!

LOS ALAMOS NATIONAL LABORATORY

TOMIC: Emeaqvico%],«és SION

'a“"CBNTRA

NTIFIC LABORATO Y

t e
RIS R T

B A 2Ty .
AT

Photon J?r.oduét|on

|
36




Lol sath Ll miins ot

b {
)

LEGAL NOTICE

This report was prepared as an account of Govemment sponsored work Ne er t.he |
States, nor the Commission, not any peTson acting on behalf of the Commié sjon: e,
A. Makes any warranty or represenmuon, expressed or implied, with Tespec the accu~
racy, completéness, or iuséfulness of the information contained in this repo! rf. or that the use _
of any information, apparatus, method or process dlsclosed ln thls reporw ml_llnot lnfrlnge
privately owned rights; or .~ e :
B. Assumes any habillties wit.h respect to t.he use of or for damages -{-esuiting from the
use of any information, apparatus, method, or process disclosed in this repart, — - N
"As used in the above, .‘‘person acting on behalf of t.he Comm!ssion";in iu'es any em-
ployee or contractor of the Commlsston, or employee of such contractor, the extent that
such employee or contractor of the Commission, or employee of such conmtor pre ares,

disseminates, or provldes access to, agy mforr.qation pursusnt to his emplo ment or contract
b

rass
.
q

gi:*:}g
fed Sfates L of America,r
Scnenhflc_ | Techni
U. S. Deparir :
prmg?ne_ld Virginfa 22151 .
rmfed gpy $3. 00 Microfiche $C
L




LA-4337

Written: August 1969
: ENDF-132
UC-80, REACTOR TECHNOLOGY

Distributed: May 1970
' TID-4500

LOS ALAMOS SCIENTIFIC LABORATORY
of the

University of California
LOS ALAMOS e NEW MEXICO

LAPH: A Multigroup Photon Production Matrix
and Source Vector Code for ENDF/B

by

Donald J. Dudziak
Alan H. Marshalli
Robert E. Seamon

m
|

It
|

LOS ALAMOS NATL. LAB. LIBS.

IR

393380

__-TF'T‘ (‘, i W
. i !

]



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



LAPH: A MULTIGROUP PHOTON PRODUCTION MATRIX

AND SOURCE VECTOR CODE FOR ENDF/B

by

Donald J. Dudziak, Alan H. Marshall, and Robert E. Seamon

ABSTRACT

The LAPH code retrieves photon production crosa sections or photon
production multiplicities and corresponding neutron interaction cross
sections from ENDF/B (Evaluated Nuclear Data File/B). It then applies
suitable weighting functions over G specified photon groups and N speci-
fied neutron broad groups to construct a G x N photon production matrix.
Pointwise cross sections are first integrated over each photon energy
group with constant or direct energy weighting, and then over each neu-
tron fine group with constant weighting. Within each neutron broad group,
arbitrary fine-group weighting functions are read from input. Resonance
fine-group interaction cross sections and weighting functions are also
read as input; at the Los Alamos Scientific Laboratory (LASL), these
cross sections and weights are produced directly by a modification of
the MC? code. Macroscopic photon production and photon energy production
matrices are then computed. As an option, spatially dependent photon
source vectors for transport calculations can be generated by using input
scalar neutron flux vectors. Multiple zones can be accommodated with
separate weighting functions for each zone. Different materials and reac-
tion types for which photon production matrices are desired can be speci-
fied for each zone. Input is in DTF-~IV format, and output photon source
vectors are also in this format. A sample problem is included along with
an indexed listing of the code. The code is written in FORTRAN 1V for
a CDC-6600 computer with a 65k10 memory.

1. TINTRODUCTION AND SUMMARY

A national neutron data file now exists at
the National Neutron Cross Section Center, Brook-
haven National Laboratory, in a single formac.l’2
The file, called the Evaluated Nuclear Data File/B
(ENDF/B), contains primarily neutron interaction
cross sections, angular distributions, secondary
energy distributions, thermal scattering laws, and
other data of interest in reactor core neutronics
analysis. Recently, however, with the expansion
of the ENDF/B format to provide for photon produc-
tion and photon interaction data,2 the file is be-
coming increasingly important and useful in sghield
analysis and design. Included in the shielding
interests are weapons and civil defense problems,

as well as reactor shielding.

The ENDF/B data file is of real significance
only when considered as part of what will be called
the "ENDF/B system,'" which consists of not only the
data file but also the data retrieval, checking,
and processing codes. For neutron interaction data
(ENDF/B Files 2 through 7), such codes are preseat-—
ly available in varying degrees of development, and
the data are actually being extracted for use in
neutronics calculations, such as transport, thermal-
ization, and fast spectra problems. The photon
files (14 through 16 and 23 through 27), however,
are in their infancy with evaluated photon produc-
tion data for only six materials3’4 (sodium, mag-
nesium, silicon, chlorine, potassium, and calcium)
presently available in the ENDF/B format, and even
these data have not been through a complete data

testing procedure. Because of this, the publicly



released ENDF/B data file of 1969 contained no pho-
ton production data. One obvious requirement for
checking the photon data in an integral manner, as
well as a clear incentive for evaluators to place
these data in the file, is to have a code to re-
trieve the data in a usable form for multigroup
photon transport calculations. These are two moti-
vations fo; the LAPH code.

Throughout this report, it is assumed that
the reader is familiar with the ENDF/B system,
since LAPH operates only within that system. De-
tailed descriptions of the data formats are given
in the references cited above, and a review of the
storage and retrieval of photon data in the ENDF/B
system has been presented elsewhere.5 Pertinent
format information will be reviewed here as
required, however.

Briefly, the LAPH code retrieves photon pro-
duction cross sections or multiplicities and cor-
responding neutron interaction cross sections from
the ENDF/B data file, applies suitable weighting
functions over N specified neutron groups and G
specified photon groups, and constructs a G x N
photon production matrix. As an option, it oper-
ates on this matrix with flux vectors from a neu~-
tronics code, as well as with scalar multipliers
such as atom number densities and effective photon
group energles, to directly provide spatially de-
pendent photon source terms for transport calcula-
tions. Figure 1 presents a schematic description
of the code, where the input data are left of the
dotted line. This schematic diagram is not in-
tended to present the detailed logic of the code,
which is given in Appendices A and B.

II. THEORY
A. Photon Production Data Format in ENDF/B

To understand the process of computing photon
production matrices and photon source functions
from the ENDF/B data file (the process is loosely
called "theory"), it is helpful to review the form
in which the data are received into LAPH; i.e., the
form in which they are stored in the ENDF/B data
file. Photon multiplicities are entered into ENDF/B
File 15 in one of two options,2 either directly in
a manner analogous to File 5 or as transition proba-

bility arrays.
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Fig. 1. LAPH code schematic.

Under Option 1 of~Fi1e 15, the multiplicities
are given by a normalized photon energy distribu-
tion and an associated total photon yield (units of
photons) for an interactioﬁ. Normalized photon en-
ergy distributions are given according to allowable
laws, of which two are presently instituted: viz.,
(Law 1) a tabulated protability density function vs
photon energy, or (Law Zz) a Dirac delta function in
photon energy. In addition, the tabulated function
(Law 1) is a function of incident neutron energy;
hence, a two-dimensional. table is used for tabulated
probability functions. ~For either law, the yields
are tabulated functions of incident neutron energy.
New laws may be added later when deemed necessary;
e.g., a normalized prompt fission-gamma spectrum
may be useful. .

For Option 2, a level is identified by a level
sequence number and level energy. The only addi-
tional data (other than a few control parameters)
needed to specify the photon energies and yields
are (1) the nonzero transition probabilities to
lower levels, (2) the gamma transition conditional
probabilities 1f nonunity, and (3) the energies of
the lower levels. These data are entered as doub-

lets or triplets for each transition, depending

8



upon whether or not the conditional probabilities
Thus, processes such as internal con-
Also,
data listed for any level include only those for

are unity.
version can be accounted for very simply.
photons originating at the level. Further cascad-
ing is determined from the data for lower levels,
so only the minimum required data are stored in the
ENDF/B system. The LAPH code reconstructs the
cascade.

An important limitation of the transition prob~
ability arrays is that they cannot be used to accu-
rately predict photon production by neutrons at en-
ergies appreciably above that of the highest level
for which the gamma decay scheme is well known.

The reason for this is that, at higher energies,
levels above the one for which the decay scheme is
well known may be excited and cascade through lower
levels. Thus, at these higher energies, the photon
production must be accounted for under Option 1.

In fact, LAPH will not use the transition probabil-
ity arrays to calculate photon production at neu-
tron (center of mass) energies above the highest
level in the arrays; i.e., if ESmax is the highest
level energy for which a transition probability
array is given, no photon production will be calcu-

lated from the arrays for incident-neutron energies
AWR + 1

AWR , where AWR is the atomic

above ESmax b
weight ratio.
In ENDF/B data files4 for sodium, magnesium,
chlorine, potassium, and calcium (used for debug-
ging purposes), the photon production at these
higher energies was placed in a photon production
reaction which was assigned MT = 110. A unit cross
section was placed in File 3 for MT = 110, and the
photon production cross sections (in barns) to pro-
duce a discrete photon of a given energy were
placed in the yield table of File 15, Option 1,
LF = 2.

The units for data stored in the ENDF/B file

are:
Quantity Units
energy eV
angle dimensionless cosine
cross section barns
photon yields photons

B. Photon Yields and Photon Production Cross
Sections

Photon yields are either given directly as a
function of neutron energy in Option 1 of File 15
or must be constructed by processing codes (includ-
ing LAPH) from the transition probability arrays of
Option 2. The construction process for a micro-
scopic photon production cross section in the lat-
ter case is discussed in Appendix B of Ref. 2 (the
general equation on p. 51 of Ref. 2 should have the
variable TP substituted for A in all of the summa-
tions). For completeness, the discussion will be
reviewed. Define

1. cj i(E) = cross section to produce the photon
’ which arises from decay of level j to
i, with incident-neutron energy E.

2. ck(E) = neutron cross gsection for inelastic
scattering to level k, for incident-
neutyxon energy E.

3. TP = probability of a direct transition
from level j to level i, 1 < j.

4, GP = conditional probability of photon

3,1 emission in a direct transition from
level j to level i, i < 3.
5. A = (TP GP .
3,0 T (FBy, PGBy
6. ESi = energy of level {i.

Note that the photon production cross section
is given for tramsition between specific levels,
which implicitly determines the photon energy, rath-
er than for a given photon energy. This scheme
avoids ambiguity when two different transitions pro-~
duce photons of the same energy.
is simply EY = ESj - ESi.

For the general case, all possible transitions

The photon energy

must be considered, as well as the possibility of
transitions not involving gamma-ray emission. Ac-
counting for all possibilities leads to the expres-—

sion given in Ref. 2, p. 51, viz.,

N a+l Bpo17d

oj’i(E) =A Z a, I ] E TP“’L o, . (1)
- o -1
m_=j £=1 m£=j

[¢]

AWR
N AWR + 1 °
The requirement that o < J + 1 determines the range

of the index n, and (mz_1 - 1) > j is implicit.

where N = highest level such that ES_ < E




This pointwise photon production cross section
can then be written in the notation of Ref. 2 as
O(EY + E) for discrete photon energy EY = ESJ - ESi.
Recall that this construction scheme using Option 2
of File 15 does not apply at incident neutron ener-
gles E > ESmax X éﬂﬁai-l
found by searching for the largest MT number in the
set {5 < MT < 14 or 51 < MT < 80}, and reading ES
for that MT value.

Under Option 1 of File 15, the photon yield

. The energy Esmax is

functions are first constructed from the tabulated
yileld at incident-neutron energy E, and a normal-
ized photon energy distribution (which may be delta
function in EY). These two components can be given
for different photon distribution laws as subsec-
tions of one reaction type (MT number). Specifi-
cally, if yk(E) is the yield from subsection k, and
fk(EY + E) is the corresponding normalized photon

energy distribution, the yield function is given by

NK

Y(EY + E) = E ¥ (E) fk(EY + E) (2)
k=1
(photons/eV).

The yk(E) have units of photons, and the fk(EY « E)

have units of eV L.

Having the yleld function, the
pointwise differential photon production cross sec—

tion is determined as

do(E_ +« E)
ﬁy—— = o(®) y(E, «E) 3)

(b-photons/eV),

where o(E) is the interactiom cross section for the
appropriate reaction type from Files 2 and 3.

Once the differential photon production cross
gections are determined, they are integrated over
arbitrary neutron and photon energy groups, with
selected appropriate weighting functions, to deter-
mine a photon production cross-section matrix. In
the discussion below, the subscripts and super-—
scripts are defined as follows:

g = photon energy group, g = 1,2,...,G

£ = neutron fine group, £ = 1,2,...,L

n = neutron broad group, n = 1,2,...,N

= partial yield index, k = 1,2,...,NK
= reaction type (MT number)
material number.

= zone number, j = 1,2,.,.,IZM

H & o x
"

= gpatial mesh interval, m = 1,2,...,IM
r = resolved resonance component

s = unresolved-resonance and smooth components.

The lower energy limit of a group is denoted by Eg’
El’ or En. The indices 1 and j will be suppressed
for a while to avoid too clumsy a notation, but

they are implicit.

Two weighting optioias, called tracks, are avail-
able to compute the photon yield in a group, g, as

follows:

Track 1 is a constant weighting, i.e.,

=

Eg+l .
P - /P - .
Y (E) f dEY Y (EY E) (4)

E i

. (photons),

where Yp(EY * E) may be @ Dirac delta function. On
this track, the photon éréﬁb éﬁergy yield, ;Z(E),
is computed by using an arbitrary group effective
energy,'fg, which is an input quantity. However,
the code still calculates the energy-weighted yield
on Track 2 and provides;tﬂerhser with a listing of
the average (yield-weiglfed) energy, ﬁg, in each
group. In effect, on Track 1, the photon energy

yield is 9o —

P(ry = YP(RY B - )
?S(E) Yg(E) Eg _V(eV) (5)

If a value of Eg is not in the interval [Eg’Eg+l]’

the code will assume thé. median group energy,

Eg = li(Eg + Eg+1)’ and i&;zéed with this calculated

value vice the input valua.

Track 2 is an energy—weiéﬁied yield, i.e.,

Fotl =z
¥P(E) = dE_ YP(E. + E) E
g() / Y.(Y ).Y
E .
. .

(ev), (6)

and

Y2(E) = 2[?2(}3)] [€g+1 + Eg]-l M
(photons).



The calculation in Eq. 6 is also performed on Track

1, where the average energy in each group is com-

puted by
ng+1 P
+« E) E

) E dEY Y (EY ) v

£P = £ (eV)., (8)
g Eg+1

dE. YP(E_ + E)
E Y Y

g

The photon energy group structure is arbitrary,
and is specified by an input energy mesh, starting
at the highest energy. Likewise, the neutron en-
ergy group structures are arbitrary, except that
the fine-group energy mesh points must have the
broad-group mesh points as a subset. In practice,
the neutron group structures are usually the corres-
ponding structures in a spectrum-averaging code
such as MCZ. In fact, a version of the MC2 code6
has been modified to output pertinent portions of
the LAPH input. The photon energy mesh for the in-
tegrations on Tracks 1 and 2 is the overlay of the
photon group energy mesh and the E mesh for the
fk(EY + E) in File 15.

is used for the integration.

The simple trapezoidal rule
The YE(E) are evalu-
ated at every tabulated neutron energy in File 15.
There is one approximation inherent in using
data for a continuous photon spectrum. For any in-
cident-neutron energy E, between two neutron ener-—
gies El and E2 at which photon energy distributions
are tabulated, there may be a component of the pho-
ton distribution up to energy E2 + Q. Here, Q has
its usual meaning--the reaction energy. Thus, pho-
tons can be constructed at energies greater than
E + Q (the theoretical maximum) from this interpo-
lated energy distribution. This problem occurs for
any interpolation scheme between incident-neutron
energlies, and minimizing the induced error depends
upon the evaluator having entered the data in the
ENDF/B file with a fine enough incident-neutron
energy mesh. (The same problem occurs for secon-
dary neutron distributions in ENDF/B File 5.)
Having averaged the ylelds over each photon
group, the averaging over each neutron fine group
proceeds along one of two tracks. The track used
is determined by a combination of the reaction type
Briefly, for

fission and capture (MT = 18 and = 102), respectively,

(MT) number and by an input option.

the cross-section averaging over a neutron fine
group may be performed in the resonance region by
a spectrum-averaging code, or the resonance param-
eters may be ignored (or be nonexistent) and all
crosg-section averaging will be done internally by
LAPH.

Track A, which is always used except possibly
for fission and capture, uses a constant weighting
over a neutron fine group to calculate the photon

production cross section, Tg 2 as follows:
’

241
-1 P P
TZ,Z = (8Ep) / dE oF (E) Y_(E) 9

E
L (b-photons),

- - p

where AEL El+1 El’ and ¢ (E) is the neutron
interaction cross section for reaction type p (from
ENDF/B File 3).

section is, similarly,

The photon energy production cross

7251

~p - -1 P P

T g = (D / de oP(2) 25(E)
E

2 (b-eV).

(10)

Track B, which is used only for fission and
capture and only then if this track is chosen by
the input option, uses input values of the cross

section averaged over the neutron fine group, as

£+1
p
/ dE YS(E)
£+1
p
/ dE Yg(E)

Ep

follows:

P :
g - (Agz)

11)
P,8 _
Pg.2 (AE

{b-photons),

where p = 18 or = 102.

Here EE is the cross sec-
tion averaged over group £ by a spectrum-averaging
code, while pg‘z denotes the photon production
cross section (resonance, or smooth plus unresolved

resonance). Similarly,

241
~P,T -1 -p,r P
pg,l (AEI.) 01.’ / dE 'Yg(E)
E

E1’.+1_
P,8 - -1 P,8 P
2 (AEZ) o / dE ?g(E)

Ep (b-eV).

(12)



This track normally would not be used, for example,
if resonance data were not given in ENDF/B File 2
for the materials considered. If it is used, it
must be used over the entire neutron energy range,
i.e., both tracks cannot be used for a given reac-
tion. Also, the same track must be used for both
fission and capture.

The above integrations on Tracks A and B are
performed by the trapezoidal rule, using a mesh
determined by the overlay of the fine-group energy
mesh and the cross-section mesh in File 3.

Having computed the photon production cross—
gection elements for the neutron fine-group struc-
ture, it remains to find a weighted average over
the broad groups. These broad groups would normal-
ly correspond to the groups used in a neutron trans-
port calculation from which the fluxes are obtained
Weight-

ing of the fine-group photon production cross sec-

for use in determining the photon source.

tions is done with arbitrary sets of input weights,
one set for the smooth cross sections and one for
the resonance cross sections., The latter set, of
course, is used only if Track B is chosen. 1In
practice, the smooth cross-section weights are
usually the fine-group fluxes from an infinite me-
dium (zero-dimensional), one-dimensional, or other
appropriate spectrum. Also, the resonance weights
are usually those from the same spectrum-averaging
code. At LASL, both sets of weights are output by

the modified MC2 code referred to above. Denoting
the smooth weights by VZ and the resonance weights
by WE, the elements of the G x N microscopic photon

production matrix for reaction type p are

p,s 8 8
+ L E Pert Ve E wo , (13)
en

and analogous elements ag a for the energy produc—

?
tion matrix. In the calculation of og 2’ the code
]

actually performs the calculation differently from
the direct way shown in Eq. (13) by normalizing the
weights ahead of time.

Though it is not explicitly indicated in the
notation, these cross sections are determined by
LAPH for ﬁaterials in all the specified spatial
zones of the problem. Options are available, how-
ever, to specify for each zone those materials for
which photon production cross sections are desired
and for each material to specify which reaction
types are to be included in the calculation of the
photon production cross sections. A problem arises
for materials for which data are given for both
total inelastic scattering (MT = 4) and for the
individual levels and cortinuum (MT = 5 through 15,
and 51 through 80).

to be used by LAPH are ewplicitly given as input,

I1f the specific reaction types
there 1s no problem. However, under the flag MT =
-1 (see discussion of input in Sec. II1I), which
loosely means use all MT numbers for which photon
production data are given in File 15, the code must
make a decision concerning inelastic scattering.

If photon production data are given in File 15 for
MT = 4, it chooses to use these data only if data
are not given for any MT in {5 < MT < 15 or 51 <
MT <_ 80}.

more of the individual levels and the user prefers

Thus, when data are given for one or

to use the data in MT = 4, he must explicitly list
the MT numbers desired. The flag MT = 0 means to
ignore photon production from this material, and

the material need not appear on the input ENDF/B

data tape.

Given the set of reaction types, {MT}, for which

photon production cross sections are desired, the
total microscopic photon production cross-section

matrix of material i is given by

[08’“] ) E °§,n : Z [os,n]

i pe{MT} __ |1 pe{mMT} i,p

(b-photons), (14)

where the subscript i, which has always been implic-
P

g,n’
production matrix [6g

tion.

it in ¢ is no longer suppressed. The energy

n]i has an analogous defini-
’

When either matrix is used below, the sub-
scripts g and n will be suppressed unless desired

for clarity.



In photon source calculations, the quantity
usually of more interest than the microscopic pho-
ton production matrix, [o]i, is the macroscopic
matrix given by

[E]i,:l =4 L loly (photons/cm), (15)

»3

where the scalar Ai f
’
ith material in the jth region (units of b

is the number density of the
-1 -1
-cm ).
In all the following discussions, it is implicit
that an exactly analogous development applies to
the energy production matrix.

C. Spatially Dependent Photon Sources

To determine a spatially dependent photon
source from the macroscopic photon production ma-
trix, an appropriate flux vector must be known.
Denoting this N-dimensional (column) vector by
[¢(;)]N’ where T symbolizes the spatial dependence,

the photon source vector is given by
> >
[§(r)]G = [Z]GxN[¢(r)]N (16)

(photons/cmB—sec),
In practice, the multigroup flux vectors

[¢(:)] are calculated at discrete mesh intervals,
Arm; and us?ally in one dimension (e.g., by the
DTF-IV code ). Also, the fluxes are usually calcu-
lated for an arbitrarily normalized neutron source
term, so the eigenfunctions generally require a re-
normalization factor, C, to account for the.actual

reactor power. The source is then given by

{s] = G[I]

(o1, » 17)

i,m,p i,m,p

where j is implicitly determined by m. For most
applications, the source vector of interest for a

photon transport calculation is

—LZEP: L m,p [¢]m (18)

(photons/cm3—sec),

(@]

sl =

and its energy production analog [§]m (eV/cm3-sec).
These source terms are listed under some output op-
tions by photon group at each mesh interval. Also,
as an option, they may be output in formats suit-

able for the DTF-IV (photon transport) code,

III. INPUT INSTRUCTIONS
A. Backgtound

Input to LAPH is generally in the DTF-IV for-
mat system, with the exception of the title and
parameter cards at the beginning of the data. The
DTF-1V system consists of a basic 12-column field,
but the first three columns are reserved for a con-
trol flag, and the remaining nine columns are a
data field. There are seven possible controls in
the first column of the three-column subfield as
follows:

0 or blank = normal input; the nine columns for
data are read in normal FORTRAN E, F,
or I format.

1 = repeat; the number in the data field
is repeated the number of times speci-
fied by the integer NN in the second
and third columns of the control field.

2 = interpolate; the number of interpo-
lates, NN, specified in the second and
third columns of the control field are
placed between the number in the data
field and the number in the succeeding
data field.

3 = terminate; ends the data block--each
data block must have this flag at the
end.

4 = £111 remainder of data block with the
number in the data field.

5 = repeat the number in the data field
10*NN times.

9 = gskip to next card.
Whether the data in the data field is integer or
real is indicated by the first letter of the.block
name in the usual FORTRAN tradition.

A problem regarding terminology arises for

LAPH when using DTF-IV input along with ENDF/B in-
put, because the term material has a different
meaning in each case. No completely satisfactory
resolution was found, but by sacrificing purity for
consistency, the term material in DTF-1IV has been
replaced by the term nuclide, which is consistent
with the usage in MC2, another code which is linked
to LAPH. Also departing from DTF usage, "nuclide"
In LAPH,
the term material is used strictly in the sense of

a MAT in the ENDF/B system.

does not include a mixture of nuclides.



Units for input should be as follows:

Energy: eV
Number density: atoms/b-cm
Flux: n/cm2-sec
Length: cm

The code has many error triggers which will
lead to a call to the subroutine ERROR. The type
of error encountered will be identified on the out-
put listing by an error number. A brief descrip-~
tion of this error can then be found in the comment
card in ERROR for the corresponding error number
(cf. listing in Appendix B).

B. Input Data Format

Data blocks are given in Table I in order of
input, preceded by the corresponding variable name
in LAPH. For the parameter table, the location
(order) of the parameter is given first.

C. Array Size Restrictions

To keep the code operable on computers with
small-size memories, restrictions must be placed

on array sizes. The restrictions are presently as

follows:
NFG < 99
NBG < 99
NGG < 49
1ZM < 10
IM < 100
MS < 50

D. Computer Requirements and Running Times

The LAPH code is presently operational on a

CDC 6600 which has 65k10

It requires no special hardware or software

memory and uses the full
core.
but does use a disk and one magnetic tape, viz.,
Tape 20 which is the ENDF/B data tape in Mode 3
(BCD card-image format in standard arrangement).
The central processor time required for a problem
with three regions, six materials, 10 mesh points,
26 neutron groups, and 11 photon groups, including
calculation of both photon production matrices and
photon source vectors (cf. the sample problem,
Sec. III.E) was 3.5 min. All coding is in FORTRAN
1V and should be compatible with FORTRAN compilers
on other computers.

E. Sample Problem Input and Output

A sample problem for an infinite-slab physi-
cally unreal shield configuration is included for
illustrative purposes.

gtricted by the available ENDF/B data.) The shield

(The problem choice is re-

oin -

0oia L

ZONE 1
MIXTURE €

NUGLIDE
{MAT) DENSJ

NUCLIDE
(MAT)

ZONE 2
MIXTURE 7

DENS TY
{ATOMS/ 13 ~cm)

| No{5000 Q06!

7z,

3 INTERVALS;

2

N

2 Mg(5002)
3 Gl {3004}

0.0t
0.04

N

INTERVALS

13 X{em)

ZONE 3
MIXTURE 8

NUCLIOE
[MAT) _ DENS.
4 Ct 3004) 0.03
5 X 15005) 0.02
6 Ce {5006) 0.01

]

10 MESH
POINT

Fig. 2. Sample problggidiagram.

