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PREFACE

Initially, my thesis project was to set up Gulf Gener-
al Atomic's multigroup neutron cross section code, GGC-4, on
an IBM 7094 digital computer. I wasS to understand the theory
used in the code, be able to operate the code well enough to
document its operation for others (produce a local user's
manual) and compile a source book of neutron group cross
sections for weapons problems.

I obtained the GGC-4 code and the GGC-4 cross section
library (data for 45 nuclides) from the Air Force Weapons
Laboratory where a CDC 6600 digital computer was used to
copy the code and the cross section library onto magnetic
tapes. I was unable to program the GGC-4 code on the IBM
7094 due to what appeared to be insufficient computer memory,
but with the possibility of it being due to a"compatibility"
problem with the CDC 6600 output tape being used on the
IBM 7094. I was eventually successful in obtaining data

for the 45 nuclides from the GGC-4 data tapes.

My thesis advisor, Dr. C. J. Bridgman, and I decided
to write our own code for the IBM 7094. This code calculates
the zero moment of the neutron flux which is used to flux
weight the GGC-4 cross section data. This code was the bulk

of my thesis work. In the course of this work, I was able to
obtain two new ENDF/B neutron cross section data tapes from
Oak Ridge National Laboratory. I was able to use these

ENDF/B data tapes with minor modifications to my original
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moments code.

A few words should be said about the title of my code,
New Barnyard. The Resident School of Engineering at AFIT
has a cross section code called 0ld Barnyard that calculates
group cross sections for the energy range 10 MeV to thermal.

01d Barnyard's cross section library was updated by using
the cross section results from my code as the 'mew" input

library to O0ld Barnyard. Thus, the idea occurred to me of
calling my code New Barnyard.

I am indebted to several people in connection with this
thesis: to my advisor, Dr. C. J. Bridgman, for guidance and
counseling; to Lieutenant Robert Barry of the Air Force
Weapons Laboratory, Kirtland, AFB, for help with the GGC-4
library tapes; to my classmates, Captains Jim Fisk and
Robert Winchester, and Lieutenants Gary Knutson and
Fred Damm, for many interesting discussions on transport
theory, and to my typist, Mrs. Bobbie Thompson. Finally,

1 express special thanks to my wife, Cely, for her encour-

agement and good humor throughout my thesis study.

11
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LIST OF SYMBOLS
The following mathematical symbols and nomenclature are

used in this study.

SYMBOL MEANING
D Diffusion Coefficient, cm
ev Electron Volts
E Energy, ev
F [g(x)] Fourier Transform of g(x)
N Number density of the mixture,

Atoms per baﬁg-cm

(atoms x 10=%%/cm3)
PnP1 Legendre Polynomials
R Reaction rate, events/cm3-sec
S Neutron source
X Spatial dimension, cm
8 (x) Dirac delta function
92 Zero moment of the neutron flux
eP Pth derivative of the zero mo-
e ment of the neutron flux in
group n
Cosine of the scalar scattering
angle
Microscopic cross section, barn
d Differential solid angle
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SYMBOL

Zs (EVE,ULo)

Loy (E'S E)

NNUK

LIST OF SYMBOLS (Contd')

MEANING

Macroscopic differential scatter-
ing_transfer cross section,
cm~1/steradian

Macroscopic scattering transfer
cross section coefficient for
scattering from energy E' to
energy E associated with the n-th
Legendre polynomial term in the
expansion of the differential
scattering transfer cross sec-
tion, en™

Macroscopic scattering transfer
cross section coefficient for
scattering from group i to group
j for the n-th Legendre polyno-
mial term

PN scattering transfer cross sec-
tion which is equal to (2n + 1)*
Loy (i—3) with Nen.

Zero moment

Macroscopic transport cross sec-
tion for the K-th broad group

Macroscopic absorption cross sec-
tion for the K-th broad group

Macroscopic total cross section
for the K-th broad group

Macroscopic fission cross section
for the K-th broad group

Average number of fission neu-
trons per fission event

Number of nuclides in the problem
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LIST OF SYMBOLS (Contd')

SYMBOL MEANING
NBBG Number of broad groups in the
problem
Cb Neutron flux, neutrons/cmz-sec
Zl Average cosine of the scattering
angle
)(n Fraction of the neutron source

emitted in the n-th group

vii
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ABSTRACT

New Barnyard, a moments code, was written to calculate
multigroup neutron macroscopic cross sections. Total, ab-
sorption, fission, and scattering transfer (group to group)
cross sections can be calculated. The transport cross sec-
tion, diffusion coefficient, and the average cosine of the
scattering angle can also be calculated for each group. The
energy range of these cross sections extends from 14.918 MeV
to .4139 ev. Two versions of the moments code were written
so that two different data sources could be used. With one
version PO, P1, P2, and P3 elastic scattering transfer cross
sections can be calculated for 22 broad groups, and with the
other version PO through P8 elastic scattering transfer cross
sections can be calculated for 20 broad groups.

New Barnyard was written in the Fortran IV language
for use on an IBM 7094 digital computer. The code calcu-
lates the zero moment of the neutron flux which is then used
to flux weight basic neutron cross section data over the
energy limits of each group. Unlike some other moments
codes, no first and second moments of neutron flux are
calculated, and no By, P;, age, or resonance calculations
are performed. These calculations were excluded to achieve
simplicity and speed of calculation. New Barnyard uses the
GGC-4 cross section library as well as the new ENDF/B data
from ORNL (Oak Ridge National Laboratory).

Excellent agreement was found when the results of New

Barnyard were compared with results from other cross

ix
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ABSTRACT (Contd!')
section codes. Results from the two versions of New Barn-
yard showed relative differences generally much less than
10% for comparisons between absorption and between total
cross sections. Larger relative differences were found in
the comparisons of the PN scattering transfer cross sections
due mainly to the fact that the number of terms used in the
Legendre polynomial expansion of the differential scattering
cross sections for each set of data on the two data tape

sources were different.
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NEW BARNYARD: A MULTIGROUP
NEUTRON CROSS SECTION CODE
I. Introduction
A need exists for multigroup neutron cross sections
for weapons problems. Although many sets of group cross
sections exist, most are based on reactor spectra and con-
sequently are of limited use from about 2 to 15 MeV, the
principle region of interest for weapon physics.

Purpose and Method

The purpose of this study is to produce a code
that will calculate group neutron cross sections in this
higher neutron energy range. The computer code described
in this study calculates group neutron cross sections and
related constants for the energy range .4139 ev to 14.918
MeV. It is written in Fortran IV and has been executed on
an IBM 7094 computer. The cross sections are determined by
first calculating the energy dependent flux in an infinite
homogeneous mixture of the isotopes or compounds specified.
This flux is then used to flux weight cross section data.
The input cross section data is obtained from 99 group
libraries of fast cross sections. The energy dependent flux
is calculated by the method of moments.

Sequence of Development

The basic theory for the numerical equations used in
New Barnyard is given in Chapter II. The cross section
data tapes, the numerical equations, and the special output

features of New Barnyard are presented in Chapter III. The



GNE/PHYS 69-8

operating instructions for using New Barnyard on an IBM 7094
are given in Chapter IV. In Chapter V, results from other
cross section codes are given and then the conclusions reached

on the validity and accuracy of the code are stated.
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II. Theory
In this chapter a brief review of the theory of flux
weighting is given followed by a theoretical discussion of
the calculation of the zero moment of the neutron flux which
is used to flux weight cross sections in New Barnyard.

Flux Weighting

3
The reaction rate R (events/cm sec) in the pre-

sence of polyenergetic neutrons is

CO
R = J; d(EVY (E)dE (1)

where E is the energy,
¢(E) is the energy dependent flux in on1/cm2-sec,

Y (E) is the energy dependent macroscopic cross section

in cm .,

The total flux is, by definition

b= ﬁ (E)dE (2)

In terms of this total flux, ¢, the reaction rate can be

written

R =10 (3)
where z:is some average macroscopic cross section over the

energy range of interest. It follows, by equating the
reaction rates, i.e., the right hand sides of equations (1)
and (3) and substituting from (2), that this average cross

section must be given by
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o0
= f J(E) § (E) dE
e (4)
fq; (E) dE
0

or, in other words, the average cross section is a flux
weighted average of the energy dependent cross section.
Equation (4) can be generalized to any range (limits

on the integral), say from E_ to E2, in order to produce an

1

average cross section applicable to that energy range. Such
averages are called energy group cross sections, and may be

expressed as
E+
52 fE P IE ¢ @ a
= - E+
_é_ "0 () aE
n

n
wherezz is the group cross section for the n-th energy group,

(5)

En
E: is the upper energy boundary of the n-th group.

is the lower energy boundary of the n-th group,

From inspection of equation (5) it is seen that the varia-
tion of neutron flux with energy must be known in order to
determine group cross sections.

Zero Moment of the Neutron Flux

The flux calculations performed in this code are
in solution to the energy dependent Boltzmann transport

equation for an above-thermal energy region (14.918 MeV to
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4139 ev). The energy dependent flux for this energy range
is calculated by the method of moments. A brief review of
the zero moment of the neutron flux will be discussed here.
A more detailed analysis of the method of moments can be
found in AFIT Technical Report 67-17 (Ref 1).

The steady state Boltzmann equation written for an in-
finite, non-multiplying homogeneous medium which scatters
and absorbs neutrons is

ugg(x,E,,u) + LB X,E M) = SOGE, U

o0
+fdQ' de Y (B E,uo)¢(x,E',/l')
’ (6)
Where X is the spatial positions of the neutrons
E is the neutron's energy,
/lbis the cosine of the scalar angle, cosine 6,
through which a neutron is scattered,
Mor Il' is the cosine of the scalar angle, cosine 6,(0')
between the neutron's direction and the X axis,
¢(X,E,LL) is the neutron flux in

2
on'/cm -sec-steradian-unit energy
z:t (E) is the energy dependent macroscopic total
cross section in cm'l,

E:S(EL—eE,[LO) is the energy dependent macroscopic

differential scattering transfer cross section
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for a neutron with an initial energy E' and an
initial directionﬂl' that scatters into a unit
energy interval about E and within a unit solid
angle about U in cm"/steradian.
In the above-thermal energy region the target nuclei
motion may be neglected with respect to the neutron ener-
gies. The moments method assumes that an isotropic source
consisting of a plane of infinite area is 1ocatedlat the
coordinate position x = 0, i.e.,

S (E)
s (X,E,lL) = j d(x) (7)

Where 6'(X) is the Dirac data function at X = 0. The flux
in equation (6) is expanded in terms of Legendre polynom-

ial as

9]
2mt+-1
0 (X,E, L) = i 0 (X,E)P_(U) (8)
= s 4ﬁ m m

Similarily, the differential scattering transfer cross sec-
tion is expressed as
O
2n +1
Lg(E'>E U ) = — L E-BP (L) (9
=0 4T(
The coefficients,}jsn(E'—aE), in the polynomial expansion
in equation (9) are referred to as PN scattering transfer

cross sections where PN is given by
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PN(E'—E) = (2n +1) zsn(E'—»E) (10)
where N = n.
The substitution of the source given by equation (7)
%EF of the expansions (8) and (9) into equation (6) yields
2mt+1
30 (X,E) 2m+1 S (E)
E T ax MB (W45 7T Lo E)9, KE)P_(M)="47 IX) +

m=0

P 2 Fanyl 2m+1
AQ' dEE == ! J[ — X, (] ]
J I Z,:o[m Zon Gl | tn s 5, W)

(11)

Equation (11) is simplified by using some of the special

properties of Legendre polynomials (Ref 2: 115) to obtain

i o0
m=oa—x_" (IIH'].)PmW)-f‘ umgll(JL) ]"'

(2wt T (B)) (X,E)P_ (L) = S(EYS()+
00

(2m+1)P (LD IdE' sz(E'—)E)¢m(X,E') (12)
Equation (12), a single equation with an infinite number of
terms, is transformed into an infinite number of coupled
equations, each with a finite number of terms, by operating
on equation (12), term by term, with

’EZ(;L) éq.(12>d/.i Lt L,

The results for}l= 0 are:
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a¢1(x,E)

1S,9)
e +Zt¢o (X,E) = ojzso (E'—>E)¢O(X,E' )dE'+S _ (E) d (X)

(13)

Equation (13) is the basis for the calculation of the zero
moment of the neutron flux.
The basic energy dependence of the flux is expressed

as the volume-angle integral of the flux, i.e.,

+00
® © @ =deIdﬂ 0 x,E,UL) (14)
-0
or integrating over dn to give
+00O
® “® - fax ¢_&,m) (15)
-00

where ¢O(X,E) is the all angle flux. Equation (15) is the
zero moment of the spatial distribution of the total (all
angle) flux. This "zero moment flux" can be calculated
exactly by using some properties of the Fourier integral
transform (Ref 3) on the spatial variable in equation (13),

1.€.,

100
F{%(X,E)J - ]d’L (X,E)e'PX dx = (P ,E) (16)
It can be seen that if equation (16) is written for § =0

and the special case P = 0, then it is equivalent to the

zero moment of equation (15), i.e.,
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o)
®°® - [e @5 7
Therefore, equation (13) is Fourier transformed using the

properties (Ref 3)
20 (X,E)
)

F = iP 6_(?,E) (18)
X

F {d‘ (x)} =1

To obtain o0

and

2 = = 1 1 1
iP 8, (P,E)= Zt(E)eo (P,E) s(E)ﬂ; ZSO(E —E)0_(P,E")dE

(19)
Equation (19) is valid for any arbitrary P but from equa-
tion (17) the zero moment flux is obtained for P=(; there-

fore, Maclaurin expansions for 60 (P,E) and el(P,E) are

chosen as
6_(p,E)=6° (E) + (-iP)6}(E) + (-iP)? 602 (E)+. .. (20)
o o 27 3
5P I I ol
6,(®,E)=6] (E)+(-iP) 0] )+ L ol (B)+... (21)

2%
Where the argument of the Maclaurin expansion is (-iP)
rather than P. The primes denoting differentiation in the
expansion have been replaced by superscripts. That is,

o (E)=6> (E) (22)
lo) o
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Under this notation the zero moment flux is symbolized

® °® =0, (E) (23)
Which is the energy dependent flux of interest.

Davison and Sykes, (Ref 4:343) show that the n-th
moment of the neutron flux can only involve spherical har-
monics of order n or less. Further they show that due to

the od&-even nature of the functions involved

0.0]
n
fx % (X,E)dX# 0 (24)
only when both n and,[are both even or both odd. Thus

the Maclaurin expansions become

0 (P,E) = 6°(E) + (=iP)> 6°(E) +... (25)
(@] fe) 2| (o)
o1 3.3
0 (P,E) = (-iP)0L(E) + (=iP)° O3 (E) +... (26)
1 1 ?;?‘ 1

By substituting equations (25) and (26) into equation (19)
o
and equating like powers of (-iP) the zero moment equation

is obtained 0o

Y (E)GO(E) = S(E) + ). (E'—-)E)G(;(E')dE' (27)
t o S SO

where GS(E) is the zero moment of the neutron flux and is
the energy dependent flux necessary to calculate the group

cross sections.

10
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Solution of the Zero Moment Equation

Equation (27) is solved numerically by expressing it

in multigroup notation. In group form it is

E: E+ E; @
fzt(E)Gg(E)dE=f . S(E)dE + j:iE fZSO(E'—aE)GO(E')dE'
En E- E, 0

" (28)

From the definition of a flux weighted group cross section,

equation (5), it is seen that the first term becomes

+
E (o] n (o]

jE_n Zt(E)eo(E)dE =Zt 0o (29)
n

n
Where}Zt is the macroscopic total cross section of the n-th

energy group, and 6 is the total group flux. Similarly
on

the second term is

By
f S (£)E = X_ (30)

E
n

Where)(nis the fraction of the source emitted in the n-th
group, providing S(E) is a normalized source. The last

term
+ a0

En 1 v 1 1
IE_ dEoIZSO(E —E)8_(E')dE (31)
n

11
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is considered as a group of n double integréls where the
integral from 0 towon dE' has been broken into n finite
intervals;ZXEi,ZXEé,ZXE', ... over the energy range .4139
ev to 14.918 MeV. It is important that the integration on
the variable E be performed first since the limits of in-

tegration on E, i.e., E to E+

o> are actually functions of
n

E' and the maximuleE of the scattering nucleus. The last

term becomes
+

E

J’“ E[ T (ESE) OZ(E')dE' +
= 1 SO

E AEl

E:l- (o] E;: Z (o]
dE (EHE)C(E')dE' ... " dE[ ¥ (E'E)6°(E')dE'
jEr'l fAEéZSO = fE; Z&Er'lbo ~

(32)
Each double integral, say the j-th, in equation (32) is a
measure of the neutron scatter transport from the j-th to
the n-th group. Recalling the definition of a flux weight-

ed cross section in a slightly different form
+ -

E E.
V. Gon) = [Ta [ Y oo (E'—E)6 (E') dE'
SO jEn fEJ SO

(33)

gr

j
f_ 8°(E')dE"
E (o}
j

12
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It is seen that equation (32) can be expressed as
4 o
Zz (3-n)6 . (34)
SO o]
31

Substituting equations (29), (30), and (34) into question
(28) and rearranging terms yields the numerical zero mo-
ment equation,
n-1
T T '>] 00 =x ) T Uome, )
[Zt A on n so oj
j=1
The total group flux, eZn’ is determined by solving equa-
tion (35).

New Barnyard reads in a 99 group cross section
set (or sets) from a cross section library tape, which is
discussed in Chapter III, calculates a 99 group macrosco-
pic cross section set, then flux calculation is begun with
group one (highest energy group) where the scatter in term
is zero. Calculation proceeds consecutively through all
remaining groups down to .4139 ev. It is assumed that no
"scatter up" in the neutron's energy occurs in this above-
thermal energy region. Once the total flux has been cal-
culated for each of the 99 groups, it is used to flux
weight the 99 group macroscopic cross section set over

each of the desired broad group limits.

13
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III. The Code

In this chapter a few comments about New Barnyard are
made followed by the contents and structure of the two data
tape sources. Next, the numerical equations used to calcu-
late the group cross sections and related constants are
given and finally the special features of the output are
mentioned.

New Barnyard is written in Fortran IV for an IBM 7094
digital computer. Two source decks are available in order
to use the GGC-4 cross section data tape (Ref 5) and the
two ENDF/B cross section data tapes (Ref 6). The GGC-4
source deck (i.e., the deck that uses the GGC-4 data tape)
and the ENDF/B source deck are listed in appendices A and
B. Extra comment cards have been positioned throughout the
source decks to make them easier to read. Appendix C lists
the variables and the meaning or use of each variable used
in the two source decks. The code reads in cross section
data and then determines the zero moment of the neutron
flux which the code uses to calculate broad group cross
sections and other related constants over the energy range

4139 ev to 14.918 MevV,

14
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The Cross Section Data Tapes

As mentioned earlier, either the GGC-4 data tape
or the ENDF/B data tapes can be used in New Barnyard. Both
data tape sources have been compiled recently (1966-1967)
and the results for absorption or total cross sections ob-
tained from the two source decks for the same problem are
within approximately 5 to 10% of each other. The ENDF/B
data is updated from time to time by R.S.I.C. (The Radiation
Shielding Information Center) at Oak Ridge National Labora-
tory. At this writing they are also preparing data for
nuclides other than those that are contained on the ENDF/B
data tapes described here. New data tapes can be obtained
through R.S.I.C.*

Both data tape sources contain total, absorption,
fission** and scattering transfer microscopic cross sections
for 99 energy groups. The 99 "fine'" group structure is
shown in Appendix D. The PO transfer cross sections on the
GGC-4 tape are listed separately as elastic, inelastic,
n-2n, and total transfer. The ENDF/B tapes list only a PO
transfer cross section which is the sum of the elastic, in-
elastic and 2(n-2n) transfer cross sections. The n-2n

*  ENDF/B data tapes are obtained from R.S.I.C, Oak Ridge
National Laboratory, Post Office Box X, Oak Ridge,
Tennessee, 37830

*%* The ENDF/B_data tape 1lstUCX- for 99 groups. The GGC-4
data tape list)/ and 8% separately.
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transfer cross Section is multiplied by 2 to conserve neu-
trons. It is assumed that both neutrons are emitted in
the same energy group. The GGC-4 tape has PO through P3
elastic scattering transfer cross sections. The ENDF/B
tapes have PO through P8 elastic scattering transfer cross
sections; however, the PO, as mentioned above, also in-
cludes inelastic and n-2n transfer cross sections. Both
data sources include only PO transfer cross sections for
the n-2n and inelastic reactions. The GGC-4 tape also
contains other information such as the 99 energy group
boundaries, fission source spectrums, one dimensional cross
section arrays (for (n,&), (n,¥) and other similar reac-
tions) and resonance data. The 99 group fission source
spectrums for several nuclides are listed in Appendix F.

The GGC-4 tape has data for the following nuclides*:

1. Hydrogen 7. Boron(natural)
2. Deuterium 8. Boron=-10

3. Helium 9. Carbon

4. Lithium=-6 10. Nitrogen

5. Lithium=-7 11. Oxygen

6. Beryllium 12, Sodium

* It was mentioned that data for 45 nuclides was on the
GGC-4 data tape; this is true but data for some nuclides
is repeated. This repeated data was obtained by Gulf
General Atomic from other sources.

