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CODAC
A FORTRAN IV PROGRAMME TO PROCESS A TIMOC LIBRARY
FROM THE ENDF/B FILE *)

1. INTRODUCTION

The proceséing of nuclear data from standard cross section libraries is
of particﬁlar importance for Monte Carlo programmes which can handle a
large number of nuclear input parameters, The CODAC code is designed to
produce these parameters from the ENDF/B data fil%”%h the form of group
averaged cross sections and scattering models. The output formats of

1
CODAC agreewith the input specifications of the Monte Carlo code TIMOCT/

CODAC generates the group averaged values of ffc‘ (7;1, G_in’ G‘f

and Y , the angular distribution function for elastic scattering and
different inelastic scattering models, With this code one has the possibi-~-
lity .to obtain group averaged data for special, problem orientated group

limits,

CODAC is written in FORTRAN IV for an IBM 360/65 using no programming
tricks and nearly no machine features, so that it will run, except for minor
modifications, on any other machine which is large enough. For the sake of

saving computer space§it is built up in an overlay structure,

CODAC uses the retrieval subroutines developed by H.C,. Honecké/ and parts
5,6

of the ETOM-ETOG code of Westinghouse"’-/ which produces inputs for MUFT

and GAM.

*) Manuscript received on 15 June 1970



2. PROGRAMME DESCRIPTION

2.1 General Informations

In this report reference is made to TIMOC input formats and to the ENDF/B
structure and notation; however, the ENDF/B notation and TIMOC input para-

meters will not be explained in detail here,

In the following a quantity without an argument (e.g.CE@) will denote a
group averaged value, while a quantity with an argument (e.g. ff;l(E))

will represent an energy dependent description.

Group averaged values are usually calculated as

[6'(6) e)de

[weerde

In this expression the integral is taken over the energy range of group i
(Ei - Ei+l)' W(E) is the weighting function and may be given in four dif-

ferent ways:

a) Constant weighting with W = 1.0
b) Weighting function W = 1/E

c¢) Weighting spectrum given point by point together with the inter-
polation codes and ranges (ENDF/B standard)

d) Weighting spectrum given as a polynomial in E, Input: the coeffi-
cients of the polynomial,

2.2 Smooth Cross Sections

Input block II of the TIMOC code (all microscopic group averaged cross
sections) requires the group mean values of the cross sections for
capture, elastic scattering, inelastic scattering, fission, and of

the particle multiplication factor for fission. The last value is
obtained from ENDF/B file 1, while most of the other required data

are contained in ENDF/B file 3, If the resonance representation



contributés to the smooth cross sections, the results obtained from

ENDF/B file 2 are added to the smooth part.

Cross sections less than 10_4 are set equal to zero in the output,

2.2.1 Smooth Capture

—— s e e o B e e e

The basic part of the smooth capture cross section is calculated as

l: L’ L ¢ 3 ¢ [3
6; = GLx, + 6:V’+ 5;d’r @;t t O, y3 + 0, ¢ 6 2 ,
L
where the averaged quantities, Oy , are calculated as
o Joewnte) W) de
nx = 4

[uiE) dE

The 6’nx(E) tabulations are obtained from ENDF/B file 3,

In the tabulations, the reaction type number has the following meaning:

X = MT = 102
X = ét MT = 103
x =d, MT = 104
x=t, MT = 105
x = He , MT = 106
X = o¢ , MT = 107
X = 206 , MT = 108

If there exists a resonance contribution, this will be added to the smooth

capture cross section (sections 2.3 and 2.4).



2.2.2 Elastic Scattering

The elastic scattering cross section for group i is defined by

!@z () WIE) d4F
[ W) de

"

[
Ger

where S'GI(E) is given in ENDF/B file 3, MT = 2.

If the resonance options require, the resonance contributions are added
to the smooth cross section (see sections 2.3 and 2,.4). The energy de-
pendent smooth part (TABl for O (E) or CT(E)'W(E)/respectively) above
the resonance region 1is temporarily stored in COMMON/DENS/ since it is
necessary for the computation of /uii(averaged cosine of the elastic
scattering in the Lab. system) and of the secondary angular distribution

(TIMOC block III).

2.2.3 Inelastic Scattering

The inelastic scattering cross section is calculated as

o ety Wie) de
[wie) de

where 0, (E) is given in ENDF/B file 3, MT = 4.

According to a speciai input option;n-2n scattering is partly or fully

i k
added to(3i under certain conditions (see sections 2,2.7 and 4.2.10),
n !

In addition 67, (E) is stored in /DENS/ for later use in the construction

of the inelastic scattering nmatrix,



2.2.4 Fission Cross Section

The basic smooth fission cross section for group i is calculated as

6. () Wie) dE
[ o
[ wie) de

G—i’ =

G;(E) is obtained from ENDF/B file 3, MT = 18.

Agaig)certain resonance conditions may exist such that a resonance cmtribution
must be added to the smooth fission cross section (see sections 2.3 and
2.4). Under certain circumstances the n, 2n scattering cross section will,
accdrding to the corresponding input option, be added half or fully to

the smooth fission cross section (see sec, 2.2.7 and 4.3.10). Therefore a non

fissionable isotope may show a 5}.

2.2.5 Neutrons Per Fission

The average number of neutrons per fission is obtained from

L]

_(vc‘f‘)c

G'f“

Vo=

where

(o) [ (v(E) &) W(E)dE
b Y f = .

{»J(E)dzs

Y (E) is contained in ENDF/B file 1,MT = 452, If y (E) is given as a
polynomial in E it is converted into a tabulated (TABl1l~) function. ¥ (E)
is multiplied times the smooth and resonance part of G;(E) (and possibly

with fT'n n(E) or 1 o} n(E)) and then the above integral is cal-

2 2 n,2

’ )

culated, ' Thus, a non fissionable isotope can, according to the n-2n
treatment (input option), have a factor VvV =1 or VY = 2 (cf. Section

4.2,10).



The averaged cosine of the elastic scattering in the Lab. system is

calculated for energies above the resonance region as

([L(,,_ 6"61);

6, *

/u:} ]

where

[ . (e) 0 (€) WIE) HE
[ wee) de

(/"’L 6-el)°=

and M (E) is obtained from ENDF/B file 3, MT = 251,

If /u_,_ is not given for the whole energy range,it is assumed to be

2
/“'L = 5‘; outside the range. The atomic mass ratio A = AWR is given

in ENDF/B file 1. &,,(E) is the smooth part of file 3,

In and below the resonance region /L{_L“ is calculated as

oo Wi dE
[ wie) de

Thus in this region the assumption has been made that the elastic scattering
is nearly isotropic (or /L‘_‘- is very small). In ‘the group which covers both
ranges, the computational techniques are combined.In practice this is done

by assuming the O;L(E)-curve to be constant in and below the resonance

region with the value of the first G;L(E)—point above the resonance region.

If no /LL(E) data are given in file 3, but /u,l_: is desired accordiﬁg to
input option N3, it is calculated from ENDF/B file 4, MT = 2 (see sec-
tion 4.2.5).



2.2.7 n-2n Scattering

TIMOC has no "means to explicitly treat the n-2n scattering. There-
fore an input option is provided which allows é6ne to treat the n-2n re-

action in three different ways:

a) n-2n is added to inelastic scattering
b) n-2n is added half to inelastic,scattering, half to fission
c) n-2n is added to fission

If the isotope is fissile only option a) can be used.

For further details see section 4.2.10.

