200
C(4).C( 3)*EX(4)** (0.5-SLPB) *EXP(-1.*EX(4)ITHETA)
IF(EX(5).GE.EC( l)) GO TO 200
RP=EP/TKF
Rx5=Ex(5)/TKF
SRP=SQRT(RP)
SRX5=SQRT(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=SQRT(RX6)
C(6)=(C(5)/EX(6)**SLPC)*EXP(-5 .*(SRX6-SRP)*(SRX6-SRP))

200 CONTINUE
RETURN
END
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