16
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13. Magnesium 26. Cadmium

14, Aluminum 27. Tungsten(natural)
15. Silicon 28. Tungsten-180
16. Sulfur 29. Tungsten-182
17. Calcium 30. Tungsten-183
18. Titanium 31. Tungsten-184
19. Chromium 32. Tungsten-186
20. Manganese 33. Lead

21, Jron 34, Uranium-233
22, Cobalt 35. Uranium=-235
23. Nickel 36. Uranium-238
24, Copper 37. Plutonium=-241

25. Molybdenum

The ENDF/B tapes have data for the following nuclides:

1. Hydrogen 16. Iron

2. Deuterium 17. Nickel

3. Lithium-6 18. Tungsten=-182
4, Lithium-7 19. Tungsten-183
5. Beryllium 20. Tungsten-184
6. Boron-10 21. Tungsten=-186
7. Carbon 22, Vanadium

8. Nitrogen 23. Uranium=-235
9. Oxygen 24, Uranium-238
10. Sodium 25. Plutonium-238
11. Magnesium 26. Plutonium-239
12, Aluminum 27. Plutonium=-240
13. Titanium 28. Plutonium-241
14. Chromium 29. Plutonium=-242

15. Manganese

Tables XIII and XIV show the structures of the data tapes
and Table XV lists comments about these tapes. Appendix E
contains these three tables.
Each of the 99 group cross section sets contained in
the two data tape sources was calculated by flux weighting
energy dependent cross sections with a 1/E flux dependence

over the limits of each fine group. The specific
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calculations of these 99 group cross section sets can be
found in the description of the GGC-4 code (Ref 5).

Since repeated reference is made to PN (PO, P1l, etc.)
scattering transfer cross sections, a review of what is
meant by the PN elastic scattering transfer cross sections
is included here. The differential scattering transfer
cross sections for elastic scattering of neutrons,

Cfs (E‘—ﬁE,ﬂio) are experimentally determined and are us-
ually tabulated as a plot of(fé (E'—aE,LLO ) versusllowhere
‘lo is the cosine of the scattering angle. BNL 400 (Ref 7)
shows typical differential scattering transfer cross sec-
tion curves for nuclides with Z numbers from 1 to 22. 1In
order to cut down on the amount of data that would have to
be retained for each of these curves, a Legendre polynomial
expansion of the differential scattering transfer cross

section is performed as follows:

K
O/S(E'—}E,/lo) = ; £Z+TTL Osk (E>E)P, (L) (36)
=0

Pk(LL ) is thek-th Legendre polynomial and (jgk (E'—E) is
0
the k-th scattering transfer cross section coefficient.

These coefficients, (fsk(Et—aE), can be calculated Py equat-
ing equation (36) to the experimental values Of(jé(E'—rE,Lg).
The PN fine group scattering transfer cross sections are then
calculated by weighting coefficients Cfsk(E'—vE) with 1/E!
over the limits of each fine group; that is,
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(2k+1)f f OSk(E'——)E) 1 dE'dE
El

PN(i—j) = Fio1 a1

fi Q%'_ (37)
el

]‘_-

Ko, Ly 2y week

1w 2, 35 vus 99

J = 2y 3y w100
where N = k. This polynomial expansion of(jé(E'—qE,/LO)
can lead to negative cross section values when the number
of terms (K+1) used in the expansion is small. Thus, there
is an advantage of having the ENDF/B data since it has PO

through P8 elastic scattering transfer cross section
coefficients.

The Numerical Equations Used in the Code

After the code reads the 99 group set (or sets)
of microscopic cross sections specified for a particular
problem, it calculates a 99 group set of macroscopic cross

sections using the relation
NNUK

n n

where (J, is the microscopic cross section in barns for the
1

i-th nuclide and the n-th fine group, Niis the number den-

sity in nuclei/cm-barn for the i-th nuclide, NNUK is the
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number of nuclides for the problem. The code then uses
the fine group total macroscopic cross sections and the
fine group PO total transfer macroscopic cross sections
and calculates the total flux for each of the 99 groups

from the zero moment equation (eq. (35)) which is repeated

here for convenience:

n-1
o 1 o
= — X j—
Pon (" - ¥ (a—>n)) [ H+Z La00 n)Gj:l -
t so J=1

=l 25 dy 5asdo
Next, the code flux weights the 99 group macroscopic cross
section set over the limits of each of the broad groups.
The specific cross sections calculated along with the nu-
merical equations used to calculate them are listed below:

(In the following equations, the subscripts n and j denote
fine groups (any one of the 99 groups) and K and L denote

broad groups.)

1. Absorption cross section

o n
. O ,nla
e K= 1, 2, 3, «+.NBBG
a
L
0
? 6on
n €K

20



GNE/PHYS 69-8

2. Total cross section

o K=1, 2, 3, ...NBBG

o n
K 0on 2:f
T =;; K=1, 2, 3, ...NBBG

4, Nu* (Fissien cross section)

o n fl
. 8on V z.f
(uzf) = S K=1, 2, 3,...NBBG
o
L %on
€K
5. Scattering transfer cross section
0> PN(n—j)
on &
ng K j
PN(K—L)= K=1, 2, 3,...NBBG
o
Oon

ncK
Where NBBG is the number of broad groups,

egn is the total flux for the n-th group,

:{: is the summation symbol denoting that the sum is

€K oyer all the fine groups in the broad group K,
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X is the fraction of the source neutrons emitted
in the n-th group (source normalized te 1)
Z;éjﬂn) is the PO total scattering transfer macroscopic
cross section for a neutron which scatters from
group j to group n,
E:: is the macroscopic absorption cross section for

the n-th group,

Z is the macroscopic total cross section for the
n-th group,
E:f is the macroscopic fission cross section for the

n-th group,
Vn is the average number of fission neutrons pro-
duced per fission event in the n-th group,

PN(n—j) is equal to (2N+1)zS (n—j) where N=0, 1, 2, 3
for the GGC-4 data tage and N=0, 1, 2, ...8 for
the ENDF/B data tapes,

E:SN(n—aj)is the scattering transfer macroscopic cross
section coefficient for a neutron which scatters
from group n to group j. The subscript N denotes
the N-th scattering transfer cross section co-
efficient (term) in the Legendre polynomial ex-

pansion of the differential scattering transfer

cross section. For N=0, this can be the elastic,
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inelastic, n-2n, or the total scattering transfer
cross section when using the GGC-4 data tape but
only the total scattering transfer cross section
when using the ENDF/B data tapes.
The code also calculates the macroscopic transport cross
section, the diffusion coefficient, and the average cosine
of the scattering angle for each broad group. These three
constants are defined as follows:

transport cross section, ZtrE Zt_ st

i
diffusion coefficient, D= 7;;55——-

t
’ L sy

average cosine of the scattering angle,ﬁLz'—————

z

so
The multigroup calculations performed in New Barnyard for

these constants to obtain broad group constants are:
1. Transport cross section

K K
¢ = YL -Pl(k—K)/3 K=1, 2, 3, ...NBBG
{55 & t
(Recall that the PN coefficients, defined in
both data tapes, include the factor 2n+1.)
2., Diffusion coefficient
K ; B
B = Eem————— K=1, 2, 3, ...NBBG

3x Z:

tr

3. Average cosine of the scattering angle

.
U = (PLEKK)/3) K=1, 2, 3,...NBBG

PO (K—K)
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Output Features of the Two Source Decks

Both source decks calculate total, absorption, and fis-
sion cross sections for each broad group as well as the
transport cross section, diffusion coefficient, and the av-
erage cosine of the scattering angle for each broad group.

The ENDF/B source deck can also provide PO through P8
macroscopic elastic scattering transfer broad group cross
sections; however, the PO transfer cross sections include
inelastic and n-2n transfer cross sections as mentioned
earlier. The order of the PN transfer cross sections de-
sired is specified in the input data. The maximum number
of broad groups is 20 due to the fact that insufficient
core storage occurrs when more than 20 broad groups are
used.

The GGC-4 source deck also provides a list of the nu-
clides on the data tape, the 99 fine group structure, the
broad group structure, the PO elastic, inelastic, n-2n,
and total transfer broad group cross sections, and it lists
PO through P3 elastic scattering transfer broad group cross
sections. This deck can calculate group cross sections for

22 broad groups.
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IV. Operating Instructions
This chapter contains the information necessary to use
New Barnyard (either source deck) on an IBM 7094 computer.
The input data cards required for each source deck are giv-
en. Next, the control cards required by the IBM 7094 are
shown, and finally the composite deck (control cards, source
deck, data cards) is described.

The user should consider the following factors when

selecting which source deck to use:

1. The GGC-4 source deck (i.e., the deck that uses
the GGC-4 data tape) runs approximately twice as
fast on the computer as the ENDF/B source deck.

2, Results for absorption or total cross sections
from the two source decks for the same problem
are approximately within 5 to 107% of each other.

3. PO through P3 elastic scattering transfer cross
sections can be obtained from the GGC-4 source deck

PO through P8 elastic scattering transfer cross
sections can be obtained from the ENDF/B source deck.
4. The PO output of the GGC-4 source deck lists sep-
arately the elastic, inelastic, 2(n-2n), and total
transfer cross sections. The PO output of the
ENDF/B source deck lists only the total transfer

cross sections,
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As a convenience to the user of New Barnyard, sample pro-

blems including input data cards and computer output from

both source decks are presented in Appendix G.

Preparation of Input Data, Source Deck Using GGC-4 Data Tape

CARD NUMBER 1:

Columns 1-72

Symbol*

CARD NUMBER 2:

Columns 1-3
Symbol

Columns 4-6

Symbol

Columns 7-9

Format (18A4%)

Problem description - Anything can
be punched on this card. This in-
formation will appear at the top of
each page of results.

BXCX(I), I=1, 18

Format (313)

The number of broad energy groups
NBBG, NBBG % 22

The number of nuclides in the pro-
blem

NNUK

This value is either 1 or 0. If it
is 1, the code will calculate the
flux. If it is 0, the code will
have a flux input.

KKK

* The symbol (variable) used in the code for this speci-

fied data.
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CARD NUMBER 3: Format (2213)
Columns 1-3 Lower broad group boundaries-The
Columns 4-6 boundaries are the numbers of the

lowest fine group in each of the

i selected broad groups. For example,
if one of the lower energy bounaries
was 10.00 MeV, the value 4 would be
specified. The number of values
punched on this card is equal to the
number of broad groups, NBBG.

Symbol LBGB (I), I = 1, NBBG

Each of the actual energy boundaries selected for a parti=-

cular problem must correspond to one of the 99 energy groups;

therefore, the broad group boundaries should be selected

from the 99 fine group structure (Appendix'D).

Sometimes it is desirable to know the broad group scatter-

ing transfer cross section for scatter into a '"thermal

dump" group. This can be done in New Barnyard by specify-

ing a broad group for the energy range .4139 ev to 0. The

lower broad group boundary value that would be input for

this group would be 100. This procedure is valid because

both data sources give scattering transfer cross section

values for scatter into this '"'100th'" group; however, one

should be aware of the fact that no 100th group total
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or absorption cross section values are included on the data

tapes.

CARD NUMBER 4&:

Columns 1-12

Symbol

Columns 13=-25

Symbol

Format (1F12.7, 1E13.6)
Identification number of the nuclide
on the data tape - The I.D. number
for the nuclides are shown in Table I,
AID (IXL), IXL = 1, NNUK

The number density (nuclei/cm-barn)
of the nuclide

- 2
(nuclei/cm-barn) = nuclei * 10 240m
cm barn
DENT(IXL), IXL = 1, NNUK

Card 4 is repeated for each nuclide in the problem. All

card 4's precede card 5. It is necessary to start with the

card with the lowest I.D. number, followed by the cards with

increasing I.D. numbers, since the nuclides on the data tape

occur in the order of increasing I.D. numbers.

CARD NUMBER 5:

Columns 1-12

Columns 13-24

etc.

Symbol

Format (6E12.6)

Either a flux spectrum or a source
spectrum is specified depending on
the value on card number 1 for KKK
(columns 7-9). 99 values (6 per
card) must be specified.

FLUX (I) or SSSS(I), I=1,99
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If a flux spectrum is included as input data, none of the
values can be zero. Appendix F contains 99 group source
spectrums for fissionable nuclides. The source spectrum
used must be normalized to 1 as is the case for the spectrums

in Appendix F,

Preparation of Input Data, Source Deck for ENDF/B Data Tapes

The first three input data cards are the same as the
data cards for the GGC-4 source deck with the exception
that the maximum allowable number of broad groups is 20
(i.e., NBBG%20).

Card 4 is repeated for each nuclide. All Card 4's precede
Card 5. It is necessary to start for the card with the
lowest material number followed by the cards with increas-
ing material numbers, since the nuclides on each of the two
data tapes occur in the order of increasing material num-
ber. If both data tapes arg being used for a particular
problem it is only necessary to have the cards arranged such
that the material number (nuclides) that are on the same
tape be placed in increasing order.

CARD NUMBER 4: Format (lx,1A4,212,116,1E13.4)

Columns 2-5 Material number of the nuclide on
the data tape-The material numbers

for the nuclides are shown in Tables

IT and III.
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Symbol MATNO
Columns 6-7 Order of the PN scattering transfer
cross sections desired-The values
allowed are 0 through 8. This value
must be the same for each nuclide
used in the problem.
Symbol LORDER
Columns 8-9 Logical unit number of the data tape-
If using data tape B (Tableyr;) the
input value will be 1. If using
data tape C (Table III) the input
value will be 2. (No decimals are used
with these values since I format)
Symbol N
Columns 10-15 The number of data records before
reaching the nuclide of interest.
Symbol NOR
Columns 16-28 The number density (nuclei/cm-barn)

of the nuclide

w g
nuclei = nuclei * 10 24cm

3
cm=-barn cm barn

Symbol DENT
The number of data records before reaching the nuclide of
interest is obtained with the aid of the '""No. of data Re-

cords" columns in Tables II and III. For example, if C-12
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Tape No.
Block Size*
Track
Density
Nuclide

Identification
Number

.0000000
.2000000
.0000000
.0062000
.0072000
.0000000
.0000000
.0099999
.0200000
.0000000
.0200000
11.0000000
12.0000000
13.0000000
14.0000000
16.0000000
20.0000000
22.,0000000
23.9999990
25.0000000
26.0000000
27.0000000
27.9999990
29.0000000
41.9999990
48.0000000
73.9999990
74.1799990
74.1820000

ONOTLULUPWLWWN R

* Binary tape

Data Tape A, GGC-4 Data

Master

2602

TABLE |

0S122

256

7

556BP1 556BP1

Nuclide
Description
Hydrogen
Deuterium
Helium
Lithium-6
Lithium=-7
Beryllium
Boron
Boron-10
Carbon
Nitrogen
Oxygen
Sodium
Magnesium
Aluminum
Silicon
Sulfur
Calcium
Titanium
Chromium
Manganese
Iron

Cobalt
Nickel
Copper
Molybdenium
Cadmium
Tungsten
Tungsten - 180
Tungsten - 182

31
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Table I (Contd')

Nuclide

Identification Nuclide

Number Description

74.1821000 Tungsten-182 (Resonance
data included)

74.1829990 Tungsten-183

74.1831000 Tungsten-183 (Resonance
data included

74.,1840000 Tungsten=-184

74.1841000 Tungsten-184 (Resonance
data included)

74.1859990 Tungsten=-186

74.1861000 Tungsten-186 (Resonance
data included)

82.0000000 Lead

92.2334990 Uranium-233

92.2350000 Uranium-235 (NASA Data)

92.2351990 Uranium-235

92.2379990 Uranium-238 (NASA Data)

92.,2381000 Uranium=-238 (Resonance
data included)

92.2381990 Uranium-238 (ORNL data)

92.2382990 Uranium-238 (ORNL Reso-
nance data included)

94.2411990 Plutonium=-241

w W w W w W
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Tape No.

Block size*

TABLE

Data Tape B, ENDF/B Data

80

e

Master

1152

800BPI

N

Track

Density
Material

Number Material
1003 H=-2
1005 Li-6
1006 Li-7
1007 Be
1009 B-10
1010 C-12
1012 N-14
1013 0-16
1014 Mg
1015 Al-27
1016 T
1017 \Y
1018 Cr
1019 Mn
1020 Fe
1021 Ni
1044 U=-235
1047 U=-238
*BCD Tape

00 G0 OO0 00 0O 0O 00 0O CO 0O 00 00 0O 0O OO 0O OV OO

33

Duplicate
2601

80

7

e

800BPI

No, of Data
Records

2892
1537
1531
1479
1447
1392
1072
991
1048
1079
1081
1136
963
1110
1079
975
1197
1172

Total

Records

2892

4429

5960

7439

8886
10278
11350
12341
13389
14468
15549
16685
17648
18758
19837
20812
22009
23181
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Data Tape C, ENDF/B Data

TABLE III

Master Duplicate
Tape No. 1148 05578
Block size* __ 80 80
Track ____ 7
Density 800BPI 800BPT
Material No. of Data Total
Number Material P-N Records Records
1001 H-1 8 8286 8286
1050 Pu-238 8 1133 9419
1051 Pu-239 8 1160 10579
1053 Pu-240 8 1157 11736
1054 Pu-241 8 1215 12951
1055 Pu-242 8 1151 14102
1059 Na-23 8 1073 15175
1060 W-182 8 1139 16314
1061 W-183 8 1148 17462
1062 w-184 8 1151 18613
1063 W-186 8 1173 19786
KBCD Tape
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and N-14 were the nuclides needed for a particular problem,
the value 8886 would be punched on the data card for C-12,
and the value 0 would be punched on the data card for N-14.
When the computer reads the value 8886 it '"'skips' 8886 data
records; that is, the data tape is advanced until the nu-
clide of interest is reached and then the computer begins
to read the data from the tape. When the computer reads 0,
no data records are skipped. If two nuclides of interest
are separated by other nuclides, the number of data records
that have to be skipped is the sum of the records for the

nuclides separating the two. For example, if H-2, and Be were

the nuclides of interest, 3068 (1537+1531) would be specified
on the data card for H-2 and O would be specified on the data

card for Be.

CARD NUMBER 5: Format (6E12.6)
Columns 1=-12 Either a flux or source spec. is speci-
fied. (Same as the GGC-4 source deck)
Symbol FLUX(I) or Ssss(I), I=1,99

Control Cards for the IBM 7094

A brief explanation of the control cards used in the
two source decks is given here to insure proper usage of
these source decks on an IBM 7094 digital computer located
at the Digital Computation Division (ASNCD), Wright-Patter-
son AFB, Ohio. As a convenience to the user, the only con-

trol card that will have to be prepared is the $JOB card,
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the first card of the composite deck; all other control
cards have been prepared and positioned in the source decks.
The user should be aware of the fact that control cards are
subject to change and that each computer facility has its
own characteristic control cards. The user should always
have on hand the current literature for the computer being
used.

Control Cards, GGC-4 Source Deck

The control cards used with the GGC-4 source deck are

as follows:

Columns 1 8 16 37
$JOB Priority, Time, Lines Job I.D.
$SETUP 1 0S122 ,NORING
SIBJOB MAP ,FIOCS

$IBMAP FILES
ENTRY  .UNO1.

.UNO1. PZE UNITO1

.UNITO1 FILE , ,READY , INPUT, BIN, BLK=256
ENTRY  .UNO2.

.UNO2. PZE UNITO2

UNITO2 FILE , , READY, INPUT, BIN, BLK=256
ENTRY  .UNO3.

.UNO3. PZE UNITO3

UNITO3 FILE , , READY , INOUT, BIN, BLK=256
ENTRY  .UNO4.

.UNO4. PZE UNITO4

UNITO4 FILE , ,READY , INOUT, BIN, BLK=256
ENTRY  .UNO7.

.UNO7. PZE UNITO7

UNITO7 FILE , , READY, INOUT, BIN, BLK=256
ENTRY  .UNOS.

.UNO8  PZE UNITOS
UNITO8 FILE , , READY , INOUT, BIN, BLK-256
END
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Columns 1 8
SIBFTC MAIN
SIBFTC REWE

$IBFTC ONEE

$IBFTC CSAVE

SDATA

$EOF
The $JOB card is an orange card supplied by the computer
facility. The priority number should always be 0 unless
the user is authorized some other number. The time number
is the estimated 7094 time* needed in minutes. The line
number is the estimated number of lines** that will be out-
put. This number should include all printing and card
punching that will be done by the 7094. 1If either the

time estimate or the line estimate is exceeded, the com-

puter run will be terminated. The job identification

should include the user's account number, office symbol,
and name. After the user's name, there should appear a
slash followed by the name Bridgman. The data tapes are
filed under this name and it has to be present on the $JOB
card to use the GGC-4 data tape. An example of the $JOB

card is shown:

* An estimate of 3 minutes is usually adequate when
using the GGC-4 source deck.

