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_ABSTRACT .

Name: ENDRUN II

Computer:' GE 635

Problem solved:)/iNDRUN I1 is used to calculate multigroup bohstants
from energy—depégg;;;:_azz;oscopic cross sections, resonance parameters,
and inelastic level data input in the Evaluated Nuclear Data File
(ENDF/B) formaEi;} Data is processed for one material at a time and

the output multigroup file includes both infinitely-dilute group

" cross sections and self—shielding,‘Bondarenko—type f-factors so that

the resulting generalized file is independent of reactor composition.
The multigroup data may be output on punched cards, a standard
library tape, or plotted over any energy range.

Method of Solution: Resolved resonance parameters are evaluated
according to the Doppler broadened Breit-Wigner, single-—level line
shape equations. Resonance contributions are averaged over each fine
group with an extrapélated'Romberg integration écheme. Unresolved
resonance calculations employ an averéging over the x-squared
statistical distribution of resonance parameters. Self-shielding

is accomp}ished by weighting with a l/(ot + oo) flux, where %, ié an
input value representing the total other-material cross section.
Provisions are made for the overlap of resolved and unresolved resonance

sequences and smooth data. Separate inelastic, elastic, and n,2n

matrices are calculated.

Restrlctiovns vn the Complexity of the Problem: LNDRUN may be used

on any ENDF/B material with less than 9 isotopes. A case may include
up to 100 coarse groups and 30 fine groups per coarse group. Maximum
transfer matrix sige ié 70 x 50. Up to 5 9, values and 3 temperatures
may be input for self-shielding.

Typical Running Time: A simple 29-group case for any material without
reconance data ie processed in only a few seconds on thg’9§§§§:~_A
similar case for U-238 with all self-shielding options may run over

an hour.

iigi
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Unusual Features of thé Program: ENDRUﬁ’is designed to allow maximum
user flexibility in creating a multigroup file or testing data, e.g.
several ENDF/B reactions may be combined in a single output cross |
section, any type 6f data or single cross section may be processed
separately, input may come from cards, BCD or binary tape, or
compressed binary tape, and matrices may be output separately or
combined.
Related. or Auxiliary Programs: ENDRUN II is a supplement to the ENDRUN
I code of April, 1970 (reference 1) and retains most of the major sub-
routines from the earlier code. It uses several of the ENDF/B retrieval
subroﬁtines in prbgessing the ENDF/B data file and also the QUICKW
table look-up routine from MCZ. A generalized data file tape (GMUG)
may be‘created for direct use by the TDOWN code.

Status: This code is in production status .at GE BRDO and is executed

from tape.

-References: 1) B. A. Hutchins, L. N. Price, "ENDRUN-I, A Computer

Code- to Generate a Generalized Multigroup Data File
from ENDF/B, GEAP-13592, April, 1970.

2) 1I. I. Bondarenko, Group Constants for Nuclear Reactor

Calculations (Consultants Bureau, New York,'1964)

3): H. C. Honeck, "ENDF/B Specifications for an Evaluated

Nuclear Data File for Reactor Applications", (Brookhaven,

N.Y., 1966). ‘ _
Machine Requirements: The program requires 52K memory on the GE635,
he L1oJIJ,
including a 10K overlap with loading routines. Up to 5 tapes and 7
auxiliaries (discs at GE) may be reQuired for some cases, but the number

6f’tapes may be reduced by using‘permanent disc files and running from

‘cards.

Programming Languages Used: ENDRUN is written almost entirely in

FORTRAN-IV. Only those routines used in the GE compressed binary

\M—

13.

input and output options are presently written in RWSBT or NPOST lan-
guages and FORTRAN versions of these rdutines are also available.

Operating System: GECOS-III with FORTRAN—IV‘compiler.

iv
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Other Programming or Operating Information: Primary changes to
convert this program to another machine would be in the input and output
routines, auxiliary assignments, and particularly the plotting

routines.



GEAP-13704

SECTION I

INTRODUCTION

ENDRUN was developed to provide a capability for preparing a
(1)

generalized, Bondarenko-type , multigroup cross section file from basic
nuclear data in the ENDF library format(z)a. The code is a principal
component of the General Electric rapid cross section adjustment technique
and has been specified with a processing flexibility which allows the
user to generate only a few group constants, to combine several reaction
types, to punch intermediate data on cards for reuse in later computations
and to specify a complete material cross section library. The code flexi-
bility and the simplified Bondarenko approach to bypass the riéorous but
expensive calculations of the neutron fluxes and system composition de-
pendence have made ENDRUN an important tool in the LMFBR design effort.
ENDRUN II is a supplement‘to the ENDRUN I code of April 1970(3) and
retains many of ﬁhe features of the earlier code. However, some routines

have been modified to improve the accuracy and/or efficiency of the compu-

tational opefations. Two important modifications are:

1. The use of the Romberg integration technique for calculating
the resolved resonance contribution to the coarse group Ccross
section, and

2. The specification of a simple scattering probability funcfion,
based upon the average logarithmié energy loss, and used to
generate a more explicit expression for calculating the elastic
scattering transfer matrices. ‘

The input format and computational procedures in ENDRUN II have been

updated to be consistent with those formats and procedures which have been

specified for the ENDF neutron cross section library of October, 1970.(4)

I-1
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SECTION II

GENERAL DESCRIPTION OF ENDRUN COMPUTATIONS

The ENDRUN code generateS.multig;oup, infihifely—dilute cross
sections plus appropriate resonance self-shielding factors. from pointwise
data, resonance parameters and inelastic level data. 'The code output is.
used directly in-TDOWN(S)_to obtain effective cross sections for a specific
reactor composition and flux'spectrum.. This output consists of the follow-

ing data for a single ENDF/B material:

1. 'Infinitely—dilﬁte cross :-sections for elastic-scattering; .
inelastic scatter, elastic removal, fission, capture,
(n,2n), and total reactions for each group of a specified

’ multiéroup structure (maximum of 100 groups).

2. Group-average'values of £, i , v (average neutrons

elastic ‘
emitted per fission), and x (fission neutron fraction).

3. Déwﬁscattering matrices inc¢luding elastic scattering, inelastic
scattering, and (n{gﬁ) geactions. (Max;mum of 70 source}ahd 49
' dowﬁscattering groups). :

4, -Resonance self-shielding factors for up to 3 material
teﬁperatures and 5 values bf-og-(parameter»sﬁécifying total
.cross section per atom'of"fesohance-material). These self-
shielding factors are to be used together with the infinitely-
dilute cross-‘sections for elastic scattering, fiséion, capture,
and- total reactions to obtain effective group .constants, .as
well as toucompute.the contribdtion this material makés to

" Ogs when computing self-shielding for other materials (maximum

of 100 groups with self-shielding).

II-1 )
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The calculation of groupwise cross sections is carried out by flux-
weighting the data in the ENDF/B libraries and is based upon three broad
categories of data - resolved resonance parameters, unresolved resonance
parameters and smooth pointwise cross section values. The resonance
contributions to the groupwise cross sections are computed with the Breit-
Wigner single—level formula and are combined with thé smooth values which
contribute to a specified energy range. Any degree of overlapping of
smooth data, resolved resonance energy ranges and unresolved resonance
energy ranges is permigted, with the resonance contributions summed over
all isotopes. Secondary energy distributions may be used along with smooth
data to compute the scattering matrices. The forms taken by the secondary
energy distributions are limited to Aiscrete energy loss, Maxwellian dis-
tributions and tabulated data for both the inelastic scattering and the

(n,2n) reactions. The reaction parameters, § and u , are averaged

by weighting with the product of the flux and elastiiaizzgs section, while
v is weighted with the product of flux and fission cross section. The
values of x are determined from the segondary energy distributions for
fission neutrons and are limited to Maxwellian.distributions, simple
fission distributions and the Watt fission spectrum.

Self-shielding factors are calculated by computing groupwise self-
shielding cross sections for each combination of temperature and %
and dividing by the infinitely-dilute value. The smooth data, as well as
the resonance contributions to the cross sections, may be sélf-shielded,
with the smooth self-shielding being temperature independent and the
resonance contribution computed for each temperature. The resolved resonance
pointwise cross sections are obtained by summing the contribution from all
important resolved resonances, each described by the appropriate Doppler-
broadened, Breit-Wigner single-level line shape, including potential
scattering interference. Contributions from unresolved resonances include
first order corrections for overlapping of resonances from the same and

different sequences. Averaging over chi-squared distributions of the

.fission and scattering widths is accomplished by dividing the distributions

into either 5 or 10 equally probable portions, depending upon the number

of degrees of freedom in the distribution, and using representative values

II-2
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of the widths in each portion. Distributions with 5 or more degrees pf'
freedom are taken to be delta functions. Average resonance widths may
be specified és a function of energy in ENDF/B. Both the resolved and
unresolved resonance contributions can be computed for s, p and d waves,
with up to 5 J states, each, depending on the number of isotopes and
ranges.

Flux weighted, average cross sections are obtained by averaging
over energy groups, subgroups and points. The structure of the groups

and the application of the groups and points are summarized as follows:

1. Coarse Groups - group structure which is specified by
the user for the output multigroup cross section file.

The number of coarse groups must not e#ceed 100.
. &%

2. Fine Groﬁps -.basic subdivision of the coarse groups
which is~used directly to average all non-resonance .
data and for the final averaging of all resonance cross
sections. Up to thirty fine groups may be specified for

each coarse group.

3. Ultra-fine Groups - subdivisions of the fine groups which-
' are ‘used only for théLnumerical iﬂtggfa;ion of - resolved

and unresolved resonances. The number of ultra-fine
groups in the resolved resonanée energy range is .computed
by the code based upoﬁ a convergence criterion for the
Rombefg integration method. The.ultra—fine groups in the
unresolved resonance energy range afe determined from the \
resonance width, the Doppler width and the distance from -
the resonance peak. Integration of unresolved resonances
is carried out By_using Simpson's rule.

4. ‘Unresolved Integration Points - energy points used for the
integration over single représentative resonances in the
unresolved resonance averaging procedure. The contribution
from'alltresonances is determined at the specified energy,
and subsequent averaging is carried ouf by interpolation to.,
the fine groups and flux weighting to obtain tne coarse group

values.

II-3
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The fluxes which are used for weighting factors in the averaging procedures
are expressed as the product of a coarse variation and a fine variation

in the neutron flux,

¢(E) = F(E)C(E)

The fine variation, F(E), results in the resonance self-shielding and is
based on the constant collision density (narrow resonance) approximation

which gives

F(E) « )

1
Oy m(E) + 9,

«<

where ot,m(E) is the energy dependent, total cross section of the material,
and o, is the self-shielding, other material, input parameter. The coarse
flux variation, C(E), may be input by the user. However, in the more
general case, the coarse flux will be represented in the code by the fission
neutron spectrum at high energies and by the inverse energy below an input
break-point.

An elastic removal cross section for the coarse group is computed as

&G

es

o =
er Au

using the group average values of ¢ and oes. Thus, the elastic removal

cross section is independent of a particular flux distribution (except for

the implied 1/E flux representation)and must be corrected in the later

application of the TDOWN code (Reference 5).

A complete problem in ENDRUN (that is, for a material containing
resolved and unresolved resonance data as well as smooth data and for a
relatively large number of coarse-groups) may require extensive compu-
tations. Therefore, proviéions for parfial computations have been made.

Averaging may be limited to any specified number of sequential coarse

I1-4
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groups of a given group structure, in which case only the cross sections
contributing to the specified'groups are considered (including the con-
- tributions from resolved resonances outside the specified groups), and all
transfer terms out of the specified groupsAin'the scattering matrices are
computed. . To avoid repeating lengthy computations of the pointwise
resonance cross sections, intermediate data values'may be punched on cards
for use at a later time. Partial coﬁputations may be perforned by limiting
the reaction types considered or by computing only infinitelyfdilute cross
sections, infinitely—dilute‘cross sections with self—shieldingAfectors,
or infinitely-dilute cross sections with scattering matrices. These options
‘for partial calculations give the user the flexibility needed to update
existing coarse-group files nithout recomputiné'all coarse group data for
a given material. Thus, file updating may be accomplished in a relatively
simple manner where changes are made in ENDF/B data over limited energy
ranges, in one or two types of data (smooth,‘resolved or unresolved resonance,
or secondary energy distributions), or in one or two of the reaction types.
Inpdt to ENDRUN allows the user many options in addition to those
‘described above. The reaction types from the ENDF/B file which are to be
included in each of the reaction types'on the coarse group file are specified
by the user (e.g., the coarse group capture cross section may include ‘the
(n,v), (n,a) and (n,p) reactions from ENDF/B). Data.in the ENDF/B format -
may be overlaid by card input. The coarse groups in which smooth data
contribute to the self—shieiding factors are specified by the user. (The’
user must have a good knowledge of the ENDF/B data being used.) The self-
overlap correction for unresoclved resonances is limited to energies above
a given input value. The energy range over which unresolved resonances
contribute is specified (normally corresponding to the ENDF/B data), a
unresolved contrlbutlons to the self- shleldlng factors are considered only
below a given energy. The contrlbutions of resolved resonances to both the
infinitely-dilute cross sections and the self- -shielding factors is indicated
by coarse groups.l " . :
ENDRUN output includes coarse group data both printed and on tape
for use with the TDOWN code. In addition, coarse group infinitely—dilute
' cross sections, self-shielding factors and scattering matrices may be

plotted as ‘functions of neutron energy.

11-5
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 SECTION III

DETAILED DESCRIPTION OF ENDRUN COMPUTATIONS

3.1 Averaging Techniques

The methods for processing the ENDF/B data are based upon averaging
techniques which use a flux weighting over fine and ultra-fine subdivisions
of the coarse group energy structure. The averaging techniques vary
with the type of data that 1s being processed and with the type of output
that is being requested. An undefstanding of the averaging procedures
is necessary to the understanding of the code formulation in the remainder
of this section.

3.1.1 Energy Group Structure

The coarse group energy structure is input by the user and is divided
into a specified number of equal lethargy width fine groups. The fine group
is the basic unit for processing data in ENDRUN and up to thirty such groups
may be specified fér each coarse group. The actual number of fine groups
to be used is dependent upon the importance of the energy range and the
degree of fluctuarion in the data.

Fine groups are used directly in the averaging of sﬁooth, pointwise
cross sections and reaction parameters. However, the fine groups must be
further subdivided to evaluate the resolved and unresolved resonances.

The cross sections for the resolved resonance energy range are calcu-
lated by the Romberg numerical integration technique over ultra-fine
energy groups (see Section 3.2). The number of ultra-fine groups is computed
by the code (initially one ultra—fihe_grdup per fine group) and is doubled

in successive Romberg calculations until the fine group values satisfy a

ITI-1
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~ specified convergence criterion. A maximum of 28 ultra-fine groups is
permitted by the code but this value may be overlaid by the user.
Designated energy points are used for the integration over single
représentative resonances in the unresolved resonance averaging procedure.
Integration is carried out by using Simpson's rule over ultra-fine groups
which are determined by the resonance width, the Doppler width and the
distance from the resonance peak (see Sectipn.3.3). The result of these
integrations is a point cross section value for a given energy and

temperature, averaged over the distribution of resonance parameters.

3.1.2 Neutron Flux Spectra for Cross Section Averaging

Reaction rates for each material are preserved during a multigroup
averaging procedure by weighting the fine and ultra-fine group cross
sections with their respective fine and ultra-fine group neutron flux.

This flux specfrum over energy 1s actually spatiallyvand»compositidn ‘
dépendent."ﬂowever, the multigroup approach assumes that such dependencies
have é very small effect on the average cross section value if the coarse
‘group lethargy width is small and flux does not change radically. .Accord-
ingly, the flux weighting used in ENDRUN is assumed to be tﬁe product

of a fine flux which may vary fadiéally with énergy and a coarse flux which
does not. The fine flux, taken as l/o , is calculated separately within '
each aVéréging'ﬁroce&ufe.. The coarse flux is assumed to ‘vary as the fission
spectrum above a specif?ed cutoff energy,lEc, and to vary inversely with

the energy below the cutoff value. The coarse flux representation is
caiculaféd only once for each fine group and latef used in all averaging

procedures.

I1I-2
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P(E) \\\\\\\\\ I
' ! Fission
Spectrum

M- -

Energy E

The flux shape must be continuous across the boundary between the two

'spectra (see sketch). This is accomplished by the following normalization:

—
$(E) = 1/E = /E—3 e T atE-E 1.1
T ‘e v :
normalization factor = - =1 1.2
E -E
c
normalized ¢ (E) = = —%- e T 1.3
E
c

Since most of the integrations performed in ENDRUN involve a ¢(E)dE term, it
is this product which is actually calculated and called the "fine group flux",
¢j. The above expression for the fission spectrum is unfortunately not
directly integrable, but can be evaluated at the fine group average energy,
Eav’ and multiplied by the energy width of the group. In the equations below,
Ej is thg fine group, mid-lethargy energy, Auj is the fine group lethargy

width, and AEj is the fine group energy width.

- 1/E Region EU

1 _ o
b, = E dE = Au | 1.4

I11-3
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Fission Spectrum

E
v g . (E-E)/T A (E,-E)/T
¢, = 3 € dE v [/ —= e AE, 1.5
3 E ~/ g3 h
E ¢ c
L
C-bu, /2
where EL = Ej e ¥ » ‘lower energy
bu, /2 '
E . = E, e J s upper energy
U .
o BtE
av 2
AE, . = E_ -~ E

3 v L
Since the cutoff energy, Ec, is a completely arbitrary input parameter, the

group in which E falls is a special case:

L
‘ E E (E -E_)/T : '
A~ F B, - log:;y' + I I AN 3 1.7
A hE Ec' E3 3j :
c
Ec + E
where E = U
. av 2
‘ .
AE =E - E
] U c
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The flux representation described above is expected to be adequate for
the generation of most multigroup cross section sets. However, a more
descriptive spectra may'be input for each coarse group and used as inter-
polation points for determining the fine group fluxes. The input fluxes

are assumed to be pointwise values per unit lethargy.

3.1.3 - Averaging of Smooth, Pointwise Data

Smooth cross sections and reaction parameters are given in File 3
of ENDF/B for specified energy points. These energy points are not
necessarily the same for all reactions and the interpolation mode may
also vary - even for the same reaction type. The interpolation mode
will be either linear, semi-log or log-log and will be used to generate
the fine group cross sections and reaction parameters at the mid-lethargy
energy points of the fine group. Several input reaction types may. be
combined into one output reaction by interpolating each data array
separately and summing the fine group values. It should be noted that
a zero interpolation will result if an energy point is either above or
below the given range. A

The smooth data is directly averaged for those coarse groups outside.
the resolved resonance energy range. Within the resolved range, smooth
data for the fine groups is added to the contributions from the resolved
resonances before obtaining the coarse group values. Cdmbinations of
those contributions from smooth data, unresolved resonances and resolved
resonances include an adjustment in the self-shielding cross sections
(a first order overlap correction) for the value of the self-shielding

parameter, o .

3.1.4 Infinitely Dilute Cross Section Averaging

The assumption of infinite dilution implies that there is so little
of the material in specified region that the material has no effect
upon the flux (i.e., the fine flux (1/ot) is assumed to be constant).
Whether or not this is ever a realistic approximation, the concept is

useful because self-shielding f-factors can later be applied to the

" infinitely dilute cross section values to account for variation in the

fine flux.

II1-5
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The infinitely-dilute, coarse group average for reaction x over

\group I is given by:

U
/‘ o (E) ¢(E)HE
E x -
<:§f:> - -t | 1.8
< E
i u
. A

In éerforming-this in;egfation in ENDRUN, it is assumed that the coarse group
can be broken into enough fine groups, j, to allow a replacement of the
iﬁpeg:aiAby a summation. 1In effect; this implies that all sharp resonances
are given with resonance pafameters in ENDF/B file 2, not as sﬁobth poiﬁt—
wise data in file 3. The significance of 'sharp' will obviouslj vary with

< the size of theAcoarse group. A 0.25 lethargy width dividedvinto 25 fine
gféubs per coarse group at 1 keV brov%des.a point separatioh-qf 1 ev. A

larger group width or fewer fine groups would be more restrictive.

Assuming this spacing is adequate, the interpolated cross section

values, 0 , and calculated fine group flux, ¢,, may be used to rewrite

3

the averagé as:

Zcxj‘q;j

This basic expression is used throughout ENDRUN. Only the method of de-

1.. 9

WV

termining the fine group o varies with the type of data.
. 3 ,j . N

I1I-6
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3.1.5 Self-Shielded Cross Section Averaging

° ' A cross section is sald to be self- shielded if enough of the mater1a1
is present to change the flux acting upon it. he amount of change

b will depend on the total cross section at each point which in turn is
the sum of the total cross section of the material itself and the total
"other-material' cross section: In practice this latter value will
depend on the specific reactor composition, but the Bondarenko f-factor
method approximates the specific case and facilitates the creation of
a general file by calculating self-shielded cross sections for only
certain specified‘ivalues of other-material total cross section, 0o
which are assumed to be constant over energy. In later design calcu-
lations, the actual value of 9, for a material, m, is calculated for

© each energy group by taking

and the self-shielding factors are interpolated to this value (see Reference
5).
The self-shielded, coarse group average for reaction x over group I

for an "'other-material" cross section o, is given by:

i; U I (F)

i | 5, (® o, ¢ (E)dE

P ' <:?x(°oz>i . b E 1.10
5 ' f —— L S(E)dE

- ' ot(E) + o

B

a

where ¢(E) is the slowly varying flux described in Section 3.1.2. The

material index, m, has been dropped for convenience.

I11-7
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Equation 1.10 can be rewfitten'as a summation by assuming, as in Section

3.1.4, a slowly varying cross section. Thus,

<:§x(oéz>;=.." EEI T : : 1.11
o = A

Once the fine group cross sections, d* and dt , have been determined, the

self-shielded weighting may be rapidlprerforméd for several o, values.

While the anve equations will hold for any standard reaction - capture,
elastic or inelastic scattering, capture, n,n, etc. - they do not provide
the correct weighting to conserve transport reaction rates according to the o
diffusion equation. A separate treatment is therefore necessary for the

transport cross section, Ope s

3.1.6 Special Averaging for the Tramsport (ross Section

Energy averaging & the transport cross section over coarse group I is

accomplished by flux-weighting the mean free path, Atr’ '

;//”EU ‘:5
oy A (E)O(E) dE - o B
)/ C L - . o
<\3t;:>3 - = ‘ | 1.12 -

U
/ ¢ (E)dE

Ep

With the relationship Ztr(E) = l/Atr(E), the average macroscopic transport

»

tr.-

cross section, L
. v

> , is given by:
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E

/-
¢ (E)dE

oL , '
<Zt>1 B E,U 1.13
J/‘ ¢ (E) dE

Etr(E)

Over the energy range of interest, the greatest contribution to Ztr comes

from Zt. Hence, the average total cross section 1is given by:

~E

U
A

E

<:E;:>t' | 1.14
J/r ¢ (E)dE

z (E)

Applying the narrow resonance approximation and multiplying the nuwerator

and denominator of the upper integral by Zt(E), this becomes:

‘ U
~/" I, (E) dE
[ 2
E Z(E):] -
Gy - g
U A A

dE

' 2
E
. he)]
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If m is a material index, then for a particular composition, .

I, (E) = :E: N o} ® | ' 1.16

m

where: S (E) is the microscopic total cross sectlon of mater1a1 m. Defining
Zt by a s1m11ar expan51on over composition and noting the definition
of o: , the microscoplc averaging of 9, (again dropping the index m) is

éccomplished by:

t
' E o (E 1
A L e® + o ] | -
o, > , 1.17
1 E_ .
U
dE
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3.2 Resolved Resonances

‘Resolved resonance calculations are carried out in ENDRUN by evaluating
each resonance, as defined by ENDF/B file 2 parameters, according to the
single-level Breit-Wigner formula, including scattering interference. If
a resonance contributes more than 'a specified amount to any cross section
at the upper or lower energies of a coarse group, it is integrated -- by
an extrapolated Romberg technique(6)—— over each fine group within that
coarse group. The resolved resonance contribution is calculated at as many
points (equally spaced over the lethargy range of the fine group) as are
necessary to achieve a sufficient accuracy in the average fine group
cross section value. The contributions from all resonances are summed
and added to.the appropriéte smooth data. The fine group cross sections
are then averaged using the narrow resonancé approximation to obtain
coarse group average cross sections. Self-shielded cross sections are
calculated for several valueg of»c0 and temperature and are corrected
for the overlap of unresolved and resolved sequences. The specific
capabilities are: ' _ '

1) Up to 50 éoarse groups may have fesolvéd resonance conﬁributions.

2) Up tb 30 fine groups ﬁer coarsé group.

3) Uphto 8 isotopes per material.

4) Up to 7 resonance ranges per isotope.

