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. “ABSTRACT

ETOM-l is a dlgital computer program which processes basic nuclear
data in the ENDF/B format- and produces llbrary data for the MUFT or:

PlMG.programs.; ETOM-1 is wrltten entlreLy in ASA standard FORTRAN

and is des1gned to be computer 1ndependent. Along with prlnted results,.

the output includes punched cards in the format approprlate to the

,desired 1ibrary.~
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1.0 INTRODUCTION - | ‘

.

1.1 Genersal Background

Most nuclear reactor programs require basic data in some form.
The primary data needed for the physics programs, e.g., aiffusion,
depletion, transport, spectrum, shielding, etc., are neutron cross
sections. - This data 1s normally required as a program dependent
library, the construction of which requires a basic evaluation of
the cross sections. This evaluation should consiqer all experi-
mentally measured dats and the theories associated with it, the
theories to fill the gaps where there is no experimental data and
a careful éxamination of any existing libraries. Considering that
a library may consist of 60 or more isotopes, this is an enormous

task. Moreover it is a continuing task because there is an ever

increasing volume of new data, new theories, new program requirements,

and discovered deficlencles in older libraries.

Since most inqtallations have only one or two persons respon-
sible for library construction and maintenance, it is impossible ‘
for each installation to do a complete and correct evaluation. In
the past the urgent need and shortage of time and manpower forced
each lsboratory to improvise as best it could. At times only a
partial literature search was done, hence the best data may have
been missed. Frequently exlsting libraries (or‘large sections
thereof) were blindly used solely because they were avallable.

Sometimes they were good; sometimes they were not.

This also led to an internel installation inconsistency. The
basgic data in one program might be different from that in another.
This made program comparisons meaningless and provided a strong
possibility of error if programs were used togéther in some inte-
grated. scheme. ‘



But even more frustréting was the fact that a large duplication 6F
effort gxistedg - Many installations were doing evaluations but, bgcaugg
~'Htﬁeir;fesﬁltﬁ appeared iﬁ var;ous forms, it was difficult to achieve ‘
eff?ctive communication and exchange of the results.

. Recognizing these problems, the Division of Reactor Development and
Technology (DRDT) of the Atomic Energy Commission (AEC) has enbarked on
'fa'plan involving the cooperative efforts of fifteen participatingvlabora%
“tories. The purpose of this effurt is to produce a set of current evaluated
. deta and to provide the necepsary computer prqg:ﬁme to effeatively use and
_ Process that data, | |

i The mechanism of the cooperative effort is through a Cross becLlon
.Evaluation Working Group (CSEWG) composed of members from the participating
flaboratories and coordinated by the National Neutron Cross Section Center
-at the Brookhaven National Laboratory. - This is a working 552_2.1nit1311y

conéerﬁed with the first set of data and computer programs but ultimately

:involved in @ continuing effort to test, update, and refine the data and
T” improve and extend the prOgramso

 This .—data. 18 known as the Evaluated Nuclear Data File (ENDF) and exists
as two forms, END¥/A (reference 6):and ENUF/B (reference 7). The A form
) allows_duplication and fragmentéﬁion of evaluated data while the B form

“‘4;equireé.a cdmplete and unique represéntétion of each isotope. Since it ig

‘complete and self-consistent, the ENDF/B form is most useful for the con-
. struction of prugram Libraries. Ilencc most of the computer programs procéga
. date in tne ENDF/B form, | -

‘ This réport is a description of one of the processing programs, ETOM—l,-
‘ which produces MUFT 4 (reference 2), MUFT 5 (refercnce 3), or PIMG (refer-
ence_y) librery decks from the ENDF/B. (The name, ETOM, is the mnemonic
~for ‘ENDF/B TQ MUFT). ‘

<.
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1.2

1:3

Prior Work . o

Before. the initiation of the AEC effort; several laboratories

had already started their own effort to construct:an. evaluated

detailed cross section data file from which libraries could be

constructed. The Bettis Atomic Power :Laboratory was developing '

. the ROC-1 (Repository of Cross Sections).system (reference 8).-

They also had developed ‘some processing programs_tb.use‘with the
sysfem. One such program, RAM-1 (reference 1), was. used to process
data from ROC-1 to produce decks for the MILC library used by |
MUFT 5 and P3MG (reference 5). Inasmuch as it deals with the same
éonceptual problem, ETOM-1 is bésed on RAM-1. It is hoped that

the expérience gained by RAM-1 users will be reflected in ETOM-1

such that it will be less restrictive yet retain the essential

-value of RAM-1.

Preliminary Version

A preliminary version of ETOM-1, desigﬁated ETOM, was distributed
to the CSEWG barticipating laboratories in Aprii, 1967. -It was in-
tended that ETCOM bé used to gain familiarity with the program and '
also to uncover any problemé associated with its use on different
computers. ETOM was deficient in that it had no low energy resonance

treatment, it had an approximate l/E weighting scheme and it perfbrmed

only trapezoidal integrations. ETOM-1 is a logical extension of ETOM

and does not have these deficiencies; hence, it is more accurate and
less restrictive.

I - .
Many of the "general purpose retrieval subroutines" (reference

10) for‘the-ENDF/B system written by H. C. Honeck are incorpérated'

~in ETOM-1, but were not in ETOM. These subroutines enable two

tabular functions to be accurately combined and they also provide-
for exact (according to the specified interpolation schemes)

integrafion of the functions. They also’facilitate in the internal

T




.generation of a wqightiﬁg function and provide the mechanism by
which thé l/E weiéhting'can be made exact. The incorporation of
these subroutines required substantial réstructuring'and some
rewriting and modification of the program. Hence no éttemﬁt was
made to4periodically:communicété_the changes to the CSEWGSG'Héwever
when outright errors were discovered in ETOM, the corrections were -

sent to BNL for distribution to the CSEWG.



2.0 PROGRAM DESCRIPTION

2.1 General Information

. In the remainder of the report, a limited knowledge of the MUFT
codes and the ENDF/B structure is assumed. Some ENDF/B notation will
be referred to without a detailed explanation. Likewlse the mesnings'
of the MUFT parameters will not be explained in detail but only the
means of calculating‘them will be describded. -

The MUFT library quantities are a fixed fequirement.of the MUFT
program; hence this serves as a defining constraint for ETOM-1. Where
it is apparent‘that different procedures could be used to calculate
“the quantities, input options are provided to permit flexibility in
the use of the ETOM-1 program.

The following notation is used in subsequent sections.l A quantity
without an argument (e g, o ) will denote a group averaged value,
A quantity with an argument (e gy O (E)) will represent a detailed
' energy description. '

Obviously,. ‘average values are frequently needed by the program;
they are usually calculated as ‘

L2

_ [o(®) w(r) av
[ W(E) 4B

: , ‘
Here the integral is taken over the appropriate energy range (usually

. the multigroup) and W(E) is the weighting function which may be 1/E,
constant at a value of 1.0, input, or a combination oftl/E Joined to
a fission spectrum. The present version of the program does the
integration by using the specified interpolation schemes associated
with. the cross sections and the weighting function.



2.2 Smooth Cross Sections

' The information required for MUFT file 3 is 8 sets of data con-
sisting of multigroup cross sections, slowing down parameters, and
the average number of neutrons per fission. The fission neutron
yield is obtained from ENDF/B file 1 while most of the other needed
data 1s in ENDF/B file 3. If the resonance representation requires
& contribution to the smooth cross sections, data from ENDF/B file 2
will also be used. ' -

2,2.1 Bymmetric Bcottering

_ The basic symmetric scattering is calculated as

[ o (E) W(E) a&

[ W(E) 4B

where
0yn(E) 18 obtained from ENDF/B file 3, MT=2,

If certain options are selected, a contribution may be’ added
to the smooth symmetric épattering to account for resonance scatter-
ing (see sections 2.3 and 2.4), or ingroup inelastic scattering (see
section 2.5). In addition to its use in calculating o, o nn(E). 18
‘saved on & scratch tape for possible later use. by the program (e. g.,

- to calcubate MO )

2,2.2 Smooth Capture

The basic smooth capture is calculated as

' = g+ P . o
a g g + Q g +q’

“ne Sy ap - nd . at ¥ nHe3 * “na



’

Each of the averaged quantities, O x? is calculated as

. - f o, (B) () a

o = - : .
nx [ W(B) aE

: N
where

o 1is-obtained from ENDF/B file 3 tabulation.

- For x = 7y, the tabulation is MT = 102,

X = p, MT = 103

x = d, MI = 104 N
X = t, MT = 105

x = He3, MT = 106

x = Q, MT = 107

X = 20, MT = 108

If certain resonance conditions exist, a resonance contribution

will be added to.the smooth capture (see sections 2.3 and 2.k4).

2.2.3 Inelastic Scattering

 The basic inelastic scattering is calculated as

J 0 0(B) W(E)-aE

%t T N
J wW(E) aE
where

o_+(E) is obtained from ENDF/B file 3, MT=h.

M)



If certain options are selected this quantity may be modified to account
for ingroup. inelastlc scattering (see sections 3.4.12) or the n,2n treat-
ment (see section 2,2. 9). In addition to its use here, ¢ ,(E) is saved
for further use in the construction of the inelastic scattering probability

matrix.

2,2, h Smooth Fission

, The basic smooth fission is calculatea as o SRV

f o (E) W(E) aE

fl

*nt | W(E) dE

where o .(E) 1s obtained from ENDF/B file 3, MT=18,
If certain resonence conditions exist,Aa resonance contribution will be -
added to the smooth. fission (see'sectioné 2.3 and. 2, L)y, If certaih n,2n

treatment options are selected a contribution may be added to the. emooth
fission (see section 2.2. 9). '

- 2,2, 5 Anisotropic Scatterlug

The anisotropic scattering is.calculated as-

f(u(E) o_(E)) W(E) aE

/ W(E) aE

" where p(E) is obtained from ENDF/B file 3, MT=251 and cnn(E) is retrieved
from the scratch tape. Note that the product u(E).onn(E) is formed before
the integration is done. ' ] ' ‘




If there is no W(E) data on the ENDF/B tape then

; o 2 ke 7, ' L PR
. = == g ;-
/ uann . 3A o nn AP = B ":

where A is the atomic mass ratio, AWR, obtained from ENDF/B file 1.

:: 2.2,6 Neutrons Per Fission

The aveiage number of neutrons pér‘fiésion is calculated as

. Uﬁf
. where - _
‘v(E). W
(vop) - J(WE) o 4(E)) W(E) 4B

[ W(E) &E

and V(E§ is obtained from ENDF/B file:1, MT=k52,

Note that the product is formed before the integration is éoneo'-If
Vv(E) is expressed as a pOlynoﬁ;al,'the product is formed by calculating
' v at each E value in the on.f(E)tmesh° If a tabulation of v(E) is given,
. the two tabulations (V(E) and onf(E)v‘ére combined in the usual way.

If certain n,2n treatment options are selected, an adjustment to
v will be made (see section 2.2.9). If resonance fission widths are
. present (resolved or unresolved), then for the groups which contain

_ENDF/B resonance information, v is calculated as

. ;f:v(E)‘Q%
v '=‘ - e
. aR '
I 5

This is not a seriocus approximafion since Vv is very nearly constant over
the resonance regicn and a detailed calculation of O from resonance

_parameters 1is not justified.
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. “e‘f}f‘l"a :

2.2.7 Isotropic Greuling Goertzel Parameters

_This is called the "age number" by MUFT end may be calculated as

J ¥E) W(E) aE

[ W(E). aE

where 7(E) is obtained from ENDF/B file 3, MT=253. If ENDF/B data is

not. present for MI=253,. or by selecting an input option, the "age
' number" is calculated as

where &u is the group lethargy width.

2.2.8 1Isotropic Slowing Down Power

.The isotropic slowing down*power is calculated as

J(&(8) o__(E)) W(E) a

[ W(E) dE .

where ¢(E) is obtained from ENDF/B file 3, MT=252, and % (E) is retrieved
trom the scratch tape. Note that the product ¢(E) o, (E) 18 formed before

the integration is done. If there is no ¢(E) data on.the ENDF/B tape then

_lo - 1
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2.3

.2 2.9 Treatment of the n-2n Reaction R

Since’ MUFT has .no explic1t treatment .of the n-2n reaction,
three input options'are provided for the user. - The reaction may
be ‘treated as'all fission, &s all inelastic scattering, or as
half fission and half inelastic scattering’ “In allféases; appro=

‘priate adJustments are made to- the smooth cross sections and v

values. ‘See section 3 h 11 for further detail;

Resolvéd Resonance~Treatment"‘53~:

A

04 MUFT has*an explicit treatment for resolved resonances.. This ,
treatment requires factors involving the resonance parameters rather
than the parameters themselves For each resolved resonance the MUFT

library requires ..

_iso_(ry f ﬁf)
r
~ & (r +r) x
‘m o= 2y f
. .
ot
Te
r +me"

- The r and m factors constitute MUFT file b, If T, #0, the factors

are also part of file 4 of MUFT h (For MUFT 5, the a factors are

| called MUFT-file 5). ETOM-l calculates these parameters and determines

the proper group for each. resolved resonance.

There is a MUFT restriction of a maximum of 8 resonances in any
one group° If this restriction is exceeded, certain options are pro-

vided to treat the "extra" resonances. - In all options the "extra"

11 -



resonances are those which contribute leaétAto the'infinifé dilﬁté'reson-
ance integral. For details of the options see section .3.4.8. :

The MUFT treétment implicitly a;éuﬁes that the enfiré¥f¢sonanq§
effect is in tﬁe.ﬁultigroup.whereAtﬁé resqnance péak;qcéﬁré:. Thus,l
resonaﬁées below_thg multigroup energy strgcture (thermaiiand negétive
energy resonances) are nqp haqdied as explicit’resqnanéeé.by MUFT. Hence
ETOM-1 treats these resonances’sepératély. The cross»ééctions dﬁe to
these resonances are calculated at 100 equa;_lethargy spaced points in
each resolved resonance group. These values are then averaged'with the
weighting function to get the éontributién wﬁiéh is. added to the smooth
cross sections. 'Inlcaléulatingﬂthe-cross section, the Bréitewiéﬁer single
léVel formulétion is ﬁsed: o B ' :

2 'l oan | 2x -\/[(AWR ) cog_PnA

+
n T r

where R is designated as AP in ENDF/B

o = 00:7 1 IEoI
y =T 'E\IE

1+x .
o oTl. 4 IAEOI
f r l+x2f E
where : é R 3
o - , Y »
Bl T s
(E-E ) .
X =

- 12 -
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- 2.b

ETOM~-1 contains an optional treatment of the resonance scattering (see
section 3.4.14). If the scattering cross section is to be taken as the

. potential scattering, then % 1s not calculated in the low resonance

treatment.

If the resolved resonance scattering 1s to be added to the smooth
scattering cross section, some care must be taken in the calculation.
Simply taking a mesh of equal lethargy spacing would very: likely miss an
entire resonance or its principal contribution. Therefore, a fine mesh
has to be constructed for each group. The spacing of the mesh 1s variable
and depends on the resonances contained in the group. This fine mesh 1s
presently constructed by considering the N resonances within the group
plus the nearest one on each side of the group. Each interior resonance
is then allotted 400/(N+1) points. Half of the allotted points go from
'(E - E)'to (E + E) with equal energy spacing. The other'half'(also
with equal energy spacing) go from E, ¥ g to the mid-point between

- resonances. The two ‘resonances on each side of the group, are each

allotted 200/(N+l) points, half of which go from Eo’to Eo t g and the
other half from'Ed~i'£ to the midpoint. The complete mesh is thus taken: -
from the peak of the first resonance below the group to the peak of the
first resonance sboye the group. Once this mesh is constructed, the
resonance scattering cross section is calculated at each point as the'

sum over. all resonances (not Just those in the group) using the above
formula for 0, This fine mesh representation is then averaged with the
weighting function to produce the resonance scattering contribution which

1g ddded to the smooth scattering cross section.