2.3 Resolved Resonance Treatment

TIMOC contains no specific treatment of the resonances., Therefore the re-
sonance contributions for 6 , Oc ( 6p ) and O are calculated at
a point mesh for each group; these values are then averaged for each
group and simply added to the corresponding smooth cross section. For

the calculations the single level Breit-Wigner formulation i$ used:

Fu 1 z 2x
Sep - Tt CATR 2 e iR

6, - e v ,
T
6_%7 g, [‘:: 7 Eo

where R is designated as AP in ENDF/B and

r

[ %)
——



- 10 -

2
2603} - 40(’ [ 4 %+ 1.00866S

9, -
el I S

(e -E,)
r/a

X<

- 21t]+ !
q—lMIM\

The accuracy of the calculation of the resonance contribution depends

on the choice of the point mesh at which the cross sections are com-
puted, For instance it would be possible to take a mesh of equal lethargy
or energy spacing, but, in this case, one 1s forced to use a large number
of points to insure that no resonance or its principal contribution is
missed, Therefore it is better to use a variable spacing of the mesh

which depends on the number and position of the resonances in the group.

Consequently, the fine mesh is constructed by taking into account the N
resonances within the group and the nearest one on each side of the group,
Each of the interior resonances are then calculated at 400/(N+l1) points,
Half of thF‘allotted points go from (Eo - g; to (Eo + gs, the other half
from E0 + E to the midpoint between two resonances, all with an equal
energy spacing. The two resonances on each side of the group are ach
covered with 200/(N+1) points, one half going from E0 to E0 t — and the

2
other half going from E0 + 5 to the midpoint, Thus the complete fine

mesh is taken from the peakzof the first resonance below to that of the
first resonance above the group, Then the resonance contribution at

each point is calculated by summing up the contributions of all ¢he re-
sonances (also that one outside the group) at this point. The resulting
tabulation is then averaged with the weighting function and added to the

smooth cross section,
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2.4 Unresolved Resonance Treatment

As in the case of the resolved resonances the resonance contributions are
calculated at a point mesh for each group. These values are then averaged and

simply added to the corresponding smooth cross sections.

The technique used here is the same as that used by the Argonne code

27/ 5
MC ~— and ETOMA/,whnjlewﬂumE the resonance part of the cross section at
an energy mesh in the unresolved region,

2
In MC , the effective unresolved resonance capture cross section at an

energy point 1is calculated as

_L_fP(r)[OP (sJ[ dx dr ds
<m /Pfﬂ/ “)[Zﬁ~—dxdrds

G‘CLEJ—'Z

where the sum is taken over all J states for all € states and

NiE

1 nr - "o
R.tr) dr- %_L‘/‘:(’) (”)2 1%/0 “Z)“L'"'

This equation is for fissile isotopes while for fertile isotopes the
Pk(s) integral must be omitted., A similar equationZ/ is used for the

calculation of the fission cross section.

CODAC does not include . temperature dependence, therefore,a zero tempe-

rature is assumed, In this case

g i JL/2

AR Vs (1)

holds, where /5 is defined as ﬂ]?? ] ;jp is the macroscopic potential

scattering cross section for the mixture per absorber atom and 6, 1s the

cross section at the resonance peak.
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b
Since CODAC does not permit mixture dependence, it cannot calculate N .
Hence, the quantity (EEP/h"4"“R1) must be provided as an input item,
Thus, it is possible for the user to select the best -value vor his
applications, taking into account the resonance self shielding.z/N only

effects the unresolved resonance treatment,

CODAC calculates the capture, fission and elastic scattering cross sec~
tion for each group at 100 points, equally spaced in lethargy. These
values are then averaged within each group using the input weight and

then added to the smooth cross sections,

2.5 Elastic Scattering Secondary Angular Distribution

Block III of the TIMOC input needs all the information on elastic iso-
tropic or anisotropic scattering for each group with (7;1 # O, There are
four different possibilities (c.f. also section 4.2,5 and 5.4) to re-
present the angular distribution by:

1) isotropic scattering in the c.m, system

2) a Legendre polynomial expansion in the c.m. system

3) a polygon along the ‘/A -axis in the -table in the c¢.,m. system

e
A

4) the averaged cosine in the Lab, system,

.t g g, it T ey 2 o o S o et e e e i e S e e S Mg . e S Pt A e S e s S e v e e

In this case the coefficients of the Legendre polynomial expansion
. o -
] 2
- are needed, These are calculated as
G (11: Z % ofe)

é-o
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;e [, (B) W) f, T (E) de

u-e d

[ 6,(6) W(E) dE

where fcc'm'(E) is given on ENDF/B file 4, MT = 2 and Gel(E)tW(E) is
already stored in /DENS/ (c.f. séctions 2.2.2 and 2.2.6).

If the elastic secondary angular distribution is calculated as- a table

in /J. in the c.nm. system)this is done according to

[ e () WE) o (., E) dE
Sel (/Lw) = - Y
js-el (E) WIE) dE

Jn,

where p°*""( 4 ,E) 1s again tabulated on ENDF/B file 4, MT = 2 and

6 o) (E)#W(E) 1is already stored in /DENS/ .

Values less than 10-10" are set equal to zero in the output,

i
If the /(J,L(E) data are given on ENDF/B file 3, MT = 251//(4.1‘ is simply

calculated as

. Jsale) WE) ple) de
[ 0 el W] de

[A
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/LLL(E) possibly may not be found on file 3., In this case it is calculated
from file 4, MT = 2, If the data given there are in terms of a polygon in

the Lab, system, this calculation is done as

ng G;l(E)W(e) Ho (/h,E)/u a!/~

/&L- SdE 6ee(E) W(QSP (f t'—)o(’/~

L
with p Sp,E) given on ENDF/B file 4, MT = 2, However, data may also be
given in the Legendre polynomial version. In this case the averaged cosine

results from

[ 60 ewm{ (©)4€

P [ (6) WeE) dE

Again fI(E) is given on file 4, MT = 2, but possibly in the c.m., system,

i,

L
In this case fgc is transformed to fg by use of the transfer matrix,

65 el(E)-W(E) is already stored in COMMON/DENS/, (c.f, sections 2.2,2

and 2.2I6).

3A
sumed to be isotropic in the c.,m, system,

If‘/bbi differs from 2 by less than 5%, scattering in this group is as-

2.6 Inelastic Matrix Treatment

The TIMOC library requires one of three representations of the inelastic
scattering secondary energy distribution., The first two representations
(statistical model and excited level description) are not treated by
CODAC., So CODAC produces an inelastic scattering matrix as output and
input for TIMOC block IV. All necessary information for the calculation
of the matrix is found on ENDF/B file 5, MT = 4. There are ten different

possible representations on ENDF/B. The present version of CODAC will
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handle LF = 2 through 10, although inelastic data usually will be given only
as discrete levels (LF = 3) plus a Maxwellian distribution (LF = 8 or 9).
The other distribution representation (LF = 1) is not treated by the pro-

gramme and is ignored by simply returning from the corresponding subroutine,

The transfer matrix is calculated as

AP G4

where the sum is taken over all different representations LF and, therefore,

also over all discrete levels,

For LF = 6, 8 or 10, an E' mesh is constructed which covers the entire energy
range and the corresponding LF-function, fLF(E), is calculated at this mesh,
Next, the fractional amount in each sink group is computed. The contribution
of this LF-function to the probability matrix element is then calculated by

multiplying by the average:.probability for the special LF-function:
o S {LF (e') de’
U _ AP - , v —1
%_a:u;LF § ]LF (€) ba () liCE) AC g Yie (e')de’
Rk

The same formula is also used for LF = 4, For LF = 5, 7 or 9 the programme

first averages the value O,

> J (€
o

LF

The rest of the calculation is now the same as before with fLF(E) replaced

by (E e ).

For IF = 2. § i;ﬁJ is calculated as

6»;40' §(f‘i‘,:/6) G (E)W(E)AE if © is in the group
2 o 44.‘ PL/-‘ /g)G:Ik/E)N(E)dE if @ = group limit

01 ' all ebe

The contribution to the matrix elements from LF = 3 is calculated as
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— — J( ;DF fé;h-(j )<Jé?,
Stuis - [P 18t ) e T
all 8;‘."?/&“. (E B Qtr) ol C
aud elow

This is only valid if E1+1> eLF; otherwise the result is zero.