5) Up to 5 o, values per c#lculationﬁ

6) Up to 3 temperatures per calculation,

Optional intermediate output from the resolved resonance calculation
includes both fine and coarse group averages for smooth plus resolved
contributions to the total, scattering, capture, and fission cross sections.

Both infinitely-~dilute and self-shielded values are output.

I11I-11
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3.2.1 Basic Theory and Assumptions

The coarse group average cross section for reaction type x and group

1 is défined as:

: E
U »
o / 6(B)o, (E)AE - o
<>I . L E <. o 2.1

where E. and E_ are the lower and upper energy bounds of the coarse group.¥*

L .
To evaluate Equation 2.1 over the resolved resonance energy range, the

following assumptions are made:

1) The resonance cross section is described by the Doppler-
'broadened, Breit—Wiéher, single-level formula.' ‘

2) All resonances are aesumed to be narrow with respect to
the aVerage‘energy loss per collision witﬁ any nuclei.

3) There is no appreciable résonance overlap due to other
materials. ' -

4) The contribution tqwtbe total crosswéegtion from all other

' isotopes can be represented B& the 1np9§ constant o,°

(7)

The formulae appearing in Gregson,'et al., emitting the inter-
ference scattering term, have been'adopted intthe data formats and ﬁrocedures
manual for the ENDF neutron cross section liBrary (Refereﬁcej4) and efe

used to specify the cross section value at energy'E for reéctioﬁ type"x‘due

to resonance r as follows:

4Scattering . e
. § \}
- ain2 _ s
0 Fn rcosZ¢>2 42%;gQrsin ¢£ + 2(E Eo,r)FnJrSln2¢£ )
“n,r T K2 & |° - " (E-E' )?Z + 2 .2a
’ J o,r” . CL)
' 2

§

*For the treatment of the transport cross section see Section 3.1.6.
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and fission

where k

(S

o,r

r - T
m/k2 0, X, 2.2b

g
3 (E—Eo,r)z +'¢i)2
2

neutron wave number

A -3
2.19685 (5—5) x 107~ VE
) . = 2+l
statistical spin factor for resonance r 2 (21+1)

atomic weight of target nucleus

spin of target nucleus

spin of the compound nucleus for resonance r

angular momentum state of incident neutron for resonance r

phase shift

= ka' for £ =0

= ka' - tan l(ka") for & = 1

= ka' - tan_l(3ka'/(3;(ka')2)) for 2 = 2
effective scattering radius (in units of 10—12 cm)

the effective resonance energy

SZ(|EO,ri) - 8, (E)

E + - r (| D)
o,r ZPQ([EO’r]) n,r '"o,r
the energy at the resonance peak

the shift factor

0 for =0
1/(1+ka) for 2=1

_(18+3(ka) D)/ (943 (ka)? + (ka)*)  for #=2
the penetration factor

= ka , for 2=0
- (ka)3/tka)d) for 2=1

= (ka)3/ (043 (ka)? +(ka)?  for =2

IT1I-13
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channel radius (in units of 10—12 cm)

3]
[

[1.23)Y3 + 0.8] x 1071

and T . is the partial width of reaction type x in resonance r.. The

]
capture and fission partial widths are assumed to be .independent of the
incident neutron energy. However, the scattering and total widths vary

with energy as follows:

P (E) T (e D
_ n, 0,r
and
iI}(E) = Fn,r(E) + ry,r.+ rf;r - : | 2.4

where the absolute value of the resonance energy is used for bound levels.

A potential scattering cross section corresponding to the effective’
hard sﬁhere scattering is also included in the scattering ‘and total cross

section. The potential scatterihg term is determined from

(E) :E: (22+l)*—1y sin ¢ . 2.5

where the summation is over all angular momentum states.

'The reaction cross sections for a specific energy E' includes the
contribution from each resonance and the appropriate potential scattering

term as follows:

Scattering

on(E') = :E: o r(E') +:Opot(E') | | ' 2.6

r ’

‘T1I-14
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Capture and Fission

' = Z ' 2-7
o (E') °x,r(E ) L
r L O .
R R R A

Total o

- e b amnds anil rren Flodtesl ha aknoamd o mos RN .,

Y
o (E') = oy (E") + (E ) + o (E ) . 2.8
T b Y(>( - ey iy - '
',-A. ~

Equations 2.2 through 2.8 apply to a system in which the target nucleus is

‘essentially at rest with respect to the neutron motion. At elevated 4
fowd eass « wibfle Mali SOLSTRIToINE whis b “ .

-temperatures, the nuclear thermal motion is 51gnif1cant and the right

hand side of the Equations 2.2a and 2.2b must be replaced with averages

over the nuclear velocities. RE8ufL V‘%“ﬁh 7elT¥an veldeity distribution

vt
for the nuclei and neglecting the tesonance energy dependence of those

parameters which are slowly varying functions of energy (e.g., Fn’ r

t’
¢2 and k), the temperature’dgpendeq;,qrpss sectiohs_become(sl
Scattering
‘ o Fn . o , 4
o, L) = o . |75 cos2et - —14—-2 sin2¢2 W8
1 ] t.r t r
%, 1 )
+ == ein2¢2 X(x,€) | 2.9

Capture and Fission

- o )
- . T2 Sy
cx’r(E) O ,r T, Wix,8) 2,10
1
4m n,r
where ¢ = > g T
5T k T
t,r
E = Pt,r/A
. 4Eo rk'T
A = Doppler width = -——7?————

T = material temperature in °K
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X.a Z/Pt,r (E' - E ) WMe.ga.m@,w.

" k'= Boltzman constant TR
y = Z/Pt;: (E - Eo’r> N
\U(x.&) = the DOppler broadened Breit-Wigner, line shape function e

[N

‘ (r&?/é (3-1)2) 3y
e €/2 -//~ -_2’ 1+yz

-

it nusloua 393183 odl doidw ot mSteya oA oL w?;ggsji;,kyam -

}Iaﬁd

Dudnusia B4 LHoLdom noidvan sdi
}*Yx 5) = the Doppler broadened interference line shape function
FaiY sd bae 3assiilaglie ei goizom Ismysdd yes . oL, sA* 22w vlsgn.d
cnrrbve difw gy od dzum d8.Y8 bae 88,38 Eﬂoajﬁuya-‘PJ i bre
t(ijq;x%SggGﬁji’ZZSV nE&XP; L5l : Gl o

L2241 1o ssgabasqsb ygisns sonsnoesy 553 YOLT00a dus Sad Lt

S cﬁ? c &) ¥gusns 1o enoidonnd gniviyev wiwese 5.0 aoiaw o v - .

u‘~

The values of J/(x Y Ul X(&f,%)sere%hﬁif&ywsfagww QUICKW table look-

(9

up subroutine ‘of previously-calculated values,

The energy-dependent neutron flux in Equation 2.1 1s based upon the
gross spectrum and 1ocal flux variations. as discussed 1n Section .3.1,2, and

is expressed as

(E) ¢°(E) 2.11
$(E) = " .
oT(E) + 0,
where ’oT(E) = total cross section
g = the total cross section per atom of material due to all

other materials  (an input constant)
¢C(E) = Coarse flux representation which varies 1nverse1y with
energy unless specified in the 1nput.
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The total cross section in Equation 2.11 shpuld include all contri-
butions from the material itself (resolved resonance, unresolved resonance
-and smooth) in order to give the‘correct,self-shiglding effects. This is
aééomplished by summing the infinitely dilute total cross section con-
tributions over all resonances and all isotopes and then adding in the
smooth contribution which was calculated earlier. The only contribution
not included is thus from the unresolved resonance range. A standard
correction can be made to the resolved resonancé self-shielded cross
sections to account for an overlap of the resolved and unresolved energy
range, but for the case in which the complete unresolved energy range
'»epds in the same coarse group that the resolved range starts, a more
accurate method is used. In this case, the fine group average values
of the unresolved total cross section are carried into the resolved link
and explicitly included in oT(E) of Equation 2.11. The details of the

overlap calculation and correction factors are given in Sectiom 3.5.

3.2.2 Numerical Integration Method

Equation 2.1 is evaluated over the fine group by using the Romberg

numerical integration scheme (Reference 6). Thus,

_fine
“u
- (X) : -
Af(u)du = 1lim R2KN ' 2-12
ufine
L
where f(u)+ = .separate independent evaluation for both the numerator

and denominator of Equation 2.1.

P&%&) - (4D1R (211&1) -

+Note that lethargy and energy are used inferchangeably. f(u) is actually
evaluated at the energy endpoints of the ultra-fine subdivision of the
fine groups.
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fine
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fine
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Trapezoidal-rule approximation to the integral
calculated from'the=subdi§isionuof the fine group

lethargy range into 2 KN‘equal parts

w172 £ug) + £Qu) + —====F (0,1 ) + /2 £ 0]

Asubdiyision lethargy width

fine fine
(uU - )/ZKN

Upper lethargy of the fine group

Lower lethargy of the fine group
fine

fine
u
TR

u, + w, etc.

0

: 2l, where the trapezoidal approximation using 22

squivisions is within 10% of the trapezoidal

approximation using 22+1 subdivisions.

The approximation is sufficiently accurate when

R.Z(K_I)N - R 2Ky l ;/R oKy € ' 2-13
/ : . .

where € is set at 0.001, but may. be altered in the input.
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3.3 UNRESOLVED RESONANCES

Unresolved resonance parameters are given in File 2 of ENDF/B for
use in the Breit-Wigner single-level formula with interference. The
data for .each material, isotope and energy range can be read according to
three options which are available for specifying the averagé properties

of the resonances. The options are:

1. Resonance parameters are given for each £ and j state and are in-
dependent of energy.

2. Resonance parameters, with the exception of the average fission
width, are given for each 2 and j state and are independent of
energy - fission widths are tabulated for specified energies.

3. Resonance parameters for each & and j state are.tabulated as a

function of‘specified energy points.

ENDRUN will handle data for up to 8 isotopes, 7 énergy ranges, 15

(2,j) states, and 30 energy points for a single material.

A generalized flow diagram for the unresolved resonance calculation
is shown in Figure IV.l. The computation of the coarse group average
cross section begins with the calculation of average infinitely dilute
and self-shielded cross sections at specified energy points across the
total unresolved enérgy range. The endpoints of this range are the input
quantities URR(1l) and URR(3), and should normally correspond to the low
and high extremes of all the unresolved resonance energy ranges of all
isotopes. The energy points are arbitrarily selected and need not coin-
cide with the energy.pbints given in ENDF/B, Infinitely.dilute Cross .
sections are computed for (n,f), (n,y), (ﬁ,n) and (n,t) reactions at each
energy point, while corresponding self-shielded cross sections for each
value of o, and temperature are computed only at those points which do not
exceed the input energy URR(2). Since the self-shielded computation may
be time consuming, the pointwise cross sections.may be optionally punched
on cards and used in subsequent problems for that material.

Following. the generation of all the pointwise cfoss sections, coarse

.group values are computed by interpolation and averaging over fime groups.
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FIGURE IV.1

GENERALIZED FLOW DIAGRAM OF UNRESOLVED RESONANCE CALCULATIONS
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These coarse group cross sections are later combined with contributions
from the resolved resonances and smooth data to form the complete set
of cross sections for the coarse groups. Special treatment is given

for the single coarse group which contains the lower energy bound of the
unresolved resonance range. For this group, unresolved contributions

to o, are computed and saved in the fine group structure so thatAthey

may be later used directly in the self-shielding calculations for the
combined resolved and smooth contributions. The manner in which the
resolved and unresolved overlap calculations are carried out is described

in Section 4.4.

3.3.1 Resonance Sequences

The pointwise infinitely-dilute and self-shielded cross sections are
computed independently for each combination of (%,j) state, energy group
and isotope . . These independently computed cross
sections are then combined according to the appropriate isotopic abundances
by a) adding the infinitely-dilute cross sections which apply at each
point, and b) using a routine which applies a first order correction
to self-shielded cross sections to account for the contribution of each
to the total cross section seen by the others (see Section 3.4). Since’
each resonance sequence, which is defined by the combined (%,j) state,
energy range, and isotope,is independent of the others, the first-order
correction can be made by considering only the average cross sections,

(i.e. after the integrations over single resonances are completed). If

Ox e (co,T) is the cross section for reaction x, sequence c, and specific
3
values of o, and T, the combined cross section at energy point E is
given by
tems 3w
o (co,T) = BC ox,c (co,T) . 3.1
all ¢
where
o' =0 + EE ‘B, o& , (0. T) 3.2
o ) c' “t,e' Vo, :
c'#c '
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and ) Bc = relative abundance for the isotope of sequence c.

Values of 0 (o ,T) are obtained from the oE" (o ,T) values by a Taylor"
expansion. This correction is in the d1rection of unself -shielding the cross

sections for a given o and is primarily important for small valués of CA

Since the independent resonance sequences are defined by (2,j) state,

energy range and isotope, contributions from a given sequence are computed
only: at those energy points which fall within that particular range. Thus
‘there is no restriction placed on the limits of the energy ranges,'and'ranges
~ of. d1fferent sizes, with any degree of overlapping, can be considered
'.However the limits of the ranges will not be strlctly honored 51nce'.
linterpolation between points is performed. - For example, when an unresolved
range ends between consecutive unresolved energy points, the contribution
from that range will be felt throughout the interval between the. points by
way of interpolation. . Also, of oourse, the input energies URR(1l) and URR(3)
define the absolute limits of the unresolved resonance contributions regard—
less of the ranges on ENDF/B. Any ranges or parts of ranges which fall.
outside of these limits are simply ignored. -

3.3.2 Treatment of Statistical Distributions of Resonance Parameters

The pointwise .cross sections for each sequence are obtained by averaging
over ledistributions for the fission and nentron widths. These distributions
are-approximated by the use of discrete values for the parameters, each
representing an equal portionAof the distribution. Ten values of the
discrete parameters are used for distributions with 1 and 2 'degrees of

freedom, five values for 3 and 4 degrees of freedom and the singleAaverage‘
| value when there are 5 or more degrees of freedom. The discretelparameters
are computed from the average parameters by use of the multiplying factors,

g,» given in Table B.1. That is,
r, =g <>

.for either the fission or neutron width. The values of 8 used here are

those generated for the MC2 code (reference 9).
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TABLE 3.1

MULTIPLYING FACTORS FOR OBTAINING DISCRETE PARAMETERS

TO REPRESENT x-SQUARED DISTRIBUTIONS

Bx
for v = l: 2 3 :'ﬁ

.005254 .051755  .189269  .254966
.037174  .163089  .476304  .549072
.103133 .288398 . .793185  .842565
.207850 .431720 1.23576  1.23075
.359875 .599144  2.30575  2.12265
. 574320 .800477
.879486  1.05263

1.33502 1.39297

2.10558 1.91582

4.39230 3.30400
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3.3.3 Pointwise Cross Section Generation for a Given Sequence

Cross sections are_éémpuﬁed from the Breit~Wigner line shape formula
with interference and the computations are consistent with those procedures
described for the ENDF neutron créss éeétion library (reference 4).
Analytical integration is carried out for the infinitely-dilute calculation,

resulting in the followingAsimple recipes:

Scattering

- 27T sin2¢2 © 3.3

. H < \E<> e E

Capture and Fission

(0 Joen * (ﬂ <> <> ¢ E

x,c’x=n 3.4
x,c
c ¢
where (oxEc)°° = infinitely-dilute cross section for reaction x, . . .
? - sequence ¢ at energy E.
k = neutron wave ndmbef
_ -3
= 2.19685 (A+1 g) x 107 V/E
= statistiéal's in factor for sequence c = 2i+l A
g, , P 1 2(21+1) -
Dc = aﬁerage level spacing for sequence c
¢, ' = phase shift
= ka' - - for =0
= ka' - tan_l(ka') ) for 2=1 .
~1 ,3ka'
= ' — —————— 3
ka .tan (3 (ka’ )2) for 2=2
A = atomic weight of the target nucleus
I = spin of the target nucleus-i
a' = effective scét;ering radius (in units of 10_12cm)
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~ .
and T E, r £ and <::I‘,;/>»E . are the partial widths for sequence
Ve c c

¢ at energy E for scattering, reaction x and total respectively. The

factor SxEc corrects for the parameter distribution and is given by

’
PE r E
n,c "X,c
r E ‘
E _ T,c

RO RO
S

Equation 3.5 is numerically evaluated by using discrete parameters derived

S 3.5

from the factors given in Table 3.1.
The potential scattering cross sectionm, op o’ associated with the
b4

particular sequence c, is added to the resonance contribution. It is

computed as follows:

V. sin? ¢2 ‘ 3.6

where Vo is the number of degrees of freedom for the neutron width and

the remaining terms are described above. Because of the energy dependence
of the neutron wave number, k, and the phase shift, ¢2, a potential
scattering contribution is calculated at each resonance energy.

The average neutron width in equations 3.3, .3.4 and 3.5,(:31;:)'E »
: c

is obtained from the reduced neutron width, <:Eg:>ﬁ , by taking
A c

<Eé:>E =‘<:§f:>F v Vv VE 3.7
n/ c L
(] C o

where Vl = penetration factor for the given £ state
=1 ) for & =
= (ka)?/ 1+ (ka)D) for ¢ = 1
4 (2 4 .
= (ka) '/ (9+3(ka) “+(ka) ) for 2 = 2
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and a.=. the penetration shift radius = [1.23(A_~)1/3 + 0.8] k'lOfl

" gelf-shielded cross sections are derived from Doppler-broadened, Breit-
Wigner, single-level line shapes. . In this case, integration over
single resonances is done numeridally, with the self-shielding based on

the narrow-resonance approximation. Thus, for a given energy point and

sequence,
I M ® _
. .
g B (c T) =- i m E % * 0t,c(rf)i’ Fn,m’T’E )+°p,c
X,C ' 0, 1. M v//“E+D /2 S '
2 2 i
- i ~ m E c +6. (T.-.,T_ :,T,E')+0_

o ty,c £,i’ n,m "7 p,c

where_thevshmmatione‘arerbver-the-discrete parameters repreeenting the dis-
tributions, and integration is necessary over only one side of the resonance
" since the contribution from interference terms is‘neglected. It is assumed
that the resonance spacing is constant at‘Dc. Thus, to obtain an energy-
avereged cross section, the integration in the denominator is terminated

at half the resonance spacing. Other quantities in Equation 3.8 are:

T,E') = Breit-Wigner, energy dependent cross section

.o
£,1i n;m’
’ ’ for reaction x; dlscrete parameters r

f,i’ n,m

and temperature T.
o ' = poteﬁtial scattering cross section from
Equation 3.6 associated with resonance sequence

C.

The Doppler-broadened, energy-dependent cross section in Equation 3.8 is

computed as follows:

Scattering
4mg r T ) w
' "y =f—2c |fnnl T R .
lgn,c(rf,i’rn,m’T’E ) =I5z ( Ty ) ) 2T  sin ¢£-J 4RT,E) 3.9
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Capture and Fission

4g rr

' - [ n x ’ i
awTE Vn = R T Y(T,E) 3.10

ox,c(rf,i’r

where the values of Fn’ Iy and I'p correspond to the discrete parameters for
the specific i, m values in Equation 3.8 and k is the neutron ware number
at the specified resonance energy fdr sequence c. The form of the Breit-
Wigner line shape,1LQT,E'), is the same as that given for the resolved
resonance calculation (Section 3.2.1) and is obtained from the table of

the complex probability function W, with
Vr ' . '
Yex = B rewE , 5y, 3.11

using the QUICKW Routine (reference 9).

Integration over energy (reduced variable x ) is carried out by using
Simpson's rule in four ranges contaihing different step sizes. For £ > 1.0,
integration is carried out toy = 375.6, and for £ < 1.0, it is terminated
at x= 375.6/t. For fission, capture and elastic scattering reactioms,

the following remainder term is added:

R = -1 (,—TZT- - arctanx\/i% ) 3.12
. VB (1+8) :
with
g 1o
g = o) p,C
ox,c(rf,k, rn,l,T’E)
x = 375.6.

For the total cross section, the remainder is given by

Rt =vR/(co + Op,c) 3.13

The values of op o? Pn for different 2 stateé, and energy dependent partial
’ .
widths are obtained in the same manner as for the infinitely-dilute cross
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sections. For the total cross section, Equation 3.8 is modified to use
weighting by the square of the denominator under the integfal signs, as

described in Section 4.1.6.

Several options are available for the evaluation of Equation 3.8 (see

the input entry description for LFLUXC). It 'is recommended that the RAPTURE
(10)

option be used since the other techniques are for special situations and
can give erroneous results if used’incorrectly The RAPTURE procedure is based

upon the following approximation over the 1nterval from E to E+D /2
: BR

. t,c

Equation 3.8 then becomes

(Te s l'n’m,T,E ) <ot

. 2(o o VI\ M Te i Tnom, ED B
( = ___P_l_ 2 DLW, — 1
(05,T) DIM 2, -2-: ' (T T,E' )+ _ 3.14
’ 0 £ 1’ n,m, pPsC
i m

(ll), can. be applied

~-A self-overldp correction, based on Nicholson's Method A
as a first order correction to the RAPTURE. approximation in cases where
the resonances are broad compared to the spacing. The following formula is

used for this correction:

E,F _ . E,IN e E . E,IN
Gx,c (003T) Ox,c (oo,T) + Ex [}Ox,d) ox,c (OO’T) 325

with the superscripts IN and F referring to initial and final (corrected)

crosé sections. The value of EX depeﬁds upon the distribution of resonance
/rz r \>
n__x
« T
Nt [/ ;
T 3.16
<r> r

N

widths and is given by

b

where: the averages are obtained by using the discrete values described inm
Section 3.3.2, Treatment of Statistical Distributions: of Resonance Parameters.

The value of e is dependent on the distributiaen of level Spacings and is
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approximated by taking

e =1.6y G(y) , A R 3.17
whére G(y) = i~— iy exp(y) erfp ty%)
and y = £2/4

This expression for e is based on a v = 10 chi-squared distribution for

- ‘the resonance spacing. In ENDRUN, e is approximated by

e'=1.0-0.62y 03 - 3.18

The effect of the self-overlap correction is to bring the cross section which
was computed using the RAPTURE approximation closer to the infinitely-dilute
value.

Since the self—shieldea cross sections are numerically integrated over
each representative resonance while an analytically integrated form is used
for the infinitely-dilute cross sections, there will be small differences
between the results. These differences are eliminated by performing a
numerical integration with 9, = 1612 and normalizing to the previously
computed infinitely dilute value. This normalization is performed for
each resonance sequence.

The use of the generalized parameter 60 for the self-shielding compu-
tations eliminates the need to account for resonance heterogeneity effects
in the ENDRUN code. Heterogeneity effects may be considered in the TDOWN
code (reference 5) or other codes which use the generalized file by
applying a correction factor to the homogeneous o, valge. Since it is
assumed that composition effects on self-shielding can be satisfactorily
computed by use of this single, generalized parameter, it is unnecessary

to consider in ENDRUN the factors which go into generating this parameter

for real cases.

3.4 TRANSFER MATRICES

Downscattering matrices in the coarse group structure can be computed
for inelastic scattering, elastic scattering and the (n,2n) reaction. These

cross sections may be output separately in thé generalized file format or

can be combined into a single transfer matrix.
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3.4,1 1Inelastic Scattering

The inelastic scattering reaction is characterized by a physical process
in which the subject nucleus is first excited to a higher energy state by
an incident neutron of energy E and then de-excited By emitting.a'neutfon
of energy E'. The secondary energy distribution of the '"scattered" aeutron’ ¢
may be described by either an excitation energy, Q, for a particular level
in the residual nucleus or by an effective nuclear ﬁgmperatu:e, 6, for
the rcontinuum reaction. Both reaction .types may be included for a given
material. '

Pointwise cross sections and reaction Q-values (excitation energies)
ére;given in File 3 of ENDF/B for the excited levels. Partial transfer
cross sections from coarse grdup 1 to coarse group M, due only to -the

level data, are cdmputed as follows:

N : '
Z Z ®in,jk %5 %k,j
k=1 {
2 .
J

3

level
o]

. 4.1
in

(I-M) =

whefe k = index of a discrete level (N levels)

j = fine group index

g = Summation over all fine groups in coarse'group:I

3
o, . = inelastic cross section for level k interpolated to the mid
in, 3,k lethar f 3
gy energy of fine group j
'¢5 = fine group flux
§ .- =1A4if E < E'= (E+Q )+< E
k,j L,M — k U,m

= 0 otherwise

EU o - Upper energy in group M
» .