Unresolved Resonance Treatxnent

_There 1a no special treatment of unresolved resonance 1nformation in -
MUFT. - Since unresolved data may be given in ENDF/B, ETOM=-1 constructs

_effective: smooth cross sections over the unresolved range. - The method

employed 18 the same as that used by the Argonne program Mc? (ref. 9)

, The authors are grateful to Dr. Bert Toppel of ANL for graciously
. providing them with the MC2 subroutine UNRES for reference during the

programming of ET(OM.



where_effective resonance cross sections are evaluated at discrete

energy pointe, E*, in the unresolved region.

In MCQ, the effective unresolved resonant capture cross section

-at energy E* is calculated as

D .
‘ ol o oo oo L 4
. F{%—Z f Pn(r) I/ Pk(s) Ji ;ga- dx ds dr
g '(E*) - Z D 0. ‘ o 3 ) ,
c : . ;
i 1% . 2 ® ‘
( 1#% £Pn(r) £Pk(q) rcf) ;ﬁ% dz ds dr

where the sum is taken over all J states for all £ states. This equation
is for fissile isotopes; for fertile isotopes the Pk(s)‘integral does not
. appear. - A similar equation is used to calculate the fission cross section.

Since ETM~1 does not permit a temperéture dependence, a zero tem~

- perature 18 agsumed. Thuse,-

}° Y ix = - )
A ¥+B d@r?i;ajf

B .1s defined as o /G where 0 is the resonance peak cross section and’

Gp is the macroscopic potential scattering cross section for the mixture
per abBOrber atom. Since ETOM~1 1s not primarily a mixture dependent
program, there is no wav for ETOM-1. tn enloulate o intornallys Tence, '
~ the quantity ( o, -lnm ) is designated as an input item. (ETOM=1 udds
hwR to the input value to obtain the ab used in the calculation). This
providee the user vith the flexibility of selecting a value of op which
is typical for nis:applicationsn Note that this ap only affects the .
unresolved resonance treatment. . The temperature and actual heterogeneous o
effects should be accounted for by the use of the L-factor in MUFT.

- 1h =
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ETOM-1 calculates the capture, fission and scattering cross
sections at 100 equal lethargy spaced points for each multigroup

in the unresolved region. These values are then averagéd with

"the weighting function to provide the unresolved resonance contri-

butions which are added to the smootﬁlcross sections.

Inelastic Matrix Treatment

MUFT requires an inelastic scattering probability matrix as
MUFT 4 file 5 (MUFT 5, file 6). Since the requirement is for a '
probability (rather*than a cross section) matrix;, all of the .-

- necessary information is contained in ENDF/B, file 5. There are

10 ENDF/B defined representations of secondary energy distributions.

Although it was suggested (ref. T, pageJ2J0 that inelastic data be

given asg discrete levels’ (ILF=3) plus a Maxwellian distribution
(LF=8 or 9), ETOM-1 will handle IF = 3,6,7,8,9, and 10. The other
distributions (LF = l,2,h; ahd,s) are simply ignored by the current
version of the program.

During executioh, MUFT férms the‘ineiastic scagfering crdéé
section matrix as the product of the'inelastic scattering cross
section and the inelastic scattering probability matrix. The
i "J,‘oflthis cross~section matrix are used in the{MUFT

“in
calculation. ~These (averaged value) matrix elements should be

elements, @

i

formed as

1y L) W(E) B
% ‘

i W(;) dE

[ ;7B 6,,(E) W(E) aE

f W(E) dE

...15"_
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But 0; 7Y 1s calculated in MUFT as
‘ ;f—j = 'ci * Fi-»j

Ozin in in

and o) 1s caleulated by ETOM-1 as.

i
fg,m_'(?)' W(E) dE
i " [ W(E) aE
.Hence P, =% 1is calculated by ETOM-1 as

Ly A s o @

in B

[ crin(E) W(E) 4E

Thus the product is the desired result; namely

j.‘ 64 (E) W(E) aE I Iﬁ:j‘(ﬁ) U'in.(,E) W(E) aE

1 1~
Yin * Pin T - * :
[w(E) ak - oin(E) W(E) 4E

[ELT () o () W) &

[ W(E) dL
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Slightly different procedures are needed for the different (TF)
- representations in the ENDF/B file 5 data.

- For- LF=3, an average probability of 1nelastic scattering from the
source group 1s calculated, a linear mapping 18 made to take P(E) to
P(E'), and then the fractional amount in each sink group is computed.

Consider the following figure:

P(E)
'F _‘Group Group Group - ' Group
, 9-1 :_ J I & 2 SR ! i :
) N
T R ¥ :
3 Ly ! ' -
( ‘?&3 | !
! P | I ' :
! | ' : A
: IA | - i
} ! )
) | ! |
! \ 1 (.
Az . : v ' ¢
Lg E‘ El i ;f
f B | J+1 1
E -6 B8

'In the figure hote that P(E') is obtained from P(E) by a linear mapping
.using the relationahip E' = E<8. The contribution to the probahility

. matrix element, P J, is then calculated as:

in

B By i
[ [ o ®]uE) & - [ e @
i-.1 = 2 : — 5 . 4
o Fia1 B N ' o By e :
/ ; / ') ag?
! [ost® w®] & I,

1 A -1

T



For LF = 6,8, or 10, an E' mesh is constructed to cover the entire
energy range, the appropriate (LF) function, f(E), is calculated over
_ this range, and the fractional amount in each sink éroup computed. The
contribution to the probability matrix~element,‘Pi;'J, is thén calculated
as :

E1_+l . EJ+l
I P(E)[o;,(E) W(E)]aE /" #(E) aB
E . E _
i+ i J
P . = - %
: ] y . P(E) dE
é [oin(E) w(E}] aB A
S 1 N ; ‘gfoups
‘ ~-For LF =.7 6r‘9, 8 value of 0 averaged over -the source group is used

in the functional calculation. The rest of the calculation is the ssme
as for LF = 6, 8, or 10. Thus

w|E

Sfee)
6 = —m———
-am
! E
and the contribution to the probability matrix element, Pi;'d, is then
calculated as
B - < By
] P(E) oin(E) w(E)]dE [~ f(E,6) aE
1w 3 L - 4 E 3
P =
o R Ym0
o f(E,0) GE
T oytm wm]
i groups
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2.6

The precedlng descrlptlons are for each LF subsectlon of the

secondary energy dlstrlbutlon. All subsectlons are comblned to

IS -

'form the probablllty matrlx . Thus, each element of the matrlx is

the sum of contrlbutlons from Qne or more LF subsectlons.' It is

a MUFT requirement that the frnél 1nelast1c probabllrty matrix be
exactly normalized to unity. Hence after the matrix is completed,
it is renormalized to satisfy this requirement. In principle, this
renormalization is not necessary since the ENDF/B distributions are
normalized to unity. However due to calculational round-off errors,
ingroup scattering (see section 3.4.12) and out of matrix scattering

(see section 3.4.13), the renormalization is essential.

Source Spectrum

A source spectrum is required as part of a MUFT library and
is present as MUFT L file 6 or as MUFT 5 file 7. The source is
usually taken to be the secondary energy distribution of fission
neutrons. Hence it is obtained from ENDF/B file 5, MT=18. The
current version, ETOM-1l, will only process an energy distribution
represented simply by or as a combination of a simple fission
spectrum (LF=6), a Maxwellian distribution (LF=8), qor a Watt spectrum
(LF=10). The other defined distributions, LF=1,2,3,4,5,7, and 9, are

not accepted and an error message 1s printed by the program.

Using the representation specified in the ENDF/B library,
BTOM-1 calculates the source at each point of a mesh covering an
energy range from 20 Mev to the lowest energy in the multigroup
structure. The mesh spacing is 1/6L lethargy unit from the lowest
lethargy to 10.0 and 1/32 lethargy unit above 10.0. Thus the curve
is represented by nearly 1000 points. The integral of this curve .

over each group is then computed and the results normalized tn A

~unlt source. For the source calculation, the top energy of the

first group is taken as 20 Mev, hence the "upper tail" of the

=19 -



spectrum is included in group 1. Finailly the sbﬁrce in each group
is divided by the lethargy width of the ‘group ‘since MUFT requires
the source to be in neutrons per lethargy unit. (For groub 1 the
correct lethargy width is used, not the width to 20 Mev.)

- 20~



EXECUTION INFORMATION AND: PROCEDURES

Thia section 1s written 8O as ‘to be reasonably self-contained in
order to provide’ sufficient information to run problems with the program.
The intent is that this section will provide the ' program user- with a
code running prescription. The other ‘sections of the report should be
consulted where further details are required. - ' T

‘3.1 Sumary Description

ETOM;IIis a program.fd procesé data from the ENDF/B file and
Produce librery decks for MUFT 4 or MUFT 5. The output from ETGM=1
consists of printed tabulations of the data and carde punched in the.
proper fOrmat

3.2 Limitations

Due to the finite storage capacity of the computer, certain '
limitations are necesgary. It ia felt that these restrictions are
not. presently confining. The program is constructed such that
‘these limitations can be easily relaxed to accomodate future needs.

3.2.1 Multigroup Restrictions

1) Meximum number of multigrdups - 99
2) Maximum number of resonances per group - 8
' (NOTE: - This is a MUFT restriction, not at ETOM 1imit)
3)°  Maximum total number of resolved resonancee - 250
L) ‘Maximmm inelastic group number - 99
©5)  Minimum resonance group number -1

3.2.,2 ENDF/B Data Reatrictions

. 3.2.2.1 ‘File 1 - General Information

1) v representation by a polyncmial: 4
meximun number of coeffleients - 10.

- P91 =



2)

Vv representation by a tabulation:

maximum number of tabulated points - 4000

maximum number of interpolation ranges -~ 50..

1)
2)
3)
L)

Maximum number

Maximum number

of isotopes - 6
of £ states - 3

Fe2.2.2 File 2 = Resonance Parameters

Maximum number of J states per £ state -~ 3

Maximum number of points in the fission width tabulation -
(900)/(total number of states).

3.2,2,3 File 3 - Smooth Cross Sections

1) Meximum number of points in all file 3 tabuiations‘- 4000

2)

Maximum number of interpolaﬁibn ranges in all file 3 tabulations -

50.

3.2.2.4 File 5 - Secondary Energy Distribution

1)

2)‘

3)

k)

5)

6)
7)
8)

9)

Maximum number of points in the P(E) tabulation - 1000 for LF=1,h4,
5; = 2000 for LF=7,9; - 3000 for ILF=2,3,6,8,10.

Maximum number'bf interpolation ranges tér P(E) - 10 Tor LF=1,L4,5;
=20 for LF=T7,9; -30 for IF=2,3,6,8,10.

Maximum total number -of points in all g(E'w E) tabulations per

Maximum number

Maximum number

- Maximum number

‘2000 for IF=h;

Maximum numbef
20 for LF=l; -
Maximum number
1000,

Maximum number

subsection = 2000s -

of interpolation‘
of interpolation
of points in the
- 1000 for IF=5.
of interpolation
10 for LF=5.

-of points in the

of interpolation

- 22

ranges for E per .subsection - 10,
ranges for g(E'e E) per subsection
g(x) tabulation per subsection =
ranges for g(x) per subsection -

6(E) tabulation -per subsection -

ranges for 6(E) per subsection = 10.

-



3.2.3 'Input Option Restrictions

1) ‘Maximm number of points in input welghting function tabulation -
- 2) Maximum number of interpolation ranges for the 1nput weighting
function tabulation - 50.° : LT

Input Description

In the following input list,. the various items are described and
the columns to be used for each item designated. Standard FORTRAN
input is used. For added convenience the actual program formats and
symbols are also listed. The various options are more fully describéd

in the next sectlion.

Card No. 1 (MIS5,. 20X, 3E10.0)

Item Cols, Néme . Description
1 1e5 INALL 0 = only card number 1 is read

nn

1 = all input cards are_read.
-2 6-10 . MATNO ENDF/B tape material number
3 11-15  MATID Multigroup material identification -
number
an - 16-20 TREW . 0 =4ENbF/B tape 18 not rewound by ETOM-1
: 1 = ENDF/B tape is rewdund by ETOM-1

5 41-50  EPSMIN Minimum value of epsilon for- combining
C two TAB 1 functions :

-

6 51-60  EPSMAX ‘Maximm value of epsilon for combining
two TAB 1 functions :

T - 61-70 SIGP Non-resonance isotope potentisl scattering
oo E ‘eross section per absorber atom. 1i.e.,
SIGP = (—-E lnrR)

where is the mixture macroscopic potential
cross section, N 1s the resonance isotope

' number density and 47RZ is the resonance

- 1sotope potential scattering.

- 23 =
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‘card No. 2 (915, 20X, I5)

‘Item Cols. Name Description
1 l~S IDTAP ENDF/B tepe identification number.
2 6-10 MODE = ENDF/B tape is binary mode (standard
arrangement)

3 = ENDF/B tape is BCD mode (stenderd f
arrangement), :

multigroup. code ic MUFT L

3 11-15 . MCODRE h = ’
5 = multigroup code is MUFT 5
'k 16-20  MAXG Nunber of multigroups
5 21--35 IEU L= standard MUFT'Sh group structure
6= input energy group structure
:£f= input lethergy group structure.
6 26-30 IW 1 = weighting function is 1/E
2 = weighting function is 1.0
3 = welghting function is input
I = weighting function is l/E joined to
a fission spectrum.
T 31-35 ISPEC -0 = no spectrﬁm caleulation
S o B 1 = spectrum calculation
8 36-40  IRES -1 = gdd extra 3 reSQnances to smonth.cross
section .
2 = use extra resonances to form-a,pseudo-‘
resonance
9 4y1-bS = IPUN .0 = 'no punched output’
' ‘ 1 = punched wvutput.
10 66-70  : NDFB Logical unit on which the ENDF/B library

. tape is mounted (if = O, NDFB is set = 11).

- 24 -



Card No. 3 (715) .

‘AItemljlcolB. - Name' . Description

1 15 MINR L&wéstfgrdﬁp.numﬁerzin resonance region
2 6-10 MAki‘ o Highest'gfoﬁp nﬁmbep,iﬁfiheiéspic region
3 11-15 . I8GG Greuling-Goertzel parameter -

1 = calculated from ENDF/B tape
3= taken equal to 0.5 * fu ‘

4 16-20 IN2N n-2n cross section
‘ 1 = added to fiesion . '
x 2 = half added to fission; half to inelastic
3 = added to 1nelast1c.
-5 21-25 iNTO" .Ingroup inelastic scattering
' 1 = distributed over all inelastic. groupa
2 = lumped into adjacent (lowest) group
3 = added to smooth scattering " .
-6 . 26~30 IEXT - Out of defined matrix inelasti¢ scattering

1 = distributed over .all inelastic groups
© . 2= lumped into adjacent (lowest) group
" - 3 = lumped into last (highest) group.

T - 31-35 IXSR Resonance scattering
o . 0 = calculated from. ENDF/B tape and added to
smooth )
1 = taken as LiR® over ENDF/B defined
resonance region
-2 = taken to be equal to the value in the
- - first group -above the resonance region.



Card No. 4

This is actually a card set and is neceésary only if IW=3; “The“sef
consists of the desired weighting function as tabulated points plus the
interpolation tables defining the interpolation scheme to be used with

the tabulated points.
high in energy.
record.

Card 4.1 (LhX, 2111)

<ifem Cols. Name
1 I5-55 - NL
2 SA=RA NP

Card L"-2 = a0t (6111)

Ttem Cols. Name

1 1L NBT(1)
2 12-22  JNT(1)
3 23-33 NBT(2)
L 34-L4  JNT(2)
;tc;

2¥N1-1 NBT(N1)
2*N1 JNT(N1)

Card ll».3 - s (6Ell-)+)

Item Cols. Name
1 1-11 BLOK3(1)
2 12-22  BLOKWL(1)

-
..