Thus, each element of the matrix 1s the sum of contributions from one

or more LF subsections. Since TIMOC does not need a normalized matrix,

this is not done,and,thefefore, the output is unnormalized due to in-

tegration and other calculational round-off errors (elements less than
P G’in are set equal to zero in_fhe output),

"7J

. The present version of CODAC, however,

ignores this feature and puts all /L i;’i
- ’

TIMOC also needs/u_ in

equal to zero.

If n-2n scattering is added to (Tin (c.f. section 2.2.7) the n-2n scat-

tering matrix is built in the same way and added to the inelastic matrix.

2.7 Fission Spectrum

Block I of the TIMOC input requires the coefficients of the source
spectrum. If the isotope is fissile,the source is given by the se-
condary energy distribution of fission neutrons while, for fertile iso-
topes,,it may be given by the secondary energy distribution of the n-2n
reaction (see sections 2.2.7 and 4.2.10).

CODAC will only treat a source spectrum represented by or as a com-
bination of a simple fission spectrum (LF = 6, 7), a Maxwellian distri-
bution (LF = 8, 9), or a Watt spectrum (LF = 10). Up to 3 spectra,
different in their representation and in the values of their para-
meters,may be combined. All needed data are given on ENDF/B file 5,

MT = 18 or 16'respectively.-'f

Simple fission spectrum LF = 6:
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X () - b [E e

where a 1s designated as © in ENDF/B and b is calculated as

L - JT@3/,0(I:] o“:// and

ramse rqu

where the integration runs over the entire energy range.

Maxwell spectrum LF = 8:

i ~i _E£Y7a
X(E)-bE e
where again a is designated as 6 and

) L plE)>
' o
For the simple fission spectrum LF = 7 and the ‘Maxwellian distribution

LF = 9 we have the same representation as before but with

a- B {OED.

10:

Watt spectrum LF

W

4/
C - QQt/a . sinh VLE'

where a and b are given in ENDF/B and ¢ s calculated as

¢ |HEr et L pe),

Jadl

X (£)

CODAC only calculates the coefficients a, b and ¢ as output items,
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3. EXECUTION INFORMATION

3.1 Summary Description

CODAC is a programme to process data from the ENDF/B tapes with MODE = 1
or 3 and produces & library deck for TIMOC. The CODAC output consists
of printed information and tabulations of the data and optionallya punched

card deck or library tape in the proper ifiormat.

3.2 Limitations

3.2.1 Restrictions of Input Items

- s o Y ot s s e e Y ey S ot ey e (i ey s e o e S e S S

1) IM: Number of multigroups: 3£ IM£50. The lower limit is a TIMOC
limitation and also is checked by the input part of CODAC.

2) ENE(I): Group limits: ENE(1) > 0,021 eV
ENE (IM+1) £ 20 MeV

3) EPS: Error criterion: 0.0<EPS<O0.1
If EPS = 0,0 it is set equal 10 °.

4) MODE: Mode of the ENDF/B tape: MODE = 1 or 3.

5) N1: Number of interpolation ranges for the weight:
N1 £ 100, but keep it as small as possible.

6) N2: Number of weighting function points:
N2 €4000, but keep it as small as possible.

7) X(1): First energy point of the weight £ ENE(1)
8) X(N2): Last energy point of the weight > ENE(IM+1)
9) Y(I): Weight at point X(I) : Y(I)>O0.0

10) N1: Number of coefficients of the weighting polynomial:
1¢ Nl¢24

11) CONST(I): Coefficients of the weighting polynimial:
Must be chosen in such a way that the resulting

weight 1is greater or equal zero throughout the

range ENE(1) - ENE(IM+1),
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3.2.2 ENDF/B Data Restrictions

1) v is represented as a polynomial with the maximum number of coefficients:
NC = 10,

3.2.,2.2 File 2 -~ Resonance Parameters

1) Number of isotopes: ¢ 6
2) Number of f-states: ¢ 2
3) Number of J-states per P-state £3

4) Maximum number of points in the fission width tabulation:
1000/(total number of states)

5) Only one resolved and one unresolved region are allowed

6) Only data for the single level Breit-Wigner formulation are accepted.

3.2.2.3 File 3 - Smooth Cross Sections

1) Number of points in all file 3 tables: up to 4000

2) Number of interpolation ranges £ 50

3.2.2,4 File 4 - Secondary Angular Distributions

1) Energy interpolation table £ 50
2) Number of transformation matrix elements £ 2000

3) Number of energy points where data are given & 996

- e ww am e am e am e ee o - e ™

1) Maximum number of points in the P(E) tabulation: 1000

2) Maximum number of interpolation ranges for P(E): 10



3)

4)

5)
6)

7

8)

9)

10)
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Number of incident energies for LF = 1: £ 20

Maximum number of

LF = 1: 10
Maximum number of
Maximum number of

Maximum number of

1000 for LF = 4,5

Maximum number of

10 for LF = 4,5

Maximum number of

1000

Maximum number of

10

interpol.ranges between incident energies for

g(E ~ E') -~ matrix points: 2000
g(E - E') total interpolation ranges: 70

points in the g(x) tabulation per subsection:

interpolation ranges for g(x) per subsection:

points in the 6(E) tabulation per subsection:

interpolation ranges for ©(E) per subsection:

3.2.2,6 Data On Several Files

If inelastic (MT = 4), n~-2n (MT = 16), and/or fission data (MT = 18) are

given on file 3, the corresponding secondary energy distribution must be

given on file 5,

If elastic data (MT = 2) are given on file 3, the corresponding secondary

angular distribution must be given on file 4,
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4. INPUT DESCRIPTION

In the following 1npﬁt list, the various items are listed and described
and the corresponding columns for each item designated., All formats are
standard FORTRAN formats. A more detailed description of the input options

and data is given in the next section.

4.]1 Input Card Deck

Card 1) (I5)

Cols. Name Description
1 -5 IPUNCH Logical unit of the output tape or the card

puncher, If = O, IPUNCH is set = 7,

s e e S0 e T s e ey T ey e e iy e s s

Card 2) (I5)

Cols, Name Description
1 -5 IM Number of multigroups

Card 3) (6(¥E11.4,1X))

1 -11 ENE(1) Group breakpoint 1 (lowest energy in eV)
13 ~ 23 ENE(2) Group breakpoint 2
67 - 71 ENE(6) Group breakpoint 6

° ° - .

etc, using (IM+1)/6 cards



ENE (IM)
ENE (IM+1)
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Group breakpoint IM
Group breakpoint IM+1l (highest energy)

Cards 2) and 3) must only be given once for one run, Therefore the group

sturcture is the same for all the following isotopes,

Card 4) (A6, I5, 1X, 2(E11.4), 3(I5, 1X))
Cols, Name Description
l1 -6 Isor TIMOC identification name for the material
(Hollerith)
8 - 12 MATNO ENDF/B tape material number MAT
14 - 24 SIGP Non-~resonance isotope potential scattering
cross section per absorber atom, 1i.e.,
3 2
(Zr - 4 TTR?)
N
where 2‘? is the mixture macroscopic potential-
cross section, N is the resonance isotope number
density and 4JTR2 is the resonance isotope
potential scattering,
26 - 36 EPS Error criterion for combining two TAB1l functions,
38 -~ 42 N3 Option for the treatment of TIMOC block III,
elastic scattering data.
44 - 48 INALL O = only card 4) is read for this isotope
= all isotope input cards are read
50 - 54 IREW 0 = ENDF/B tape is not rewound by CODAC
1 = ENDF/B tape is rewound by CODAC
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4.1.4 Weighting Spectrum and tither General Data

This card and the following ones are read only if INALL = 1 on card 4).

Card 5) (A4, 3X, 5 (I5, 1X))

Cols,
1 -4
8 - 12

14 - 18

20 - 24

26 ~ 30

32 - 36

4,.1.5 Weighting Spectrum Data

— iy o, . i ot oy e s o e P i Bt S s M St VAo vt

Name
SPEC

NDFB

IN2N
MODE
IDTAP

IPUN

Description

Weighting function to be used

Logical unit on which the ENDF/B library tape

is mounted

Option for the treatment of the n-2n reaction
Mode of the ENDF/B tape

ENDF/B tape identification number

Option for punched output

These cards are only necessary if the weighting function SPEC needs further

data, i.e.

a) SPEC = POIN:

if SPEC = POIN or POLY,.