*%* An estimate of 2000 lines is adequate for the GGC-4
source deck.
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Control Cards, ENDF/B Source Deck

The control cards for the ENDF/B source deck are al-
most the same as the control cards for the GGC-4 source

deck. The exceptions are the following:

(1) No file is defined for logical unit 7
(only 3 scratch tapes are used)

(2) 2 $SETUP cards are used for the two
input data tapes.

(3) Usually an adequate time estimate for the
$JOB card is 5 minutes.

Composite Deck Setup

The composite deck setup for either source deck is
shown below. The user has to supply the $JOB card and
the input data cards.

$JOB
$SETUP (2 cards for the ENDF/B source deck)
SIBJOB
SIBMAP FILES
ENTRY .UNO1.

END
SIBFTC MAIN
(Source Deck - includes all subroutines)
SDATA
(Input data cards)
SEOF
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The $SETUP Card is used to indicate the use of a data tape.
The number 1 on this card refers to the logical number of
the tape used in the program (GGC-4 Source deck). The num-
ber 0S122 is the number of the duplicate copy of the GGC-4
data tape. The word NORING that follows the tape number is
used to indicate that the tape is not to be written on.

The $IBJOB card as used here is to have a print out (map)
of the storage location of each variable used in the pro-
gram. The word FIOCS is used to cut down on the core stor-
age requirement of the program. The $IBMAP card and all
the cards that follow up to and including the END card are
used to define files for the input data tape and the 5
scratch tapes used by the program. The $IBFTC cards are
required for the main program and the subroutines used.

The $IBFTC MAIN card precedes the GGC-4 source deck and
each of the other $IBFTC cards precede a subroutine in the
source deck. The names REWE, ONEE, and CSAVE that appear
on these cards are arbitrary; any name (6 letters or less)
other than the actual name of the subroutine can be used.
The $DATA card is required when input data cards are used.
The SEOF card is the end-of-file card and it is the last

card of the composite deck.
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V. Some Sample Results and Conclusions

In this chapter results of the GGC-4 version of New
Barnyard are compared with results from other cross section
codes; also, group cross sections calculated from the
ENDF/B version of New Barnyard are compared with group
cross sections calculated from the GGC-4 version. Through-
out this chapter repeated reference will be made to the
zero moment of the neutron flux, zero moment flux, energy
dependent flux, and flux. These terms all mean the same
thing. The reader is reminded that the GGC-4 version of
New Barnyard refers to the source deck that uses the GGC-4
data tape and, the ENDF/B version of New Barnyard refers
to the source deck that uses the two ENDF/B data tapes.

The Zero Moment of the Neutron Flux for Aluminum

It was pointed out in Chapter II that in order to cal-
culate group cross sections, the energy dependent flux had
to be known. This flux is obtained in New Barnyard by solv-
ing the zero moment equation (35). The validity of this
flux calculation was checked by comparing New Barnyard's
calculation of the zero moment flux for aluminum with Gulf
General Atomic's GAM-1 (Ref 9) calculation of the zero
moment flux for the same material. GAM-1 calculates group

neutron cross sections and other related constants such as
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age for the energy range 10 MeV to .4139 ev. GAM-1 uses a
68 group cross section library data tape. In order to have
a better basis for comparison, the GGC-4 version of New
Barnyard was modified slightly to use GAM-1's library data
tape. Table IV shows the results of these two flux cal-
culations. The ratio of the GAM-1 flux to the New Barnyard
flux for each energy group is 4.000, as shown in Table IV .
This indicates that the shape of the two flux spectrums are
identical but with the GAM-1 flux having a magnitude 4
times larger than the New Barnyard flux. This factor of

4 is unimportant, however, since in the flux weighting
process for the calculation of group cross sections this
factor will always cancel and either flux will produce the
same group cross sections.

Seven Group Cross sections for Carbon

The validity of the flux weighting process to calcu-
late group cross sections was checked by comparing a 7
group macroscopic cross section set for carbon calculated
by the GGC-4 version of New Barnyard with a 7 group macro-
scopic cross section set for carbon calculated by the GGC4
code. The GGC-4 code was run on a CDC 6600 computer at
the A.F. Weapons Lab. The same flux spectrum was input to
each of the codes. The group cross sections obtained from

each of the codes were exactly identical. Table V shows
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the broad group structure for this creoss section set. Table
VI shows the results from both codes for the total cross
sections and Table VII lists the PO (total transfer)

scattering cross sections from both codes.
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TABLE IV

Flux Spectrum for Aluminum Calculated

in New Barnyard and GGC-4.

New Barnyard Flux GAM-1 Flux Ratio of GAM-1

Group (Onl/ cm -group) (onl/ cm2 8rOUP)gl;}fy§ng§Yux
1 9.2397 x 10° 3.6959 x 10~!  4.000
5 2.4437 x 10° 9.7748 x 10°  4.000
10 8.9699 x 10° 3,5880 x 10!  4.000
15 1.8522 x 10! 7.4089 x 10 4,000
20 1.3666 x 10 5.4664 x 10! 4,000
25 6,7206 x 10’ 2.6882 x 10°  4.000
30 2.3125 x 10! 9.2500 x 10 4,000
35 2.4929 x 10! 9.9715 x 10!  4.000
40 2.4753 x 10 9.9013 x 10! 4,000
45 2.4753 x 10! 9.9013 x 10! 4.000
50 2.3750 x 10° 9.4999 x 10 4.000
55 2.1040 x 10" 8.4162 x 10' 4,000
60 1.7247 x 10! 6.8988 x 10!  4.000
65 1.1993 x 10" 4.7972 x 10! 4,000
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TABLE V

Broad Group Structure of the 7 Group Cross Section Set for
Carbon.

Group Energy Interval
(ev)
1 1J4918 x 10? to 1.3498 x 103
2 1.3498 x 107 to 1.2214 x 107
3 1.2214 x 107 to 1:1052 % 107
4 1.1052 x 107 to 1.0000 x 106
D 1.0000 x 106 to 6.0653 x 106
6 6.0653 % 106 to 3.0119 = 106
7 3.0119 x 10 to 1.0026 x 10
TABLE VI

Total Cross Sections for Carbon Calculated in New Barnyard
and GGC-4

Group New Barnyard Total GGC=4 Total
Cross Section Cross Seition
(em™1) (cm™ %)

1 1,0730 = 107 1.0730 x 10-1
2 1.1078 x 1071 1.1078 x 10-1
3 1.1223 x 101 1.1223 x 10-1
4 9.8612 x 102 9.8612 x 102
5 1.0006 x 1071 1.0006 x 10°1
6 1.4518 x 10°1 1.4518 x 1071
7 1.6053 x 1071 1.6053 x 10-1
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TABLE VII

PO Scattering Transfer Cross Sections for Carbon Calculated
in New Barnyard and GGC-4

New Barnyard PO Total GGC-4 PO Total
Group Transfer Crgis Section Transfer Crgis Section
(em 7) (cm 7)

FROM 1 TO 1 3.6984 x 1072 3.6984 x 10:%
FROM 1 TO 2 1.3377 x 10~ 1.3377 x 1077
FROM 1 TO 3 6.6004 x 103 6.6004 x 1072
FROM 1 TO & 4.0538 x 1073 4.0538 x 107
FROM 1 TO 5 1.6083 x 10~2 1.6083 x 1077
FROM 1 TO 6 3.5487 x 1073 3.5487 x 107
FROM 1 TO 7 1.0219 x 1072 1.0219 x 1077
FROM 2 TO 2 3.8940 x 1072 3.8940 x 1077
FROM 2 TO 3 1.4444 x 1072 1.4444 x 107

FROM 2 TO 4 8.1390 x 103 8.1390 x,10'3
FROM 2 TO 5 1.8409 x 10~2 1.8409 x 107

FROM 2 TO 6 5.6734 x 1073 5.6734 x 1073
FROM 2 TO 7 7.8967 x 10~3 7.8967 x 10'3
FROM 3 TO 3 3.8735 x 1072 3.8735 x 1077
FROM 3 TO & 1.5851 x 102 1.5851 x 10~

FROM 3 TO 5 2.3362 x 1072 2.3362 x 1072
FROM 3 TO 6 1.1659 x 10'% 1.1659 x 10'%
FROM 3 TO 7 4.9461 x 10~ 4.9461 x 1077
FROM 4 TO & 3,3846 x 1072 3.3846 x 10~

FROM &4 TO 5 2.6936 x 1072 2.6936 x 1072
FROM 4 TO 6 2.6107 x 1072 2.6107 x 1 ~2
FROM 4 TO 7 2.5326 x 10~3 2.5326 x 10'3
FROM 5 TO 5 4.2742 x 10~2 4.2742 x 1072
FROM 5 TO 6 3.5086 x 10~2 3.5086 x 1077
FROM 5 TO 7 1.9360 x 10~2 1.9360 x 10~

FROM 6 TO 6 9.3408 x 102 9.3408 x 10‘3
FROM 6 TO 7 5.0676 x 1072 5.0676 x 10~

FROM 7 TO 7 1.3782 x 10~1 1.3782 x 10-1
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Six Group Cross Section Set for Nitrogen

A comparison of cross sections calculated in the
ENDF/B version of New Barnyard and the GGC-4 version of
New Barnyard was made for several problems. The 6 group
cross section set for nitrogen that is presented here for
comparison is typical of the cross section comparisons ob-
tained for other nuclides and mixtures. The cross sections
calculated by the GGC-4 version of New Barnyard were used
as the standard for the relative difference calculations
between these two cross section sets. Table VIII shows the
6 group structure of the cross sections. The absorption
cross sections obtained from the two versions of New Barn-
yard and the relative differences between these cross sec-
tions are shown in Table IX ; similarly, Table x shows
the total cross sections and their relative differences.
Table XI and x11show the comparisons for the PO, P1l, P2,
and P3 scattering transfer cross sections. The PO cross
section is the total transfer cross section which is the
sum of the elastic inelastic, and 2 (n-2n) transfer cross
section. The Pl through P3 cross sections are elastic
scattering cross sections only.

By inspection of Tables "~ IX and X it is seen that

the largest relative differences are 137 and 147 which
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occurred for the 3rd and 4th group absorption cross sec-
tions respectively. Even these relative differences aren't
too great when one considers the following factors:
(1) The cross section data tapes are from two
independent sources, namely GGA (Gulf Gen-
eral Atom) and ORNL (Oak Ridge National
Lab.).
(2) Each group flux is dependent on the total and
PO fine group cross sections. If there ex-
ists a relative difference for each group
cross section, then there exists a relative
difference for each group flux. Since broad
group cross sections are obtained by flux
weighting fine group cross sections, it is
logical to argue that the relative differences
build up rapidly since when multiplying or
adding variables that have relative differ-
ences (errors) associated with them these
relative differences are added together.
The comparisons of the PO scattering transfer cross
section are quite good. Table XI shows that most relative
differences are less than 5%; however, the relative differ-

ences for the PO cross sections for transfer from 1 to 3,

lto4, 1to5, and 1 to 6, were 41, 99, 100, and 100%
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respectively, but these four cross section values are very
small in magnitude and most likely ORNL did not list cross
section values as small as GGA's. The largest relative dif-
ference in the comparisons between the Pl cross sections was
21%. It is seen from Table XII that the relative differ-
ences in the comparisons between P2 cross sections are good
except for cross section values for transfer from 1 to 1
and 1 to 2. Note that in the P3 cross section comparison,
even larger relative differences than for P2 are common and
that for 3 of the cross section comparisons (denoted by an
asterisk) the algebraic signs differ between the cross sec-
tions. All of these large relative differences and alter-
nating algebraic signs can be explained by the fact that
ORNL used an 8th order Legendre polynomial expansion of

the fine group differential scattering transfer cross sec-
tions and GGA used a 6th order *Legendre polynomial ex-

pansion.

* GGA only listed PO through P3 cross sections on the
GGC-4 data tape.
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TABLE VIII

Broad Group Structure of the 6 Group Cross Section Set for
Nitrogen

Group Energy Interval
(ev)
1 1.4918 x 10’ to 3.0119 x 10°
2 3.0119 x 10° to 6.0810 x 107
3 6.0810 x 10° to 1.2277 x 10°
4 1.2277 x 10° to 2.6126 x 103
5 2.6126 x 103 to 4.7851 x 10!
6 4.7851 x 10° to 3.9279

TABLE IX

Comparison Between Absorption Cross Selections Which Were
Calculated in the GGC-4 Version and the ENDF/B Version of
New Barnyard for Nitrogen

GGC-4 Absorption ENDF/B Absorption Relative

Group Cross Sgition Cross Section Difference
(em™) (em=1) (%)
1 1.8192 x 10~ 1.7910 x 10> 2
2 3.9154 x 1070 3.6110 x 10~ 8
3 5.3592 x 10~/ 4.6538 x 10~/ 13
4 1.2364 x 10~/ 1.4085 x 10~/ 14
5 9.2645 x 10~/ 9.8802 x 10~/ 7
6 4.3170 x 10"° 4.5740 x 10™0 6
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TABLE X

Comparisons Between Total Cross Sections Which Were
Calculated in the GGC-4 Version and the ENDF/B Version
of New Barnyard for Nitrogen

GGC-4 Total ENDF/B Total Relative
Group Cross Sfition Cross Sesiion Difffrence

(cm™%) (cm (em™7) (%)
1 8.7827 x 1072 8.4124 x 10=3 4
2 9.9716 x 107> 9.6426 x 1072 3
3 1.7344 x 1074 1.5963 x 10~%4 8
4 3.4983 x 10-4 3.4664 x 1074 1
5 4.9423 x 104 4,942t x 107 0
6 5.3625 x 1074 5.3478 x 1074 0
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Conclusions

The comparison of the flux calculated by New Barnyard
with the flux calculated by GAM-1 and the comparison of the
group cross sections calculated by New Barnyard with the
group cross sections calculated by GGC-4 give confidence in
the "correctness" or validity of the calculations performed
by New Barnyard; that is, New Barnyard does what it is sup=-
posed to do, and does it right. Some thought, however,
should now be given to the usefulness of the zero moment of
the neutron flux for flux weighting cross sections.

Recall that the zero moment equation was based on an in-
finite medium and a plane source of infinite dimensions at
the origin. Assumptions such as these are valid for reactor
calculations where one at least crudely has a plane source
(fission neutrons in the core) and an infinite medium
(shielding around the core). When considering one dimension-
al thin shield transport calculations for neutrons with ener-
gies above thermal, where the mean free path of a neutron is
larger than the thickness of the shield, the zero moment e-
quation leads to an inaccurate flux spectrum. Thus, for a
thin shield calculation a better approximation for the flux
is one equal to the source spectrum for the problem since
relatively few neutrons are slowed down when passing through

the shield. It was for cases such as this that
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New Barnyard was programmed with the option of inputting a
flux spectrum.

One should also recall that no resonance calculations
are performed in New Barnyard; however, resonances in gen-
eral are negligible above a few kev and it is above this
energy range that New Barnyard is primarily intended.

Finally, recall the zero moment flux was used to flux
weight PO through P8 scattering transfer cross sections.
Cross section codes such as GAM-1 and GGC-4 usually flux
weight the PN cross sections with a corresponding ¢N flux
which comes from the expansion of the three dimensional
flux, ¢ (X, E,(L), in a Legendre polynomial series follow-

ed by either a (Ref 10) or a Py (Ref 11) solution to the

B
L
Boltzmann equation. In general, as N becomes large
becomes small; thus, flux weighting the PN cross sections
with ¢N fluxes produces PN group cross sections smaller

than the corresponding PN group cross sections flux weight-

ed by the zero moment flux.
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APPENDIX A
GGC-4 Source Deck of New Barnyard

On the following pages is listed the source deck that
uses the GGC-4 cross section library data tape. It is writ-
ten in the Fortran IV language for use on the IBM 7094 digi-
tal computer. It consists of a main program and 3 separate
subroutines.

Input data from data cards and from the GGC-4 cross
section data tape are ''read in" in the main program.. Five
scratch tapes are used to store PO, Pl, P2, P3, inelastic,
n-2n, and total PO cross section arrays until they are need-
ed in the main program. The flux calculation and the broad
group calculations of the transport cross section, diffusion
coefficient, and the average cosine of the scattering angle
are performed in the main program.

The subroutine named REW is used to rewind the scratch
tapes and to set a double subscripted scattering transfer
cross section symbol to zero. The subroutine named ONE is
used to calculate 99 group macroscopic transfer cross sec-
tion sets. The subroutine named CSAV is called in the main

program to flux weight the cross sections.
Extra comment cards have been added to the listing that

follows so that the program will be easier to read. A glos-

sary of computer program symbols is given in Appendix C.
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c NEW BARMYARD

C MULTIGROUM MEUTROM MACRGSCOPIC CROSS SECTION CODE

€l THTS SOURCE DECK USES THE CGC--4 CROSS SECTION DATA TAPE
DIMENCION OXCX(18)aNTID(2)»sAT(90)sDAD(21)sDD(3945) 9sLEN(G) s
1S5IGQ100) s TRA(S10)9CTHIL110) 9ENGI102) sUL(206) sLLBGE(22),

2SIGALL00Y»SIGT(100) 5SS 2719 TOT(22) s ABBS 2239515002222 ) s
3PO(22,22)9XINELS(22922)sXHZN(ZZsZZ)9ESS(QO}’FTOT(22)9AID(31),
GOENTIZ1) yS585(99) »F1 (22522 yP2(22:22)5P3122422

COMMON TTT(505C)>TT(10092C0)sLDFsLOsLTsNBBGILBCB(99) »FLUX(1CO)
EQUIVALENCE (ESS(T7)s5S5(1))

MG=1

155=2

MT=3

MTT=4

MMT=7

MMMT =8
c2 MGy MSS, MTy MTTs MMT, MMMT ARE THE TAPE NUMBERS USED IN
G THIS SOURCE PECK

FPL=140

FNBT=31568.00
Cc3 READ FIRST DATA CARD

READ {552 (BXCX(L)sI=1518]
C4 READ SECOMD DATA CARD

READ (596 )NEBGyNMNUK » KKK
2 FORMATI(18A4)
6 FORMAT(213)
REWIND MG
C5 THE FCLLOWING CARDS THRCUGH CARD NOe 10 ARE FOR READING
C THE GCC-4 DATA TAPE AMD FOR PRINTING OUT IMPORTANT INFORMATION
C FROM THE DATA TAPE
READ (MG) (NTID(I)sI=1,3)
NBT=NTID(1)
NEP=NTID(2)
NGT=NTID(3)
NEV=NEP-1
MES=NEP+1
LMX=MNEV-6
NEBTC=FNBT+0.1
TF(FNBT oLTe Oe) NBTC=FNBT~Cel
[F(NBT-NBTC) 43594
4 WRITE(65981)MNBTHNBTC
981 FORMAT(1M41//5X9221{FAST CATA TAPE MUMBER I6s35H WAS LOADED INSTEAD
1 OF TAPE NUMBER 1691X9224 WHICH WAS SPECIFIED. //
25X920HPROBLEM TERMINATED,
CALL [EXIT
5 READ (MGY(ATI(I)51=1+9C)
WRITE(691002) (BXCX(1)sI=1418)
1002 FORMAT(1H1+18A%4)
WRLITE(55905)NBTs (AT(I)+1=1590)
905 FORMAT(26HOFAST DATA TAPE NUMBER = 1s&/
X23HOTAPE DESCRIPTICNseese //(1Xs18A%))
READ (MC)NNOT
ASSIGN 809 TO NPR1
IF(FPL)B08»80Es750
803 ASSIGN 1292 TO NPR1
G0 TO 810
750 CENTINUE
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8n¢ LRINK=0
WARITE(S5 89U YNBT
2894 FORMAT({/3SHOCONTENTS OF FAST DATA TAPE MNUMBER 167/
X5X e 11HNUCLIDE MO SX 5 20HNUCLIDE DESCRIPTION £
al0 DO 129 IXL=1sNNCT
READ(MG) (DAD(I)9I=1421)
DD(1sIXL)=DAD(19)
DD(2sIXL)=DAD(20)
DD(2s IXLY=DADI(21)
DAD(19)=NUTLIDE ID NO+3DAD(20)=NOe OF RESOLVED RESONANCES
C DAD(21)=NOe OF UNRESOLVED RESONANCES.
IF(IXLeGTel6eANDeIXLoeLEe30) GO TO 129
GO TO NPR19(8095129)
209 LRINK=LRINK+1
IF(LRIMNK-46)8059807+805
807 WRITE(65895)NBT
g05 CONTINUE
WRITE(65897)DAD(19) s (DAD(1)s1=1+18)
95 FORMATI(3S5HICONTENTS OF FAST DATA TAPE NUMBLR L&/
X5Xs11HNUCLIDE NOe 5X9s20HNUCLIDE DESCRIPTION )
897 FORMAT!1XsFl3e735Xs18A4s57)
129 CONTIMNUE
c READ FAST DATA TAPE~~RESONANCE TABLES
READI(MG) (LEN(I)s1l=144)
LBS=LEN(4)
READ(MG)(TTT(I)sI=14LBS)
C READ FAST DATA TAPE---ENERGIESsLETHARGIESSDELTA U
IMM=Z2=NES+NEP
READ(MG) (TRA(I)9I=19sJUMM)
READ(MG) (GTH(I)sI=14NGT)
REAC(MG) (NTID(I)eI=141)
BO 84 I=1sNEP
ENGLT)=TRA(I)
IX=1+NES
ULAT I=TRA(IX)
B¢4 I[Z=IX+NES
ENG(NES)=TRA(NES)
UL(NES)=TRA(2*NES)
DO 8 1=1,99
LBGB(I)= 0O
cé READ THIRD DATA CARD
READ(B5s7)(LLBGB(I)sI=1sNBBG)
DO 9 1=19NB8BG
9 LBGB(IL)=LLBGBI(I)
7 FORMAT(2413)
WRITE(G6 91002 (BXEX(T)sI=118)
WRITE(64+747)
WRITE(6s748) (TsENG(T)sENG(TI+1)sUL(T)YsUL(I+1)sLBGB(I)yI=14950)