1
n

" lower emergy in group M

+ The excitation energies are given as negative values,
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‘ The continuum contribution to the transfer matrix is determined
from a normalized probability distribution, P(E»E') and can be broken
down into partial energy dis;ributioné,.fk(E+E'), where each of the
partial distributions can be described by different analytic represent-

ations ,

Kma;c
P(E+E') = :E: P (B)E (BE') . - 4.2
k=1

and at a particular incident neutron energy, E, -

max
K

. ZE; P (E) =1 o | | 4.3

k=1

where Pk(E) is the fractional probability that the distribution fk(E+E')
can be used at incident energy E. The probability and distribution
functions are given in File 5 of ENDF/B.

An integrated distribution function is defined as

: /E'U ,m .
s = SE! v
F GoM) = . £(E;~E')dE 4.4

1
Bl M

where j = represeuts?a fine energy‘group
M = coarse group M S .
E.= the mid lethargy energy of fine group j
ﬁ] n = Uupper emergy of coarse group M
, o ;

E = Jower energy of coarse group M

Finally, partial transfer cross sections from coarse group I to coarse’

group M, due to the continuum, are computed as follows:
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o (I;M)'= — - | 4.5

wﬁere i, k, ji} . cin,j,k, ¢j’ EU,m’ EL,M are defined as in
h
Equation 4.1

Pk j = the fractional probability of the mid-lethargy energy
. 9 . -

of fine group j

Fk(j*M) is represented by various analytical formulations based
upon an identification number (LF ngmber) from the ENDF/B"
library. Only LF=3 and 9 are presently available for

'.specifying‘the.distribut%on,functiqg»in ENDRUN.

LF = 3 Excitation of‘discrete levels+

E
/ A2+1 A
Fk(j*M) = ~, E+ Y ¢j dE'
. EL ’M (A+1) - ‘ B
= ' : R T < !
1 if EL < < E' < EU, -and E' .satisfies the
conditional delta function equality
= 0 otherwise
¢j = excitation energy of the residual nucleus at the

mid-lethargy energy of fine group j

+ This -distribution function is presently available but would not normally
be used to describe a continuum reaction.
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LF = 9 Maxwellian distribution

E .
U,m
' !

F (M) =
Bl
B e R TP 2= U~ DRI
] TPy Ey,m’ %
I = normalization constant
~(E,~u,)/ " E, -U
= 2 - J J) ¢j A ki
. |1 - e 1+
3 b,
J
¢. = nuclear temperature at the mid-lethargy energy of fine group j
Uk’; = a constant to define the upper limit for the final

neutron energy for partial reaction k such that

The transfer cross sections are determined by adding together the

partial contributions,

.level (I-M) + o cont(I%M) 4.6

Oin(I+M) = 01n in

and normalizing the sum of the matrix terms to the total inelastic

scattering for group I, given by,

. N )
: :E: ZE: %n,k,i * )
_ k=1 j
in,I - v
Z &
, |

where all the terms have been defined for Equation 4.1 except that N

corresponds to the total level and continuum partial contributions to the

inelastic cross section.
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For the case in which the sum of the matrix terms is less than the
total inelastic cross sectioﬁ, as for a truncated matrix, the difference
is added to the 1a$t maﬁrix term (i.e., added to the lowest downscattering
transfer cross section). For the case in which the sum of the matrix
terms 1s larger than the total inelastic cross section, each matrix term

[}

is reduced in proportion to its magnitude.

3.4.2 (n,2n) and(n,3n)Reactions

The (n,2n) and inelastic reactions are -similar processes and the
(n;2n) downscattering terms are calculated as in Equation 4.5 with

replaced by o (the kP partial level or continuum

Oin,k,j n,2n) ,k,j .
(n,2n) cross section evaluated at the mid-lethargy energy of fine group
j). The distribution functions for determining the normalized probability
distributions of the (n,2n) reéction.are limited to the same analyiical
formulations as specified for*tﬁe inelastic,réactidn, Naﬁely,_the
excitation of ‘discrete levels.and the Makwellian distributions. The
distributions are also limited, by the ENDF/B. format, to those cases
in which the exit neutrons-have_the samé energ&.

The . sum of the (n,2n) mat:ii'fermsvis normalized to twice the
total (n,Zn) cross section for group I to account for the production .

‘of two neutrons. That is’

max
I

m=1

The (n,3n) reaction is handled in the same manner as_the-(n,Zn)
reaction and is addédvto the (n,2n) matrix{. For this case, the sum of
the matrix terms is set equal to three times the coarse group average
cross section prior to being added to the‘(n,Zn) matrix and the average

(n,3n) cross section, 0(

is added to o

n,3n),I (n,2n),I1°
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3.4.3 Elastic Scéttering 4

The transfer cross sections due to elasticiécattering arékcalculated
by two different methods depending upon the lethargy gf&up width and the
magnitude of the average logarithmic energy loss. 1If the logarithmic
energy loss for coarse group I, EI’ is "small" as compéred to the lethargy
width for either coarse group I or I+l, then Method 1 is used. For &I
"large" as compared to the coarse group widths, Method 2 is used. (Note
that £, is a previously calculated quantity - see Section 3.5.1). The

criteria for determining whether {_ is small is based upon the input

I
parameter, Fg’ and the following inequalities, -

gI i FE(AU)I ;- 4.9

iFg(Au) ' 4.10

& I+1

I

where Au is the lethargy width for the coarse group. €1 1s considered

small if both inequalities are satisfied.

Method 1 - EI small as compared to (Au)I and (Au)1+1‘

The elastic removal expression for coarse group I is calculated

as follows:

Oor = bI €I og /AUI» 4 . . 4,11
I I
where GS = gcattering cross section for group I which has been
I previously calculated from‘resolved, unresolved and
smooth data.
bI = a correction factor to be calculated

and gI and (Au)I are defined abuve.

Equation 4.11, without the bI term, is the familiar expression
for scattering out of group I in a.l/E flux spectrum. The bI term
is then a correction factor to account for a flux shape which is other

than a 1/E distribution.
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When coarse group input fluxes have not been specified, b will be
dependent upon the input cut-off energy, Ec’ which 1is used to distinguish
between the l/E flux variation and the fission spectrum flux representation
(see Section 3.1.2). Thus, for lethargies greater than u, (corresponding

to thelcut—off energy),‘bI will be.equal to 1. That 1s,for

u, - 2/3 £_ >u . ' 4,12

I I ="

‘For lethargies less than the cut-off lethargy, b, will be determined for

I
a fission spectrum flux shape and given as, .
(Au) Eg /2 .. —106(Eg» - E)
I L I C
b, = -— exp 4,13
1 ) E _ )
. I -\ ¢

where EgI = energy corresponding ‘to the average lethargy for coarse
Group I = 10’ exp (-u + 2/3€ )

]

0 fission spectrum.temperature

summation over the fine group fluxes = 'Z :

e

and the remaining terms are defined above.

_When coarse group fluxes have been input and used to calculate the

fine group fluxes,_br is given by

by = Aui/¢1" | - S 4.14
It is recognized that this type of correction will present special

problems in codes which process the generalized file ‘output from ENDRUN

and attempt to correct the elastic removal crosS‘section for the true

flux spectrum representation. These correction techniques. are discussed

in TDOWN (reference 5). -

| The transfer matrix for elastic scattering is not calculated since the

assumption that gI is small compared to (Au) 1mplies that the transfer

I+l .
will only be from one group to the next. Thus, the transfer cross section

will be equal to the elastic removal.
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£ (8uv) (4u)

I large as compared to I and I+1

Method 2 -

The second method for calculéting downscattering cross sections is
based upon a simple probability function for scattering from lethargy
u to lethargy u'. This probability function for coarse group I is given
as follows

PI(u+u') = AI(u'-u) + BI ' 4.15

where u >u>u are group constants which are determined

U,I L,I I
from the solution of simultaneous equations for the average logarithmic

and AI and B

energy loss, EI’ and the scattering probability normalized over all

lethargies. That is,

u+£n—i— ‘ u+2,n% :
f P(u—>u')du' = f EI(U'-U)+BI] du' =1 4.16
u u ‘
and
u+2n§ : u+£n%
(u'-u)P(u»u')du’ = A (u'—u)2 + B (u'-uﬂ du' = g 4.17
u u

a -1\2

and a has the usual meaning, o = [~——= .

here in is the maximum lethargy gain for scattering from the target nucleus
(i+l

The simultaneous solution of Equations 4.10 and 4.11 gives for AI

and BI,

1
7 - ¥ing .
Ay = ——— 4.18

B, = : . ' 4.19
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for scatterlng from a fine group j within coarse

group I, to above an‘arbitrary lethargy u is next determlned from the

expression,
P(j; > u

where u
UsJ
u,1

Au

Substituting

integration gives

1
=1 for (uk —-Rna)‘;_u

i}

k

u utHins

U,J . . )
wo S e freow

-a'Au, u
“U,3 h| k

- lower lethargy of fine group j

ppper_lethafgy‘of fiﬁé_grqup 3j
upper lethargy for coarse group I°

léthargy width of fine group j

fraction of the fine group j lethargy width

which can scatter neutrons above lethargy Uy

L,j
- Qn%)‘ 1
. foru . > (u, -tn3y) > u

—Au, - “TULT k Vo L,j -

0 for u j j_(uk —‘Zn%)

Equation 4.15 into Equation 4.20 and carrying out the

g

I

. r "ll
. = AL 2
P(J+u>uk), o éuj L(BI/AI + lna):

2

- (u - uU;j + B /A ) (uk Uy 3 +_afAdi + BL/AD)

) |  um
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' For the case in which u, = uﬁ I,'Equation 4.21 gives the probability
for scattering from coarse group I. Thus, the elastic removal cross

seétioﬁ‘is givén the following expressioﬁ,

o = —d : 4,22

where the summation is over all fine gfoups j in coarse group I.

The downscattering terms from coarse group I to coarse group M are

calculated in a manner similar to Equation 4.22. That is,

Z Osj (P(j+u>uL’M) - P(j—»u>uU,m))¢j |
_ j
oer(I M) = 4,23

Z“’j

3

where<P(j+u>uljm) = 0 if neutrons. are not scattered into coarse group M+l.
3

3,4.4 Lethargy Galu Indicator

A lethargy gain indicator is included in the ENDRUN output for each

coarse group I and is identified as follows:

Indicator Condition
1 ’Ll%i AuI
2
2 AU,'I < gnil< Au
—_— a
2
3 SLnE'>uI
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The lethargy,gain‘in41cato; is used in the correction of the elastic
removai gréss‘éegfion fg::the aétual fldk'speéttum in axépecified reactor
region (i;e;; the correétion of the elastic fémoval cross'section in thé
generalized file which is'oqtput by‘ENDRUN). This correction can be
described by referring to the diagram below which shows a sample flux

distribution across coarse groups.

I+2 | I+1 - 1 : I-1 ‘ I-2

P142

u. . . . )
U, I+2 Yu,1+1 U,1 ' U,I-1 U,I-2

A lethargy indicator for coarse group I has the following connotation. .

Lethargy gain indicator =1

‘The elastic removal cross section is corrected between uLT and
. . . H]
uU,I - AuI/Z based upon a flux interpolation between ¢I.and ¢I+l'
Lethargy gain indicator = 2 . .

The elastic removal croés section is corrected between Uy 1 and
) b4
uU,I - (Au)I/Z bgsed upon é flux interpolation between ¢I and ¢I+1’ and
N . . . l . . ;
.corrected between 9U,I ~(Au)1/2 and UU,I - an ~ based upon a flux inter : ;
polation between ¢I and ¢I—l'
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Lethargy gain indicator = 3 . \

The elastic removal cross section is corrected between u d

u,1 2°

uU,I - (Au)I/Z based upon a flux interpolation between ¢I and ¢I+1,

and corrected between u - (Au)I/Z and u based upon a flux inter-

u,I »1-1

polation between ¢I and ¢I—1.

The analytical formulation for correcting the elastic removal term

is different for each indicator and ié described in TDOWN (reference 5).

3.4.5 Scattering from Hydrogen -

For the special case of elastic scattering from hydrogen, the

removal expression for coarse group I is given as,
-Au

Z o o, e Wy Yy |te1
' ej‘ j Auj
O = : 4. 24
I D)
‘ ¢j
]

where the summation is over all fine groups j in coarse group I and the
remaining terms are defined in Section 3.4.3.

" The downscattering terms for coarse group I to coarse group M are
the following,

' —(u -u, ) -(bu) ,
- L‘,M U’I _ m .
oer(I+M) = Oer,I e [1 e ] - 4,25

If the downscattering matrix is truncated the last transfer term will

be given by,
Y |
max, _ _ ‘
cer(I+M ) Ger,I :E: oer(I+L) 4.26

L=I+1
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3.5 REACTION PARAMETERS

Reaction parameters which are generated from the ENDF/B data include: .
(1) the average cosine for elastic scattering, u;‘(Z) the average logarithmic .
energy decrement, &; (3) the number of neutronms emitted per fission, v;

and (4) the average fission spectrum fraction, X ) o “

3. 5 1 Average Cosine of the Scatterlng Angle, u, and Average Logarithmic

Energy Loss, £

Pointwise data for u and £ :are given in File 3 of the ENDF/B:library
and are processed like the data for the infinitely-dilute reaction cross
sections. ' That is, the pointwise_data.are interpolated to :the mid-lethargy
energy for fine group j and are weighted by the:ﬁne'group-finxkandféummed

as follows:

/A\

and , ‘ o .
P - -d —_ .

A
Y

where the summation is over all fine groups j in coarse group I.

If elastic scattering cross section data is not availabie or has not
been requested by the user the calculations for u and §, which represent ' ]ﬁ
only a rough approximation, willlbe completed However , since both p and ‘
£ are glven meanlng only in the process of elastic scatterlng, the average
of these quantltles will depend not only on the reaction variablés but
also on the relative elastic cross section at each energy. Thus, the fine
groups are later reaveraged (if the data‘is available and after resolved .

and unresolved resonance contributions to os have been calculated) and the
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final coarse group average is given by:

and

. v , Z Ejos.q’j
i
£ -
<> - 5
o_ ¢,
sj 3

k|

If the pointwise data for £ are not available, a special input option

5.4

in ENDRUN can be used to carry out a theoretical calculation of £ according

to
£=1 +(ﬁ?§lna : : . 5.5
where a = A-l ?
T A+l

and A = atomic welght

An average over the fine group values of (1—u)os, normalized to the
theoretical approximation'(1-2/3A)os, then provides a correction to account
for the effects of anisotropy and yields the final average for coarse group

I,

<> <»<% B
EE (1ﬂ1)0 .///EE¢. | >
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3.5.2 Average Number of Neutrons Emitted_Per Fission, v

Data for the average number of neutrons per fission, v, are given in
File 1 of the ENDF/B library in either ofxtwo_ways:~ (1) coefficients for
a polynomial of degree N or (2) a tabulated, pointﬁise representation.
In either case, the processing of the data is similar to the processing
of the data for p and & in the previous'séction. Values of v are cal-
culated - from the polynomial equation or by interpolation - at each mid-
le;hargy energy for fine group j. Since v has meaning only in connection
with a fission reaction, the group averagé Value‘will depend upbn the
' relative fission cross section at each éﬁefgy. The final coarse group

average of v is fission weighted as follows:

A Z vjcf.¢j “ ' | ,
<if;::; = 4 :E: 1 . . 5.7
N ) o ¢

‘ ‘fj J.ﬁ

3.5.3 Average Fission Spectrum Fraction, x

The average fission spectrum fractionm, x,His calculated from the data
in Fiie 5 of the ENDF/B library. The data consists of tabulated probability
functiéns and a range of nuclear temperatﬁres'with or without additional
constants. The temperature, 6; may be given as an energy dependent para-
metgs_apd for this casé the temperature may be interpolated to an input-:
energy specified by the user. '

The. x values are calculated according to one of the following' analytical

expressions:

Fission Spectrum

x (E) =/——3—"3E e—E/e'

Maxwellian Spectrum

i

x(E) = (E/62) e_E[e.

Watt Spectrum

x(E) = -*“;ggg;- e-ab/4 e"E-/a sinhvVbE '
I1I-44
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The ENDRUN calculation uses only a simple pointwise average. Thus,
x(E) and P(E) are calculated and/or interpolated to each of the fine

group mid-lethargy energy values and the integration is approximated by

the following summation
= .P.E Au, 5.8
<<:?:>E :E: ‘XJ I '
h|

The <:§;> values are then normalized to 1.0.
1

3.6 OVERLAP CORRECTIONS

Several different types of cross section overlap are possible, some
inherent to the physics of averaging calculations, others due to the
generalized ENDF/B format which allows different types of data to be given
for the same reaction at the same energy. In particular, the following
types of-overlap may be processed by the ENDRUN code:

(1) Sstatistical resonance overlap within unresolved resonance
calculations -- discussed in Section 3.3 and processed as
an option according to the‘Nicholson "A" method (Referencé 1).
(2) Overlap of unresolved resonance sequences.
(3) Overlap of unresolved and resolved resonance data in the
same coarée group. . '
(4) Overlap of unresolved and/or resolved resonance data with

smooth, pointwise contriburions.

All of these overlap situations have in common the combination of two or
more sets of cross section data which have been separately averaged over
a coarse -group. In the infinitely dilute case, in which only the coarse
flux is used for weighting, these separately averaged quantities can be

cowblined by a simple summation, i.e.

ORERO TN ¢ G e
I I NY'1 V1
smooth ,

unresolved resolved
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Similarly, unresolved resonance sequences, k, can be summed to give:

<E;;>1 = jg : <€::>i - 6.2

c=1 ‘ o

When self-shielding is required, however, the fine flux (l/0t+°o) for

each calculation is different (e.g. the total cross section in unresolved

resonance averaging is,only the unresolved contribution to total). Since

o, is thus too small, the.self-snlelded values are actually for different --

. and smaller -- effective oo's. One way to correct this situation.is to |

first determine the correct O and then adjust each self-shielded value : ;
by interpolating to the correct effective LA Fortunately, temperature . :
remains the same in all cases, so only a one-step 1nterpolat10n is necessary

This interpolation is based upon a Taylor expansion ‘about the original . ‘ 4.lﬁ

o _ value. 4 : L , : =
o - . _ . !

3.6,1  F-Factor Interpolation

The 1nterpolat10n scheme employed by ENDRUN for correctlng the self-
shlelded cross section is based upon a Taylor series. expansion of the f—- ) g

factors in terms of fn g,+ A typical plot of £, vs x (actually f_ for - -]

U-238) is given in Figure 3.1 where: . . ) .
oi(oo) ‘ :
fi(oo) = Oi(m) (for reaction type 1)
and ) n o i
: L o
x =

Although the graph stops at x = 0 or cé = 1, 0; 9 values closer to 0
~are possible; the only restriction 1s that the logarlthmic intervals .
between two different values of 00 must be constant (i.e. consecutive

values of o must be multlples of the same constant)

If we assume that f has been calculated for values X1 Xp5 Xg, X, and
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FIGURE 3.1

CURVES OF SELF-SHIELDING FACTORS AS FUNCTIONS OF ¢
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that £ = 1.0 at Xgs then the interpolated value of f at x, a distance
§ from Xq, may be found by expanding the Taylor series around the closest
values (e,g. around x3 and x4) and weighting inversely with the distance

from each point. The Taylor series expansion of f at x about kn is:

' T i 2 2
f(x) % £(x +8) = £(x ) + G;f) 6+ (%;fr) g—- +..0.. 6.3
n n .

Evaluation of these derivatives will depend on the location of x with

regard to X in and X ax’. the minimum and maximum values of x in a glven

. ENDRUN calculation. Interpolatlon results in one.. of the follow1ng 5

cases:
D ¥ = Xiin
' f = N
() = £, )
2) X > x + A
— “max
f(x) = 1.0
3) X . <X <x . +.A
min — . min .

S _ 5 |

where: 8. = x ., +A-x
1 “min

and if f(x)

A
rh
~
"

) £(x) 1s set = £(x_, ).

4) Xnax =¥ S Xt A .
2
. 8 8 8
_ o2 1{2y _L1(2
£G) = f(xmax) [l —(A ) ] G |2 (A ) 2 (A)]
: 2 |
§,\" 8 '
1422y 1 22
+1 [2 ( A)_. *32 A] o
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where: §, = x - X
and if f(x <] and f(x) > 1, f£f(x) is set = 1.0
max)

if f(xmax) > 1 and f(x) > f(xmax), f(x) is set = f(xmax)

(53) x + A< x < X

min ax

locate n such that x_ < x< x

n+l
X . .-X X-X
_ n+l n
F(x) = ) fx,n + A fx,n+l
2 2
8 8
. _ ) 1 @z) 1 _;]
where: £, on = f(xn)[ (A) ] *EGg ) [2 Al T2 n
2
8 8 ‘
1 (%3}, 1 23
*EGy) [2 (A ) *2 % ] 6.6
for: 63 = X=X ’
2. 2
it S 6 8
_ 9] L) 1 %]
and fx,n+l - f(xn+l) L} (A M f(xn) [2 A 2 A

2

s\ 8
‘ 1 (g 1 _4_]
ML) [2 A *2 3 6.7

for: 64 X-X

]

n+l

Although the detailed eduations for overlap corrections are shown
below only for the case of unresolved resonance sequences; the method is

essentially the same for all overlap situations.
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3.6.2 Combining Unresolved Rescnance Sequences

The contribution of each unresolved resonance sequence of a given iso-
tope to the energy averaged cross section for reaction type x, at each
energy point and for each o, and temperature is computed by neglecting a @

term in the total cross section - namely the contribution of the other

resonance sequences,

which is taken to_ be constant in energy across a resonance spacing. _;j
' That is, the resonance integrals are originally computed with a flux SE

approximation of the form

1

. " 60-9
T,C(E)+0P (E)+oo

"$(E) =

The missing portion of the total cross section may be treated as an

addition to o o’ and the resonance contribution adjusted to the correct

value for the de31red a,- ' _
A'Taylpr eipénéi&n about 2n oy is then used tojdeteimine'the énergy,

average cross section thch would have been computed with a flux of the ' ' %

more complete form, ’ ‘ , - B

6 (E) = — - ' 6.10

o, C(E)+o (E) + z <r >

c'=1 o
Y#c . :‘

“"The corrected values of the cross section are then summéd over all

resonance sequences for each energy point, 0o temperature and reaction

type.
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3.6.3 Resolved-Unresolved Resonance Range Overlap

If the contributions from resolved and unresolved resonances overlap
in energy across a full coarse group, the standard overlap correction as
described in Section 3.6.2 is‘applied. . This provides a first order correction
for the effects of each contribution on the‘;otal cross section seen by the
other. However, in the coarse groups for which one or both the unresoived
and resolved ranges end, special attention must be given to the correction.
Since one or both of the'contfibutiqns do not apply o§er the entire coarse
group, it would be incorrect to use group-average total cross sections to
correct the self—shiéiding.‘ The mostlimportanf situation of this type
involves the effect of the unresolved contribution 6n the resol&ed self-
shielding when the two energy ranges butt against one another. In this
case, nearly the complete cross éeétion contribution is transferred from the
resolved to unreéoived resonances, and, since large energy variations are
likely to exist in the resolved cross sections, sizeable errors could
exist with the standard correction. If the two rangés ac;uélly overlap,
it is most likély fhat one or the other will dominate and the oveflap o
correction will be less important; '

In order to deal specifically with the case where the two ranges

.butt against each other, fine group values of o, are retained for the

lowest-energy group of the unresolved range and are used directly in self-
shielding of the resolved resonances. Later, when all contributions afe
summed and the standard corrections made, the correction to the resolved _
portion of this boundary group is bypassed to avoid redundancy; The self-
shielded unresolved portion is still corrected since the resolved con-
tribution to the total cross section was ﬁot available at the time of the
original calculation.

For the cases where both resolved and unresolved ranges do not end in
the same coarse group, but still overlap, this special method is again
applied to the lowest-energy unresolved group. The standard correction is

applied to the highest-energy resolved group.
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'SECTION IV

_PROGRAM DESCRIPTION

The ENDRUN program cons1sts of a main program and eleven links.
The linking system allows the overlay of coding so that separate data
_types are processed with only the necessary programming in the computer.

- The computer memory requlrements are minimized in thlS manner.f~

' The broad program logic is illustrated in F1gure 4.1, lnlthe
1llustration some links have two names; the second name specifies the
link overlaid by the first. Following Figure 4.1 is a description of
the MAIN program and each link. For a more detailed descrlptlon of the
links and the subroutines in ENDRUN the user is referred to the ENDRUN

Programmers Manual(lz)
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FIGURE

V-1

MAIN

Control execution of the

[ following- links.

LINK BLKCMN

Load constants into two labled
common arrays

LINK TURNL .

Control for printed output

LINK INPUTL

Read input data and perform
initial calculations

N

LINK FIRST, INPUTL

Locate ENDF/B material and
read files 1 & 2.