_étc, using N2/3 cards

D¥N2-1

2%N2

BLOK3(N2)

BLOKL(N2)

Description

The weighting function must be given from low to
The format of the card set is a standard ENDF/B TAB 1

Numher of interpnlation ranges

Numher of weighting functien pointss

Description

Last point number in

Interpolation scheme
Last point number in

Interpolation scheme

Iast point number in

Interpolation scheme

Description

1st interpolation range.
for 1lst range
2nd interpolation range

for 2nd range..

N1 interpolation range.

for the N1 range.

First energy point (S,lowest energy in group

structure ).

Weight at this energy.

Last energy point ( > highest energy in

group structure

Weight at this energy..
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Card No. 5

This is actually a card set and is necessary only if IEU=6 or
T. The set consists of the desired group structure. If IEU=6, the
set is the energy breakpoints of the structure given from low to high
in energy. If IEU=T7, the set is the lethargy breakpoifits ‘of the
structure given from high to low in lethargy. - . . . ...

card 5.1 (6E11l.4)

Item Cols. Name ‘DesCrigtioh
1 1-11  x%(1) . Group breakpoint number 1
2 12-22  xx(2) Group breakpoint number 2

o
°

etc. using (MAXG+1)%6 cards

- MAXG : XX (MAXG) Group breakpoint number MAXG
MAXC1 XX(MAXG+1) Group breakpoint number MAXG+1l

NOTE: If IEU=6, XX is denoted as EGRP; if IEU=7, XX is denoted as
UGRP.
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3.4 Available Optlons

3Jml

34,2

3.k4.3

3.4,

3.4.5

ﬂ.)'l'96

w

3 4.7

Read input option (INALL).. Thls option 1s designed to fac1litate
stacked cases where. several materlals are to be processed in the
same way. Complete input is necessary only with the first case

(INALL=1) and subsequent cases need only the first card (INALL=0).

Tape rewind option (IREW).. This is.to provide running efficiency
by a single pass over the ENDF/B tape during a stack of cases.
The first case should request a tape rewind (IREW—l) but subsequent

cases should not (IREW_O).

Tape mode option (MODE). The ENDF/B tape may be either in the
binary or BCD mode. For compactness and running efficiency 1t is

recommended that the binary mode be used where possible.

Multigroup code option~(MCODE)m Since the actual processing is
the same for both MUFT 4 and MUFT 5, this option merely controls -
the output card formutl.

Multigroup structure option (IEU). This option permite the standard
54 group MUFT structure to be internally generated or allows the

structure to be input in either energy or lethargy units.

Weighting function option (IW). This option permits the weighting
functions to be 1/E, 1.0, input or a combination of 1/E joined to
a U-235 fission spectrum. Other built-in functions can be easily

added in the future.
Spectrum calculation option (ISPEC). ETOM-1 will do either a

general cross section deck calculation or a spectrum deck cal-

culation. Both cannot be done s:I.‘multa‘neously,o Hence Llis

- 28 o



- 3.4.8

option selects which calculation is -to bé'd'o'ne° - If-both . are

- desired, two cases must be-run.(andgthe,tapezrewound.before

the second case). -

Resolvedﬂxesonance treatment (IRES). Since MUFT permits only

;'B.resolved.resonances per group, some provision must be made

for those groups which. have more than 8 resolved resonances.

' Two choices are provided?fv

For TRES=1: All'm vai'ues, are calculated. The 8 largest m
resonances are kept and included in. the MUFT
'resonance'fiieo - The other resonances are treated
as effept;ve smooth cross sections and added to
the MUFT smooth.cross section fille according to .

_ the relationships ”

r X __
* A : .
A * o 7 o (757
cy °f
ce T _F
fa*ge =z (5

where &u = group lethargy width and

O = 'effective“Smoothfcapture'cross section
gnf = effective smooth fission cross section.

(The relationship preserves the infinite dilute

resonance integral values).



For IRES=2: All m values are calculated. The 7 'largest m resonances
‘ - are kept and included in the MUFT resonance file. A
péeudo—resonance is constructed as the 8th and included
in the MUFT resonance file. The m, r, and & factors for

this pseudo-resonanceé are calculéted as

m, = Xm
8 R _ 2
e o[B8
& Mz (2
T
. r
f
Oglg = Zm(r‘+r‘ )
y-f

where the ‘sums are over all non-kept resonances.

3.4.9 Output punch option (IPUN). This option merely selects. whether or
not the results should be punched out on cards. The output cards
are in the correct format for direct use in constructing a MUFT 4

library or a MUFT 5 (MILC) library.

3.4,10 Greuling-Goertzel parameter option (ISGG). This optibﬁ permits the
'~ Greuling-Goertzel parameter to be calculated_directlf from the

ENDF/B tape or to be taken equal to-half the group lethargy width.

3.4.11 n-2n cross section option (IN2N). Three choices are provided for

the treatment of the n-2n reaction.

For IN2N=1l: The n-2n cross section is treated as fission (with .
a v value of 2) and added to the smooth fission and
v 1is adjusted accordingly.

9 = 9p * Gn,2n

vV¥g_, + 2.0 ¥ ¢
: .n

T ,en
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3.14.12

For IN2N=2: The n-2n reaction is treated as half fission (with
a v value of 1) and half inelastic scattering; .

0,-+-0.5 * ¢

. o:f' ‘= f n,an .
= COF 0.5 %o o ) . e
Gin oin + 0.5 o ,2n . g
* *
v - v* O + 1.0 % 0.5 o, ,2n
‘ % :
:qf f 0.5 ,On,2n

. For IN2N=3: . The n-2n reaction is treated as inelastic scattering

and edded to the smooth inelastic' value

%n = %n * %,on

Ingroup inelastic scattering option (INTO). AMUFT'does not permit
ingroup inelastic scattering, hence three options are provided.

Fon,INTQ=l° The ingroup scatter is distributed over all defined

. .8ink groups in proportion to the 1nelastic scattering
A probabilities :

Fdr:lNTO:Z: The ingroup scatter is lumped into the adjacent group :
(i.e., .the first offwdiagonal element),

For INTO=3: . The ingroup scatter is treated as elastic scattering

by adding the ingroup scatter to the &mooth. elastic o
and. reducing the inelastic accordlngly
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3 h 13

Out of defined matrix inelastic scattering (IEXT). The limits of
the inelastic matrix are defined by MAXI. Since there may be some
inelastic scatter to groups greater than MAXI, three options are
provided for treating this scatter.

For IEXT=1:  The excess scatter is distributed over. all defined.

sink groups-in proportion to the inelastic scattering
probabilities.

For IEXT=2: The.excess scatter is lnmped.into the lowest group

(i.e., the first off diagonal element).

.. For IEXT=3: The excess scatter is lumped into the highest group

3.4.14

(MAXTI).

.Regonénce scattering option. Phys1cally the scattering consists
of a smooth part and a resonance part. MUFT has no explicit treatw

‘ment of resonance scattering. .Scattering is only present in the

-MUFT smooth_cross section file. Although.no‘general_statement can

be mede about the correct way to represent resonance scattering in
the MUFT library, two limiting cases can .be cited i For materials
that are primarily resonance absorbers, the resonance scattering
should be ignored. For materials that are primarily.resonance

scatterers, the resonance scattering should be included as part

- of the MUFT "smooth" scattering cross section file. Mathematically_

in- the ENDF/B. format. structure, there is a smooth part (ENDF/B

file 3) and a resonance part (ENDF/B £ile 2). However the mathe-
matical'representation may not be the physical oneov Forfexamplef'

the constraint of Breit-Wigner. representation of resonances sy

_.require the mathematical smooth cross section to be negative°

So if one wants to ignore the resonance scattering, there is a

-problém. - The use of only ENDF/B file 3 may produce erroneous

‘ 2

-results. - Likewise, if the total ENDF/B description is used, %.i e,

_ %%% Private communication with D. R. Harris, BAPL and C. Lubitz, KAPL.

—t
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smooth and resonance or smooth only depending on the ENDF/B control
parameter (LIS), the resonance part may not be ignored. Hence three

options are provided:

For IXSR=0: The scattering cross section is used completely -

_according to the ENDF/B representation.’

For IXSR=1l: Over all groups containing the ENDF/B defined resonance
region (both resolved and unresolved),ﬁthe'sgattering
cross section is taken as the potentialAscatteriﬁg cross

section (hﬂ?z),

For IXSR=2: Over all groups containing the ENDF/B defined resonance
region (both resolved and unresolved), the scattering
cross section 1s taken to be equal to the value in the

first group above the rescnance region.

Problem Stacking Procedure

ETOM is designed to sequentially process any number of materials
during one run. Normally the first material request (via card no. 1)
will be accompanied by all input data (set INALL=1) and the ENDF /B
tape will be rewound by the program (set IREW=1). Subsequent material
requests will only require card no. 1 (set INALL=0) and the ENDF/B
tape will not be rewound by the program (set IREW=0). Since the
ENDF/B tape is not rewound, the material requests should be in ascending
order according to ENDF/B material number (MATNO on card no. 1). On
subsequent material requests additional input is necessary only if it
differs from the initial material request. Likewise the tape should
only be rewound if the same material is to be processed twice. (For

example if both a cross section deck and spectrum deck is required).

For maximum efficlency, however, the tape should not be rewound
and two separate runs may be more efficient than a single run with

frequent rewinds.
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3,6 Sample Problem Input

The sample problem processes_the data for ENDF/B material
number 1051 (reference 12) énd produces a MUFT-L4 deck. The 1051
data is that present on ENDF/B tape (identification number) 115
with one exception. Card number 900 was corrected by changing the
first entry from 1.0%¢10™* to 8.0%103
0.0 to 1.0, thus making pl(E) double values (0.0 and 1.0) at the

and the fourth entry from
threshold energy 8.0*103. This correction is necessary to assure

the proper unit probability. That is, using the notation on

X *
page 9.1 of reference 7, the following should be true :

1.0 for all E where o(E) # 0.0

NK
Z  p(E)
k=l =

= 0.0 for all E where o(E) = 0.0
| Material 1051 is Pu-239 and was chosen because its resonance

representation shows several of the features of ETOM-l. The

sample input shéet 15 glveu on the next page.

* Tt is suggested that this condition should be included as part
of the data checking code CHECKER (reference 13). '
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WESTINGHOUSE
FORM 32950

TITLe SAamere Proaccm_fFor  WCAP _ 3688-1 #z.-wp;-' 113

CODING FORM (RPN .

ANALYST _DANNGELS - KuSAER paTe APRIiL 1968
T3 k4 .

Jo8 Na _MATERIAL 1051 Pu-239 : LS.NO. _____ LABEL DI[j SHEET ! oF !
SYMBOL OR ADDRESS ,TAG , DECREMENT REMARKS NO.
12 3¢5 6[7(8 9 i0/H|R13 W 1516 1718 192021 22 2324 2626 27 20 29 3031 32 3334 35 36 3738 3 30 41 42 43 393536 47 46 49 50 5| 5253 34 53 5657 50 59 6061 62 €3 64 65 6667 6836970 71 7R{T7 78 79 6Q
1 _|1esi 24 / L0001 .0026 /.0&407 -

/115 3 ¢ 54 d 4 2 ! / /4
26 25 3 2 3 3 2 -

Wrgeess T




3.7 Sample Problem Output

. The sample problem was run on a CDC-6600 using the SCOPE 2.0
operating system. The.output1is.on the following pages:and»is
self explanatory. ' L : : ‘
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atd ETOM &wva-

'MUFT & FILE 21 HAS BEEN- CREATED FROM ENDF/B-MATERIAL 1051 ON TAPE 115

THE DECK HAS BEEN CREATED USING THE ETOM OPTIONS LISTED BELOw,
THE STANDARD 54 GROUP MUFT STRUCTURE IS GENERATED INTERNALLY

WEIGHTING FUNCTION IS 1/8 JOINED T0 A FISSION SPECTRUM

EXTRA RESONANCES ARE ADDED TO SMCOTH CROSS SECTION

THE GRUELING=GOERTZEL FARAMETER IS TAKEN EQUAL TO HALF ThE Géﬂup LETHARGY wIOTH’
THE N-2N céosﬁ SECTION IS AD§£D KaLF TO FISSIONsHALF TO INELASTIC
THE INGROUP INELASTIC SCATTERING IS ADDEQ TG THE SMOOTH SCATTERING
THE EXCESS SCATTER IS  LUMPED INTO THE HIGREST GROUP

THE RESONANCE SCATTERING IS TAKEN = TO VALUE IN IST GROUP ABUVE RESONANCE REGION



- 8€ -

° = ENDF/B - -

TAPE NQOs MATERIAL NO,
115 1051 M
GROUP ENERGY RANGE
] TeTHBB0E+06 = 1¢0000E207
2 6.0653E+06 = 7.7880E<0b
3 4,7237E¢406 = 6,0683E+06
4 3.6788E+06 = 4.7237E406
5 2.8650E406 = 3.4788L%06
6 2.2313E¢06 = Z.8650E+06
7 147377E406 = 2,2313E+06
& 1¢3534E¢06 = ] .737T7E¢06
G 1e0B840E«06 = 1.3034E¢06
1¢ B Z0B5E405 = 1,08408406
11 6.3928E405 = H.2085E405
12 4.978TE+05 = 6.3928L405
e 13 3.8774E406 w 46,9FR7E«QS
14 340197E¢05S = 2,B7745498
15 2.3518E¢05 = 340167E¢05
- 16 Y1.8316E¢05 = 2,3518L+405%
17 1e4264E+05 = 1,8316E¢05
18 101109E405 = 1,4264E¢05
16 8.6517E+04 = 1,1109E405
20 6.7379FE¢04 = B.6517E+04
21 4o 0B68E+04 = 6,7379E+q4
22 2.4THAE+04 = 4,0868E¢04
23 1.5034E404 =~ 2,4788E+04
24 Ge118RE403 = 1.5034E¢04
25 5.5308E¢03 = 9,1188E¢03
26 3¢3546E403 = 5,5308E403
27 2+0347E+03 =

3¢3546E¢03

@48 FTOM swoo

w » MULTIGROUF = =

CcoDE
UFT=4

MATERTAL NO.

21

MULTIGROUP STRUCTURE

LETHARGY RANGE

Te000
«250
«500
e 750

le0D2

12520

1e500

1750

26030

24250

2500

2¢750

3e000

3250

3+500

3.750

40000

4250

44560

42750

" 5s000
¢500
6+000

6500

T«000

7500

84000

!lliﬂ‘ﬂlllﬂﬂ-ﬂll'aﬂﬂll‘l!'!ﬂ.l.lﬂ

e 250

«500
« 750
i¢000
1250
1500
1750

24000

2+250
2500
2750
3.000
3.2%0
3¢5p0
3750
%e¢000
%e2%0
4500
4eT50
5.000
5500
©+000
6500
T000
Te500
Be000
84500

- = = = = GROUP
HIGREST INELASTIC

NUMBER

54

GROUP

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

54

2s

ENERGY RANGE
1¢2341E403 = 2.,0347E¢03

7«6852E402
4eS400E¢02
2+7536E%02
16702502
1300702
140130802
T+8893E el
6s1442E«n}

4«7851E%01)

37267E+01
2¢9023E+01}
2+42603E+(01)
1«7603E%01
1e3710E%01
1:0677E’01
BRe3183E*00
6+4T60E00
S:0435E%00
3¢9279E%q0
3«0590E400
2¢38B24E+00
1e8554E00
1.4395E400
1+1254E+00
Be336BE~01
6e24BlE=p1

T ¢ 8§ 44 &0 N8 28 g 0 8 N RS

1e2341E+03

T+485pE¢02

445400E402
2.7536E%02
1.6702E+02
1e3007E%02
1:013pE¢02
T.8893E+01
belatEepd
447851E¢01
3.7267E40])
2.5023E401
2e2693E+01
1.7603E+01
1.3710E4+01
1.0677E¢0)
Be3153E+00
6e4T60E+00
5¢0435E¢00
3.9279E4+00
3.0590E400
2e3824E¢00
1.8554E+00
1e04395E¢00
1¢1254E400

8e3368E=01

LOWEST RESONANCE

26

LETHARGY RANGE

B.500

9.000

Ge500
16.000
10.500
11.000
11.250
11500
11.750
12.000
1242590
12500
12750
13000
13.250
13.500
13.750
144000
144250
146500
14750
15.000
15.250
15500
15754
16000
16300

-

I T T T TR T T T R T N T T A R O T I T N Y|

9000
9.500
10000
10500
11.000
114250
114500
117530
12.000
12-250
12500
12.750
l3Q000
130250
13+500
13.750
14,000 .
14¢250.