The set consists of the desired weighting function in the form of tabulated

points plus the interpolation tables defining the interpolation schemes to

be used between the tabulated points, The weighting function must be given

from low to high

energy (c.f. TABl functions on ENDF/B).

Card 6a) (2(Il1,1X))

Cols,

1-11
13 - 23

Name

N1
N2

Description

Number of interpolation ranges

Number of weighting function points
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Card(s) 7a) (6(I11,1X))

Cols, Name Description

1 -11 NBT(1l) Last point number in 1lst interpolation region
13 - 23 JNT(1) Interpolation scheme for 1lst region
49 - 59 NBT(3) Last point number of 3rd interpolation region
61 - 71 JNT(3) Interpolation scheme for 3rd region

etc. using N1/3 cards

NBT(N1) Last point number in N1 interpolation region
JNT(N1) Interpolation scheme for N1 region

Card(s) 8a) (6(E11.4,1X))

Cols, Name Description
1 -11 X(1) 1st energy point ( £ ENE(1)) in eV
13 - 23 Y(1) Weight at this energy
49 - 59 X(3) 3rd energy point
61 -~ 71 Y(3) Weight at this energy

etc. using N2/3 cards

X(N2) Last energy point ( 2 ENE(IM+1))
Y(N2) Weight at this energy
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b) SPEC = POLY:

The weighting spectrum is input as a polynimial in E(eV): W(E) = a + a,
2 -
E + a, E + ;... + aNl—l ENl 1. The set consists of the desired coefficients,

ai,starting with 1 = O in increasing order of i,

Card 6b) (I11)

Cols. Name Description
1 -11 N1 Number of coefficients)a1 = highest power of
E plus 1.

Card(s) 7b) (6(E11l.4, 1X))

1-11 CONST(2) Coefficient a,
61 i 71 CON;T(7) Coefficient a5
etcf using N1/6 caids E
CON;T(N1+1) Coefficient aNl-l
4.2 Input Items
4.2,1 IM: Number of multigroups, must be limited to 3 <IM<£50, This is

a TIMOC restriction. The upper limit is also a CODAC limita~

tion.

4,2.2 ENE(I): Group break points in eV. There must be IM+1l break points in

increasing order, limited to the range (0,021 eV - 20.0 MeV).

4.,2,3 SIGP: Non-resonance isotope potential scattering cross section per

absorber atom. See unresolved resonance treatment, section 2.4.



4,2.,4 EPS:

4,2,5 N3:

4,2,6 INALL:

4.2,7 IREW:
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Combining two TABl functions to give a third one (for in-
stance combining a cross section with the weight to give
& °W) is done to an accuracy of EPS (0,0 EPS O0,1). If

EPS is left blank, a value 10 ° is assumed.

Option for the treatment of data for TIMOC block III. If N3
the programme tries to compute the secondary angular distri-
bution6 as a Legendre series s di -table in

el (/LO g or as a A a /‘/
for 33/,L-points (+1 ?/\- 2 -1) in the c.m, system,

If the ENDF/B data in file 4 have one of the foregoing repre=-
sentations in the c.m, system, the Legendre coefficients or
- -values at the 33 /kmpoints, respectively, are computed

for each group with G;el # 0. Ohterwise/A:'is determined from

file 3, or if not given there, from file 4 data.

I

1: CODAC tries to compute ,af. This is done from file 3 or, if

there are no data, from file 4, If file 4 contains a Legendre
representation in the c¢.m. system (and no transformation ma-
trix) or a point by point representation in the c.m. system,
the computation runs as for N3.= 0 (if no /aL—data in file 3),
this means that instead of /ail , the corresponding represen-

tation is calculated, See also section 2,5,

0] only card 4) is read for this isotope,

]

1 card 4) is read, together with card 5), and, if necessary,

cards 6)-8).

For the first isotope in the data deck INALL must be 1, since
the items on card 5) (weighting function, logical ENDF/B unit
etc,) must first be defined. If one wants to change one of
the card 5) ~ parameters for some isotopes, card 4) of the
first of these isotope must contain the value INALL = 1 and

then be followed by the changed card 5).

O = ENDF/B tape is not rewound by CODAC

ENDF/B tape is rewound by CODAC

IREW = 1 would, for instance, be necessary if one needs data
from one isotope twice with different data on cards 4) or 5)

during one run.
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4,.2,.8 SPEC: The weighting function to be used,

SPEC = L{t6, 1.06, or 61.0: no weighting is used,

SPEC = 1/Et or £1/E: a 1/E weighting is used,

SPEC = POIN: Weighting function is input as a TABl function. The
energy range must span the multigroup structure, the weight
always being positive. Cards 6a)-8a) must follow,

SPEC = POLY: Weighting function is input as the coefficients of a
polynomial in E, From this polynomial CODAC generates a TAB1
function which must be positive in the multigroup range.
Cards 6b) and 7b) must follow.

SPEC = SAME: The same weighting function as for the previous iso-

tope is used,

If one only wants to change an option on card 5), SPEC = SAME
avoids cards 6)-8) if SPEC = POIN or POLY for the previous ’

isotope,

4,2.9 NDFB: Logical unit on which the ENDF/B library is mounted.

ENDF/B data are usually written on more than one tape or
physical file, If the corresponding isotope is on a different
file (or tape) then the previous isotope,its data can be read
during the same run by changing the logical unit NDFB, for ex-
ample.In this case the correspondence between each file (or

tape) and its logical unit must be fixed on control cards.

Another method to read data from more than one ENDF/B
file is to read beyond the file ends, always closing the proceed-
ing file and opening the next one., This is possible, for in-

stance, on the IBM 360 (see section 6.2.1).

4.2,10 IN2N: Option for the treatment of the n-2n reaction. Three possi-

bilities are provided for.

IN2N = 1: n~2n is added to smooth fission. Therefore one has

€ m 0p t T

N = i:-ﬁdf + 2.0 6""’)—_'1

0 ¢ O

nn
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IN2N = 2: n-2n is treated half as fission (with a Y -value

of 1) and half as inelastic scattering:

o

s} = 5} PG9Sy an
§:.r Giw v G.5 - o

_v-G} + d.o. a.5 - 53h2ﬂ

5\6 + Ofg 6—71‘2!4

IN2N = 3: The n-2n reaction is added to the inelastic scat-

tering
6—,_: = 6—",‘_4» 6-”‘2,,‘~

If the isotope is fissionable, this option is over-
ridden and all n-2n is added to 6~in' If n-2n is
added to fission, this fact is also taken into account
in computing the fission spectrum parameters for
TIMOC block II, while addition to Gdin also af-
fects an n-2n matrix, which is added to the inelastic

one,

4.2,11 MODE: Mode of the ENDF/B tape

MODE
MODE

1: ENDF/B tape is binary mode (standard arrangement)

il

3: ENDF/B tape is BCD mode (standard arrangement)

If MODE = 3, CODAC internally changes it to MODE = 2,

4.2.12 IDTAP: ENDF/B tape identification number., Each ENDF/B tape (or

physical file) contains a tape identification number at
the beginning (first record) which is tested by the programme.

IDTAP must only be given in the data card 5) for the first
material treated in a file (or tape) or if IREW = 1 (since
after the ENDF/B tape 1is rewound, reading starts again at

the very beginning),
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The present ENDF/B version contains five files with the
following labels IDTAP:

1, File : 114
2, File : 115
3. File : 116
4, File : 5003
5. File : 117

4,2.,13 IPUN: Option for the output,.