/\

Are unresolved resonances Eg/;>———
be calculated? _

—

i

_4'

-~

ygs
LINK UNRES, TURNL

—-——-——-“

Calculate the unresolved resonance
contributions to the cross sections

s

ENDRUN PROGRAM LINKS

qo

. -

. Are plots of the output
! wanted?

j —

9

LINK SMOOTH, UNRES

Read file 3 and group average
smooth data for all specified

reactions

Are resolved resonances to
be calculated?

es
y~ll

LINK RESRES, SMOOTH

‘Calculate the resolved resonance
contribution to the cross sections

=

LINK NEXT, RESRES

Compute self-shielding f-factors.
Calculate v. '

- =
RV

LINK MATRIX, NEXT

‘Calculate scattering matrices, ﬂ,
€, x and o _ as specified

LINK OUTP, MATRX

Generate output as specified

H
i

T~

==

n

- =

Bl :
/
/ / : ...
" Is smooth data to be .:::>
— aVFréged?;///f/’"
- .
yes
/ \\ B

\l/
yes

LINK PLOTT, OUTP

e O

Generate output for use on
plotting device

s o e}
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The MAIN routine directs the sequential execution

of the code and contains the blank and labeled common
used for transferring data from link to link. The
subroutines in MAIN are always in memory so they are
available for use in other links. These subroutines
are uged primarily for locating, reading and inter-

polating data in the ENDF/B libraries.

* This link contains a block data foutine which loads

several constants into labeled common for use in

other subroutines.

The‘routine in TURNL controls the format of the

input edit.

. The input data is read, checked and loaded into

memory in this link. Initial calculations are carried
out to prepare the input data into. the arrays which

are necessary for the execution of other links.

The ENDF/B material is located and-writtenfonto.a.
disc in FIRST. Resonance data is written on another
disc for use in the resonance calculations. The

fine group energies and fluxes are also calculated

in this link.

The unresolved resonance contribution to the total,
scattering, captufe and fission cross sections are
computed in this link. The unresolved infinitély—
dilute and self-shielded contributions are.caléulated

at the energy points specified by the user; then the

pointwise cross sections are flux averaged'for all

coarse groups.

i

" The pointwise cross sections are averaged over fine

groups after intefpolation of the data to the mid-

lethargy energy values of the fine groups. Sélf—

shielding of the smooth cross sections is also done

in SMOOTH.
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NEXT

MATRIX

ouTP

PLOTT
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’
The resolved resonance contribution to each fine

group is calculated and added to the appropriate

" smooth déta in this 1link. The output of this

link includes the fine and coarse group cross .
sections in the resolved range for all temperatures

's.

and S
The self-shielding factors are calculated.in NEXT
based on contributions from unresolved, resolved
and smooth data to the cross sections. The
avefage numBef of-néutrons pér figsion, v, 1is alsb

calculated in this link.

This link contains routines for generating the inelas-
tic, n-2n and elastic scattering matrices. Group
average values for p (average cosine of the elastic
scattering angle), x (fraction of fission neutrons
within a coarse group), and Oy (elastic removal

cross section) are computed in this link.

The OUTP link generates the -four types of outpﬁt avail-

able in ENDRUN, The output subroutines are briefiy.

described as follows: | '

OUTPUT - subroutine for printing all group averaged
cross sections, self-shielding factors and
scattering matrices.

FCCOUT -~ subroutine for punching cross sections to
be used in fixed format codés.

TROUT -  subroutine for punching infinitely-dilute
cross sections on cards.

STDOUT - subroutine generates a one-material GMUG
file on tape for use in the TDOWN code.

Data is arranged into the format required by the series

of subroutines called DRAW, the GE general purpose

plotting routine.
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SECTION V

INPUT DESCRIPTION

5.1 CONTROL CARDS

The following control cards are'fequired on the GE-635 unless

-otherwise noted.

Card Column: o 1 R 8 ,.16A:

' CARD PURPOSE '
Job Identification $ IDENT CCCC,III-locat ,ENDRUN
Pfogram ioader $ PROGRAM RLHS .
ENDRUN program $ 'TAPE ~ H*,HIDD, ,MMMM, ,ENDRUN H*
Program limits s LIMITS - tt,53K,10000,10000
Beriﬁheral storage‘ | $° FILE ©01,,25L (Tape Optional)
Periphefal storage $ FILE 02,;5L
Peripheral stdraée - $ 'FILE ' 03;;SL
Perlpheral storage , $ . FILE 04,,10L

"0utput file (print) . s . ‘ SYSOUT 06

' Input file (ENDF/B tape) § ~  TAPE ~ 07,NiDD,,MMMM,,NPOST ENDF/B
: (optional)

FILE - 08,,5L
'Peripherai storage FILE - 09,,5L

Peripheral storage . $
$

Peripheral storage $ o FILE 10,,2L
$

Input file .(QUICKW tape) - "TAPE ~ 11,QlDD, MMM, ,QUICKW TABLE

: S o _ (optional)
Output file (GMUG'tapg) $ TAPE iZ;GlDD,,,,GMUC MAT. (optional)
Peribheral storage $ FILE 13,,1L
Péripherai storage . $ , :‘FILE 'm' 14,,25L
Peripheral étogagé,: : $ . - FIﬁE ‘- .15,,lL
Output file (PLOT tape) $ TAPE . 39,P1D,,,,PLOT TAPE (optional)
Output file (cards) $ SYSOUT ‘ 43 | (optional)
Tfansliteration card $ INCODE IBMF.

Conclusion of job $ ~ ENDJOB

CCCC = user's charge number
III-locat - user's initials and locatlon
_ MMMM - tape reel number :

' tt - maximum problem run time in hundredths of an hour

V- l
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All TAPE, FILE and SYSOUT control cards use file code numbers so
reference can be made to the files. The alphanumeric file code number is
designated in card columns 16 and 17.

Several of the above peripheral file control cards are optional.

These cards and their uses are listed in Table 5.1.

TABLE 5.1

OPTIONAL CONTROL CARDS

File Code Use
01 : ENDF/B data tape, either BCD (for one

material only) or binary. May be a
disc if using an NPOST tape on 07 or
may be omitted if running from cards.

07 NPOST compressed binary tape containing
complete ENDF/B data file. Desired
material is read on to File Code 01
before actual use.

11 QUICKW table, permanently saved on
tape. May be generated by ANL
routines WL and W (Reference 9).

12 ‘GMUG tape generated for a
single material at the end of an
ENDRUN case and saved to be added
to the GMUG file

39 ' Plotting tape - save temporarily
to obtain X-Y plots of cross

sections or f-factors.

43 Punched card output

If any optional file is not needed, that control card may be omitted.



GEAP-13704 -

5.2 DATA CARDS

The data cards must be preceded by a CASE card and followed by a

LAST card'asjshown below.

Card column: 1 6 9 28

CASE Card ) ENDR iii *nnnnn ddddddd
Data Cards 4 :

LAST card . ) LAST *

iii = user's initials
nnnan = case name
‘ddddddd.= date
(Columns 6 to 34 may be left ‘blank)

The ENDRUN input data are given in the free format except for several
optional data sets which are input. in the fixed format. Free form data

cards have: the. following content:

- COLUMN ' . CONTENT
1-12 L Card type
13-15 ' ii
2?789 : S l.ﬁxeé4form data

The card type is represénted by ‘an alphanumeric name (left justified
in columns 1 -to 12). ”Associaged withxtﬁe card type is a data set for
which the input val@es.are listed (in otder)rin columns 21 to 80. More
than one card may .be included for a specific déta set and the beginning
location of the data will be specified by ii in columns 13-15. If ii is
left blank, it is assumed to be one greater than the last, previously
filled ‘location in that data set. Aﬁy card which immediately follows a
card of the same type may use an asterisk in column 2 rather than the entire
card type name in columns 1 to 12. .

The data in columns 21 to 80 must be sepérated by one or more
‘blanks or a comma, and comments may be included if they are énclosed in
parentﬁesis and are separated from the numerical data by one or more
blanks. The cards are processed one at a time so a number or a comment

. cannot continue from one card to the next. A number may be loaded into n
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consecutive locations of the data set if it is followed by one or more
blanks, or a comma, and then an Rn or a *n. Sn or /n preceded by a blank
will indicate that n consecutive locations in the data set be skipped
over without altering their contents. Consecutive commas or a leading
comma cause integer zeros to be loaded.

Values for several data sets (e.g. TEMPERATURES) are input as a

list of arbitrary length. These values must be loaded into consecutive
locations beginning with the first available location and thé end of the
list is indicated by the first zero.
The following card types are currently available for ENDRUN. The
names of the data set entries shown are generally those used in the
FORTRAN instructions. They are preceded by an (i) if they must be input
as integers and by an'(a) if they are alphanumeric. nH must precede
any n characters of alphanumeric input (including blanks). All other
input numbers require a decimal point and may be followed (without separating
blanks) by an exponent of the form EAtn. The EA need not be included; or

if the E is given, the A and/or the sign need not be given.t

If a data set entry is omitted from input it will be assigned the

value of zero.

Card type Data Set

name ii Entry Name Entry Description

TITLE 1-20 (a) IDENT 120¥character case identification. Six
characters per entry. Note that any
number of TITLE cards may be included
to identify the case, -but only the first
120 characters will be printed in the
output. TITLE cards may be omitted if
none are wanted.

GENERAL 1 (1)MATT . Material number on ENDF/B file.

2 (1) LRECD ENDF/B file type indicator
. = (; cards .

= 1; binary tape
= 2; NPOST tape
= 3; BCD tape

+ n = an integer

A = a one-character blank
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Card type Data Set .
. Name ii. Entry Name Entry Description

i
i
i
!
¢
i
i
i

If ENDF/B data is read from an NPOST
(GE compressed binary) tape, ENDRUN . ' -
actually creates an intermediate BCD '
file (for one material) which may

be saved on file code 0l. This tape ‘ v
could later be used by setting LRECD=3.

Recommended procedure is to use DAMMET

to create a large ENDF/B binary file

and. run ENDRUN from that if a compressed

binary system such as WPOST is not '

available.

3 (1)1TOT "Total number of coarse groups.
' - 1 <'ITOT <. 100 L

4 - (1) IMIN Number of the lowest coarse group (highest
energy) to be calculated.

5  (1)IMAX Number of the highest coarse group (lowest
energy) to be calculated. 4

6 - SLETH Starting lethargy. SLETH is 0.0 for a o o
starting energy of 10 MeV, but can be
negative to yield a higher beginning
energy. _ o .

7 FSCL : Energy at which flux-weighting spectrum
changes from 1/E to Maxwellian dlstrlbution
(in MeV).

8 T™W Temperature in MeV of Maxwellian spectrum.

9 - FRAC Fraction of group lethargy width used
' : in calculating the elastic removal cross
sections., :

10 (i)MNOG Material number on GMUG file.

"~ OPTIONS ~ Indicators which select various optional calculations are
included in this data set. - _ -

1 (i) SMOOTH

= 1; do not calculate smooth cross section .
~ contribution.

= 0; do

= 1; do v calculations

2 (i)NU
: = 0; do not
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Data Set
ii Entry Name

GEAP-13704

3 (1)NSTOT
4 (1)NSPOPT
5 (1) IRUN

Entry Description

If NU=1, the material must be fissionable and
ICT=4 must be specified on a REACTIONS

card so that fine group fission cross _
sections are available for weighting of v.

=1; adjust Ops for balance and put ENDF/B

total on file (not available).
= 0; adjust total cross sections on file
to equal sum of partials.

=1; calculate self-shielding factors
using ICT=5 as the total cross section
(not available).

=0; calculate self-shielding factors
using ICT=1 as the total cross section.

=]1; case will be executed even if non-
fatal input errors are found.

=0; execution will be terminated if any
input errors are found.

Special output requireménts are specified in this data set.
It may be omitted if only the automatic printout is wanted.

1 (1)LouT(1)
2 (1)LOUT (2)
3 (1)LOUT(3)
4 (1)LOUT (4)
5 (i)LOUT(S)‘
6 (1)LOUT (6)

=1; GMUG file created on File Code 12
=0; No GMUG file (and no tape needed on FCl2)

=1; punched card output in DTF
(6E12.6) format.
=2; output on tape (not available). -

=1; punched cards in TROUT format (infinitely
dilute averages and combined matrix only).

=1; Plotted output of coarse group averages
or f-factors.

=1; fine group energies and fluxes used
in averaging are printed out.

=1; Unresolved resonance contributions are
printed as a function of %,j at each energy
point and for all coarse groups.

=2; Fine group interpolated unresolved
contributions are also printed.
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Card type Data Set
Name ii Entry Name - Entry Description

7 (1) LOUT(7) =1; ENDF/B file 3 data is printed out
as it is read.

8 (1)LOUT (8) =1; coarse group averages for single
: reaction types (MT) are printed as they
are calculated in addition to the
automatic output of reaction type ICT
averages (smooth region only).
=2; fine group cross sections are
printed as calculated. '

9  (L)LOUT(9) =1; self-shielded coarse group averages
o .- are printed as they are calculated
- (smooth region only).

10 (i)LOUT(10) Intermediate smooth plus resolved resonance
cross section contribution -edit indicator
=0; none . o

" m]l; coarse groups (infinitely dilute and

self-shielded) . ‘ o
=2; coarse groups and fine group A
infinitely dilute -
=3; coarse and fine groups (infinitely
dilute and self-shielded). "

11 (i)LOUT(ll)" =1; intermediate printout of fine group
- values of v and*vof. .

12 (i)LOUT(12) Not specified at present.

13 (i)LOUT(13) =1; matrix changes due to renormalization
' are printed out. :

14 (i)LOUT(14)  Not specified at present.

15 (1)LOoUT(15) th.specified at preseﬁt.

16.- (a)MFIL Alphanumeric material name - printed on
' plots and punched on TROUT and FCC cards.

Automatic printed output from ENDRUN includes a listing of

input cards, a table. of coarse group energies, lethargy widths
and f-factor control numbers and the final coarse group averages
for all output reaction typés, f-factors, and matrices. The
output control numbers in this data set are in addition to

the automatic printout, The first three control numbers provide
puriched or tape output for direct use with other codes: a GMUG
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Card type
Name

REACTIONS

- ICT (1)MCRS

file for the TDOWN code; ~ punched cards with f-factors
for the Battelle FCC-IV code; and punched cards without
f-factors for a'standard MUG file.

Data Set
ii Entry Name Entry Description

The ENDF/B reaction types (MT) which are to be included in
any of the ENDRUN output reaction types (ICT) are specified
in this data set. For this card type, ii is the ICT value
and jj (Column 17-18) is used as a counter for reaction
types requiring more than one card.

List the ENDF/B reaction types to be

ICT,% included in ENDRUN output reaction type.
See ICT list below.
ICT Reaction Meaning
1 Total cross section = sum of partials
2 Elastic scattering
3 : Capture, may include (n,y), (n,p), (n,a)
4 Fission
5 Total cross secfion, as given by ENDF/B
6 Inelastic
7 Xi = average lethargy loss by elastic
scattering (&)
8 Mu = average cosine of elastic scattering
angle (p)
9 (n,2n)
10 (n,3n)
11 Nu = average number of neutrons released
per fission (V)
12 Elastic removal o
er
13 Chi = fraction of fission neutrons arriving

in this energy group (x)
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ICT o ~keaction'Meanihg :

14 ' : LGI

lethargy gain indicator
1.0, ln%.i Bu/2

]

2.0, Qni > Auf2

3.0, 2o > Au
o

15 Blank at preéent.

Output reactions 11 to 15 are handled differently from those
numbered 1 to 10 and should not be specified in this data
set. Any reaction types 1 to 10 which are not specified

in this data set will not be calculated.

ENDRUN allows combinations of several input reaction types
(MT values) in a single output type, e.g. (n,y) (MI=102)

and (n,a) (MT=107) in capture (ICT=3). The only restrictions
are: 1) Any MT value can appear in only one output reaction
other than the total; 2) No more than 15 MT values can

be combined in one output reaction; 3) If two or more MT
values are combined in one output reaction the corresponding
combined MT value (i.e. absorption) should not be used else-
where; 4) If two MT values are combined and both have
'secondary energy distributions, only the first distribution
will be used in matrix calculations and it will be
weighted by the combined cross sections, not that of its
separate MT value. Thus, even if a combined inelastic

and (n,2n) matrix is desired, inelastic and (n,2n)

reactions should be treated separately with two REACTIONS
cards; 5) If the inelastic cross sections are given

by levels in file 3, only the first and last MT values

for the levels should be ‘input in the ICT=6 REACTIONS

card. ar '
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Card type Data Set .
Name ii Entry Name Entry Description

DELTA U/CG The lethargy width of each coarse group is specified in this

data set.
32-2 DELUE Au of each coarse group in sequence 2.
(i)IFIRST2> Beginning coarse group in sequence R.
(i)ILAST2 Last coarse group in sequence 2.

Repeat (DELU_ , IFIRST , ILASTI) for 2=1 to the number
of sequences on the card.

The coarse group structure to be used is input as sequences

of group lethargy widths. The lower energies of each group

are then computed based on the starting lethargy given on

the GENERAL card. The lethargy width, AU, of each coarse group
in sequence %, is assumed to be constant between groups IFIRST
and ILAST. Any number of DELTA U/CG cards may be given,

and each card may contain as many sequences as will fit, but
the three numbers describing any sequence must all be on the
same card.

FINE GPS/CG The number of fine groups in each coarse group is specified
in this data set.

3¢9-2 (i)NFGQ Number of fine groups per coarse group
in sequence %

1 < NFG < 30
(i)IFIRSTZ Beginning coarse group in sequence £
(i)ILASTl Last coarse group in sequence 2
Repeat (NFG, IFIRST, ILAST) as necessary.
Any number of FINE GPS/CG cards may be given, and each card

may contain as many sequences as will fit, but the three
numbers describing any sequence must all be on the same card.

SIGMA-NOUGHT Parameters representing other-material cross sections (o 's)
used for computing a generalized self-shielding table of°f-
factors are specified in this data set. It may be omitted
if f-factors are not wanted.

L SGO2 List o values (in ascending order).

o
2 & 5.
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- Card type Data Set
Name ii Entry Name Entry Description

Because of the interpolation routine used in adjusting the
self-shielding for overlapping sequences and data types,

. the ratio (logarithmic or linear) of consecutive o values
must ‘be constant, e.g. 1.0 - 10.0 - 100.0 or 20 - %0 - 80,
and at least two 9 values must be input if this option 1s
used.

F-F_SMOOTH Coarse groups for smooth data f-factors are
specified in this data set. They may be omitted if f-factors
are not wanted.

29-1 (i)IFIRSTl Smooth data f-factors will be calculated
' for groups IFIRST to ILAST. F-factor
(1) ILAST, calculations are always made for total,
capture, scattering, and fission (if
given) cross sections so no reaction
specification need be made.

Repeat (IFIRST, ILAST) as necessary.

TEMPERATURES Temperatures used in the resonance calculations are specified
in this data set. They may be omitted if f-factors are not
wanted.

L TTQ List témperatures in degrees-Kelvin.-
(In ascending order). 1 < £ < 3

A tempéféture of 300°K is automatically -

used for resonarice calculations if no

‘temperature is input.

UNRESOLVED R ' fInﬁut_for the unresolved resonance calculations is
| specified in this data set. It may be omitted if no unresolved
resonance calculations are wanted.

1 (i)NDELIF =0; Do not punch unresolved results on cards.
=1; Punch pointwise unresolved contributions
to infinitely dilute and self-shielded
cross sections.

2 (1) LFLUXC

3 (i)LAPC =1; Uhresolved resonance self-overlap
. corrections for self-shielding (reference 4)
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Card type Data Set
Name ii .Entry Name Entry Description
4 ELAPC Do not perform overlap correction
below this energy (in eV).
5 (1)NUNDU Number of energy points in unresolved
range. 3 < NUNDU < 30 '
It is suggested that the user select
all or some of the energy points where
the unresolved parameters are given on the
ENDF/B file.
6 - URR1 Lowest energy of the unresolved region.
(in eV). (automatically set to ESS, if
not input)
7 URR2 Energy above which f-factors are not
needed. (in eV). (automatically set to
ESS, if not input)
8 URR3 Highest energy of unresolved fegion
(in eV) (automatically set to ESSNUNDU
if not input)
9 ESS1 Lowest energy at which an unresolved
calculation is desired (in eV).
10 E582 Next energy point
NUNDU+8 ESSNUNDU Last energy point.

Unresolved resonance calculations are performed at NUNDU energy
points which depend only on the ENDF/B input range and not on the
coarse group structure of a particular ENDRUN case. The

NDELIF = 1 option may, therefore, be used to punch cards with the
unresolved contributions at these energies and future cases can
be run directly from these cards at considerable savings of
computer time.

LFLUXC specifies the type of unresolved calculation to be

performed. The averaging techniques are briefly described by
the general forms below. ‘

v-12
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Card type
" Name

GEAP-13704

Data Set :
ii Entry Name Ent:yﬁDescription

LFLUXC <:: :j>

< T e

‘ .
X o
1 S
<<:id/ﬁ g +ta ‘:>
X o

. (¢ + oo) O
2 D Jk,i o +o_ dx

LFLUXC =2 is recommended for general use, together with the
self—overlap correction. In some cases 'LFLUXC = 1 gives more

accurate resuits.

- Self-shiélding in the unresolved resonance reglon is further

complicated by scatterlng interference .and resonance overlap.
The former is not ‘considéred in this version. Overlap of
resonances of the same sequence may be considered with the

LAPC = 1 option while first order corrections to the overlapping
of resonances of different sequences (dlfferent 2,j states)

is accounted for by an adjustment of O e -
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Card type Data Set
Name ii Entry Name Entry Description

RESOLVED R Control numbers for resolved resonance calculations are
specified in this data set. It may be omitted if no resolved
resonance calculations are wanted.

32-2 (i)ISCOle Resolved resonance contribution indicator
in sequence %

1 = No resolved contribution (this entire
data set is initialized to 1 before cards
are read).

2 = Resolved contribution, but no self-
shielding necessary.

3 = Resolved contribution with self-shielding.
(i)IFIRSTz Beginning coarse group in sequence &

(i)ILASTQ " Last coarse group in sequence ¢

Repeat (ISCON1l, IFIRST, ILAST) as necessary.

Any number of RESOLVED R cards may be given and each card may
contain as many sequences as will fit, but the three numbers
describing any sequence must all be on the same card.

The user should check the resolved resonance energy ranges in
File 2 of ENDF/B data and specify the coarse groups in which
resolved resonance data should be used to calculate the resolve
contribution. :

MATRIX ) Data for matrix calculations are specified in this data set.
If a particular matrix calculation is called for the corres-
ponding smooth cross section must also be included.

- (1) INELAS =]; generate inelastic matrix.

1
If INELAS # 0, ICT=6 must be specified on a
REACTIONS card.
2 (1)LN2N . =]1; generate (n,2n) and/or (n,3n) matrix.
If LN2N#0, either ICT=9 or ICT=10 must be
specified on REACTIONS cards.
3 (i)LELASM =1; generate elastic matrix and calculate
o .
er
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Card type ‘ Data Set _
Name _ ii Entry Name Entry Description

If LELASM#O,‘ICT;Z and ICT=7 or 8 must be -
specified on REACTIONS cards so that fine
group values of O and £ are available.

4 (i)LSEPM =0; combine all matrices into inelastic
| ' N matrix.
=]1; three separate matrlces (inelastic,
(n,2n), (n,3n) and elastic)

If FCC or TROUT cards are desired, all
matrices should be combined. (n,2n) and
(n,3n) are combined even when LSEPM=1,

5 (1)LDXI =0; calculate £ directly from ENDF/B File
' - - 3 MI=252 '
=1; calculate E and u allowing for
 anisotropy : -

6 . ({)ILINM Highest numbered coarse group having an
inelastic matrix (lowest energy group
having inelastic scatterlng) Maximum
number = 70. : :

-7 (1)NDSC Maximum number of downscatterlng groups
. (for ‘all matrices) (Maximum = 49)

8 (iiILNNM Highest numbered coarse group having an
S (n,2n) matrix (lowest energy group having
(n,2n) cross section). Maximum = 70

9 - (1)LCHI =1; calculatetsecondary fission neutron .
’ : spectrum (group average x values) R -

10 . (1)LECHI =0; Use 8 (nuclear temperature) energy given
' in ENDF/B File 5
= Nuclear temperature in KeV for use if
several .6 values are given.

11 (1)LGP Highest numbered coarse group to which
downscattering can occur (only for TROUT
card output). Maximum = 44,

Run costs may be reduced if the user checks ENDF/B File 5 for the

threshold energies of inelastic and (n,2n) reactions. The corres— *
ponding coarse.groups can be input as ILINM and ILNNM, respectively

(upper limit = 70). The maximum number of downscattering groups

(maximum = 49) will apply to all matrices. In the matrix normalization,

any cross sections for scattering beyond the last downscattering
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Card type ~ Data Set
Name ii Entry Name Entry Description

group are added to the last scattering group. The matrix sum
is normalized to the coarse group inelastic value, the
difference being spread over the entire matrix. These normali-
zation changes will be printed out if LOUT(13)=1 on the
OUTPUT card.
The secondary fission neutron spectrum (x) may be calculated,
but the user must check that MT = 18 (fission) is given in
ENDF/B File 5.