144500 -
144750

154000

154250
15500
154754
16000 -

164300 .

16,588



- 68 =

ENERGY
61+8564E=02
23¢3545E 04
4Be2156E404

- T845G54E+06

13.2657E+05
284 1454F 445
4545289E 405
7206906405

NBY

21

WE IGHT
62:8383E=056
31.6025E=n8
37+3521E=n3
37.5644E-n8
31+9159E<-n8
164¢4449E=-08
4648923809
75015416'10

JNT

ENFRGY
6Te3795F (3
3Ce2127E204%
S4¢2165E+04
87097195904
17a8Ba40F ¢0%
3i1s8761E €08
50¢8941E¢05
SleG7IRECDS

NRT -

32

#ed ETOM wua

WETGHTING

1S GENERATED

WETGHT
19.3415E=08"
34 .0592E=n8
37, TR45E=0R
16,%9]199E~08
26 ,.8342E =08
11.6333E=08
32,5275E=09
38.3489E-10

WETGHTING

FUNCTION
AS FOLLOWS

ENERGY
9Ze4610E¢03
36021378006

1e7177E¢04
99 69255406
Z0Ge)133254053
35 .RT14F &3
2700078405
V185285 +n3

FUNZTIUN

INTERPOLATION TABLF

JNT
5
4

T Ng!

12

wE1GHT
22:2151E=08
35e5715FE=0R
38 00869F =08
35.8655F«0R

279269E~08

B8 +8B02E~09
20e4329E=09

178310610

INT

ENEPGY
12.3R13E¢04
4202]665‘04
63 21ESE+ 04
11.4343E«09
24.7116E805
40e)1R36E+05
04e3073E+465
10.1000£406

NBT
19

CWEIGHT
25.0816E=08

36.6374E-08

37494T1E=08
34.2158E-08
17.7258E=08
6701297E=09
12.7481E=09
89.4694E=11

<= JNT
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THE (Targ)r DESCRIPTION OF MATFRIAL 108] IS -

PLUTONTIUM 239s ENDF/R,  OCTOBER1966, R

PLUTONIUM-239 ENDE/B DESCRIFTION 0oF EvallallOn anD SOQURCES
FounD IN CGEAP-4L272y EVALUATION ANp COMPILATION.OF Pliep3c
CROSS SECTION DaTA FOR ENDF/B FILES. BY P. GREERLERs. P &LINE.
Be £+ MUTCHING, OECEMRER, 1966

MF=1 . GENERAL INFORMATIUN
ATOMIC MASS = 237.00 BasSED ON NFU1&UH MEES OF 1.00R66% aMin
REF o1}
MTZ4S5Ze NI = 287 ¢ 0,135F (MEVY = THERMAL VALUF FRGM BES 2a-.
SLOPE HESED On FEF 344,
MI1z452s RADIOACYIVE DECAY D&TE FRaM REF 3

1
- MF=zp RESUNENCE PARAMETLRS
T

=151 RESCLVED PARSMETERS TO 30 gV F0OR B9 V

VELS ~mMONIFIED
8“7 .
In DFFENDENT
al, DARAMETERS

LE
FROM €O NPILQTEUN T HEF & USING DaTea FROM REF
UNRESOLVED S-wAVE RESQONANCE PaRAMITERS W7+ Sp
FISSION WIDRTRS FHUM 300EV T9 1Gn KLV STATISYICA
BASED Or SCHMIDY. KEF &/,

SPIN INDEPENDENT SCATTERING RafN1dsg GIVES 1063 H FOT SCAT.
RESONANCE PARAMETERS MUST BE USED FOR FISSION, CAPTURE, TOTal,
TAND ELASTIC SCATTERING FROWM YEV Tg 109 ®bVY =
MF=gy SHOOTH  DATA ‘ -
THERMAL NEUTHON DATA == Qge001 T2 1./ SV - -

MT=1429184274107 - ENERGY DEPENDENCE BASED O fvaLualIOn 8Y

_.ﬁisowann, REF /= 2200 M/SEC NORMALLIZATION GF wESTCOTT.

TLREF & - ALL CROSS SECTION CONTRIRUTIONS INCLUDED IN $MOOTA
{_‘ﬂ,T[}a . .

MT=4916¢17,25192529253 = VALUES BELOA 1| EV SET AT 7ERU.

EFI-THERMAL AND FAST NEUTRON DATA == a0 EV 100 15 MEVY

MY=1 TOTAL VALUES EQUAL SUM OF pARTIAL CROSS SECTIONS :

MT=zz ELESTIC SCATTERING VALUES FROM A1, RFF in = RFSONONCE
&ND POTENTIAL SCATTERING NOT INCLUDED FROM ] EV TO 100 KEV

MT=4 SUM OF 13 PISCRETE LEVEL CROSS SECTIONS UP TQ 2 MEV =

;? CONTINUUM CKQSS \kCTIONS ABOVE 2 MEV =~ DA?& FROM REF
. 11
MI=16e17 DATA FROM PEARLSTEIN, REF )2




-'[ﬂu

MT=1R FRUM 200 TO 300 EVe SMOOTH NATA SUPPLEMENTS RESONANCE
CrOSS SECTIONS TO AGREE WITH PETREL DATAs REF 13 -~ FROM
300 EV TO 3 KEV SMOOTH SUPPLEMENTS RESONANCE CONTRIRUTION
TO AGRZIE WITH PETRELe REF 13+ AND JAMES, REF 14+ FISSION
DATA AND UTTLEY VARIATIONS IN STRENGTH FUNCTION, REF 15§ =
FROM 3 TO 100 KEV SMOOTH SUPPLEMENTS RESONANCE DATA TO
AGREE W1TH DAVEY RECOMMENDATION, REF 16+ AND WHITE [nTA
REF 17 =~ FROM 100 KEV TO 3 MEV SMOOTH FOLLOWS REF 16
17¢ AND 18 VALUES = ABOVE 3 MEV SMOOTH AGREES WITH CURVE
IN REF 19.

MT=27 SUM OF FISSION AND (NsGAMMA) CROSS SECTIONS

MT=102 OBTAINED FROM FISSION CRASS SECTIONS AND ALPHA VALUFES
IN THE FOLLOWING WAYS = FROM 3 FV TO 30 KEV (NsGAMMAI FROM
SMOOTH FISSION AND STATISTICA{ S-wAVE ALﬂhA VALUF ¢ SMO0OTH
SUPPLEMINTS RESONANCE Lle’IkuT]ON - FROM 30 KEV TO 100 Kgv
ALPHA DETERMINED FROM SMOOTH pLUS PF“UPLJF' {NeGAMMa) QVEHR
SMOOTH PLUS RESONANCE FISSION ManE TO AGREE WiTH LIpE THRU
HOPKINS-DIVFRN AND ORNL MEASURED VALUESe REF 2021 = FROM
160 KEY 70 2 MEV SMOCTH (NeGAMMAY FROM SMOOTH FISSION AND
ALPHA VALUES FROM REF 2021 = ARQVE 2ZMEV CROSS SECTiON
Is ZERG

MT=2519252¢253 MU=BAR(L-SYSTEM) XTeGAMMA CALCULATEDN BY CHAD

MF =4 ANGULAR DISTRISUTIONS

MY=2 COEFFICIENTS IN C OF M ARND TRANSFOKMATION MATRIX
GIVEN FOR 2o TH ORDER LEGENDRE POLYNOMIAL EXPANSION
DAYA FFOM Ale REF 10

MF =g ENERGY DISTRIBUTIONS

MT=4 FRACTIONS QF TOTAL INELASTIC CONTRIBUTED BY EACH OF 13
LEVELS UP TO 2 MEV « DISTRIRUTION ABQVE 2 MEV GIVEN BY
EVAPORATION MODEL WITH ENEKGY DEPENDENT TEMPtkATU?E -
DATA FROM REF 11

MT=164+17 DISTRIRUTION GIVEN BY EVAPCRATION MODEL WITH
TEMPERATURES SLIGHTLY SMALLER THAN INELASTIC VALUES

MT=18 DISTRIBUTION GIVEN. BY MAXWELLTAN WITH T=1,41 MEV,
ACCORDING TO RQEF 22

REFERENCES
le CHART OF NUCLIDESs Do GOLDMANy J, STEHNs KAPL (19&5)
Z2e WESTCOTTs Ce Hee ET ALs ATOMIC ENERGY REVy 3:2(1965)
3. MATHER, DeSes ET ALy NUCLEAR PHYSy $69149(1965)



_af(—

2.
21,
22

BNL~375s SEC EDs SUPPLEMENT 24 VOL I11s 94=239+21 TO 22(1965:
SCHMIDTs Jedes KFK 120(EANDC<E=3% Uds PARD I, FER (1065)
DE SAUSEURE, G.e ET &Ly IAEA SYM ON PHYS AND CHEM FISs
SMe£0/13 (1968)9 ALSO BLONSs J,s ZT AL, EANDC=50~S, -
F/163 (1968) - '
UTTLEYs Cotey EANDRC»30=5y PrQR (1965) _
LEONBRDy BoHaey TRCC=(US)=58 (1659}, AND HW~59342 (1941)
WESTCOTT e Coertay ET ALe ATOMIL ENERGY REV. 3¢ 2 (1965)
ALTERe Moy HTOMICS INTERNATIONAL, PRIVATE COMMUNICATION
LIBRARY FOR MC=SQUARE FROM K, T. PENNINGTONg ANL ()196#)
PEARLSTEINy See NUCoe SCIe ENG, 22¢ 34 238 (1965
SHUNKe EaRos ET Als LA=DC=7620 (1966) '
JAMES Y Galies SMa60/15 (16652 ANN AERE=NP/PH-8. (194%)
UTILEY, Cebes EANDCe3a=S, F/9R (1G85)z ALST AERE=NR/PH-8
(1968}
DOVEYs WeGew NUCe SCL1. ENGe 26, 2
WHITEs PeHeo ET ALy ZANDC (UK) g
ALLENSs Wallao ET AL PROC. FHAYS, Ty 873
BRNL=32%3 SEC EDe SUPPLEMEN! 24 VoL ITls $e=229-13
HOPEINSe JaCoy EV mle NUCe SCI, FNGe 1Z¢ 169 (1967
LOTTING Aey &7 AlLe LNL 7320 {1667}
HORNARDs Ege ET £Ly NUCLEAK PHYSICS 71y 1s 228 (1965)
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NO .

O™

OBNIPTA WD

F=ZERQ
12+0000E~01
296000E~02
T8¢3000E=01)
103300E¢00
11e9000E+0C
142800E+00
146B00E+00
155000E+00
17A000E+00
22+2000E+0G0
Z23«9000E+00
26+2000E+00
2730008400
3243000E+00
35¢3000E400
41e4000E+0C
44«5000E+00
4T«6000E*00
49eB8500F+00
5042200E+00
52«6000E+00
55¢7900E+00
ST«6000E+00
S58+.0000E+00
59«3900E+00
61«1000E¢00
63:4000E4+00
65.9600E+00
T4¢3100E¢00
75.2100E+00
B2.0000E+00
853000E+00
85.6000E+00

GAMMA =N
84.,5000E-05
23.0000E~0S
87.0000F=05
18.200CE=04
107000E~04
S5.0000E~05

2Z2.000CE=04

23.7000E~04
16.000CF=04
22.300CE=04
87.0000F=05
17.8000F-04
13.0000F=0%
B6.0000E=05
310000FE=05
60.,70008=04
63.4000E=04
54.,0000E=04
44 400CNE=0S
30.4000E=04
100500F=03
143000E=06
17.0000E=03
12,0000E~03
55.9000£=04
22.4060£=03
19.40006~04
12050“0E'03
32¢7000E~04
22¢1000E-03
62.0000E=04
H6.7000E=04
30 700NE=04

w#e ETOM oww

RESOLVED

RESONANCE CALCULATION RESUL1S

GAMMA=G
39.00006-03
3R.6000E~-03
40.6000E~03
31.5000t-03
40.,9000b=03
38.,7000k=02
38,7000E«03
38,7000£=03
39,1000t=03
31.30000-03
3R.7000E~-03
38.,7000L=03
38,.79060E=03
3R.7000L=03
38.,7000E=03
59.2000t-03
27.8000t-03
38.7000E-03
59.8000tb=03
41.3000L~03
39.3000t~03
26.0000b=03
36,7000E~03
38.7000EL-03
48.6000E~03
38.7000k=03
38.7000L-03
22.4000t=03
36,6000t-03
44,90004~03
38.7000E=03
38.,7000E=03
38.7000E=03

GAMMA=F
2041000E~-02
55.4000E=03
146700E=02
22.0000E=03
S2.5000E=03
31.7000E~02
TAN800E=0Z
4A43000E~023
T%«0000E=03
37.1000E=-023
35.7000E~01
ZRQOOOOE-(’“
1R.9000E~02
41.0000E=04
42.0000E=04
30.1000E~02
7500000E"02
11.2000E-03
T7.0000E~04
27.0000E=03
54.6000E=02
80.5000E-02
133000E-07
20.0000E~01
13.9000E~03
7740000E~03
29.5000E=03
95.0000E~03
15.0000E=01
?0.00005'01
21067005'02

GROUP
¢
0

45
43
43
42
47
47
47
41
40
40
4()
39
39
38
38
38
37
37
37
37
37
37
37
37
36
36
36
36
35
35
35

(e
Qe
2Te6521E+00
29.6981F+00
14.6310FE+00
52« 7965E=01
194547 00
€4 5636 =01
95 8490F-01
B87.2756E-01
2G5¢6536E«01
49.8723E=01
3442429F =072
53¢9070E=02
4Be6394FE=02
6441702E-01
$5266232E=01
1544000E~-01}
11e6165E=02
22¢4380E=01
S8e9314F-01
87 8586F=(02
32+68B48F=01
23.08B77E=01
30+2781E=01
38,9591F=01
9le66S1E=0?
50.2592E=01
11«1120E~01
66e443TE=Q
60e2B46E~(2

T7e8874E=02

81+5289E=02

Qe
e
26+09S5TE+Q2
18+0313E+02
27:2173E¢02
82.1727E+01
39441018402
12484 TE+ Q]
20.1993E+07
178524E 402
92:4379E+01
1741522E+02
22e4557E+01
T6«1811E+00
39.8277€+01
34+,96QT7E+(Q2
61«0781E+02
21+2413E+01
T1e¢4705E-01
20e2B8TE+Q2
S6334T7TE+02
9G.1631E+Q1
31+2888E+01
1546490E+01
96+0637E+01
11e54Q2E+01
10¢6556E402
29+6255E+02
11¢9033E+02
308471E+02
31.9978E+00
32+4504E+00
27«0007E+01