'
.
fa

configuration and compoéition

5  Xicmw)

are given in Fig. 2,

and the corresponding input data are shown in

Table II.

Photon production from selected reac-

tions was chosen as follows:

SWN =

Nuclide

Na
Mg
cl
cl

K

Ca

5001

5002
. 5004
© 5004

5005

5006

No.

MT Nos.

110
102

5+14 and 5153

0

(no reactions)

-1

(aLl reactions)

15

In the input for EG(10), there is a deliberate

error giving the average gamma energy in the tenth
group as 0.07 MeV instead of 0.7 MeV.

In this case,

the code will replace the value with the group me- »

dian energy and proceed.

the sample output shown {n Table IIT.

This error is flagged in

Headings for

the data blocks on the output Iisting are self-

explanatory.

A listing of the complete data deck

for the sample problem s shown in Table II.




TABLE 1

INPUT DATA FORMAT

A, Title Card (I6,11A6): Any integer for problem identification, and any BCD information for identifica-
tion of output.

B. Integer Parameters (12I6):

Location Name Definition
1 NGG Number of gamma groups.
2 NFG Number of neutron fine groups.
3 NBG Number of neutron broad groups.
4 IzZM Number of zones.
5 M Number of intervals.
6 MS Number of mixture specifications (= length of mix tables).
7 MCR Number of nuclides for which distinct fine-group cross sections and‘weighting functions

are input.

8 MM Number of reaction types, MT (= length of MT table).
NPM Total number of nuclides plus mixtures.
10 IRES Special resonance weighting option to be used? (0/1 = no/yes; 0 = Track A, 1 = Track B.)
11 IWg = 0, photon effective average energy for each group is input (Track 1).
= 1, photon energy weighting function is yield function (Track 2).
12 1 = 0, print [o for each material i and zone and A g the macro-
i » P t g.n]i,j 3 1 i’j[ S:n]iaj’
scopic matrices for each zone j.
= 1, print all of Option O plus the source vector, C :z: Ai,j[Ug,n]i,j [¢]m, at each

spatial point m. Note that m determines j. 1

= 2, print all of Option 1 and punch the DTF-IV input source cards (cf. discussion of
DTF-IV option).

=3 rint ly th tri A o for each z 1 ith the rce vector
s P only the matrix :g: i,j[ g,n]i,j or ea one j, along w sou v
C A o .
; i’j[ S’n]i’j [¢]m

= 4, print all of Option 3 and punch the DTF input source cards.

= 10, same as IP@ = O, substituting the energy production matrices [ag,n]i,j’ etc.
=11, " "=, " " " "
=12, " " ow2, " " " "
=13, " "= 3, n " " "
=14, " "= 4, " " " "

= 20, do both Options 0 and 10 (i.e., print both photon production and photon energy
production matrices).

= 21, do both Options 1 and 11l.

=22, " " " 2 and 12.
=23, " " " 3 and 13.
=24, " " " 4 and 14.

[Note: The 2X series of output options requires an insignificant addition to the central processor time
compared to the X or 1X series.]



TABLE I (continued)

C. Data Blocks (DTF-IV system): Dimension of variable is given if it is predetermined.

Name and .

Dimension Definition

c(1) Renormalization constant for [¢].

NMAT (IZM) Number of materials in each zone for which photon production cross sections are desired.

NNM(2*MCR) Nuclide sequence numbers (for mix table) and corresponding material (MAT) numbers, in
successive pairs.

MZT (MCR) For each MAT number in the NNM block, MZT is the number of values of MT to be entered in
the next (MIN) block.

MTN(MM) MT numbers for each MAT number given in the NNM block, MT = -1 means use all MT numbers

for which photon production data exist in File 15, except possibly MT = 4 (cf. Sec. II.B).
MT = 0 means calculate no photon production for this material.

If, and only if, IWP = O, the following data block appears:

EG(NGG) Effective average energy, E » for each gamma group. {Same for al.l materials and reaction
types. Code checks that Eggi Eg 5-Eg+1’]

EMG(NGG+1) Gamma group energy mesh, in decreasing magnitude of energy. -
The following eight data blocks will normally be punched by MC2 Tt
EMNF (NFG+1) Neutron finergroup energy mesh, in decreasing magnitude of energy.
EMNB(NBG+1) Neutron broad-group energy mesh, in decreasing magnitude of energy.

One set of the following six data blocks for each zone. Each block is preceded by a title card in 1246
format, ”

T -RXSC(NFG)ab Fine-group resonance capture cross sections, O EOZ—F. starting at top group.
First card is a title card in 12A6 format. ‘-
RXSF(NFG)ab Fine-group resonance fission cross sections, 518’ , starting at top group.
LOOP . 2
ON MAT's First card is a title card in 12A6 format.
LOOP | [NMAT(1I2ZM)] SXSC(NFG)b Fine-group smooth (including unresolved resonance) capture cross sections,
ON 0%02’5 starting at top group. First card is a title card in 12A6 format,
?22;? LSXSF(NFG)b Fine-group smooth (including unresolved resonance) fission cross sections,
Uia's, starting at top group. First card is a title card in 12A6 format,
RW(NFG)8b Fine-group resonance weighting functions for the zone, starting at top
group. First card is a title card in 12A6 format.
SW(NFG) Fine-group smooth (flux) weighting functions for the zone, starting at top
L group. First card is a title card in 12A6 formet.

The following six data blocks are identical to their homologous blocks in DTF-IV. In fact, for many LAPH
problems, they will be identical to those for the DTF-IV problem used to compute the neutron flux vectors.

R(IM+1) Radii of the spatial mesh points.

MA(IM) Zone numbers for each interval.

MZ (I1ZM) Mixture number in each zone. ?; -
MB (MS) Mixture numbers for mix table. o
MC(MS) Mix command: Specification of nuclides in the mixtures. 5;-
XMD (MS) Mix density of the nuclide in the mixtures. u:l

Lastly, the data block for the neutron flux vectors appears in a format exactly like that used for DTF-IV
flux dumps, i.e.,

PHI(IM,NBG) Normalized neutron fluxes by columns (i.e., by mesh interval and ihen by neutron broad groups).

& hese should be entered even for nonresonance materials. In such case, any numbers may be used to fill
che fields, but Mc2 will automatically output zeros in this block.

Delete this data block if IRES = 0.

10
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TABLE II1

SAMPLE PROBLEM INPUT

71168 SAMPLE PROBLs 3 ZONEs 5 MATs 9 INTERVAL, GAMMA SOURCE

1n 82 26 9 9 9 6 18
1¢0 F4+192
1 2 29
1 &N01 2 5002
4 BN0&4 ] 5005
L]
102 1 13102 11
1n 102 5 6
Q 10 11 12
51 82 53 0
2
B8e5 F406 6e0 F4+06 445 E+06 2¢5 E+06
2.0 F40§ 146 F406 lel F4+06 0,07 F+06
10.0 F+0g Te0 F406 50 E406 440 F+06
262 F404 1.8 F4+06 1435 F+06 Ne9 F+06
LY
l1e5 F+07 1¢17F407 9+10FE+06 Te09E+06
3e35F4+06. 2¢61F406 2.03E+06 1¢58E+06
Te4TE+05 5¢82E+05 4453E405 2¢53E+05
le67E+05 130E4+05 1.01E+05 T«87E+04
3.72E+04 2e90E+04 2626E+404 1« 76E+04
8430E+013 6e¢46E403 5+03E+03 3¢92E+03
185E+03 1e44E+03 1412E+03 Be T4E+02
4e13FE+02 3622E+02 2¢51E+02 1.95€+02
9.22F+01 Tel18F+01 5¢59E+01 4435F+01
1¢50F+07 9410F+06 5052E+06 2435E+06
Te47F+05 | 4453F4+05 2¢75E4+05 1¢6T7E+05
3.72E+04 2¢26F+04 1.37€+04 8¢30E+03
1.85F+02 1.12F+03 6481E+02 4e13E+02
9,22F+Mm 5+60F+01 2,309E+012
RFSONANCF CAPTURF CROSS SFCTION FOR NA IN ZONF1
n. 0. 0. ’\.
Ne Ne 0, Ne
0. 0. o. n.
Ne O 04 Ne
0. 0. 00 f\.
0, Ne 0, Ne
O Ne O N,
n, Ne O Ne
n, : N, 0, Ne 2
RFSONANCF FTSSION CRQOSS SECTION FOR N& IN ZONE 1
O Oe 0, Ne
N, Do 0, N,
0. 0, o, Ne
0o Ne O, Ne
n. 0. o. n.
0, Ne 0, Ne
n. o. 0. n.
[e I8 Oe 0, N,
0, 0o O, Ne k]
SMOOTH CAPTURF CROSS SFCTION FOR NA TR ZONE
n. 0. o. n.
O. n. 0. 10055-0‘0
3.42E~04 2¢94F =04 2488E-04 4e45E-04
8.81F-04 Te12E~04 2429E-04 3¢94F-04
2.17E-013 4o4TE~04 4494E~-04 5.88E-04
1,34E-03 1.99€E-03 4494E-03 4e13E-02
1.19E-02 Te77E~03 6+38E-03 5 80E~03
5e86F-03 6¢23E~03 6¢83E-03 7.50E-03
1.,02€-02 1415F=-02 1430E-D02 1¢47€E~023

SMOOTH FTSSYON CROSS SFCTION FOR NA IN ZONE 1 |

9 1

7
13
-1

248 E+06
0e45 E+0613
3,0 E+06
0.5 F+06

54525+06
1¢23E+06
2+.75E+05
6413E+04
1.37E+04
3.05E+03
6481E+02
1e52E+02
3+39E+013
2461E+06
1s01E4+05
5+03E+03
24515402

0.
0.
0.
0.
O.
0,
0.
0.

1e54F =04
6+.09E-04
1+83E-03
Te4SE=04
l.82E-01
5456E-03
8423E-03

ID T1
0 21 PARA
N

5004 1
s004 ?

2

1

L] 1

14 2

15 3

4

2¢4 E+06 1
2

2e6 F406 1
Dol F+06 2

2
4430E+08 1€

TLE
MSe
p
MAT
NNM
NNM
NNM
MZT
MTN
MTN
MTN
MTN
EG
FG
FMG
FMA
FMG
MNF

9¢59E+05 2EMNF
2¢14E+05 2EMNF

44TTE+04 4E
1e07E+04 SE
2+38E403 6E
S5e30E+02 7E
1.18E+02 8E

9E
1423F+06 1€
6e13E+04 2E

3.,05E+03 3E
1e452F+02 4E
5€
Oe RXSC
O RXSC
O RXSC
Oe RXSC
Ne RXSC
O RXSC
O RXSC
0. RXSC
RXSC
Oe RXSF
Oe RXSF
O RXSF
Oe RXSF
O RXSF
Oe RXSF
Oe RXSF
De RXSF
RXSF
Oe UR+&C
2048F=04UR+SC
Te68E~-04UR+SC
1¢38E~03UR+SC

9e81E=04UR+SC
2¢92E-02UR+SC
Se58E~03UR+SC
9+05E~031R+SC

UR+SC

MNF
MNF
MNF
MNF
MNF
MNF
MNB
MNA
MNB
MNB
MNR

DOdAD NP DN = D DI NP WO

DO~ HWN -

11




12

0, N, 0, Na

Ne Ne O, Ne

0. 4 O Ne

Ne N, N, Ne

N, Ne O, Ne

n. n. 0. n.

Oe O 0, Ne

O. o. o. n.

O O 0, Ne 3
RESONANCE WFIGHTING FUNCYIONS FOR ZONE 1

2.05€-02 1e06F=01 3.585E-01 8¢53E-01

3428F+0N 3.93F+00 Ho4TE4+00 4459F+00

64 10F 40N T«OTF4N0 7.18F+00 Te16F+0N0

5e33E+0N 4e50F+00 346TE+00 2e 14E4+00

1.85F+00 1.61F+00 1.30E+00 8. 79E~-01

3.26F-01 5e81E401 3,16F+01 1+83FE+01

6e13F 40N 289F+00 1.22FE+00 Re17E=-01

3427F=02 1e24F-02 3,68E-03 1e46E-03

8,21E~08 2423F=05 9,00E-06 %+ 51E-061
UNRESOLVED PLUS SMOOTH WEIGHTING FUNCTIONS FOR ZONE

1.34F~02 6e79E~02 2¢26E-01 Se48F~01

2.26F+00 2.70F+00 3.01E+00 2, 46E+ON

6.82E+0N 8+94E+00 8.74E+00 9.08E+00

S5« TTE+0D 5¢35€400 4420E+00 3+ 80E+00

1+58F+0N 1.31F+00 1,52E+00 Q. 42E-01

2¢23F~01 1e¢96F=01 1,08E-01 _ 2e90E-02

7+25F6-02 be34E~02 2¢29E~02 137E-02

1.63F=013 6e69F 04 2.67€E=-04 1e¢14F-04

1.21F=N5 2410F =06 2435F-06 Re?5E~0T713
RESONANCE CAPTURE CROSS SECTION FOR MG IN ZONE2

N, Ne O, Ne

0. o. 0. n.

0, Oe 0, Ne

0. O. o. ”.

n. n. o. n.

0, N, 0, Ne

Ne N, 0. Ne

N, Ne 0, Ne

N, N O Ne 3
RFSONANCF FISSION CROSS SECTION FOR MG IN Z0NF 2

N, Ne 0. Ne

0. 0. o. n.

n. o. o. n.

0o Ne O. Ne

O, O 0. Ne

O. O. 0, 0o

n. o. 0. n.

0. o. o. n.

Ne N, 0, O E}
SMOOTH CAPTURF CROSS SFCTION FOR MG IMN ZNNE2

2e4BF =04 3e02E-04 3468E-04 4e4TF-064

8.08E-04 9.83E=-04 1429E-03 1¢87€-03

4434E~03 4491F-03 5¢28E-03 Se41E~03

5¢27E=~03 5439E=-03 5¢65E~03 6+06E-03

2.02E-02 4459€-02 1.88E-02 1e44E-02

Teb1E-02 4e63E-02 1e74E-02 le44E-02

1.,99€-02 2¢31E-01 3488E-02 1« 76E-02

2484E-02 2472E-02 2¢54E-02 2e96E-02

~ 4453F=02 5e29€=02 6.57E~02 6e75E-023

SMOOTH FTSSTON CROSS SFCTION FOR MG IN ZONE 2

0. O O Ne

n, Ne 0, Ne

TABLE II (continued)

1+.58E+00
4466F+00
6.64E+00
2460E+00
6+15E-01
1433E+01
243NE-N1
589E-04

1

1,02E+00
44 24E+0D
T+81E+00
2¢54E+00
6.01E-01
1.12E-02
6.67E-03
6473E=05

5¢45E-04
2+T2E-03
5¢42E-03
6.60E-03
2402E~-02
7.86E-03
1+458E~02
3.78E~02

O UR+SF
Oe UR+SF
Oe UR<+SF
(U UR4SF
0, UR+SF
O, UR+SF
O UR+SF
Oe UR+SF
UR+SF
2¢42F+00RW
. 5418F+00RW
. 6613F+0NRW
26 30F+00RY
“4438F-01RW
1eN01F+01RY
Qe 48FE~02RW
. 1487E~04RW
reo— RW
- 1e455E+00SW
. BeT1E+00SW’
. 6« TOF+00SW
2e75F+00SW
. 3e66F-018W
6e20E-02SW
. _3e19E-03SW
- 2e04E-05SYW
yor—— SW
O RXSC
Oe RXSC
O RXSC
Oe RXSC
Oe RXSC
Oe RXSC
O RXSC
O R¥YSC
RXSC
0, RXSF
O RXSF
Oe RXSF
O RXSF
0. RXSF
O RXSF
Oe RXSF
O. RXSF
RXSF

. 5663E-04UR+SC
.. 3+463E-03UR+SC
. .5e¢36E-03UR+SC
.. .TeT2E-03UR+SC
.3e19E~02UR+SC
=T e65E=03UR+SC

1e94E-02UR+SC

3.81E-02UR+SC

o e UR+SC
0. UR+SF
VO. UR4+SF

DXLV S DN 0N RP BN~ OO PN - O®NRE DN OD®IP AP WN -

O DO WR W

N e



N N, 0. a8

Ne Oe 0. N

Ne (2% 0, Ne

n. ﬂ. o. n.

n. n. o. n.

Ne 0. O, N,

0. Ne 0, Ne 3
RFESONANCF CAPTURE CROSS SECTION FOR CL IN ZONE2

0. o. 0. n.

N, Ne O, Ne

0. 0, 0, Ne

N, Ne O, Ne

(L8 Ne O Ne

N, 0, 0, Ne

0, 0. 0. Ne

N, N, 0. e

Ne N, O, Ne
RESONANCE FISSION CROSS SECTION FOR CL IN ZONE 2

o. 0. [ 0.

N, 0. O, 0o

0, Ne O, Ne

ﬂo n. o. f‘.

o. n. o. n.

N, Ne 0, Ne

4% Ne 0, De

n. n. O. n.

N, Ne O, Ne 3
SMOOTH CAPTURF CROSS SFCTION FOR CL IM ZONF 2

N, Ne O. Ne

Oe 0 Oe Ne

O, 0. Oe N,

0. 0, 0. Ne

O O O N,

[¢J% O, O. Ne

O O 0, 0o

N, Ne O, Ne

Ne Do O, Ne 1
SMOOTH FISSTION CROSS SFCTION FOR L IN ZONF 2

Ne 0, O, Ne

n. n. n. n.

Oa Oe 0, Ne

N, Ne 0. Ne

0. De 0, Ne

N, O 0. Ne

Q. Ne 0, Ne

N, Ne 0, 2%

Ne’ 0o Ce Ne ]
RESONANCF WEIGHTING FUNCTTONS FOR 20NF 2

2413F-02 1.10€-01 3.70E-01 8+88E-01

3442F+00 4410F+00 4o66E+00 4+480F4+00

6440E+00 7 e43E4+00 T«56E+00 7¢54E+00

5e64E+0N 4476F+00 3+89E+00 2433E4+00

1.97E+00 1e¢71E400 1.38E+00 Q¢ 41E-01

3.51F~01 6.02E+01 3.27E+01 1¢90E+01

6+36E+0N 3.06E+00 132E400 5¢63E-01

3,61F=02 1¢38£-02 4412E-03 1e¢64E~03

8. 7NF=N5 2e¢17F=0% Te51E~06 2+6BE-0613
UNRESOLVED PLUS SMOOTH WEIGKTING FUNCTIONS FOR ZONE

1436F=02 6485F~02 2428F-01 Re 53E-01

2+28F+0n 2¢73F4+00 3.05F+00 2, 51F+00N

6e93F +0NN 9.11F400 8e¢91F+00 Qe 26F+0N

5e90F+0N 5¢47F+00 44,29F+00 2 89F+00

TABLE II (continued)

1+.64E+00
448TE+00
7+01E+00
2.7T7E+00
6459E-01
1.38E£+01
2¢53E~01
64e62E~04

2

1.03£+00
4¢30F+00
T«97E+0D
2.61F+00

Oe UR+SF
0. UR+SF
0. UR+SF
Oe UR+SF
O UR+SF
0. UR+SF
UR+SF
Oe RXSC
0. RXSC
0. RXSC
O RXSC
O RXSC
0. RXSC
O RXSC
Oe RXSC
RXSC
0. RXSF
Oe RXSF
0. RXSF
Oe RXSF
Oe RXSF
O RXSF
O RXSF
0. RXSF
RXSF
Oe UR+SC
0. UR+SC
Oe UR+SC
O UR+SC
O UR4+SC
0. URP+SC
O UR+SC
0. UR+SC
UR+SC
Ne UR+SF
0. UR+SF
Oe UR4+SF
(028 UR+SF
O. UR+SF
O UR+SF
Oe UR+SF
0. UP+SF
N UR+SF
2¢52E+O0RW
Se42F+00ORW
60 4BE+O00RW
2¢464F+00RW
4470E-O01RW
1«04E+01RW
1.04E-01RW
2006F-04RW
R
1e56F+0NSW
5¢8NE4+0NSW
6485F4+00SW
2483F4+00SW

O NP PRNPH WN— ORPNOURNLH WN OB/ AP VBN O DNPIEL DN QPN RAPW

O DO P W e

S DN

13
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TABLE II

1.59F+0N 1435F+00 157F+00

2¢31F-01 2.03F=01 1,12E-01

Te66E-02 4e69E=-02 2.49E-02

1,81E-03, T+54E-04 2.99E=-04

1e42F=-08 3412F=06 1496E-06
RESONANCE CAPTURE CROSS SFCTION FOR CL

Oe O O

0, Do O.

N, N, O

Ne Ne Oe

0, Ne 0,

0. Oe 5.58E~05

5e48E-01 Te42E-01 7.27E-01

8444F-01 94,20F~01 1.05€400

1,33F+0n 2463F+00 1.35E-01
RESONANCF FISSION CROSS SECTION FOR CL

Oe 0. 0,

0, O o,

0. N, 0,

0. O, 0.

0o 0. 0.

0. Oe 0,

N, Ne O,

0, N, 0,

N, N, O,
SMOOTH CAPTURE CROSS SECTION FOR CL IN

3,57E-013 4455F=N3 6,08E~03

2. T4E-02 4e16E~-02 6¢51E~02

1,41€-01 1e34E-01 1.33E-01

1.,78£-01 1.98€~01 2429€E-01

4.315'01 “naaE-ol 5.455-01

Te43E-01 Te84F~01 8421E-01

20 72F-M 2e43F~01 2.17€E-01

n, Ne O

Ne N, 0.
SMOOTH FISSTION CROSS SFCTION FOR cL IN

1.10F+00 1.01E+00 1.02E+00

5¢43E~01 5e72E~01 4481E-01

1e24F=0N12 4404F=04 Oe

O Oe 0.

Oe 0. 0,

Oe 0o 0.

0. 0. O.

0, 0o 0.

0. n. o.
RFSONANCF CAPTURF CROSS SFCTION FOR K

Ne De O

N, Ne 0,

N, N, O,

Ne N, O

0O, 1t O,

(2% 0, N,

De Oe O

1,22E-03 4408E+00 6¢79E+00

6.07€+00 8¢ 74E+00 2+04E+01
RFSONANCF F1SSION CROSS SFCTION FOR K

0, 0o O

N, Ne O,

Ne N 0.

N, 0, 0.

N, N, O

N, Ne O

(continued)

0474F~01
26 00F=~02
1«50E-02
1429€E-04
6446FE-073
IN ZONE?3

R«05F-01
8¢59E-01
1414F+00
6¢25E4003
IN ZONF 3

20NE3
8¢14E-03
1.12E-01
139E-01

2¢74E-01 -

6+ 00E-01
3464E-01
1+30F~-01
fNe

Ne 3
ZONF 3
7.50E-0N1
177E~01
Ne

Ne

Ne

Ne

Ne

0o

Ne K
IN ZONF3
n.

Ne
4o T1E-06
4¢75E4+00
140E+013
IN ZONF 3
f\.
n.
Ne
Ne
ﬂ.
n.

6423E~01
1e15E=02
7e33E~03
T+ 74E=05

Seb44FE=01
B8e54E~-01
4424E~01

lel4E-N2
1.47E~01
1.49E-01
3+25E-01
6¢52E-01
3432E~01
O.

0.

5.68E-N1
2463E-02
0.
0.
0.
0.
0.
0.

0.
1,22E-05

9e24E+00

3479F-01SW
6e41F-025W
3+51E-035W
2.25E-055W
SW
0. RXSC
0. RXSC
O RXSC
0. RXSC
0o RXSC

5¢28F-01RXSC
Te¢32E-01RXSC

2:64F+00RXSC
s mmma RXSC
Oe RXSF
O RXSF
O RYSF
0. RXSF
0. RXSF
O RXSF
O RXSF
Oe RYSF
.. RXSF

" 1474E-02UR+SC

 1+50E-01UR+SC

.. Ye62E-01UR+SC

3e76FE~01UR+SC

. Te00E=01UR+SC

3+03F-01UR+SC

go UR+SC
0o UR+SC
UR+SC

"5 63E-01UR+SF

T7e85E-03UR+SF

Oe UR+SF
Oe UR+SF
“"Oe UR+SF
O UR+SF
O« UR+SF
0. UR+SF
. UR+SF
0., RXSC
O RXS&C
0. RXSC
0Oe RXSC
[+ 28 RXSC
O RXSC
- beb63FE~05RXSC
. 4e35E+00RXSC
ema— = RXSC
Ne RXSF
' Oe RXSF
O RXSF
O, RXSF
[8 RXSF
O RXSF

0 ® O W

OO AL 2N 00BN ELS WN - DXNO WP WN BN R DN~ VPO DN =

PR W




TABLE II
n. o. o.
3.,95€-02 8+78E+00 9.89E+00
2415E+01 5401E+01 157€+01

SMOOTH CAPTURF CROSS SFCTION FOR K 1IN

L] Oo 0.
o. 0. o.
8.73E~0? 1.07€-01 1,33E-01
2.00F-01 2¢16F=N1 2.18F=-01
4,88F=-01 6.02F=01 7.13E-01
1.18E+00 1+31E400 1:47E400
2.52F+00n 2488F+00 3.66F+00
3, 70F+0N 1¢92F+00 3466E-01
0. O O,

SMOOTH FISSTON CROSS SECTION FOR K IN
2061E400 2046E+00 2434E+00
2.00E4+00 2.03F400 1.94E+00
1.64€+400 155E400 1+50E400
1.52€E+0n 153E+00 1.53E+400
1.61F+0N 172F400 1+82FE+00
2.38E+00 2¢58E+00 2¢72E400
44,15F+0N 44 68F+00 5,89E400
6651IFLNA & eNTFLOND 2+84F+00
0, O .

RFSONANCF CAPTURE CROSS SECTION FOR CA
0. 0. 0.

O 0. O,
o. Oo ol
0, Ne O
n, 0. 0.
Ne O 0,
n. O. 0.
N, Ne O,
n. n. 0.

RFSONANCF FTSSTON CRNES SFCTINN FOR CA

0. O. O.
N, N, 0,
n. n. o.
0, Ne 0.
N, (8 oc
N, N 0,
N, N, 0,
0, O 0.
[¢J8 [ O,

SMOOTH CAPTURF CROSS SFCTION FOR CA IN
N, Ne 0,

n, N, 0.