IPUN = 1: no punched output (only a printed one).
IPUN = O: CODAC produces a punched output or an output on a
tape, mounted at the logical unit IPUNCH, defined

on card 1),

IPUN -1:If the first isotope in the data deck contains

IPUN = -1, first the energy structure is punched;
then continued as for IPUN = O,

4.3 Programme Lapse and Input Preparation

CODAC will process any number of materials during one run, The first mate-
rial request (via card 4)) must be accompanied by all input data (INALL = 1)
and the ENDF/B tape should be rewound by the programme (IREW = 1), Simul-
taneously, the tape identification number of the file containing this iso-
tope musg be given (IDTAP),

Subsequent méterial requests will, in general, only require card 4)

(INALL = 0) unless one wants to change parameterson cards 5)-8).

Usually it is not necessary to rewind the ENDF/B tape (IREW = 0). If

the ENDF/B tape is not rewound, the material requests should be in ascending
order according to ENDF/B material number (MATNO on card 4)). This means that
materials should be requested in increasing order of MATNO within each file,

and so on, file by file, starting with thefirst file., For the first re-
quested material in each file define the proper label IDTAP on card 5). There-
fore,the first material in each file must also contain INALL = 1 (IRE¥ = O) and

all input data. The weighting spectrum can be refered to by SPEC = SAME.

For maximum efficiency, rewind the ENDF/B tape only if the same material is

requested twice (for instance with a different weighting),
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5, OUTPUT

The printed output is easy to read and needs no explanation., Therefore

in the following only the punched output is described.

5.1 Energy~Group Structure

5.1.1

Card 1) (I6) = IM: Number of energy groups

5.1.2

Cards 2) (E11,4) =(ENEC(I), I = 1, IM + 1)

ENE(I) : The lower energy limits (in eV) of the IM energy groups
in increasing order, ENE(IM+1) = upper limit of the top
group,

The above set of cards is produced once during one run
(and only if the first material contains IPUN = -~1)
and thus the boundaries are the same for all isotopes.
The following cards 3) to 11) are produced for each

isotope.

5.2 Block I: Parameters which are Independent of the Energy-Group Structure

5.2.1

Card 3) (A6) = ISOT: Isotope identification

5.2,2

Cards 4) 3(12A6) = TEXT: Three cards, which contain a description of this

isotope (origin of the cross sections, etc,)

5.2,3

Cards 5) (A6, E11.4, I6) = ISOT, ATW, IMF
ISOT: Isotope identification
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ATW: Atomic weight of the isotope (measured in neutron masses)
IMF: Number of different fission spectrum representations to

be used (always € 3)

5.2.4

Card 6) (16, 5E11.4) = LTT, EMIN, EMAX, (ELCO(I), I = 1,3)

LTT: Symbol defining fission spectrum description
LTT = 6 or 7: Simple fission spectrum -

XAE) - b (e e 57

LTT = 8 or 9: Maxwellian distribution
. _J
. —i - _E'/a
X (£):bEe
LTT = 10: Watt spectrum

_EY :
YX(EY -ce T gk BE

EMIN, EMAX: Lower and upper limit (in eV) for the corresponding
fission spectrum

ELCo(1): Cbefficient a

ELCO(2): Coefficient b

ELCO(3): Coefficient ¢ (non zero only for LTT = 10)

5.3 Block II: All Microscopic Group Averaged Cross Sections

These are split into the capture, elastic scattering, inelastic scattering and
fission parts and the particle multiplication factor for fission.

5.3.1

Card 7) (A6, 6E11,4) = ISOT, ENCH, (CROM(I), I = 1,5)

ISOT: Isotope identification
ENCH: Lower boundary of the energy group (eV)
CROM(1): Is 6} , the microscopic capture cross section.

Unit: barns,



CROM(2):

CROM(3):

CROM(4):

CROM(5):
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Is 6;L, the microscopic elastic scattering cross section.
Unit: barns

Is G}n’ the microscopic inelastic scattering cross section,.
Unit: barns

Is 65 , the microscopic fission cross section.

Unit: -barns

Is ¥ , the particle multiplication factor to be used for

the product w 6'(_ .

6.4 Block III: All Information On Elastic Isotropic Or Anisotropic Scattering

A card 8) must be present for each energy group (in increasing order) in

which S.el # 0. If required, card 8) must be followed by the corresponding

card 9), The(se) card(s) describe(s) the differential cross section for the

elastic anisotropic scattering.

5.4.1

Card 8) (A6, E11,4, 2I6) = ISOT, ENCH, LTT, NE

ISOT:
ENCH:
NE:
LTT:

Isotope identification

Lower boundary of the energy group (eV)

Number of points or coefficients given

Symbol defining angular distribution description »

LTT = 0: Isotropic scattering distribution in the c.m.
system. Card 9) is omitted. NE = O in this case.

LTT = 1: The distribution is described by a Legendre poly-
nomial in the c.m. system. Card 9) contains the
first NE Legendre coefficients for the anisotropic
scattering distribution:

tli:f
—‘—j—z = Z_ ELCO(nH) . P,. ( cos 79‘)
o cos D o ’

LTIT = 2: NE is the number of equidistant points (= 33)
. { &
1 the ~axis in the pad i ~-table, des~
a ong /‘C a "1 COS‘&‘ !
cribing anisotropic scattering in the c.m.
system by a polygon., Card 9) contains the values

of %%  for the 33 points.
dpe



5.4.2 Card(s) 9) (6E11.4) =

If LTT = O:
If LTT = 1:
If LIT = 2:
If LTT = 3:

- 33 .

The averaged value of cos © of the angular distri-

bution in the Lab, system is used, /4: is placed
as ELCO(1l) on card 9). NE =1,

(ELco(1), I = 1, NE)

This card is omitted

The ELCO(I) are the first NE coefficients of the
Legendre polynomial expansion,

The ELCO(I) are the NE(=33) values of the angular
distribution gfi at NE equidistant points bet-
ween [+1,-1] ,including the boundary ., The number
of intervals is therefore NE -1, The ELCO(I) aré
given for the distribution in the c.m, system and
in decreasing order of cOS'ﬁ [-+1 -> -1] .
ELCO(1) is the averaged value /4j of cos © in the

Lab, system.

Note. that in different energy groups different types of representations may

be produced.

5.5 Block IV: All Information On Inelastic Scattering and Transfer Matrices

Only energy groups which contain a 6 # O on card 7) require a corres~

in

ponding card 10) and eventually card 11) in this block,

5.6.1

Card 10) (A6, El11.4, 216) = ISOT, ENCH, LTT, NU

ISOT:
ENCH:
NU:
LTT:

Isotope ildentification

Lower energy boundary (eV)

Number of data given

Symbol defining inelastic scattering description

LTT

LTIT

]

1:

2:

NU is twice the number of excited levels.
Card(s) 11) follow(s).
The statistical model is used. The corresponding

parameter (nuclear temperature) for the group is

on card 11).
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LTT = 3: NU 1s the number of transfer matrix elements.
It 1s always three times the number of energy
groups into which scattering occurs. Card(s) 11)

follow(s).

The present version of CODAC produces only LTT = 3 data with cos 6 = O

(see below).

5.5.2

Card(s) 11) 2(I6, 2E11.4) = ELCO(1), ELCO(2), ELCO(3), ... for LTT = 3.
ELCO(1): 1Is the number of energy groups which the neutron skips
after the collision
ELCO(1)
ELCO(1)

-0: Only down scattering in the same group

]

-m: Down scattering into a group defined by
substracting m from the actual energy
group index.

ELCO(2): Relative probability for the particle to jump

into the energy group specified by ELCO(1l).

ELCO(3): Averaged value of the angular distribution

(EZE"Eb in the Lab. system for the correspon-

ding scattering process,

The present version of CODAC assumes cos © = 0,0,

ELCO(4): Like ELCO(1l) and so on.