ALPHA
O
Qe
S0e54RYE~02
82.32328-02
34.9762E=-02
S7.5658E=02
45.0284E~-02
95.1577E=02
94 .2155E-02
70.5550E-02
48,9446E-02
47.9839E=02
67+4699E~03
83.00406'02
95,7944E-03
15.3076E=02
13,1250E~-02
BB.6076E~02
Q2.6155C=02
21e3333E-02
16+3830E~02
45.8333E~02
93.3B12E~02
95.4131E=-02
73e¢2379E=02"
98,101 7E=02
26e425%E-02
T7e4648E~02
44.6293E=02
67+9056E~02
97.4849E~Q2
98,1017E~02
B4 ,84T3E=n2
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32
33
34
35
36
37
38
39
40
41
42
43
44
495
46
47
45
49
50

52
53
54
55
56
87
58
59
60
&)
62
63
H4
65
66
67
68
69
70

90«9000E+00
95.5000F+00
S6+0000E+0C
97«600CE+QD
9GQ.N00NE+Q0
101200E401
10+3000E+01
10¢5400E401
10.6860F+01
11¢0400E+01
116100E%01}
11¢B8900E+01
1261000F+0?
12+3400E+0]
12¢6300E¢D1
172« 7€00E+01
13.1900E+01
13«3800F+0]
13.5400E+01
13.4KH00E401
1443200E401
1406300E401
14«8000E+0}
14¢Q400E+01
157GCOE+QY
16¢09G0E+0?
164400E401
1646900E+07Y
17050058401
17.5800E+01
17.71008+0!
178800E+0!
18e5100E+02
19.0300E+01
1951008 +01
19.54G0F+01
196200E¢0)
2035008 +0)
20e¢7100E+01

244.7000F =06
93,4000F=05
92.0000E=04
1B.0000FE~04
93,5000E~04
56.0000F-0%
17040605"04
5B.7000E=04
80.0000E=04
Q343000FE-05
33.4C00E-04
14.7000F=03
2B.0000E=04
53.0000F =05
18.7{3(!!\':"‘0“
B3.00NGE=GR
34,BD0GE=03
53.40008=04

40.00008=059

32.00008=Ca
f3e3000F~04
?8.4(‘!“05_'04
13.3(‘(‘05"’()‘4
14 TOHGOE=DY
34,8n00F=02
60.000CE-04
25.4000E=03
57.0000F=C4
BBOOO0E=N4
21.000Ct=04
39,0000E=0%
13.0000F=04
14.00600F=03
16.000CE=04
49,6000F=03
S0.7000E~04
BG.5000E=04
18,7000E~03
67.000CE=04

38,70008-03
38,7000k=03
28,7000E-03

'38.7000E=03

38,7000L-03
38.,7000E-03
38,7000L-03
38.70006E=03
34.9000E-03
38.7000E-03
27.0000L~03
52.3000k=03
IR, T000E=-03
23,1000t ~03
S0.00005-03
3R.7000L=03
3R, T000L-03
PT.6000L=n3
3R,7000Len3
38,70008~03
3P.T00CE=03
56,2000b-03
IB.TO00E=03
51.3000E="3
38, 7000E=-03
38.706G0E=-03
£0.2000b-03
38,700C:=03
38,7000L-03
32.9000E~03
62.200CE~-03
38.7000L=03
38.7000E=03
38.7000L-03
38.,7000E-03
SB.5000E=03
21.6000E=03
38.,7000b=03
38.7000E=03

11.4500E=02
23.0000E=02

1440000E-01

35.0000E=02
20.0000E-01
31.1000E~02
&3.7000E~-03
10.2500E=02
3301000E'03

210000E~04 -

18.80008E~02
6=.7g008~-02
35,3000E-07
5‘0Qﬂ0ﬂ£=03
Z1+5000E-02
27.4000E-01

1e4000E=03
Q?nTOOOF"ﬁj
2¢:5000E-03
5%¢4000E>03
11@.?.0005"‘3
91 .0000E=04a
36450008 =03
TC4000E=02
S5MaAQ0NE=~GZ
47.7000E=03
12.600CE=-01
43¢G000E~03
TG.0000E=0%
14.6000E-03
17-5000E'01
118200E=07
33.7000E~02
67.G000E=-03
17.5000E-02
29.E000E~02
11.3000E=03

35

35
35

.35

35
34
34
34
34
3%
34
36
34
34
34
23
33
33
33

33

33

- 33

33
33
23
33
33

I?

32
32
32
32
32
3z
32

-~

2
32

-

32

STe9346F=02
20¢0976F=02
651127E=02
12¢3483E=07
62+3366E~02
35.8361E~03
31¢8460E~072
99-90285'02
12.358l€Een}
14¢7457¢-02
4Re0504E~07
18.2085%F-0n1
365e28BOF =z
bR 551FE=03
22e3723E=07
63.9TG3E-03
12e0106FE~0]
Slebbbhb4E=n2
42+R8364E-03
32.098lE=07
65.203¢E=07
64.7}59E'02
1} e6337€~02
1247560FE~02
BB eS283F~02
15.0483E=02
1244336Fapl
37803002
19.7374E=02
13.0249F =02
23.180T¢=072
7841723F=n3
PhehleBF=)Z
86e1323E=02
15561 7E=02
24eR9386FE=0F
4]1eB619E=n7Z
B4.1632E~07F
214¢1276E~07

33.8079E+01
71418238400
43.1717L+00
3040221E+00
30.1327E+00
1063%41E+00
26464229E+01
715969E+01
17«3664F+02
38.0G54E+01]
25.5503E+01)
16.2170F+0n2
ST7.1732L+01
112528E 401
33.9108E+01
32:1072E+00
45.0006E+00
15.5908E+02
44.0064E+00
64e1G82E+Q1
C3.GNK6E*N]
12+41R6E+02
35.045T7E+0]
2Ye¢34R2E01
1?-87H4E001
43.R081E+Q0
264403T7E+ Q2
58.5052E+0]
25 7379E+00
29+0214E401
S56.1601E+01
P%¢5993E+01
27e3276E+00
10«2G5B8E+0)
36.66728BE+01
369N72E+01
53.6090E+01
4B+21%0E+01
89.0R52E+(0])

T4.7554FE=07
BS+5973E=02
97.3101E=02
90.2935E=02
98,1017E~02
8B.9334E=~02
AR .3B24F=02
72,5921E~02
48,6765E-02
7441627E~03
8T.44)19E=02

25, 67RNE (2,

47¢7077E=02
AR B25GE=n2

39,177 76=02

R4.,7458E~02
QR ITHRE=02
29.230A3E-02
T0e5479E=02
4006442E‘02
57.9805E-02
20.7602E=02
15.0377E~-02

41,5718E-02

964 .,7B93E~n2
%2.9212E=02
22.6623E=02

55.2083E~-02.

97.0201E=02

57.1615E=02 -

10.1156£~02

27.3921E-02
97.8364E=02

T5.4442E=02
R9,6992E~=02
S4.0816E=02
05,266NE=02
AB.5061E~02
22.6000E-02

’a



- QT_

71

73
74
7%
16
77
78
79
80

© £l

&2
83
g4
85
H4
RT

21+6300E<01L
222800E+0¢
231100E+01
23¢4000E20¢
23eB700E+01
24e2600E+01
24BS00EeN]
25.0900E+01
26+180NE*0]
26¢9200E+01
27¢2300E+0}
27eS2n0E+01
2T7¢9100F+0.
2B42500E+9:
ZFe1RO0ESG:
29e6000E+G!
2QeRINOE+Q"

64,0000F=04
30.7000FE=04
10:1000GE~03
90.7000E=04
52:00”0&'0“
57.0000E-04
14.,70005=03
24,00006~G3
B4 .BOO0OE=03
174200DF=03
24.0000F=03
CELOQOOF~03
78:,60(!0;:'04
Z24.0000E~03
1409{:[‘0?‘(‘3

20.7000E=04

. 0000E~0R

38,7000E=03
38.70006-03
36,7060E=03
38.70008=03
38.7000E~03
38,70008%63

38.7000L~03

38,.70008=03
3R, 7000c=03
38.,7000t=63
35.7060k=03
36,7000c=03
3R,7000E-03
38.,70000=03
32, 7000E-63
35,7000b=03
3R.7000L"G3

2Y.7000E=03
S51.7000E-03
12.1000E=03
1Qa70005'03
65.5000E=03
57o7000E"(!3
34,3000E=023
15.3000F=03
€3.,2000E~01
33.3000F=02
15.3000EwG3d
2G.90n0E=02
10.9000k =02
53.0000E-04
30.4000E=-07
BaeTGNNE=(3
4R 30NNE=D

32
32
32
3z
32
3z
32
32
32
32
32
32

BCH

31

31

-~

=
-

24+3578E=02
117792E=07
31¢0685E=07
2842350€E~07
17¢1410E=-02
179527E~-07
39.02]10E-07
51.9780F =02
BNeld479E=Q7
14.89C¢9FE=07
4G6.1291FE-02
67 e2322F =02
17506%4E=02
38.3203E~07
1063695F-n2
67¢3536F =02
12.82R1F~=02

78.RT11E+Q]
2Ea0TT4ESD Y
11«7886E+02
97.9749E+01
3644018E+01

464485416401

11.05/7E+02
16.7166E+07
32+5642E+00
10.3076L+01
154086 +02
S0¢5942E¢01
7349637640}
15.91G8E+(Z
84t33R1E000
15.5185F¢01}
622165 +01

35.9272E-02
57,1903E~02
23.8189E-02
33.7329E=02
63.08993E~=02
57.6586E=02
46.9863E=02
28.3333E~02
99.3914E=02
89+5884E=02
28.3333E-n2
RR(5401E=02
33.5082E=02
12.04555=02
R8.T073E=02
69+ 13RRE=02
54,4 T06HE=02
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~ GROUP

0P ~NDN LW N

" aun ETOM Ras

RESOLVED .

RESONANCE CALCULATION RESULTS -
THE FOLLOWING CRCSS SECTIONS ARE ADDED TO THE SMOOTH VALUES TO ACCOUN] FOR

SURPLUS (MORE THAN 8 PER GROU®)

CAP!QRE
Oe

0.

Oc_"
0
Q.

o

Oe .
Ce .
Oe
0.
0.
0.
{9
0. -
G
Co
0o
Co
O
O
Oe
Qe
O
O
0w
0.
Q.

FISSION

0

Do
la
e
e
Oe
fle
Me
fia
e
Qe
e
[
I
e
G
fie
Ne
e
e
(e
Ce
e
Ne
Ge
S
e

SCATTER
Qe

.0'. -

0o
Ge
Ge
0o
e
Oe
(e
(e

Goe

(te
Ge
Q.

O

O
(e
(e
Qe
(e
(e
Qo
0.
Ce
G
Qo

0.

RESONANCES AND/OR RESOLVED RESONANCE SCATTERING

GROUP
28
29
30
31
32
33
34
A5
3a
37
38
39

CHPTURE
Oe .
Ce
0.
0.
45, Q1687E=-01
12.0631E~01
19,4614E-02
24 ,81R2E=-03
De

{ *

0.
O

S0,

0.
0
0o
O
0o
Ne.
e
0.
0
O
be
C.
U

"N

FISSION
Do
Qe
Qe
Do
5720808~ 0]
5,':'040"‘.1&-'&.”
5344926E~07

20e0247TE=07

Oe
O
D
Qe
R
G
Cs
Do
(e
Ge
e
Ge
Oe
Qe
.0. .
Co
O
(S

SCATTER

Qo

Go
0
0.

Qe

Ca
(e
Qc
[
v.
Ns .
o
0.
(LS
0e
Qe

0.

(e
On

0.

Ce -
Oe -
O
Qe
Qe
O
(U




- )_"f(.-

GRO P

(ol N eer 2D 0D Q0 < O N B L Ty

e e et

P e
~ U

b
O

20

THE FOLLOWING CROSS SECTIGNS ARE
(THERMAL AND NEGATIVE

0.

RESOLVED
CAPTURE FISSION
Oe fie
O« Ny
(1) e
0 Ne
Qe fio
0. Ce
0e Oa ?
0o Nae
0o e
1 Ne
Qe e
G [
0. fie
(ie
Oa (is
Ol ] ﬂ'
O. n'
0. ',“
0. n..
{11 Ne
Do [aX]
0. Ne
De Ne
O Ne
0. e
Ge Ne
(4238 Ne

RESONAN

SCAaTTER
Qe
Os
Qe
Qs
Qe
Qe
OB
Ge
e
s
Qo
(1
Go
(e
Os
Qe
e
Qe
0o
Qs
Qe
e
Qs
e
Qe
0
O.

sae ETOM #s

RESCLVED

CE CALCULATION RESULTS

GROUP
28
29
30 .

NPT B N e

RS VR W PV I PV PV IR VS N OY SOV I 9V}
-~ NN

PN
PRI

&
n

NS
B

4
50

32
53

54 .

CAPTURE
e
0 e
0.

e
18.6578F <37

26.7382F-06

6h.N81TE=06 "

12,2966L=05
?2086035°05
42.4656E-05
TR 7216E=05

1aeRb22E=04

TEREADE =04
4G5 ,4002E~04
90 .4606FE=0%
1R,4810FE =03
29.R429E=03
53,6450E-03
9% ,6243E=03
18,AB55E=02
2GS 5264BF =02
$1.1480E=02
B7.9987E=02
158,1148F =01

26.2996L=01

46,72)7TE~01
29.4595E=01
0.

FISSIUN
00;
.0

“ 0.

B5e4415E=-07

12-?390&'“%'

30.2290E =05
S5 ePP96E~05
10.4467E=04
1903782E=04
15 .R749E-04
£HeP4R5C=04
12,1980E-03
2243590FE=03
4047890E~03
73.9483E-073
13.3038E=pp
23.7120E=07
41.7892E-02
TZ2e6795E=0p
12+4502E=-01
20¢9743E=01}
3447253E~0)
56.56095-01
9143719€=01
14+ 6779E+00

8406825E°OI

(U

ADD;D TO THE SMOOTH VALUES TO ACCOUNT FOR
ENERGY) RESONANCES BELOW GROUP STRUCTURE

SCATTER

O«
0.
Oe
0
e

"0

O
[}
Oe
o.
e

Qo

O
(e
(e
Ce

.

0«
0
0o
Oe

Ce

0o
0o
0o
0.

Oe



_81-(-

-GROUP

O~ U D WN -

THE‘FOLLOWING CROSS

~APTURE

Oe

0

O

0o’

Ca

0

1N

0.

Qe

Go

De

0

0o

O

0

G

0e

0e
GHe3476E=03
13.2674E=(2
19,6442E=02
31e9666E=)2
S50.5784E~02
T6.9970E02
11.3811E=01
16,6564F =01
2344036E=0]

FISS10N
{io

Ne

(A

Ne

fie

g

[

Ne
e

Ay

N

(R IY

fia

e

De
3841513E=07
TAReR4TEE=OF
8Qa39¢1E=02
10eR462E~01
13¢4536E=01

1701649 =01

22¢3358E=0"
293689E~01
3R.7437E=01

cpd ETOM ode

UNRESOLVED

RESONANCE CALCULATION RFSULTS

SECTICNS &
UNKESCLVES
SCaTrER

Je

e
(e
De

RFE &DDED TO THE SMOOTH VALU-S TO aCCOuNI
PESONANMTE CONTRIBUTIONS
GROUR CAPTUKE FISSION
2 32,7071F=01 31430:2E~01
4 _45.17?4E-Q! 57 7% TaE=-01
in 61.7912E=91 RU,16A93C«0)
3 69,3883k =n1 VT7.3127E~01
3?. 0. 0'
3z 0. e
34 N 0o
3s 0 e (e
3% 0. D
37 N, O
2E Ve {} o
9 n. fie
40 0. (e
4 Qe {ie
4 {te e
ay Na e
44 (} o O
4% 0. S
46 0a 0o
a7 O G
0.8 ﬂ. _Oe
45 Qe Go
51 Co 0a
52 "D Co
33 1 Ce
54 0e }e

FOR

CSCaTVYER
O

Oe

(ie

G

(LS
[
e

De

e
G
0-
(e
0
0«
O
Qe
1
G.
(ie
Qe
Co
Oe
[t
Ce
0
(1



~ 6% -

GRP

1

7
13
19
25
31
37

43

49

CROSS 3EC
1.0000E=10
6¢5449E=08
1e2190E=01
1¢0197E~01}
Ge417SE~02
=142370E+00
Oe

0
1el1785E400

GRP
"
&

14

2rc

43

37

3¢

44

5¢

CRQASS SkC
L«000GE~10
9.3919E=n3
1.4762E-n}
8.8401E~n2
~T.42528=02
2.88528«01
G ’

4,65578en2

£.7896%+nQ

ot ETOM suu

NeGAMMA REACTION

CROSS SEC
l.ﬂOOOE‘lQ
3.3006E-02
1.7163E=01
9,4619E-07
=2 0681E=01
0.