3442F=04 2¢94F =04 2488£-04
Be81F=04 Tel12E-04 2429E-04
2417F=03 Geb4TR~04 4494F-04
1434F-03 1499F-03 4494E-03
1.19F=-02 Te77F=~03 6438E~03
5.86E~013 6623E~03 6.83E-03
1.,00F=0> 1415F~02 1.30E-02

SMOOTH FISSTON CROSS e¢FCTION FOR CA IN
no ﬁc oo
n. “. o.

o. ﬂ. 0.
N, Ne O,
ﬂ. Ne oo
0. Co 0.
0, 0o O,
N, (S 0.

(continued)

T+68E~04
1s14E+01
2,25E+003
20NF3

4
1.91E-02
1+56E~-01
2¢26E-01
Be27E~-01
14 68E+00
2e49E+00
Ne

Ne 3
ZONE 3
1496E+00
183E+00
1¢48E+00
1¢47E+00
194F+00
2¢98E+00
4e23F4+00
Ne

Ne 2
IN ZONE3
Ne

Ne

(¢

Ne

Na

N,

N,

Na

Ny 3
IN ZONF 3
N

n.

n.

Ne

14 05F<-04
4e45E~-04
2.94F-04
5088E~-04
4413F~-02
5¢80FE-013
7+50E-03
1e47F-023
ZONE 2
Ne

Ne

Na

Ne

Ne

Ne

Ne

Ne

loggg-og
1e46E+01

0.

4.18E-02 .

1,80E~01
2,76E~N1
9¢43E-01
1.94E+00
4461F+00
Oe

1.88E+00
1.77E+00
1.48E+00
1446E+400
2.07E+00
3+33E+00
Te38E+00
O,

1e54F =04
60095—04
1.835‘03
T«45E-04
1.82E~-01
5+56E~03
8423E-03

Te02E~02RXSF
1e71E+01RXSF
RXSF
O UR+SC
6¢35F=02UR+SC
1e94E=-01UR+SC
94 T4E=N1UR+SC
1407E+00UR+SC
2¢21E+00UR+SC
6¢26E+00UR+SC
0. UR+SC
UR+SC
1¢94E+00UR+SF
1469FE+00UR+SF
1 e 49E+0O0UR4SF
1¢52E+00UR+SF
2 «23E+00UR+SF
3¢ 72E+00UR+SF
9¢93FE+00UR+SF
O UR+SF
UR+SF
O RXSC
Oe RXSC
Oe RXxSC
Oe RXSC
0. RXSC
O RXSC
0. RXSC
O RXSC
RXSC
De RXSF
Oe RXSF
Oe RXSF
O RXSF
Oe RXSF
O R XSF
[} RXSF
O RXSF
RXSF
O UR+SC

2.48F=-04UR+SC
7e68E=04UR+SC
1+38E-02UR+SC
9+81E~04UR+SC
2e92E-02UR4+SC
5e58E~-03UR+SC
9+05E~03UR+SC

UR+SC
0Os UR+SF
0. UR4+SF
O, UR4SF
0. UR+SF
0 UR+SF
O. UR+SF
O UR+SF
Oe UR+SF

O ®

O DPNWDH WN - O DN NP DN ODNPFI P WN - DI NPRPH BN OD~NOWVP DN -

DDA DN -
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16

TABLE II (cortinued)

Ne N, O N 3
RESONANCFE WFIGHTING FUNCTIONS FOR ZONE 3
2.05F~02 1.068-01 3.55E-01 8¢53F-01
3+ 28F+0ON’ 2,92E+00 444 TE+00 4¢59E+00
641NE4+NN T7e0754+00 T418E+00 Te16F+00
5e33F+NN 4 450F+00 34675+00 2e14F4+00
1.85F+0Nn 1.61F£400 1.3NE+00 8¢.79F-01
2e26E-01 581E401 36¢16E+01 183F+01
6e12F+NN 2¢B89F 400 1.22E+00 Rel7E-01
3,27F=02 1424F=02 3468E=~03 1e46E-03
8421F=-N8 ?e22F-05 0,0NE-06 2451F-061
UNRESOLVFD PLUS SMOOTH WEIGHTING FUNCTIONS FOR ZONE
1434F=02 64 79F-02 2026F-01 Re 4B8F-01
2026F+NN 2. 70F4+00 3,015+00 10‘66‘;"'00
6.82F+NN 8494E+00 8. 74E+00 9+ 08E+00
5¢77F+0N 5435F+00 4L42DE+0D 2,80E+00
1555400 1¢31F+00 1.52F+00 Ce42F-01
2423F-M 1,96F-01 1,08F~0) 2¢90F=-02
Te26F-02 4434F-02 242QE-02 1e37F=-02
1463F=N3 6¢69F=~-04 2.67€-06 1e14F—~04
1431F-08 241906 2¢35F-06 Re25F-0713
202 n,0 44,0 6o 202 @,0
109 1104 2102 31
7 8 93
1102 7102 8104 013
n 1 0 2
4 s &
0.0 Ne06 0,0 N, 08
0.02 n.02 0.01 3 A
103 1.0 104 0,1 102 0,01 103 2.0 104
103 340 104 043 102 0,013 103 440 104
103 540 104 045 102 0.05 103 640 104
103 7N 1N4G 047 102 0.07 103 8.0 104
103 9,0 104 N,L9 102 DL,09 103 1040 104
103 11aN 104 1,1 102 0.11 10232 12.0 104
103 13,0 104 1.3 102 0013 103 1440 104
102 15,1 104 145 102 0,15 103 1640 104
103 17.0 104 1.7 102 0617 103 18.0 104
103 19,N 104 1,9 102 0,19 103 2040 104
103 21,0 104 2,1 102 0,21 103 2240 104
103 234N 1046 243 102 04,27 103 2440 104
103 2540 104 2,45 102 0,425 1023 2640 104

1,585400
4466E+00
6464FE+N0
2e60F+00
6.15F-01
1433E4+01
2430E=-01
5¢89FE~04

3

1,02E+00
Le24F+0D
T.81E+00
2¢54E+00
6.01F~01
1.12E~02
6467F~-03
6¢73F~05

15,0

1.2
le&
le6
1.8
240
2e2
24
246

UR+SF 9
_ 24462E+00RW 1
B .18E+00RW 2

64 13E+00RW 3

" Ze30F+00RW 4
4438E-01RW 5
1401E+01RW 6

_ 9¢4B8F=-02RW 7
iT1.87E-O04RW 8
RW o

.. 1e55F+00SW 1
.. 5eT1F4+00SW 2
64 70E+00SW 3
" 2475E+00SW 4
T3.66E-015W 5
-6 20F~025W 6
. 3¢19FE-035W 7
1l.2404F-08SW 8
. SW. 9
3 : R
MA

Mz

MB

i 6 1 MC
o > MC
0.0 1 XMD

2 XMD

102 0,02 1 PHI

102 6404 2 PH!

102 0.06 3 PHI

102 0.08 4 PHY

102 0410 S PHI

102 Q.12 6 PHI

102 6.14 7 PHL

102 0416 8 PHI

102 0418 9 PHI

102 0420 10 PHI

102 0,622 11 PHI

102 0424 12 PHY

162 0476 13 PHI

T 14 PHI



ENDF/8 TAPE I. Ds ® 1304

LAPH PROBLEM ID= 71168 SAMPLE PROBLs 3 ZONEy 5 MAT, 9 INTERVAL. GAMMA SOURCE
NGG MS

INTEGER PARA

RENORM CONST
1.0000E+12

NO MATS/ZONE

NNM ARRAY
i

6
NUCLIDE SEQU

MZT ARRAY
1

MTN NUMBERS
110

13
NUCLIDE SEQU

EGAMMA BAR
8,5000E+06
4,5000E405

GAMMA BOUNDS
1.0000€¢07
500000E+05

NEUTRON FINE
1.5000E007
1,2300E+06
1,0100E¢05
8.3000£03
6,8100E+02
5,5900E01

NEUTRON BRD
1,5000E+07

1,0100E+05
6,8100E002
ERROR IN THE
THE VALUE EG

METERS NFG NBG 1ZM IM MCR
11 52 26 3 9 9 6
1
3
1 2
NUMBER OF NUCLIDES IN EACH ZONE
ZONE NUMBER _OF NUCLIDES
1 1
2 2
3 3
12 . . -
5001 2 5002 3 $004 4
5006
ENCE NUMBER NUCLIDE
levocarncncennnes 500]
2ercnnccsnnnrencs 5002
Juvvcarcnnanncnne 5004
feremccrccnncnanee 5004
Sevecarcscncc~vns 5005
frrecnrencnecuacee 5006
6 - -
1 13 1 1 1
18
102 5 6 7 L] 9
14 51 52 53 0 -l
ENCE NUMBER ' MT NUMBERS
1 110
2 102
3 5 6 7 9 10 11 12 13 34 51 52 53
& ]
5 -1
6 15
11 ‘
640000E206 #,5000E406 3,5000E+06 2,8000E+06 2,4000E+06 2,0000E¢04
12 .
T7+0000E406 5,0000E¢06 4,0000E¢06 3I,0000E¢06 2,6000E+06 2,2000E06
4,0000E+05
. 83 . .
141700E¢07 9.,1000E«06 7,0900E406 5,5200E¢06 4,3000E606 3,3500E+06
9,5900E¢405 7,4700E¢05 5,8200E405 4,5300£¢05 3,5300E+05 2,7S00E«05
T7¢8700E204 6,1300Ee04 #,7700Ee04 3,7200E+406 2,9000E¢06 2,2600E¢04
6.4600E+03 S5,0300E+03 3,9200£¢03 3I,0500E¢03 2,3800E+03 1,8500€+03
5.3000E+02 4,1300E+02 3,2200E¢02 2,5100E¢02 1,9500E402 1,5200E¢02
4,3500E401 3,3900E401
27
941000E+406 5.5200E¢06 3,3500E¢06 2,6100E006 1,2300E406 7.4700E+08
6.1300E¢04 3,7200E¢04 2,2600E¢04 1,3700E+04 8,3000E+03 5.0300E+03
4,1300E¢02 2,5100E¢02 1,5200Ee02 9,2200E401 5,5900E¢01 3,3900E+01
EFFECTIVE AVERAGE ENERGY INPUT FOR GROUP 10

RESONANCE FISSION CROSS SECTION FOR NA IN ZONE 1

(=

52

TABLE III

SAMPLE PROBLEM OUTPUT

LIBRARY TAPE PREPARED FOR LAPH SAMPLE PROBLEM ON 13JANUARY1970.

74000000E004 SHOULD

LIE BETWEEN THE BOUNDARIES EMG(I)m
THE MIDPOINT OF THE ENERGY INTERVAL HAS BEEN USED, EG(I) HAS BEEN REPLACED BY 7.000000E¢05

RESONANCE CAPTURE CROSS SECTION FOR NA IN ZONEl

9.,000000E+05 AND EMG(iel)m

MN
18

NPM
9

5004

15
15

1.6000E+06
1,8000E406

2.6109E+06
2,1400E+0S
1,7600E+04
1,4400€+03
1.1800E+02

4,5300E0S
3,0500E403

IRES
1

11

1.1000E+06
1.3500E¢06

2,0300E+06
1,6700E0S
1,3700E¢04
1,1200£¢03
9.2200E+01

2.7500E¢05
1,8500£023

iwo
0

100
21

12

7.0000E,+04
9,0000E¢05

1.5800E406
1,3000E+05
1.0700E+04
8.7400£+02
7.1800E+01

1.6706£+05
1.1200E+03

5,000000E+05%

17



SMOOTH CAPTURE CROSS SECTION FOR Na

SXSC

0.

145400E=04
2,2900E~04
143400E-03
5,5600E«03
1.3000E=02

52

0,

204800E=04
3,9400E~04
1.9900E-03
5,5800E~03
1.4700E=02

0.

3.4200E=-04
1.8300E~03
4,.9400E=03
5.8600E-03

SMOOTH FISSION CROSS SECTION FOR Na

SXSF

0.
O

TABLE III (continued)

IN ZONE 1

0.
2,9400E=04
1,3800E=03
4,1300E=02
6,2300E=03

IN ZONE 1

RESONANCE WEIGHTING FUNCTYIONS FOR ZONE

RW
2,0500E=02
446600E+00
3,6700E+00
342600E-0]
2,3000E-01
9.0000E=06

52 .
1,0600E-01
5.1800E+00
3,1400E00
5.8100E+01
9,4800E-02
3+5100E=06

3,5500E=-01
6+1000E00
2.6000E400
3,1600E01
3,2700E=02

8,5300E~01
T.0700E+00
2,3000E+00
1,8300E+01
1,2400E-02

0.

2,8800E~04
2,1700E-03
1,8200E~01
6,8300E-03

1,5800E00
7.1800E+00
1,8500E00
1,3300E+0%
3,6800E~03

UNRESOLVED PLUS SMOOTH WEIGHTING FUNCTIONS FOR ZONE 1

Sw
1,3400E~02
4,2400E+00
4,2000€+00
2,2300E=01
646700E=03
2,3500£~06

52

647900E-02
5,7100E+00
3,8000E+00
1.9600E-01
3.1900E=03
8.2500E~07

RESONANCE CAPTURE CROSS

52
0,
°'
o.
0.
G
Oe

2,2600E=01
648200E00
2,5400E+00
1,0800E~01
1.6300E-03

SECTION FOR

SMOOTH CAPTURE CROSS SECTION FOR MG

SXSC
244800E~04
2.T200E=03
646500E=03
T+6100E=02
1+5800E=02
6.5700E-02

82
3,0200E~04
3,6300E~03
600600E-03
4,6300E~02
109400€=02
6.7500E=02

3.6B00E=04
4,3400E¢03
6.6000E-03
1.7400E-02
2,8400E-02

5,4800E<01
8,9400E+00
2,7500E400
2,9000€-02
6,6900E=04

MG IN ZONE2

IN ZONE2

4,4T00E=04
4,9100E-03
7.7200E~03
1.4400E=02
2,7200E~02

SMOOTH FISSION CROSS SECTION FOR MG IN ZONE 2

s2

RESONANCE CAPTURE CROSS SECTION FOR CL IN ZONE2

RXSC

18

1,0200E+00
8,7400E+00
1,5500E¢00
1.1200£-02
2,6700E-04

5,4500E=04
5,2800E=03
2,0200E=02
T.8600E-03
2.,5400E=-02

°.

4,4500E=04
4,4700E=04
2,9200E=02
7,5000E-03

2,4200£000
T41600E«00
1,6100E400
1.0100E+0%
1,4600E-03

1,5500£400
9,0800E400
1,3100E400
6,2000E~02
141400E=04

6,6300E~04
5,4100E~03
4,5900£~02
7,6500E=03
2,9600E02

0.

6,0900E=~04
4,9400E=04
1,1900€«02
8,2300£+03

3,2800E+00
6,6400E+00
1,3000E400
6,1300E+09
$,8900E=04

2,2600E+09
7.8100E+00
1,5200£+00
74280002
6,7300E=08

8,0800E=04
S,4200E~03
1,8800E=02
1,9900E~02
3,7800E-02

0. .

T6ROGE~04
5.8800E=04
7.7700E=03
9.,0500E=03

3,9300E+00
6,1300E+0Q
8,7910E=0}
2,890QE+00
1,8700E=04

2,7000E400
6,70Q0E+0Q
9,4200E=01
4,3400E=02
2,0400E=08

7§
70

9,8100E=04
5,3600E=03
1.4400E-02
2,31.00E=01
3.8700E-02

O .

8,8100E=04
T+4500E~04
6,3800E=03
1.0200E=02

4,4700E*00
5,3300E400
6,1500E=01
1.2200E400
8,2100E-05

3,0100E+00
5,7700E*00
6,0100E=01
2,2900E-02
1.3100E=05

1.2900E=03
5,2700E~03
2,0200E=02
3,8800E=02
4,5300E-02

0.
0o
O
°.
[- D)
1,0500€=04
7¢3200E=04
9.8100E=«04
5,8000E=03
1,1800E=02
O
O
0.
0
00
4,5900€000
4.8000E«00
443900E=01
5,1700E=01
2,2300E=05
3,4600€+00
5,350QE+00
3,6600E01
1,3700£=02
3.1900E=06
0,
0.
O
0.
O
0o
00
°.
0,
Oe
1,8700€=03
5.3900E~03
3.1900E=02
1.7600£~02
5,2900E=02
o.
°.
[
'O
0o
Oe
Oe



o.
0,
o.

TABLE III (continued)

0,
0,
0.

RESONANCE FISSION CROSS SECTION FOR CL IN ZONE 2

RXSF
0.
0.
[ B
Oe
0.
[ 1Y

52

s2

RESONANCE WEIGHTING FUNCTIONS FOR ZONE 2

RW _
241300E=02
4,8700E400
3,8900E+00
3,5100E=01
2,5300€=01
T«5100E=0¢

. 82

141000E=0]
5,4200E00
343300E%09
6,0200E401
1.0400E=01
2,6800E-06

3,7000E=01
6.4000€400
2,7700E%00
3,2700E401
3.6100E-02

8,6800E-01
7,4300E400
2,4400E+00
1,9000E+01
1,3800E-02

0,
0.
0.

1.6400E00
7.5600€400
1.9700E¢09
1.3800£+01
4,1200£-03

UNRESOLVED PLUS SMOOTH WEIGHTING FUNCTIONS FOR ZONE 2

sw
1.3600E=-02
4.3000E400
4,2900E+00
2,3100€-01
7.3300E=-03
1,9600E=06

52
6+8500E-02
5.8000E+00
3,8900E400
2,0300E~01
3,5100E-03
6.4600E-07

RESONANCE CAPTURE CROSS

O -
8,5400E~01)
1,3500E=01

0. .
T743200E~01
6,2500E+00

RESONANCE FISSION CROSS

" se

2,2800E~01
6.9300E+00
2.6100E000
1.1200€-01
1,8100E~03

SECTION FOR

5,5800E=05
B,4400E~01

SECTION FOR

SMOOTH CAPTURE CROSS SECTION FOR CL

SXSC
3.5700€E-03
144700E=0)
2,2900E=-01
T.4300E=01
o.

o.

52
4,5500E+03
1.5000E=0]
2,7600E~01
7.8400E-01
°I
0.

6,0800E~03
1.6100E=0}
3,2500€-01
8,2100E=01
0,

SMOOTH FISSION CROSS SECTION FOR CL

SXSF _
1.1000€400
2.6300E~02
0.

o.

52
1.0100E+00
7.8500E~03
Oe

0.

1+0200E+00
1.2400E-03
00
°'

5,5300E=-01
9,1100£+00
2,8300E+00
3,0000E~02
7.5400E=04

CL IN ZONE3

o.
0.
0,
5,0500E=01
9,2000E=01

cL IN ZONE 3

IN 20Ng3

8,1400E~03
1,3400E-01
3,7600€-01
3,6400E-01
o.

IN ZONg 3

7.5000E~01
4,0400E-04
ol

0,

1,0300€400
8,9100F+00
1.5900E+09
1,1500E~02
2.9900E~04

5,4400E~0]
1,0500E¢00

1,1400E=02
1,3300£-0]
4.3100E-01
3.3200€-01
0-

5.6800E-01
.

0,

0.

2,5200E+00
7,5400E¢00
1,7100E400
1,0400E+01
1,6400E-03

1,5600E¢00
9,2600€+00
1.3500€+00
6,4100£-02
1,2900E«04

5.2800€E-01
1,1400€00

1,7600£=02
13900E~01
4,8800€-01
3,0300€~01
O

5,6300E=01
°.
°o
O

o.
0,

3,4200E400
7.0100E00
1,3800E4+00
6,3600E+00
6,6200€E-04

2,2800€+00
7.9700€000
1.5700E400
7.6600E=02
7.7400E-08

o L] .
5,4800E~01
4,2400F-01

2,7400F=02
1,4900€-01
5,4500E-01
2,7200€01
[

5.4300€-01
.

0.

0e

0.
0.

2073065009
6,850Q9E+00
9.7400E=01
4,6900E%02
2,2500E+05

0,
0,

7e4200E~0]
2,6400E¢00

4,1600E-02
1,6200€=0]
6,0000E=-01
2,4300E=01
°o

5,7200E~01
.

0.

o‘

0,
O

4,6600E+00
5,6400E400
6,5900E=01
1,3200E+00
8.7000£=05

3,0500E400
5,9000E+00
6,2300E=01
2,4900E-02
1,4200E~0S

0,
0,

o,
7.2700€=01
1,3300€¢00

6,5100E=02
1.7800E=01
6,5200E=01
2,1700E-01
o.

4,8100E=01
.

0,

o,

2,1700€=05

3,5100E400
S5,4700F 00
3,7900E=01
1.59000€-02
3,1200E=06

0.
8,590QE=01
2,6300E400

1.1200€~01
1.9800€=01
7.0000F=01
1,3000E=01
0-

1.7700E-01
]

0.

00
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RESONANCE CAPTURE CROSS SECYION FOR

RXSC

o.
1.2200E=~08
2,0400£+01

L]
4,6300E~05
104000E¢0]

1,2200E~03

RESONANCE F1SSION CROSS SECTION FOR

1,9900E-03
145700E¢01

T+0200E-03
3¢2500E¢00

°'
3.9500E-02

SMOOTH CAPTURE CROSS SECTION FOR K

Sxsc
°.
4,1800€=02
2,1800€=01
1,1800E+00
4,6100E+00

52
°.
6,3500E~02
242600E-01
1.3100E+00
6,2600E+00
01

0.

8,7300E~02
2,7600E=01
1.4700E00
3.,7T000E00

SMOOTH FISSION CROSS SECTION FOR K

SXSF _
2,6100E+00
1.7700€£400
1.53005+00
2,3800E400
7.3800E+00
ol

52
244600E+00
1:6900E400
1.4700E+00
2,5500E00
9.9300E+00
00

RESONANCE CAPTURE CROSS

RXSC
0.

52

52

2,3600E+00
1.,6400E+00
1,4600E900
2,7200€+00
6.5100E+00

SECTION FOR

0,
O,
0o
0,
0.

SECTION FOR

SMOOTH CAPTURE CROSS SECTION FOR Ca

Sxsc

0.

1.5400E=04
2.2900€=04
1.3400E-03
5,5600E=03
1.3000E=02

52
Qe
2,4800E-06
3.,9400E~04
1.,9900E=03
5¢5800E~03
14700£~02

0.
3,4200E~04
1.8300€E~03
4,9400E=03
548600E-03

SMOOTH FISSION CROSS SECTION FOR Ca

52

RESONANCE WEIGHTING FUNCTIONS FOR ZONE 3

Rw
2,0500E-02
%,6600E+00
3,6T00E+00
3.2600E~01
24,3000E~01
9.,0000E=-06

20

S2
1.0600E-01
S.1800E+00
3+1400E¢00
5.8100E+01
9.4800E-02
3.5100E~06

3,5500E~01
6,1000E%00
2,6000E+00
3,1600E+0)
3.2700€E=02

TABLE III (continued)

0, 0, 0,

K IN ZONEJ

°l °' °l

0, 0, 0,

0, 0. 0,

0, 0, 0,
4,0800E400 6,7900E200 4,7500E+00
K IN ZONE 3

0, 0, 0,

0, 0, 0,

0, 0, 0,

0, 0, 0.
8,7800E+00 9,8900E400 1,1400E¢01
IN ZONE3

0, 0. 0,
1,0700E«01 1,3300E=01 1,5600E~01
3,7400E=01 #,B800E-01 6,0200E-0)
1,6B800E400 1,9400E400 2,2100E400
1,9200E¢00 3,6600E=01 0.

IN ZONE 3

1,9600E+00 1.,8800E+00 1,9400E+00
1,5500€400 1,5000E¢00 1,4800E+00
1,5200E+00 1.6100E400 1,7200E+00
2,9800E+00 3,3300E400 3,7200E¢00
6,0700E+00 2.,8400E+00 0.
CA IN ZONE3

0, 0, 0,

0, ('Y 0,

0. o. ol

0, 6, 0,

0, 0, 0,
CA IN ZONE 3

0, 0, 0,

0, 0, 0,

0, 0, 0,

0, 0, 0,

o, 0, 0,

IN ZONE3

0. 0. 0. A
2,5400E~04 2,8800E=04 4,4500E-04
1,3800E-03 2,1700E=03 4,4700E~04
4,1300€=-02 1,8200E-01 2,9200E~02
6,2300E~03 6,8300E~03 7,5000€~03
IN ZONE 3

0, 0, 0,

0, 0, 0.

0, 0, 0,

0. Do 0,

0. 0. 0.
8,5300E~01 1.5800£400 2,4200E400
7,0700E400 7,1800E400 7,1600E+00
2,3000E+00 1,8500E+00 1,6100E+00
1,8300E401 1,3300E+01 1,0100E401
1,2600€-02 3,6800E=03 1,4600£=03

00
1,4600E¢01

00
1,8000€-01
7.1300E=0)
2,5200£400
o.

2,0000E+00
1,4800F0Q
1,8200E+00
4,1500E000
0o

' .
6,0900£=04
4,9400E=04
1,1900£=02
8,2300£=03

3,2800£+00
6.6400E+00
1,3000E+00
6,1300E+00
5,8900E~04

0'__'_’ -
1.7T10E+01

0. R -
1.9400E~01
8,2700E~0]

2.8800E¢00

0.

.

2,0300E+00
1,4500E+09Q
1.9400E¢0Q
4,6800E+00

0,

7.6800E=04
5.8ROQE~04
747700E=03
9,0500E-03

RN

3,9300E+00
641300E+00
8,7900€E=-01
2,6900E+00
1,4700E~04

0._
2,1500E¢01

o. - R
2,0900€E-0)
9,4300E-01
3,6600E¢00
0.

1.9400E00
1,5200E+00
2.0700E+00
5.8900E+00
0.

0, .

8,3100E=04
T.4500E=04
6,3800E=03
1,0200E=02

4,4700E+00
5,3300E400
6,1500E~-01
1.2200E00
8.2100E=05

0.