Cards 3) to 11) are repeated for the next isotope,etc. Each card gets a
label, The card containing the number of groups gets the label "NRGROUPS"
while the group limits are labeled with "ENERGY + number of the 1limit". For
instance the 3rd limit has the label “ENERGY 3" The deck for an isotope is
labeled in the following way: the first 4 columns contain the ENDF/B-MAT-
number, while the other 4 columns contain the card number, starting

with 0001,
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6. PROGRAMMER'S INFORMATION

This section contains some internal details of CODAC, It should be help-
ful to the programmer in adding, altering, or modifying parts of the pro-
gramme and in understanding the meaning of programme messages and also should
prove to be helpful in making the programme operational at another instal-

lation.

6.1 General Features

CODAC is written in FORTRAN IV for an IBM 360/65 but uses no machine
features or nearly so (see section 6.2), Most of the subroutines and
steps within are headed by comments, so that the different working steps

can easily be understood.

The programme is written in an OVERLAY structure, although the main
storage of the 360/65 is sufficient for a run without OVERLAY, The main
programme is simply a series of calls for the different OVERLAY segments
(CODAC1 , CODAC2 , etc.).

Most of the data handling is done with large common storage blocks,
ENDF/B data are first read into these blocks before processing,., Many
data manipulations are done in the blocks. The blocks also serve as

temporary storage for some processed or read data,

For each material, data are processed in the order they appear on ENDF/B with
the results being stored and output accomplishedin the last OVERLAY, The output
consists of printed tabulations and a punched one (or a tape) in the

proper TIMOC library formats.

6.2 Special Features

v P o e T e o o g T Sy et i e St et P A St P S S Sy

Since the FORTRAN IV version of the IBM 360 has the ability to read
beyond file ends, a special part is inserted into subroutine TRID, al-
lowing for this feature, If the different physical ENDF/B files are posi-
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tioned successively on one tape, this allows one to read all these
files ' uring one run, therefore only the right file identification number
IDTAP must be defined for the first processed material in each file.
The logical unit NDFB can be the same for all files and only

the control cards must contain the definition of all files used.

If one only wants to work with one file or with several files by assign-
ing to cach another logical unit, one must omit the corresponding

part of subroutine TRID (which is explicitly marked),

6.2,2 End of the Input Card Deck

The input card deck must be closed by an end-of-file card. Subroutine

ISOTO contains a special READ-statement which tests for this card,.

6.2,3 Hollerith Description

= s s o o v e e e o et i e e e

The Hollerith dats needed by the printed output are prepared by using
an EQUIVALENCE statement, since storing with a DO-loop did not work on

the compiler which has been used,

It is possible to change these parts, In doing so , some care must be

taken, since the IBM 360 stores only 4 characters per word.

6.3 Labeled COMMON

In the following,the most important COMMON blocks are listed in alpha-
betical order. The labeled COMMON block name 18 given first and its gene-~
ral category described, The varlables in the block are then described in

the same order as they appear in the block,

Many common blocks are part of the package of Retrieval Subroutines for
4
the ENDF/B System written by H.C, Honeck—/ and of the ETOG-ETOM Codes’g/.

In CODAC, many of the dimensions and items have been changed,
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/BLOCK/ floating point storage
B general floating point storage space
£BLOKS/ counters for BLOK1-BLOK4 and IBLK1-IBLK4, which are con-

nected with /RECS/ arrays via EQUIVALENCE

LBK12 usually the number of data pairs in BLOK1l and BLOK2
LBK34 same as LBK12 but usually for BLOK3 and BLOK4
LIBK12,

LIBK34 same as above but associated with IBLK1-IBLK4,
/CONS/ storage of the weighting polynomial input
CONST(1) number of coefficients of the polynomial
CONST(X#1) coefficients of the polynomial
/CONSTS/ data constants
" PI J

HAFPI /2

EZERO 1.0-107

UZERO L11(107)

/CONTF1/ control information file 1

ZA material (Z,A) designation

AWR - atomic weight ratio

LRP resonance indicator

LFI fissile indicator

LDD radioactive decay indicator

LFP fission product indicator

NWD number of (computer) words in material description
LNU Y representation indicator

NC number of Yy polynomial terms

c v polynomial coefficients

NR1 interpolation table length for Vv
NP1 data list length for ¥

/CONTF2/ control information - file 2

NIS number of isotopes

ZAX isotope (Z,A) designation
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ABN abundance

LFW fission width indicator

NER number of energy ranges

LISR,LISRX resolvedscattering calculation indicator
EL range lower energy limit

EH range higher energy limit

LRU data type indicator

LRF resonance formula indicator

LISU,LISUX unresolved scattering calculation indicator
SPIR nuclear spin-resolved

AP,AM, AA scattering length

NLSR number of &€ states - resolved

CR penetration factor constant - resolved
LR £ value - resolved

SPIU nuclear spin -~ unresolved

NLSU number of £ states = unresolved

CU penetration factor constant - unresolved
NEX number of points in fission width tabulation
LU £ - unresolved

NRS number of resonances

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,

XPOTU not used

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



"/CONTF4/

LvT
LTT

NK4
NM4
NRE4

NL4
NR4
NP4
E4

/CONTF5/

NK
THETA

NE
NRS
NP5
EINIT
AWATT
BWATT
LTHET
LITHET
LPP
LIPP
LGG
LIGG

/DENS/

JMT
JAT
JTT
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control information - file 4

transformation matrix indicator

data representation indicator

system indicator

number
number
number
number
number
number

number

of
of
of
of
of
of
of

matrix elements

rows minus one in the transform,matrix

codes to interpolate between tabulated energy values
energies given

Legendre coefficients

interpolation codes between tabulated fa—values

/Ac—values given

special energy value of the NE different values

control information - file &

number of representations (subsections)

©

function representation indicator

number of E-values in 3 ~tabulation

interpolation table length

data list length

E values in g-tabulation

constant

mn o1

a in Watt spectrum

constant "b" in Watt spectrum

length
length
length
length
length
length

of

theta array

theta interpolation table
P-1list

P interpolation tables
g-list

g—-interpolation tables

counter to assure a correct initial P (E)~value for LF = 3

counter for NK representations of /CONTF5/

dense (multi-record) storage

record indentifier

record starting location

record type
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JLT record length

A record bulk storage array

JNS ,MNS ‘ pointers for next record

JX maximum length of the A array

MX maximum length of the JMT,JAT,JTT and JLT arrays
/ELMU/ programme control indicator

NOMU /L: indicator
ZENERG/ energy group structure

IM number of energy groups

IM1 IM+1

ENE group limits
/EPSIL/ error criterion for combining 2 TAB1 functions
EPSMIN input criterion EPS

EPSMAX 10 times input criterion EPS

FACEPS increase factor of EPSMIN (= {10)

FILE3 storage for group averaged results

XS elastic scattering and temporary storage
XIN inelastic scattering '

XF fission

XC capture

GNU v

XSMU M and temporary storage

XNF Y e G—ﬁ and temporary storage

ZETA group integral of the weight
/FILE4/ elastic data

LAST indicator for form of elastic data (c.f. input option N3)
/FILES/ inelastic matrix

PMX inelastic matrix
/FILEG storage for group averaged results

TRUM temporary storage



/FIPAR/
PARA(I,1)
PARA(I,2)

- PARA(I, 3)
PARA(I,3-6)
NLF

FLAGS
KEY
NOXS
NOXIN
NONZN
NOXF
NONG
NONP
NOND
NONT
NOHE
NONA
NON2A
NOCAP

/HOLLTH/

TEXT

/IMODE/
MO

INDEX/
IND
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source spectrum

fission spectrum indicator

lower 1limit for the corresponding spectrum
upper limit

the corresponding coefficients "a'", "b", and "c"

counter for the number of different fission spectra

programme control indicators
data presence indicator
elastic scattering cross section indicator
6 indicator

in
o n;ln
6-F indicator
63( indicator

indicator

$w,p indicator
0 ,.d indicator
On.t indicator
G, He? indicator
Oy o indicator
GunwLx indicator
unused

hollerith storage

storage for a part of the material heading description

ENDF/B mode
mode of the ENDF/B tape

control check

indicator, if group structure is already read in

/ISOTOP/ + DOUBLE PRECISION ISOT: input items

ISOT

N4

see input description

used as double precision, since the IBM 360 stores only

4 characters/word

is not used
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/LETHAR lethargy group structure