0.
1e3477E-02
4,n5TIE+QO

GR¥

4
it
16
22
28
34
40

46 -

52

CROSS seC
1.0000E-10
T, 6845807
1.8R26E“01
18497201
=3.4022t=01
o ’
e | .
"3.2T42t~01
5:937“E*00

5
11

23
29
3%
41

47
g3

-

CROSSE SEC
1e0000E-~10
7.7229E=02
2.0395E-01
2e2773E~01}

«5.5005E~01

O,
U
QOS?IOE-OX
1.1870E+01

GRP

42

CROSS SEC
1.0000E~10
10018E=01
2.1409E=01
230457Eb01
3.6171E-01
C.

O«

4.4863E=0]
2.8257E+01
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Coawd FT0M awe

NO DATA IN FILE 3 FOR MATERIAL 1051, REACTION

TAPE HAS BEEN SEARCHED TQ MATERIAL 10%ye FILE
CONSEWUENTLYs - THERE IS NO NP REACTION

NO DATA IN FILE 3 FOR MATERIAL 1051+ REACTION
TAPE MAS BEEN SEARCHED TO MATERIAL 1053 FILE 3

CONSEGUENTLYs THERE 1S NO NeD REACTION

NO DATA IN FILE 3 FOKR MATERIAL 1081 REACTION

TAPE rAS BEEN SEAKCHi D TO MATERIAL 1061y FILE
1S NO NsT REACIION

CONSEQUENTLYe THERE

NO DATA IN FILE 3 FOR MATERIAL 1051« HPACTION

TAPE nAS BEEN SEARCHFD TG MaTEHI&L ifhye FTLE
> CONSEUWUENTLYs THERE 1S NO NeHE=2 RLACTION

NO DATA IN FILE 3 FOR MATERIAL 1061+ KEACTIOWN

TAPE HAS BEEN SEARCHED TO MATERIAL 108y, FILE

 CONSEQUENTLYs THERE 1S NO NeALPHE KESCTIPN

NO DATA IN FILE 3 FOKk MATERIAL 10%1s REACTION
TVAPE HAS BEEN SEARCHED TGO MATERIAL InSte FILE
CONSEWUENTLYs THERE I35 NO Ne2#AlLPHA REACTION .

TYPE 102
3¢ REACTION

-t

a
£ d
X
m
B
[ -]

TYP: 1465

3¢ wEACTTION

TYEE 196
s MEACTIUN

TYFZ 107
3s REACTION

TYRPE: 1n&
3¢ REACTION

TYpEZ

TYPFE

TYRE

TYRE
TYRE

TYRE

251

251

N
¥}
b

251

i
I



- Tg'

MULTI=
GROUP

VNN S WM

mrdﬁiuvﬂ*‘hd;wdh‘ﬂ
S VO NPWN PN -0

21

WWWwwwwNnNnNNNNND YN
NHGWUN—DO@~NONLWN

SYMMETRIC
SCATTERING

"32+3603E-01

40¢6484E-01
44 46528E=01
45.0573E=01
4547012€~01
44 .9482E=01
43.070BE=01}
42.29855‘0]
43¢6421E=p1
466s4583FE~(1
S51.5520E=01
57+8200E-01
Q5132715”01
73.08576~=01
79.4889E'01
B6e3B27E-01
91e5295E=01
95.0418E~-01
95.0418E-01
95.0418E-01
98,0418E=G1
95.041BE-01
95,0418E=01
95,041BE~01
QSQOQIBE”QI
95.0418E=01
95+.0418E~01
95.0418E=01
95+0418E=01
95.0418E=01
95.0418E’0}
95.0418E=01
95.,0418F=01
9540418E~01)
9%5.041BE-01

SMOQTH
CAPTURE
10.0000E~11
100000811
10.0000E-=11
10.0000E=11
10.0000E=1)1
10.0000E=11
65,6694F «06
93.21R7E=04
33.0061E~032
56¢5448L-03
T7.43294E=)3
10en1 77 =02
12.1896f=02
1l4,7621tL~02
17.168%E=02
18.528“&'0?
2003947&'0?
21 e4000E~072

22.(319E=02

22.1075L=02
29.3060E~02
S50.4632E=02
73.3514L=02
97.4538E-02
12.3229t~01
15.7139k=n1
21 «3355E~1
29.3049E=01
39.671%E=01
65.3682E=01
5700183&'01
48.R042E~=01
12.0637E=01
199‘73?&-02
25:1469E-03

INELASTIe
SCATIERING
924 752FEmn2
13¢3855F=0]
15 1632E-91
1347142F =01
12+3088E=-n1
11e6824Fmpn)
10.850RE=~n1
991006k =n2
BGeT212E=n2
?8-739@Ln52
?6:150&E’ﬂ2
TleBOGEE=RE
57018575'&2
56488680E-n7
4Re1307E=n2
430}878*'02
279671 =7
330gfz?ﬁ‘ﬂ2
30.2%)0Fn?
2717438 =n2
24e5536F=n2
P22« T108E=n7
20e3483F=n?
13.2568E«02
R84 .Q180E~-n4
1K)

Ne

Qe

De

De

Ne

e

[

Oe

0. T

wus FTOM @8

SMOOTH
FISSIOnN

24472R4F=n]

2048239E«0)
1R« 7295E~01
19+20R3E-0n}
19eR214E~n]
20e3407E=-011
19.8397¢ =01
18.A718F =01
17eG3R4F~01
17P077E =01
16¢eR496E~01
159454801
1513540 =001
1448263E=01
1448001E =01
14.RYIBSFE =]
19¢0798E =01
1542412F=01
15-3?305-01
144 7851E~n1
l14e60B9F =01
16+40635E=01
1R 1R7LE-D]
20 THGOR~01
P44)1063E-01
?RenNQ2SE -0}
3542949E-p1
4547512t -0
5905616&'01
G4 2869 =01
B6es¢310E=01}
7)1 «7556E~n1"
1504111E”G
63+s54RB9E =02
201292E-02

ANISCTROVIC

SCATTEKRING
EheKT23E=n1
3241489F-01
34 . 7T7T8BE=Q
34644nT0E=01
32«4455F~01
25«30408E =01
23:6871F-01
19.3672E~01
18v6683F =)
2N NRP4E =]
20e7789F 01
20e7R31F =1
2lenalag=i}
21.R340F=n1
2238078 ~01
17.1112F =01
13¢3712F =11
1n2a060=01
T4.RIP9F =02
S6e9314E-n2
33'R307E'02
2309Q62&’02
15.5995F =02
lO.ElB“t-OE
74,2922E=03
85:57Q29F=n3
44423058L=-03
37+3468F =3
33«1718BF=03
30468392E=03
29410n34F=03
2R41717F-03

277073603

274¢4821F=03
27e3245F=03

NEUTRONS
PEi FISSION
390“9665'01
37¢4630E=01
35.8510E=01
34.3071L=01
33.0914F=01
32:1237E=01
31+3R822E-01
3GeTSHIE~01
303502¢ =01
29.967RE-01
PHeLBT4E-N]
2HeaTNRE=0]
294301 1E=0]
291690t =01
27¢0N648E-01]
28+9R45E =01
28e92208-01
2BeRT46E=01
28eR334F=n]
28+803GE=01
28e7T31FE=01
28+ 7443E~01
2Be7269FL=0]
28+ 7163E=01
28T099E=0]
28«7060E=01
28¢7036E=01
2BeT022E=01
28¢7013E=01

1SOTROP1IC
G=G*
1750008=02
12+5000E=0?
175000E=-02
175000607
12¢8000E=07
17e50005=02
12¢5000F~-07
12¢5000F~07
12«300CE-02
172e¢5000F~07
17+5000FE=02
12e5%000FE=02
12«50008-02
1?05000E"0?
12¢5000E~-02
127¢5000F~02
12450600802
12+5000E-02
12«5000F=02
12¢5000E~02
25¢0000F=07?
2S5¢0000E-Q?
25«0000E-Q2
25.0000E=-02
25.0000F-02
25+0000E=02
25+0000E=-Q2
25+0000E-02
25¢0000E-02

28e7006F =01 25+0000FE=02

28.7005E=01
28¢7003E=01
287002E-01
28070025’@1

"ZBs 7001E=01

254 0900E-02
25¢0000E=02
17+5000E-02
12¢5000E=02
12¢5000E~02

d

ISOTROPIC
SLOW=DOWN
S2e6T7RGE~(4
73e9242E=04
BS55117E-04
92.0160E~04
113350E=03
13.2863E-03
1664302E=03
10+.3883E~03
21e0993E~-(3
?2+3023E~-03
PLe0251E=(3
3103h1E=03
373780E-03
43.2526E=03
4R02005E'03
5Re4620FE=03
£5¢9561k=0n3
715604E-03
73.8502E=03
7543979E~03
76.3520E=03
T8e1790E=03
78.8843E=03
7943148E=03
79.5762E‘03
79.7311E=03
79.R2BRE~03
79.888nE~03
79.9236E=n3
7QQ9457E-03
79.9589E=03
79.9670E~03
79+9711£E=03
79.9729E=03
79.9743E=-03



- ag-

MULTI=
GROUP
36
37
38
39
40
41
42
43
44 .
45
46
47
48
49 -
50
51
52
53
54

SYMMETRIC
SCATTERING
95.0418E=01
QSQOQISE’OI
95.0418E-01
95,0418E=01
98 .0418Em0]
95,061 8E-01
95.0418BE=-01
95.0418E=01
95,0418E=01
9500418E°02
98.n4)8E~0L
95,n418F=0}
95,041 8E=41
98,0418E~01
98 ,p418E=01

9E.0418E=01

95,0418E=01
95,0418 =nt
13.2362E¢060

SMOOTH
CAPTURE
42.4656E-05
T8, 7214E=0%

14456226=04

26.8660E-04
49;40025'04
90.46068=04
16:4810E=03
29.34295”03
10.0202E+02
4G, 6270~02
T4 473430207
95.9606E«02
20«~E80E=Q1
43,0068:+-01.
66.8710GE-01
7.nG61E=01
14.,8163E¢00

ZRPR7ZE 400

INELASTTe
SCATIERING
0e o
Qs

(e

Qe

Do

O

Oe

Ge

o

G O

Oe

Ge

Ne

(ie
0
(e
G
e

fis

LR TUM *&6

SMOOTH
FISsSion
10437R2F =14
35!37495’04
66 P24RBE=N1N
12,19508=03
72+13590F=03
40.7R90F~03
T3s9483E-03
12e¢3n38E=n2
9%, 1n00F-02
2435058 -0
RG IREHE=-(1
A ATNLE=G1
Rishanht=n)
11«1188E+90
164465230 +0¢
19« A0BEE+ 00
2526371+ q0

T 3RePHINE 00

6758218400

ANISOTROPIC NEUTRONS

SCATTERING

£7¢1939E=0n3

27:0973E-03
2740145€=0:3
26:9526E~-03
2ha9n44E=03
CheREHBE=D3
2AHVRITOE~DS
20.8148F=03

25.7971E=03

Pne.TA33F-03
2Ry TT2SFE=03
PheTH4&1E~-N3
£AsTRTEE -1
S2Ee7SASE 03
2H.TLRRF NS
26.7455E‘ﬂ3

?ﬁt?@BlE'O&

Z6e7611E=03
27.2391E"n3

PReTNTOE~01

PR FISSION
28¢7001E-01.
28+T001E=01
25e"001E=01
28.70C0E=0)
28¢7000E-01
2B¢000E=01
PRe70N0E=()
28e7000E=01
2R 7NQOE~01
2H¢7000E=01
e TN00E=C1

2Be7000E-C]

PEC7000E~01

28+7000E~(Y
28e7000E=01
2B« 70O00E=-D])
ABe7000EDL
2870005-0)

I1SOTROPIC
. . G=G-
125000E=02
12+3000E=02
172+5000E-02
12.5000€~-02
12+5000E-02
125000F=02
12+5000E-02
1235000F=02
125000E=02
17¢8000F=02
17+5000E-07

125000507

17:50008-02
12+5000E~-02
12«5000E=02
176900E=02
17¢3100E-02
15+0000E-02
1404Z00E-02

1SOTROPIC
TSLOwWDOWN
T3.9754E=03
76.976/3E=n3
T9¢9770E=03
7249775E=013
79¢9779E=03
75.9782E=03
79.97R4E=03
T349TRHE=03
T9.978RE=03
79.9789E=Q3
79.9790E=-03
79,9791€=03
72.9761E=03
79.9792E=03

79.9792E=-03 " -

T79a9792E=03
79 ¢S TOPE=(3
79¢€793E~03
11¢1384E=02



- €¢ -

EXIT
GROUP

— b
N ~ 0PN WSWN

-
L)

14

15

3(19§ ‘

17

18

19

20

21

56.6664E=05
36¢5145E=04
14+,2074E-03
37.08521E=03
TOe6278BE~03
10:4927E.02
12¢8234E=02
1344460E-02
12¢5065E=02
24+34T1E~02
10.586%9E=02
BRe4G4LG0OE=03
B2.2917E=03
6008675E'04
61.8B01E-03
1}063@75’02
433619E-03
B0eT706464E~-03
301614E=03
15.7288E=02
20¢1377E=03
B6¢T7410E-03
1341631E=0%
38.7352E~03
54 .6304E=04
23¢442TE-03
23.2055E=02
53.7156E-04
143950E=03
15.6274E~-02
33.7532E~Q¢
BE1679E~04
31+0215E=03
34.085%2E-04
B6.T768L-04
93.78625=05

1ReRISRE =GP

L2+ 3

ETOM nva

INELASTIC SCaTTFRING PROBABILITY MATRIX
BEFNRE REMORMALIZATICN

15.n749E~04
74-8623t'04
23.7004E=03
525678 =03
BHen385E=03
11e8225E=0?
13.2472E=072
13¢1521k~02

116506 =np
37«2160E=02
P4 eQ601E=03
7725239k =2
24 ¢R272E~(16
57:6459L~-073
O
38e7319%E=-02
Oe
P24¢R47TRE~(O3
170030E=03
[6440B7£=03
2R, 2626E=03
1066341E=03
17e4649E~03

6T«9154FE=04
1Ne7524E~-03
20 e T26BE=N?
42+8B827E-04
65.9965E=04
10s41140L=-02
43.85167E=-n4
5500998E'06
90, A055HE=-03

35e6370F=n4
13¢98620F=n7
36e0436F =03
70.087%F=n3
10e44775=n?
12807248 -n2
13¢45%1Ge =2

12e23N3F =07

10e02P3F=n?
20elBATF=n
B3e683647r=pn7
Qe TNOE=2
52 1370F«pn
10e8RRUF g7
44.2]13%=p
fle
30e3486F5=n7
Ne
202702E-03
o
13¢2535803
Qs

85+2307€=04
O

bé-lOGOF'OQ
fie
2ReB4TIAF=n7
SS-EOSbF*DQ
Qe
703528F=n3

TRe43127E=04
2444970E-03
£3.75265=-03
RG,277+E=n3
11900QuE~nyp
133/F3E=-07

13,1774t eni?
11e5910E =07

G4 24K 3E=03
40 g RYANE =D
71,835 5%=n3
272 +6684FE=02
52.0701E=03
11669235 =07
3he 2868F=n33
BR.6ORSE=N3
2ae5245ﬁ°03
14c0868E'03
16.,1835E«0n3
Qe