PLOT SIZES Miscellaneous control indices for plots are input in this data

set. It may be omitted if LOUT(4) = O (on the QUTPUT card).
It must be included if an INF-DIL PLOT or a F-FACTOR PLOT card

is given in the deck.

1 (i)NSHEET Number of separate plotting sheets.
1 < NSHEET < 10.

Plots must be specified for each of the
NSHEET sheets on an INF-DIL PLOT and/or
a F-FACTOR PLOT card.

(1)ISIZE Control size of grids = NIN(2)
= +N X axis for N inches '
Y axis = 11 in.

= =N Y axis of N inches
X axis = 11 in.

(8 < N < 22)

0 X axis 11 in.
Y axis = 8 in.

1]

1 X axis = 8 1/2 in.

Y axis = 11 in.
(1) IXGRID = 0 draw internal grid lines
(1)IYGRID = 1 no internal gridding

V-16
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Card type Data Set
Name ii Entry Name Entry Description

(i)IKﬁY - Location of key érray
' =0 no keys
él'upper left corner
=2 upper right corner
=3 lower left cormer
=4 lower right corner

=5 above grid outside plot

—— e v e e e e e o s e St e S e - —— e e st R ——

INF-DIL PLOT N (i)ISTXI2 N List ICT values of infinite dilute curves

: ? wanted on the Nth plot sheet. £ = starting
location of plot on sheet N, i.e. = 1 for
first plot. Maximum & = 5.

F-FACTR PLOT N (i)ISTXlQ N List ICT value
>

(1)1STX2 o sequence number, and
;N o . : .
(i)ISTXBQ N Temperature sequence number for self-shielded
’ curves wanted on the Nth plot sheet.
Maximum £ = 6.

The-plotting-routine, PLOTXS, will probably require adaptation

by every installation and thereby necessitate different input.

The above, using the GE DRAW routine, is included for complete-
ness. . ‘ o '

INTRNL Execution control cbns;ants which are normally defined within
the code may be redefined through this data set. :

1 EPS The magnitude of resolved resonance con-
tribution to the total cross section which -
a resonance must contribute to a group for
its effect to be included in the resolved
resonance calculations for that group.
. Set .at .0001.

2 ACCINT .~ Relative accuracy wanted in resolved
'~ tesonance integral calculations. Set
at .005,
3 CLOSE Relatije accuracy required between NCLOSE

successive integral approximations before
the approximations are extrapolated. Used
in the resolved resonance calculations.
set at .1,
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Card type Data Set
Name ii Entry Name Entry Description

4 (1)NCLOSE Number of times the CLOSE requirement must
be met. Used in the resolved resonance
calculations. Set at 1.

5 (i)MXMINI Maximum number of points to use for any fine
or ultra-fine group in resolved resonance
integral calculations. Set at 256.
If MXMINI is negative.

6 (1) IUFG Number of subintervals which the interval
: about a resonance peak will be broken into
in the resolved resonance integral
calculations. " Set at 1.

7 WFG Constant used to determine the energy inter-
val width centered about a resonance peak which
will be broken into IUFG ultra-fine groups.

" Width = WFG/ (0 at minimum temperature). 6
is described in the resolved resonance
calculations, Basic Theory write-up.

Set at 1.0.

8 DIVRG Divergence criterion used in the resolﬁed
' resonance integral calculations.
" Set at 1.001.

DONE This card type must appear as the last card
of any case. It should be placed in back
of fixed - format card types described below
if they are use%. '

————— ————— — -—
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. FLUX CARDS FOLLOW

(fixed-format data-set)
- A flux spectra may be input on cards following the above data class

header. The formats are the same as for an ENDF/B TABl array.

.Card :1 Column Contents Comment- - ' ) Format
1-11 ¢l .Blank , - E11.4
12-22°  ¢c2 ‘ Blank Ell.4
23-33 Ll Blank : ’ . 111
34-44 L2 . Blank , : I11
,45-55 N1~ Number of interpolation "break'"points - Il1
56-66 N2  Number of energy-flux points - 111
T 67-70 MAT " Material number " {Include 14
71-72 ' MF . File number jon all 12
73-75  MT " Reaction number ifards 13
‘Card 2 : . A .
1-11 ~NBT (M) Point at which interpolation scheme I1l : 7
' ' _ ends, i.e. "breakpoint”
12-22 JNT (M) Type of interpolation for first range Ill -
' 1 ='y constant and equal to value - . ' v

at lower end of the interval
= y linear in x '
y linear in 1In x
In y linear in x
=-1ln y-linear in In x-- -

[V, S I VO N )
]

‘Continue for M = 1,N1 | 6111

Card 3 _ : g
1-11 X(N) Energy point (ev.) : Ell.4 -
12-22 Y (N) Flux per unit lethargy : Ell.4
. at the specified energy
point. o :

' Continue for N = 1,N2 - : o  6ELl.4
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UNRESOLVED CARDS FOLLOW

(fixed-format data-set)
If ‘the unresolved resonance cross section contribution has been calculated
before for this material with the option for punched cards at each energy
point (NDELIF=1 on an UNRESOLVED R card), the cards may be input through
this data-set. The presence of these cards will automatically avoid.a
repeat calcul tion and will considerably reduce computation time in the
unresolved resonance calculations. NOTE: The new case must use the same
number of ¢ s and temperatures as the previous case which punched the cards,
and the UNRESOLVED R card is still required. '

Card 1 Column Contents Comment Format
1-3 MICT Number of cross section data sets to . I3
follow = (3+LFW) (1+NSGO*NTT).
4-6 N2 Number of energy points in each 13
data-set.
7-18 ES(J) Energy at which cross sections will El12.4
be given (ev.)
Continue for J = 1,N2 6X,6E12.4
Card 2
1-3 N Card number (1 through MICT) to aid 13
user in ordering.
4-6 ICT Output reaction type, all ICT=1 first, I3
then ICT=2,3,4.
7-18 URXI(ICT,J) Infinitely dilute, pointwise cross El12.4

section. for reaction type ICT, at
energy point J.

Continue for J = 1,N2 = 6X,6E12.4

Next Card 2 will have:
7-18 URXS (ICT,J,K,L) Self-shielded, pointwise cross El2.4
sections for reaction ICT, o_(K),
temperature(L), at energy point(J).

Continue for J = 1,N2 6X,6E12.4

Vary temperature L first (all temperatures for the same o _ and
ICT), then K, then ICT. Each ICT starts with the infinite?y dilute,
pointwise cross sections. :
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ENDF/B FILE FOLLOWS

(fixed format data set. If given, it .-must be the last.data set in the
_ deck ) _ ‘ } o ‘.. .
When running d1rect1y from ENDF/B cards, the entire’ material may- be

used startlng from card 1
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SECTION VI

GLOSSARY OF SYMBOLS

a,b Parameters for Watt fission spectrum

A Nuclear mass

a Channel radius for calculating the penetration factor
1/349.8yx107t

and energy shift factor = (1.23A

a' Effective scattering radius for calculating the
potential scattering cross section

(ABN)c Relative abundance which applies to unresolved
resonance sequence C.

(ABN)(IS) Relative abundance of isotope Is.

Dc Average resonance spacipg for unresolved sequence c.

E Neutron Energy

Eav Average energy of fine group

EC ' Energy above which neutron flux spectrum is taken to be

a Maxwellian distribution

Ei ‘« Mid-energy qf ultrafine group 1
‘ Ej o Energy at mid-lethargy of fine group
EL Lower energy of group
EL,I Lower energy limit of coarse group I
EU Upper energy of group .
Eo,r Peak energy of resolved resonance r.
E’o,r' Effective peak energy of resonance r(cgrfected for the

Phase shifrv)
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Secondary neutron energy in inelastic scattering
Self-shielding factor for reaction x

Corrected self—shielding factor for the nth value of o,
for a given temperature T. :

Function for fine variation of neutron flux with energy

Fraction of neutrons inelastically scattered at energy E,
which have secondary energy E' for Kth distribution

Fraction of total (n,2n) cross section associated with Kth
"distribution for initial neutron energy of E, and final
neutron energy of Ej I

Input parameter for determining which of two methods will

be used to calculate the elastic transfer cross sections, Equal
to- the fraction-of the lethargy width of the groups. '
Stdatistical spin factor for unresolved resonance sequence ¢

Multiplying factor for obtaining discrete parameters to
represent x-squared distributions .

Spin_of target nucleus

Spin of compound nucleus

Neutron wave number = 2. 19685(

A+1. o) 107/

Bolthan's constantri
Angular momentum'étaée of'ihcident'ﬂehtron.

Number of J states in unresolved reéonence sequence
Number of l'statee in unresolved energy>rangel
Nuclear density of material m (nﬁclei/barn—c@).

Contribution to total cross.section from all unresolved
resonance sequences except sequence c (barms)

Fraction of total inelastic scartering cross section
associated with Kth component, in fine group .j

Penetration factor

Fraction of fission neutron spectrum associated with the
qth distribution at energy E.

Parameter distribution correction factor for reaction x
and unresolved resonance sequence c at energy E
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Energy shift factor

* Material temperature

Lower lethargy of coarse group I
Lower lethargy of fine group j
Upper léthargy of coarse group 1
Upper lethargy of fine group j

Penetration factor for & state

. Reduced energy displacement from resonance peak energy

Logarithm of nth value of o, for a given temperature

Ratio of final to initial neutron energy in maximum
energy loss elastic collision

Average reduced neutron widi?zfor unresolved resonance
sequence c¢ at energy E (eV

Total width for resolved resonance r
Discrete resonance width for reaction x (eV).

Discrete resonance width for reaction type x and unresolved
sequence ¢ at energy E (eV)

Average resonance width for reaction x and unresolved
sequence ¢ at energy E (eV)

Width for reaction type x fof resolvéd resonance r(eV)
DopplerAwidth (eV)

Fine group energy width

Lethargy width of coarse group I

Fine group lethargy width

Discrete level or nuclear temperature for ineléstic scatﬁefing.

Nuclear temperathre in Maxwellian and fission-Spectra dis-
tributions

Reduced De Broglie wavelength for the neutron
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oes,I
o] S(I*M)

in,I

o n(I—>M)

oin,j
A?nyzn"l

n,2n

Average logarithmic energy decrement in coarse group I v
. Elastic removal cross section in coarse group 1

Elastic scattering croés'section in coarse group I

(T20)

GEAP-13704" ' .

Transport mean free path as a function of energy (cm)

Average tranSport mean free péth foi'group-l (cm)

_Average cosine of scattering angle for elastic scattering

at energy E : , : : 'j}

Average cosine for éiastic scattering in coarse group 1
Average cosine for elastic scattering in fine group j

Number of degrees of freedom in x—squéred distribution

.'AVerage number of neutrons omitted per fission for incident

neutron energy E

. Average number of neutrons produced per fission in coarse

group I°

Average number of'neu;rons produced per fission ‘in fine

’ group j

Reduced total resonance width

Average logarithmic énergy.decrement at energy E

Transfer cross section from coarse group I to coarse group M |
due to elastic scattering : i

Total inelastic scatﬁering cross.section in coarse group I <?

Inelastic transfer cross section from coarse group I to
coarse group M . . ¥

Total inelastic scattering cross section in fine group j

Average (n,2n),cross section for coarse group I

Transfer cross section from coarse group I to coarse group M

due to (n 2n) reaction
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o Average (n,3n) cross section for coarse group I
n,3n,I
Y Potential scattering for unresolved resonance sequence
p,c ¢ (barms) :
% Ra Potential scattering for resolved resonance range Ra (barns)
? .
opot(E) Energy dependent potential scattering cross section
OS” Elastic scattering cross section in fine group j (barns)
3
Ot(E) Energy dependent total cross section for material m (barns)
(Qi c)°° Breit-Wigner infinitely dilute cross section for reaction x
1]

and unresolved resonance ¢, at energy E (barns)

o] (o0 ,T) Cross section for reaction type x due to . unresolved resonance

xsC 0 sequence c¢ at energy E and for o, and temperature T (barns)
o (r_, .,T ,T,E')  Cross section for reaction type x, unresolved
x,¢c f,k” n,? , X
resonance sequence c, discrete fission and
neutron widths and temperature T at energy E'
(barns)
ox(E) Energy dependent cross section for reaction type x (barns)
Ox i . Resolved resonance plus smooth cross section for reaction x
’ for ultrafine group i (barns)
Oc.i.h Cross section for reaction x in mini-group h of ultrafine
i group i (barns)
<::}:::> Average infinitely dilute cross section in group I for
I reaction type x (barns) ’
o Interpolated cross section of type x in fine group j (barns)
j | ' |
o j ' Smooth cross section for reaction x for fine group j (barns)
3

o f(E) ’ Cross section for reaction x due to resolved resonance r at
’ energy E (barns) -

o r(Ei) Cross section for reaction x from resolved resonance r at the
’ . .

ultrafine group energy Ei(barns)
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<:§ (o E:> Average cross section for reaction ‘type x and o, value
)
I in group I (barns)

Oo Parameter specifying degree of resonance self -shielding (barns)
<0§ff ‘Effective“resonance‘self—shielding par ameter (barns)

oi Value of oo at which self-shielding“factors are set at 1.0

‘02 Parameter specifying degree of resonance self—shielding

for material m (barns)

o, " Maximum value of % input
S ¢ Total cross section at unbroadened peak of resonance r (barns)
b} .

Zt(E) Energy dependent'macroscopic total c¢ross section (cm—l)

Ztr(E)~ Energy dependent macroscopic transport cross section'(cm_l)

X - A 3 s . '_'-l
d t;:> . Average,macroscoplc trdansport -cross section'for group Izﬁcmt»)

$(E)- o Function for cecarse variation of neutron flux with energy .

[ (n/cm? -sec)/unit lethargy])

¢j © " Fine group neutron fluk (n/cm?-sec)

o, " Phase shift

¢N ' Coarse flux variation normalizing'constant

¢ (E) . - Total neéutron flux as a functionof energy [(n/cm —sec/unit

lethargy]
x (E) ' Spectrum function for neutrons produced by fission
X 1 Fraction of fission neutrons: with energies within coarse
' group I
xq(E) Fission neutron spectrum for qth distribution at energy E
)«x,g) Breit-Wigner, Doppler-broadened interference line shape
. function for reduced parameters x and §
lp(x,g) Breit-Wigner, Doppler—broadened line shape function for

reduced parameters x and £
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" SECTION VII

SAMPLE PROBLEM

7.1 Description

The input and output listings for a sample problem are given in
this section. The listings describe the ENDRUN computations for Pu-239
which is material 1104 on the ENDF/B files. The problem consists of
twenty nine groﬁps with resolved, unresolvéd and smooth contributions
to the coarse group cross sections. Self-shielding f-factors were
determined, in the resonance range, for one temperéturé and four discrete

values of oo.

AN

Downscattering matrix terms were calculated for the (n-2n) and
inelastic reactions and an elastic removal cross section was determined

for each group.

A standard flux was used for the group weighting functions. That is,
above the cutoff energy, Ec’ a fission spectrum representation was used

and below EC the flux was assumed to vary as 1/E.

Cards containing the unresolved contribution to the coarse group
cross section at thirty energy points were input to bypass the expensive

unresolved computations. The cards were generated in a previous problem

for the same temperature and o, range.

7.2 Qutput

The output listings for the sample problem include:

a) the input data,

b) intermediate data showing the resonance contribution
to the fine groups,

¢) coarse group infinitely—diluée cross sections and reaction
rates, f-factors and scattering matrices, and

d) a table of computer time.
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A GMUG file tape was created in this problem and the size of the
data is printed on page 63.

Several pages of the intermediate output have been deleted to , -

conserve space. Enough,of this information has been included to indicate

the form of the output data.
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€-11A

CaSE 1D No, PU239

ENDRUN INPUT DE

123456789012345
TITLE 1
. .

°

»

CARD COLUMNS!

GENERAL i
OPTIONS 1
ouUTPUT 1
REACTIONS 1
. 2
(] 3
» 4
L] []
L 7
. - @ )
[ 9
DELTA U/CG i
FINE GPS/CG 1
ST6MA-NOUGHT
TEMPERATURES 3
UNRESOLVED R %
» 5
N 9
@ 19

a 28 .
. 346
RESOLVED K b
MATRIX i
UNRESOLYED CARD
20 30 0,3000F
0+5890E 03 0,6100E 03 0.665
0.9390E 03 0.9750E 03 0,105
0,1530€ 04 0,2000F 04 0,210
0:.3500F 04 0,6500F 04 0,850
1 1 0.4099F
0.4230F 02 0,2398E 02 0.233
n.2518E 02 0,2B00E n2 n,2442
102170 02 0,2040€ 02 0,202
n,1899€ 02 0,1645E 02 0,157
2 1 0.1588¢%
0,1735E 02 0.,1464E n2 0,146
0,1625E 02 0,1611F G2 0,155
0,1428E 02 0,1505E n2 0,150
0.1476E 02 0,1480F p2 0,145
3 1 0.2197t
0+2432E 02 0.1821E n2 -0.180
“(+21)6E p2 0,2069€E n2 0,193
0¢1727€ 02 0,1786E n2 0,177
"0¢1630F 02 0,1593F 02 0,153
4 1 0,3463E
0,3713E 02 0,2274E n2 0,222
0,2736E 02 .0,2648F 02 0,234
0:2G651E Dp2 0,2000F 02 0,193
D+1771€ 02 0,1638E 02 0,154
5 1 g.40170
143728 N2 0,23RCF n7 3,232

.29708 82 0,27R2F n?

0,243

CASE SEQUENCE NO, 1 08077{ 032s,{ PAGE NO, . %

CK
67890123456789012349678901234957890723456789012345678901234567890

7ozst—avzd

( PU239 MAT, L1104 ENDF/3 VERSION 2 )
( 29 SROUPS TEMPERATJREsJ00 <« SIGN®10,100,1000,10000 )
( RESILVED RESONANCE 1+300 =V )y T
{ UNRZSOLVED RESONANCE 300EV-254EV 30 UNRES,PNTS INPUTY Y
1104 2 29 1 29 0.0 2,50 1,41 .5 1104
o ¥ 0 0 O
{ ¢ 0 0 0 2 0 55 0 3 O 0 1
2 16 48 53,73 102
102
‘18
51,73
252
251 e
16
1 26 1.5 27 &
30 1
10.0 100 0 1000.0 $0000.0
360,90
0 2 1 5000,0
30 300,0 25000 N 2500040 o o
3000 3101 340' 3651 4’5 5250 5°°l 6100 6650 7250
825, 870, 930, 975, 1050, 1078, 1225, 1325, 1550,
2000, 2100. 2200, 2400, 2800, 3500, 6500, 8500,
100N00, 17000, 25000.
3 21 29
T+ 11 0 4% 115 2 + T/ -
S FOLLON (FROM PREVIOUS ”A;CULAY[ON)
03 ¢,3100% 03 . 0,3400E 03 10,3650z 03 80,4750 03 0,5230E 03
0E 03 0.,7230€ 03 0,8250F 03 0,8700E 03
oF 04 0,1075 04 0Q,1225€ 94 0,1325€ 04
0F 04 0,22005 04 0©0,2400F 04 0,2840E 04
OF 04 0,L000E 05 0,17n0FE 95 0,25008 05 -~ "~~~ ~ ° ~
02 ¢,3938% 02 0.3498E 02 0,3104% 02 1n,2208E 02 0,4403E 02
2F 02 0,2308E 02 0,2239FE 02 0,2195% 02 -
E 02 0,2190E 02 0,2160F 02 0,2141E 02
2F 02 0.2CNLE 02 0,1941F 02 10,1880t 02
2F 02 0,15)58 02 0,1417F 32 0,1376& 92
02 €,15672 02 0,1530F 02 0,15453 02 o.151oE 02 "D,173%8E 02
$f 02 0,1475E 02 0,1478F 082 0,1472F
4K 02 0,1492E 02 0,1497F 92 10,1529 n2
2E 02 0,15008 02 0,1492F 32 0.14565 02
2E 02 D0,1416E 02 0,1371F 02 0,1348E 02
02 €,21523 62 0,2044F p2 0. 2018- 02 Nn,4836E 02 0,2485E 02
9F 02 0.181ES 02 0,1806F 92 0,1731% 02 o T
3k 02 0,1811E 02 0,181CF 02 0,1832¢ 02
8F 02 0,1770€ p2 0,1743F 02 0.1717E 02
6E 02 0,1491E 02 U,1407F 02 0,1370F 02
02 (,3348% 02 0,3003E n2 0.2811% 02 10,2197 02 0,3821E 02
6 n2 0,2212e 02 0,2158F 02 10,2121t 02
6E 02 0,2123E 02 0,2100F 82 0,20908 02 o
SE g2 0,19%6% 02 0,1912F 02 0,1857€E 02
8E 02 0,1502E 02 0,1416E 92 0,1375¢ 02
02 ¢.%85&2 02 0,3355F 02 0.,30643 02 n,2276% 02 0.433%E 02
UF n2 0.2297% 0¢ 0,2250F 92 0,2187% 82
NE 02 (. 1828 07 ©,21%4F g2 0,115 a2




H-11IA

"n12095E

0:1807€

0,1815€
04+1496E
0s1332E
0,1299E

0+1237€
Ny1201E
Ny1180€
0¢1200E

0,1421E
0+1327€¢
0s1264F
0,1265E

041715€

0414648
011322E
0:1294E

9.1802E
N+1433E
7+1331E
Ne1296BE

0.9112€

. 0.5800F

N+4166E
N,2445¢

nNs3201LE
312691E
n.2481E
0.1778F

0,5423€
044191E
0.34935
n2239€

048261E
045516F
0,4073€

.04 2418€

0,9009E

“0057725

0.+4151E
0.2442E

. 041514

0,8429E
0,3520E
0.2659E

N 70355E
1, 4703E

02
02
02
02

02
02

02

02
02

02
02
02

02
02

02
02

02

02

02
02
02
02

01
01
01
01

01
01
0}
01

01
01
01
0l

0L
01
01
01

01
01
01
01

02
01
01
01

01
0l

0,1644E 02
6 2

0,13n2E g2

D,1454E 02
0,1351E 02
0,1276€ 02
7 2
0,1127€ 02
0,1192€E p2
0,1201E 02
0,1220€ 02
8 2

‘0,1202E 02

0,1307E g2
0,1288E 92
0,1260E 02
9 2
0,1283E o2
0,1427E 02
0,1342E 02

041274E 02

10 2

D,1299E 02

0,1451F 02
0.,1350E. 02
0,1275E 02
11 3
0,7032€ 01
0,5368E 01
0437516 0}
0,1685E n}
1?2 3
0,3199€ 0}
0,2563E 01
0,2370F o1
0,1448E nl
13 3
0,5074€ nd
0,3950F 03
0,3233E nl
0,1623E n}
14 3
0.66H4E 01
0,5121€ ol
0,3477E 01
0,1675E ol
15 3
0,6988E o0}
0,5340F 0}
0,3742€ o}
0,1682t 01
16 4
0,3924E 0l
0,8082€ o1
0,3137E o1
0,2010E 01
17 4
0,2516F al
0,4675E nl