@)

w

747 FORMAT(22HOFINE GROUP STRUCTURE /80HOGROUP ENERGY INTE
1RVAL(EeVe) LETHARGY INTERVAL »39H LO
2WER BDe GRP BOUND. )

748 FORMATI(I596X91PE13e69s4H TO 1PE13¢69s6Xs1PE13e594H TO 1PE1245,
X1I22)

WRITE(651002)(BXCX(I)sI=1518)

WRITE(6,747)

WRITE(E9748) (I 9ENG(I)9ENG(I+1)sUL(I)sUL(I+1)sLBGB(I)sI=51599)
WRITE(651C02) (BXCX(I)sI=1518)
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WRITE(651009)

FORMAT(22HOBROAD GROUP STRUCTURE /46HOBRCAD GROUP ENER
XGY INTERVAL(EeVe)

ENG(101) =00

DO 1008 1=1,NBBG

IF(I oNEs 1) GO TO 1005

JNY=LBGB(I)+1
WRITE(691007)IsENG(1)sENG(JINY)

GO TO 1008

K=I-1

JNYN=LBGB(K)+1

JNYY=LBGB(I)+1

WRITE(691007)IsENG(JINYN) sENG(INYY)

CONTINUE

FORMAT(I5+10X91PE13e694H TO 1PE1346)

SKIP FISSION SPECTRA SOURCE DATA ON TAPE
NSP=NTID(1)

DO 10 I=1sNSP

READ (MG)DUMMY

DO 27 IXL=1sNNUK

READ FOURTH DATA CARD
READ(5511)AID(IXL)sDENT(IXL)
FORMAT(1F12e791E1346)

DO 31 JZ=1sNNOT

J2=Jz

THE NEXT CARD CHECKS TO SEE IF THE ID NUMBERS THAT ARE INPUT
MATCH AN ID NUMBER ON THE DATA TAPE
IF(ABS(AID(IXL)=DD(1sJ2))=000001)27527521
CONTINUE

WRITE(65982)ATID(IXL) sNBTs(DD(1s1)sI=1sNNOT)
FORMAT(1H1//5Xs 15H NUCLIDE NUMBER F9e4 s31H NOT ON FAST DATA TA
XPE NUMBER 16//5X9s2THNUCLIDES ON DATA TAPE ARE--//(30XsF9e¢4))
CONTINUE

READ(MG) (NTID(I)sI=1s1)

SKIP RESONANCE DATA

NMORE=2*NTID(1)

DO 160 I=1,NMORE

READ (MG) DUMMY

ZERO OUT CROSS SECTION ARRAYS

DO 15 1I=1,100

SFGQ(I)=0.0
SIGA(I1)=0.0
ENG(I)=040

SIGT(1)=0e0

DO 111 JSD=1,sNNUK

READ(MG) (ESS(I)s1=1+37)

THE FOLLOWING CARDS THROUGH CARD NOe. 66 ARE USED TO FIND THE
DATA FOR THE PROBLEM ON THE DATA TAPE
IF(ABS(AID(JSD)—-55(13))=-0400001)2C»20521

NRK=SS(30)+0e1

SKIP NRK RECORDS ON THE DATA TAPE

DO 666 I=1sNRK

READ (MG) DUMMY

GO TO 777

THE NEXT 4 CARDS ARE FOR WRITING DATA ON THE SCRATCH TAPES
WRITE(MT)(ESS(I)sI=1437)

WRITE(MTT)(ESS(I)»s1=1537)
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WRITE(MMT)Y(ESS(I)
WRITE(MMMT) (ESS (I
$55=551(13)
IF(SS(26))39439,85

8z WRITE(6440) SSS

4n FORMAT(12HINUCLIDE MNOe FlQe791Xs1l3HHAS 1-D ARRAY
NX=55(26)+Cel

.
0
I
- L
(SN
] e

. .

G $5(26)=N0« OF ONE-DIMEMSIONAL ARRAYS
LNX=6+NEY
NT=MX*+LNX

& READ 1-D CROSS SECTIONS

READIMG) (TTTIIeI=1sNT)

€l THE NEXT TWO CARDS CALCULATES THE FINE GROUP MACROSCOPIC CRQOSS
e

SECTLONS
DO 22 I=1sNEV
32 SIGA(I)=SIGA(I}TTT(I+6)*DENT(JSD)}
IS1=LNX+6
IF(SS5(25))8997+8997 48996

Cl3 §5(25% INDICATES WHETHER A FISSION CROSS SECTION IS INCLUDED FOR

¢ THIS NUCLIDE
8c9& DO 8999 I=1,NEV
Cls  THE NEXT 3 CARDS CALCULATE THE FINE GROUP MACROe CROSS SECTION
1S5=151+1
Bo99 SIGQ(I)=SIGQ(I)+TTTIIS)*DENT(JSD)
15151546

Cls THE NEXT 2 CARCS ASSIGN THE FINE GROUP NU VALUES TO ENG(I)
I=1

bo 9010
15=18 1+1
9010 ENG(L)y=ENGLIL}I+TTTLIS)
8997 CONTINVE
39 IFLSS(18))91s91skl
91 WRITE!(H+52)55S

sNEV

Ep FORMAT!IIZ2HONUCLIDE MNDs FlQ0sTelXs37HDOES NOT HAVE P—-09sP-149P-2

XRRAY

cO TO 98

WRTITEIL .L2)55S

42 FCRMATI2HMORUCL EDE KOs FlO0eTslXy29HHAS P=09P—1aP-
LT=85(16)+Cel

c READ AND S5TORE P-0 ARRAY
READIMEY(TTT(I s I=1eLT)
DO wonn I=LslT
cL? THE MNEXT CARD CALCULAFES MACRCes CROSS SECTIONS
Lo TTETLLY=TTTUI ) *DENTHJSD)

WRITE(MTISSL I3 988 (L7 eS8 LEY s L.ToETTTE LN wI=LlalT)
Clg READ AND STORE PL ARRA
READIMGYATTITAI }oT=1alT)
00 444l I=1,L7T
b TTTLI)=TTT(I)I#DENT(JSD)
WRITE(MMMTISS( 130 e S55( 179 85E18) LT TTTLI) »I=1,4LT)
Clzy READ AND STORE P2 ARRAY
READ(MGCTTTHI) 97 =19LT)

DO 4445 =1slLT

4,45 TTTLI)=TTTII}*DENT(JSD!
WRITE(MMMT)SS(13)sSS(17)sSS{18)sLTs(TTTII)9I=1sLT)
Clg  READ AND STORE P3 ARRAY
READ(MG) (TTT(I}sI=15LT)
OO0 4bs I=laLT
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4x45 TTT{T)=TTT(1)#0CNT(JSD)
WRITE(MMMT 1SSA12)48S01T) s S0 181 oL A TITCL pal=lol T}
£ READ AND STCRE INSLASTIC ARRAY
98 IF(SS(19))82,82,73
82 WRITE(5+52)555
52  FORMAT({12HONUCLIDE NOe F224751X929HDOES NOT HAVE INCLASTIC
GC TO 29
72 WRITE(£+42)855
43 FORMAT(12HOMUCLIDE NOe F1Ce7s1Xs19HHAS INELASTIC ARRA
LT=SS(19}+Cel
READIMG) (TTT(I}sI=1,sLT
DS 4981 1=1sLT
4001 TTT(I\—TTT(Y\;'HFK'TIVSD)
WRITS(MTTIES 13) 4561001 eSS4 2L ot TalTTT I D I=0s LTy
2 READ AMD STORT M-IK ARRAY
89 IF(S5(22)192,92,82
5057 WRITE(6+54)SCS
54  FORMAT(12HONUCLIDE NQe F10e751Xs2%HDOES NOT HAVE N-2N ARPAY
GO TO 74
€2 WRITE(6,44)SS5
%4  FORMAT{12HONUCLIDE NOs F10e7s1X»s14HHAS N-2N ARRAY
LT=SS(22)+041
READ (MG) (TTT(I},I=1,LT)
DO 4002 T1=1,LT
4n02 TTTUI)=TTT(I}*DENT(JSD)
WRITE(MMT)SS(13)555(23)555(24)sLTy(TTT(I)+1=1,LT)
c READ SIGMA TCTAL
74 READ (MG)(TTT(I)sI=1,NEV)

= CALCULATE TOTAL MACROSCOPIC CRCSS SECTION

DO 45 I=1,NEV
45 SIGT(I)=SIGT(II+TTT(I)*DENT(JSD)
c REA™ TOTAL ISOTROPIC SCATTER ARRAY(P-Q+INEL+2%N-ZN)
IF{S5(27))107 105,94
105 WRITE(6,60)SES
60  FORMAT(12MCNUCLIDE NCe F10e751%+29HDOES NCT HAVE TOTAL ISO.ARRAY)
CALL EXIT
94 WRITE(6,46)555
46  FORMAT(1240NUCLIDE NOe F10e7:1X228HYAS TOTAL ISCe SCATTER *
LT=SS(27)+0e1
READ/MG) (TTT(1),1=1,LT )
DO 4004 I=1,LT
4004 TTT(I)=TTT(I)*DENT(JSD)
WRITE(MSS)SS113)955(28) 955129 sLTs(TTT(I)91=1,LT)

C READ SIGMA BENTUER TOWHL SR Pag WA

IF(SS(16))111,111,1C6
196 READ(MG)(TTT(I);I=‘sNEV)

C READ SIGMA SCATTER TOTAL FOR P-1 ARRAY

READ(MG) (TTT(I)sI=1sNEV)
111 CONTINUE
CALL REW(MSS)

C27  SUBROUTINE REW REWINDS A TAPE AND SETS TT(KsKK) EGUAL TO Qe
DO 120 JJ=15NNUK
READ(MSS)SS(13155SS(28)sSS(29) sLTs (TTT(I)s1=1,LT)
LDF=55(28)  +C.1

C22 LDF = THE NUMBER OF GROUPS SCATTERED FROM
LD=55(29) +0e1l

C23  LD= NUMBER OF GROUPS SCATTERED TO
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CALL ONE(1)

SUBRQUTINE ONE SETS UP THE FINE GROUP MACROe SCATTERING
CROSS SECTIONS FOR A TWO ARRAY VARIABLEs TT(KsKK)
CONTINUE

CALCULATE FLUX OR READ IN FLUX

IF(KKK=1)125491264126

READ(59127) (FLUX(I) 9I=1599)

FORMAT(EEL1246)

GO TO 315

READ(59127)55S5

THE FOLLOWING CARDS THROUGH CARD NOe. 29 ARE FOR CALCULATING
THE FLUX

FLUXCLY=(1e/(SIGTAL)~TT(191)))%5555(1)

DO 27 LL=2+99

SUM=C4C

KKKK=LL~-1

DO 30 J=1ysKKKX

SUM=SUMAFLUX(J)*TT(JysLL)

FLUXULLY=(1e/Z (STGTILL)-TT(LLyLL ) })*(555SULLY)+SUM)

MM=1

TT(1005100)=040

FLUX (100 )=FLUX (99

THE NEXT 8 CARDS ARC FOR PRINTING OUT THE FLUX
WRITE(651002) (BXCX(I)yI=1s18)

WRITE(6,211)

FORMAT(1HO/7H GROUPs12H FLUX

RITE(69215) (IsFLUX(I)91=1+50)

FORMAT(11691PE20e6)

WRITE(651002) (BXCX(I)sI=1518)

WRITE(65211)

WRITE(69215) (1 sFLUX(I)»I=51499)

CALCULATE BROAD GROUP MACROe ABSe AMND TOTAL CROSS SECTION
THE FOLLOWING CARDS THROUGH 9019 CALCULATE THE BROAD”GROUP ABSe
TOTALSFISSIONsAND NUxXFISSION CROSS SECTIONS

DO 201 I=1sNBBG

SUM=040

BUM=04C

SUMM=040

SUMMM=Ce 0

TUM=Ce0 .

I1I=LBGB(I}

DO 200 II=MMyIII

BUM=BUM+ENG(II)*FLUX(II)*SIGQ(II)
SUMMM=SUMMM+SIGQ(II)*FLUX(II)

SUM=SUM+SIGT (II)*FLUX(II)

SUMM=SUMM+FLUX(II)

TUM=TUM+SIGA(II)*FLUX(II)

FTOT(I)=SUMMM/SUMM

TOT(I)=SUM/SUMM

ABBS(I)=TUM/SUMM

TRA(I)=BUM/SUMM

MM=LBGB (I)+1

WRITE(651002) (BXCX(I)sI=1918)

WRITE(65312)

FORMAT (48HOBROAD GROUP AVERAGED MACROSCOPIC CROSS SECTIONS/1HO)
WRITE(649217)

FORMAT ( 6HOGROUP » 20H SIGMA ABSORPTION»s20H SIGMA TOTAL
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XH

218
9009

9019

C28

3000

2010

C29

3022

3021

C30

3028

3027

€31

7331

SIGMA FISSION
WRITE(65218) (IsABBS(I)sTOT(I)sFTOT(I)sI=19NBBG)
FORMAT(11491PE20e¢631PE184691PEL1846)
WRITE(691002) (BXCX(I)sI=1418)
WRITE(6,9009)
FORMAT (6HOGROUP » 28H NU#SIGMA FISSION
FORMAT(11451PE2846)
WRITE(659019)(IsTRA(1)sI=19NBBG)
CALCULATE TOTAL BROAD GRCUP ISOeTRANSFER SCATTER CROSS SECTION
CALL® CSAVI(SISO)
THE SUBROUTINE CSAV FLUX WEIGHTS FINE GROUP SCATTERING TRANSFER
CROSS SECTIONS
CALCULATE P-0 MACRO. CROSS SECTIONS
CALL REW(MT)
DO 2010 JUM=1,sNNUK
READ(MT) (ESS(I)sI=1437)
IF(SS(16))20109201053000
READ(MT)SS(13) 9SS(17)9SS(18)sLTo(TTT(I)sI=14LT)
LDF=SS(17) +0el
LD=5SS(18) +0e1
CALL ONE(1)
CONTINUE
CALL CSAVI(PO)
THE NEXT 10 CARDS ARE FOR CALCULATING THE BROAD GROUP INELLASTIC
SCATTERING TRANSFER CROSS SECTIONS
CALL REW(MTT)
DO 3021 JUM=1,NNUK
READ(MTT) (ESS(I)sI=1437)
IF(SS(19))3021+3021+3022
READ(MTT)SS(13)sSS(20)9SS(21)sLTe(TTT(I)sI=1sLT)

LDF=8S5(20) +0.1
LD=SS(21) +0.1
CALL ONE(1)
CONTINUE

CALL CSAV(XINELS)

THE NEXT 10 CARDS ARE FOR CALCULATING THE BROAD GROUP N-2N
SCATTERING TRANSFER CROSS SECTIONS

CALL REW(MMT)

DO 3027 JUM=1,NNUK

READ(MMT ) (ESS(1)sI=1437)

IF(S55(22))302793027+3028
READ(MMT)SS(13)955(23)9SS5(24)sLTe(TTT(I)sI=1sLT)
LDF=8S5(23) +0e1

LD=SS(24) +0e1

CALL ONE(2)

CONTINUE

CALL CSAV(XNZN)

THE NEXT 10 CARDS ARE FOR CALCULATING THE Pl SCATTERING TRANSFER
CROSS SECTIONS

CALL REW(MMMT)

DO 7330 II=1,NNUK

READ (MMMT) (ESS(I1)sI=1537)
IF(SS(16))73305733057331
READ(MMMT)SS(13)95S(17)sSS(18)sLTe(TTT(I)sI=1LT)
READ (MMMT ) DUMMY

READ (MMMT) DUMMY

LDF=S8S5(17)+0.1
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LD=SS(18)+0.1

CALL ONE(1)

CONTINUE

CALL CSAVI(P1)

THE BROAD GROUP P2 SCATTERING TRANSFER CROSS SECTION CALC FOLLOW

CALL REW(MMMT)

DO 7332 I1=14NNUK

READ (MMMT ) (ESS(I)sI=1,37)

IF(SS(16))T3382y7332+17233

READ (MMMT ) DUMMY

READ (MMMT)SS(13)5SS(17)9SS(18)sLTa(TTT(I)sI=1sLT)

READ (MMMT ) DUMMY

LDF=SS(17)+0s1

LD=SS(18)+0.1

CALL ONE(1)

CONTINUE

CALL 'CSAVIP2)

THE P3 BROAD GROUP SCATTERING TRANSFER CROSS SECT CALC FOLLOW

CALL REW(MMMT)

DO 7334 II=1sNNUK

READ (MMMT ) (ESS(I1)sI=1437)

IF(SS(16))73349733457335

READ (MMMT ) DUMMY

READ (MMMT ) DUMMY

READ (MMMT)SS(13)9SS(17)sSS(18)sLTa(TTT(I)sI=1yLT"

LDF=8S8(17)+0e1

LD=SS(18)+0.1

CALL ONE(1)

CONTINUE

CALL CSAVI(P3)

WRITE(651002) (BXCX(I)9I=1518)

THE NEXT 33 CARDS ARE FOR PRINTING OUT BROAD GROUP CROSS SECTION

WRITE(65312)

WRITE(65551)

FORMAT (100HOGROUP P=0 INELASTIC N-2N
TOTAL SCATTER

LPC=0

DO 4100 LL=1sNBBG

DO 3200 I=LLsNBBG

LPC=LPC+1,

IF(LPC~25)320095559555

WRITE(6+1002) (BXCX(N)9N=1918)

WRITE(6+312)

WRITE(6+551)

LPC=0

WRITE(6938)LLsIsPO(LLyI)sXINELSILLI)9XN2N(LL9I)»SISO(LLI)

CONTINUE

FORMAT (5HOFROM911343H TOs11391PE15e691PE15e691PE15e691PEL1546)

WRITE(6+1002) (BXCX(I)sI=1,18)

WRITE(€5312)

WRITE(655511)

FORMAT (54H0 R=i P=2 pP=3 )

LPC=0

DO 1400 LL=14NBBG

DO 2300 I=LLsNBBG

LPC=LPC+1

IF(LPC~25)23004555595555
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5555 WRITE(6510022) (BXCX(N)sN=1.18)
WRITE(6+312)
WRITE(645511)
LRC=0
2200 WRITE(693888) LLsIsP1l(LLsIVNeP2(LLyI)9P3(LLyI)
1400 CONTINUE
3888 FORMAT(5HOFROM911392H TOs1I291PE15e691PEL15e691PE1566)
WRITE(6451002) (BXCX(I)sI=1418)
WRITE(6,1424)

1424 FORMAT(65HOGROUP AVERAGE COS(THETA) DIFFe COEFFe SICMA TRANS
*PORT )
€35 THE NEXT 5 CARDS ARE FOR CALCULATING THC TRANSPORT CROSS SECTION
C THE DIFFUSION COEFFe AND THE AVGe COSINE OF THE SCATTe ANGLE

1425 FORMAT(1I591PE17e491PE18e491PC1l7e4)
DC 1431 LL=1sNBBG
SIGTR=TOT(LL)~Pl(LLsLL) /30
D=1le/(3e*SIGTR)
XMUBAR=(PL(LLsLL)/3e)/735ISO(LLsLL)

1431 WRITE(691425)LLsXMUBARIDSIGTR

EWIND MG
STOP
END

$IpFTC REWE
SUBROUTINE REW(N)

C3e SUBROUTINE REW REWINDS A DATA TAPE AND SETS TT(K9sKK)=0.0
COMMON TTT(5050)sTT(1005100)sLDFsLDsLToNBBGLBGB(99)9sFLUX(100)
REWIND N
PO 3043 K=1»100
DO 3043 KK=19100

3043 TT(KsKK)=0e0
RETURN
END

$IBFTC ONEE
SUBROUTINE ONE(JJJ)

C37 THIS SUBROUTINE SETS UP THE MACROe SCATTERING TRANSFER CROSS

G SECTIONS IN TERMS OF TT(KsKK)
COMMON TTT(5050)sTT(1009100)sLDFsLDsLT9sNBBG»LBGB(99)+FLUX(100)
N=1
KK=0
NSN=LD
BB=JJJ
DO 122 K=1yLDF
DO 123 L=NsLD
KK=KK+1

123 TT(KsKK)=BB*TTT(L)+TT(KsKK)

N=LD+1

KK=K

NNN=K+NSN
IF(NNN-100)1015101124

124 NDIF=NNN-100
LD=NSN+LD=NDIF
GO TO 122

1ol LD=NSN+LD

122 CONTINUE
RETURN
END

$IBFTC CSAVE
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SUBROUTINE CSAV{(SIG)
C3s8 THIS SUBe FLUX WEIGHTS THE FINE GROUP SCATTERING TRANSFR CROSS SEC
COMMON TTT(5050)sTT(1005100)sLDFsLDsLTsNBBGLBGB(99)sFLUX(100)
DIMENSION SIG(22922)
N=1
NNNN=1
DO 41 LL=1yNBBG
DO 32 I=LLsNBBG
X=0e0
FF=0.0
KK=LBGB(LL)
DO 25 J=NsKK
F=0e0
MMM=LBGB (1)
DO 10 K=NNNN s MMM
IF(JeGTeK) GO TO 10
F=FLUX(J)*TT(JeK)+F
1o CONTINUE
FF=F+FF
25 X=X+FLUX(J)
NNNN=LBGB(I)+1
SIG(LLsI)=FF/X
32 CONTINUE
N=LBGB(LL)+1
NNNN=LBGB(LL)+1
41 CONTINUE
RETURN
END
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APPENDIX B
ENDF/B Source Deck of New Barnyard

On the following pages is listed the source deck that
uses the two ENDF/B data tapes. It is written in the For-
tran IV language for use on the IBM 7094 digital computer.
It consists of a main program and 4 separate subroutines.