0o

0o _ .
4,7100E=06
8,7400E+00

'8
Oe

o.
7.6800E=04
5,0100E+01

1.9100E=02
2,1600£=01
1.070QE«00
2,4900F+00
0-

1.8300E+00
1.5300E400
2,2300E+00
6€,2300E400
0o

140500E~04
741200£-064
9,8100E~04
5,8000E=~03
1,1500E=02

4,5900F¢00
4,5000E+00
4,3800€-01
5,1700E~01
242300E-05



TABLE III (continued)

UNRESOLVED PLUS SMOOTH WEIGMTING FUNCTIONS FOR 20NE 3

SW
1,3400E~02
4,2400€+00
4,2000E00
242300E=01
6.6700E~03
2,3500E=06

RADII
Ne

ZONE NUMBERS
1

MIXTURE NOS
7

MIX TABLE
7

MIX COMMAND
0

MIX DENSITY
o.

NEUTRON FLUX
1,0000€400
2,0000E400
3,0000E+0Q
4,0000E=0])
5.0000E-01
6.0000E~01
7.0000E=-01
8,0000E=02
9,0000€-02
141000E¢0}
1.2000E+0]}
1,3000E+01
1,4000E+00
1.5000E¢00
1.6000E00
1,7000E¢00
1,8000€~0]
1¢9000E=01
2,1000€¢0)
2,2000E+0]
2,3000E+01
2.4000E+00
2,5000E¢00
2.6000E+00

ceweasZ0ONE
weane=20NE
eweceesZONE
eneueeZONE
ecvea=2ONE

UNDER THE

MINO(I)=

MINO(I) =
INDEX ILO]
1

23

45

67

89
111
133
155
177
199
243
255
e67
279
291
303
315
327
339
351
3718
381
387
393
399
405
411
417
423

52

6.7900E=02
5,7100E400
3,8000E400
1,9600E=01
3.1900E=03
8,2500E=07

_ 10
1,0000E400

9

L]
6,0000E~02

234
1.0000E¢00
2,0000E+00
3,0000E-0}
4,0000E=01
5,0000E=0]
640000E=-01
740000E-02
8,0000E~02
140000E+0]
1¢1000E+0]
142000E¢0)
1,3000E¢00
1.,4000E400
1.5000€¢00
1+6000E+00
1,7000E=-01
1.8000€-0]
2.0000E+01
2,1000E+01
2+2000E+01
2,3000E+00
2,4000E+00
2,5000E+00
246000E+00

1 c=we=oMATERIAL 1
2 e~e===MATERIAL 1
2 ce===oMATERIAL 2
3 weee=oMATERIAL 1
3 mew==aMATERIAL 2
PTION PROVIDEg HN%N INPUT MT=a)

107 110

MT NUMBER

242600E=0)
6,8200E¢00
245400E+00
1,0800£=01
1,6300E-03

2,0000E+00

0. 5,0000E=02

1,0000E+00 1,0000E-01
2,0000E.01
3,0000E-01
4,0000E-01
5,0000E=02
6,0000E=02
8,0000E+00
9,0000E4+00
1,0000E+01
1,1000E+00
1,2000E+00
1,3000E+00
1,4000E400
1,5000E=01
1,6000E-01
1,8000E401
1,9000E#01
2,0000E401
2,1000E400
2,2000E400
2,3000E+00
2,4000E+00
2,5000€=01
2,6000E=01

2,0000E-01
3,0000E=01
4,0000E=-01
5.0000E=01
6,0000E=02
T7<0000E=02
9,0000E+00
1,0000£40)
1.1000E+01
1,2000E+00
143000E¢00
1.4000E¢00
1,5000E+00
1.6000E=01]
1,7000E-01
149000E401
2,0000E401
2,1000E401
2.2000E+00
2.3000E400
2,4000E¢00
2,5000E+00
246000E=01

1o 11

5,4800E-01
8,9400E400
2,7500E+00
2,9000E-02
6,6900E=04

3,0000E¢00

1.,0200E+00
8,7400E+00
1,5500E00
1,1200E=02
2,6T00E~04

4,0000E+00

4,0000€=02

1,0000E=0]
2,0000E-01
3,0000E=01
4,0000E=-02
5,0000E-02
7.0000E400
8,0000E+00
9.,0000E+00
1,0000E00
1,1000€¢00
1,2000E+00
1,3000E+00
1,4000E=0)
1,5000E-01
1,7000E¢0}
1,8000€40)
149000E01
2.0000E+00
2,1000E+00
2,2000E900
2,3000E+00
2,4000E~0]
2,5000E=01

1S USEDy THERE WILL BE 22
13 14 15 51 52 53

1,5500E400
9.,0800E+00
1,3100E+00
6,2000E=02
1,1600E=04

6,0000E¢00

1,0000E=0}
2,0000E=01
3,0000E=02
4,0000£-02
6,0000E¢00
7.0000E400
8,0000F+00
9,0000E~01
1,0000£400
1,1000E400
1,2000E+00
1,3000E=~01
1,4000£=01
1,6000E401
1,7000€¢01
1,8000E+01
1,9000E+00
2,0000€¢00
2,1000E+00
2,2000€+00
2,3000€-01
2,4000E=-01
2,6000€+01

S4

2,2600€+00
7.8100E400
1.5200E¢00
742500E-02
6,7300E~0%

9.,0000E¢00

3,0000E=02

1,0000E~01
2,0000E-02
3,0000E=-02
S.oooosooo

6,0000E+00
7.0000E+00
8,0000E~01
9,0000E=01
140000€400
141000E400
1.2000E=01
143000€-01
1,5000E+01
1.6000£01
1.7000E¢01
1,8000E+00
1.9000E¢00
2,0000E+00
2,1000€+00
2,2000E-01
2,3000E-01
2,5000E+01
2,6000E01

2,700E¢00
6,7000E+00
9,4200E=0)
4,3400E-02
2,0400E=05

1,1000E+01

2,0000E~02

000E-02
0000E=-02
000E+0Q
000E0Q
000E«0Q
000E=~0}
000E=01
9.00005-01

1.0000E+0Q
1,1000E=0]
1,2000E=0}
1,4000E40]
1,5000E401
1,6000E+0)
1.7000E+00Q
1,8000E+00
1,9900E+00
2.0000E+00Q
2,1000€E-0}
2,2000€E~01
2,4000E+01
2,5000€40)
2,6000E+01

"
z'
"
5.
6.
T,
8.

°°A°°° °°|

REACTION TYPES YSED AS
55 56 57 102 103

OUTPUT FROM PR]S

GAMMA ENERGY RANGE

¢40000000E+06
+50000000E406
+90000000E+06
+13500000£407
«18000000E+07
«22000000E+07
+26000000E+07
«30000000E407
«40000000E+07
«50000000E407
+40000000E+06
«50000000E+06
+90000000E+06
+13500000E407
«18000000Ee07
«22000000E007
«26000000E+07
+30000000E+07
+40000000E+07
«50000000E07
«40000000E+06
+50000000E+06
«90000000E4+06
«13500000E07
«18000000E+07
+22000000E+07
+26000000E407
»30000000E+07
+40000000E+07

+50000000E06
«90000000£+06
+13500000E+07
+18000000E+07
«22000000E407
+26000000E+07
«30000000E+07
«40000000E+07
«50000000E07
«70000000E+07
«50000000E+06
«90000000E+06
«13500000E+07
«18000000E+07
«22000000E07
+26000000E+07
+«30000000E«07
«40000000€+07
+50000000E+07
«70000000€+07
«50000000E+06
«90000000E+06
«13500000E+07
+18000000E«07
«22000000E+07
+26000000E+07
«30000000E407
+40000000E*07
+50000000E«07

3,0100E400
5,7700E*00
6,0100E=01
2,2900E~02
1,3100E~0S

1,3000E401

1,0000E-02

1.0000E-02
3,0000Ee00
4,0000E400
5,0000E¢00
6,0000E=01
7.0000E~01
8,0000E~01
9,0000E=01
1.0000E~01
1,1000E-01
1,3000E¢01
1,4000E+01
1,5000E01
1,6000E400
1,7000E¢00
1.8000€+00
1,9000€400
2,0000E-0]
2,1000E=01
2,3000E¢01
2,4000€401
2,5000E¢01
2,6000E+00

FOLLOWS =

3,4600E400
543500£400
3,6600E-01
1,3700€-02
3.1900E=06

u|
o

1,5000E401

2.0000E400
3,0000€E400
4,0000E+00
5,0000E-01
6,0000E=01
7.0000F=01
8,0000E=01
9.0000E-02
1.0000E=01
102000€+01
1,3000E4+01
144000€+01
1,5000F«00
1e6000F«00
1+7000E+00
1,8000£400
1.9000E-01
2,0000E=01
2,2000€40)
2,3000E+01
2,4000E401
2 59005000
2,6000E+00

_NUMERATOR DENOMINATOR
«71956500E¢04 «15642250E=01
+57921700E+05 .80912250E-01
«13033064E406 .11‘957195‘00
+20214041E+06 .12810231E+09
+23460980E+06 .11727700E009
+2B072260£406 +11701300E+00
«31366940E406 .11215300E+09
+65685000E+06 .19283500E409
+33776000E406 »T7684750E=0]
+T7647500E+05 +15529500€E-01
+68521500E4+04 «14895000E=01
+55177250E+05 «T7077000E~0]
+12413607E+06 .!09‘920¢5009
+19255472E+06 .1220279%4€4+09p
«22395700E¢06 .11195300E+09
+26736360E406 +11144400E+00
+29870680E406 +10681000E40Q
«64059500E06 .18751500E+00
+41782600E006 +94BB6T7SNE=0)
«19452250E+06 .313525095-01
+66207000E404 «14391250£-01
¢53313150E+05 T74475500E~0]
«11995469E406 +10580350€+00
+18806746E¢ 06 .11791525:‘00
«21591240E+06 +10793200E+0Q
«25833840E+06 «10768200E+00
+28861980E4+06 +10320300E+00
«62642250E+06 «18310750E+09
+43409400E¢06 «98260750E=01

EMAT
«46001374E006
«T1585823E+06
«11337320E¢07
«15T7960TE*07
+2000475R8E407
+23990719€407
22796620 7E+Q7
+34062B00E+07
+43478289E¢07
«50000000E+07
+46003021E+Q6
«71587179€+06
+11337450E407
«15TT9561E¢07
«20004555€¢07
«23990847E407
«27966183E+07
«34167667E¢07
«44034178E07
«52077505EeQ7
+46005038€006
«T1585297E+06
»11337497E¢07
«18779762E+07
«20004484E407
«23990862E+407
«27966222E+07
034210641E007
«SAL1TTTE2ECOT
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mecneaMATERIAL 3

429 15
435 15
441 15
446 15
451 15
456 15
461 15
466 15
471 15
476 15
481 15
486 15
491 15
496 15
499 15
502 15
$05 15
508 15
S11 15
514 15
517 15
520 15
523 15
526 15

------zoNE 3

INDEX ILOLI MT NUMBER

1 15

S 15

9 15
13 15
17 15
21 15
25 15
29 15
33 15
37 15
41 15
45 15
51 15
57 15
63 15
69 15
75 15
81 15
87 15
93 15
99 15
108 15
m 15
116 15
121 15
126 15
131 15
136 15
141 15
146 15
151 15
156 15
161 15
166 15
169 15
172 15
175 15
178 15
181 15
184 15
187 15
190 15
193 15
196 15

ot sy

N
N

~ OO NGRS N-

«50000000E+07
+70000000E+07
+40000000E+06
+50000000E+06
+90000000E+06
+13500000E407
«18000000Ee07
+22000000E407
«26000000E+07
+»30000000E407
«40000000E+07
«50000000E+07
«70000000E+07
«40000000E+06
«50000000E406
+90000000E406
+13500000E407
«18000000E+07
«22000Q00E«07
+26000000E407
«30000000E407
+40000000E407
+50000000E+07
+70000000E07

TABLE III (continued)

GAMMA ENERGY RANGE

«40000000E+06
+50000000E+06
+90000000E406
«13500000E407
+18000000E407
«22000000E+07
+26000000E407
«30000000E+07
«40000000E407
+50000000E+07
+70000000E407
«40000000E+06
+50000000E+06
+90000000E+06
«13500000E+07
«18000000E+07
«22000000E+07
¢26000000E+07
«30000000E+07
«40000000E+07
«50000000€E407
+70000000E«07
+40000000E406
+50000000E+06
290000000E+06
+13500000E+07
«18000000E+07
+22000000E#07
+26000000E+07
«30000000E407
«40000000E+07
+50000000E+07
«70000000E+07
+40000000E+06
+50000000E406
+90000000E+06
«13500000E+07
«18000000E+07
«22000000E407
«26000000E407
+30000000E+07
+40000000E+07
+50000000E07
«70000000E¢07

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)

GROUP 1

.
S5¢40831E-01

GROUP 2

GROUP 3

2,49268E-03
8,T1466E~04
1.96759€E=02
5,03455€~02
J,14871€-02
4,01304E~02
1,05218E~02
T7.10T06E=02
3,58987E-03
1,01278E~02
1,6663T7E=01

+T0000000E*07 «33518650E+06
«10000000E+08 +T4115383E=09
«50000000E+06 +62988000E+04
+90000000E+06 +50726650E+05
«13500000€¢07 «11410785E+06
«18000000E07 «17700490E¢06
«22000000E«07 220540460E006
+26000000E«07 +24575120E+06
+30000000E+07 «27453400E406
+40000000£+07 +60261500E406
«50000000E+07 «%6293375E+06
«70000000E07 «#9334300E06
«10000000E08 +49703500E405
«50000000E+06 »60465000E0064
«90000000E+06 «4R69T150E405
+«13500000£407 +»10955477E¢06
«18000000E+07 «16995017E+06
«22000000E+07 «19692640€406
+26000000E+07 «23813980E406
«30000000E¢07 «26361000€¢06
«40000000E+07 «58627500E«06
«50000000E407 «47496250E406
«70000000E+07 +60786200E406
«10000000E+0R «11832340E406
OUTPUT FROM PR1S
NUMERATOR
+50000000E+06 J48TB2T00E+04
«90000000E+06 «#5350940E405
«13500000E407 «11353927E406
«18000000E+07 +18616027E+06
+22000000E+07 +22288160E+06
«26000000E+07 +26158880E+06
+30000000E+07 »27935840E406
+40000000E+07 «63512000E+06
+50000000£407 +46916750E+06
«70000000E+07 +40756215E+06
+10000000E+08 +28706650E¢05
+50000000E¢06 «46803600E¢04
+90000000E4+06 +435140T0E«05
«13500000E407 «1089596TE« 06
+18000000E+07 «17866477E406
«22000000E+07 «21393700E406
«26000000E407 +25105600E406
«30000000E+07 +26811040E+06
«40000000E+0T7 +60939500E+06
«50000000E+07 «4T4T72750E406
«70000000E+07 +54658250E+06
«10000000E+08 «99525000E405
«50000000E+06 o4AR11600Ee06
+90000000E+06 «41661570E+05
«13500000E+07 «10433312E+06
«18000000F07 .17103862€+06
«22000000E+07 «20479000E+06
«26000000E+07 «24032240E¢06
«30000000E07 +25669680E+06
+40000000E+07 +58348750E+06
«50000000€+07 «47092000E¢06
+70000000E407 .62029800E+06
»10000000E+08 «28721750E406
«50000000E+06 +43609000E406
«90000000E+06 +40624500E+05
+13500000E407 «10171830E406
«18000000E¢07 «16676310E+06
+22000000E+07 «19967220E+06
«26000000E«07 +234656920E406
+30000000£+07 +25022320E+06
«#0000000E+0T +56828000E+06
+50000000E+07 «46858250E+06
«70000000E+07 «66979750E406
+10000000E+08 »37118805E+06
1

GROUP & GROUP S GROUP 6

0- ol

0; o.

°l o.

°. o.

0 0.

'8 0.

0. o.

°0 o.

0. o.

°. o.

0o 0,

«61566500E=01
.10587912E~1%
.1369!000E 01
«70862750E~01
.1006‘66°E000
«11217256E+00
.10267900E+0Q
+10243600E00Q
+98166000E=01
+17593750E40¢0
.10635:252009
.87542000E=01
.7xoosoOoE-og
«13143500E=-01
«68024500E=01
«96630312E~01

10770269E+0q
.98652000E-01
«98003000E~01
,962600005-01
.17091500E+0Q
+106a7250E400
+10613600E+00
«16621800E=01

DENOMINATOR
.106663005-01
262620600E=0]

«99762937E=0]
.117822565‘00
.11138000€+0¢
«10913200E+0Q
.99998000E~01
.18461250E+0¢
+10819)50€E+00

+73310450E-01

L%1009500E=02
.100‘02755-01

.60082175E=0]

«95738375E=-0]
.11307587E‘00
«10690900E+00

+10673800E40¢Q

«95972000E~01

17713750E+00
.10872050E‘00

»95935500£«0]
213792500E=01
096125250E=02
+57525425E=0)
.91613562E-01

10825319€+00
.102339006000
+10026000€+0Q

.91886000E=0}

»16960750E4+00
.10737200E¢oo

.,10785500E+0Q

«36521500E=01}

«93717500E=-02
+56092500E=01

+89376562E«0]

«10554619€+00

299781000E=01

.97852000E=0}

.89582000E~01
.16515500E¢00
«10657950E+0¢Q
+11576750E+00

«47317295€E<01

GROUP 7

+54443001E¢07
«T0000000E07
+46006866E+06
«T1584366E406
«11337467E+07
«15779697E007
+20004538E407
«23990706E+07
oR7966302E+07
«34251652E07
«44362604E¢07
«56355007E407
«70000000E+07
+«46003728E%06
+«71587663E+06
«11337516E407
«15779567E¢07
«2000227SE+07
«23993123E+0Q7
«27966264E407
«34302138E+07
«444419TSECQTY
«5T271991E407
¢ T2052637E07

EHAT
«46618216E406
«72621759E406
«11380907E«07
«15800053E+07
«20010918E407
+2396994SE+Q7
227936399€007
*34402871E407
«43364543E¢07
+55594005E¢07
«70000000E+07
+46615855E406

«T2624259E406
.113809825o07
+15800013€407
#20011131E¢07
«23969906E+07
+27936315E407
¢ 34402371E¢07
«43664648E407
«56973956E+07
«72158782E407
«66617928E+06
+T2422881E¢06
«11380939E407
+15799870£407
020011140E407
+2396991RF+07
2 27936443E407
«36602223E07
o43B5B734E007
57512215407
4 T8643402E407
24661776 E%06
«T2624121E¢06
«11380870E¢07
+15800012E+07
«20011044E+07
023971835E407
«2793230RE«07
+34408889E+07
+43965537E¢07
+57857127E+07
« T8446591E407

GROUP 8
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GROUP 9

O
Qo
Oe
0o
0o
Qe
0
[ 23
0o
Oe
Oe

GROUP 17

Qe
0
Qe
O
0e
O
O
Qe
O
0
Qe

GROUP 25

Qe
Oe

Oe
Qe
Oe
Oe
Qe
0o

GROUP 10

GROUP 18

GROUP 26

GROUP 11

GROUP 19

GRoOUP

TABLE III (continued)

GROUP 12

GROUP 20

GROUP 13

GROUP 21

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE) 2

GROUP 1

Oe
Qe
0.
[ X}
Oe
Qe
[ )
O
O
Oe
Oe

GROUP 9

5¢37555€~04
4402263E-04

°l
5.65239E~03
2075518€~03
S5+31516E~04
5.08437E=04
0o
102003203
3.38634E-03
O

GROUP 17

1:67142E=03
1¢25076E=03

0o
1+ 7STS0E~02
8+56669E~03
1:65264E=03
1+58088E=03

0
307321603
1405292602
0.

GROUP 2

6ROUP 10

5431121E~04
3,9T449E~04

o.
5,58474E-03
2.72220€=-03
5,25154€=04
5,02352E=-04
0.
1,18595E-03
3,34581E~03
o.

GROUP 18

7.65813E~04
5,73073E-04

'
8,05252E=03
3,92509E~03
7.57209€=04
T+24331E=04
[
1.71000E=03
4,B82626E~-03
0.

GROUP 3

GROUP 11

5.82686E-04
4,36035E~-04
o.

6,12694E~03
2098649E~03
5.76139€E-04
5.51123E~04
0.

1.30109E=-03
3,67064E-03
°l

GROUP 19

9.97565E=-03
Te464698E-03

O
1,04894E-0]
S.11291E=02
9,86358E~03
9043529E-03
0,
2422749E=02
6,28419E=02
O

GROUP 4

GROUP 12

T+16038E=04
5,35825E-04
0

7.52914€-03
3,66997E=03
T O0TI94E=Q4
6.77252E-04
0.

1,59886E=-03
4,51070€-03
o.

GROUP 20

3,07345E-03
2,29992E=03

'

3,23173e-02
1,57526E~02
3.03892e-03
2,90697E=03

0
6.86277E=03
1,93633E=02

0.

GROUP 5

GROUP 13

3.,19018€=03
2,38728€=03

ol
3,354467E-02
1063509€E=02
3.15434£-03
3.01738E=03
O .
T+12343€-03
2+00966E=02
ol

GROUP 21

1.69131E-03
1.26564E-0)

0.

1.77881E-02
8.66862€=03
1+67231€=03
1+59969E=03

[
3,77656E«03
1006544E=02
Oe

GROUP 14

GROUP 22

GROUP 6

2,25275€-04
1.68578E=04

.
2,36876E=-03
1,15462€-03
2,22744E~04
2,13072E~04
LD

5.03021E~04
1e41912€E~03
o'

GROUP 14

1,70624E~03
1,27681E-03

0, B
1,79411E-02
8,74512€-03
1.,687Q07€~03
1.61381E-03
o.

3,80989E=03
1,07485€~02
o.

GROUP 22

2,79602€E~03
2,09231E-03

9.
2,94001E-02
1,43307E=02
2,76460E£-03
2,64456E-03
9,
6,24329E~03
1,76136E~02
°'

GROUP 15

GROUP 23

GROUP 7

4,64928E.04
3.4791RE-04
Os

4,8BR71E-03
2438294E=03
4459T704Ee04
£039744E-04

9. -
1.03815E-03
2.928813E-03
oo

GROUP 15

2.45491E-03
1.83706E-03

0

2.58134E-02
1025824E-02
2,42733€-03
2432193E-03

0o
5.48)62E-03
1e54648E-02
Oe

GROUP 23

2+65832E-03
1498928E403

Qe

2479523E=02
1036240E=02
2,62846£-03
2+51433E-03

0
§:93583E-03
1167462E=02
Oe

GROUP 16

GROUP 24

GROUP 8

5,32968E-04
3,98830E=04

.
5.60416E=03
2,73167€-03
5,26980E+04
5.04098E-04
o.

1,19008£~03
3,35745E-03
0.

GROUP 16

6.19686£=03
4,63723€-03
0.
6,51600£-02
3,17613E-02
6.12724£-03
5.86119£03
0,

1.38371£-02
3,90373E=02
0.

GROUP 24

3,77502€-03
2.82492E-03

Q.

3,96943E=02
1,93484E-02
3,73261£-03
3,57053E=03

0, .
8,42932E+03
2.,37808£=02
o'

23
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GROUP 25

4065244€E=-03
3,48151E-03
[

4089204E-02
2438456E=02
4460017E~03
4440043E=03
Ne

1+03885E=02
2093082E~02
Oe

GROUP 26

6.59411£-03
4,93451€-03
°.

6,93371€~02
3,37974E=02
6,52003€-03
6,23693E-03

0
1,47241E-02
4415398E=02
[N

GRoOUP

TABLE III (continued)

PHOTON PRODUCTION MATRIX FOR MATERJAL (OR MIXTURE) 3

GROUP )

GROUP 9

GROUP 17

GROUP 25

Oe
Oe
Oe¢
Oe
Oe
Oe

GROUP 2

GROUP 10

GROUP 18

GROUP 26

GROUP 3

o.

8,37424E-15
8,96705E=03
8.57543E=02
1435131E~-01
1.84105E-03
Oe

2425918E-01
1.57589E=~01)
1.50302E-03
Oe

GROUP 11

GROUP 19

GRoUP

GROUP &

0.
0,

[ 1 .
1,13475E~02
7430168€=02
0,

O,
2,82302E~01
1,52537E~01
6,19263E~11
[

GROUP 12

GROUP 20

GROUP S

8.90859E«02
9.98537E~02
Oe
°'

GROUP 13

Oe
o.
[
o.
Oe
0
O
[ %
O
o.
0o

GROUP 21

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE) &

GROUP 1

GROUP 2

GROUP 3

GROUP &

GROUP S

GROUP ¢

GROUP 14

GROUP 22

GROUP 6

GRoupP 7

GROUP 15

GROUP 23

GRouP 7

GROUP 8

GROUP 16

GROUP 24

GROUP 8
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GROUP ¢

GROUP 17

GROUP 25

GROUP 10

GROUP 18

GROUP 26

GROUP 11

GROUP 19

GROUP

TABLE I1I (continued)

GROUP 12

GROUP 20

GROUP 313

GROUP 21

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE) S

GROUP 1

4.796425E~03
8+61033E=02
1420051E=01
2014624E=01
1020451€-01
1025647E=01
1.25982E-01
1:37627E-01
1.23488E=01
8,69303E-02
1:67972E=02

GROUP 9

1436119E-02
6404145€E=02
4432598€E=-02
6400416E-02
1.95788E=02
2461050E~02
4,10222€=02
5.40747E~02
1.6781AE=02
6¢33979E~02
Oe

GROUP 17

1410555E=01
4490683E=01
3,51353E-01
4,87654E-01
1.59018€~01
2412023€=-01
3¢33)80E~01
4,39191€=01
1¢36301E«0)
Se14914E-02
0o

GROUP - 2

°.

3,63571E~02
1,09488E=-01
4,05126E~01
2,39808£-01
1,71660E-01
1,42053€-01
1,61149E-01
1,51896E~01
1.25011E~01
1,89212€-02

GROUP 10

1.,55028E=02
6,88072€-02
4,92693E=02
6,83824E=02
2,22986E~02
2,97315€=~02
4,67209€-02
6,15867E~02
1.91131E~02
T+22051E~02
ot

GROUP 18

1,58314E~-01
7,02655E=01
5,03136E~01
6,98318E=01
2,27712g-01
3,03616E-01
4,77111E=01
6,28920E=01
1.95182E-0}
7437354€-01
°Q

GROUP 3

0.
0o

o.
1¢83639E=01
1,43481£-01
7.77110E-02
00 -
9,41182E-03
3,08341E-02
2,17163E~02
0.