041571E 02
0,1627€ 02

0,1295E 02

0,1323F 02
0,1336F @2
0.,1226F @2
0.1153F 02
0,1129€ 02
0,1153E 02
0,1222F 02
0,1189F 02
0,1284E 02
0,1204F 02
0.1235F 92
0,1319% g2
0,1217F 02
0,1528E 02
041279 o2
014306F 02
0.4377€ 02
0,1225€ 02
0,1616F 02
0,1294F 02
0,1321F 02
0,1385F 02
0,1226F 02
0,3373E n2
0,6632F 01
0,4258F 02
0,4175F o1
0,1197F ,01
0,3939E 01
0.3127F 01
0.2194E 01
0,2682F 01
0,1C63E 01
0.7487E 0y
0,4893F 01
0,3291F 01
0+3628F 03
0,1165F 01
0,1204F n2
0,6334E o1
0,4099F o1
0,4101F o031
0,1192F o1
0,1356E n2
0,6598E 01
0,4238F 01
0,4168F o1
0,1195F o0t
0,1098E 02
0,3731E 01
0,6975E o4
0,2134F nt
0,2260€ 01
0,950430 ny
0,24485E
0, 47241

ny
0l

0,1504E 02 0,1417€ 02 0,1376E 02
£.16385 02 0,1488E 02 0,1310¢ 02
0,1252E 02 0,1245F 82 0,12438 02
0,1267E 02 0,1279E 02 0,12{0E 02
64,1379 02 0,1314F 02 0,1276€ 02
0,1207E 02 O0,1167F 32 0,1152% 02
0411572 02 0,1138E n2 0,1106% 02
0,1120E 02 O0,1119F 02 0,1120& 02
0,1136E 02 0,1146F 02 0,11{BE 02
0,1221€ 02 0,1194F 02 0,1177¢ 02
0,1179€ 02 0,1153€ 02 0,1143¢ 02
0,12925 02 0,1247€ 02 06,1175z 02
0,1186E 02 0,1180F g2 0,1181E 02
0,1203 02 0,1246F 02 0,1148E 02
0,1315E 02 0,1266F D2 0,1240E 02
0,1200E 02 0,1164F 02 0,1150E 62
15392 02 0.4426E n2 10,1278z 02
0,1248E 02 0,1234F 02 0,1233E 02
0,1276E 02 0,1270F 22 0,1204E 02
0,1370E 02 0,4307E 92 0,12748 02
0,1206E 02 0,1167F 02 0,1152E 082
€.1625% 02 0,1480E 02 0,1306% 02
0.1260E 02 0,4244E Q2 0,1242= 02
0,12%85% 02 0,1278F 02 0,1209E 02
0013785 02 0,1313F p? 0012?65 02
0,1207E 02 0,1167F 02 0,1152E 02
C.14432 02 041205E 02 09,7567 01
0,5%24E 01 0,4579F 01 0,4484E 01
0,4139 01 D0,3948F 0L 0,2571E 01
0.,3972E 01 D,3076F 0L 0,244¢LE 01
0,1100€ 01 0,7087F 00 .0155015 00
0042212 01 0+3904E 04 0.2702% 01
0,2534E 01 D,;2334F 01 0.2331E 01
0,22355 01 0,2218F 3L 0,1494Z 01
0,2535E 01 0,2047F 0L 0,1689E 01
0,9997E 00 0,6704F 00 0,5307% 00
C.7673Z 01 D0.4910€ n1 0.4621% 0
0,3971E 01 0,3527F 0L O0,3498E 01
0,3233E 01 0,3209F 81 0,2120E 0%
0,34978 03 0,2714F 0L 0,2190E 01
0,1078E 01 0,7005F 00 0.,5443€ 080
0,1269Z 02 O0,%084E 02 §.6%12% 0%

- 0,578 Q1 0,4407E gL 0,4327% 01
0,3931€ 01 ©0,3836F 0L 0,25a1E 01
0,3922E 01 0,3024F 0L 0,2406F 01
0,1997E 01 '0,7070F 00 0,5494E 00

0,14215 02 0.,1190F 02 0,7477z 01

0,%235E 01 0,4558F g1 0,4457E 01
0,4CY4E 0% 0,3935F 0L 0,2540E 01
0,3994E 01 0,3067F Q1 -0,2435€ 01
0,1100E 01 0,7078F 00 0,54398E 00

C.8576Z 01 0.7144E 01 0,10342 02
0,5140E 01 0,5360F 01 0,5036E 01
0.5123E 01 0,4861F 0L 0,6731E 01
0.,7230E 01 O0,3198F 01 0,3599¢ 01
0.4B79E 01 ©,1795E 04 0,1694E 61

C+4301% 0L 0,3782F p1  0.5055% o014
0,3313%Z 01 0,3326F 0L 0,3179% 04
0.3330% N1 0,3006F ) N,44475 A3

0,2035E 02 0.2018E 02 0,1997E 02 " 0,31938F ‘92 T 0,{B7BE 92

8,11226 02 0,1805€

0,1065E 02 0,1227E

0,1090E° 02 0,3405E

8.13116€ 02 0,1700E

0,4124€ 062 0,1793E

8,2980E 01 0,9360E

0,1390E 01 0,3163€

02

02

L}

01

8.21648 03 o.;nxee
0,28258 037 0,8432E
5.29308 01 0,9284€
0.8676E 01 0,1662E

n,9141E 01 0.,7528E

03

01 — -

01

02

e e e oy e

$0LEI—JVH

01




)

0.250§E
0+2137E

0+1044E

. 0¢6675E
e —.. 0e3140E
0,2505E

0414148
048137€
0.3458E
0,2637E

", 041502E
Ds+8403E
013504E
0,2654E

. oo DONE - . Lo
CARD COLUMNS| 12345678901234567890123456789012345678901234557890123496789012345678901234567890

¢-TIA

oi—
RS

02

0L

0L
oL

02
0l
01

01.

02
0l
03
01

0,2332€ 01
0,1792€E 03
18 4
0,3296E 01
0,6473F 01
0,2860E 03
0.,19%6€ o1
19 4
0,38n1E 01
0,7814E 0}
8,3098E 0}
0,2002€ 03
20 4
0,3886E 01
0,8051E 0}

043132E 03

0,2008E 01

0+14742E 04
0 §0515 01
0.,7454E o1
0.3186E o1
0¢5740F 03
0:2042E 01
0:2212F o1
0.1017E n2
0.3646E 01
0.6739E 01
0.2161F 01
0,2255F 031
0.1089€E n2
0:.3722F g1
0,5903F 01
0:2177F 01
0,2260F 01

'3

+1743E 01

157 01

14262E 01
0,4373€ 02
0,2089E 01
0,1849E 01

€.8043% 03
0,5004E 03
0|5®07E 01
0.,2211EF 01
0,1875E 01

C.,8%06% 01
0.5129E 01
0,5106€ 01
0.2228E ny
0,4878E 04

0
0
ti6
]

778E 017 0124498 04

0,1718E 0%
0:5330E 0}
0,4482F 04
0,4202F 01
0,2946E 01t
0,1780F 04
016775 04
_0,5225€ 01
0,4764F D1
0,3167€ 01
0,1793F 04
0,7099E 01
0,5346F 01
0,4850F 0L
0,319¢F 04
0,1795F o4

0.27338 01
0.16468 01
y, 7424
0,4

0, £ 01
230E 01
0,5847E 01

5,3326E 01

'
[}
4
L}

0,1695 01

8.9761z 01
0.,49{5€ 01
0,6609E 01
0,3565¢ 01

" 0,16938 01

0,1028% 02
0,5022E 01
0,6723E 01
0,3597E€ 01
0,1604E p14

60,7072 01 0,1124€ 02 -

0,8415E 01 0,1345E 02

6,8645E701 0.L630E702"

B

40LET-dvVad
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JENDR  CASE ID NO, PU239 . 'CASE :SEGUENGE NO, ~ & '05077¢ 0328,4 - _» PAGE NO, 2
ENDRUN INPUT EDIY

ENDRUN JNPUT EDIT i
CROSS~SECTION CONTRiBUTIQON
) L N Y 1 -.--~..-.1;¢
S S . . NUMBER _ o
- COXRSE ~HIQHEST LCWEST  OF FINE ™~ " " RESOLVED 'UNRESOLVED
GROUP  LETHARGY  ENERGY GROJPS SMOOT4 RESONANCE RESONANCE
. .0, 1,000€ 07
fMIN &£ 5,000E=01 6,C65€ 06 30 INF-DIL NOVE NONE AR S e e
.2 _%,0D0E 00 3,¢79€ 0& 30 “INF-DIL NOVE NONE o ‘
3  1,500E 00 2,231E 06 30 "TUUINF-DIL NOVE "~ NONE - ‘ e
4 2,000E 00 1,353€E 06 30 ° [INF-DIL NOVE NONE o B '
5 2.500E 00 8,208F 05 30 INF=DIL NOVE NONE T
6 3,000F G0 -4,579E 05 30 INF-DIL NOVE NONE '
7 3,500E 00 3,020F 05 30 INF-DIL NONE NONE = -~ 7T e e e
U .. B 4,000E 00 1,E32E 03 . 30 INF-DIL NONE = NONE . ,
9 4,500E 00 1,1141E 03 30 77 INF-DILTTT NOVE 7T NONE -
10 5,000E 00 6,738FE 0¢ 30  INF=DIL NOVE NONE - - o _
AL 5'S00E 00 4.cB7E 04 30 INFoDIL NOVE  _NONE TR T I P
12 - 6,000E 00 2,479E 04 30 JNF-DIL NOVE  FsFACTR .
13 6,500E. 00 1,503F Q¢ 30 INF-DIL NOVE  FoFACTR
e A% 7.000E 00 9,119k 03 30 INF=DIL NOVE  FaFACTR
: o 15 7 7,500E 00 5,531E 03 30 777 INFeDILTT NOVE T FeFACTYR -
D= . ‘46 8,000E 0D 3,355E 03 30 INF=DIL. NOVE  FaFACTR , i e
< . 17 B'S00E 00 2.035F 03 30 INF-DIL - NOWE~ FoFACTR & = s sesemeos sl e e B
v 18  §,000E 00 1,234F 03 _30 INF-DIi:  NOVE  FaFACTR . 9
o 19 9,500E 00 7,465k 02 30 INFeDIL NOVE FeFACTR = = = R &
SRR R 20 1.,000E n1 4,540 02 30 INF-DIL NOVE  FeFACTR , S
21 1,050E 01 2,754E 02 30 T INFeDIL FeFASTR FoFACYR™ R
22 1,100E 01 1,670E 02 30 [NFeDIL. FeFA2TR NONE
23 1,150E 04 1,013k 02 . 30 INF-DIL F=FASTR NONE = /7 7 miomss oo e e e
24 1,200E 01 6,344E QL 30 [NFeDIL F=FALTR NONE S ' ‘ -
25 1,250E 04 3,727E 04 30 - INF-DIL F=FASTR - NONE == wmmmomss smmimem o fi s s e e e
.26 1,300E:01 2,260F 01 30 ' . INF-DIL F-FAZTR . NONE e ‘
‘ _ 27 7 1,450E 04 S5,043E 00 ~ 307 INF~DIL Fe-FAETR ™ NONE ° : O
_ 28 1,600E 0L 3,125€E 00 - 30 - INFaDIL F=FAZTR NONE
IMax 29 1,750E 01 2,%11E-01 30 "INFeDIL- F=FACTR.  NONE - S S
: FeFACTOR- SIGMA=NOUGHY VALUES) 1,000 01, 1,000E 02, 1,000 03,734,000E 04 - - -~ - - - )
T T T T T pepACTOK . TEMPERATURES T 3,000 02 o T
ENDF/B DATA WILL BE READ FROM.NPOST  TAPE _ e g e
, ENDF./B -MT VALUES INCLUDED IN ENDRUN TOTAL -REACTIOV (1€T = 1)y~ 2, 16, 18, 91, 73,102
T T .+ (SCAT - - _tjer-s )y .2
e S T e eaR e (6] 3 102
2 o L ©OFISS .- o - - t1CY m 401 18
JINELAS . - - (lCT s 6)) 5%, 73 e -
XEooL S L tyeT w7252
COMY, oL T iast1CT e 8)) 251 - -
- LT e : ey TNe2Nes T HIET e 90y 16
DATA FOR NU HAS BEEN READ AND WRITTEN ON DISC FOR LATER USE




YENDR CASE 1D No, PU239
_ UNRESOLVED CONTRIBUTICN TO

GRoUP

12

is-“.. -

14
15
or
17

18

o T

20
21

L-TIA

INF DILUTE

4,58674E-

1,40424€
1,48047E
1.6;958E
1,75275¢
i;vloéeg

2,09592E

T 2438477€

3,00216E

2,61792E

01

0f

01
01

01

01
01
01
01
01

300,

CASE SEQUENCE NO, 4 050774 0326,i

TEMP

390,

" 300,
3004
300,
3004
300,
300,

300,
300,

1040

4,49337E-04

1,36376¢
1,40365¢
1&467268
1.47745€
1,49044E
1.50749¢

”1:522085

1.574398

"3.28302¢

04

01
01

01
01

01
01
01
01

———————

__ PAGE NO,

01 -

TOTAL ___ CROSS=-SECTION

~ S16<0 . ‘

100,0 {000.0 ° 10000,0
4,56673E-014 4.58340Ee01 4,58674E~01
T4439535E 01 TTLV46349E 047 T TL,40424E 0%
1,46046E 04 1,47806E 03 1,47979¢ 0%
1,57226€ 04 1,67342E 01 1,61854F 01
1,65047€ 04 T T1.73860E 04 T 1,75110f 0L

1,7317%¢ 04 1.88937E 01 1,91351€
1,80280€ 04 2,04839E 01 ° ~ 2,09063g 04
1488418 01T 2128600E 04 —"2;37100¢ 01
2,03835¢ 04 2.74963¢ 04 2,97036¢ 04
1,67569E 04 2.347568 o4 2,568258E 04

H0LET-dVEI




8-1IIA

'GASE SEQUENGE NO, ~ % 050771 032§

_ JENDR  CASE 1D Nd, PU239 " PAGE NO, 4
. ‘ -....UNRESOLVED CONTRIBUTLCN TO SCAT CROSS-SECTION |
GROUP INF BILUTE TEMP | oosie00
, 10,0 100,06 1000.0° 10000,0
12 3,840803E~01 3004 3.810026~01" . 3,83338E-01 - 3184003Ee01 3,84003E-014
BT 1,16258€ 0% 300, T 1,15004E 01 "7 U4,15984E o1 T 1116255F 01 "1,16258¢ 01
14 1,19535€ 01 300, 1,17433€ 0L . 1,18952E 01 = 1.10467E 0% 1,19535€ 04
15 1,25585€ 01 300 1.206148 04 1,24208E. 01 1125414E 01 - 1,25527E 01 -
16 1,29104E 01~ 7 3004 7 1206558 04 7 TT7U1,26311€ 01 7741287038 047 71,29004E 01 T
17 1.31356E 01 300, 1,19410E 01 1,267938 ot 1130711F 01 1,31293g 04 ; ;
18 1,30529€ 01 3004 1,16935E 04 1,24520E 04 1120661 04 1,30429 0t
190777 T T, 31818 04 7T 300 77T 44147178 01 T, 2266067 0L 11299768 011, 31339 01
20 1,43234€ 04 3004 1,15080E 04~ 1,25096E: 04 ~ 4.3892BE 01 - "°1,427i0F 04 e
21 -1,13805E 01 3004 9,27558% 00 9,93977€ 00 1.10075€ 01 1,13328¢ 01
- i e ‘ e e e n'
1
j?;
(=
=
~
- e e e - - BT S .
I . - - - - —




i e T e e memenesne e e e i e

q
JENDR  CASE 1D No, PU239 . CASE SEQUENCE NO, 3  0B077{ 0326,i ___PAGE NO, B
e . - .. _. _UNRESOLVED CONTRIRUTICN TO _ GAP __ CROSS-SECTION —
GROUF INF DILUTE TEMP $1650
. o 1040 100,06 $000,0 10000,0
127 1,83391E-02 300, . 1,769226-02 1,82124€-02 1,831588~02 1,83291E<02
T 43T T 5,56800E-01  300s 77 6,24644E201  TT6,50052E-0% T 6155468601 7 6,56154E-01 -
14 © o 9,69146E-01 300, 8.89689E-04 9,51686E~-01 9.66508Ea03 9,08697E<08 -
15 1,/50231E 00 300, 1.29609€ 00 1,44R889E 00 1,49398E 00 1,49980€ 00 -
" 46 7 '2,16358 g0 T 300,777 1.65987% 00 T 72,014323E 00 T 2014314E 00 T ¢,16052E 00 T
17 2,97596g 00 300, 2,00794E 00 "2,64049E 00 ~  2.92929E 00 2,96927E 00 ~ - v Tt s e o
18" $,63050E 00 300, 2,185178 00 " 3,05501E 00  3.54764E 00 - 3,62218¢ 00
Ty T TTTTT T 4, 65153g g0 T T 300, T "2,37267g 00 T 777 3,57322€ 00 "4, 473%4E 00 ¢,63108E700
20 " 8,59931E 00 300, 2.72260E 00 4,40390¢ 00 6.14315€ 00 6,94399¢ (0"
21 " 7.09628E 00 B 300, = 2,40670E 00 4,47189€ 00 6.40618E 00 7,00632 00
e [ \ e ian [T Yl e e e———rahas \ et i e < . e ar———— . . e eeeen —— e - - —- - i e— ﬁ
< t1
; 5
0 - P
B
~1
- - e = rostonn st st s 2o 41 e e o . + i 5 s o i o 2 st orime et et o
R - e
- - - | - — — —— - - g -




: OT—IIA

JENDR ~ CASE 1D NO.' PU239 CASE SEQUENGE NO; -4 . 0%077{. 0326, _PAGE NO, - .6
C -~ ... UNRESOLVED CONTRIBUTICN TO -~ PSS 'CROSS-SECTION B,
GROUP + INF DILUTE . TEMP ~s16:0
10,0 100,06 £000.0 10000,0
12 5,64684E~02 300, 5,48679E-02 5,616835-02 5164350E002 %,64684E202"
' ;3'” i "1;759735‘06 3000 0 1.691965.00 T L,74657E 00 "{+75805E 00 " " L;75970E 00 -~ T
14 1,87108E 00 300, 1.,75035z 00 1,84502E 00 1.86767E 00  1,87044E 00
15 2.12281E 00 S 300, ‘ 1;699905 00 . 2,06832% 00 2,1{555€ 00 2,12147€ 00
16 2,43031E 00 300, 7 2.019282 00 TTTT2,31334E 00 T 7T 2141354 00 7T R,42648F 00 T m———mrrr e e - T
17 " 3.,02760E 00 300 2.33583¢ 00 2,80963E 90 2.99954E 00 3,02532¢ 00
18 . | 4417875E 00 3004 - 2.915403 00 3,70526€ 00 4.10852E 00 4,16779€ 00
20 8199433¢ 00 3000 4.726705 00°  6,69991F. 00 81534638 00~ 8,9400% 00
21 7.56190E 0o 1300, 3.918438 00 5.61019 00  7.17448g 00 7,51777¢ 00
i N e e s et - - r——— e 49— ——————— = . e e——— A._..-:-c’v... .-
z
3
(==
W
\‘.
- — o~ - - - - —— e - v — ————— = O
_ - VR~
i )




JENDR  CASE 1D NO, PU239 . . CASE SEGUENGE NO, &  08077{ o328,8 .

CTT-IIA

_. _UNRESOLVED RESONANGE INFINITELY DILUTE FINE 3RIUP C20SS SECTIONS

LPAGE NO, T

S - CROSS SECTIONS ,
COARSE FINE HiGHEST :
GROUP 3ROUP ENERGY TOTAL SCATTER CAPTURE F168S10N

12 1 2.499E 04 1,376E 01 1.152F 01 $51502E=04 1,6945 00 -
2 2,542E 04 0, 0y 0 e Q0
3 2,584E 04 ! 0y 0, - 0, 0, : - J— -
4 2,628F 04 0, 03 0, 0 _
5 2,672E 04 0y 0, -0y . 0, ) - o T T
6 2,717E 04 09 0, 0, 0
7 2,762€E 04 0 : 0, 0 . 8¢ . e
8 2,809E 04 _ 0y ... 0p .0y 0,
9 2,858E 04 . 0y 0. ' 0 0 ”
{0 2,904E 04 0, 0. S0, Y ) o \.
11 2,953E 04 0y 0, . 0, 0 o o e )
12 3,002F 04 0y . . 0 0 D :
13 3,0%3E 04 0 0., . 0, 0. i .
et e em 14 30 104E 04 O¢. ... 0,. 0, . 0.
15 3,156E 04 0y 0, 0, 0
16 3,209F 04 0, 0, . 0, ) 0, .
17 3,263E 04 0, 0, . 0, 0
18 3,318E 04 0y 0 , 0, e e
. 19 3,374E 04 0 o0 0, ) 0.
ce. 20 3,43%E Q4 0y .0y ___ 0y N )
21 3,488E 04 0, 0, 0, : 0, R
22 3,547E 04 0 : 0, 0, . 0. E
23 3,607E 04 0 . 0, "0y ' ; o
24 3,667E 04 0 g, 0, 0, : [
25 3172?E 04 - 0y 03 0, 0. - S
cee e 26 3,79LE 04 00 L L0y 0 0 Q
27 3,855 04 0, 0, 0, 0 o
. 28 3,920F 04 0,y - o0y I I o ) 3 B _ o
29 3,986E 04 0y N N 0, 0 -
30 4.?535 04 0. ) -0 0, 0. o i
\ .
13 _19436E 01 1.,176E 04 7,792E=01 1.843¢ 00

1,433E 01 1.174E 34 7.686E=01 " 1,8i0% 00
1,430 0% 1,173F 01 7.580E%02 1.8083 00
1.1427€ 031 1,172 03 7T.476E=01 1.,8058 00
11425E 03 1,171F 01 7.374E=01 1,8028 00
1,422E 0% 1,169F 03 7.273E=01 £4800% .00
19419€ 03 1.,168F 01 7473601 1,7978 60

TTTT44417€E 01 7 1,167F 0477 7,077E=01 T 71.4794% 00
1.415€ 01 1,166F 01 7:000F=01 1.790% 00

T 14413E 04 1.166F 01 6,924E=01 1,785z 00
1.411E 01 - 1,165F 04 6,848E=Q1 1.7813 00
-1,410E 01 1,164F 03 6,774E=01 1,777 00
1,408E 01 1,164F 01 6,700E=01 1.,7728 00

T 1,406E 01 T 1,163F 01 © "6,627E~g1 T 1.7682 00
1.404E 01~ 1,162F 0% 6,555E=01 1,763 00
10402E 01 1,162E 91 6,484E=01 1,759 00 ~
1,401F 01 1,161F 0% 6,413E-01 107542 00

1,397€ 01 - 1,160F 01 6,274E=01 1.,7463 0p

113996 01 1.160F 01 6.343E=01 - L.750% 00 - oo

1¢395E 01~ 1,159€ 01 6,206E~01 T 147412 00 TTTUTTC
1:394F 01 1.158F g1 6,138E=01 1,737¢ 00




YENDR

CASE 1D No, PU239

COARSE F!NE HIGHEST

GROUP
13

14

‘ZTﬁIIA

15

GROUP

22

FO VBNV AN

-

ENERGY

2,151E
2:187E

2,224E

24262E
2+ 300E
2,338E
2.378E
20413E
2+458E

9,195€
9.350E
9:507E
9,667E

'9,829F

1:016F
1|033E
1.,054E
1+068E
1,086E
1:105€
1,423E.
1:142€
1.16)E.
1,184F
1120}5‘
1!22!&
1:244E
11262E
1+283E

- 10305E

1.3275
13728
14 395E
1:418E
1,442F
1,466E
1/,491E

- 5,577¢

5067iE‘

. 54766E
5,863E .

5,962E"
6,062E

641647

6,267E

64373E

6,480E

6,589E. -

YOTAL

1.:392¢€
1.390E

. 193885

1,387E
1.3855
1+383E
1:381E
1!380E
1:378E

1/539F
1’532E
11526E
1+1519E

" 1.512E

1'5055
145¢2E

- 1,499F

1,497E
1,4%94E

"1,491E

f,485£
1,485E
1,4€2E
11480E
11477E
11474E
1:471E
1,469E
14466E
11463E
1+460E -
1:457E
14455E
1+452E
1'449E

1.4465
114448

1+4414E
1,438E

11684E
1,680E
11676E
11@715
1,667E
1,663E
11658E
10654E

. 11650E 0
©1,646E"
.. 11641E

SCATTER

1.,158F 01
1.,157E 04
1,157€ 01
1_156F 01
1,155F 01

CASE SEOUENCE NO, .