Input data from data cards is "read in" in the main
program. The cross section data required for the problem
is obtained in the subroutine named FIB which reads the
data from the data tape. Three scratch tapes are used to
store the PN scattering transfer cross sections until they
are needed in the main program. The flux calculation, and
the broad group calculations of the transport cross section,
diffusion coefficient, and the average cosine of the scat-
tering angle are performed in the main program.

The subroutines named REW, ONE, and CSAV perform the
same calculations as the subroutines with the same names
in the GGC-4 source deck. These subroutines were discussed
briefly in Appendix A.

Extra comment cards have been added to the listing
that follows so that it will be easier to read. A glos-

sary of computer program symbols is given in Appendix C.
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C NEW BARNYARD
c MULTIGROUP NEUTRON MACROSCOPIC CROSS SECTION CODLE
C THIS SOURCE DECK USES THE ENDF/B CROSS SECTION DATA TAPES
DIMENSION A(21)9sP0(20s20)3P1(2092Q)9P2(20920)9P3(20920)>
1TOT(22) 9ABBS(22) 95S5SS5(99) +BXCX(18)
COMMON DENT(29)sNNUKsTT(1035100)sB(10300) sNBBGFLUX(100)
*#LBGB(22)9sIDsN
DATA Cl/4Heeoe/
() SETUP SCRATCH TAPE NUMBERS AND READ IN DATA FROM DATA CARDS
NTCH1=3
NTCHZ2=4
NGP=100
NGP3=NGP+3
N1=0
ITSN=8
MODE=2
READ(551006) (BXCX(I)9sI=1s18)
co CARDS FROM CARD NUMBERS 1006 TO 34 ARE FOR READING IN DATA AND
&0k | FOR STORING THIS DATA ON A SCRATCH TAPE
1006 FORMAT(18A4)
1002 FORMAT(1H1s18A4%)
READ(599871) NBBGsNNUK KKK
READ(597)(LBGB(I1)sI=19NBBG)
7 FORMAT(2413)
9871 FORMAT(313)
2 FORMAT(1XsA49212911691E13e4)
DO 34 JKX=1sNNUK
READ(592) MATNO9LORDERs Ns NORs DENT(JKX)
61 CONTINUE

N1=N1+100
X=MATNO
LOR1=9
IF(NOReEQeOQ) GO TO 1001
Cz SKIP NOR RECORDS ON THE ENDF/B DATA TAPE

DO 62 I=1sNOR
62 READ (N9 24)DUMMY
24 FORMAT (1A4)
c3 READ AND CHECK DATA FROM ENDF/B DATA TAPE
1001 READ(Ns20)(A(I)sI=1s21)
WRITE(6520) (A(I)sI=1y21)
IF(A(1l)eNEeCleANDeA(1l)eNEeX) GO TO 67

GO TO 14
67 WRITE(6+63)

GO TO 33
63 FORMAT(37HO ERROR IN SKIPPING DATA ===CHECK NOR)
14 L=0

ls CONTINUE
CALL FIB(NGPsNGP3)

C SUBROUTINE FIB IS FOR READING THE ENDF/B DATA TAPE
ID=N1+L
IF(LeGTeLORDER) GO TO 166

C4 WRITE CROSS SECTION DATA FOR THIS PFROBLEM ON ITSN SCRATCH TAPE
WRITE(ITSN)(B(K)»K=1910300) '

(&) WRITE CROSS SECTION DATA INFOe THAT WILL BE USED FOR THIS PROBLEM

WRITE(6923) MATNOsLsID
166 IF(LeEQe8) GO TO 34
READ(N»20) (A(I)sI=1521)
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WRITE(6920)(A(I)sI=1921)

IF(A(Ll) #EQe Cl) GO TO 16

WRITE(6+64)

FORMAT(27HQA(1) IS NOT EQUAL TO eeee

GO TO 33

CONTINUE

L=L+1

IF(LeEQeLOR1l) GO TO 300

IF(MODE«NEeO) GO TO 15

CONTINUE

CONTINUE

FORMAT(QA49A1510A4yA3)

FORMAT(S5XsA4 94X e1HPsI1193XsI542X9e8H RECQRDS)

FORMAT(1H1926X 2234 #*#%% MATERIAL NUMBER sA4s6X91398H GROUPSH
SXelHPsIlybH #*xxx /)

FORMAT(1H 928H THE ID NUMBER FOR MATERIAL sA4s4H Pelle4H 1Sel6)

CALL REW(ITSN)

READ P-0 DATA FROM THE BINARY SCRATCH TAPE

DC 73 I=1sNNUK

READ(ITSN) (B(K)sK=1»10300)

DO 75 K=1lsNGP

CO 75 J=1sNGP2

KK=ENGP3% (K=1)+J

CART 75 SETS UF A 2 ARRAY VARIABLE FOR THE SCATTERING TRANSFER

CROSS SECTICONS AND IT CALCULATES THSE MACROSCOPIC CROSS SECTION

TT(JeK)=B(KK)*DENT(I)+TT(JeK)

JY=LORDER

CO 74 Ji=1eJY

SKIP JYN RECCRDS ON THE BSINARY SCRATCH TAPE

READ(ITSN)DUMMY

CONTINUE

CALCULATE FLUX OR READ IN FLUX

IF(KKK=1112591269126

READ IN FLUX VALUES

READ(5127)(FLUX(I)9I=1+99)

FORMAT(6EL12e6)

69 TG 315

READ INySOURCE VALUES

RCAC(E9127)5S85S

THE FOLLOWING CARDS THROUGH CARD MOe 29 ARE FOR CALCULATING THE

FLUX

FLUX(I)=lLertTTU20l)=TT(4sl)) )L SSSSAL)IFSUM)

00 29 ‘LL=2952

SUM=C 60

KKKK=LL=1

D& 30 J=1KKKK

NYWN=LL-J+4

SUM=SUM+FLUX(J)*TTINYNsLL)

FLUXCLLY=ClaZ0 TTU3 LL)=TT L4sLL)))EASSSSELLY+SUM)

MM=1

FLUX(L00)=FLUX(59)

'RINT OUT  THE FLUX SPECTRUM
WRITZ(091CCc) (BXCX(I)sI=1s18)
WRITE(69211)

FORMAT(1HO/7.. GROUFslizH FLUX
WILTE(6s2i5) (I sFLUX(I)sI=1+50)
FORMAT(IG691PE20e6)
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WRITE(691002)(BXCX(1)9I=1s18)

WRITE(6s211)

WRITE(69215) (I sFLUX(I)9I=51999)

CALCULATE BROAD GROUP MACROe ABSe AND TOTAL CROSS SECTION

THE FOLLOWING CARDS THROUGH CARD NOe 218 ARE FOR CALCULATING THE
TOTALs ABSORPTIONs AND NUXFISSION CROSS SECTIONS

DO 201 I=1,NBBG

SUM=0e0

BUM=040

SUMM=0e0

TUM=040

II1I=LBGB{ 1)

DC 200 II=MM»III

SUM=SUM+TT (39 II)*FLUX(II)

BUM=BUM+TT (29 II)*FLUX(ITI)

SUMM=SUMM+FLUX(II)

TUM=TUM+TT(LleII)*FLUX(II)

TOT(I)=5UM/SUMM

ABBS(I)=TUM/SUMM

SSSS(1)=BUM/SUMM

MM=LBGB(I)+1

WRITE(691002)(BXCX(I)9I=1518)

WRITE(6%312)

FORMAT (48HOBROAD GROUP AVERAGED MACROSCOPIC CROSS SECTIONS/1HQ)
WRITE(69217)

FORMAT (6HOGRQOUP s 20H SIGMA ABSORPTIONs20H SIGMA TOTAL 920
#*H NU#*SIGMA FISSION )
WRITE(69218)(IsAEBS(1)sTOT(I)9SSSS(I)sI=19NBBG)
FORMAT(1I491PE20e691PE18e691PE20e6)

CALL CSAVI(PO)

SUBROUTINE CSAV IS FOR FLUX WEIGHTING THE SCATTERING TRANSFER
CROSS SECTIONS

DO 94 LL=1sNBBG

Do 95 I=LLyNBBG

Pl(LLsI)=0e0

P2(LLsI)=0e0C

P3(LLyI)=0e0

CONTINUE

THE NEXT CARD IS A CHECK TO SEE IF Pl CROSS SECTIONS ARE WANTED
IF{LORDEReGE«1l) GO TO 78

GO TO 86

CALL REW(ITSN)

SUBROUTINE REW IS FOR REWINDING THE BINARY SCRATCH TAPE AND FOR
SETTING T(KKsK) EQUAL TO Q.

READ P-1 DATA FROM THE BINARY SCRATCH TAPE

OBTAIN P-1 SCATTERING TRANSFER MACROSCOPIC CROSS SECTIONS
FOR THE 99 GROUPS

JY=LORDER-1

CALL ONE(ITSNslsJY)

SUBROUTINE ONE IS FOR READING THE DATA FROM THE SCRATCH TAPE AND
AND FOR ASSIGNING THE CROSS SECTION DATA TO A VARIABLL

THAT HAS TWO DIMENSIONS AND FOR CALCULATING MACROe CROSS.SECTS
CALL CSAV(P1)

IF(LORDEReGE«2) GO TO 83

GO TO 86

CALL REW(ITSN)

READ P-2 DATA FROM THE BINARY SCRATCH TAPE
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C

@

84

gl el &

86

Cle

Cle0
7870
7899

85

N O 0

87

o OV

88

0Oy 0N

89

OBTAIN P-2 SCATTERING TRANSFER MACROSICPIC CROSS SECTIONS
FOR THE 99 GROUPS

JY=LORDER-2

CALL ONC(ITSNs2,sJY)

CALL CSAVI(P2)

IF(LORCEReGE«3) GO TO 84

GO TO 86

CALL REW(ITSN)

READ ' P-3 DATA FROM THE BINARY SCRATCH TAPE

OBTAIN P-3 SCATTERING TRANSFER M/CROSCOPIC CROSS SECTIONS
FOR THE 99 GROUPS

JY=LORDER-3

CALL ONE(ITSN»3sJY)

CALL CSAV(P3)

DO 7899 LL=1,NBBG

DO 7870 I=LL»s»NBBG

WRITE OUT THE BROAD GROUF SCATTERING TRANSFER CROSS SECTIONS
ON A SCRATCH TAPE FOR TEMPGCRARY STORAGE
WRITE(NTCHL)PO(LLsI)sPL(LLsI)sP2(LLyI)sP2(LLyI)

CONTINUVE

IF(LORDEReLTe4) GO TO 500

ODC 51 LL=1yNBBG

DO 52 I=LLsNBBG

PO(LLsI)=040

Pl(LLsI)=Ce0

P2(LLsI1)=0e0

P3(LLsI)=0e0

CONTINULE

CALL REW(ITSN)

READ P-4 DATA FROM THE BINARY SCRATCH TAPE

OBTAIN P-4 SCATTERING TRANSFER MACROSCOPIC CROSS SECTIONS
FOR THE 99 GROUPS

JY=LORDER-4

CALL ONE(ITSNs&4sJY)

CALL CSAVI(PO)

IF(LORDER«GE«5) GO TO 87

GO TO 50

CALL REW(ITEN)

READ P-5 DATA FROM THE BINARY SCRATCH TAPE

OBTAIN P-5 SCATTERING TRANSFER MACROSCOPIC CROSS SECTIONS
FOR THE 99 GRCUPS

JY=LORDER-2

CALL ONE(ITSNs5sJY)

CALL CSAVIPL)

IF(LORDER«GE«6) GO TO 88

GO TO 50

CALL REW(ITSN)

READ P-6 DATA FROM THE BINARY SCRATCH TAPE

OBTAIN P—-6 SCATTERING TRANSFER M/ CROSCCPIC CROSS SECTIONS
FOR THE 99 GROUPS

JY=LORDER-6

CALL ONC(ITENs»6sJY)

CALL CSAVIP2)

IF(LORDEReGE«7) GO TO &9

GO TO 50

CALL REW(ITSN)

READ P-7 DATA FROM THE BINARY SCRATCH TAPE
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(@ CBTAIN P-7 SCATTERING TRANSFER MACROSCOPIC CROSS SECTIONS
@ FOR THE 99 GRCUPS
JY=LORDER~-7
CALL ONE(ITSNs7sJY)
CALL CSAVI(P3)
50 DO 789 LL=1sNBBG
DO 787 I=LLsNBBG
Cl7y WRITE OUT THE BROAD GROUP SCATTERING TRANSFER CROSS SECTIONS
(@ FOR P4 THRCUGH P7 '
gt WRITEANTCHZ)POLLLwL)sPLUELs LY sP2UALLy ) P33 LLsL)
789 CONTINUE
500 REWIND NTCH1
IF(LORDEReLTe4) GO TO 501
REWIND NTCHZ
Clg CARDS FROM CARD NOe 501 TO 551 ARE FOR PRINTING OUT CROSS SECTION
€ VALULS
501 WRITE(691002)(BXCX(I)sI=1918)
WRITE(6+312)
WRITE(65551)
LPC=0
DO 410C LL=1ysNBBG
DO 3200 I=LLsNBBG
READ(NTCHL)PO(LL»I)sP1(LLsI)sP2(LLya)sP3(LLyI)
LPC=LPC+1
IF(LPC-25)320095555555
555 WRITE(651002) (BXCXINZ)sNZ=1918)
WRITC(69212)
WRITE(69551)
LPC=
3200 WRITE(6938)LLsIsPCILLsI)sPLILLyI)sP2(LLsI)sP3(LLsI)
4100 CONTINUE
38 FORMAT(51HOFROM»s1I393H TOs1I1391PE15e691PE15e¢691PE15e691PEL1566)

3888 FORMAT(SHOFROM»11353H TOs11351P4EL546) .

5511 FORMAT(90HOGROUP P-4 P-5 P-6
% p-7 )

551 [©CRMAT(100HOGROUP P-0 P-1 P-2
* P-3 )

WRITE(Gs1424)
1424 FORMAT(1H1s65H GROUP AVERAGE COS(THETA) DIFFe COEFFs SIGMA T
*RANSPORT
1425 FORMAT(1IZ91PEl7e49ilPC18e491PEL17e4)
Cly BEGIN CALCULATION OF THE TRANSPORT CROSS SECTIONs DIFFUSION
COEFFICIENT AND THCAVGe COSINE OF THE SCATTERING ANGLE
DO 1431 LL=1sNBBG
SLETR=TOTULL =P 1L tLLsLL )/ Bie
D:lo/(3o;‘SIGTR)
XMUBAR=(P1(LLsLL)/3e)/PO(LLsLL)
1431 WRITE(691425)LLsXMUBARsDsSIGTR
IF(LORDEReLTe4) GO TO 33
€20 KEAD THE SCRATCH TAPE AND PRINT OUT THE BROAD GROUP SCATTERING
G TRANSFER CRCSS SECTIONS
WRITE(691002) (BXCX(I)9I=14918)
WRITE(69312)
WRITE(645511)
LPC-0
DO 1400 LL=1sNBBG
CO 2300 I=LLsNBBG

(@)
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READ(NTCH2)PO(LLsI)sPLl(LLsI)oP2(LLsI)sP3(LLyI)
LPC=LPC+1
IF(LPC-25)23009555595555
WRITE(651002) (BXCX(NZ)9NZ=1y18)
WRITE(6,312)

WRITE(6+5511)

LPC=0
WRITE(6»3888)LLsIsPO(LLsI)sPL({LLyI)sP2(LLsI)sP3(LLsI)
CONTINUE

IF(LORDER«EQe8) GO TO 90

GO TO 33

CALL REW(ITSN)

READ P-8 DATA FROM THE BINARY SCRATCH TAPE
OBTAIN P-8 SCATTERING TRANSFER MACROSCOPIC CROSS SECTIONS
FOR THE 99 GROUPS

JY=LORDER-8

CALL ONE(ITSN»8sJY)

CALL CSAVI(PO)

WRITE(651002) (BXCX(I)sI=1518)
WRITE(65312)

WRITE(655595)

FORMAT (25HCGROUP p-8
LPC=0

DO 5678 LL=1,NBBG

DO 5679 I=LLsNBBG

LPC=LPC+1

IF(LPC-25)5679,45684568
WRITE(651002) (BXCX{NZ)sNZ=118)
WRITE(69312)

WRITE(695595)

LPC=0

WRITE(694569)LLsIsPO(LLsI)

FORMAT (5HOFROM»11393H TO»1I351PE1546)
CONTINUE ’

STOP

END

$IgFTC FIBB

c
C

22

20

i5

SUBROUTINE FIB(NGPyNGP3)

THIS SUBROUTINE IS FOR READING THE ENDF/B DATA TAPE AND FOR
ASSIGNING THE CROSS SECTION VALUES TO THE VARIABLE B(K)
DIMENSION M(6)sTEMP(6) sWORD (G 1l)

COMMON DENT(29)sNNUKs»TT(102s1C0)sB(10300)sNBBGCIFLUX(100))
*#LBGB(22)9sIDsN

FORMAT(6(I1291X9E940) )

JT=NGP*NGP3

+=0

READ(NsZ J (M(K) sTEMP(K)sK=1+6)

DC 7 K=1»b

WORD (Ks1)=TEMP(K)

D0 15 K=1ls5

IF(WORD(Ks1l) eEGe Oel oANCe WCRD(K+1s1l) eEGe 0e0) GC TO <0
NA=K+1

60 TO 15

NA=K

GO TO 21

CONTINUE

DO 35 K=1lsNA
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IF{M(K)eGTel) GO T3 30

F(M(K)eEQeO) GO TO 55
MIK)=M(K)I-1
J=Jd+i
BlJI=TEMPI(K)
IF(JeGEedJT) GO TC 4C
GO TO 30
35 CONTINUE

IF(JeLTedT) @& 10O 10
4G CONTINUE

w
O

RETURN

ZNU
$ig-iC REWE

SUBRIUTINE REWI(MN)
€23 THIS SUSRCUTINE IS FOR REWINDINC TAFES AND TOR SuTTiING
G TTiEKeK ) EQUAL TO Qs

COMMON DIZNT(29) sNiNUKsTTI1C391i00)sE(1030C) sNBBGFLUX(LOQ) s

*LBGB(Z2)9IDsN

REWIND NN

DC 2043 K=1»100

DO 2042 KK=1s1(03

3043 TTIKKsK)=Ce0

RETURN

CND
$IgFTC ONEE

SUSROUTINE CONE(ITENsJNJY)
[P THIS SUDROUTINE IS FOR REALING Trk CRCSS SECTIONCATA FROM A
€ SINARY SCRATCH TAPZ AND .ASSIGNING THC JATn TO A TWO ARRAY
(ol VARIABLE » TT(JsK)

COMMON DENT(29) sNNUKsTT(1039100)9B8(1030C) s NEBTFLUX(100)

#L.3GB(22) 9 IDsN

00 80 JUM=1sNNUK

GO 79 I=1sJN
79  READIITSN)DUMMY
READ(ITSN; (B{K)sK=151C300)
bo 83 Keia100
DO 81 J=1,102
3 KK=103% (K=1)+J
81 TT(JsK)=B(KK)#*DENT(JIM)+TT{JsK)
IFIJY+EQeD] GO TO 80
DO 82 J=1lsJY
g2  READ(ITSN)DUMMY
85  CONTINUE
RETURN
END
$I1BFTC CSAVE
SUBROUTINE CSAVI(SIG)
Cz5  THIS SUBROUTINE FLUX WEIGHTS THE FINE GROUP CROSS SECTIONS TO
C TO CBTAIN BROAD GROUP. CROSS SECTIONS
DIMENSION 51G(202C)
COMMON DENT (29) sNNUKsTT(1035100) 55 (10300) sNBBG»FLUX(100)»
*LBGB(22) »IDsN
NE=1
74



10

25

32

41

DO 41 LL=1,sNBBG
DO 32 I=LLsNBBG

X=0e¢0

FF=0e0

KK=LBGB (LL)

DO 25 J=NB»KK
F=0e0

MMM=LBGB (1)

DO 10 K=NNNNsMMM
IF(JeGTeK) GO TO 10
NNY=K=J+4
F=FLUX(J)*TT (NNYsK) +F
CONTINUE

FF=F+FF

X=X+FLUX (J)
NNNN=LBGB (1)+1
SIG(LL»s1)=FF/X
CONTINUE
NB=LBGB(LL)+1
NNNN=LBGB(LL)+1
CONTINUE '
RETURN

END

19
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APPENDIX C
Glossary of Computer Program Symbols
The following Fortran IV nomenclature is used in both

source decks of New Barnyard. The program themselves are

listed in Appendices A and B.