UGRP lethargy group limits
/OPT5 n-2n treatment

INEL indicator, if n-2n is present and if it is added to

& ¢ OF 64, (c.f. input option INZN)

/OPTION input items (see input description)
FISP,EMIN,EMAX not used

/PUNCH . punched output label

NCARD counter for the label of the punched output
/RECS/ single record storage

MAT material number

MF file number

MT reaction type number

c1,c2 floating point constants

L1l,L2 integer constants (usually test numbers)

N1 count of items in a 1ist to follow

N2 count of items in a second list to follow
NBT,JNT general integer storage space

X,Y general floating point storage space

N1X maximum length of the NBT and JNT arrays

N2X maximum length of the X and Y arrays

NS card sequence number
/SPE/ spectrum indicator

ISPC indicator for type of weighting function SPEC
IFIS unused
/TAPES/ tape and unit names and data mode

MODE mode of the ENDF/B library tape (is set = 2 1f MODE = 3)
NDFB ENDF/B library tape

IPUNCH output punch tape

IPRINT output print tape

ISCTP1 prepared for a scratch tape, but used to count the files

in the special IBM-360 version (c.f. section 6.2,1)

ICR cardreader or input tape



6.4 Overlay Structure and Subroutines

In the following,the programmes, subroutines, functions and commons used
by CODAC are listed. Each control flow programme name is followed first by
a table of all labelled common blocks (in brackets) which appear in the sub-
routines inserted into the corresponding overlay. Next comes the 1list of
names of the subroutines used and labelled common blocks to be inserted in-
to the corresponding overlay. This means,lfor instance, that if a common block
appears in the list of the overlay root segment, its data are needed in dif-
ferent overlays, while a common block which only appears in the 1list of a

certain overlay segment 1is only used to transfer data within this overlay.

A brief summary of the purpose of each subroutine is included, The table
and list are arranged in alphabetical order within each overlay, Since the
list is ordered segment by segment, it serves as an overlay structure descrip-

tion.

6.4.1 Root Segment

MAIN controlsflow of main programme
(COMMONS: BLOCK, BLOKS, CONSTS, CONTF1l, CONTFZ, DENS, ELMU,
ENERG, EPSIL, FILE3, FILE4, FILE5, FILE6, FIPAR, FLAGS,
HOLLTH, INDEX, ISOTOP+D,PREC.ISOT, LETHAR, NUMEN, OPTS,
OPTION, RECS, SPE, TAPES)

CoMB combines two TAB1 functions

COMBP combinesone panel of two TAB1 functions
CONT reads control (CONT) record
DELETE deletes record from dense storage
ECSI computes integral of y(x)

ERROR prints error message

FETCH fetches record from dense storage
FPDS fetches point from dense storage
GPAV averagesover selected groups
GRATE integrateSTAB1 function

INTGRT integratesa TABl1 function

IPDS interpolatespoint in dense storage



LIST
LRIDS
MULT
STORE
TAB1
TAB2
TERP1
TERPO
TPOS
XTND
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reads LIST record

locatesrecord in dense storage

combining function for multiplication
storesrecord in dense storage

reads TAB1 record

reads TAB2 record

interpolatesone point

interpolatesa data array

positions ENDF/B tape to file MF and reaction MT

extends data array

ADD,DIV,SUB,TERP combining functions for addition, division, substraction,

and interpolation between two points,

The COMMON blocks to be inserted are the same as in the above table.

CODAC1

ENERGY
ERR
GENT1
HOLL
INDENS
ISOTO
OUTEN
OUTs IO
OUTSPE
POLY
STORNU
TITLE

controlsflow of programme in the 1lst overlay

(COMMONS: BLOKS, CONS, CONSTS, CONTF1l, CONTF2, DENS, ENERG,
EPSIL, FILE3, HOLLTH, IMODE, INDEX, ISOTOP+D.PREC,ISOT,
LETHAR, NUMEN, OPTION, RECS, SPE, TAPES)

readsand testsgroup structure
printserror message

generages TAB1 function

reads hollerith material description
initializesdense storage

reads all input cards for one material
writes group structure

prins input description for one material
printsspectrum and common input data
functionsto evaluate a polynomial
converts V ~polynomial to TABl1 function and store

prints titlesof the output
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TMAT positiom ENDF/B tape to material MAT

TMF1 reads ENDF/B file 1

TRID reads ENDF/B tape identification (see also section 6.2.1)
UNITS readsand define units

WEAV calculates group integral values of the weight

ZERO initializeSnamed common

/CONS/

/IMODE/

——— e y cas e St ot g Sn b e

CODAC2 controls flow of programme in the 2nd overlay
(COMMONS: BLOCK, CONSTS, CONTF2, ENERG, EPSIL, FILE3,
ISOTOP+D ,PREC,ISOT, LETHAR, RECS, TAPES)

RESR calculates averaged cross sections from resolved resonances
RESU calculates averaged cross sections from unresolved resonances
TMF2 reads ENDF/B file 2

No labelled COMMON is inserted.

6.4.4 3, Overlay A

CODAC3 controls flow in the 3rd overlay
(COMMONS: CONTF1, CONTF2, CONTF3, ELMU, ENERG, EPSIL,
FILE3, FLAGS, OPTION, RECS, SPE, TAPES)

CROS calculatessmooth cross sections

RESTOR restores ‘Tel and ﬁ'in in dense storage
TMF3 reads ENDF/B file 3

/CONTF3/

n T e it . et ety Doy e

CODAC4 controk flow in the 4th overlay
(COMMONS : BLOCK, BLOKS, CONTF1, CONTF4, ELMU, ENERG, EPSIL,
FILE3, FILE4, FLAGS, ISOTOP+D,PREC.ISOT, RECS, TAPES)



ELSCAT
LEGCO
MuB1l
MUB2
S1POIN
TERP2
TMF4

CODACS

AVRG
CWAX
FISSPC
FSSPAR
IMAT
INF5
INSCAT
RSTR
TMF5

/CONTF5/

/COUNT/

CODAC6

OUT1
ouT2
OuT3
oUT4

/PUNCH/
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computes elastic scattering angular distribution

computes Legendre coefficients for ﬁ‘el(}t)

computes /Abgfrom Legendre data, file 4

computes /Lg'from file 4, tabulated formin the Lab. system
computes 33-point table in u for G'el(/L)

forms new table by interpolation

reads ENDF/B file 4

controk flow in the 5th overlay

(COMMONS: BLOKS, CONSTS, CONTFl, CONTF5, COUNT, ENERG,
EPSIL, FILE3, FILES5, FILE6, FIPAR, FLAGS, LETHAR, OPTH,
OPTION, RECS, SPE, TAPES)

averagesover a sSelected range

combinesweight and a cross section
computesparameters of the fission spectrum
determinesfission spectrum parameters
calculatesconstribution to inelastic matrix
initializesfile 5 parameters in common hlocks named
computes inelastic and n-2n matrix
restoresweighting

reads ENDF/B file 5

controls flow in the 6th overlay

(COMMONS: BLOCK, CONTF1l, ELMU, ENERG, FILE3, FILE4, FiLES5,
FIPAR, FLAGS, HOLLTH, ISOTOP+D.PREC,ISOT, OPT5, OPTION,
PUNCH, SPE, TAPES)

prints and punch output for TIMOC block I

prints and punch output for TIMOC block II
prints and punch output for TIMOC block III
prints and punch output for TIMOC block IV
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6.5 Messages and Error Stops

Many of the subroutines contain write statements which directly print
out error and other messages. Other error messages are printed by

the error printing subroutines ERR and ERROR.

Most of the errors detected in the input cards are printed by subroutine

ERR in an interpreted form,

All other errors run via subroutine ERROR, which only prints out an error
number and the control words, MAT, MF, and MI. A list of the error numbers,
the subroutines which detect the error (although it may occur in another

subroutine) and a short explanation of the errors follow .