10,4823E-n3
24.5343E-05

66.9165&'04
0e

68.6644E'04
(UN)
39.932RE-02

18,5201E=03
39,4581F=-n3
73.855pP0E=03
1N 74688 =02
12,9618 np7

17, 40C1E =g
10,6400E=02

Bl,732258=(2
AR, GRZAF a2
BH.aBKIY=n3
Ta .7R29 0 =na
4P RG] En3
3464%7375=93
23.3257-=02
51.51148~=03
19,5440F=03
39,6H70E=03

12.7568E~03
17.9212E=03

Bl.9276E=n4
72.5410E-04

B4 ,5802E=04

47.7027L~04

3n¢)748E=03
61:K698E~03
Y741 6RE-NT
17+4613E=n7

13e%423k =07
1795109k =07
1l«20k6E~02
BQ,7054E-03

©7.5%5416E~03
37«4250E~07
4R+8871E-n3
16¢22165=n3
3395377 =07
49,9013E=04
22+5344E-03
S5neb6214E=n5

14,R027E~03
15.5943E=012

95.5396F=0n4
17.1653E=03

99.1303E~04
23.1670E-~03

4He9R45F =N 3
R4 e31RRF =03
24 148B8E-02

IQ.OQS?E—OZ
S¢.ce2nkE~n3
10e0G64TE-N?
8732845 -03
62.&9535'03
34e3n7AE =03
35.7625F~02
30.9862E-03
52.7691F=03
20+3734E-03
33.4536E-04

13.0013F=03
26¢9492E=04

B2el1274E~n4
15.29755‘04

83.45R3E=04
O«

R2«02164E=n3
5HeN2B9E=03

20-8586E-92
31e4834E=n2
16«NF45E=n2
11.5782E~02
e
1004734E=n3
145239E-03
31.0118E=02
83.0633FE=n4
12¢4278E-02

5444905E=-n4
S4«T458E-n4

33¢2772E=n¢4
46641528 =05

3246530E=04
29:4722€-04



- ng -

EXIT

GROUP
22

 ﬁ

.23

24

129853E=04
32.2435E=04
Qe

48, 7943E~0%
11:93476“04

" 2T7e3332E~05

181830E-05
44¢0696E~0QS
28.09588E=05
67:4186E=06
l16e24G2E~05
10e4E21E-0Y

14¢1B01E=-02
57:9023E-02
Qe

39.4743E-06
453510£-06

'61071816'06

10.0000E~01
99.9974E'02
10.0003E=01

sp% CTOM #¥s

INELASTIC SCATTZRING PRUBARILITY MATRIX
BEFARE RENORMALIZATION

16e6877E=04

26.24635E =04

t1e5198L =04

EPeTTHTE=05
89,861 5E=05
0

2343420065

33.2113E=05
G-

o3
JUr

N
an)%

QTa3E
Sénk

N
rr- o
".- ﬁ

.- e
%

MATN
1361027855
4146483E =02

52.5635F=02

S0.9715E=06
13:6023E~05

Ge

10.0000E-0%

$9:99Y5E=02
10.00C0E=01

2le24a4bF=04 2ZR.STQZ2E~04
Qe Na
Qe 3HASF-0T Z0.1731H=~03
BOe3Z202F=0% 10.0793E~04
Ow e
/h.,b&?c -6 Z05601E-03
30004624705 37477655 =05
Ol Ne
24033072704 10,4304 =03
11el637F=08 14,0881t =05
0' ns
e (RGO ZNE-04

DIAGONAL FLFUEENTS (INGR
A9 eYE36F=0S [1.159%F=n4
42¢16F3F=0n7 35.0420F-n2
5718V 1E=p7 33.7023E«07

32.9234E~04

B4 ,S5799E=0%
3N, 1852E=07
12.53u4F =06
31,6131E=05
0o

4T7.,0809E=0> 5S¢

11.7448F=05
13,8106E=04
17.56401E~05
43 ,66L4F m0E
30.086TE=06

0P SCaTTER)
273182 0%
57.9650E=02
B9, 196 6E =02

SCATTER DUT OF MATRIX RANGE

65e4831F-36 B2.522AF =06
Qe Qe
Geo Q1.7727E=0S

COLUMN SU4S

1043091E=95
2546192E=06
18.0571£-06

BEFNRE FENORMALTIZATION

99999 7E=NZ 99.9996E~02
100001E=n1 995.9981}F=n2

99, 9983E=02 99.9972E-02

10,0000E=0]
99,997GE=(2
99,9994t =02

38.7T66E-04
10eS987E~03

144806TE-04
3T.A158E=04
4G.7506E=02
¢ 71ABE=NS
4?05444E'05

2L TRO2E=NS

1S.02226~05 B4,
2143716F-02

~
i e

ES82R0E-04
52.3068BE=n2
90 2494E-07

12e2240E=05
ER.10G4E=06

fle

10.0000€E-01
99.9686E=02
lOoOOQOE“Q!

Q0o

12,0869E=n4

T29.7377E-05

451757E~-05
l14.6644F~04

66 6524E=-07

16.7805E6-05
352RE=05

T
.

N
N

63.9843E~04
57eG4(iBE=D?
17.874RE=02

1030998E-0‘
31+9029E-(5
Oe

100001E-01
93,9992 =072
99,998GE-07?

32.0160E-04

12« 095R8E=04
14.1466E-04

44 .6866EL=05%
34.6427E~05

]6048J6E”054
(e

6ﬁ-?854t*n6

0 :
25641 6RE= ﬁZ

10.9370E=03

55¢49T1E~02 .

Qe

35.6496E-06
[V ’
7405832E'0?

99.9997E-02

10-0001E-915f
IO'QQOOE'QL«'
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EXIT
GROUP

W N

w
DO L~NU P

.
no [ad

14

15

16

17

18

20

21

S56+6685E=05
365159E-04
142079E=03
37.0864E=03
T0e6304E=03
104931E~07
12+8239E-02
13-44656‘0?
12.5050E~02
2Re3709E=02
1peSB73E=~02
7Q«7515E=03
B3.2948E~023
10926RE=04

.61-8823E”03

1345579E~02
43.9636E=(3
9400420E"03
3¢1625E-03
18.3283E=02
2ne1385E=(3
10e1076E~02
13.1636E-03
451368E-03
B4 46336E=04
2743170E-03
55.1188BE=~02
53.7176E~04
167740E~03
37.11H9E=02
33.7545E=04
1042739E=03
73+6838E=03
10+1118E-03
2242765E~04

#nd FTOM ®6a

CINELASTIC SCATTERING PROBABILITY MATRIX
AFTER RENORMALIZATION :

150769E=04
744B8721E~04
23.703%~-03
52.5697t=03
88.0501E~03
11.8241E~02
13¢3490E=07
13¢15388-02

118522 E~np
55.2118€~02
94 ,972hE=n"7
PReBS28E =07
7?15334E”03
42,5479 =04
57«6528E-03
"o
35e73A3E =03
e
2408511&‘03
29¢)1391E~n3
19«4108E=03
45 64353E-03
1n+6355E-03
29+49306E~02

67 ¢9243E~04
1R«42708=03
5000207E'07
42.8853E“04
113102E=0Q2
24:40835’02
42.5224EL~04
111565E~03
24.0863E=07

3565720 ~06
13'9677;"ﬁ3
36.6584E~n7
T0a118T7FE=n3
10:44519F=n?
12807552
13:4573F=n?

17030482

10s0245Fwn?
QP el I6TE=n?
R3.6371F=1;2
ZReYRNIE=R
62.2221€=03
18482231 F=n?
44 4221 7F=n3
N
30.36ﬂ8§*03
)
20el783F=03
Ns
132558F=n3
(K

85-2650?'03
O

S4.1278FE-n4
Oe
6743260F=02
5542278F =046
Qo
1664194F=07

78,5191 E=Qe
24.5266E=03
53.8178E=03
89.37755-03

1,9233E-07
13,291 =02

13.1420k =02
11-“94&&“0?

G4 o3520E=03
629509k =02
713193E=n3
344893 7E=n3
B2e12R5F =03
18.0005E=02
36.3270E-0n3
13.3428E=p2
26455205 =03
2l s6BHRE=n3
16.2016E-03
Ne

10.494”5”“3
37.7710kL-05

66.9918E=n4
0o

6R.7414E~04
0
86.2573E=n2

15.,8716L=03
39.,5632E=03

T3,75G5E=-03"

16.7758E-02
12,93973k=02

13eaBRSE=n2
12,6451E=02
10.66R0F=?

21 .95A1E=03
Al ROE4SE=n?
H0.AB28E=n3
17A729E~03
42,9615E=-03
B2.25657t~03
29.60/0E=03
12.2553E=n2
19,5976F=03
Q4 ,4210E=03

12.79185=03
42.6371t=03

B2.,)1520E-04
17.2585E=03

Ba ,B8119E=04
11,3491E=03

30.3746E=023
52.279%€=03
GR.NS98E=n3

12em43R8F=-02

13e0320E-07
L3.037TE-02
112828k =-q7
Yne2994E=n3

57«9889E-03
T7776TE=02
48 ROB2E=03
3R.9101€=03
33.7598E~03
11+9697E=03
22.68376=03
12.1624E-04

14.9007E-03
37.4056E-03

96.1723E~n4
4).1738E~-02

99.7868E-n4
55.5700€-03

46e2807E-03
B4 .8610E=n]
24 ¢303RF=n?

19¢2180Ewp2

60002655*”3

10e1294E=n7?
87.8899é-03
63.2997E~=n3

34 ,5282E-03
85+0292E«n2
31:1855F€=-03
12e54664E=07
20.%044E=03
79+45395F«n4%

13.0849E«03
660 TGHF =06

B2.6554E=n4
3643715E=064

83¢9949E=~04
O -

R3.9396E-03
SR.6707E-03

21+0R93Em02
31.8316E=n2
166272%E-02
11e7062E=02

Y e

‘10-53925'03

146R846E=-n3
69.682TE-N2
QN «N484E=n4
27+9249E-n2

55.0932E=n4
12.3012E=03

33.6453E~n4
10e4294E~064

33.0141E=-n¢
66.2233E=n4



- 9g_

EXIT
GROUP
22

12.9858E=04

37.57273E=04

(e :
4ReT961E-05
136071E=04
6409232E=05
18.1836E=05
213529E=05S
56¢7346E=05
10.6894E<05
2642193E=05
39.58573E~05

1000C0E=0C]

1000C0E=01
1000C0E=01

=23

STONM waw

INELASTIC SCATTERING PROBARILITY MAIHIX
AFTER RLNOQMALTZATION

16.6599¢ =04

41.5470E~(04
14 ¢8467E-03
62.7840E=05
1544002E=04
e

‘23e43T13E~05

56.9161E=-05
e
13.7988L =058
4ao30R1E=-05R
HX]

10.0000E~0%

10.0000E-01
101.0000E=01

—

£l ed831iF=ns
Qe
13¢8%31F~n2
8043526F=05
Ge
13.33655'0?

30'05455!05

0o
56+ (R37E=na
17.7132F=ns
(e

Ne

26.6000F=04
e '
43,5791 =03
10.0506F=06

O«
51 18E=03
37.61RYF=n5
Ce

22.5303E-03

27.3374E=-05
e
5?sﬂq?7E’ﬂ4

COLUMN SUMS
AFTER HENORMALIZATIONW

100000 F=0

16.0000E-0)

-Jljbt.n4

97 L GBRBE-DZ
1205687E'G4
75,72119E=05
(1
47,2099C=05
27,9624 =05
G4 ,8516E-00
27 22%6E-0%
19,3893 ~05
18.F2RAE=33

10,000CE=01L

10G300E=01 10.0C00E~01 1G.0n0002=0!

1C«0000F=0}

10.00006E=01

10.0000e=01

39.0334&'04'

2544227E=03

149048E-04
90e227TE=NG
10.000GE-01

56+ 0RGTE=05,

97+25Z5E-05

Ne

3342228 =05
57 w1678E=nS
e

Ine0QnNagE~01
10.0000E-01

I0e0ONQE~DL

3242227E-04
Oe

12.1647E-04

70.70446“05

45 446A1E-05
34 486K)F=04
T3.944TF=(?
270531E~05
2NeS1TTF=04
2R+ 055 @n?

10.0000E=01

10«0000GE=0]
1040000E=01

12+2296E=04
31.7870E=0%

45,1R09E=05
77+8413E=05

16:6639E=05
O

27+4419E=06
Os
100000E=n1

10+0000E=n1

100000E=01
100000E=n}
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- 8q_

MULTI=
GROUP

WX~ WY

SYMMETRIC
SCATTERING
32.3606E-01
40e6501E-01
44.6589E=01
4T.0726E-C1
“5-73495'01
4%.02508~C1
4341403E~01
424406%E=01
44.9]143E=01
49,7276E=01
54.7635E-01
60e31023E=01
6Q,2217F=01
75&40255“0}
8Z2¢2T776E=01
R TTHSE~0]
93.7768F=01}
G7.0278BE-01
Y6.T7730E=0)
F6+5011F =01
95,74065=01
Yhei1B33E~n1
95¢4076E-01
95.0418F=n1
95.p4185 =01
Y5e.(418E=0}
95 .04188~01
Y5.0418E~01
9500“}86'01
9504188 =0])
Y5.0418F =0}
95004185'81
9%5¢0418E=01
Y8.0418E-01
95.0418E-01

00T H
TAPTURE
100000F=11
100000211
10.0000E~11
1040000E~21
10.0000E=11
10.0000E~11
65,44G4E=0Y
93.91R7E"04
33.10h1%-03
ShRGLBE-03
T7e3264E=023
1001778 =032
}2.18?6&'ﬂ2
147621002
1716858k =52
18eRPR4E~07
20 e3294TEm07
Z}OAOQGE"OZ
22+n319E=02
22.1073E=02
29«3060E"02
S5n.a632E-07
73.35148~02
$7.4538E=02
12.3229E=01
1547139E-01
2143355E=01
294¢3049E~01
39.6719&'01
65,3682E=01
S7.0183t=01
48.R042E-01
12.n637E-01
19.4737E=02
25:1469E~-03

INCLASTIC
SCATIHERING
Q24411 7E=n2
13.3837E~p1
1541871F=n}
13e6989FE-n1
12e27226~01
11:5857¢F-n]
107913F~n1
CRNTENE~n2
TheGYRTE=N?
48,9899 wnp
sbaftenr-rn2
C7 o REBLPE =P
PRePUc RV =2
Ple7iVAHEwA?
20e2434L-02
1921598k =12
13¢974REm=n?
164052%F=n2
17eST%94E=n2
12581 1Fmn2
75:6353 =03
113018t =n2
168937t =n?
13¢2565F«n2
R4 «9180E"ns
Oe

De

O

e

Oe

e

[

0.