Symbol Meaning or Use

A(I) : Alphameric variable* for tempor-
ary storage of information concern-

ing cross section data for a nuclide

ABBS (I) : Absorption cross section for the
I-th broad group

AID (IXL) : Nuclide I.D. number for the
IXL-th nuclide

AT(I) : Alphameric variable used for
data tape description

B (K) : Single array variable used for
the temporary storage of cross
section data

BUM : Summing Variable

BXCX (1) : Alphameric variable used for
problem description

Cl : Alphameric variable used to check
alphameric data from the data tapes

CSAV : Subroutine that flux weights
fine group cross sections

* Alphameric variable refers to a variable which is
"read in'" under an A format.
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Symbol

D(I)

DAD (I)

DD(1, IXL)

DD (2, IXL)

DD (3,IXL)

DENT (IXL)

DUMMY

ENG (I)

FLUX (1)

FNBT

FTOT (I)

Appendix C (Contd')
Meaning or use

: Diffusion coefficient for the
I-th broad group

Alphameric variable used for
nuclide description

: Nuclide I.D. number of the
IXL-th nuclide

: Resonance parameter of the
IXL-th nuclide

: Resonance parameter of the
IXL-th nuclide

: Number density of IXL-th
nuclide

The first variable of a data
record

Convenience variable for tempor-
ary storage of the i-th fine group
boundary and also the i-th fine
group average number of neutrons
emitted per fission event

Alphameric variable used for
nuclide description

Summing variables

:+  Subroutine used to read the
ENDF/B data tapes

+ Neutron flux for the I-th
fine group

Data tape number on the GGC-4
data tape

: Fission cross section for the
I-th broad group
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Symbol

FPL

GTH(I)

ID

ITI

is. T¥, T

ISI

ITSN

J2

JNVN, JNY, JNYY

I, JT

KKK

LBS

Appendix C (Contd')

Meaning or Use

Convenience variable for problem
constant

Energy boundary of the I-th ther-
mal fine group

: Convenience variable used as an
identification number for a particu-
lar set of data

Fine group number

Summing variables

Convenience variable for a pro-
blem constant

Logical unit number of scratch
tape

Convenience variable for a pro-
blem constant

Broad group numbers

Convenience variable for problem
constant

Convenience variable for desig-
nating the KK-th dimension of a di-
mensioned variable and also used for
a fine group number

Indicator for performing a flux
calculation or inputting a flux
spectrum

Convenience variable for tempor-
ary storage of a fine group number

Convenience variable for problem
constant
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Symbol

LD

LDF

LEN(I)

LLBBG(I) ,LBGB(I)

LNX

LORDER

LORI

LPC, LRINK
LT

M(K)

MATNO

MODE

MG

MM

MMMT, MMT, MSS, MT,

MTT

Appendix C (Contd')

Meaning or Use

: Number of fine groups scattered
to

: Number of fine groups scattered
from

I-th resonance parameter

: Lower broad group boundaries of
the I-th group

Length of I-D cross section array

Order of the PN scattering trans-
fer cross section

Convenience variable for problem
constant

Summing variables
: Length of cross section array
Convenience variable used for
temporary storage of cross section
data

: Material number of a nuclide

: Convenience variable for problem
constant

Logical unit number of GGC-4
data tape

Convenience variable for tempor-
ary storage of a fine group number

Logical unit numbers of scratch
tapes
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Symbol

NA

NB

NBBG

NBT

NBTC

NEP

NES

NEV

NGP, NGP3

NGT

NMORE

NNOT

Appendix C (Contd')

Meaning or Use

Logical unit number of ENDF/B
data tape

Summing variable
Convenience variable used for
temporary storage of a fine group

number

: Number of broad groups for a
particular problem

Data tape number on the GGC-4
data tape

Data tape number on the GGC-4
data tape

Number of fine group energy
boundaries

Convenience variable for pro-
blem constant

Number of fine groups

Convenience variable for pro-
blem constant

Number of thermal energy boun-
daries

Number of records that contain
resonance data

Number of nuclides for which
data is listed on the GGC-4 data
tape

Convenience variable used for

temporary storage of a fine group
number
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Symbol

NNUK

NOR

NPRY

NRK

NSP

NT

NTCH1, NTCH2

NTID(I)

NX

ONE

PO(LL,I) P1(LL,I),
P2(LL,I), P3(LL,I)

REW

Appendix C (Contd')

Meaning or Use

¢ Number of nuclides for a parti-
cular problem

: Number of data records

Convenience variable for problem
constant

Number of data records for a
nuclide

: Number of fission sources on the
GGC-4 data tape

Convenience variable for problem
constant

Logical unit number of scratch
tapes

Convenience variable used for
temporary storage of miscellaneous
data from the GGC-4 data tape

Number of I-D cross section
arrays for a nuclide

Subroutine for calculating mac=-
roscopic scattering transfer cross
sections

Convenience variables used for
temporary storage of PN scattering
transfer cross section for scatter-
ing transfer cross section for
scattering from broad group LL to
broad group I

Subroutine used for rewinding
scratch tapes and setting a two
dimensional scattering transfer
cross section variable to zero
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Symbol

SIGA (I)

SIGT (I)

sIGQ (I)

SIGTR (I)

SISO (LL,I)

SS (1)

SSS

8888 (1)

SUM, SUMM, SUMMM

TEMP (K)

TTT(L)

TRA (I)

Appendix C (Contd')
Meaning or Use

: Absorption cross section for the
I-th fine group

Total cross section for the I-th
fine group

Fission cross section for the
I-th fine group

Transport cross section for the
I-th broad group

Total PO scattering transfer
cross section for scattering from
broad group LL to broad group I

Convenience variable used for
temporary storage of specific data
for a nuclide

Nuclide I.D. number

Convenience variable used for
temporary storage of the source
spectrum and also the fission cross
section times Nu.

Summing variables
Convenience variable used for
the temporary storage of cross sec-

tion data

Total cross section for the I-th
broad group

Convenience variable for tempor-

ary storage of energies and lethar-
gies
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Symbol

TT (K, KK)

TT (K, KK)

TT(3,1)

TT(2:T)

(1. T)

TTT(I)

XINELAS(LL,I)

XMUBAR(I)

XN2N(LL,I)

Appendix C (Contd')
Meaning or Use

Scattering transfer cross section
for scatter from fine group K to fine
group KK (GGC-4 source deck)

: Scattering transfer cross section
for scatter from fine group J to fine
group KK where K is equal to KK+4-J
(ENDF/B deck)

: Total cross section for the I-th
fine group (ENDF/B deck)

: Fission cross section times Nu for
the I-th fine group (ENDF/B deck)

Absorption cross section for the
I-th fine group (ENDF/B deck)

Convenience variable used for
temporary storage of cross section
data and resonance data

Inelastic scattering transfer for
cross section for scatter from broad
group LL to broad group I

Average cosine of the scattering
angle for broad group I

N-2N scattering transfer cross

section for scatter from broad group
LL to broad group I
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APPENDIX D
The 99 Fine Group Structure
On the following pages are listed the 99 fine group
boundaries and the corresponding 99 group lethargies used
in both versions of New Barnyard. The 99 group structure
is calculated as follows:
Let E5, the fifth energy point, be equal to 10 MeV

and let it be the reference energy. Therefore,

5 = 18" av (D1)

5

Ug = 0

The first energy point is taken to be E1=E5 e

-(-.4)

The next 49 points are determined with a uniform
lethargy mesh U = 0.1 i.e.,

U; = -4

U, =U. Hhil 1= 2 3; weedl
i i-1
(D2)
and the next 50 points are given by

U, =W, $0,25 L= 5L, 525 wenl00

i-1
(D3)
Energies associated with these lethargies are given by
=]
a i
Ei E5 e -

8L
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GRCUP ENERGY INTERVAL(E.V.) LETHARGY INTERVAL
ko . Ae891025€ 07 TQ  1.349059E 07 =4.000CCE=QJ1 TO =3.00000E~01
2 1.349859E 07 TO 1.221403E 07 =3,000CCE=01 TO =2.00000E=01
——3  1.221403E 07 70 1.105171E 07~ =2,000CCE=01 TO =1,00000E=01
4 1.105171€E 07 TO 1.000000E 07 =1.0000CE~01 TO O.
—3  1.000000F 07 7O 9.048374E 06 Qe s ol e 0QQ00F=01
6 9.048374E 06 TO 8.1873CBE 06 1,000CCE=01 TO 2.00000E=01
— 1 8,187308E 06 TO 7,408182E 06 2.000CCE=01 TO 3,00000E=01
8 7.408182E 06 TO 6.703200E 06 3.00CCCE=01 TO 4.00000E=01
——9  6.703200E 06 TO 6,065307E 06  4.000CCE=01 TO 5,00000E-01
10 6.065307E 06 TO 5.488116E 06 5.0000CE=01 TO 6.C0000E=01
— 11 5.488l16E 06 TO 4,965853E 06 6,000CCE=01 TO 7.00000E=01
12 4+965853E 06 TO 4.493250E 06 7.00CCCE=01 TO 8,00000E=01
—13  4.493290E 06 TO 4.0656STE 06 8.000CCE=01 TO S.00000E=-01
14 4«065697E 06 TO 3.6787S4E 06 9.0000CE=01 TO 1.00000E 00
— 15 -3,678794E 06 TO 3.328711€ 06 _ - 1.000CCE 00 TO 1.10000E 00
16 3,328711E 06 TO 3.011942E 06 1.100CCE 00 TO 1.20000€ 00
— 17 3.011942F 06 TO 2,725318E 06  14200CCE 00 TO 1.30000E 00
18 2.725318E 06 TO 2.465970€ 06 1.300CCE 00 TO 1.40000E 00
19 . 2+465970E 06 TO 2.231302E 06 . 1.400CCE 00 TO 1.50000E 00
20 20231302E 06 TO 2.0189&5E 06 1.500CCE 00 TO 1.60000E 00
-2 . 2.018965E 06 TO 1.826835E 06  1.600CCE 00 TO 1.70000E 00
22 1.826835E 06 TO 1.652989E 06 1.700CCE 00 TO 1.80000E 00
,,,,,, 23 1.652989E 06 TO 1.495686E 06 1,800CCE 00 TO 1.,90000E 00
24 1.495686E 06 TO 1.353353E 06 1.900CCE 00 TO 2.C0000E 00
=25 1.353353E 06 TO 1.224564E 06 2,0000CE 00 TO 2.10000E 00
26 1.224564E 06 TO 1.108022E 06 2.1000CE 00 TO 2.20000E 00
~—-21 _ 14108032E 06 TO 1.0025€9E 06 ~2.200C€CE 00 TO 2.30000E 00
28 1.002589E 06 TO 9.0717S6E 05 2.300CCE 00 TO 2.40000E 00
— 29 _ 9.071796E 05 70 8,208501E 05 ~ 2.400CCE 00 TO 2.50000€ 00
30 8+208501E 05 TO 7.427359€ 05 2450CCCE 00 TO 2.60000E 00
—-31 T.427359E 05 TO 6.720552E 05  2.600CCE 00 TO 2.70000E 00
32 6.720552E 05 TO 6.0810C7E 05 2.700CCE 00 TO 2.80000E 00
— B8 - 6.081007E 05 TO 5.502323E 05 2.8000CE 00 TO 2.90000E 00
34 5502323E 05 TO 4.978708E 05 2.900CCE 00 TO 3.00000E 00
| - 4.9718708E 05 TO 4,504921€ 05 = 3,000CCE 00 TO 3.10000E 00
36 4+504921E 05 TO 4.076221E 05 3.100CCE 00 TO 3.20000E 00
231 4.076221E 05 TO 3.688317E 05 ~ 3+200CCE 00 TO 3.30000E 00
38 3.688317E 05 TO 3.337327€ 05 3.300CCE 00 TO 3.40000E 00
.39 3,337327€ 05 TO 3,019739E 05 3.400CCE 00 TO 3.,50000E 00
40 3.019739E 05 TO 2.732373E 05 3.500CCE 00 TO 3.60000E 00
41 ~24732373E 05 TO 2.472353E 05 3.6000CE 00 TO 3.70000E 00
42 2.472353E 05 TO 2.237078E 05 3,700CCE 00 TO 3.80000E 00
43 2.237078E 05 TO 2.024192E 05 3,800CCE 00 TO 3,90000E 00
44 2.024192E 05 TO 1.831564E 05 3,900CCE 00 TO 4.00000E 00
45 1+831564E 05 TO 1.657268E 05 4.000CCE 00 TO 4.10000E 00
46 1.657268E 05 TO 14499558E 05 4.100CCE 00 TO 4.20000E 30
_41 —~-1.499558E 05 TQ 1,356856E 05 . = 4,200CCE 00 TO 4.30000E 90
48 1.356856E 05 TO 1.4227724E 05 4+300CCE 00 TO 4.40000E 00
49 1,227734E 05 TO 1,110900E 0S ~4+400CCE 00 TO 4.50000E 00
50 1.110900E 05 TO 8.6516S8E 04 4.500CCE 00 TO 4.75000E 00
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GRCUP ENERGY INTERVAL(E«Ve) LETHARGY INTERVAL
51 ' Be651698E 04 TO 6.737G49E 04  4,7590CCE 00 TO 5.00000E 00
52 6.T7T37949E 04 TO 5.247520E 04 5.000CCE 00 TO 5.25000E 00
53 ~50247520E 04 TO 4,086773E 04 5250(CE 00 TO 5,50000E Q0
54 4,086773E 04 TO 3.182782E 04 5.500CCE 00 TO 5.75000€ 00

55 _~1_21§2§_Qi;ﬂl_jhjlﬂliii_gi__HV“__5;1
56 2.478753E TO 1.930455E 04 6.,000C0E 00 TO 6.25000E 00
57 1.930455¢ 04 TO 41,50344g§g94 ,,,,, 64250C0CE 00 TO 6
58 1.503440E 04 TO 1.170880E 6.50CCCE 00 TO 6.75000E 00
59 ~1.170880E 04 TO 9,118823E 03 6. 750CCE 00 TO 7.,00000E 00
60 9.118823E 03 TO 7.101746E 03 7.00GCCE 00 TO 7.25000E 00
61 7.101746E 03 TO 5,530846E 03 7.2500CE 00 TO 7,.50000E Q0
62 5.530846E 03 TO 4.307427€ 03 7.500CCE 00 TO 7.75000E 00
63 _ 4.307427E 03 TO 3.354627E 03 T.750CCE 00 TO 8.00000E 00
64 3.354627E 03 TO 2.612587E 03 8.000CCE 00 TO 8,25000E 00
65 2.612587E 03 TO 2.034684E 03 8.250C0E oo TO 8.50000E 00
66 2.034684E TO 1.584614E 03 8.500CCE TO 8.75000E 00
6T _1.584614E 03 T0 1,234068FE 03 8.75QCCE QO 7O S.00000€ 00
68 1.234098E 03 TO 9.611169E 02 9.,000C0E TO 9.25000E 00
69 ~ 9.611169E 02 TO 7.485186E 02  9.250CCE oo TO S.50000€ 00
70 T.485186E 02 TO 5.829468E 02 9.500CCE 00 TO S.75000E 00
71 5.829468E 02 TO 445399S5E 02 9.750CCE 00 TO 1.00000E 01
72 4,539995E 02 TO 3,535751E 02 1.000CCE 01 TO 1.02500€ 01
13 3.535751E 02 TO 2.753646E 02 1,025CCE 01 TO 1.05000E 01
74 2.753646E 02 TO 2.144542E 02 1.050CCE 01 TO 1.07500E 01
75  2.144542E 02 TO 1.670171E 02 ~1.075CCE 01 TO 1.10000€ 01
16 1.670171E 02 TO 1.300720E 02 1.103CCE 01 TO 1.12500E 01
W 7 1.300730E 02 TO 1,013010E 02  1.125CCE 01 TO 1.15000E 01
78 1.013010E 02 TO 7.889328E 01 1.150CCE 01 TO 1.17500€
79 7.889328E 01 TO 6.144214E 01 1.175CCE 01 TO 1.20000E 01
80 6.144214E 01 TO 4.785119E 01 1.200CCE 01 Td 1.22500E 01
81 4« 785119E Ol TO 3,726654E 01 @~ 1.2250CE 01 TO 1.25000E 01
82 3,726654E 01 TO 2.902321E 01 1.250CCE 01 TO 1.27500E 01
83 ~ 2.902321E 01 TO 2.260330E 01  1.275CCE 01 TO 1.30000E 01
84 2.260330E 01 TO 1.760347€ 01 1¢300CCE 01 TO 1.32500E 01
85 1.760347E 01 TO 1.,370960E 01 1.325CCE 01 TO 1.35000E 01
86 1.370960E 01 TO 1.0677C4E 01 1.350CCE 01 TO 1.37500E 01
87 1.067704E 01 TO 8.3152S0E 00 1.375CCE 01 TO 1.40000€ O1
88 8.315290E 00 TO 6.475955E 00 1.4000CE 01 TO 1.42500E 01
89 6.475955E 00 TO 5.0434718E 00 _ 1.425CCE 01 TO 1.45000E 01
90 5.043478E 00 TO 3.927865E 00 1.450CCE 01 TO 1.47500€ 01
91 3.927865E 00 TO 3,059024E 00 1.475CCE 01 TO 1.50000E 01
92 3,059024E 00 TO 2.382370E 00 1.500CCE 01 TO 1.52500€ 01
93 _ 2+382370E 00 TO 1.8553$2E 00 _1.525CCE 01 TO 1.55000E 01
94 1.855392E 00 TO 1.444981E 00 1.550CCE 01 ro 1.57500E 01
95 1.444981E 00 TO 1.125352E 00 - 1.575CCE 01 TO 1.60000E 01
96 1.125352E 00 TO 8.764252€E=01 1.600CCE 01 TO 1.62500E 01
97 - - 84764252E=01 TO 64825607E=01  1.625CCE 01 TO 1.65000E 01
S8 6.825607E=01 TO 5.315788E=01 1.650CCE 01 TO 1.67500€ 01
99 50315788E-01 TO 4.,139S40E=01 1.675CCE 01 TO 1.70000E 01
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APPENDIX E
Structure of the Data Tapes
Tables XIII and XIV of this appendix show the structure
of the two data tapes used in New Barnyard., Table XV lists
explanations for some parts shown in Tables XIII and XIV.
If one desires to use either of these data tapes in a new

computer code, he should study these tables carefully.
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TABLE XIII

Structure of the GGC-4 Data Tape

Record Number of Words Variablex
1 3 NTID(1) = NBT
NTID(2) = NEP
NTID(3) = NGT
2 90 AT (1-90)
3 1 LAD = NNOT

Description

Tape identification number.
Number of fast energy bound-
aries (groups + 1).

(Note #1)

Number of thermal energy
points. (Note # 2)

Tape description (5 lines
of 72 characters each).

Number of nuclides on tape.

Record 4 is repeated for each nuclide (number of

records 4 = LAD)

4 21 ESS(1-18)=
DAD (1-18)
ESS(19-21)=
DAD (19-21)

5 4 LEN(1)
LEN(2)
LEN(3)

LBS = LEN(4)

6 LBS

(max. = 5101)
7 NELT = NEP + 2

NEP + 1) TTT (1-NELT)
8 NGT TTT (1-NGT)

Nuclide description.

Nuclide I.D. number, number
of resolved resonances,
number of unresolved
resonances.

Resonance data. (Note #3)
Resonance data. (Note #3)
Resonance data. (Note #3)
Resonance data. (Note #3)
Resonance data. (Note #3)
Fast energy group boundaries
(NEP+1 values), fast leth-
argy boundaries (NEP+1 val-
ues), fast lethargy inter-

vals (NEP values).

Thermal energy points.
(Note #2)

* The variable names_ that appear in the GGC-4 Source deck are listed
in this column. This taPe is written in binary and no Format state-
1

ments are required when

88

reading in'" these variables.
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TableXTIXContd')

Record Number of Words Variable
9 1 NSP
ber of records 10 = NSP).