GROUP 11

1,61914E-02
Te18632E~02
5,14576E=-02
Tel4196E=02
2432890E-02
3,10520E=-02
4,87960E=-02
6.43220E=-02
1¢99620E=02
Te54120E=02
°l

GROUP 19

1493801E-01
8,60157E~01
6,15915€«01
8,5484TE=0]
2,78755€E=01
3,71673E=01
Se84057E~01
7+69894E=01
2438933E=01
9,02634E=01
Oe

GROUP &

0o
0o

0 -

S,77015E~03
2,47068E~02
4,84230E-02

.
3,53499E=03
1,17747E=02
3,30837e-04
°.

GROUP 12

2,38670E=02
1,05930€~01

7.58513E~02

1.05276E=01
3,43292E-02
4,57723E=-02
7.,19279€-02
9.48141E=02
2,94251€-02
1.11161E~01
o.

GROUP 20

2,35210E~-01
1,04394E00
7,47516E=01
1,03750E+00
3,38315€e~01
4,51087€=01
7.08851E=01
9,34395g=-01
2,89985E=01
1,09550E+00
1%

GROUP S

5.26094E=04
2033499£~03
1467197€E=03
2.32058E-03
T7.56710E~04
1.00895E-03
1.58549E=03
2+40035E=03
1.93846E-03
2,45030E-03
O

GROUP 13

3,94358E-02
1475030€E~0])
1,25330E=01
1:73950€E=01
5.67228E=02
T+56303E=02
1.18848E~0]
156663E=0]
4,86195€-02
1.83674E=01
0.

GROUP 21

3,75501E«01
1.66661E400
1,19337E+00
1.65632E¢00
5.40104€=0]
7,20138E~01
1¢13165E¢00
1,49172E400
4,62946E=0)
1,74891E400
0.

GROUP 14

GROUP 22

GROUP 6

3.96047E~03
1.75780E-02
1.,25867E~02
1., 74695E=02
$,69656E~03
T7.59542E=03
1,19357E=02
1,57334E=02
4,88277€E-03
1,84460E-02
o.

GROUP 14

5,52331€-02
2,45144€=0]
1,75535€=0]
2,43631E~0]
7.94449E-02
1,05927€=0]1
1,66456£-01
2419419€-01
6,80956E=02
2,57250E=01
oo

GROUP 22

3,14242E~01
1,39472E¢00
9,98687E=01
1,38611€009
4.519926-0]
6,02656E=0]
9,47031€~0]
1.2‘0365009
3,87422E-01
1,46359E+00
0,

GROUP 15

GROUP 23

GROUP 7

7.18867€-03
3.19059€=02
2428462E-02
3.17089E-02
1.03399E-02
1437865E~02
2416645E-02
2.85577E-02
8486275E-03
3.34815€-02
0o

GROUP 15

7.23480E-02
3.21106E=01
2,29928€E=01
3+19124E-01
1.04062E-01
1438750E-01
2.18035E-01
2.87410E=01
8:91961E02
§.36963E-01
Oe

GROUP 23

4,72093E=01
2009532E400
1450035E000
2.,08238E400
6.79038E-01
9405385E-01
1042275E¢G0
1.87564E400
%,82033E~01
2019879E400
0o

GROUP 16

GROUP 24

GROUP 8

1,05645€=-02
4,6R891€=02
3,35749€E~02
4,65997E=02
1,51955€~02
2,02607E~02
3,18383€=02
4,19686E=02
1,30247€~-02
4,92046E=02
0,

GROUP 16

9,05792€-02
4,02023E=~01
2,87868E~01
3,99541E=01
1.30285E~01
1,73714E~01
2,72979E-01
3,59835£=01
1,11673e-01
4,21876E~01
0.

GROUP 24

5,88498E=01
2.61196E+09
1.87029€¢00
2,59584E+00
8,466469E=01
1,12863E+00
1,77355E+00
2,.33787E¢00
7.25545€=01
2,74095€+00
°.

25
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GROUP 25

4484743E-01
2.15146E400
1+54055E¢00
2413818E+00
6497233E=01
9429644E-01
1+46087E+00
1+92569E+00
5,97628E=01
20257T1€+00
Qe

GROUP 26

1,35812E400
6,02780E+00
6,31620€+00
5,99059€+00
1,95345€¢00
2,60460E+00
4409295E+00
5439525E+00
1,67439E+00
6,32547E00
°o

GRoOUP

TABLE III {continued)

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE) 6

GROUP ]

2059923g-02
1011998€=03
) +22693E=01
1498330E~01
1.07457E=02
1417272E=01
1¢19691E-01
1+26607E=01
1,07202E=01
6472763E=02
1:12421E%02

GROUP 9

Qe
Oe
Qo

0

GROUP 17

GROUP 25

Oe
o.
O
Oe
Oe
Oe
Qe
Oe
Qe
0
Oe

GROUP 2

7.33992€~0S
1,19142E-03
1,73197€=03
2.94863E-03
1,59718€~03
1474307E~03
1.77899E=03
1,88188E-03
1,59342E=03
1.00017E-03
1.67135€=-04

GROUP 10

GROUP 18

GROUP 26

GROUP 3

GROUP 11

GROUP 19

GROUP

GROUP &

GROUP 12

GROUP 20

GROUP S

GROUP 13

GROUP 21

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE) 7

arouP 1

O
3.24499E=02

GROUP 2

1,49561E-04
5,22879€«05
1.18055E~03
3,02073€-03
1488923€E-023
2,40782E=03
6431307E~04
4,26424E-03
2415392E=04
6,0766TE=04
9+99620E~03

GROUP 3

GROUP &

GROUP §

GROUP &

GROUP 14

GROUP 22

GROUP 6

GROUP 7

GROUP 15

GROUP 23

GRouP 7

ODIDDIO OO IDDDD

GROUP 8

GROUP 16

GROUP 24

GROUP 8
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GROUP 25

2432622E~04
1+ TA076E=-04

[
2044602E-07
1419228E~03
2030008E-04
2420021E~04
Oe
5e19427E=04
1.46541E-03
00

GROUP 26

3.29706E~04
2,46725E-04

0
3.46685€-03
1.68987€~03
3.,26002E=04

3,11846E-04 °

0,
T7436207E=04
2.07699E=03
0.

GROUP

TABLE III (continued)

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE} 9

GROUP 1

3.55808E=04
2.84204E=03
3062795E-03
6427579E=03
3448360E=-03
3.68566E=03
3.71654E=03
4,01860E-03
3e56177E=03
2441137€-03
4048365E~04

GROUP 9

2472238E-04
1.,20829E-03
B8e65195E=04
1,20083E=03
3.91575E=-04
5422101E-04
8420664E=-04
1008149E=03
3435636E=04
1.26796£-03

Oe .

GROUP 17

2021110E-03
9,81365E=03
T7+02706E~03
9475307E=03
3418035E=03
4,24047E-03
6066359E-03
8,78382E-03
2072601E-03
1+02983E=-02
0o

G6ROUP 25

9.69486E~03
44300292E-02
3.08111E«02
4027636E-02
1039447E-02
1085929E-02
2+92174E=-02
3485138E-02
1419526€=02
4,5154)E=02
Qe

GROUP 2

7.33992E=07
7.39057E=04
2,20708E-03
8.13201E-03
4,81213€E~03
3,45062E-03
2.85885E-03
3,26181E-03
3,05385E-03
2,51023£~03
3,80096E~04

GROUP 10

3.10057E-04
1,37614E~-03
9.85387E~04
1,36765E=03
4,45972E-04
5,964630E=04
9.3441BE~04
1,23173E=-03
3,82262E~04
1,44430E=03
0.

GROUP 18

3,16629€E=03
1.40531E~-02
1.00627E~02
1,39664E=02
4,55425E-03
6,07233E=03
9,56223€~03
1.25784E~02
3.90364E-03
1447471E~02
0.

GROUP 26

2.71623E~-02
1,20556E=-01
8,63240E~02
1,19812€=01
3,90691E~02
5,20921€~02
8,18590E~-02
1.07905E-01
3,3487BE~Q2
1426509E=01
o'

GROUP 3

0o
00

0.
3.67278E»03
2.86963E-03
1.,55422E-03
0o
1,88236E~04
6016682E~04
4,34325E-04
[ ~

GROUP {1

3.238268E-04
1,43726€-03
1402915E-03
1.,42839E=-03
4,65780E=04
6421040€E-04
9,75920E=04
1.28644E=03
3.99240E=04
1,50824E-03
0o

GROUP 19

3.87602E-03
1.72031E-02
1.23183E=02
1,70969€-02
5,57509E-03
To43346E-03
1.16811E~02
1,53979E-02
4,77865E-03
1.80527E=02
0.

GROUP

GROUP &

[0
1,15603E=04
4,94137E=04
9,68460E=04
°l
7.06997E=05
2,35494E=04
6,61675E=06
0,

GROUP 12

4,T7340E=04
2,11860E~03
1.51703E-03
2,10553E-03
6,86585E=04
9,15447E=q4
1,43856E=03
1,89628E«03
5,88501E=04
2,22323e~03
o'

GROUP 20

4,70419E=03
2,08789E~02
1,495093E~02
2,07500E-02
6,76631E=03
9,02174€=-03
1,41770E=02
1,86879E=-02
5,79969E=03
2.19099€=02
°.

GROUP S

1405219E~08
4,66998E=05
3,34394E-05
4,64115E08
1.51342E-05
2.01789E~05
3,17097€=08
4,80071E-05
3,87692E=05
4,90060E~05
O

GROUP 13

7¢88717E=04
3,50060E=03
2450661E~03
3:47900E=~03
1013446E~03
1:51261E~03
2,37695E=03
3,13326E=03
9472390E~04
3.67I47E=03
O

GROUP 21

T7¢51001E~-03
3.33321E-02
20386T4E=02
3,31264E=-02
1.08021E-02
1.46028E-02
2026329E-02
2.:98343E-02
9,25892E=03
3.49782E-02
0o

;

6ROUP ¢

Te92093E=0%
3,51559€=04
2,51T3sE-04
3,49389E-04
1,13931E~04
1,51908E=04
2.,38713E-04
3,1466TE=04
9,76553E-0%
3,68920E=04
O

GROUP 14

1.10466E-03
4,90289E~03
3,S1071E=03
4,87262E-03
1.58890E~03
2,11853€=03
3,32912€-03
4,38839E=03
1,36191E~03
5.14500£-03
°.

GROUP 22

6.,28484E=02
2,78944E-02
1.99737€-02
2,77222E-02
9.03984E~03
1,20531E~02
1.89406E=02
2,496726-02
7474843E=03
2.92719E=02
0.

GROUP T

Toa3773E-04
638118E-04
4.56924E-04
6434179E=06
2406797E-04
2.75730E-04
6.33290E-04
8. 71155E-04
1077255E-04
6+69630E-04
0.

GROUP 1S

T444696E~03
6.42212€-03
4+59A56E=03
6+38248Ea03
2.08124E-03
2477499€203
4+36070E-03
5,76820E<03
1478392E-03
6473926E-03
Oe

GROuUP 23

9,44187E-03
4419064E=02
3,00070E-02
4,16477E.02
1+35808E=02
1481077802
2+84549E-02
3.75088E-02
1416407E=02
503975!E-02
0.

GROUP 8

2,11290E~04
9,37782E=04
6,7)1498E=04
9,31993E~0¢
3,03911E=04
4,05214E=04
6,367T65E=04
8,39373E-04
2.60495E~04
9,84002E=04
o.

GROUP 16

1,81158g~03
8,04046F=03
5,75737E=03
T.99083E-03
2,60570E=03
3,47427E-03
5,45957€-03
T.19671E=03
2,23366E=03
B8,43752E~-03
0.

GROUP 24

1.17700€-02
$,22392E~02
3,74059E-02
5,19168E~02
1.69294€~02
2,25725€-02
3,54711E-02
4,67573€~02
1,45109E~02
S.48190E=02
0.
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8ROUP o

GROUP 17
Oe

Qe
0o
Oe
0.

Qe
GROUP 25

Oe
Oe
Qe
Oe
Qe
Qe

GROUP 10

GROUP 18

GROUP 26

S6ROUP ]1

GROUP 19

GROUP

TABLE III (continued)

GROUP 12

GROUP 20

GROVP 13

GROUP 21

PHOTON PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE) 8

GROUP 1

Oe
0o
Oe
Oe
Oe
Ce
O
Qe
Oe
Qo
Qe

GROUP 9

2.68778E=05
2401132E~-05

O

2¢82620E-04
1.37759E-04
2+65758E~05
2.54218E~05

0s .
6+00159E=05
1,69317E=-04
Oe

GROUP 17

8435711E~05
6,25379E~05

0o

8.78750E=-04
4428334E-04
8,26322E~05
7490642E-05

0
1486608E=04
5.26459E-06
0o

GROUP 2

GROUP 10

2,65561E=05
1,98724E=05

o.

2,79237E-04
1,36110E=04
2,62577E=05
2,51176E=0%

O, .
5,92976E=05
1,67291E-04
0'

GROUP 18

3,829097E~0%
2,86537E-05

o.

4,02626E=04
1,96254E~04
3,78605E~08
3,62165E-05

0
8.55000E-05
2,41213E-04
o.

GROUP 3

°o

3,34970E~16
2,38682E-04
3.,43017E-03
5.40523E-03
7.36422E~05

Oe
9403674E=03
6¢30354E-03
6,01208E~05
0.

GROUP 11

2,91343E.05
2418018E=05

°.

3.0634TE~04
1¢49325€=04
2+8B8070E=0S
2475561E=0%

00
6450546E=05
1,83532E=04
°'

GROUP 19

4,98783E=04
3,73249E.04

00

5,24470E=03
2¢55645E-03
4,93179E-04
4,71768E=04

0.
1,11374E=0)
3.16210€E-03
[

GROUP 4

4,53899E=04
2,92067E~03
o.

o.
1,12921E~02
6,10149E~03
2,47705E=]12
o.

GROUP 12

3,58019E-0%
2,67913€-05

0,
3,7645TE=04
1,83499E~04
3,53997€-05
3,38626E-05
0.
7.,99429E-05
2,25535E~04
O

GROUP 20

1,53673E=04
1,14996E=-04

o.

1,61547€~03
7.87631E=04
1,51946E-04
1,45348E-04

0.
3,43139E~04
9,68060E~04
[

GROUP 8

Oe
o.
o.
o.
o.
o.

Oo .
3.56344E-03
3.,99418E=03
O»
°.

GROUP 13

1:59509E=04
1+19364E=04

0o
1.67724E~03
8,17546E=04
1.57717E=04
1.50869E=04
°.

3.56171E~04
1.00483E=03
0o

GROUP 21

8,45654E=08
6,32820E-05

0.

8.89205€=04
4,33431E=04
8.36154E=08
7.99847E=08

o.
1.88828E=04
$,32722€=04
Oe

GROUP 14

GROUP 22

GROUP ¢

1,12637€-05
8,42888E-06

L]
1,18438F=04
S,77310E~05
1.11372E=-05
1,06536E~05
o.
2,51511E~0%
T409562E=05
O,

GROUP 14

8,53118E«05
6,3840SE~05
0 -
8.97053E~04
4,3T72S6E~04
8,43533E-05
8,06906E~05
0

1:90‘905-05
5.,3TA24E=04
°.

BROUP 22

1.39801E~04
1,04616E=04

°.

1,47001€-03
T,16536E~04
1,38230E-04
1.,32220E~04

0
3.12164E04
B8,800679E=04
0.

eROUP 15

GROUP 23

GROUP 7

2,326464E-08
1+73957E-05

O

2044436E204
1019147E-04
2029852E-05
2419877E~05

Oe
5019074E«05
1046441E=04
O

GROUP 15

1422746E-04
9418529E=05

. .
¥'29p§75-03
6429119E=04
1+21367E-04
1¢16097E-068

.
g.7toait-04
7.73239E<04
Oe

GROUP 33

1+32916E=06
9,9463RE-05

L] -
$13076iE-03
6.01267E=06
131423E-06
1025716E<00

0 .
2.96797E-04
#.37309E04
0o

GROUP 16

GROUP 24

GROUP ®

2,66484E=08
1.99415€-05
°

2,80208E=04
1.38583E=-04
2.63490E-0S
2.52049E=05

5:950385-05
1,67872E-04
o.

GROUP 16

3,09843€-04
2.31862E=04
0
3.25800£-03
1.58807€=03
3206362E08
2.93059E~04
0
6.91855E-04
1.95186£~03
o.

GROUP 24

1,80751¢E=04
1.41246E=04

%

1.98471£-03
9,67422E-04
1,86630E-04
1.TAS27E=04

0
4021466E04
1,18906E-03
0.

27



PHOTON PRODUCTION SOURCE

TABLE IIL (continued)

VECTORS AT INDICATED MESH iNTERVALS

FOR MESH INTERVAL 1 BOUNDED BY RADI! Rx 0, AND Rs 1,0000E+00 THE VECTOR IS . N
2099121185E408 1.045T5880E«08 2,36110834E009 6.04145688E¢09 3,77845681E¢09 4,81564585€¢09 1,26261364E+09
4,307B4067E¢08 1,21533336E09 5,24462832E+10

FOR MESH INTERVAL 2 ROUNDED BY RADII R= 1,0000E+00 AND Re 2,0000E400 THE VECTOR IS _ .
2,99121185€408 1,04575880E408 2,36110834€409 6.04145688E009 3,77845601E009 4,81564585F¢09 ],26261364E¢09
4403078446TE*()8 1¢21533336E+409 S5,244662832E+10

FOR MESH INTERVAL 3 HOUNDED BY RADII Rx 2,0000E¢00 AND Rm 3,0000E¢00 THE VECTOR Is§ . .
2,99121185E008 1.04575880E+08 2.36110834E+09 6.04145688E+09 3,77845681E609 4,81564585€409 1,26261364E409
4,30784467E408 1,21533336E409 5,24462832E¢10

FOR MESH INTERVAL & ROUNDED BY RADII Rs 3,0000E¢00 AND Rm 4,0000E*00 THE VECTOR_IS . R
5,32544491£409 3,98513582£409 7,1604633BEe7 S,T2076453g«10 JI,00848123E¢10 5,287707105¢09 5,03697663c+09
1:82200358E¢10 3.35658284E¢10 0,

FOR MESH INTERVAL & BOUNDED BY RADII R= 4,0000Ee00 AND Re 6,0000E400 THE VECTOR_IS
5,32544491E409 3.98513582E409 T.16046338E¢07 5.720T6453E410 3,00848123F¢10 5,2B87T0710F«09 5.03697663E+09
14822003568E+10 3,35658284E+10 0,

FOR MESH INTERVAL 6 BOUNDED BY RADII Rz 6,0000E+00 AND Rs 9,0000E¢00 THE VECTOR_IS
5,32544491E409 3,98513582E409 7,1604633BE407 5,72076453€¢10 3,00848123E¢10 5,287T07T10E¢09 5,03697663E+09
148220035BE410 3.35658284E10 0. A )

FOR MESH INTERVAL 7 BOUNDED BY_RADII R= 9,0000E«00 AND Re 1,1000E401 THE VECTOR_IS
5432544491E009 3.9B5135B2E+09 7,16046338Ee07 5,720T6453E¢10 3.00848]23E¢10 S.287707T10E¢09 5.03697663E+09
1,82200358€410 3,35658284E410 0,

FOR MESH INTERVAL 8 BOUNDED BY RADII Re 1,1000E+01 AND Re 1,3000€¢01 THE yECTOR. 1S -
2,10135116£410 9.32927934£410 6,68517337E+10 9,3014174TE+10 3,04567080E010 4,04842675g¢10 6,34119664g¢10
2,60283692E¢10 9,79421226E+10 1,20855669€407

FOR MESH INTERVAL ¢ BOUNDED BY RADII Re 1,3000E+01 AND Rs 1,5000E401  THE VECTOR IS _
2010135116E¢10 9432927934E+10 6,68517337E¢§0 9.3014174TEe10 3, 0456TQBOEeI0 4,04842675E410 6434119664E¢10
2060283692E410 9479421226E+410 1,20855669E+07

PHOTON ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)
GROUP 1 GROUP 2 GROUP 3 GROUP & GROUP S GROUP ¢ GROUP 7 GROUP 8
1 0. 1,77229E+04 O, 0, [ 0, G 0,
2 0 5.813375003 O Do Oe (19 Qe 0.
3 0. 8,6487TEe04 0, 0, O 0, Qe 0.
4 0o 1,855653E+05 0, Oe O 0. Qe 0
5 0. 8,77429E404 0. 0, 0, 0. 0. o,
6 0 9,45773E404 0. 0. O 0, 0 9,
7 0. 2,12524E+04 0, 0, 0, o, 0o 0.
8 0. 1.18202E+05 0, 0, 0o o, Qe 0,
9 0. 3,78220E+03 0, 0, 0o o, O 0,
io 0. 6,32986E403 0. 0, 0e 0. Qe 0,
11 2.37533E405 7,31868E+06 0, 0, 0. o, O 0.
GROUP 9 GROUP 10 GROUP {1 GROUP 12 GROUP 13 GROUP 14 GROUP 15 GROUP 16
1 0. 0. 0 0. 0o 0. Qe 0.
2 0O 0, ' [+ 19 O Oe . 0,
3 0. 0. Oe 0, 0o 0, . 0.
& O 0o Qe 0. Oo 0. . 0,
5 Q. 0. 0. 0, 0, 0, N 0.
6 O 0o 0o [ Oe 0. . O
7 0. 0, 0, 0, 0 o, . 0,
8 0. 0. 0, 0. [ 1Y 0, . 0.
.9 0. 0, [ 0. 0. 0, . o,
10 0. 0e Qo 0, Oe ') ) Qe
11 0. 0o Oe Oo Qe Oo . Oe
GROUP 17 GROUP 18 GROUP {9 GROUP 20 GROUP 21 GROUP 22 GROUP 23 GROUP 24
1 0. 0. 0. 0, 0 0. . o0,
2 0. Oe Oe 0o Oe O . e
3 0. [+ 8 O. 0. Oe 0. . 0.
4 0o 0. 0, 0, Oe Q. Qe 0.
S 0. O, Oe [+ 18 Oe 0. Qe 0.
6 0o 0o Oe 0. 0. [ Qe 0.
7 0 0. 0. 0, O 0, Qe 0,
8 0. 0. Oe 0 [/ 1Y 0, Qe 0.
.9 0 O Oe 0. Oe 0. Qe 0.
10 0. 0. O 0. 0, O [0 0.
11 o, 0, 0. o, 0. 0, 0o o,
GROUP 25 GROUP 26 GROUP
1 0Oe [+ 1%
2 0. Oe
3 0. 0,
& Qo Oo
S 0 [+1Y
6 0o 0,
T Qe Oe
8 0O O
9 0. 0,
10 0. 0o
11 0. Q.

8.83847253E409

8.52847253E499
8.52847253F409
9.00957530£409
9.00957538€+09
9,00957538E+09
9.00957538E+09
8,35779484g¢10

8435779484E+10

29
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TABLE III (continued)

PHOTON ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)

GROUP ]
°O
o.

Qo
°.
[' DY
0.
O
Oe
Qe
Oe
°.

GROUP 9
4,47595E403
254164403
0
2407TT4TE« Q4
TeT9402E¢03
1434580E+03
9,25482E+02
Qe
1+23023E003
1.97762€403
0o

GROUP 17
1439171Ee0%
Te90274E«03
Oe
6,45940E¢ 04
2442340E004
4418449E003
2487760E+03
0
3.82516E403
6.14904E4+03
0.

GROUP 25
3.87385E+04
2019974E«04
[\ 1Y
1.79801E+05
6¢TASS8E«04
1e16476E04
8.00987E+03
e
1406474E404
1e71160E+04
Q0.

PHOYON

GROUP 1
O
0o
Oo
00
Oe
Qe
Oe
°.

O
0.
Qe

GROUP 9
Qo
0o
Oe
Ge
O
Oe
Oe
00
Qe
Oe
Oe

GROUP 2

GROUP 10

4,42238€4+03
2.,51122E+03

Oe

2,05261E404
T470074E403
1¢32969E+03
9414405E402

°.
1,21551€403
1,95396€£403
0-

GROUP 18

6,37653E403
3.62088E+03

00

2,95961E+04
1.11035E+04
1491725403
1.31846E+02

0
1.75262E403
2.81737€+03
°.

GROUP 26

5.,49058E+04
3,11780E+04
°I

2,54841E+05
9.56082E+04
1.65087E+04
1.13528E+04

0.
1,50911E404
2042593E+04
0,

GROuP 2

GROUP 19

GRouP 3

GROUP {1

4.85173E403
2.,75503E+03
°'

2.25189E404
8,44837E403
1.45878E03
1,00318E+03

]
1.33352€403
2,14366E403
o.

GROUP 19

8430622E+04
4,71664E004

o.

3.85526E405
1,44637E40S
2049T46E404
1eT1746E404

0
2.28300E404
3,6699TE«046
0.

GROUP

GROUP 3
Oe
4.29599E=-08
2046929E404
2,59016E405
3.64004E«05
;.227065‘03

.
3481556405
1.92258E+05
T.78564E402
0

GROUP 11
0o
Oe
Oe
°.

Oe
Qe
O
°'
°l
o'
O

GROUP &

GROUP 12

5,96208E+03
3,38554E403

°o

2,76T25E+04
1,03819E¢04
1,79264E+93
1,23277E+03

0
1.63870€+03
2,63425¢+03
°.

GROUP 2¢

2,55910E+0¢
1,45317€+04

ol

1,18779E+05
4,45620E+06
7.69455E+03
5,29141E403

0
7.03380E03
1,13070E+0¢

GROUP 4

O
3,41105€0¢
1,94275E+05
o'
o.
4,87552E+05
1,86095E405
3,20778E-05
0,

GROUP 12

GROUP 5

GROUP 13

2.65630E404
1.50837E+04
0.

1023290E+05
4,62545E¢04
T+9B6T9E+03
5,49238E403

0.
T+30095E+03
1417364E004
00

GRoUP 21

1040827E«04
Te996T6E03

Qe

6,53635E+064
2.45223E+04
4,23428E03
2¢91184E+03

e
3.87068E403
6422220€403
ol

ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)

GROUP §

1+56969E40%
1021822€40%
o.
[N

GROUP 13
°'

Qe
[ 1)
Qe
O
Oe
[0
Qe
0o
O

3

GROUP 6

1,87575E+03
%.065135003

.
8,70612E+03
3,26626E+03
5.6398TE*02
30875“E‘°2

.
S$,15557E+02
8,28769€402
o'

GROUP 14

1,42069E404
8,06734E903
°0

6,59403E¢04
2,47387E+04
4,27165€+03
2,93754E¢03

0,
3,90484E403
6,27711E¢03
0.