0

O

ed ETOM vos

SMOOTH
FISSION
24.7284E~01
PNe8239F=01
1R.7P95E =0}
19,20H3F-01
1922147 =061
2063407E =00}
19¢R3IG7F =)
1R, AT718E~=n01
Y 7,03R4E~5]
17420776010
1henbtYbht=n]
VS 34848 -0
151354 =1
o efFG3FE =0}
16e3001E~01)
IQ:“RSE'O)
150783 =01
15P¢12E~n}
1R«230E-=01
1454725 E~0)
14 ANRYF =~
Yhenb36F =01
1R.1R71E-01
PheTROEE =]
Puelnb3E=01
PReNVZIE=(]
I%e2Q%49F =0}
45.7512FE-01
59 45h46FE=0]
94.25695'01
RAe4310F~-01
T1e7556E=01
15e¢4111E-G1
63e¢5489F~-07
20e12972F-02

ANTISOTROPIC

SCATTERING
23057?6?'51
32.15035=01
34.,7R26F~n1
34¢4)87E=n1]
3?04693?'91
29¢354GF 1)
23059925'01
1Ge4149E =11
19.2120k=0}]
214RTEFen]
BZeNY7EE =]
2}0“847&”91
22e29%8E -0}
27 e RP4GE-N]
Z23¢1689% ~01
1TeRRAGE-D]
13.59?23'“1
10668468 =01
7SQIQAOF'ﬂ2
57.8a0850 =02
39.716%F =02

244274302

18, 65%4F =07
ch]BQF“ﬂZ
442922F~03

55,77G49F=n3

442205803
7¢3468E=03

33.17188~03

30+A392E=03
29.1n34F=-03
2861717£-03
277073F=n3
27¢6921F=03
27+3245F=03
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k.0 PROGRAMMER'S INFORMATION

This section contains many of the internal details of the program.
The intent is that this section will provide the programmer with informa-
tion that will prove helpful for making additions or modifications and
also assist in making the program operational at other installationms.

4.1 General Progrsm Design Philosophy

'i'his program was written with the assumption that it would
likely be used at many installations with a variety of computing
machinery. Also it 1s not primarily a production program but one
that will simply be used from time to time to generate new libraries
or update old ones. Hence a basic aim was to produce straight-
forward, .clear programming that would be readily understood. The
program 1s entirely in ASA standard FORTRAN (FORTRAN IV) and uses
no programming tricks and tekes no advantage of any particular

~ hardware or software. Also in the spirit of qimplicity, variable
dimensioning was not used. '

The program was written with the expectation that there will
be future additions and modifications. Some of these are antici-
pated with statement allocations and comments. Others are already
wholly or partially included. In any case, adequate storage remains
to handle any foreseeable contingency.

The main program is simply & series of tests and calls., It
18 quite straightforward and serves as a gross flow diagram. The:
flow 18 in a straight line with few deviations hence segmenting is
readily accampliéhed. The program as distributed 1s segmented
according to the oaverlay structure given in Section 4.3.

- Many of the subroutines used by the program may be useful in
other (present and future) codes connected with the ENDF/B system..
Hence an attempt has been made to write these routines with general
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use in mind and they are self-contained (or nearly so). Some
ETOM-1 subroutines may be replaced by similar routines from other

ENDF/B codes when they become dvailable.’

Most of the data: handling: is-done with large common storage
blocks. All tape data is first read into these blocks before
processing. When data is manipulated, it is done in the blocks.
The blocks also serve as temporary space for some processed results
before they are output. These blocks are the device which permits
the general pﬁrpose subroutines to be self-contained. At present
there are 4 floating point blocks, two of length 4000 and 2 of
length 1000. Associated with each of the four is a fixed point
block of length 50. . ,

The logical flow of the prbéram is designed so that the
ENDF/B library tape will be scanned only.once; hence, the library
tape is never backspaced and is only read forward; Thus the data
is processed in the order it appears on the ENDF/B tape not in the
order it is required by MUFT.

Because of this some data must be saved from the time it is
first encountered on‘the library tape until such time as it is
needed by the program. One such example is the scattering cross
section which is saved on scratch tape ITPS and used at various
times in the program. Certain other data is stored in /DENS/.
For example, due to the frequency of the need, the weighting
function (i1f other than constant) is stofed as the first record
in /DENS/.

The program will optionally produce MUFT library cards as part
of the output. Hence when MUFT library data is produced, it is
stored and then recalled in the last part of the program when the

cards are constructed and punched,
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4.2 Tabeled COMMON Variables

Insofar as praétical, the ENDF/B notation has been retained
for variable names. Hence more detailed explanations of the
variables may be found in references 7 and 10. Connected with the
ENDF/B data are control parameters to further define and describe
the various sections of the ENDF/B information. Hence, note that
in addition.to the large storage areas /RECS/ and /DENS/, there
are common blocks which contain control variables for each ENDF/B A
file, /CONTF1/-/CONTF5/. The blocks /FILE3/-/FILE6/ and /MUFTLS5/

- are used to store the MUFT variables generateéd by the prugram.
Other blocks are self-explanatory. In the following the labeled
COMMON block name is given first and its general category described.
The variables in the block are then described in the same order as

they appear in the block.

/TAPES/ literal tape names and data mode
MODE mode of the ENDF/B library tape
I05 input tape
106 output print tape
107 . output punch tape
NDFB - ENDF/B library tape

ITP1-ITPL scratch tapes

/TAPUSE/ tape use literal
ITPR ‘ resonance scattering data (not used at present)
ITPS ' smooth scattering data
ITPE elastic (resonance plus smooth) scattering data (not

used at present)
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/AECS/
MAT

“MT
cl, c2

11, 12

Nl
N2

_NBT, JNT

XY ,B,
| NIX
N2X
NS

/DENS/
JMT

© JAT
JTT
JLT

JNS, MNS

JX
-

B ) ‘ ¥*
single record storage
material nuﬁber
file number

reaction type - number '

‘floating point constants j

integer constants (usually test numbers)

_ count of items in & ‘list to follow
'eoupt ofritems in a second'list to follow

general integer storage space -

generdl floating point storage space
maximum length of the NBT and JNT errays
maximum length of the X end Y arrays

card sequence number

dense (multiwrecord),storage*
record identifier

. record starting location.

record type -

record lepgth‘

record bulk storage array -
pointers for next record

maximum length ‘of thc A array

- maximum length of the awt, JAT, JTT, and JLT arrdys

(DIMENSION, EQUIVALENCE, AND /BLOKS/) - general storage space
BLOK1-BLOK4 general use floating point storage
IBLKleBLKh general use fixed point storage

IBKlZ

LBK3k4

'LIBK12,
LIBK3k

control variable (usually the -number oi data palrs
" 1isted in BLOKL and BLOK2)
same as LBK12 but usually associated with BLOK3 and BLOKL.

same as above but associated with TBLK1~IBIKh.

* ' =
This common block is part of the package of Retrieval Subroutines for
the ENDF/B System written by H. C. Honeck (Ref. 10). In ETOM-1, some
of the array dimensions have been changed.
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Jconzry/
78
AWR
IRP
.LFI

" .IDD.
LFP

- LNU
“NC

NR1
NP1

/conTF2/

. NIS

ZAT

ABN

LFW

NER

LISR, LISRX
EL

EH

IRU

LRF

LISU,. .LISUX -
- SPIR

AP, AM, AA
NLSR

CR

IR

NRS

SPIU -

control information associated with file 1

material (Z,A) designation

.atomic weight ratio

resonance indicator

fissile: indicator

. radioactive decay'indicator

fission product indicator

number. of (computer) words in material description

nu'reprcscntationaindicator

numbe:’of nu poiynomial terms .. ...

o polynomial CQeffiqienté
‘interpolation:table -length

data list length

control-infbfmétion - file 2
no.. of isotopes

. isotope (Z,A) designation

. abundance

fission width. indicator
number of energy ranges
resolved scattering calculation indicator

range lower energy limit

. reange higher energy limit
‘data type indicator

resonance formula indicator
unresolved. scattering calculation indicator.
nuclegr spin - resolved '

scattering -length

“ number of #£. states - resolved
.ﬁenétratioﬁvfactor constant -~ resolved
. £ - resolved . A ' v
- pumber ofmresongneesf

‘nuclear spin - -unresolved
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NLSU number of £ states - unresolved

CU penetration factor constant ~ unresolved
NEX number of points in fission width tabulation
LU £ - unresolved
NJS number of J states
MUF number of degrees of freedom in fission width tabulation
ELOR lowest energy = resolved region
EHIR highest energy - resolved region
ELOU lowest energy - unresolved region
EHIU highest energy - unresolved region
XPOTR potential scattering - resolved
XPOTU potential scattering - gnresolved
LLRR resolved data indicator
LLRU unresolved data indicator
LFWX fission width data indicator
/CONTF3/ control information - file 3
LFS final state number
NR3 interpolation table length
NP3 -data list length
/CONTF5 / control information - file 5
NK number of representations (subsections)
THETA 6 |
LF function representation indicator
NE ‘ number of E values in g tabulation
NR5 interpolation table length
NP5 data list length
EINIT T values in g tabulation
AWATT constant "a" in Watt spectrum
BWATT constant "b" in Watt spectrum
LTHET length of theta array
LITHET .length of theta interpolation tables
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LPP
LIPP
LaG
LIGG

/-.-Iﬁ/ ~

[opTION/
~MAXGL
MAXG2
 MINRL
. MINR2
| MAXT1
- MEXT2

/FLAGS/
'KEY
NOXS
~ NOXIN
_ NON2N

JconsTs/

. EZERO
P
_ HAFPI.
/aroUPS/
BGRP
"UGRP

length of P list

length of P interpolation tables

léngth of g list

-length of g intefpolation tables

basic.input (see input description)

input options (see input deseription).
MAXG+1 -
MAXT+2

“MINR+1
. MINB+2

MAXT+1
- MAXT+2

, progfam control indicators

- data tresence indicator

~élastic scattefihg cross section indicator
 inélastic scattering cross section. indicator

‘n~2n cross section indicator:

data:cdnstants

1.0 * 107
e
- group structure

energy structure

" | Iethargy structure
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/FILE3/ output for MUFT file 3

X5 symmetric scattering

XC smooth capture

XIN inelastic scattering

XF fission

AGN isotropic Greuling-Goertzel parameter (age number)
XSMU anisotropic scattering

GNU v

T XSXI isotropic slowing down power

ETA anisotropic slowing down power*

ZETA anisotropic Greuling-Goertzel parameter¥

(also used to store the group integral of the weight)

/FILEM/ output for MUFT file L .
JRS no. of resonances in group
R MUFT r factor
EM MUFT m factor
ALFA MUFT 0 factor

* ) .
NOTE: Various notation is used for the isotropic and anisotropic

Greuling-Goertzel and slowing down parameters. The following table

may be helpful.

QUANTITY - MUFT 4 MUFT 5 PIMG - "TAPE 5"
- Ref. 2 Ref. 3 Ref. L Ref. 11

Isotropic

Slowing Down gco : go : gos gos

Anisotropic . _

Slowing Down gl no, no

Isotropic .

Greuling-Goertzel A A, y %o

Anisotropic .

Greuling«Goertzel N ¢ e

—73...

ENDF/B MT

.Ref. 7

252(¢)

253( )



JFILES/ ~ output for MUFT. file 5

PMX _probability matrix
‘DIAG . . ingroup scatter o
- XTRA out of matrix scatter
JFILE6/ -~ = output for MUFT file 6
TRUM source specfrum“‘ T
,/MﬁFThs/_z . output card.congtruction varieble
.ﬁFIL “ file number -'. oo
...NCOD - . .MUFT ;gaterial.num‘ber, :
. NGR - . Agrouﬁznumber ‘ '
- NSEQ sequenceAnumber
_LAST  matrix column indicator
-.SIGN | . constructed sign
IXP constructed exponent
FRAC constructed fraction
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4.3 .Overlay Structure and Routine List

Following is a listlof the programs,. subroutines, and functions
used by ETOM=1‘ A-brief summary of the purpose of each is included°
The order of the list is the saime ‘as that. of the physical deck° It
is arranged by program segment, hence “this list also serves as the

v,

overlay structure description. -



Overlay (0,0)

FLOW control flow of maln program
ERR print error meésagé
ERRCR print error message*
STORE store record in dense storage*
FETCH fetch record from dense storage*
DELETE - delete record from dense storage*
.ECSI . compute integral of y(x)*
GRATE integrate TABL function*
COMBP combine one panel of two TABL funetions*
COoMB combine two TABlL functiors*
ADD combining function fror addition*
SUB combining function for subtraction*
MULT - combining function for multiplication*.
DIV . combining function for division¥*
TERP  interpolate between two points*
TERP1 interpolate one point* ’
TERP2 form new table by interpolation¥*
IRIDS - locate record in dense storage#
"FPDS fetch point from dense storage*
" IPDS - Interpolate point in dense storsge*
GENT1 = generate TABl function¥
FIS8 - generating function for fisslon spectrum®
, .
.HOLL read hollerith material description
CONT: - read control (CONT) record
- LIST. read LIST record
TABY . read TABlL record
. TAB2 read TAB2 record
TPOS position ENDF/B tape to file (MF) and reaction (MT)
. XTND extend data array o
SAVE write or read a scratch tape
TERPO interpolate a data array
. GPAV average over selected groups
AVRG . average over a.selected range

oUT3 - print output (file 3 data)

. . * - - - N ’ ) .
"* This subroutine (or function) is part of the package of Retrieval
Subroutines for the ENDF/B System written by H. C. Honeck (Ref. 10).
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. Overlay (1,0)
ETOMIO . control flow of program in overlay (1,0)

ININ . . read input
'ZERO . initialize ' :
BU construct group structure, weight and weight averages
TRID .  read ENDF/B tape I.D.
TMAT position ENDF/B tape to materisl (MAT) o
. IMF1 . read ENDF/B file 1 ., , G e e e
, OUT1  print output (input)  °

Overigx,(a,b)'

. ETOM20 control flow of program in overlay (2,0)

TMF2 read ENDF/B file 2
- RESS . calculate resolveqd resonence scattering :
- RESR . calculate resolved resonance parameters and low resonance effect

RESU . . calculate unresolved resonance contribution

'~ Overlay (3,0) |
ETOM30 control flow of programfinroverlay (3,0)
. TMF3 read ENDF/B file 3 :
CROS . calculate smooth cross sections -
~ overlay (5,0)

ETOM50 . control flow of program in overlay (5,0)

TMF5 read ENDF/B file 5
IMAT . calculate contribution to inelastic-matrix
CWAX - combine weight and cross section
PUTW_ . restore weight to proper place
OUTS print output {file 5 data) -
RENO renormalize inelastic matrix
SPEb calculate source (fission) spectrum
. POUT - punch output

- XSPL4 ‘construct output card
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4.4 Error Stops

_ If certain errors are detected, an error message will be printed.
Some messages’are printedAdirectly from the routine where they are
detected. Others are prlnted by onhe of the ‘error prlnting subroutlnes.
Subroutine ERR will print an error number, the .subroutine and the
statement number where the error occurred and the control words, MAT;“
MF, MT, Cl, C2, Ll, L2, N1 and N2. Subroutine ERRCR prints ;nLy the‘
error number and the control words, MAT, MF, and MT° Following is a
list of the error numbers, the subroutine which detects ‘the error and

an explanatlon of the error.

Error Detecting

Number . Subroutine ‘Explanation

110 » ECST Interpolation code out of range

130 TERP2 X(N) not in increasing order "

131 TERP2 XP(N) not in increasing order

132 TERP2 Interpéiation"table incorrect

133 TERPL Interpolation code not in range 1-5
134 TERP1 X € O cannot be interpolated by logs
135 TERF1 X1=X£, discontinuity

300 STORE JT not in range 1-6

301 STORE " MA=0 not allowed

302 STORE Overflow, record will not fit

303 FETCH MA=0, record not in /DENS/

308 COMB Overflow, answer will not fit in /RECS/
309 COMB MA or MB not in /DENS/

310 COMB XL > XH

311 COMB * MA or MB is zero ‘

314 IPDS Improper interpolation table

315 GRATE Ihterpolation table incorrect.



5.0 ENVIRONMENT INFORMATION

ETOM-1 as distributed requires approximately h3,OOOlo locations
and uses one scratch tape in addition to the mounted library tape.
It also requirés standard system input, output, and puﬁéﬁ“unité;
Since the program is entirely in FORTRAN 4, it should compile and

execute properly on any configuration meeting these requirements.

Méét‘of the developmént of the program was done on a CDC 6600
using:the SCOPE 2.0 operating system. However it has also run
successfully on the IBM 360/75 (using ASP); the UNIVAC 1108, and the
CDC 6600 (using SCOPE 3.1). - - |
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