10 LNR=17+NEP ESS (1-18)
ESS (19-LNR)

11 1 MRESN

12 3 SS(13)
SS(14)
SS(15)

13 LT=6%SS (14)+ TT (1-LT)

SS(15) + 9

14 37 ESS(1-18)
SS(13)
SS(14)
SS(15)
SS(16)
SS(17)
SS(18)

Description

Number of fission spectra
on tape.

Record 10 is repeated for each fission spectrum (num-

Description of fission
source spectrum.

Fission source spectrum
for each fast energy group.
(Note #4)

Number of nuclides with
resonance data.

Records 12 and 13 are repeated for each resonance
nuclide (number of records 12 and 13 = MRESN).

Nuclide I.D. number.
(Note #5)

Resonance data.(Note #3)
Resonance data. (Note #3)

Resonance data for nuclide.

Records 14 through 25 are repeated for each nuclide.

89

Nuclide description.
Nuclide I.D. number
Resonance data. (Note #3)
Resonance data. (Note #3)
Length of PO array (same
length for P1, P2, and P3
arrays). (Note i#5)

Number of groups scattered

from PO scattering.
(Note #6)

Number of groups scattered
into PO scattering.
(Note #7)
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Record

15

16

17

18

19

Table{TTContd')

Number of Words Variable

$S{19-21)

SS(22-24)

S$5(25)

SS(26)=NX

§S(27-29)

SS(30)

SS(31)

Description
For inelastic array, same
as SS(16-18).

For n, 2n array, same as
5S(16-18). (Note #8)

Fission index: non-zero=
fissionable nuclide.

Number of 1-D arrays
(absorption, fission, etc.)

For total scatter array,
same as SS(16-18).

Number of records for this
nuclide.

Mass number of nuclides.

If number of 1-D arrays [éS(26ﬂ is zero, record 15 not

present.

IMX=(6+NEP) NX TTT (1-IMX)

One-dimensional cross-
section arrays in form:
type number (l=absorption,
2=fission, etc.), descrip-
tion (5 words), cross-sec-
tion for each energy group.
(Note #9)

Records 16 through 19 not present if length of PO array

SS(16) is zero.
IDK=SS (16) TTT (1- IDK)
IDK TT (1-1IDK)
IDK TT (1-1IDK)
IDK TT (1-IDK)

90

PO scattering array in form:
O], Tl 2. F T =93
o292, 02%3,.,.,93+3,
o34, ,.. (Note #10)

Pl scattering array (same
form as PO. (Note #11)

P2 scattering array (same
form as P0). (Note #11)

P3 scattering array (same
form as PO). (Note #11)
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Table¥TI ontd')

Record Number of Words Variable Description
Record 20 not present if length of inelastic array SS(19)
is zero.

20 LIT=SS(19) TTT (1-LIT) Inelastic scattering array

(same form as P0). (Note #12)

Record 21 not present if length of n, 2n array [SS(ZZ)] is

zero.,
21 LIT=SS(22) TTT (1-LIT) n, 2n scattering array (same
form as PO0). (Note #12)
22 NEV=Number of BST(1-NEV) ertotal for each group.
groups (Note #13)

Record 23 not present if length of total scatter array
[ss(27)] 1is zero.

23 LAT=SS (27) TTT (1-LAT) Total scattering array (same
| form as PO). (Note #14 and 15)

Records 24 and 25 not present if PO and P1 arrays omitted

[ss(16)=0.)
24 NEV SCT(1-NEV) @ Scatter for each group.
(Note 15)
25 NEV SPP(1-NEV) ©€Pl scatter for each group.
(Note 17)
26 -—— -—- End-of-file mark.
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TABLE XTIV

Structure of the ENDF/B Data Tapes

Record Number of Words Variable* Description
1 21 A(I),1=1,21 Description of the PO data
Format (9A4,Al, that follows (Note #18)
10A4,A3)
2 12 M(K) ,TEMP (K), The absorption, fission,
K=1,6 Format total, and PO scattering

(6(12,1XE9.0)) transfer microscopic cross
sections (Note #19)

Record 2 is repeated until the entire PO array is

established.
3 21 A(T),I=1,21 Description of the Pl data
Format (9A4,Al, that follows.
10A4, A3)
4 12 M(K) ,TEMP (K) The Pl elastic scattering
K=1,6 Format transfer microscopic cross

(6(12,(4X,E9.0)) sections (Note #20)

Record 4 is repeated until the entire Pl array is estab-

lished.
5 21 A(I),I=1,21 Description of the P2 data
Format (9A4,Al, that follows.
10A4,A3)
6 12 M(K) ,TEMP (K) The P2 elastic scattering
K=1,6 Format transfer microscopic cross

(6(12, 1X,E9.0)) section (Note #11)

Record 6 is repeated until the entire P2 array is

established.
7 21 A(T),I=1,21 Description of the P3 data
Format (9A4,Al, that follows
10A4, A3)
8 12 M(K) ,TEMP (K), The P3 elastic scattering
K=1,6 Format transfer microscopic cross

(6(12,1X,E9.0)) sections.

* The variable names that appear in the ENDF/B source deck are
listed in this column. This tape is written in BCD and re-
quires format statements when''reading in'' these variables.
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TABLEXTV (Contd"')

Record Number of Words Variable
9 21 A(T), I=1,21
Format (9A4, Al,
10A4, A3)
10 12 M(K),TEMP (X),
K =1, 6 Format
(6 (12 , IX,
E9.0))
Record 10 is repeated until the
established.

11 21 A(I), I=1, 21
Format (9A4, Al,
10A4, A3)

12 12 M(K),TEMP (K),
K=1,6 Format
(6(12 ,1xX, E9.0))

Record 12 is repeated until the
established.

13 21 A(I),I=1,21
Format
(9A4,A1,10A4,A3)

14 12 M(K),TEMP (K),
K=1,6 Format
(6(12, 1X, E9.0))

Record 14 is repeated until the
established.

15 21 A(I),I=1,21
Format
(9A4,A1,10A4,A3)

16 12 M(K), TEMP (K)
K=1,6 Format
(6(12,1X,E9.0))

Record 16 is repeated until the
established.

17 21 A(I),I=1,21
Format
(9A4,A1,10A4,A3)

93

Description

Description of the P4 data
that follows

The P4 elastic scattering
transfer microscopic cross
section

entire P4 array is

Description of the P5 data
that follows

The P5 elastic scattering
transfer microscopic cross
sections

entire P5 array is

Description of the P6 data
that follows

The P6 elastic scattering
transfer microscopic cross
sections

entire P6 array is

Description of the P7 data
that follows

The P7 elastic scattering
transfer microscopic cross
section

entire P7 array is

Description of the P8 data
that follows
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TABLE XTV(Contd")

Record Number of Words Variable

Description

18 12 M(K) ,TEMP (K), The P8 elastic scattering

K=1,6 Format transfer microscopic cross
(6(12,1X,E9.0)) sections

Record 18 is repeated until the entire P8 array is
established.

Records 1 through 18 are repeated for each nuclide.
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TABLE XV

Comments About the Data Tapes

Note Number Comments
1 NEP is equal to one more than the number of

fine groups. This number is 100 for a 99
group data tape.

2 This information is for a thermal spectrum
calculation and is not used in the GGC-4
source deck.

3 The resonance data included on this tape is
not used; therefore, no effort is made to
describe it.

4 The fission spectrum for each fine group is
given as the fractional number of fission
neutrons born in that group, i Thus,

; X, = 1,000,
. i
i=1

5 SS(16) is the total length of the PO elastic
transfer array. The P1l, P2, and P3 arrays
are the same length as that for PO.

6 SS(17) is the number of incident energy
groups, and is equal to 99.

7 SS(18) is the maximum number of secondary
energy groups for which elastic transfer
cross sections are given. This number in-
cludes the in-group term.

8 SS(19) through SS(24) are values similar to
those given for elastic scattering. Note:
no P1, P2, or P3 arrays are given for in-
elastic or (n,2n) scattering.
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TABLE XV (Contd')

Note Number Comments
9 The I-D arrays have been given a numeric
identification:

I.D. Number Description of Reaction

& Absorption (the fission cross
section plus any other neutron
removing reaction).

2 Fission cross section.

3 Nu, ), the average number of
fission neutrons produced per
fission event (includes delayed
neutrons).

4 (n,Y ) radiative capture
5 (n, p)
6 (n,Q0)
7 (n, d)
8 (o, )
9 (n, n)p
10 (n, n)d
11 (n, n)t

(The I-D arrays are given in sequential order)
10 The elastic PO scattering cross sections are
given as a continuous array. The order of

giving the cross sections iscfelas elas
1——»1,61—>2,
elas elas elas elas
Oi—*B, ...,CH:a[l+SS(18)-1],C72—42,C72—a8,
elas elas elas
oo, 0252485(18)-11,03 53,0354, ...,

elas
0 3[3+85(18) =11, .....
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TABLE XV (Contd')

Note Number Comments

elas elas elas
OnoN, ONoML, ..., ONSIN + ss(18)-1],

These cross sections are given in units of
barns. There are SS(16) total terms in this
array. The elastic P1l, P2, P3 arrays are
given in exactly the same manner.

11 Recall PN = (2N+1)*CTSN(i—ﬁﬁ); therefore,
Pl = 3*Usl(i—j), P2 = 5%*(Js2 (i—j), etc.
The values listed on the tape are the PN
values and not the(jsn (i—j) values.

12 The inelastic and (n, 2n) scattering arrays
are given in the same manner as the PO elas-
tic arrays. However, the number of groups
scattered is generally taken to be 100 for
these reactions, thus for the inelastic
scattering array, the cross sections are

given as:
inelas inelas inelas inelas inelas
O1—1, 012, ...01>100, 722, 0 23,
inelas inelas _inelas inelas
....025100,03—3, 0354, ....,035100,
inelas inelas

....088(20)—85(20), ..... O SS(20)—100.

For a 99 group library tape there is a low
energy ''dump'" group (#100). This group re-
presents the cross sections scattered to all
energies below the low energy boundary of
group 99 (0.414 ev).

13 BST(I) , O total for group i is calculated by
total bs i =[i + SS(18)-1] .
di =(fai F 5 2 dPO(elast:lc)
i=100 = j=100 j(%—éj)
= inelas = L S
i 05 (1o3)t2* ; 03 (i)
j= =

97



GNE/PHYS 69-8

Note Number

14

15

TABLE XV (Contd')
Comments
SS(27) is the total size of the total trans-
fer array. Since the data tape has 99 fine

groups, this number will generally be 5049.

The total scattering array for scattering
from i—j is obtained by

total scattering PO (elas) inelas n,2n

d = +J +2%(f

16

17

18

19

i—j i iw] ij
(J Scatter for group i is calculated by
scatter  j=[i+SS(18)-1] PO(elastic)
i = i (i—3)
J=1
C)«Pl scatter for group i is calculated by

Pl scatter j=[i+SS(18)-1]
a =;{; a Pl(elastic)
i = 3(—3)

An example of this description is

s s ams siee s . .MATERIAL NUMBER 1012 100
GROUPS PO

These 99 group cross sections are given as
ABS fission total
61 ’Udl ,dl ,O’l-—)l, 99R

CngS,L/O,2f1881on,(jétOtal,C72~92,C71—42,98R

: ABS fission total
dg ’Udg ’Ug ’O/g—"g’ dg-lﬁg’

Og-2—g" "

’
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TABLE XV (Contd')

Note Number Comments

ABS Fission Total
Jg9 V0 gq » O g9 » Ugg_499,

3R 0.

0/98—>99° o ’ U99H100 ’ d98—>100 SE

The R denotes zero and the number in front
of the R indicates the number of cross sec-
tion values that are equal to zero.

20 These cross sections are given as

3R, 30151, 99R

3R, Pg—g, 30 g-1>g, 30g-2—4,

3R, 3099_,991 30 9g_s99°

3R, 0., 3099 100, 3@ 95100
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APPENDIX F
99 Group Fission Source Spectrums
99 group fission source spectrums are presented here

for the following nuclides:

(1) U-233
(2) U-235
(3) PU-239
(4) PU-241
(5) CF-252

This data was taken from pages 42-46 of GA-4265, '"GAM-11,
A By code for the calculation of Fast=Neutron Spectra and
Associated Multi Group Constants' by G. D. Joanou and

J. S. Rudek. Each source spectrum has been normalized to 1.
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APPENDIX G
Sample Problems
This appendix is devoted to exhibiting New Barnyard
output for selected problems. Further explanation of some
of the problems is given below. The following is a list of
the sample problems included in this appendix:
(1) Water: 5 group set using GGC-4 source deck
(PO to P3 cross sections included)
(2) Magnesium: 4 group set using ENDF/B source
deck. (PO to P4 cross sections included.)
For both of these problems a U-235 source spectrum was
used. Each problem has a printout of the input data fol-
lowed by the cross section output. The output cross sec-
tion values are identified and they need no explanation
here. The printout of the imput data is followed by the cross
section output. The output cross section values are identi-
fied and they need no explanation here. The printout of
the input data is included only for convenience of the user.

The actual source decks do not print out the data used.
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S 6%—8
THE INPUT UATA FOR THIS PROBLEM IS ...
“WATER==5 GROUP SET USING GGC=4 SOURCE DECK
S 2 1
iV 22 /T T5°93
1.0000000 0.668000E-01
8.0200000 0.334000E-01 )

T 0.412T66E-040,. I13325E-030. 277033E-030. 609152E-030, 121 752E=020.223311E=02

0.263197E-010.311313E-010.356364E-010.396133E-010.428906E-010.453567E-01

0.469620E-010.477125E-010.476601E-010.468902E-010.455093E-010.436340E=01

0-4138I5E-010.388629E-010.361787E-010.334159€-010.3064T0E-010.279301€E-01

0.253096E-010.228182E-010.204779E-010.183021E-010.162969E-010.144631E-01

0.253612E-020.495894E-020.345783E-020,240338E-020.166632E-020.115306E-02

D.T96687TE-030.549814E-030.379095E=030. 0. 0.
0. 0. 0. 0. 0. 0.

~0. 0. 0. Do 0. 0.
0. 0. 0. 0. 0. 0.
0- 0. 0. 0. 0. 0.
O 0. 0. 0. 0. 0.
78 0. 0. 0. 0. Us
74 0. 0.
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

FAST DATA TAPE NUMBER = 31568
TAPE DESCRIPTION...ss. ) )
TAPE 1.D. IS 31568.0

THIS TAPE IS GGC4 VERSTON OF GGCZ 304.0

CONTENTS OF FAST DATA TAPE NUMBER

31568

NUCLTOE NU. NUCLTIDE DESCRIPTION
1.0000000 HYDROGEN
1.2000000 DEUTERTUM -
2.€000C00 HELIUM
3.C062000 LITHIUM=6 ENDF/B DATA AUGUST 1967 -
3.0072000 LITHIUM-7 ENDF/B DATA AUGUST 1967
4.0000C00 BERYLLTUM GA-5905
5.0000000 BORON NATURAL
5.0100000 BORON 10 -
6.0200000 CARBON ENDF/B DATA JULY 1967
7.0000000 NITROGEN -
8.02"70000 OXYGEN ENDF/B OCTOBER 1967
I11.0000C00 SODTUM
12.0000000 MAGNESIUM
13.C000C00 ALUMINUM GA-5884 B
14.0000000 SILICON
16.0000000 SULFUR -
20.0000000 CALCIUM
~ 22Z2.0000000 TITANIUM
24.0000000 CHROMIUM
25.0000000 MANGANESE
26.0000000 IRON
27.0000C00 CORALT -
28.0000090 NICKEL
29.0000000 COPPER
42.0000000 MOLYBDENUM
48.0C00000 CADMIUM -
74.0000000 TUNGSTEN GA-5885
T4.1799994 TUNGSTEN 180 -
74.1819992 TUNGSTEN 182 GA-5885
74.1820993 TUNGSTEN 182 RESONANCE GA-5885
74.1829996 TUNGSTEN 183 GA-5885
T4.1830997 TUNGSTEN 183 RESONANCE GA-5885 )
74.1839991 TUNGSTEN 184 GA-5885
74.1840992  TUNGSTEN 184 RESONANCE GA-5885
74.1859999 TUNGSTEN 186 GA-5885
74.18609951 TUNGSTEN 186 RESONANCE GA-5885
82.0000000 LEAD
92.2334395 URANTUM 233 ENDF/B JANUARY 1 1968 -
92.2349997 URANIUM 235 NASA REPORT
92.2351999 URANTUM 235 KAPL ENDF/B DATA FEB 13967
92.2379999 URANTIUM 238 NASA REPORT JAN 1965
92.2380991 URANTUM 238 RESONANCE NASA REPORT JAN 1965
92.2381992 URANTUM 238 ENDF/B DATA JULY 1967
 92.238299%4 URANTUM 238 RESONANCE ENDF/B DATA JULY 1967
94.2411995 PLUTONIUM 241 ENDF/B DATA JANUARY 1967
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

FINE GROUP STRUCTURE

GROUP .

ENERGY INTERVAL(E.V.) LETHARGY INTERVAL
1 1.491825E 07 TO 1.349859E 07 -4.00000E-01 TO -3.00000E-01
2 1.349859E 07 TO 1.221403E 07 -3.00000E-01 TO -2.00000E-01
3 1.221403E 07 TO 1.105171E 07 -2.00000E-01 TO -1.00000E-01
4 1.105171E 07 TO 1.000000E 07 -1.00000E-01 TO Oe.
5 1.000000E 07 TO 9.048374E 06 0. TO 1.00000E-01
6 9.048374E 06 TO 8.187308E 06 1.00000E-01 TO 2.00000E-01
7 8.187308E 06 TO 7.408182E 06 2.00000E-01 TO 3.00000E-0O1
8 7.408182E 06 TO 6.703200E 06 3.00000E-01 TO 4.00000E-01
9 6.703200E 06 TO 6.065307E 06 4.00000E-01 TO 5.00000E-01
10 6.065307TE 06 TO 5.488116E 06 5.00000E-01 TO 6.00000E-01
11 5.488116E 06 TO 4.965853E 06 6.00000E-01 TO 7.00000E-01
12 4.965853E 06 TO 4.493290E 06 7.00000E-01 TO 8.00000E-01
13 4.493290E 06 TO 4.065697E 06 8.00000E-01 TO 9.00000E-01
14 4.06569TE 06 TO 3.6T78794E 06 9.00000E-01 TO 1.00000E 00
15 3.678794E 06 TO 3.328711E 06 1.00000E 00 TO 1.10000E 00
16 3.328711€ 06 TO 3.011942E 06 1.10000E 00 TO 1.20000E 00
17 3.011942E 06 TO 2.725318E 06 1.20000E 00 TO 1.30000E 00
18 2.725318E 06 TO 2.465970E 06 1.30000E 00 TO 1.40000E 00
19 2.465970E 06 TO 2.231302E 06 1.40000E 00 TO- 1.50000E 00
20 2.231302E 06 TO 2.018965E 06 1.50000E 00 TO 1.60000E 00
21 2.018965E 06 TO 1.826835E 06 1.60000E 00 TO 1.70000E 00
22 1.826835E 06 TO 1.652989E 06 1. 70000E 00 TO 1.80000E 0O
23 1.652989E 06 TO 1.495686E 06 1.80000E 00 TO 1.90000E 00
24 1.495686E 06 TO 1.353353E 06 1.90000E 00 TO 2.00000E 00
25 1.353353E 06 TO 1.224564E 06 2.00000E 00 TO 2.10000E 0O
26 1.224564E 06 TO 1.108032E 06 2.10000E 00 TO 2.20000E 00
27 1.108032E 06 TO 1.002589E 06 2.20000E 00 TO 2.30000E 00
28 1.002589E 06 TO 9.071796E 05 2.30000E 00 TO 2.40000E 00
29 9.071796E 05 TO B.208501E 05 2.40000E 00 TO 2.50000E 00
30 8.208501E 05 TO T.427359E 05 2.50000E 00 TO 2.60000E 0O
31 T.427359E 05 TO 6.720552E 05 2.60000E 00 TO 2.70000E 0O
32 6.720552E 05 TO 6.081007€E 05 2.T0000E 00 TO 2.80000E 00
33 6.081007E 05 TO 5.502323E 05 2.80000E 00 TO 2.90000E 00
34 5.502323E 05 TO 4.978708E 05 2.90000E 00 TO 3.00000E 0O
35 4.97 . . E
36 4.504921E 05 TO 4. 076221E 05 3.10000E 00 TO 3.20000€E 00
37 4.076221E 05 TO 3.68831I7E 05 3.20000E 00 TO. 3.30000E OO
38 3.688317E 05 TO 3.337327E 05 3.30000E 00 TO 3.40000E 0O
o . . E 00
40 3.019739E 05 TO 2.732373E 05 3.50000E 00 TO 3.60000E 0O
42 2.4T72353E 05 TO 2.237078E 05 3.70000€ 00 TO 3.80000E 00
44 2.024192E 05 TO 1.831564E 05 3.90000€ 00 TO 4.00000E 0O
. . : . . 0 00
46 1.657268E 05 TO 1.499558E 05 4.10000E 00 TO 4.20000E 0O
48 1.356856E 05 TO 1.227734E 05 4.30000E 00 TO 4.40000E 0O
50 1. 110900E 05 TO B8.651698E 04 4.50000E 00 TO 4.75000€E 0O
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