GROUP 22

2,32810E¢04
1,32200E¢04
O,
1.08057E+05
4,05395E+04
6,99998E+03
4,81376E03

[
6.39887€+03
1,02863E+04
0.

GROUP &

GROUP 14

GRouP 7

3.87122€403
2.19825E403

L]

14796 79E404
§e74100E403
1.16397E403
8.00443E002

Oe ..
1406402€403
1.71043E403
0o

GROUP 15

g.otsouz.o‘
1416072E404

Oeo

Q,48747E404
3,5593RE4064
6.14600E+03
4,422650E403

Oe
5.61823E403
9.03143E403
O

GRouUP 23

2421345E404
1.25689E404

. .
g.ozvag:.os
3.85431E004
6.65525E403
445T670E+03

F
6.08375E403
9.T7977E403
o

GRoUP 7

GROUP 1S

GROUP 8

4,43775€403
2.51995€+03
o

.
2.05974E¢04
ToT27S1E*03
1,33431E+03
:.IYSBOEOOZ

.
1,21973€¢03
1,96075€403
0.

GROUP 16

5,15981E+04
2,92997E+04
0.

2,39488E4+05
8,9R484E+04
1.55142€¢04
1.06688E+04
0.

1.,41819£+04
2.27978E£+04
0,

GROUP 24

3,14326E+04
1,78489E+04

0.

1,45892E405
S5,47341€404
9.,45096E403
6,49926E+03

0
8.63939E403
1.3R8R0E+04
o,

GROUP 8

GROUP 16
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GROUP {7

Oo
Qe
O
Oe

Qo
Oe
O
Qe
0s
0o

GROUP 25

0o
Qe

[
0o
Qe
Ge
0o
Qo

0o

GROUP 18 BRouP 19
0, Oe
0, [-B
0. 0o
0. [0
0, 0o
O, 0o
0, O
0, 0o
Qe Oe
0, Qe
0. 0.

GROUP 26 arRouP
o'
°o
00
o.

0,
0.
O
o.
°.
o.
0,

TABLE III (continued)

SROUP 20

GROUP 21

PHOTON ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)

GROUP 1

O
Qe
Oe
e

[ X3
Qe
0.
Qe
Qe
Qe

GROUP 9

GROUP 17

00
o.
o.
0o
0e
0o

GROUP 25

GROUP 2 GROUP 3
O 0,
0. Qe
0. [ )
o. o.
0, 0
0. O
0. Oe
Oe Do
0, 0
O Oe
0. Oo

GROUP 10 OROUP 11
0, e
0o Qe
[ [0
0. Qe
0. 0.
0, 0
0. Oe
0. Qe
Oe O
0. 0.
0. 0o

GROUP 18 GROUP 19
0. 0.
0, Oe
0. 0o
0. O
0. Oe
0o 0.
0, O
Oe Qe
0, 0.
0. Oe
O 0o

GROUP 26 GROUP
°.
°.

O
o.
[ )
00
0.
0.
0.
0.
o.

GROUP &

GROUP 12

GROUP 290

GROUP S

GROUP 13

gROUP 21

OROUP 22

GROUP 6

GROUP 14

GROUP 22

\-1.-1-1]

oeRoUP 33

oROUP 7

GROUP 1S

QROUP 23

GROUP 26

arROUP 8

GROUP 16

GROUP 24

31
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TABLE III (continued)

PHOTON ENERGY PRODUCTION MATRIX FOR MATERJAL (OR MIXTURE)

GROUP 1}

4¢07511E404
$¢16620E405
5.40230E+05
7¢51186E405
3437264E405
3+01553E+05
2,51963E405
2+120203E05
1,35836E£405
6408512E+04
7+55875€403

GROUP 9

1.08045E405
3436523E405
1.87154E405
2006785E+05
5¢65491E+04
6047890E04
8.26634E404
8.83730E404
1477290E+04
4489432E+04
Oo

GROUP 17

8.77S31E«05
2473322E406
1452005E406
1467949E 06
4,59288E+05
§426212E+05
6.71387€+05
T.17760E+05
1+43994E« 05
3.9T514£405
0

GROUP 25

3.84765E+06
1419842E407
6e¢66486E+06
7¢36395E06
2+0138)E+06
2030724E406
2¢94378E«06
3.14711E4+06
6¢31361E+05
1.T74295E+06
O

PHOTON

GROUP 1

2020935€405
6e7198BE0S
5.52]118E+05
6:494156E405
3.00879E405
2481452E+05
2¢39382E+05
2¢02571E+05
1417922E+05
4eTO934E+ 04
5.05895EF+03

GROUP 9

Oe
[\ X]
0.
Oe
Oe
0.
[
Oe
O
Oe
0o

GROUP 2

o'

2,18143E+05
4,92696E+0S
1,43178E+06
6,73233E+05
4,15T76E*0S
2,84106E405
2,57346E+05
1,69265£+0%
8,98942E¢04
8.51455E403

GROUP 10

1,23054E+05
3,83272E+05
2.13153€405
2.35511E+0S
6,464048E404
To37893E+04
9.61469E+04
1,00650E+05
2.01919E+04
5.57423E+04
0.

GROUP 18

1,25662E406
3,91396E+06
2417670E+06
2,40502E+06
6,57698E+05
7.53533€+05
9.61623E405
1.02783g406
2406199€405
5,69237E+0S
0,

GROUP 26

1,07800E+07
3,35763E+07
1,86731E+07
2,06317E407
5.64213E+06
6,46426E+06
B8,24767E+06
8,81733E+06
1.76890E+06
4,88326E+06
o.

GROUP 3

o'
Qe

°.
6.26886E405
4,04187E+05
1.96298E+0S
0.
1e43060E004
3,91593E+04
14T1124E004
0o

GROUP 11

1.28519E405
4400295E+05
2.22620E4+05
2445971E405
6oT2653E404
TeT0666E¢Q4
9.83284E404
1405120E405
2,10887E+06
5482181E004
00

GROUP 19

153B30E406
4.79128E406
2.66462E406
24960412E006
8,05123E405
9.22439E405
1+17693E406
1.25B822€¢06
252419E+05
6,96833E+0S
00

GRouUP

GROUP &

0,
Qe

0
107431 6E 04
6.95991E+0¢
1,22316E+05
oo

5,37318E+03
1.49539€+04
2.60700E¢02
0.

GROUP 12

1,89444E4+05
5,90057E+05
3,28154€405
3,62574E+05
9.91527E+04
1,13600€+05
1.44941E+05
1,54952E+05
3,10859E+04
8,58166E+04
o.

GROUP 20

1,86698E4p6
5,81502E+06
3,23396E+06
3,5731i8E¢06
9,77T151E+05
1.11953€+06
1,42840E¢06
1,52706€+06
3,06353E405
B ,45724E¢05
oa

GROUP S

4.17587€+03
1.30065E404
7.23340€403
7.99213E+03
2,18559€403
2¢50406E403
3,19490E403
3.RB737€403
2.32333E403
1.89163E403
Oe

GROUP 13

3.13022E405
9,74961E¢05
5.42213E405
5.99087E405
1.63832E405
1.87704E405
2.39489E405
2056030E405
S5.13638E404
1041796E405
0.

GROUP 21

2+98054E406
9428340E«06
5.16286E406
5.70440E+06
1.55997E+ 06
1,78728E406
2.28037E+06
2,4378TE«06
4.R907TTEOS
1,35016E406
Oe

ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)

GROUP 2

6,23893E+02
T,14853E403
7.79385€£403
1.03202E04
4,47212E+03
4.18338E+03
3.,55798E+03
3.,01101€E%03
1.7S277E+03
7.00121E+02
7452109E¢0]

GROUP 10

GROUP 3

GROUP 11

GROUP &

GROUP 12

GROUP 5§

GROVP 13

6

GROUP ¢

3,14362E+04
9.,79135E+04
5,44535E¢04
6,01652E¢04
1,64533E404
1.88507E+04
2,40514E¢04
2,57127€+04
5,15837E+03
1.,42403E+04
0.

GROUP 1a&

4,38413E+08
1.,3655)E+05
7.59415€+05
8,39071E405
2,29460E¢+05
2,62895F+0s
3,35424E¢0S5
3.58592E¢05
7.19393E404
1,98597€+05
0.

GROUP 22

2,49430E406
T.76892€+06
4,32060E+06
4,7T379€¢ 06
1.,30548E+06
1,69571E+06
1.90835E¢06
2,04016E¢06
4,09289E+05
1,12989E+06
o.

GROUP ¢

GROUP 14&

GROUP T

§,70602E404
1:77724E405
9488390E404
1.09204E405
2,98645E404
3.42161E004
4,3655QE404
4,66T12E404
9+36300E403
2.58477E+04
00

GROUP 15

5,74263E405
1. 78864E406
9.94731E+05
1.09907E406
3,00561E405
3,44357E405
4439369E405
4,69707E40S
9,4230RE406
g0601365005
0o

GRouP 23

3.74724E406
1.16714E407
6.49094E406
7417T178E 406
1496126E406
2,24704E406
2+86697E+06
3,06490E406
6e14885E405
146974 7E06
0o

GROUP 7

OIDT IO O IO IO D D DD

GROUP TS

GROUP 8

8,38559E+04
2,61184E405
1,45254E405
1.60480E¢05
4,38891E404
5,02842€404
6,415T0E04
6,85883E¢04
1,37599E404
3,79R60E+04
Oe

GROUP 16

T.18973E+05
2,23936E406
1.24540E406
1,37603€+06
3,76301E405
4,31132€405
5,50077E+05
5.88070E+05
1,17976E40S
3,25688E405
Oe

GROUP 24

4,67120E406
1,45493E£+07
8,09141E406
8,94013€406
2,444BAES06
2,80109€06
3,57387E+06
3.82072E+06
7.66498E+05
2,11601E+06
o,

GROUP 8

GROUP 16
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TABLE III (continued)

GROUP 17 GROUP 18 GRouP {9 GROUP 20 GROUP 21 oRoUP 22 ORoUr 23 GroUP 24
0. 0, 0o 0, 0. [ N Q 0,
[ 0. Oe Oe O 0. Qe O
[0 0. Oe 0. O 0. 0. O,
O 0, 0o 0, O 0. 0. 0,
De 0, 0, [ O 0. [ 0.
Ce 0, Oe 0, Oe 0, Oe 0,
Oe O, '8 0, 0. [ 1Y Qe 0.
Oe 0, [ 1Y 0, 0. 0, Qe 0,
Ce 0. Qo 0. 0 0. Qe O
O 0o Qe O, Oe O Qe 0.
[ 0. 0o 0, 0 0, Oe 0.

GROUP 25 GROUP 26 GROUP
Oe 0.

o. o.
Qe 0o
Oe Oe
Oe 0.
Qe O,
O O
0 O
0. 0,
o. o.
Oe 0,

PHOTON ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE) 7

GROUP 1 GROUP 2 GRoUP 3 GROUP & GROUP 8 GROUP 6 6Roup 7 GROUP 8
0. 1,06338E403 0. 0, 0e 0. fe 0,
0. 3,48802E402 0. Qo 0o Qe Qe 0.
Qe 5,18926€¢03 0. 0, 0o 0. Qe 0.
Oe 1411332E¢04 0. O (Y Q. Qe Qe
Oe 5.2645TE«03 0, 0. 0o 0. Qe 0.
O S.67464E403 0. 0. 0. 0. 'D 0.
De 1,27514E+903 0, 0, 0o 0. Qe 0.
Oe 7.09211E+03 0. 0. 0 0. Qe 0,
0o 2,26932£402 0. 0. 0. 0. 0o 0,
Qe 3,79792E402 0. O, Qe Qe Qe 0.
1.42520E404 4,39121E+403 0, 0, . 0o 0. 0 0.

GROUP 9 GROUP 10 GROUP 11 GROUP 12 GROUP 13 GROUP 14 GRous 1S GROUP 16
0o 0, 0. 0, 0. 0. 0o 0,
Oe Oe O Q, Q. 0. . O
O 0. Oe 0. O 0o . 0.
0. 0. Oe 0, 0. [ . 0,
O 0. e 0. O O . 0,
[} 0. O 0, Oe O, . O,
Oe 0. Oe O, 0. 0. . 0,
Oe 0 O« Q. Qe 0. . 0.
O O [ D) 0, [ Qe . 0.
De Oe 0o Q. 0. [ . 0,
Oe 0, 0o 0. [ [ . 0.

GROUP 17 GROUP 18 GROUP 19 GROUP 20 GROUP 21 QROUP 22 GROUP 23 GROUP 24
O 0. (Y 0, Oe e . 0,
Oe 0, Oe Oe 0. Qe . 0.
Oe 0. 0o O Oe 0. . 0,
Oe 0, Oe " 0. 0. 0o . 0.
O [ B 0 O O 0. . 0.
0o 0. (1Y 0, [ 1Y 0. . 0.
O [ 1Y 0. O O ‘B . 0.
O Oe 0o 0, (Y 0. Qe 0,
[D) 0. Oe [ Oe Oe Qe 0.
O 0. Oe Oe 0o 0. Qe 0,
Oe 0, 0. 0. Oe 0. Oe 0.

GROUP 2S5 GROUP 26 GROUP
O 0,

Oe 0.
0o 0.
O 0.
Qe 0.
0. 0.
0, Oe
0 0o
O 0.
[ 0o

O 0,
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TABLE III (continued)

PHOTYON ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)

GROUP 1

O
Oe

O
Oe
O

Oe
GROUP 9

2423797402
1.27082E+02

O

1003874003
3.89701E402
6472899E401
4462741401

O0e |
6¢15116E¢01
9488812E401
Qe

GROUP 17

6,95854E402
3+95137E+02

Qe

302297SE+03
1421170E+03
2+09225E¢02
1.43880E402

Qs
1,91258€402
3.07452€402
Oe

GROUP 25

1093692E403
1.09987E403
Ce

8¢99007E+03
3437279€403
54082381E402
4.00494E402
0

5432371€¢02
8¢55798E+02
Oe

PHOTON

GROUP 1

3402437€003
1470523E004
1063258E+04
2419653€004
9¢75407E+03
8.84559€403
Te43308E003
6.42976E403
3¢89595E403
1,68796E¢03
2401764E402

GROUP 9

2416089E403
6,73047E403
3¢74307E03
4413569E403
1013098403
1+29578E403
1065327E+03
1s76T46E403
3.54581E402
9,78864E402
o.

GROUP 2

GROUP 10

2,21119€+02
1.25561E402
0
1.02630E+03
3,85037E+02
6,64846F01
4,57203€+01
0
6.0TT56E01
9,76978E+01
0.

GROUP 18

3,18827E402
1.81044E+02

00
1.47981E+03
5,55177E+02
9,58627E+01
6,59231E+01
0
876308401
1.40868E+02
o.

GROUP 26

2.T74529€+03
1.,55890E+03

0'

1,27420E¢04
4,78041E+03
8,425436E+02
5.,67638E+02

De
T+54554E¢02
1,21296E+03
0.

GRouP 3

-1

1471839E=09
9.87717E«02
1+036086E004
1,45601E404
1469082E402
Oe

1.52622E404
T¢69032E403
3.11426E401

0
GROUP 11

2.42586E402
1.37751Ee02
o.

1412594E403
4,22419€402
Te29392€401
5.01590E401

Oe .
646675BE01
1.07183E+02
00

GROUP 19

4,15311E403
2+35832E+03

'

1492763E404
T7.23186E403
1.24873E403
8,58729E+02

Oe
1,14150E403
1.83498E403
Oe

GROUP

GROUP 4

1,36442E+03
T.TT100E+03
0,

o.

1,95021E+04
To44381E<Q3
1,28311E~06

°.
GROUP 12

2,98104€E402
1,69277E+02

O

1,38363E403
5,19093E+02
8,96320E401
6,16384E+01

o.
8,19351E+01
1.31713E402
o.

GROUP 20

1,27955E¢03
7.26587E+02

0
5.93893E+ 03
2,22810€403
3,B4T727E02
2,64570E402

0
3.51690E402
5,65350E¢02
0,

GROUP 5

Oe
6.2787TE+03
4.87286E403
0o
0o

GROUP 13

1.32815E403
Te54183E402
[

6416450E¢03
2431273E403
3.99340E402
2474619E402

Oe
3.65047E+02
5.86822E+02
0.

GROUP 21

T+04133E402
3.99838E+02

0.
3.26817E+03
14226126403
2.11714E+02
1,45592€402

Oe
1493534E402
3.11110E¢02
Qe

ENERGY PRODUCTION MATRIX FOR MATERIAL (OR MIXTURE)

GROUP 2

6,23893€E+00
4,43434F403
9.93186E403
2,87388E«04
1435094E404
8,3573SE+03
5.71770E403
5.17704E+03
3,40283E+03
1.80488E03
1,71043€E402

GROUP 10

2+46108E+03
7.,66545€+03
4,26305€+03
4,71022E+03
1.,28810E+03
1,47579E+03
1,88294E+03
2,01299E+03
4,03839€E¢02
1,11485g+03
°.

GROUP 3

0
1:253775‘0‘
8,08374E+03
3,92596E403
[

L4
2.86119€402
7.83186E002
3,42248E402
0o

GROUP {1

2¢57039E+03
8,00591E403
4,45240E403
4,91942E403
1434531E003
1,56133E403
1:96657E+03
2.10240E¢0)
4,21775E¢02
1.16436E403
0.

GROUP &

0
3.48632€402
1.39198E+p3
2,44633E403

0o
1.07464E002
2499078E+02
5,21400E¢00
O

GROUP 12

3,78889E+03
1,18011E004
6,56307E*03
T.25149E403
1,98305E+03
2,27201E+03
2,89883E403
3,09905€+03
6,21739E+02
1,71633€03
o.

gROUP S

8.35174E¢01
2460129E402
1444668E+02
1.59843E402
4,3T119€+01
5.00812E40}
6+38980E+01
TeT774T4E0]
4464665E0]
3,78326E40)
0o

GROUP 13

6.26044E403
1.94992E+04
1¢08443Ee04
1,19817E+04
3.27663E403
3.75407E03
4.78978E+03
5.12061E+03
1+02728E+03
2.83592E403
0-

9

GROUP 6

9,37874£40]
5,32567E401
°l

4,.35306E002
1,63313€002
2,81994E401
1,93922€401

0
2.57778€+0]
6.14386E40]
c.

GROUP 14

7.10347E+03
4,03367E+02

°'

3,29702€403
1,23694E40)
2,13583E402
1,46877E¢02
o,

1.95242€402
3,13856E¢02

.
GROUP 22

1,16405€E+03
6,60999€402

0

5.40286E+03
2.025985003
3,49999E902
2,40688€¢02
0

3.19944F 403
3.1‘3175‘02

GROUP ¢

6,28725E+02
1,95827g+03
1,08907€*03
1,20330E¢03
3,29066E+02
3,77015€+02
4,R1028E+02
5,16253€+02
1,03167E02
2,84806E+02
o.

GROUP 14

8,76827E+03
2,73103€¢04
1,51883E+04
1,67814E404
4,58919E+03
$,25789E403
6,70848E+03
T7,17183€+03
1,43879E+03
3,97194E+03
0,

GROUP 7

1493581E402
1409912E402

Qo

8,98396E402
3.37050E+02
5.81984E401
4:00221E001

Qe .
5¢32009E401
8455217E¢01
O

GRoUP 15

7402204E403
5,80359E+02

.
2.7637?5003
1.77969E403
3.07300Ee02
2411328E402

0 -
2.80912E402
4.51572E402
Oe

GROUP 23

1+10672E403
9.284s75002

O -

5,13677E403
1.92715E403
3.32763E402
2.28835E402

0
3.04188E002
4+8B9RAEL02
O

GROUP T

T1.14120E403
3.55447E403
109.678E403
2.18413E403
5,97290E+02
6,84322E402
8.73110E402
9.33‘2%5002
1.87260E402
5,16954E402
0o

GROUP 15

{e14853E0 04
2,5TT2REL 04
1+98945E404
2,19814E404
6001123E403
6,88713E403
8,78721E+03
9,39414E403
1488462E403
$¢20271E403
Oe

GROUP 8

2,2i888€402
1,25998E¢02

0,

1.,029R7E+03
3,86376E+02
6,67157E+01
4,58792E+01)

S
6.09867E+01
9.80374E401
0.

GROUP 16

2,97990E+03
1,46498E403

0.
1.,19T44E04
4,4G242E403
T.75T08E*02
5,33441€402
0.
7.0909TE+02
1,13989E403
Qe

GROUP 24

1,57163E403
8,92443E402

°.

7.29460E+03
2.736T0E*03
4,72548E+02
3,24963E¢02

0
4.31969g+02
6.94400E002
0.

GROUP 8

1,67712€¢03
5,22367€g+03
2,90509E+03
3,20981E+03
B,77781E%02
1.00568E4+03
1.2RI14E*03
1.37177E€403
2.75198F+02
T.59719E+02
0.

GROUP 16

1.43795E04
4 ATAT3E06
2,49079E+04
2,75206E+06
7.52602E+03
8.62265E403
1.10015E+04
1.17614E04
2,35953E¢03
6,51376E403
0.



GROUP 17 GROUP 18
1:75506E¢ 04
5.46644E¢04
3.,06010E004
3.35898E404
9418576E403
1.05242E404
143427TE¢04
1.43552E+06
2.87988E403 4,12398E+03
7¢95027€¢03 1,13847E¢06
Oe O

GROUP 25

2,51324E¢04
T.82792E+04
4,35341E04
4,81005E°04
1.31540E¢064
1,50707E¢04
1.92285E+04
2.05566E¢04

= O VD®NOUNS WN -

et

GROUP 26

Te69530E¢04
2039683E405
1633297E40S
1¢4T279E+05
4402762E404
4¢61449E+04
5¢88757E404
6029422E004
1026272E+04 3,53780E«04
3.48590E+04 9,76652E404
Oe [

2415601E+05
6471526E+05
3,73462E405
4,12635E405
1.12843€+05%
1,29285E+05
1,64953E+05
1.7634TE« (S

OOVO~NOUNIWN -

PyoN

PHOTON ENERGY PRODUCTION

FOR MESH INTERVAL 1 BOUNDED
2012675162E+15 6.97604782E+14
4,53863760E+14 7,59583350Ee14

FOR MESH INTERVAL 2 BOUNDED
2.12675162E¢15 6,97604782E¢14
4¢53863760E¢14 7.59583350E+14

FOR MESH INTERVAL 3 BOUNDED
2012675162E¢15 6.97604782E«14
4,53863760E+14 7.,59583350E+14

FOR MESH INTERVAL 4 BOUNDED
4,43422585¢¢16 2,51795064F16
1499086971E+16 1.96012534E¢16

FOR MESH INTERVAL 5 ROUNDED
#,43422585E016 2,51795064E£+16
199086971E+16  1,96012534E416

FOR MESH INTERVAL ¢ BOUNDED
4,43422585€016 2,51795064E¢16
1499086971E+16 1.96012534E416

FOR MESH INTERVAL 7 BOUNDED
4,43422585E¢16 2.51795064E016
1099086971E+16 1.96012534E¢16

FOR MESH INTERVAL 8 BOUNDED
1,66796902€+17 5,19681885E417
2475088387E+16  T456071349E16
_ FOR MESH INTERVAL ¢ BOUNDED
1466796902E+417 S.19681885E417
2.75088387E¢16 7.56071349€416

TABLE III (continued)

GROUP 19 GROUP 20 GROUP 21 GROUP 22 GRouP 23 GROUP 24
3.07659E404 3,73396E40é 5,96108E404 4.98860E¢04 7.49449E406 9,34241E¢04
9.58256E404 1,16300E+05 1,R566BE+08 1,55378E405 2,33429€405 2,90985E4+05
5032924E604 ©6,46792E404 1,0325TE«0% B8,64119E+04 1,29819E405 1,61828E+05
5.88823E404 T,146356004 1,14088E+0S 9,54739E404 1,43436E405 1,7RB03IE¢QS
1061025E404 ],95430E404 3,11995E404 2,61096E404 3,9225]E404 4,88969E¢04
1.,84488E404 2,2390TEe08 3I,57456E+04 2,99141E404 4,49407€404 5,60217E+04
2435386E04 2,85680E¢04 4,56074E¢04 3,81671E¢04 5,73393E«06 T,14775E+04
2.51644E404 3,0S4]12E004 4.87575E404 4,08033E406 6,12997E404 7,64144E04
5,04838E403 6,12705€403 9,78154E+03 B8,18579E403 1,22977E«04 1,53300E404
1,39367E404 1,69145£+084 2,70031E004 2,25979E¢04 3,39493E404 4,23202E404
[ 0. 0, 0. 0. 0.

GROUP

SOURCE VECTORS AT INDICATED MESH INTERVALS

BY RADIZ Re 0, _AND Rz 1,0000£400 THE VECTOR IS oL
1003785212E016 2.22663777TE+16 1,05291495E416 1,13492814£016 2.55028620E¢15
2430344076E616

BY RADII R= 1,0000E¢00 AND Re 2,0000£400 THE VECTOR IS .
1,03785212E416 2.22663777€+16 1.05291495E¢16 1,13492814E416 2,5%028620E¢15
2¢30344076E416

BY RADII Rs 2,0000E+00 AND Rs 3,00006600 THE VECTOR_IS L. .
1003785212E+16 2022663777E+16 1.05291495E416 1,13492814€¢16 3,55028620E+1%
2030344076E¢16

BY RADII R= _3,0000E«00 AND Rs 4,0000E¢00  THE VECTOR_ I§ .
2096314993414  2,09464789€+17 8,46901758g+16 1,33832605r¢16 9.16855284¢418%
Oe

BY RADII Rx 4,0000E«00 AND Rs 6,0000E+00 THE VECTOR_Is .
2¢96314993E414 2,09464789E¢17 B8,46901758E¢16 1,33832605E+16 9,16855284E+15
0 . .