1,155€ 04

1.154E 01
1,153E 01

1.217F 01
1,215E 01
1,213F 01
1,211F 01

1,209F 01~

1,207F 03
1020°E 01

1,204F 04

1,203F 01
11202€ 01
1,201F 01
1,199C 03
1,198F 01
13197E 01
1,196E 01
1.194E 01
1,193 04
1,192€ 01
1.191F 04
1,189E 01
1.188F 01

1,187E 04
_1,186F 01

1,184F 04
191035 0%
1,182E 03
1,181F 01
131795 01
1,178F 03
1,177€ 01

1;2825 01
1.,281E 01
1, 280F 01
1,280F 01

1,279€-01°

1,279E 01
1,278 01
1.277F 04

" 1.153F o1 7

1,2776.01 . -
“1,276E 01

1.273F 01

.4 08077¢

cgpvuae
6,071E%01

~ 6,005E=01
$,940E=01"

$,875Ew(}
5,811E-01
5, 748E=01,
5,685E=01
5,624E=01

51562E~01

14149E 00
1+139E g0
1:129E Q0
1.120E 00

1,110 00"

L+300E 0O
1,085E g0
1,074E 00
1.,056E g0
1+044E Q0
14027E 00
1+013E o0
9.991E=01
9'6545'01
9.719E=01
9,586E=01
9,454E=01
9,325E~01
9.197E~01
9,074E=01

8,946E=p1"

B1824En01
8,703E=01
R,.583E=01
B,466E~01}
B,350E~01
B,235E=Q1
84422Em01

8,014E=Q1 "

7.901E~01

1,848E 00
1,829 on
1.814E 00

1¢793E 00

1,775E- 60

" 44757€ 00

1£:740E g0

11722€ 00

7 %.705E 00
~1v688E 00"

) 1!65§E o0

0326.1

UNRFSOLVED RESONANCE INFINITELY DILUTE FXNE GRJUP CROSS SECT!DNS
CROSS SECTIONS ™

jFXSSiON

1,733z
1.7282

1,724z

1.720%
1:7152
147112
1,707%
1.7032

L6982

2.067:
2+0283
1:990%

1,953%.
149162

1.880¢E
1.8762
1.18742
1,8742

. 148682

1,866%
118632
1.,860%
1,858%
1.855¢%
1.652%
1.8503
1.8472
1,844z

1.842%

1.839=
1.636%
18342
1.,834%
1:8293
1.,826%
1:823=
1i8213
1.818%
1@5155

2,154z
2,138z
2: 1228

T24106%
2,090%°
.00,
00

240742
2.059%
2.043=
2,028¢
2+013%

00
00
[]]
00
00
00
00
00
80

00

00
00

a0
00
00
00
00
00
00
60
00
00
00
00
00

00 -

00
00
00

00

00
00
00
00
00

00

00
00

 PAGE NO,

0 - e
00.

|
1]
i

%ozst-dvzs

00 -

00

00"
00 -

00
00

00
240228

a0




GEAP-13704

Pages 9 through 12 have been deleted to conserve space.
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" )ENDR

| yT-1IIA

COARSE FINE
GRQUP

-24 i

8

LOAWEST
GROUP LETHARGY

11002€

+4003E

1+ 4005E

..+ 1008E

L 1040E

" 1007€E

«L000E 02

02

02

02

02

02

02 '

(00126 02

CASE 1D NO, PU2
SMOQTH PLUS RESOLVED RESONANCE FINE

HIGHEST

ENERGY
1 4540E

1 4465E
1 4391E
,4319E

,4247E

L1 4177E

41,08E

. 14040E

03

03

03

03

03

03

03

03

CASE SEQUENGE NO-
CROSS SECT]ONS

GROUP
TENP

300,
300,
300,

300.

SIGMAe-.
NOUGHT

CINFeDIL

10,
100,
1000,
10000t
INF=DIL
19,
100,
1000,
10000,
INF=DIL
10,
100,
1000,

10000,

INF=DIL
10,
100,
1000,

...40000,

300,
300,

..300,

INF=DIL ~

10,
100,
1000,
10000,

INFeDIL

10,
100,
1000,
10000,
INF=DIL
10,

.100,

1000,
10000,
INFeDIL

10,
100,

1000,

10000,

CROSS~SECTIOVS ™
ToTAL

{

08077

i
i
{

032¢,1

13

SEATTER

CAPRURE

i
i
i
1)
]

H
i
!

fo oo %o % % %o 0 e = "o W Sw te ww ta T e = = m-

® w ® ® ® ‘s ® e ® @ ot e T O W 'S o e e e eew e

!
!

> @ ® e E S en ew e e e ® e ® e e e e ®eae e w- ®- ™

> wle @ ‘e w e wfr e e o® eile e e e wie w e ®s BI® e e e e le w e e W w te e -

- ] ey
M L
T B
H |
! e
' S
[ - | .
' .
H
!
'
:
1 3
’ '
' !
' !
.. !
' !
! -}
] )
. ’ . .




JENDR  CASE ID No, PU239

COARSE FINE LOWEST
LETHARGY  ENERGY

GROUP GRaUp

iST-TIA

0y s
e e 40

11

.16 ,A025E 02,3536 03

L1013 02. 1,3973E

+1018E 02 _,3908€

+1017E 02 ,3843E

«1018E 02 ,3780E

 V3020E 02 ,3747E

410226 02 3656

“ SMOOTH PLUS RESOLVED RESONANCE FINE GROUP’

HIGHEST

TEMP

03
. 300,

03 _.

300,

03

e 300,

03 ,
300

03
300,
03
300-
300,

15 T T, 10238 7927, 3595E 03 o

10000, 77

300,

CROSS SECTIONS™
CROSS«SECT]IOVS
_TOTab

SIGMA=
NOUGHT

INF=DI{
- 30,
100,
1000,

100040,

INF=Diy

10,
100,

1000,

10000,

INF=DI{

10,
100,

1000,

10000,

INF=DI{
: 10:

100,
1000,

10000,

INF=DIL

10, _
100,
1000,

INF=DIL
10,
100,
1000,
30000,
INF=DIL 7
10,
100,
1000,
10000,
INF'D‘L."H_
10,
100,
1000,
10000,

CASE 'SEQUENCE NO, 1 080771 032¢,{

_ PAGE NO, 14

APAGET?

i
!
I
.

SEATTER  CAPYURE ~ FISSON -

RS SSSe e SN T ae " e e S GeE e e e aE e ® = e

]
i

f
i
s

%0LET-aVII

ot

'

:
'
|
i

: '
i ' .
TR ® e eie e s e e elam e et e e e e e eie e e awmen eee efee e e e -

; . . . : ‘
C TR T e PE e e e e N Ty e ve w he W e ceme e b e e s e e e e e e e m be W e ce S e

WM e AW - e e se® e ® ule e ew e ow owe > ol ww e e wie e s - e
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JENOR  CASE iD NO. PU239 - - CASE SEQUENGE NO, & 080771 .0326,4 _ _  PAGE NO, . 15

SMOOTH PLUS RESOLVED RESONANCE FINE GRQUP CROSS SECTIONS JsPAQE 3
' . CROSS=SECTIONS o - -
COARSE FINE LOWEST HI1GHEST SIGMA~ ' , L A
GRSUP GROUP LETHaRGY ENEKGY TEMP  NOUGHT TOTAL . SGATTER CAPTURE ~ FISSION
21 17  .1027E 02 i,3477E 03 INFeDIL . Ty v ) -
. . 300. 30, ' . I ’
100, ' v ' .
. , ) 1000, ' ' ' ’ - B
_ o . 10000, ' . 1 '
.18 ,1028E 02  ,3420E 03 COINFeDIL oy e —1 ' — e
: - 300, 10, N ' ] ’ '
100, ' ' 1 ’
_ 1000, ' ' ! '
| e 10000, ) » :
19 L,1033E 02 ,3363E 03 . INF~DIL ' e ' ,
e nB00, . A0 s ! I
1000 K . !- ] N
. S 1000, ‘o ' ) ' . .
20 410326 02 ,3308€ 03 INFeDIL . ' 't ‘
- 300, N KR . ’ ! ’
e A0Gy ' 3 ' -
i -1000 ' ' ' ' i g’,
< ..:'., S Ce - 100001 . - R R - : %
- 21 ,1033F 02 3253E 03 INF=DIL ' ' ! ' -
e o . ' Jo00. 104 ' ' ! ’ =
= 100, v . ! ) 9
O e M000, ' : ' o
: . o ~.‘,," . . 10000, - [ . . ’ =
22 ,1035E 02 ,3199€ 03 ., INF=DIL -, N} N I -
T o i 300, 30 [ . ! ’
o . L 100, ' R N ’ o - -
. . L L1009, ' ’ ! ’
e, 30000 oy ‘ Iy : =
237 L1037E 02 ,3146E 03 INF=DIL T Y v !
. i : T 3005- “1_0'0- [} 3 [ [
' 100, S [ ! ’
5 1000, ' . N ! '
. o T -10000C, ' . ! ’
24 ,1038E 02 43094 03 _  INF=DIL ’ : B)
. 300, .10, . * . [ ’
' : 100, ] [ ! . _ ' _
<4000, - ¥ ’ % }
100 0.0; o ¥ o U . l'_' ]




JENDR

CASE 1D No. PU239

CASE SEOUENCE N3, & 05077y 0328,

PAGE NO,

-

SHOOTH PLUS RESOLVED RESONANCE r:we’anour CRUSS SECTIONS -

COARSE FINE
GROUP aRoUP

21 25

27

28

L (T-TIA

¥

29

30

11032E

LOWEST
LETHARG

+1040€

2 4042€E

«1043E
+1048€

+1D47E

. 1048E

“1050E

HIGHEST
Y ENERGY TEMP
02 1,3043€ 03
300,
02  12993€ 03 .
: 300-
02 429%943F 03
- oS00,

02 .289%E 03

300.
02 ,2847€ 03
300.
02 4+2B00E 03
. 300,
i
02 Vy27S4E 03 7 )
do00.
92 27088 03
300,

"SIGMAe

NOUGHT

INF=DIL
10,
100,
1000,
10000,

10,
100,
1000,

10900,

INF=DIL
10,
100,
1000,
10000,

INF«DIL
10,
100,
1000,
10900,

INF=DIL
10,
100,
1000,

©10000,

INF=DIL
10,
100,
1900,
1¢000,

[NF=DIL

20,
100,
1000,

- 30000,

INF=DIL
10,
100,
<000,
10000,

T WA929E 01

CINFADIL .
12576 02

T ,2588E @2

-¢4607E 01

" 22034E 02

"+2B36E p2

CROSS«SECTIANS
T07AL

s1799E
+ 1425E
1644
14777
¢eL797E
«L475€
»1327€
' 1396E
11450
114738
1304E
+1286E
11275E
+1300€
«1304E
+L393E
+1333E
+1394€
+1395E
+ 13958
+ 33248
'1756€

«1200€ 01

+18B0E 01
+1923E 0%
14519E 02

+SIIIE 02
14265E (2
14490E 02
12H34E 02
12284 02

12787€ 02
12830E @2
1203J4E 02
+2029E 02
+2033E 02

1R034E 02
' 7578 @2
12442€ 02
v3237€E 02 .2220¢&
+S9T3E 02 ,3a14E
o 7362E 02 ,3286E
1O378E g2 ,1935E
13491 02 ,1634E
14362E 02 1745
+5822E 02 ,1900E
+6312E 02 ,1931E
13209E 03 3p24E
e3314E 02 .1478¢
1INL6E 02 ,1976E
«9679E p2 ,2733E
W1177E 03 ,2938E
13958E 02 ,1000E
+P784E
1 9909E
+ 99938E
+1000E

13202 02
v 3500E 02
13552 02

SCATTER

1PAGE4

CAPYURE

T 4234E-01°

'3348E’°1
3866E~01
4160E~-014

i ;4229E~01

+1061E 02

2 15447 01

7990 01
y1028E 02
11075E 02
11836E 01
+1265E 01

) ;1493E 0t

'15165 01
) 1834E 01
:6739€ 00
16718E 00
16734E 00
,67388 0o
1 6739E 00
+3214E 02
1 T473E 01
11452E 02
12713E 02
) SL49E 02
(1409E 02
L7074E 01
1 1020E 02
:1335E 02
t1400E 02
,3478E 02
}1124E 02
,18335 02
+3015E 2
’3<21E 02
1 2172€ 01
;17135 01
;19795 01
:21425 01
12168E 01

FISSI1ON

+8683E~0L
,6889Ea0
y7929E001
+8573E901
«8672Ee01
+1963E 02
+1280E 02
+1616€ 02

+1899€ (2

1956E 02
1370€ 02
1077E 02

+1257€ 02 °

«1354E€ 02
11368E D2
«S7T17E 04
STL7E 02
5717€ 04

S717E 0y

ySTL7E 01
1043E 02
7101E 01
,8042E 01
V9751€ 01
J1034E 02
«3035E 02
1701 02
1 2223E 02
+2853E 02

+30314E 02

+55B84E 02
1293108 02
+I523E 02
+9055E 02
v5520€ 02
+2341E 02
«19%4€ 02
+2175E 02
12316 02
+233BE 02

50/ €T-AVas




GEAP-13704

Pages 17 through 46 "have been deleted to conserve space.
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1 L] Bl ’ 1]
JENDR  CASE 1D NO, PU239 .~ . GCASE.SEQUENCE NO, 1. 080771 0328,f __ _ PAGE NO, .47
- i SMOCTH PLUS RESOLVED RESONANCE CONTRIBUTION To __ TaTaL:  CROSSeSECTION
GROUP INF BILUTE - TEMP : s16%0 : :
- o 10.0 : 100,90 1000.0 "~ 10000,0 T
21 " 7.848346E 00 3004 4,84067€ 00 . 4,92623% 00 6.8{875E 00 7,70804€ 00
22 777 " "a,02818E 0f T 300 0 1.,87866%.0% C TT2,49472¢ 91'””“”3:551015 017U, 96432E 0% -
23 . 8,22962E 01 300, 1.80270% 01 2,57632E 04 4.15754E 01 © B,06147E 0L - ¢ e oo e ee e
24 7,78804E 01 300, 2,20892E 03 3,028932 ot 4.88398E 01 “ 7,09717E 0%
T T 28 T T 220298 02 T T 3007 TTT4053179€ 01777777 2,851838 04 T 64967438700 T1,10527¢ 02
26 ' 4,04577E 04 300 1,291845 04 1.l77324E. 04 2.97314€ 01 3,86893¢ 01 T TR T e
27 - 1,40038E 02 300, 2,212063 04 ' 3,19647g. 0% 7,03876E 01 1,23769F 02 v oo s
T 28 7T T I2499124 04 77T U300 77T 24596756 04 T 248484387 08 2.97L76E 04T 2,98922¢ 01 -
29 1:25612€ 03 300, 9.106902 03 10148952 g2 2.66872E 02 8,46987¢ 02
T T o i ST 2
r-<-c"' — - _ %
- |
A . . _ =
0 et N -
O ~J
e e e e e e e e e _- o
. F\
: ; . . e e e e e e .




J0Z-IIA -,

13

JENDR  CASE 1D NO, PU23% . . CASE -SEQUENCE NO,' 3 050774 032s,4 . - PAGE NO, 48 5 _
... SMOOTW PLUS RESOLVED RESONANCE CONTRIBUTION To  SZAT  CROSSeSECTION
GROUP INP DILUTE TEMP | L 8160 ,
| 10,0 . 100,60 - ~ {o00.0 - 10000,0
21 ';,263375 00 300, 2.5864GE 00 D 2,64499E 00 3103723€ 00 3,18249¢ 00
. .22 e .1.3-7i36E 01; 300' R 1;137155 0L T 1.21555E 1} SR '1‘:'323345 01 "1, 36%98F 0L "
23 | 1,44124F 01 300, - 1,08443% 0% £4171623 04 . 1.33940E 01 1,42603¢ 04
24 1,65426E 01 300 111464782 03 £,22329¢ o4 " 1,42358E 01 1,60874g 01
T8 T 1793608 01 300, T 7T BL1BBALE 00 7 '9,89487g 00 T 4:38233F 01T T1,71473¢ 04
S 26 9,52972¢ 00 300,  8.93131E 00 ' = 9,44077: 00 9.39200€ 00 9,50982¢ 00
C27. . 1.09325E 04 300+ 9,127078 00- .  9,42867¢ 00 11016976 64 1,07848g 04
28777 77 i,048008 0i 7730007 710029238 04777 11037868 04 T 1L04146E 01T 1;04194E° 08
29 1,33602E 01 . 300, 1,214688 01 - 1,23434E. 014 1.28484E 01 1,32552¢ 0%
00V O U0 SO P P S, P e iemmmermnn + eeie e o eas e v s 2 s e o ¢ et e & e C)'
=
T .
[
- =
~J4
- — o - - - - e oo —_ r—— o
. - ) . - S~
¢ - -
+ + 'y » n 5




JENDR  CASE 1D No, Pu239

CASE SEQUENCE NO, 4.

080774 0326,1 .
_§MOOTH PLUS RESOLVED FESONANCE CONTRIBUTION To  CiP___ CROSSeSECTION

.. PAGE'NO, 4% =

GROYP INF BILUTE TEMP $18:0 )
10,0 100,0 toso.o 10000,0 = -
21 1,97859E 00 3004 6,85709E~01 1,07203€ 00 1:72693€ 00 1,94723€ 00
22’ T T 78,73794E 00 T 300, T 2.86819E 00 T 5,06254& 007 7.,83243E 007 8,84528E 00 -
23 1,38132€ 04 300, 3,97791E 00 . 7,43236E 00 1.36340E 01 1,54224€ 04~ Tmm e -
24 1,55653E 014 3004 2,77431% 00 . 5+10844E .oo 1-'.'05'641E oi '1,4622%E 0%
T 25 T 5,796458 01 T T T 300,777 7,306308 00T T 1, 520368 047 31637426 "04 $,39074¢ 0% \
26 1(59325€ 04 300, 3,46614E 00 6,85204E 00 1127078 01 1,34745E 01 "
27 5,40735¢ 04 3004 7.25770€ 00 1.36937€ ot 3.18672E 01 " 4,73882E 0% - e
e T T UE, 64314g 00 T TT300y 35025828 007 3,42068E 00 3:6{438E 00— —3;84016 00 —
29 4,93335E (2 300, 5,62054E 04 8,00384¢ o1 1.93840E 02 4,00847 02
e e - - - . SR o
: - - :
|
S S - - 2
. ; - - — )
' o




)ENDR  CASE 1D. No, PU239

GASE SEQUENCE.NO, 4  05077{ 0326,i _ PAGE NO, . 50

... SMOOTH PLUS RESOLVED RESONAVCE:CONTRIBUTION To  FiSS " CROSSeSECTION

' GROUP CINF BILUTE TEMP s16:0 -

) : o § 10,0 ©100.,0- 1000.0 10000,0
21 2,66349E 00 300, 1.77256E 00 2,056805 00 2i5{751E 00 2,84621F 00
23 2,20706E 01 300, 9.04780E 00, 1,3836%E 01 1.96932E 01 © 2,17548g 04 -
24 © 4,577258 04 "300. 1.48354€ 01 - 2,160923 04 . 3:40227E 01 - 4,35283€ 04 -

25 T 4,61285E 017 7 3007 TTTT1108664E 01T TT2,20940E 647 3LB3091E 01 4,49603E 01
26 1,49955€ 01 300, 3,903175 00 6,8186%€ 00 " 1.20377E 01 1,45711€ 01

Y 7,80323E 01 3000 (1.5894pE 0t 2,64923E. 04 7 5.27391E 01 .. 7,33226g.0%

s T T1088493E 701 30047 TT1.441098 04777 T1,536798 04 T T1iS7B56E 03 1,3842787 01 TS
29 7.49430€ 02 300, 1,08764g 02 1,46500€ 02 3.17083E 02 - 8,16714g 02 o -
S S SN — — _ g
5 : : - 3
i A
1 . =
N W
N ~
SHEPR -— - — - - - P —— - —— — s 4ot ! o

AJ-‘
. e ey e e e e - - -
1 - — ; . -

. - e o I . B



. ¢ . s . :
T4
JENDR. CASE 1D No, PU239. .. CASE 'SEQUENCE™NO, 4 . 050771 .033e8,8 .. ___ ___ PAGE NO,. 5t . _ NS
12 1,3580€ 01 _ 0, » : B )
130 T L 1,4208E 0% Ll 0 L e e e,
14 . 1048435 01 °q -t
15 1,6197E 01 0,
16 1,7528€ o1 0, - -
17 . 1,9163E 01 0.
13 2,0959E 01 0.
e 19 e 203818E 0% o e O e e e ~
21 . 3,0022F 63 0. e
- 21 ~ 3,4025E 0l 0,
22 4,0262€ 01 0,
23 _ 5,2296E n} 0.
24 7.7830E 01 0. i
e 29 .. 1,2203E 0. .0y ..
‘25 4,0458E 01 0.
27 1,4004E 02 0.
23 2,9912E 01 0,
27 . 1,2561E 03 -0 . ’
OIFFERENCE OF  7,2074E~04  BETWEEN SIGeINELAS AND Syw OF: MaTx FROM SOyURCE GROUP - ~ 2 “WAS SPREAD OVER WHOLE MATRIX
_ . DIFFERENCE OF 5,p569E-03  DETWEEN SIG=INELAS AND SU¥ OF: MATR{X FROHM SOURCE GROUP 3 WAS SPREAD OVER WHOLE MATRIX
IFFEREHCE OF  2,6952E-02 BETWEEN SIGeINELAS AND SU Of: MATRIX FROM SOURCE GROUP 4""WAS SPREAD "OVER- WHOLE MATRIX-~-——-—
0IFFERENCE OF - 1,R994E=02 BETWEEN S1GeINELAS AND SU¥ OF MATRIX FRoOM SOURCE GROUP 8 WAS SPREAD OVER WHOLE MATRIX
. . e e e e+ e e e , h”wwmm_mmW”p”nMEm
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YENDR

GROUP

pT-1IA "+

CASE 1D NO. PU239

TOTAL=SUM
6,68678E Q0
7,80968E 00
7.80143F- 00
7,47749E 00
7.24061E 100

8,12778E
9,19137F

" 1.,02052€E

1,12047E

N 1,21555E

1.,29609F
10358035
1,42077€
1,48320F
1,61849E

. 14175040€

1.91391E
2,08622E
2,38069E
2.99170E
3,38842E

. A4,02618E

5,22962E
7,78804E
1,22029E

" 4,04577E

1.40038E

_2.99124E

1.256125

00
0c
01
01

0

01
01
01
01
01

0y ...

01
01
01
01
01

01

01
01
02
04
02

03

0L .