FINE GROUP STRUCTURE

GROUP ENERGY INTERVAL(E.V.) LETHARGY INTERVAL
51 ~ B.651698BFE 04 TO 6.737949E 04 =~ 4.75000E 00 TO 5.00000E 00
52 6.737949E 04 TO 5.247520E 04 5.00000E 00 TO 5.25000E 00
53 ~ 5.247520E 04 TUO 4.08B6773E 04 5.25000E 00 TO 5.50000E 00
54 4.086773E 04 TO 3.182782E 04 5.50000E 00 TO 5.75000E 00
55 3.182782E 04 TO 2Z.&78753E 04 5. 75000E 00 TO &.00000E 00
56 2.478753E 04 TO 1.930455E 04 6.00000E 00 TO 6.25000E 00
57  1.930455E 04 TO 1.503440E 04 = 6.25000E 00 TO 6.50000E 00
58 1.503440E 04 TO 1.170880E 04 6.50000E 00 TO 6.75000E 00

59  1.170BBOE 04 TO 9.118823E 03 ~ &6.75000E 00 TO 7.00000E 0O
60 9.118823E 03 TO 7.101746E 03 7.00000E 00 TO 7.25000E 00

— &I  T7.101746E 03 TO 5.530846E 03 ~  T.25000E 00 TO 7.50000E 00
62 5.530846E 03 TO 4.307427€ 03 7.50000E 00 TO 7.75000€ 00

T 863  4.307427E 03 TO 3.354627E 03 ~ 7.75000E 00 TO 8.00000E 00
64 3.354627E 03 TO 2.612587E 03 8.00000E 00 TO 8.25000E 00

T 65  2.6125B7E 03 TO 2Z2.03%468%E 03 8.25000E 00 TO 8.50000E 00
66 2.034684E 03 TO 1.584614E 03 8.50000E 00 TO 8.75000E 00
&7 I.584614E 03 TUO 1.234098t 03 8. 75000E 00 TO 9.00000E 00
68 1.234098E 03 TO 9.611169E 02 9.00000E 00 TO 9.25000€ 00
69  9.611169E 02 TO 7.485186E 02 ~ 9.25000E 00 TO 9.50000E 0O
70 7.485186E 02 TO 5.829468E 02 9.50000E 00 TO 9.75000E 00

~T1  5.B29468E 02 TO 4.539995E 02 ~ 9.75000E 00 TO 1.00000E Ol
T2 4.,539995E 02 TO 3.535751€E 02 1.00000€E 01 TO 1.02500€ 01

T 73 3.535751E 02 TO 2.753646E 02 ~ 1.02500E OI TO 1.05000E OI
74 2.753646E 02 TO 2.144542E 02 1.05000€ 01 TO 1.07500€E 01

T 75 2.T44542E 02 TO 1.67017IE 02 ~ 1.07500E 01 TO 1.10000E 01
76 1.670171E 02 TO 1.300730E 02 1.10000E 01 TO 1.12500E 01

~ 77 1.300730E 02 TO 1.0I30I0E 02 "1.12500E 01 TO 1.15000E Ol
78 1.013010E 02 TO 7.889328E Ol 1.15000E 01 TO 1.17500E O1
79 7.889328F 01 TO 6.144214E Ol 1.17500E O0I TO 1.20000E O1
80 6.144214E 01 TO 4.785119E 01 1.20000E 01 TO 1.22500E 01

Bl  %.7851I9E Ol TO 3.726654E 01 1.22500E 01 TO 1.25000E 01
82 3.726654E 01 TO 2.902321E Ol 1.25000€ 01 TO 1.27500€E O1

~ 83  Z2.902371E Ol TO 2.260330E 01 ~ 1.27500E 01 7O 1.30000E OI1
84 2.260330E 01 TO 1.760347E 01 1.30000E 01 TO 1.32500E 01

~ 85  1.760347E 0L TO 1.370960E OI  T1.32500E OI TO T1.35000E 01
86 1.370960E 01 TO 1.067704E O1 1.35000€E 01 TO 1.37500E 01

87 ' 1.067T704E 01 TO 8.315290E 00 ~ 1.37500E 01 TO 1.40000E 01
88 8.315290E 00 TO 6.475955E 00 1.40000E O1 TO 1.42500E 01
B9 b6.475955E 00 TO S.043%78E 00  1.42500E O0I TO T1.45000E 01
90 5.043478E 00 TO 3.927865E 00 1.45000E 01 TO 1.47500E 01

— 91  3.927865E 00 TO 3.059024F 00  1.47500E OI TO TI.50000F OI
92 3.059024E 00 TO 2.382370E 00 1.50000€ 01 TO 1.52500E 01

93 2.382370E 00 TO 1.855392E 00 - 1.52500E 01 TO 1.55000E 01
94 1.855392E 00 TO 1.444981E 00 1.55000€E 01 TO 1.57500E 01

T 95  1.444981FE 00 TO 1.125352E 00 = 1.57500€ 01 TO 1.60000E 01
96 1.125352E 00 TO B8.764252E-01 1.60000E 01 TO 1.62500E 01
97 8.764252E-01 TO 6.825607E-01 I.62500E 01 TO 1.65000E 01
98 6.8256N0TE-01 TO 5.315788E-01 1.65000E 01 TO 1.67500E 01

99 5.315788E-01 TO 4.139940E-01 1.67500E 01T TO 1.70000E Ol
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

BROAD GROUP STRUCTURE

BROAD GROUP ENERGY INTERVAL(E.V.)

1.491825E 07 TO 5.488116E 06
5.488116E 06 TO 1.652989E 06

1.652989E 06 TO 1.356856E 05
1.356856E 05 TO 1.670171E 02

V& W N =

1.670171E 02 TO 4.139940E-01
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NUCLIDE

NO.

1.0000000

HAS 1-D ARRAY

NUCLIDE

NO.

1.0000000

HAS P-0,P-1,P-2,AND P-3 ARRAY

NUCLIDE

NO.

1.0000000

DOES NOT HAVE INELASTIC ARRAY

NUCLIDE

NO.

1.0000000

DOES NOT HAVE N-2N ARRAY

NUCLIDE

NO.

1.00C0000

HAS TOTAL ISO. SCATTER ARRAY
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NUCLIDESN%?-%.OZOOOOO

HAS 1-D ARRAY

NUCLIDE NO.

8.0200000

HAS P-0,P-1,P-2,AND P-3 ARRAY

NUCLIDE NO.

8.0200000

HAS INELASTIC ARRAY

NUCLIDE NO.

8.0200000

DOES NOT HAVE N=2N ARRAY

NUCLIDE NO.

80200000

HAS TOTAL IS0. SCATTER ARRAY
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9§Fé§§!§ égﬁﬁp SET USING GGC-4 SOURCE DECK

GROUP

FLUX
5.232288E-04

1.462861E-03
3.336402E-03

T.4T1954E-03

1.472939E-02

2.565449E-02
4.339071E-02

6.701126E-02
1.016520E-01

1.316190E-01
La79712T0E=01

2.133987€-01
2.608718E-01

2.6T2685E-01
3.020317€-01

3.786525E-01
4.193974E-01

4.496019E-01
4.579706E-01

4.147970E-01
3+.911531E~-01

4.168634E-01
4.063766E-01

4.044704E-01
3.698691E-01

3.695762E-01
2.976449E-01

2.994022€E-01
3.531688E-01

3.666530E-01
3.153495E-01

2.894981€E-01
2.707462E-01

2.501992E-01
2.040345E-01

1.881376E-01
2.065525E-01

2.201407E-01
2.071412€E-01

1.930225E-01
1.811432E-01

1.707197€E-01
1.622364E-01

1.553621E-01
1.495198E-01

1.452956E-01
1.361418E-01

1.304334E-01
1.252771E-01

2.931348E-01
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

GROUP
51

FLUX
2.709523€-01

52
53

2.51989BE-01
2.367955E-01

5%
55

2.252021E-01
2.151739€E-01

56
57

Z2.083026E-0U1
2.031521€E-01

58
59

1.984380E-01
1.947144E-01

60
61

1.922773E-01
1.905074E-01

62
63

1.892594E-01
1.886703E-01

64
65

1.882078E-01
1.876260E-01

66
67

T 869519E-01
1.862143E-01

68
69

1.856203E-01

"1.849905E-01

70
Tl

1.844139E-01
1.839628E-01

72
73

1.836022E-01
1.833264E-01

T4
75

1.83TTI0F-01
1.829322E-01

76
17

1.827969E-01
1.826802E-01

78"
79

1.824064E-01
1.820083E-01

80
81

1.816798FE-01
1.814170E-01

82
83

1.812050E-01
1.810321E-01

— 8%
85

1.80B792E-01
1.807562E-01

86
87

1.806410E-01
1.801672€E-01

88
89

1.789832E-01
1.779842E-01

90
91

1.771I898E-01
1.765532E-01

92
93

1.760275€E-01
1.755907E-01

9%
95

1.752122E-01
1.748724E-01

96
97

1.742999E-01
1.719690E-01

98"
99

1.684121E-01
1.658085E-01
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

BROAD GROUP AVERAGED MACROSCOPIC CROSS SECTIONS

GROUP SIGMA ABSORPTION SIGMA TOTAL SIGMA FISSION
1 2.167554E-03 1.250808E-01 0.

2 3.959128E-04 2.155311E-01 0.

3 0. 5.218956E-01 0.

4 6.715012€E-05 1.317152€E 00 0.

5 1.691048E-03 1.508743E 00 0.
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WATER==5 g OUP SET USING GGC-4 SOURCE DECK

GROUP NU#SIGMA FISSION

O.
0.

0.
O.

VS WN -

0.
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

BROAD GROUP AVERAGED MACROSCOPIC CROSS SECTIONS

GROUP P-0 INELASTIC N-2N TOTAL SCATTER
FROM 1 TO 3.491491E-02  2.022698E-05 0. 3.493514E-02
FROM 1 TO 6.291986E-02  1.346142E-03 0. 6.426600E-02
FROM 1 TO 2.011283E-02  1.779472E-03 0. 2.189231E-02
FROM 1 TO 1.796387E-03  2.125040E-05  O. 1.817637E-03
FROM 1 TO 2.208431E-06  4.8462456-10 0. 2.208916E-06
FROM 2 TO 1.013809€-01 0. 0. 1.013809E-01
FROM 2 TC 1.050091€-01 0. 0. 1.050091E-01
FROM 2 TO 8.7345056-03 0. B 8.734505E-03
FROM 2 TO 1.073797€-05 0. 0. 1.073797E-05
FROM 3 TO 3.730391E-01 0. 0. 3.730391E-01
FROM 3 TO 1.4867T73E-01 0. 0. 1.486773E-01
FROM 3 TC 1.788487E-04 0. 0. 1.788487E-04
FROM 4 TO 1.137157E 00 0. 0. 1.137157€ 00
FROM &4 TO 1.794877E-01 0. 0. 1.794877E-01
FROM 5 TO 1.275828E 00 0. 0. 1.275828E 00
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

BROAD GROUP AVERAGED MACROSCOPIC CRDSS SECTIQONS

P-1 P=2 P-3
FROM 1 TO 1 6.652408E-02 8.839789E-02 9.911263€E-02
FROM 1 TO0 2 1.029138E-01 B8.85464TE-02 -5.693567E-03
FROM 1 70 3 2.168826E-02 -2.922178E-02 -5.571292E-02
FROM 1 7O 4 5.223204E-04 -4.348100E-03 -1,.,789059E-03
FROM 1 TO 5 2.255498E-08 -5.520861E-06 -7.894038E-08
FROM 2 TO 2 1.802595€E-01 2.221573E-01 1.886510E-01
FROM 2 7O 3 1.669813E-01 4.189492E-02 -1.495191E-01
FROM 2 TOo 4 4.203339€-03 -1.990882E-02 -1.381823E-02
FROM 2 TO0 5 1.815097€-07 -2.684201E-05 -6.35236gE-07
FROM 3 70 3 6.211619E-01 6.275355E-01 2.882293E-01
FROM 3 7O 4 2.037582E-01 -6.702652E-02 -é.7981335-01
FROM 3 TO 5 B8.942934E-06 -4.466T25E-04 -3.127661E-05
FROM 4 TO 4 2.166618E 00 1.604800E 00 3.325324E-01
FROM 4 TO 5 2.356694E-01 -1.098725E-01 -3.323999E-01
FROM S5 TO 5 2.474T73E 00 1.869701E 00 4.282221€E-01
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WATER--5 GROUP SET USING GGC-4 SOURCE DECK

GROUP  AVERAGE COS(THETA)  DIFF. COEFF.  SIGMA TRANSPORT
I 6.34T4E-01 3.2392E 00 1.0291E-01
2 5.9268E-01 2.1444E 00 1.5544E-01
3 5.5505E-01 1.0587E 00 3.1484E-01
4 6.3510€-01 5.6027E-01 5.9495E-01
5 6.4658E-01 4.8746E-01 6.83826-01
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IEE ]EEUi gAiA FOR THIS PROBLEM 1S ...

MAGNES fUM--4 GROUP SET USING ENDF/8 SOURCE DECK
4 1 1
13 27 54 71
1014 4 2 12341 0.3900E-00

0. 412166E-040.113325E~-030,277033E-030, 609152E-030, 121 752E-020,223311E-02

(] = ° ° L) = ° = °
0. 263197E-010.311313E-010.356364E-010, 396133E-010,428906E-010.453567E~-01
0.469620E-010.4771ZSE-OIO.4766015-010.6689025-010. - . -

0. 127972E-010. 112926E-010.994080E-020. 8731 64E=-020, T65445E-020.669833E=07

U.585207E-0204 510541 E-020+ 444822E-020, 387106E-020.336522E-020,292267E-02

©.253612E-020.495894E-020. 345783E-020, 240338E-020, 166632E-020.115306E-02

0. T9668TE-030. 5498 14E-030,379095E=030. 0. 0.
0. 0. 0. 0e 0. 0.
0. 0. 0. : 0. 0. 0.
D 0. 0. 0. 0. 0.
0, 0. 0. 0. 0. 0.
o, B 0. 0. 0. 0.
0, 0. 0. 0. 0. 0.
o, 0. Oe
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FOLLOWING INFQ.

INDICATES WHETHER OR NOT YOU HAVE

THE DATA FOR THE RIGHY

IR EERERERRREN) MATERTAL NUMBER 1014 100 GROUPS PO__ NUCLIDES
THE ID NUMBER FOR MATERIAL 1014 PO IS 100
sessecescnsens MATERIAL NUMBER 1014 100 GROUPS ! -
THE ID NUMBER FOR MATERIAL 1014 PL LS 101
LT T MATERIAL NUMBER 1014 100 GROUPS P2
THE {0 NUMBER FOR MATERIAL 1014 P2 TS 102
T MATERIAL NUMBER 1014 100 GROUPS  P3
THE ID NUMBER FOR MATERIAL 1014 P3 IS 103
®escsvescccsc s MATERTAL NUMBER 1014 100 GROUPS P4 o
THE 1D NUMBER FOR MATERIAL 1014 P4 IS 104

_essesscscescen MATERIAL NUMBER 1014 100 GROUPS PS5
©esscssesssce s MATERTAL NUMBER 1014 100 GROUPS P6
csevccessvecns MATERTAL NUMBER 1014 100 GROUPS  P7
ceeccccscccccae MATERTAL NUMBER 1014 100 GROUPS P8
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69-8 : ‘
MAGNESIUM=--4 GROUP SET USING ENDF/B SOURCE DECK

GROUP FLUX
1 9.556081E~05
2 2.T15339€E~04
3 6.604603E~04
4 1.462057E-03
5 2.962T7T75E-03
6 5.44867T3E-03
il 1.000503E-02
8 1.650977E=-02
9 2.829213E~02
10 3.612760E-02
11 4.907892E-02
12 6+.523898E-02
13 9.182791E-02
14 1.420293E-01
15 1.433325E-01
16 1.865966E-01
17 2.042672E-01
18 2.262544E-01
19 2.943707E-01
20 24939286E~01
21 3.973576E~01
22 4¢364193E-01
23 7.150182E-01
24 5.582233E-01
25 64289372E-01
26 84627642E-01
27 1.048663E 00
23 1.053914E 00
29 62233043E-01
30 80198278E-01
31 7.346589E-01
32 9.804919E-01
33 8+.603694E-01
34 84654983E-01
35 5.711158E-01
36 4¢032375E-01
37T 6.436866E-01
38 5.168559E-01 o
39 3.627552E-01
40 2.668761E-01
41 2.763459E-01
42 3.789079E-01
43 4+893963E-01
44 5830240E~01
45 6.528828E-01
46 $.925256E-01
47 7.096412E-C1
48 64885358E-01
49 6.048491E-01
50 3.642916E-01
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_agégg!s 69-8 S—
M TUM-=4 GROUP SET USING ENDF/B SOURCE DECK

GROUP FLUX
51 9.726620E-01
52 1.831392E 00
53 1.956725E 00
54 1.904309E 00 o )
55 1.771586E 00
56 9.5t 6921E~01
57 1.704383E 00
58 1.948184E 00 o
59 1.917449E 00
60 1.926907E 00 S
61 1.934948E 00
62 1.941029E 00
63 1.945448E 00
64 1.948694E 00
65 1.950924E 00 a
66 1.952301E 00 o
67 1.952993E 00
68 1.953340E 00
69 1.953515E 00
70 1.953345E 00 o o
71 1.952657E 00
72 1.951796E 00 - ) )
73 1.950762E 00
74 1.949555E 00
75 1.948349E 00
76 1.946971E 00
77 1.945078E 00
78 1.943015E 00 )
79 1.940611E 00
80 1.937868E 00
81 1.934787E 00
82 1.931369E 00 S .
83 1.92744TE 00
84 1.923024E 00 S
85 1.918102E 00
86 1.912519E 00
87 1.906110E 00
88 1.904762E 00
89 1.904762E 00
90 1.902049E 00 e —
91 1.897636E 00
92 1.891695E 00
93 1.884401E 00
94 1.878294E 00 e - N
95 1.861902E 00
96 1.842328E 00 -
97 1.820671E 00
98 1.796367E 00
99 1.769217E 00
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GNE/PHYS 69-8
~ MAGNESIUM--4 GROUP SET USING ENDF/B SOURCE DECK

~ BROAD GROUP AVERAGED MACROSCOPIC CROSS SECTIONS

~ GROUP SIGMA ABSORPTION SIGMA TOTAL NU*SIGMA FISS{ON
1 1.389300E-02 7.408909€E-01 Oe

- 3.125178E-03 1.061269E 00 0.
3 4.178245E-03 2.170218E 00 0.

4 84041124E-04 1.405475E 00 Oe
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MAGNESTUM--4 GROUP SET USING ENDF/B SOURCE DECK

BROAD GROUP AVERAGED MACROSCOPIC CROSS SECTIONS

GROUP

P-0

P-1

P=2

FROM 1 TO

4.150959E-01

6.905661E-01

"FROM 1 TO

2.912752E-01

-4, 15376TE-02

P-3

T7.391705E-01 5.947326E-01

2.015781E-02 =3.51B052E-02

“FROM 1 7O

2.062810E-02

0.

0.

0.

"FROM 1 TO

O

0.

0.

“FROM 2 71D

9.506294E-01

9.948039E-01

O.

1.075208€E-01

-2.140035E-02

-1.247154E-02

-5.033118E-02

2+890327E-05

0.

0.

0.

2.123368E 00

9.266635E-01

9.475510E-01

1.‘ =

44.249124E-02

-4,B851247E-02

T« T76200E-03

-1.838741€E-03

FROM 2 TO
FROM 2 70
FROM 3 TO
“FROM 3 70
"FROM 4 1O

1.377493E 00

4.843637E-02

8.710037€-03

9.448551E-04
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MAGNESIUM=--4 GROUP SET USING ENDF/B SOURCE DECK
GROUP AVERAGE COS(THETA) DIFF. COEFF. SIGMA TRANSPORT

1 5¢5454E-01 6.5270€E-01 5.1070E-01
2 3.4882E-01 4.5683E-01 T«2967E-01
3 1.4547E-01 1.7908E-01 1.8613E 00
4 1.1721€E-02 203992E-01 1.3893E 00
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MAGNESITUM=-=-4 G

ROUP SET USING ENDF/B SOURCE DECK

P AVERAGED WACROSCOPIC CROSS SECTIONS
GROUP P4 P=5 =
FROM 1 TO 1  4.2387556=01 0. 0. 0.
FROM T YO 2  4.I89399E=03 0. 0. 0.
FROM 1 T0 3 0. 0. 0. 0.
FROM 1 T0 4 0. 0. 0. 0.
FROM 2 TO 2  6.1326326=02 0. 0. 0.
FROM 2 TO 3 -1.0424306-02 O 0. 0.
FROM 2 TO 4 0. 0. s 0.
FROM 3 TO 3 1.382124E-02 0. 0. 0.
FROM 3 TO 4  7.583821E-05 0. 0. 0.
FROM & TO &  3.794491E-04 0. 0. 0.
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