BY RADII Re 6,0000E¢00 AND Re 9,0000E400 THE VECTOR Is

2,96314993E414  2,09464789F+17 B,46901758E016 1,33832605£¢16 9,16855284E+15
Oe

BY RADII R 9,0000E400 AND Ra 1,1000E401 THE VECTOR_I§

2096314993E414  2,09464789E+17 B8,46901758E¢16 1.33832605E¢16 9,16855284E4+15
O

8Y RADII Re 1,1000E+01 AND Rs 1,3000E+01 THE YECTOR IS -
2,89233013E¢17 3,20355985E¢17 8,79492646E416 1,00472788E+1T 1,277T9453Ee17
5,43850510E+12

8Y RADII Rz 1,3000E+01 AND R= 1,5000E401 THE VECTOR 1S _
2,89233013E417 3.20355985€¢17 B,79492646E+16 1,004T27ABEC1T 1.,27779453E+17

5,43850510€412

Tea1842297E¢16
Te41042297E416
1:41042297E+16
1.58188937¢416
1.55788937E¢ 16
1.55188937€416
1.55788937E¢]6
1.36584623E17

1036584623E+17

35




ACKNOWLEDGMENTS

The authors are indebted to Morris E. Battat
and Raphael J. LaBauve for their contributions to
the conceptual design of the LAPH code, as well as
for their counsel on the theory and programming.
Also, we gratefully acknowledge the kind permission
of Kaye D. Lathrop d4nd Forrest E. Brinkley to use
subroutines from the DTF-IV code.
REFERENCES

1. H. Honeck, "ENDF/B Specifications for an Evalu-
ated Nuclear Data File for Reactor Applica-
tions," BNL 50066 (ENDF-102), Brookhaven
National Laboratory (1966, revised 1967).

2. Donald J. Dudziak (Ed.), "ENDF/B Format Re-
quirements for Shielding Applications," LA-3801
(ENDF-111), Los Alamos Scientific Laboratory
(1967).

3. M. K. Drake, J. D. Garrison, and M. S. Allen,
"Neutron and Gamma Ray Production Cross Sec—
tions for Sodium, Magnesium, Chlorine, Potas-
sium, and Calcium,'" GA-7829 (NDL-TR-89), Vols.
I to VI, General Atomics (1967).

Donald J. Dudziak, "Tramslation to ENDF/B and
'Physics' Checking of Cross Sections for Shield-
ing," NE-3383-104-694 (ENDF-130), University of
Virginia (1969).

Donald J. Dudziak and R. J. LaBauve, "Storage

and Retrieval of Photon Production and Inter-

action Data in the ENDF/B System,' Proceedings
of Neutron Cross Sections and Technology Con-—

ference, NBS Special Publication 299, Vol. 2,

1101 (1968).

B. J. Toppel, A. L. Rago, and D. M. O'Shea,
"Mc2, A Code to Calculate Multigroup Cross Sec-
tions," ANL-7318, Argonne National Laboratory
(1967).

K. D. Lathrop, "DTF-IV, A FORTRAN-IV Program
for Solving the Multigroup Transport Equation
with Anisotropic Scattering," LA-3373, Los
Alamos Scientific Laboratory (1965).

APPENDIX A

COMMENTS CONCERNING CODE OPERATION AND SUBROUTINES

As shown fn Fig. A.l, the LAPH code has been
divided into three main parts, each of which is a
primary overlay. The main overlay, OVERLAY (0,0),
ig very short and serves principally to define un-
labelled COMMON and labelled COMMON/TAPES/ and to
call the three primary overlays, namely, OVERLAY
(1,0), (2,0), and (3,0). In OVERLAY (1,0), the in-
put is read in DTF-IV format and binary Tape 5 is
prepared for use as input to OVERLAY's (2,0) and
(3,0); in OVERLAY (2,0), the photon production and
energy production matrices for each material in
each zone are calculated and written onto binary
Tape 18; in OVERLAY (3,0), the matrices on Tape 18
are combined appropriately, and the photon source
and energy source vectors are calculated.

A brief description of each of the subroutines
follows.

OVERLAY (0,0

PROGRAM MAIN serves to define unlabelled
COMMON and labelled COMMON/TAPES/ and to call the
three primary overlays.
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: | PROB1 ] :
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Fig. A.l. Arrangement of overlays and

subroutines.



SUBROUTINE ERROR is called if there is an er-
ror in the input data or if any core storage allot-
ments have been exceeded. An error stop number is
printed, and execution 1is terminated. A complete
catalog of the possible fatal error returns is in-
cluded as a part of this subroutine., Other error
messages are printed by the various subroutines
when the error is nonfatal.

OVERLAY (1,0)

PROGRAM PROB1 reads all of the input data for
the problem, does preliminary checking thereon, and
arranges the data on binary Tape 5 in a form con-
venient for use in OVERLAY's (2,0) and (3,0).

SUBROUTINE REAI and SUBROUTINE REAG are DTF-IV
routines. They are called by PROBl to read integer
and floating-point data, respectively, when these
data are given in the DTF-IV format.

SUBROUTINE LOAD is another DTF-IV routine and
is called by the two subroutines mentioned above.
This routine interprets the DTF-IV control flags
and fills out the integer and floating-point arrays
accordingly.

OVERLAY (2,0

PROGRAM PHOTON reads the input data from Tape
5 and supervises the calculations for each zone and
each material within each zone.

SUBROUTINE INTG computes the integral of y(x)
between two points Xy and Xys where values of y(x)

are given at x, and X, such that x, < x, < x, <x

3 3 1 2
The dependence of y(x) on x between the two tabu-

4

lated points (e.g., linear-linear or log-log) must
be specified.

FUNCTION LOCT locates the mesh interval in
which a given variable lies.

SUBROUTINE TERP1l interpolates between two spec-—
ified points of y(x) vs x, assuming a dependence
(e.g., linear-linear or log-log) which must be
specified.

SUBROUTINE LAPH supervises the calculation of
the photon production and energy production ma-
trices for each material.

SUBROUTINE NORM normalizes the fine-group .
weigﬁting functions over each broad group.

SUBROUTINE RSF3 reads tabulated arrays from
the ENDF/B data tape.

SUBROUTINE MESH forms the energy mesh to be

used in the numerical integration over neutron

energy. The fine~group energy mesh is augmented
with the energies at which the neutron cross sec-
tions are tabulated in File 3. Only those cross-
section tables corresponding to reaction types
specified in the input data are considered. This
routine interprets the "MT = -1'" command in the
input specification and determines which MT num-
bers are to be used.

SUBROUTINE PR15 reads the photon production
data from File 15 of the ENDF/B tape. For a con-
tinuous energy distribution under Option 1, the
photon group yields, Yg(E) and gg(E), are calcula-
ted on either Track 1 or 2 and written onto Tape
15. For distributions under Option 1 at discrete
gamma energies, the yilelds are written directly
onto Tape 17. The appropriate transition and con-
ditional proBabilities under Option 2 are read
from the ENDF/B tape and are written onto Tape 16
for later use in SUBROUTINE TRC2.

SUBROUTINE TRC2 reconstructs the microscopic
photon production cross sections from the transi-
tion arrays (read from Tape 16) and the appropriate
cross sections (read from the ENDF/B tape File 3),
integrates over the neutron fine groups, and writes
the results on Tape 16.

SUBROUTINE MATRIX reads the microscopic fine-
group photon and energy production matrix elements
(1's and p's) from Tape 16. It then performs the
sum over fine groups which results in the photon
production and energy production matrices for each
reaction type. Finally, the sum over reaction
types is taken to produce the G x N matrices which
are written onto Tape 18.

OVERLAY (3,0

PROGRAM SOURCE supervises the calculation of
the photon source and energy source vectors.

SUBROUTINE READX reads either the photon pro-
duction or the energy production microscopic ma-
trices from Tape 18.

SUBROUTINE MIXCX multiplies the microscopic
matrices by the specified number densities and
prints the macroscopic matrices.

SUBROUTINE VECTOR multiplies the macroscopic
matrices by the appropriate flux vectors and the
scalar renormalization constant to give the source
vectors.

SUBROUTINE PUNCR punches both integer and
floating-point arrays in DTF-1V format.
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APPENDIX B

INDEX'ed (CROSS REFERENCE) LISTING OF LAPH

OVERLAY (LAPH,0,0)
OVERLAY (LAPH¢040)

PRUOGRAM MAIN (INPUTsQUTPUT,PUNCH,TAPEl QS INPUT s TAPEG=OUTPUTsTAPF2,T

PAGE

MATIN

PAGE

PROGRAM MAIN (INPUT4QUTPUTsPUNCHsTAPELG=INPUT s TAPEG=OUTPUTTAPE2+T MAIN

1aPESITAPE1Ss TAPE169 TAPE1 T2 TAPELR W TAPE20)

FROGRAM MAIN SERVES TO DEFINE THE EXTENT OF UNLABRELLED COMMON AND

TO CALL THE THREE PRIMARY OVERLAYS,

COMMOM C9EG(50) 9EMG(50) 9EMNB (100) sEMNF (100) 9GAMM(50) 9 IMYTO0sIRES, T
1WOs TZMIMA(100) »MB(50) sMC(50) +MCRoMMyMS,MZ (10) ¥NBGYNENB ¢ NENF 4 NFGoNG
2AMyNGGeNMAT (10) o NNM(126) sNPMyR(101) yRW({100) +RXSC(100) +RXSF (100) #SW

3(1g0) 9SXSC(L00) vSXSF(100) o XMD(50) s AWRSAV
COMOM /TAPES/ ISIeISO,I1EN

1S0=9

Isi=10

ICN=2

REWIND 29

REWIND S

REWIMND 18

CALL OVERLAY (4HlLAPHsl40)

CALL OVERLAY (4HLAPH2,0)

CALL OVERLAY (4HLAPH3,0)

CALL EXIT

TAPE USAGE

THE INPUT TAPEs TAPE10s IS RFFERRED TO BY THE NAME ISIe IST=10.
TAPE10 1S USEL IN MAINe PRORLs LOAD,

THE OUTPUT TAPE. TAPE9, 1S RFFERRED TO BY THE NAME 1S0» I1S029.
TAPE9 IS USEP IN MAINy ERRORs LOADs MESHs PR159
MIXCX,» VECTOR, XSEC,

THE PUNCH FILE IS USED IN PUNCR,

TAPE20 1S THE PHYSICAL TAPE ON WHICH IS WRITTEN THE ENDF/8B DATA 1IN
BCD CARD IMAGE FORMAT. THIS TaAPE IS USED IN MAINe PROBI,

AND LAPH,

TAPE2 (TAPE IEN WHFRE IEN=p) IS THE TAPE ONTpo WHICH THE EMDF/R
DaTtA FOR ONE SINGLE M~»T NUMBER ARE WRITTEN, THIS TAPE IS

PREPARED IN LAPH AND IS READ IN RSF3e MESHe PR1Ss TRC2¢
AND XSgC.

THE ABOVE TAPES ARE BCD TAPES. THERE ARE ALSO FIVE RINARY TAPES
USED AS INDICATED IN THE TABLt BELOW,

MAIN PROB1 PHOTON LAPH PRis TRCz XSEC MaTRIX SOURCE READX
X

TAPE S X X X

TAPELS X X X
TAPELG X X X X X
TAPELT A X X
TAPElS8 X X

MaIN
MAIN
MAIN
MAIN
MAIN
BLANK
RLANK
BLANK
RLANK
TAPES
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MaIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

1



I NDEX

I N D

14

£ X

DHOODOO

OO OOMNOCAOODNONIDNONTOOOOODNNNONOOOOD IO O00NCHIDITOOOOO N

PROGRAM MAIN (INPYT,OUTPTPYNCH,TAPELO=INP Ty TAPEQ=OTP TeTAPE2, T

TAPE % IS THE BINARY TAPE PREPARED FOR USE AS IMPUT TO OVERLAY 2.

TAPE 15 CONTAINS BINARY OUTPUT FROM SUBROUTINE PR]5 FOR ALL

APPROPRIATE SECTIONS OF FILE 15 WITH LO=1s LF=], TAPF 15 1S INPUT

T0 SUBROUTINE XSgC.
TAPE 16 IS THE BINARY OQUTPUT FROM TRC2 WHICH CONTAINS ALt THE

ELEMEMNTS OF THE SIGMA(Ied) CALCULATED USING LOz2 INFORMATION FROM

FILE 15 AND CROSS SECTIONS FROM FILE 3, ADDITIONAL OUTPUT FROM

SUBROUTINE XSEC IS WRITTEN ON THIS TAPE FOR LO=1 SECTIONS OF FILE

15 AFTER THE APPRUPRIATE CROSS SECTIOMS FROM FILE 3 HAVE BEEN
ORTAIMED AND THE NECESSARY INTEGRATIONS OVER NEUTRON GROUPS
PERFORMED, TAPE 16 1S INPUT TO SURROUTINE MATRIX,

TAPE 17 CONTAINS B8IMARY OUTPUT FROM SURROUTINE PR1g FOR ALL
APPROPRIATE SECTIONS WITH LOzls LF22, TAPE 17 IS INPYT TO
SUBROUTINE XSEC,

TAPE 18 IS USED FUR STORING THE PHOTON PRODUCT]ON AND ENERGY

PRODUCTION MATRICES FOR EACH MATERIAL IN ALL OF THE ZONES. THIS

TAPE IS INPUT T0O SURROUTINE RtADX IN OVERLAY 3,

LOCATIONS OF THE COMMOM B8LOCKS

THE NAMES OF THE COMMON BLOCKS ARE LISTED HORIZONTALLY AND THE
ROUTINE NAMES ARE LISTED VERTICALLY,

BLANK TAPES TEST OVER1 READ RULK SpVE BOOK VEC

(0.0) MAIN X X
ERROR X
(le0!} PRNOR] X X X
REAI X
REAG X
1.0AD X
(2,0} PHOTON X X X
INTG
L.ocy
TERP1
LAPH X X
NORM
RSF 13
MESH
PR1S
TRC2
XSEcC
MATRIX
(3.0) SOURCE X X
READX

x

2 X XX X
2 > X X X

K X X X X
K XX X X X

X > X X

x XK X X

K X X X

PROGRAM MAIN (INPUT»QUTPUT+PUNCH,TAPE1Q=INPUTs TAPEQ=OUTPUT+TAPE2,T

MIXCX X X
VECTOR X X
PUNCR X

NOTE THAT COMMON/HULK/ IS DEFINED IN FOUR DIFFERENT WAYS AND
COMMOM/SAVE/Z Is DEFINED IN TwO WaYS,

EtiD

PAGE

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALIN
HMAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

PAGE

HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

3
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I NODE X PAGE S
PRUGRAM MAIN (INPUT,OUTPUT PUNCH,TAPELQ=INPUTyTAPEQIOUTPUT s TAPE2ST

SYMHOL T 2T =T = z===8 S s =22 3= 3 REFERENCES E 3= s a=3s % T = = B x B
AWRSAV = 2C0

c - 2¢CV

Ers - 2t

EM6G - 200

E£1NB - 2C0

E4NF - 2L0

EXIT - 13

GaMM - 2COo

IeN - 3C0 b=
I - 2C0

110 L 2Cu

IRES - 2¢0

I8y - 3C0 5=
1s0 - 3Cu 4=
140 - 2C0

1M - 2Co

Ma - 2C0

Maq - 2CH

M - 2Cu

MeR - <C0

M - 2C0

Me - 2Lo

M2 - 2C0

Wa6G - 2C0

N™NH - 2cLo

N HF - 2C0

NF 13 - zCv

NG AN - 2L0

NG -~ 2L0

NuaT - 2L0

M - eCo

NPM - L0
OVERLAY =~ lo 11 12
R - 2ca

R - 2Co

RXSC - 20

RYSF - 2C0

S - 20

S¥sC - 2C0

SYsF - 2LV

TAPES - 3Cu

Xnn - 200

ermtrtadtotetmtcototatnivntutotatatatotadbatsintetsiatutotnitctatstatatatatletatatotvtatgitntgidtasd
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SUBROUTINE ERROR

SURRQUTINE ERRQOR (N)

(N)

PRINTS ERROR MESSAGF

ERROR RETURN
NUMRBER

100

200

391

2
303

400

502
503

600

601

602

CATALOGUE OF FaTAL ERROR RETURNS

PRoB1

PREOB1
INTG
TEPPY

TERPI
TERP]

MESH
PR15

PR}S

TRc?2

TRC2

SUBROUTINE IN WHICH ERROR STOP OCCURRED
AND SOURCE OF ERROR

THE NEUTRON FINE AND BROAD GROUP ENERGY
BOUNDARIES MUST BE GIVEN IN ORDER OF
DECRFASING MAGNITUDE.

THE MT NUMBERS FOR A GIVEN MATERIAL MUST
BE GIVEN IN ASCENDING ORDER.

THE FLAG INDICATING DEPENDENCE OF Y (X) ON
X MUST BE 1y 24 39 49 QR S,

1T IS INCORRECT TO INTERPOLATE BETWEEN TWO
POINTS WHICH ARE AT THE SAME ABSCISSA,

INTERPOLATION CODE FLAG MUST RE POSITIVE,
ARGUMENT OF LOG 1S ZERO OR NeGATIVE,

THE AUGMENTED FINE GROUP ENERGY MESH MUST
NOT HAVE MORE THAN 2000 POINTS.

THERE MUST NOT BE MORE THAN 100 ENTRIES IN
THE LOLF12 ARRAY,

AT THIS POINT IN THE CODEs THE NEUTRON
ENERGY SHOULD NOT |LIE OUTSIDE THE RANGE OF
ENERGIES FOR WHICH THE PHOTON YIELD IS
TABULATED FOR THIS LAW,

ERROR IN DETERMINING INTERPOLATION CODE.

THE LOLF11 ARRAY MUST NOT WAVE MORE THAN
500 ENTRIES,

ERROR IN DETERMINING FROM WwHICH LEvgtL IN
A CASCADE A TRANSITION OCCURS,

LEVEL ENERGY SHOULD LIE WITHIN THIS ENERGY
MESH,

ENMAX MUST LIE WITHIN NEUTRON FINE GROUP
ENERGY MESH,

PAGE

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
FRROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERRQOR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
EFRROR
ERROR
FRROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROQOR
ERROR
ERROR
ERROR
ERROR
ERRQR
ERROR
ERRQR
ERROR
FRROR
ERROR
FRROR

6
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INDEX

[AR ]

owv

I NDEX

SYMBROL

5

1n
ERROR
EXIT
IFN
IS}
150

N
TAPES

OO0 OONOOO

u

-0

SUBROUTINE ERROR (N)

603 TRc2 ERROR IN DETERMINING INTERPOL_ATION CODE.

XSgC WHEN INTEGRATING OVER THE NEUTRON FINE
GROUPs EVERY VALUE OF THE INTEGRAND MUST

BE FOR ONE PARTICULAR GAMMA GROUP.

700

XSEC AT THIS POINT IN THE CODEs THERE SHOULD
BE AN INTERPOLATION COpDE FOR THIS NEUTRON

ENERGY»

701

702 XSEC CROSS SECTIONS IN FILE 3 CANNOT BE FOUND
CORRESPONDING TO THE MT NUMBER WRITTEN ON
TAPE 15 OR TaPE 17,

800 SOURCE THE TOTAL AMOUNT OF STQRAGE REQUIRED FOR
THE PHOTON PRODUCTION MATRICESe THE
NEUTRON FLUXES, ANp THe SOURCE VECTORS
MUST NOT EXCEEn 30000 CORE LOCATIOMS,
900

READX IFLAG MUST BE EITHER 1 OR 2.

COMMUN /TAPES/ ISLeISOsI1EN

WRITE (ISOs10) N
CALL EXIT
1} FORMAT (11H ERRDR STOPs16)
END
SUBROUTINE ERROR (N)
= = == ==z =2 R ®E = = 3 g = = pEFERENCES =T == == B =2 % T 5 = =5
36
39k G#
1
4
2C0
2Co
2Co 3WR
lav 3WR
2Co

PAGE

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
FRROR
ERROR
ERROR
ERROR
FRROR
FRROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
TAPES
FRRQR
FRROR
ERRQOR
FRROR
FRROR

7
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OVERLAY {LAPHy1+0)
OVERLAY(LAFH»190)

PROGRAM PROB}

PROGHAM PROBY

READS THE JNPUT FOR THE PROBLEM IN DTF FORMAT AND PREPARES TAPE 5
IM GINARY FOR USE AS INPUT TO OVERLAY (LAPHe2+3) WHERE THE PHOTON
aNp ENERGY PRODUCTION MATRICES ARE CALCULATED.

COMMUM CyEG(50) sEMG(50) yEMNE (100) 9EMNF (100) 9 GAMM(50) s IM» TO0O9 IRES) I

LWOIZMoMA (100) 9 M (50) sMC(50) sMCRyMMyMS, M2 (10) #NBG s NENB ¢« NENF ¢ NFGING
2AM, NGGvNMAT(lO)’NNM(126)0N9M R(101) yRW (100) sRXSC(100) +RXSF (100) »SW

3(100) 9SXSC(100) 9SXSF (100} +XMD(S0) AWRSAV

COMMON /TAPES/ 1ISI+ISO.IEN

COMMON /TEST/ IPRILDsIPRILT i

DIMENSION MZT(126)s MTN(126)s PHI(S000)e TITLE(12)

IFRILD=0

IPRILT=0 ]

THESE INDICATORS ARE TESTED IN SUBROUTINE (OAD AND CONTROL EXTRA
OUTPUT WHICH IS PRINTED IN DYF FORMAT,

IF IPRILD IS NON=ZEROs THE OPs CNT, AND NUMERIC FIELDS ON EACH
CARD wILL BE PRINTED AS EACH CaRD IS READ, IF IPRILD IS ZERO»
NO PRINTING WILL TAKE PLACE.

If JPRILT IS ZERO» THE FULL ARRAY WILL BE PRINTED OUT, IF IPRILT
IS NON=-ZERO, ONLY THE ARRAY NAME AND COUNT wILL BE PRINTED,
READ (209130) (TITLE(I)oI=1911)NTID

WRITE (IS0¢135) NMTIDe(TITLE(1)9sI=lyll)

READ (1S1,125) IDs{TITLE(I)s1=2141))

WRITE (1S09140) IV (TITLE(I) od=1,11)

READ (ISI,145) NGGyNFG,NBGyI7MsIMyMS,MCRyMM,NPM, IRES, IWO, 100
WRITE (1S09150) NGGyNFGINBGYIZMyIM4MSsMCRIMMeNPM IRESY IWOs 100
CALL REAG (Cyl,6HRENORMy6H CONST)

CALL REAI (NMAT,IZMy6HNO MAT,6HS/ZONE)

WRITE (I1504155) (I+NMAT(I)eIzleIZM)

I1=2#MCR

CALL REAI (NNM,J,6HNNM AR,6HRAY )

WRITE (1S0¢160) (NNM(II)eII=1s])

CALL REAI (MZT4MCRe6HMZT AR¢6HRAY )

CALL REAI (MTNyMMy6HMTN NU,6HMBERS )

WRITE (1S04165)

K=1

Kk=0

D0 & [=14MCR

KK=KK$MZT (1)

WRITE (IS04170) Te(MTN(J)pJxKeKK)

KIKKe]

1f (IWO,NE.O) GO TO 10

CALL REAG (EGyNGGe6HEGAMMAs6H BAR )

NGAM=NGG+ ]

NENF=NFGe1l

NENB=NBG#+1

CALL REAG (EMGyNGAM,6HGAMMA o6HBOUNDS)

CALL REAG (EMNF ¢NENF,6HNEUTROI6HN FINE)

PAGE 9

PROB1

PAGE 10

PROA1
PROB1
PROB}
PROB1
PROB1
PROB1
RLANK
BLANK
BLANK
BLANK
TAPES
TEST

PROB1
PROB1
PROBR1
PROB1
PROB1
PROB1
PROR1
PROB1
PROB1
PROB1
PROB1
PROB1
PROB1
PROB1
PROR1
PROB1
PROR1
PROR1
PROR}
PROg1
PROBL
PROR1
PROR1
PROB1
PROB1
PROR1
PROg1
PROR1
PROR1
PROR1
PROBR1
PROB1
PROB1
PROB1
PROR]
PROB1
PRORB1
PROB1
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44

15
20
25

35

40
45

50

55
60

65

79

75

PROGRAM PROH1

CALL REAG (EMNByNENBs6HNEUTRO*6HN B8RD)

IF (IWO.NE.D) GO TO 20
DO 15 I=1eNGG

IF (EG(I) LE,EMG (1) ANDLEG(I),GE, EMG(I+1)) GO TO 15

EHOLD=EG(I)
EG(II=(EMG(I) *+EUG(Te1)) /2,0

WRITE (I150,175) I+EMOLDGEMG(I)sEMG(I41)sFG(I)

CONTINUE

DO 25 1=1,NGG

IF (EMG(I),LE+EMG{Ie¢1)) GO TO 40
DO 30 I=1eNFG

IF (EMNF (1) 4l.LEJEMNF (I+1)) GO TO 40
DO 35 I=]14NBG

IF (EMNR(I) LEJEMNB(I¢1)) GO TO 40
GO YO 45

CALL ERROR (100}

DO S0 I=x19NGAM

K=NGAMe le]

GAMM (K) =EMG(T)

MATC=1

IMIN=]

IMaX=0 )

IF (IRES,EQ.1) GO TO 60

DO 55 I=]sNFG

RW(I)=0,0

DO 115 II=1+12M

KNO=NMAT(II)

K=(

DO 85 J=1,KNO

IF (IRES.NE.l) 60 Tn 85

KEAD (ISIs180) TITLE

WwRITE (1S0,185) TITLE

CALL REAG (RXSCsNFGy6HRXSC o6H
D0 65 I=leNFG

KzKel

PHI(K)=RXSC(I)

READ (1SI,180) TITLE

WRITE (1S0,185) TITLE

CALL REAG (RXSFyNFGyGHRXSF ,6H
DO 70 I=14NFG

K=K+l

PHI (K} aRXSF (1)

READ (ISIs180) TITLE

WRITE (1S0,185) TITLE

CALL REAG (SXSCiNFGs6HSXSC o6H
DO 75 l=)1yNFG

KEKel

PHI (K)aSXSC(I)

READ (ISI»180) TITLE

WRITE (150,185) TITLE
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PROR]
PROR1
PROB1
PROB1
PRO81
PROB]
PROB]
PROB1
PROB1
PROB1
PROB1
PRORB1
PROB1
PROR1
PROB1
PROB1
PRNB1
PROB1
PROR1
PROB1
PRORB1
PROR!
PROB]
PROR1
PROB1
PROR1
PROB1
PROBI1
PROR1
PROB1
PROR]
PROB1
PROB1
PROB1
PRORL
PROB1
PROR1
PROR1
PROB1
PROR]
PROR]
PROB1
PROB1
PROB1
PROR1
PROR]
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86
87
88
89
90
91
92
93
94

96
97

99
100
101
102
103
104
105
106
107
10b
109
11e
111
112

113

118
119

133

80

QU

95

100
c

105

PROGRAM PROB}

CALL REAG (SXSFyNFG,gHSXSF ,6H )
DO 80 I=1sNFG

K=Kel

PHI (K)=SXSF (1)

CONTINUE

IF (IRESeNEes1) 60 TO 99

READ (I1SI»180) TITLE

WRITE (150,188) TITLE

CALl. REAG (RWsNFGs6HRW s6H )
READ (ISIs180) TITLE

WRITE (150,185) TITLE

CALL REAG (SWINFGIGHSW 16H )
IF (IRES.EQsl) WRITE (S) (RW(I)sI®1eNFG)
WRITE (5) (SW(I)sIm]yNFG)

KMIN=]

KMAX=NFG

DO 110 Jsl,KNO

IMAX=ZIMAXSMZT(MATC)

MATC2aMATC+MATC

MAT=NNM (MATC2) .