CASE SEQUENCE NO, 4 050774 0326,4 . .
weer. JINFINITELY DILUTE ‘COARSE GROUP AVERAGE CROSS SSGT10VS

BELASTIC
3.,15599€
J.92414F
3:1558464¢€
2.85232E
3140970E
4,84720E

- 6434205

7,66170F
8,82033€
9,386288F

"1, 06565E

1.10804F
1:16258E
1:19535€
1+25585E

1+29101F

1:31356E
1130529E
1031516E
1:43234¢
1,45839E
1:37136E
1,44124E
1165426€

" 14+79360E

9452972F
1,09325€
1:04200F

T 4033602E

60

€0

¢o-
S
6o

]

co

co

00

o ...
c1

t1

1

€1

[ O
6L .
o1

¢1

01

ci

ey

12 S
c1

€1

c1
€0
1
€1

¢l

CAPTURE

© 1,30684E-03
2,62394E«(03

5}368915'03

'1,1262%9E-02
"2,38824E-(2

3,2162HE-02
1,24577E-01
1,84221E-04
@111274E~-04
2,36286F-01

-30l7515E’°1

4,86691F-01
6,56B800E-04
9,69146E~04 .
1.50234E 00
2,1635b6E g0

" 2497596E g0

3163050E 00
4,65453E 00
6,59934E 00
9,07487E g0

"8,7579LE 00

1,58132¢ 014
1.55653E 04
5,79645€ 04
1.59325€ 04

" 5,10735€ 04

3,64314E 00
4,93335F 02

. PAGE ND, - 52

FISSION
2.03949E
1172043E
1:84497¢
1,938%39€

TTTT1,71821E
1159420€
1.51637¢
1.50400E
1,49925¢
1149679E

T 44953488
1:.63843E
1,759713¢&
1,874n8E

" 24122848

2+43031E

“31027505

44178758

"~ 6,00358E

3,99433¢E

1.022545

1.77902E
2:207066E
4,57725E
" 4,61285E
1.,49955¢€
7.80323¢
11568493E

TTTTTT 7449430

00

00

a0

0o~

00
00
00

00

0o
00

00

00

-00

00
00

00

00

00 °

00
b1
el

0L

01
01
01
01
01
02

INELASTIC LE

TOTAL | THARGY GAIN IND
00" " TTTey i 1§409505 00 B ¥ N
0, 2,17220€ 00 . 1
0, 2,39264E 00 1
0, 2,375526 00 1,
0, 2,08882E 00 1i
0, 1,66422€ 00 1,
0, . " 1,20817€ 0 1,
0, 8,55279€E~01. 1
0, 6,73367E~01 "~ 1¢
0, 5,39580E-01 1,
0% 4,33473E-01 1v
6, '3,74843E-01 1o\
T 0. " 1,65447E-01 IRV
0 3,82619€~02 v
0 - 1,28150E-03 1
0, 0, 1,
04 0, 1
0, 0 1,
o) 0! 1 —_— -
0. 0, . Y
" 0y 0,
°| 0’ i
ot e e o
0, 0, 1 E
- o 0 oy -k
0, gp }v -
0' . P s
0, 0; 1. a
0 0. 0+ h

- ne



GZ-TIA

YENDFE  CASE 1D Ne, PU239

GROUP X!
-1 © 9,43072E«04
2 1,00774E=03
3 1,41024E-03
4 L 2,24386E=03
5 3:.30522E-03
6 4,28061E=03
7 5,31713E=-03
8 6,24197E=0Q3
9 6,80597E-03
10 =, e ... 7,23833E=03
11 7.66871E«03
12 8,01666E«03
13 8,28482F=03
14  8,40342E-Q3
18 8,41517E-03
16 e ... 8,41517E=03
17 8,41517E-03
1A B8,41517E-03
19 8i41517E=Q3
20 B,41517E=G3-
22 ... B,41517E-(3
23 8,41517E-(3
24 8,41517E«(C3
25° 8,41517E~(3
26 ~ B,41517E-(3
27 . B8;41517E=(3
.28 o B.41517E~(3
29 8.41517E=03

CASE SEQUENCE NO, 4 080774 032s,1

My
9412995E=01
8,94001E~¢1
8,38331E~¢3
7.36374g-03
6,09072E~-C1
4,93058E=-¢1
3+70074E-C1
2,60413E-C1
1+93538E~01

. 1142282E-(3

9.12757k-¢2
5. 00399F~¢2
1:62602FE~C2
4,18206F=¢3
2/81300F~03
2:81300E~C3

" 2.81300E-¢3

2/81300E~(3
2,61300E~¢3
2,84300F~03

2,81300E~03

2,81300E-¢3

" 2461300E-03

2.81300€E-03
2+81300E-¢3
2,61300E=~(3
2+81300E~¢3
2,61300E=C3

T 2,61300E-C3

v veme .. - INFINITELY. DILUTE GOARSE GROUP AVERAGE CRNSS 83CTI0NS

PAGE NO, 53

)

'fa

N-2N N-3N NU E
8,02885€-01 0, 3,97749E 00
2,91763E-04 0, 3,53442E 00
0, 04 3,26847E 90
0, N [ 3,11127€ 00
0, 0, 3,01755E 09
0, 0 2,96381E 00
0. 04 2,93096E 00
0, 0 2,91089€ 00
0 0 2,89674E 00
0y _ O 2.,89136E 00
0, 0 T2,8B8683E 00 T

-0, 0. 2,88417E 09

0 0 - 2,88224E 00

0, 0 2,88136E @0

0. 0 - T T 2,88083E 00 U
.0 04 2,88050E 09

04 ' 2,88031E g0 "

0 0 2,88019%E 00

0. WD) 2,8801LE 0Nf

04 0 2,88007E 00

0 0 "7 2.,88004E 00

0 04 2,88003E 00 ,

0, 0s 2,88002E 00

0. 0 2,88001E 00

0 e 2,88001E 00 ' -

Qe 0, 2.88000E 00

0 04 2,88000E 00

0! 0 2,88000E 00

0, o " 2,88000E 00

LAS,REMOVAL

"1,21137€E-02"

1,13895€-02
1,08226E-02
1,28004E-02

"2y25396E~02

4,12411E-02
6,7443CE~02
9,56482E-02
1,20062E-01
1,43G74E-03

"1.63443E~-01

1,77655E-04
1,92635E-01
2,009055'01
2)11365€-01
2,17281E-04
2,21276E~01
2,19685E-01
2.213488'0L

© 2,41067E-01

2,454526~01
29303055’01
2,42565€-01
2,78417€-01
3,0187GE-01
1,60386E~01
6,13326E~02

© 5,84573E~02

0,

. CH!
3,29078E-02
1,22546E-01
2,11359€-01
2,22778E-01

“=m—1,72339€-01
1.10064E-01
6,248196~02
3,30061E-02
1,56870E=-02
8,21433E-03

-3, 978556-03
1.90810E~03
9,09667E-04
4,32105E-04
2,04806E-04
9,594256~05

~——4,58496E-05
2,16742E-05
1,02429€~05
4,93973€~06
2,28651E-06
‘1,38018€-06

2,41046E-07
4,13864E-07
5,37865€E-08
4,30689E~08
4,353945E-09
“4,78457E-10 —

5,10274E~07 —-

0/€T-dvag|

e~




JENDR  CASE 1D No, PU239 . . CASE SEQUENCE NO, 3§ 05077{ 03264  __ PAGE NO, . S4
e FoFACTORS FOR TOTAL  CHISS SECTION ADJUSTMENT

GROUP  ~  INF DILUTE TEMP ' N $16s0 .
: ' 10.0 100,0 " 1000,0 ~ T " 10000,0
12 1,35803E 01 -~ 300y 9,995575-01 9,99869¢-01 9199976E504 © . 1,000008 00
A3 T T, 42677 0f 7T 3000 7T 9.815353-01 1 T 9,944458-04 T, 99276E0T 9799981E~04
14 1,48320E 0 300, 9.652373-04 9.,87804c-01 9.98415E01 9,99544E~02
15 1061849E 01 3004 91341198701 94731218-01 - -9.96276E=01 - 9,99360E-04 -
T 1:75040E 01 300 T 8,B44708-04 T 9,45558Z-01 T 9.92097E001 " 9,99063E~01"
17 A - 1'91'3‘51E 01 300 6;28672':'-01' 9.0926d£-q1 © 9.86234E«01 9,98571E-01
18, "2,08622E 01 300, 7,732123-04) - 8,671258-04. 9.77708Ee01 -  9,97482E-~04

T19 7T T T 2,38069E 010 T 3000 7T T 6,924652~04. 7777 7,998992-01 T 91603656017 "9,95490E-01

20 2,99170E 01 300 5,711392=01 ~  6,89894z.p4 - 9.16750Ee01  9,89433£-0%
21 3,38842F 01 300, '5;335#05-01 6441175808 8.90782Ew01 - 9,85587g-0%
T BTN 4l n2ea 6 qu~f~“‘300;““?'“f14:666115Lo1 T 6419626801 77T T BLB{980E 01 T T 9, A4635E 01" P
'E 23 7 U s,229626 04 360, 7 3.447098-01 . 4,92640E-08 7.949%8E201  9,67848E-01 E
& 247 T T 7.78804E 04 0 3004 21836308701 3,88924E-91 . 6127114Ee01  © 9,11291€-01 -
EEaul'? R ._A__....:,i..ézszqe‘ 02 e 3,00.... R g Emg] T 2.33_7015-01‘_"“'5.‘:66023E501"‘—'"" 9.05744;_’0‘ - §
26 4,04877E 01 ©. 300, .  3.19306E-01 4,382932-01 7.34877E201°"  9,56290E-04 o
27 © . 1.60038F 03 300, 11579618-04 2,28257E-p1 - As;wa4s9e.o1"~5~Va.esszoe;ot
“ae T T 2,99124E 0 300+ 77 81681485701 T 7779, 52266801 T 94934876401 ¥, 9932401
29 1.25612E QS ‘ 300, A'7;24999s*02 9,14473E-02 2,12456Ee01 —  6,74286E-0%




YENDR

CASE 1D No, PU239 i
e e el F-FAGTORS FOR . SCAY____ CROSS_SECTION ADJUSTHENT
GROUP INF BILUTE TEMP . slae0 _
' 10,0 100,90 £000.0 10000,0
12. 1/100804E 01 300, 9;926235401 9,99947€<01 1,00000€ 00 1,00000E 00
T T 62588 04T 30007 9592989E-04 T TTU9,97917E-00 """ 95999836504 1700000E 00
14 1,19535E 04 300, 9,86707E=01 - 9,95619€-01 " 9199443Ee01 1,00000€ 00
15 1,25585E 01 300, 9,73018E~01 .9,89989E-01 9.98666E501 9,99532g+04
Tas 7T 29101 01 7T 3004 T 79153457604 777779, 800126-00 " 95 96978E5 01" 9,99232E-0¢
17 1.31356F 01 300, 9.32571€~04 © 9,67526E-01 9.95185Ee01 ~ ~  9,99523¢+04
18 1130529 04 3004 9,19202E04 9,56615c-01 9.934726001 ~° 9,99236E-04
Ty T T 74431518 04 7 300s7 7 8,94795g-04 T " 9,35808g-01 9:834615;ot**—-—F9;9aeaagéoz'
20 1,43234€ 04 3004 8.25814z-0 8,77998z-01 9'70286€+01 9,96353€-01
21 1,45839E 01 300, 8,19420E-01 8,64398z-01 9.63175Ea01 9,95299~01
22 T L7836 01T 3000 T T78.292128-047 7 T 8,86378E-04 9.68625E=01 " —9,96074E-01
E" 23 1,44124 0t 300, 7.524282-01 8,42925E-01 " 9129338Ee01 9,89450E-01"
fg 24 1165426E 01 3004 6.930423~04 7,39475E-01 - 8.60558Ee01 9,72488g~01
T R5 T 93608 04T T 3000 T4 56545804 T 75,50673E~01 T 71 70813Ee01 9,96027E~01
26 77 7 9,52972E o¢ 300, 9,372068-01 9,59186E-01 T 9.85548Ee01 "
Cer 1,09325€ 03 T 3004 8.348565-01 © " 8,62169E-p1 " 9130229Ea01 ~ 9,864938501 -
28 77 T1.04200€ 92 300, 7T 9.877485704 79, 96034E-01" 91994826401 "9,99946E~01
29" 1:33602E 300, " 9,09179E-01 9,23891E-01 9.6{5436~01 9,921396-01

CASE :SEQUENCE NO, % . 0%077¢ 0326,{

. _PAGE NO, 55

9.97912E;°1 e s v imeie————

40/ ET-avas)
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fsz;IIA,

JENDR  CASE 1R NO, PU239

_F-FACTORS_FOR__CAP_ - CROSS SECTION ADJUSTYINT

'CASE SEQUENGE NO, 1 050771 0326,1  PAGE NO, 56

 GROUP INF BILUTE TEMP - 81860
- 10,0 o 100,09 o fee0.0 T 10000,0

12 4186691E=01 300, 9.991595-04 - 9,997728-01 - 9.99953Ee01 - 9,99979g-04"

AT 6,56800E-08 T 3007 T T T9,6B646E5-04 T T, 90907E-04 T 9 9799760 9,99017g+0¢
" 14 9,69146E=01 300, 9.469343~01 9,83988E-p1 "~ 9,97327Ee01 -~ 9,99537E-01 "

13 1,50231€ 00 300, 9.080545-04 ~ ' ©,67RQ8E-0L = 9.94552Ee01 °  9,98327gs01 -
167 2,16358E 007777 300: 7 B.3B5958=04 T T 9,36273E-017 9,90745Ea01" - 9,98588E~04

i7 2,97596 00 300, 7.65462E-01 B8,953528-01 9.84628E401 ©  9,97754gw01

18 3}63n56é 00 300, - 7.01136E-0% B8,51400E-04 " 9.77615Fe01 ©9.97716E-01 -
“”io""“?"’”‘“Q.esissg'oof“**“‘366?““””"‘6:1&5065;01L”““?7.803105401‘ 9.62373Ea01 9,95614g<01

20 6,39931F 00 300, © 5.042825-01 6i81504E-01"  © 9.3i791ge01 - 9,91638ga01 - o

21 9.07'4875 00 ’ So‘o. 3.714958-03 5‘.832955-0'1 B.96714Ee0) ~  9,86645g-014 '

207 TR 955918 60 T300y  3.27268E~0% T ~5,78054E+01" 81943276401 9,87140E-01 2] :

23 1.58{326 01 300, 2.515568-0% 4,70024E-04 " BL2424BES0L ©  9,75274E<01 : i;

24 1,55653E 01 300+ 1i7§2soa-oi‘  3,28p02E-01 6.78691E001 " 9,39427g0% G-
T8 T g i9easg o T 30b;f""“'”’1:260455-b1' “f"'z;ezzblg;ogw-—-"‘51274745;01 ~~9,30007E-04" 53

26 4,59325E 01 7 300, T 20475518704 4,30064E-08 . 7.99604Ea01  9,71063g=01

97 " © 5,10735E 0f 300y 7 1.42103E-0%  2,68119E-01 '~-elzs949e;oz'j'""9;278445-61

28 T TN, 64314 60T 3004 8130553801 T 9, 41131801 9192104E 201 " 979918201

29 4,93335E 02 3000 1.139292-01 1,62239E-01  392018Ee01 -~ B,12528E501 - <



. )ENDR

0

67-TIA

CASE 1D NO, PUR29
wem e e e .. F-FACTORS FOR _FISS _
GROUP INF DILUTE TEMP
12 1,63843E 0C 300,
13 1,75973g 04 300.
14 1,87108E oC 300,
15 2,12284E 0C 300+
TS " 2.43031E oc¢ S 300,
17 J.aziéoe ac 300,
18 4,17875¢ o 3004
- 9 g, Go358E e 300 T
20 B199433E 00 300,
21 1:02254E 01 300+
S22 T 0179026 04 300,
23 2:,20706E 01 300,
24 4,57725E 0. 300
TT 28 TTTTTTTUU e1285E 0+ T 3000 T
26 1149955 0¢ 3000
Car 7.80323E Qv 300,
g8 T 58493E 08 300"
29 71494308 3000

CASE :SEQUENCE NO, 1 050774 0328,
. CROSS SECTION ADJUSTHENT

1040
9,99385z-04
9,756245-014

1 9.53350E~01

9.324838-01
8.84147E-01
8.373315-01
7.771872-01

“7.004856-01"

6,071615~04
$,868115~01
5,0B3018-01
4,09948E-03,
3,24111E~01
2.355692~01
2.602903-04

12.03685z2-01

9,092478-04
1,451308~04

 PAGE'NO, 87

1.00,0
9.,99841E~01

T 9,934678-01 TTTTT9L99067E001

9,87659E5-04
9,76920&-014
""9.56(1?85'0!.'~
9,33686%-014
8,94187¢€-01
TTTTT8,38968E-04

7,56411E-01
7,53709z-01
TTTT7.414808-04
6,269402-01
4,72100E-04
"""" 4,78903z-04

4,547168z-04

3,395058-01

T 9, 69639801
1,954828-01

$1600
{000.0

9,99980E204

9.,98216Ea0}
9.96653E001

9.90932E401
9.83303Ea01
9i73468E001
94149590E01
' 9i48129€-01
9.37197E-08
8.92283E+01
7.43300E-01
'8.30488Ee01
8.02753E«01
6.75883E504

4,23099Ee01

100000
1,00000E 00

9 99985E-01
9,99662E=01
9,99369E-04

9.9323080014 ™ "79,98419€-01

9,99249g01
9.97384g~04
9:97028g-04
9.93976g;°1
9,94004E=01
"9.91792E=04
9,85692g=01
9,50971E-01
9,74676E=0%

..,.A. e eee ,.71697E;Ot et mmaas e eremien e .t e emmaaee t e e
T 9,39644E04
9595984001~ ——"9,99589E~01

8,22907E~01

ey

b T s

Fa $om
BOL L




JENDR

GROUP

0E-IIA |

12
e

14
18

e

17
.18

‘21

26

28"

29

.23
24

CASE 1D No, PU239

. 'Sig=TOTAL

1.35803€ 01
1,42077€ 0%

1,48320E 01 300, 9,805658-01 9,93866E-01 9.99192E001 9,99927e-01 .
1,61849E 01 300, 9,61411E-04 (9,86217E-01 T 9.98020Ee01 9,99399g201 - - ono oo
“.75040E 01 7 300477 7 929636503 TTTU9,712765-01 ~ = 9198687€002 9, 99040E-01
1,91391E 01 300, "8.918378-01 -9,509508-08 © 9.92871Ee01 9;99203£-08
2,008622¢ 01 300, 8,528082-04 9.25801510i _91857165-01 9,98600E-01
T 2,38069E 04 T 3004777 (7.90444E-04 "7 8,81005E-04 T 9.79583E=01" ~9,97646E-01
2,99i70€ 01 300, 6,89152:~-04 7.981002-04 9.55572Ee03 9,94598¢+01
3,38842E 01 300 6.292612-01 7.55710z~08 .924da§55a01 “9.925§9E701
4,02618E 01 ‘300,77 5.,782282-01"""777U7,420298-01" 9, 33908E001 959ézseeéoi
5,22962E 01 ;bo. " 4,564382-01 613074401 8.81923Ee01 . 9.@3577EG01
7.78804E 04 300 "3.73321E-01 5,000932-01 7.55294E=01 '9.532345-01”
‘1Qééoz9g 02 3000 77T 2.160258-04 T 3,86707E-00 T T T7.25284E001 " 9,50717E-01
4;545775-01 300+ 4.02905E-01 5,63834E-01 8.43782Ee01 " 9,77622E<0%
1,40038€ 02 . 300, 2.30500E-04 3;542735-01- 6.76787E~01 ~  9,38998g-01
T 2499424 04 7T 7300 T 7902700850479, 75355201 7T 9. 96730E001 T 9,99662E-01
300, 1.440028-01 1,901738~04 4;;69725.01 o.zogsoséoz'

1:25612E 03

300,

CASE :SEQUENCE NO,

1040
9.99751€-01

C 300, 7T 9,89794E-01"

4 080771 0326,

PAGE NO, . 58 _

.gm-o
100,60 1000.0
9,99929€-04 9.99996Ee01

TG ,970888504 T 91 99778Ee01 "9, 9995308

" _F-NOUGHT-F-FACTORS FOR. TOTAL CRCSS-SESTION TO BE USED AITH S14=T FOR TTERATION ON SIGe0
_ TEMP

10000,0 " "
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CASE SEGUENGCE N9, 4. 08077y 032s8,4 _ _ ___  PAGE NO, 63
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.. A GMUG FILZ. WAS_BEEN CRSATED FOR MATERIAL NUMBER. 1104
CLASS NO, 1 HAS 1 BLOCKS, CLASS WORD = 000250400004  GLASS I8 1S {10401
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JENDR

CASE 1D Nb, PU239

| CASE ‘SEQUENGE N3, & .
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INPUT AND INITIAL CALCULATIONS 18,74 ) i
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RESOLVED RESONANCE ULTRAFINE CALCULATION AND- AVERAGE 463,44
INELASTIC, N-2¥, EUASTIC MATRIX GENERAT]ON 30,49 e N
ouTPUT STANDARD OR FCC LY ) o - -
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" Called In SUB.

GEAP-13704

APPENDIX A

USER ERROR INDEX

Erxor No.
T4 SKIPMT
4 SKIPMF
4 SKPMAT
5 RESTOR
99 RREC
100 RREC
101 RREC
102 RREC
103 RREC
104 RREC |
105 RREC
106 RREC
107 - RREC
-130 TERP2
131 TERP2
132 ' TERP2

'Meahing

Read an MT value different from the
reaction type being skipped - i.e.,
cards out of order or programming error
Same except file number MF is wrong

Same except material number MAT is wrong

Overlay Error,vMF or MAT = 0 or.  MT
not in order

NT not defined
JT out of range 1-6 (record type)

Mode out of range 1-3

' "Temp. not in range given in data:

Interpolation table too long or 0
List too long or 0O

Tabulation too long or less than 2
Improper temp. depgndence

MAT, MF, MT iﬁcorrect

Energies are not in increasing order
(table of x) '

Energies are not in increasing order
(values of interpolated points xp)

Calls for interp. at breakpoint k
larger than the number of points
given Ni. i.e. NBT(Ni) is too small



A

‘Called in SUB.

Error No.
133 TERP1
134 TERP1
135 TERP1 .
300 URESXS
400 SUB1
500 FNDMAT
500 SMXSAV
1011 READ3
1102 SUB1
1111 ELASM
1112 ELASM
1153 N2NMAT
1250 MUXI
1251 MUXI

GEAP-13704

Meaning

Interpolétion code out of range

Zero or negative value can't Qg
interpolated by log. ’

X1 = X2, discontinuity

Atomic weight, AWR, is zero."
Would result in infinite loop if
not aborted.

I < 0 specified material, MAT,
wit .

not on NPOST tape

Material is not on tape mounted
or more than 10 cards in a row have
MAT = 0. Wrong tape mounted.

Reaction types (MT) not listed in
increasing order.
(Exception -~ inelastic values)

File number (MF) of first card = 0
Asked for resonance calculation
but no resonance data is given

in File 2.

Asked for elastic métrix and o
elastic infinite dilue (MT=2).e

Asked for elastic matrix for hydrogen -

not possible now.

N-2N File 5 data given in form other
than LF=1, 3 or 9. Can't handle,.
Check File 5 of material.

Asked for p and £ calculation but
not elastic scattering (MT=2).

Asked for ﬁ calculation but u values
were not specified in ICT=8.

but not



Ertor No. Called in SUB.
1252 MUXI

1600 NUBAR

1601 INELSM

1602 N2NMAT

1603 N2NMAT -

1701. CINITL-
1702 NRESXS -

GEAP-13704

. Meaning

Asked for £ calculation by direct
averaging but £ values were not
specified in ICT=7. :

Asked for v calculation but not

infinite dilute fission (MT=18).. .

Asked for inelastic matrix .
but not the total inelastic cross
section.

Asked for N-2N matrlx but not the.

total N-2N cross section.

Asked for N-2N matrix but nb
data is given in file 5

o, < 0.0 - can't take log. -

InputAoo = 0;.convérbed4to;0.i,;ﬂ

“3

1)

»

woo
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APPENDIX B

CHECKOUT STATUS

There are 10 general afeas in the ENDRUN code in which a programming
or input error might occur: General, Data Source, Flux, Smooth, Unresolved,
Resolved, Overlap, Non-cross section, Matrices, and Output. An attempt
has been made to check out each of these areas as thoroughly as possible.
For the benefit of new users, the list of options below shows those which
have been run éuccessfully to date (checked) and those which so far have
not been explicitly checked. While some of the "options'" listed are actually
tests of the maximum limits or combinations of several optioms, it should
be noted that not all of the maximum limits or all of the options have
been run in the same case. The authors would appreciate notification of

any anomalies that appear in option combinations not previously tested.

1. General v - 100 coarse groups
v - 30 fine groups/coarse group
'/ - starting lethargy other than 0.0
- use of ENDF/B rather than sum total for
self-~shielding
- use of ENDF/B total as output, adjusting og

for consistency

2. Data Source Y - ENDF/B data on punched cards
- BCD tape for a single material
- binary tape created by DAMMET containing
.several materials

Y - NPOST compressed binary tape

3. Flux - entirely 1/E flux spectrum (FSCL > energy at SLETH)
v - 1/E spectrum combined with a fission spectrum
at high energies )
/- input flux spectrum from punched cards
Y - intermediate output of fine group energies and

fluxes

B-1



4.,

5.

6.

‘Smooth

Unresolved

Resolved

“ N X
!

<.
|

/-

oo

v o~

GEAP-13704

a single reaction only (without total cross
section)

a single reéction, also included as total
all smooth cross section contributi%ns

2 ENDF/B reaction MT values included in the
same ICT

self-shielded smooth contribution

infinifély.dilute calculation only. '
self-shielding (RAPTURE) with 4 o5, 3 T's,

30 energy points

other (non—RAPTURE) unresolved calculation
options

punched card output of point-wise unresolved
contribution

rerun from previously punched cards

maximum of 15 2,j states (applies to entire
material)

maximum:ofn6:isofopes*

several energy ranges -
overlap:.correction-below .energy ELAPC
intefmediate.odtpuf of coarsé'énd fine group

unresolved averages

1 resonance, infinitely dilute only

many resonances, infinitely dilute

~self-shielding with 5 o s, 3 T's

maximum of 7 resolved resonance energy ranges
maximum of 6 isotopes

intermediate output of coarse and fine group

resolved resonance averages

@.

¥



GEAP-13704

7. Overlap v - resolved and unresolved resonance ranges
énding in the same coarse group, butAno
energy overlap

- actual energy overlap between resolved and
unresolved but ending in the same coarse
group

- - energy overlap extending more than one coarse
group ' ‘

Y ~ overlap of resolved resonance contribution
with smooth
v/ - overlap of unresolved resonance conffibution

with smooth

8. Non-cross section Y - Averaging of u and £ directly from ENDF/B
data
Y - LDXI=1, average of £ based on theoretical
‘value and anisotropic correction
Y - calculation of v from polynomial representation
- calculation of v by interpolatioh
Y - secondary fission spectrum based on given
ENDF/B 6 temperature (Fission, Maxweliian,
or Watt spectra) '
Y - secondary fission spectrum when 8 is energy-
dependent (LECHI#0)
v - secondary fission spectrum when more than
one type of spectrum is used (NK>1)
9, Matrices v/ - calculation of 9
v - lethargy gain indicator
/ - elastic matrix

VY - inelastic matrix LF=3 level data

LF=9 energy-dependent Maxwellian
- n,2n matrix . LF=1 arbitrary tabulated function
LF=9
. LF=10 Watt spectrum
Y - combined n,2n and n,3n matrices
'V - all matrices combined into inelastic matrix

v - maximum matrix size of 70x50 (49 dowmscatter groups)

53
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Output ' /- standard printout '
Y - GMUG compressed binary file tape

- plotting of cross sections

- plotting of f-factors

B-4
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