Error Sub-
No, routine Explanation
110 ECSI Interpolation code out of range
130 TERP2 X(N) not in increasing order
131 " XP(N) "
132 " Interpolation table incorrect
133 TERP1 Interpolation code out of range
134 " Zero or negative value cannot be interpolated by logs
135 " X1 = X2, discontinuity
300 STORE JT not in range 1-6
301 " MA = O not allowed
310 COMB XL » XH
311 " MA or MB is zero
314 IPDS Improper interpolation table
315 GRATE Interpolation table incorrect
1000 OUTEN Input option IPUN # O or 1 or -1
1004 OUTSPE Weighting spectrumW (MA = 1) not in /DENS/
1005 o "
1010 GPAV Data to be averaged will not fit in /DENS/, MA = 2
1011 " JLO or JHI not in range 1-IM

1012 " MA =1 (W) or MB =2 (data to be averaged) not in /DENS/



Error

No.

Sub-

routine

1013

1210
1211
1212
1213
1300
1301
1302
1310
1311
1312
1500

1501

GPAV

AVRG

"

RESU

1"t

"

CROS

A3
"

"
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Explanation

Result of combining MA = 1 with MB = 2 will not fit in
/RECS/

Data to be averaged will not fit in /DENS/, MA = 2

MA =1 (W) or MB = 2 (data to be averaged) not in /DENS/
Result of comb, MA = 1 and MB = 2 will not fit in /RECS/
MA = 1 (W) not in /DENS/

G for one group will not fit in /DENS/, MA = 2

f,res
MA =2 (6 ) or MB = 3 (%) not in /DENS/
f,res
Result of comb. MA = 2 and MB = 3 will not fit in /RECS/
TAB1 for v will not fit in /RECS/
" /DENS/

NC >10 on ENDF/B file 1, second section

More than 10 interpolation regions for TAB2, ENDF/B file 5,

LF =1

More than 20 incident energies,
LF =1

More than 2000 points in the g(E'-E) matrix,
LF = 1

More than 70 interpol, regions for g(E'-E) matrix,
LF =1
More than 10 interpol. regions in TAB 1, ENDF/B file 5
More than 1000 energy points in TAB 1, ENDF/B file 5
5 for 1 group will not fit in /DENS/, MA = 2
f,unres
MA =2 (6 ) or B = 3 (¥) not in /DENS/
f,unres
Result of comb, MA = 2 and MB = 3 will not fit in /RECS/
G will not fit in /DENS/, MA = 2
f,smooth
INU # 1 or 2 on ENDF/B file 1, second section
MA =2 (G ) or MB = 3 (V) not in /DENS/

f,smooth
Result of comb., MA = 2 and MB = 3 will not fit in /RECS/

o will not fit in /DENS/, MA = 6
n,2n
" -
6 el1,smooth » MA =4
¢ in , MA =5
W, 1 , MA = 4

MA =3 (67, » W) or MB = 4 (4,) not in /DENS/

Result of comb, MA = 3 and MB = 4 will not fit in /RECS/



Error

Sub-~-

No,

routine

1701
1702
1703
1704
1710

1711
1712

1713
1714
1720

1721
1722

1723
1724
1730

1731

1732
1733
1735
1740

1741

1742
1743
1744
1745
1746

ELSCAT

”"
1

LEGCO

1
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Explanation

LTT # 1 or 2 on ENDF/B file 4, MT = 2

ICT # 1 or 2 "

LVT # O or 1 "

Key for presence of 4, -data, NOMU # 1 or 2

Energy interpolation table for LTT = 1 or value NE
incorrect on ENDF/B file 4, MT = 2

Legendre polynomial expansion at an energy point con-
tains less than 1 coefficient, ENDF/B file 4, MT = 2

TAB1 for a Legendre coefficient at 2 energy points will
not fit in /DENS/, MA = 4

MA = 3 («fel ¢« W) or MB = 4 (TABl1l above) not in /DENS/
Result of comb. MA = 3 and MB = 4 will not fit in /RECS/

Legendre coefficients given for morethan 996 energy
points, ENDF/B file 4, MT = 2

Interpol, table between energies for LTIT = 1 is greater
than 50, ENDF/B file 4, MT = 2

TABl1 for a Leg. coefficient at all energy points will
not fit in /DENS/, MA = 4

MA = 3 (<Te1 & W) or MB = 4 (TAB1 above) not in /DENS/
Result of comb, MA=3 and MB=4 will not fit in /RECS/

NE or energy interpolation table for LTIT = 2 is incorrect,
ENDF/B file 4, MT = 2

TAB1 for a /u,—point at 2 energies will not fit in /DENS/,

MA = 4
MA = 4 (see above) or MB = 3 ( 6é1 ¢ W) not in /DENS/

Result of comb. MB = 3 and MA = 4 will not fit in /RECS/

MA = 3 ( 6;1 & W) not in /DENS/

Data for LTT = 2 given for more than 996 energy points,
ENDF/B file 4, MT = 2

TAB1 at one energy for all /a—points will not fit in
/DENS/, MA = 4

TABl for Y = p (-14 ¢ +1) will not fit in /DENS/, MB = 5
MA = 4 ( Sél(fL)) or MB =5 () not in /DENS/
Result of comb, MA = 4 and MB = 5 will not fit in /RECS/
Energy interpolati?n table > 50, ENDF/B file 4, MT = 2 ~

rt

TAB1 for Y(E) = J' PLab(/L,E) = Apm will not fit in
/DENS/, MA = 4
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Error Sub- Explanation

No, routine

1747 MUB2 MB = 3 (‘Tel % W) or MA = 4 (see above) not in /DENS/

1748 " - Result of comb. MB = 3 and MA = 4 will not fit in /RECS/

1760 RESTOR MA =1 (W) or MB = 4 (§ ) not in /DENS/

1761 " Result of comb. MA = 1 and MB = 4 will not fit in /RECS/

1762 " MB = 4 (6 ,) not in /DENS/

1763 " : Interpolation table for GEI(E) incorrect

1764 " Expanded 5;1 % W-table exceeds size of /RECS/

1765 " No G;I—data given for energies below the resonance re-
gion, "ENDF/B file 3, MT = 2

1766 " 6, * W will not fit in /DENS/, MA = 3

1767 " 'MA =5 (&, ) not in /DENS/

1768 " 6 ,, ¥ill not fit in /DENS/, MA=2

1850 CWAX MA =1 (W) not in /DENS/

1851 " MB = 7 (W) will not fit in /DENS/

1852 " MB = 7 or MA = MA not in /DENS/

1853 " " "Result of comb, MA = MA and MB = 7 will not fit in /RECS/

1854 " MA = MA not in /DENS/

1855 " MA % Weight will not fit in /DENS/, MA = 1

1860  RSTR . MA = 7 (W) not in /DENS/

1861 " Weight will not fit in /DENS/ MA = 1

1870 INSCAT G.in given on ENDF/B file 3 but no data in file 5

1871 - " MA = 6 ( 65,2n) not in /DENS/

1872 " MA = 6 (:,21- Gn,Zn) will not fit in /DENS/

1873 " 6‘n’2n given on ENDF/B file 3 but no data in file 5

1880 FISSPC G, S "

1881 " More than 3 different representations for the fission
(or n-2n)~-spectrum on ENDF/B file 5

1891 FSSPAR More than 3 different representations for the fission
(or n-2n)-spectrum on ENDF/B file 5

1892 " At least two equal repreéentations for the fission
(or n-2n)-~spectrum on ENDF/B file 5

1897 OUT1 Wrong fission (or n-2n)-spectrum on ENDF/B file 5

1898 OUT4 Number of sink groups for an exit group ( Sln (Ek;>Ei))

is & O.

Ov.rflows can usually be avoided by decreasing EPS or using smaller energy
groups (c.f.:"data will not fit in  /DENS/" or "RECS").
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