WRITE (5) MATYMZT(MATC) 9 (MTN(I) o IXIMIN, IMAX)
IF (IMINGEQeIMAX) GO Tn 105
IMM1=IMAXe] )

DO 95 I=SIMINe IMM)

IF (MTN(I+1)4LE«MTN(I)) GO Yo 100

G0 TO 105

CALL ERROR (101) A
HERE WE ARE TESTING THAT THE MT NUMBERS FOR A GIVEN MATERIAL ARE
IN ASCENDING ORDER,

MATC=MATCe}

IMIN=IMAXe}

IF (IRES.NE.1) GO Tn 110

WRITE (5) (PHI(K)sKaxKMINoKMAy)
KMINEKMAXe]

KMAX=KMAXeNFG

WREITE (5) (PHI(K)sKaKMINsKMAY)}
KMINEKMAX ]

KMAX=KMAX ¢NF G

WRITE (5) (PHI(K)sKaKMINyKMAY)
KMINEKMAX+Y

KMAXZKMAX +NF G

WRITE (S5) (PHI(K)sKaKMINsKMAX)
KMIN=KMAX+]

KMAx=KMAX eNFG

CONTINUE

CONTINUE

I=1M+1

CALL REAG (ReIs6MHRADII s6H )

CALL REAI (MAsIYy6HZONE Ny6HUMBERS)
CALL REAl (MZ9sIZMs6HMIXTURy6HE NOS )
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PROB1
PROB1
PROB1

12

45



INDEX PAGE 13 .
PROGRAM PROB}

134 CALL REAI (MByMS,6HMIX TA,6HRLE PROR]
135 CALL REAI (MCyMSs6HMIX COy6HMMAND ) PROR] .
136 CALL REAG (XMDyMSe6HMIX DEv6HNSITY ) PROg1
137 IF (100,£Q,10%(I00/10)) RETURN PROB1
c FLUXES ARE NOT READ IN FOR 10020y 109 OR 20, PROR1
138 I=IM¥NBG PROR1
139 CALL REAG (PHI,I,6HMEUTRO,6HN FLUX) PROB1
141 KMAX=IM PROB1
142 DO 129 I=1,NBG . PROR1
143 WRITE (5) (PHI(K)sK=KMINsKMAX) PROB1
144 KMIN=KMAX+1 PROB1
1645 120 KMAX=KMAX+IM PROB1
146 RE TURN PROR]
¢ PROB1
147 125  FORMAT (16411A6) PROBL
148 130 FORMAT (11A6s14) PROB1
169 135 FORMAT (*1ENDF/8 TAPE Is De =#91596X011A6) PROR1
159 14v  FORMAT (/////+% LAPH PROBLEM IN=%,16,11A6) PROR1
151 145  FORMAT (1216) PROB1
152 15¢  FORMAT (% INTEGER PARAMETERS NGG NFG NBG 1ZM PROA1
1 M MS MCR MM NPM IRFS IWo 10N+, PROR1
2/924X912(2X916)) . PROH1
153 155 FORMAT (% MNUMBEFR OF NUCLIDES IN EACH ZONE®+/911Xs%ZONE#e2X#NUMBER PROR1L
I OF NUCLIDES #4/s(10Xe15¢5Xs15)) PROB1
154 160 FORMAT (* NUCLIDFE SEQUENCE NyMBER NUCLIDE®y/9 (12X]2%~========= PROB]
lomacaas,15)) PROB1
155 165  FORMAT (¢ NUCLIDE SEQUENCE NiMBER MT NUMBERS#) PRORA1
156 17u FORMAT (15Xs15915X92014) . PROB]
15 175  FORMAT (# ERROR IN THE gFFECTIVE AVERAGE ENERGY INPUT FOR GROUP*,1 PROR1

159/9# THE VALUE EG(I)=#,1PEl4,6,4 SHOULD LIE BETWEEN THE BOUNDARIE PROB)
25 EMG(I)=%#91PE)64, 698 AND EMG(I¢])=#,1PEJ4e60/9# THE MINPOINT OF TH PROR)
2E EMERGY INTERyA{ HWAS BEEN USED, EG(I) HAS BEEN REPLACED HBY#,1PE14 PROR1

‘0.6) pRoBl
158 180 FORMAT (12A6) PROB1
159 185 FORMAT (/92X91246) PROB1
160 END PROR1
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I NDE

SvMHOL

S

in
18
29
2%
30
35
4
45
5n
55
6n
65
7n
75
8n
ac
9
95
1ag
1495
11n
s
12n
128
130
1135
a0
145
1an
188
1an
145
17n
175
180
lag
Aypgav
C

[ e
£10L.0
kG
Erigy
EMNF
ERROR
GAMM
I

4 =
eco
2Co
zCo

2C0
8RRV

2TuR

PROGRAM PROB}

43n

49 S1#

904

113+
128#

78RD 84RD

T9WR B5WR
39 40
39 41
49

47

10RD 11wR
39 40

REFERENCES
92RD 95RD
93WR 9eWR
4l= 42WR
42WR 45
lewR 17z
4] 42wWR

158%
159+

Sa4

18AG
44

19WR
45

2s
46

26
47

47



INDE

In

I™N

I

I
IvAx
IMIN
IuMl
In)
IPRILU
IPRILT
IRES
Igl
<0

[0
I7M
J
K

K%
KMA Y,

KMTN

KM
MA
MAT
MATC
MaTC2
M
MC
MCR
i
Mg
MTN
M7
M?2T
NR$G
NF NB
NENF
NF G

NG AM
NGG
N4AT
NHY

48

LI I B}

44
77
130=
10KRD
3C0
19WR
210
5=
56=
108=
2C0
4CO
4CO
200
3Co

T73WR

BOAG

2Co
2C0
200

52
83
138=

62

13WR
106WwR
107

13WR

13wp
12pp
11WR
85WR
13WR
13WR
102
28=
88z
27WR
117
127=
117=

102

104

13wR
13wWR
13WR
27wR

26
13WR
3646
35a6
134R
86A6G
i27
3446
13WR
16Wp
19WR

PROGRAM PRQOB}

53
87
13946

139
107
109

137

58
66RD
13wWR
93WR
29
15AG

53=

89

a8
118z
141=
119wR

106WR

17

21A6G
134AG6
106WR

103
33
32
a7

52
3046

105

54
89
142

13246
108
114z

65
T2RrRD
lewnr
96WR
37
16WR

_56
116wWR

119WR

143WR
120=

20AG
13546
110

106WR
48

46
94AG

S3
31

59
98WR

138
114

)|
78RD
19wR
61

63=
119WR

1290
144
122WR

25

136A6G

138

59
97AG

38

60
99WR

141

98
84rD
22WR

133A6

To=
122WR

121=
145=
123=

142

68AG
98WR

64

69
106WR

145

115
92RD
27WR

71
125VIR

122WR

125WR

69
99WR

71
109

95RN
42WR

76=
143uR

123

126=

74AG
101

PAGE 15

75
110

6TWR

77

124=
140x

7s
118



I NULE

NOM
NTID
PHI

R
RFAG

Rral
Re TURN
RY
RxSC
RXSF
Sw
SxSC
SXSF
TAPES
TEsST
TITLE

XM

2Co
BRD
SDI
143WR
2Lt0
14
97
15
137
2C0
2Co
2Co
2Co
2¢0
2C0o
3C0
4C0
s01
T9wR
2C0

60=

68AG
T4AG
97AG
A0AG
86AG

8RD
841D
13646

13wP

T1=

34
136
20

944G
I8!
77
99WR
83
89

9WR
85up

PROGRAM PROB1}

83= 89=
35 36
139 -

21 132
9gWR

10RD 11%R
92RrD 93WR

116WR

68
133

66RD
9SRD

119WR

7a
134

67WR
96WR

J122WR

80

72RD

PAGE 16
125WR 13946
86 9
T73WR T78RD
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INDEKX

cuW & W~

1NV E

SyMBOL

HAL1
HNnL 2
TaRRAY
[PRILD
IoRILT
LNnAD
NCOUNT
RFAT
RE TURN
TFST

PAGE 17
SUBROUTINE REAI (IARRAYsNCOUNT.HOL14HOL2)
SUBROUTINE REAI (IARRAYJNCOUNTsHOL14HOL2) REAT
COMMON /TEST/ IPRILDyIPRILT TEST
DIMENSION IARRAY(1) REAI
CALL LOAD (IARRAYsIARRAYs09NCOUNTIHOL] HOL2+IPRILD,yIPRILT) REAT
RETURN REAY
END REAT
PAGE 18
SUBROUTINE REAI (IARRAY(NCOINT,HOL1+HO| 2)
===z =zg==8% =% === REFFRENCES 2 x = xrxxr X T === = =&

146G
1AG
1AG
2C0
2Cv
4

1AG
1

5

2Co

k10D ¢

4AG

miutetmbntatetetotatwtetatatdatatatotctatatattotutatotutotototatatatatntutlotuntvtatatndtatas

I NJE

g JStdWwive

I NnDE

SyMs0L

APRARY
ARRAY
HoL1
HaL2
IPRILU
IoRILT
LnaD
NCOUNT
REAG
RF TURN
TFST

X

[}

PAGE 19
SURROUTINE REAG (ARRAYINCOUNTsHOLZ +HOL2)
SUBROUTINE REAG (ARRAY NCOUNTHOL1sHNL2) REAG
COMMON /TEST/ IPRILDYIPRILT TEST
DIMENSION ARRAY(]) REAG
CALL LOAD (ARRAY(ARRARYs 1 sNCOUNTsHOL19HOL29sIPRILDIPRILT) REAG
RETURN REAG
END REAG
pPAGE 20
SUBROUTINE REAG (ARRAYsNCOUNTyHOL1,HOL2)
= s =g =3 = =25 = = =z a =z REFERENCES 8 2 ® I R = = = T T = § T 3
4AG
1AG DI 4AG
1AG 4AG
1A6G 4AG
2C0 4AG
2C0 4AG
4
1AG 4AG
1
S
2CO0

mmtmtertotatreitutatatotstotatntatetotviantatatatntiactatatatatantvtatatatatotatatainiatateiated
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SUBROUTINE L0aAD

CONONOONOCODODDIOONONINOOOO0OONODONOOOO0OND0

SUBROUTINE LOAD (VECPYIVECP+ITYPINSICDESeHOL1 *HOL24IPRCRDeIPRCV!

THIS ROUTINE INTERPRETS THE pTF=1V CONTROL FLAGS AND FILLS nUT THE

INTEGER AND FLOATING POINT ARRAYS ACCORDINGLY.

COMMON /TAPES/ NINPNOUTHIEN

DIMENSION VECP(1)s IVECPI(1)

DIMENSTON IOP(6)y ICOUNT(6)y FL(6)y IFX(6)

THE PURPOSE OF THIS CODE IS TO READ BOTH

THE STANDARD DTF FLOATING POINT FORMAT

AND THE STANDARD DTF FIXED POINT FORMAT,
CALLIMG SFQUENCE ENTRIES )

VECP IS THE FLOATING PQINT VECTOR TO BE LOADED,
IVECP IS THE FIXED POINT VECTOR TO BE LOADED.
ICDES 1S THE COUNT OF THE BLOCK,

ITYPIN IS THE TYPE OF BLOCK TO BE LOADED,

IF THIS INDICATOR 1S ZEROs THE CODE

ASSUMES THE RLOCK TO BE LOADED

IS FIXED POINT,

IF THIS INDICATOR IS NON ZERQs THE CODE

ASSUMES THE BLOCK TO BE LOADEV IS FLOATING
POINT,

HOL1 IS A SET OF HOLLERITH CHARACTERS

10 BE PRINTED AS A TITLE,

HOL2 IS A SECUND SET OF HOLLERITH CHARACTERS

T0 RE PRINTED AS A TITLE IMMEDIATELY

FOLLOWING HOLl1e A SET OF HOLLERITH CHARACTERS
CONSIST OF A WORD IN THE 1 A & FORMAT,

IPRCRD IS THE PRINT INDIVIDUAL CARDS

AS THEY ARE READ INDICATOR. IF THIS INDICATOR
IS NON ZEROs FACH INDIVIDUAL CARD WILL BE
PRINTED AS IT IS REaD. IF THE INDICATOR 1S ZERO,
NO PRINTING WILL TaKE PLACE FOR AN INDIVIDUAL cARD,
IPRCV IS THE CORRECT VECTOR PRINT INDICATOR,

IF THIS INDICATOR IS ZEROy THE FULL VECTOR

WILL RE PRINTED, 1IF THIS INDICATOR 1S

NON ZEROs ONLY THE VECTOR NAME AND COUNT

wILL BE PRINTED,

COMMON PARAMTERS

NINP IS THE SYSTEM INPUT UNIT NUMBgR.

NOUT IS THE SYSTEM OUTPUT UNIT NUMBER.

THE STANDARD DTF CARD IS COMPOSED OF SIX

FIELDS OF LENGTH TWELVE., EACH FIELD IS

suB DIVIDED IMTO AN OPERATION FIELDy A

COUNT FIELD AND A NUMERIC FIELD,

THE OPERATION FIELD HAS & LENGTH OF ONE,

THE FOLLOWING NUMERIC VALUES ARE PERMITTED.

a4 vALUE OF ZERO OR HLANK INDICATE JUST THE NUMBER IS TO
bBE L.OADED. THE COUNT FIELD 1S DISREGARDED.

A VALUE OF ONE INUDICATES REPEAT THE NUMBER IN THE

(VECPYIVECPITYPINs ICDESsHOL]1»HOL2 ¢ IPRCRD s IPRCV)
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LOAD
LLOAD
LOAD
LOAD
1.OAD
LOAD
LLOAD
LLOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LLOAD
LOAD
L.OAD
LOAD
LOAD
LOAD
L.OAD
LOAD
LLOAD
LOAD
L.OAD
{LOAD
LLOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LLOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
L OAD
LOAD
LOAD
L.OAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
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SUBROUTINE LOAD

NUMERIC FIELDe THE NUMBER IM THE NUMERIC

FIELD WILL BE ENTERED INTO THE ARRARY A

TOTAL NUMBER OF TIMES AS INDICATED BY THE

COUNT FIELD. THE COUNT FIELD MUST BE

POSITIVE NON ZERQe.

A VALUE OF TWO INUICATES THAT LINEAR INTERPOLATION
1S DESIRED, THE INTERPOLATION 1S DONE BETWEEN
THIS VALUE AND THE SUCCESSIVE VALUE OF

THE NEXT EWNTRY, THIS SUCCESSIVE VALUE MAY

ALSO HAVE AN OPERATION, THE NUMBER OF

LIMEAR INTERPULATANTS IS GIVEN BY THE

Count FIELND. THIS MUST BE GREATER THAN

ZERQ., INTERPOLATION IS LIMITED YO

FLOATING POINT BI.UCKS,

A VALUE OF THREE INNDICATES THE EMD OF THE
BLOCK, THE CUUNT FIELD AND NUMERIC FIFLD ARE
DISREGARDED, AT THIS POINT THE NUMBER OF
EMTRIES ARE CHECKED AGAINST THE DESIRED NUMBER,
A VALUE OF FOUR INDICATES AN OPERATION WHICH REPEATS
THE MUMERLIC FIELD TO THE END

OF THE RLOGCK. THIS WILL BE DONE ONLY

IF ENTRIES ARE STILL TO BE FILLEN

THE COUMT FIELD IS DISREGARDEY AND a

TERMINAL OPERATION MUST FOLLOW THIS OPERATION.
A VALUE OF S INDJCATES THAT THE NUMBER

Iy THE NUMERIC FIELO IS TQ BE REPEARED

10 # THE NUMBER IN THE COUNT FlELD,

A VALUE OF NINE INDICATES THaAT THE REMAINING
FIELDS OF THE CARLD ARE TO BE DISREGARDED.

THE COUNT HAS A FIELD LENGTH OF TWO aNp IS
DISREGARDED EXCEPT FOR THE REPEAT AND INTERPOLATION
UPERATIONS,

THE KUMERIC FIELD HAS A LENGTH OF NINE AND

MUST BE FLOATING POINT OR FIXED POINT aS

THE UATA BEING RyAD INDICATES.

TEMPORARY STORAGE )

1EPRT IS THE ERROR INDICATOR,

ICNRD IS THE CoumT READ.

ICNET IS THE COUNT ENTERED,

ICMTS 1S THE TEST CNUNT,

ITYRD 1S THE TYPE RFAD INDICATOR,

INORD 1S THE NUMLER OF COMPLETE FIELDS ON A CARD.
1bX IS THE FIELD INDEX,

IDY IS A STORE IMDEXe

INPIT IS THE INTERPOLATION INDICATOR,

iIDZ 1S A CURRENT INDEXe

DEL IS THE DELTA FOR INTERPOLATION,

ICNIT IS THE COUNT FIELD OF THE INTERPOLATION
UPERATION.

IPERRT IS THE LIST INPUT CARD INDICATOR,

(VECPeIVECPsITYPINs ICDESsHOL19HOL2 4 IPRCRD s IPRCY)
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LLOAD
1.OAD
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10
15

24

25

SUBROUTINE LOAD (VECP,IVECP,ITYPIN,ICDES,HnL1,HOL2, IPRCRD, IPRCV)

IF THIS INDICATOR 1S MINUS NON ZERO, NO

CARD INPUT WILL RE LISTEDe IF THIS INDICATOR

IS ZERO OR GREATERs THE INPUT CARDS wILL

BE LISTED AS THEY ARE READe.

ICRONW IS THE CURRENT CARD NUMHER PROCESSED.
TEMPORARY STORAGE BLOCKS 1

10P IS THE OPERATION BLOCK.

ICOUNT IS THE COUNT BLOCK,

1FX 1S THE FIXED POINT NUMERIC BLOCK.

FL IS THE FLOATING POINT NUMERIC BLOCK,

SET LIST INDICATOR,

IPFRRT2a)

IF (IPRCRD.NE.O) IPERRT=0

INITIAL INDICATORS.

IFRRT=1

ICNRD=9

ICNET=O

ICNTS=ICDES

ITYRD=ITYPIN

INORD=6

INDIT=Q

1CRDNW=0

IF (IPERRT,LT,0) GO TO 5

WRITE (NOUT#265) HOL1sHOL2

READ A CARD,

CONTINUE

IF (ITYRDJEQeg) GO TO 25

READ FLOATING POINT,

READ (NINPy2006) (IOP(I)sICOUNT(I)PFL(I)9s1=]9+INORD)
ICRDMW=ICRONWe1

1F (IPERRT) 20910915

FIRST PasSs TIT)E,

CONTINUE

WRITE (NOUT270)

CONTINUE

IPERRT=2IPERRT«] ' :
WRITE (NOUT9275) IPERRTs(IOP (1) ICOUNT(I)eFL (I} eIa]sINORD)
CONTINUE

GO TO 45

READ FIXED POINT,

CONTINUE

READ (NIMP4205) (IOP(I)sTCOUNT(IY®IFx(1)eIxlsINORD)
ICRDNWSICRONW¢1

IF (IPERRT) 40430435

FIpsT PAsSS TITLE,

CONTINUE

WRITE (NOUT»280) -

CONTINUE

1PERRT=IPERRTs1 ‘ .
WRITE (NOUT#»285) IPERRT.(IOP(I)sICOUNT(I)sIFX(T)eI=]yINORD}
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LOAD
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LOAD
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LLOAD
L.OAD
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54

33
39
4

41
42

43
44

X

40
45

o

606

65

RO

SUBROUTINE LOAD

CONTINUE

CONTINUE

L0 125 IDXx=1+INORD

CHECK FOR END OF CARp.

IF (IOP(ILX).EQ.9) GO YO 5
KETURN ON PASS TWO OF INTERPOLATION,
COMTINUE

Ihy=1

IF (INDIT.EQe.0) GO TO 55
INTERPOLATION PASS TWo,
INDIT==]

CHECK FOR TERMINAL OPERATIOM,
IF (10P(IDX).EQe3) GO TO 130
VEL=(FL{IDX)=VECP{ICNET) ) /DE|.
INY=ICNIT

G0 TO 95

CHFCK FOR OPEKATIOUNS,

CONTINUE

IF (IOP(INX) GT40) GO TO 65
CHECK ZERO COULNT.

1F (ICOUNT(IDX) . EUeg) GO TO 60
WRITE (MOUT»290)

wRITE (NOUT295)

WRITE (NOUT#300) ICRDMwsIDXsHOL1HOL2
WRITE (NOUT$290Q)

PROCESS BLANK QPFRATION,
CONTIMNUE

G0 10 95

OPERATION FIELD NOT BLANK,
CONTINUE

IF (INOP(IDX)<GTe5) GN TO 170
INZ=10P(YIDX)

GO TO (85,475¢130+704,80)y 1DZ
REPEAT T0 THE END OF THE BLOCKe.
CONTINUE

IDY=ICNTS=ICNET

IF (IDY) 1259125,95
INTERPOLATION PASS ONE,
CONTINUE

IF {ITYRD.EQ,0) GO TO 175

IF (ICOUNT(IDX)J.LEs0) GO TO 180
ICMIT=ICOUNT (1Dx)

1Dz=ICNIT+1

ODEL=FLOAT(IDZ)

INDIT=1

60 TO 95

NUMBER OF REPEATS TIMES TEN, (IOP = § }

CONTINUE
Idy=10
IDY=IDYSICOUNTLINX)

(VECP+IVECP+ ITYPINs ICDESyHOL]1 vHOL2+ IPRCRD s IPRCV)
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1. 0AD
LOAD
LOAD
L DAD
1.0AD
ILDAD
1.OAD
LOAD
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LOAD
L QAD
1.0AD
1.0AD
LLOAD
LOAD
LLOAD
1 OAD
LOAD
LNAD
.OAD
L DAD
| OAD
I.0AD
LOAD
LOARD
LOAD
LOAD
LOAD
LOAD
LOAD
L OAD
LOAD
LOAD
| 0AD
LOAD
{ 0AD
LLOAD
1.OAD
LOAD
{ OAD
1.OAD
LOAD
1.0AD
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I NDEX

77

78
79
ac
81

42
83
HBa
3%
86
87

88
89
90
91
92
93
94

95
96

97

SUHROUTINE LOAD (VECPsIVECPeITYPIN» ICDESyHOL] #HOL2+IPRCRD s IPRCV)

85

94

95

100

199

14y

G TO 90

REPEAT.,

CONT INUE

IDY=ICOUNT(IDX)

CONTIMUE

IF (IDY.LE,0) GO TO 199
ENTER ARRARY.

CONTINUE

D0 115 ID2=1,10v
ICNRD=ICNRD*1

IF (ICNRD«GTLICNTS) GO TO 1lg
ICNET=ICNET#1

IF (ITYRD.EQ.0) GO TO )10
FLOATING POINT ENTRY,

IF (INDIT) 100+1059105
COMNTIMUE

VFCP(ICNET)=VECP (ICNET1) «DEL
G0 TO 115

CONTINUE

VECP{ICNET)eFL (IDX)

GO TO lis

FIXED POINY ENTRY,

ConTINUVE
IVECP(ICNET)=IFX (IDX)

ENp OF IDZ LOOP,

CONTINUE

CHECK FOR INTERPOLATION PASS Twon,
IF (INDIT) 120+}125¢125
CONTINUE

INDIT=0

GO TO 50

END OF 1Dx LOOP,

CONTINUE

G0 TO 5

TERMINAL OPERATION,

CONTINUE

CHECK FOR INTERPOLATION COMPLETEDS
IF (INDIT.NE.O) GO TO 185
CHECK COUNT.

IF (ICNRD<ICNTS) 16541354155
ENTERED 8LOCK COUNT CORRECT.
CONTINUE

IERRT=C

iIDZ=ICcNTS

WRITE (NOUT210) HO} LeHOL29ICNTS
TEST FOR TITLE PRINT ONLY,

IF (IPRCV.NE.0) 60 Tn 150
PRINT RLOCK,

CONTINUE

It (IDZ.LEe.Q) GO TO 159

PAGE
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LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LLOAD
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LOAD
LLOAD
LOAD
LOAD
LOAD
LOAD
LOAD
1.0AD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
.0AD
L.OAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
1.0AD
LLOAD
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I NDE X

56

114
115
116
117
118

119
12)
121

122
123
124
125
126
127

124
129
130

131
132
133

134
135
136

137
138
139

1o
141
12

143
144
143

146
167
|48

149
150
151
152
153

SUHROUTINE LOAD (VECPsIVECPsITYPINsTCDESsHOL1sHOL2,IPRCRDIPRCV)

14>

15y

15>

164

160

170

175

18¢

185

190

]"!‘.)

20v

20%

2lv
21lb
22u

IF (ITYRD.EQeO0) GO TO 145

WRITE (NOUTy215} (VECP(I)sI=791D2)
G0 TO 150

CONTIMUE _
WRITE (MOUT220) (VECP(I)sI=101ID2Z)
RETURN.

CUNTINUE

IF (IERRT,NEL.0} GO TO 195

RETURN

TOO MANY ENTRIES IN THE BLOCke
CONTINUE

WRITE (NOUTs225)

COMTIMUE

WRITE (NOUT$230) ICNRD,ICNTS,HOL19sHOL2
IDZ=ICNET

60 TO 1490

TO0 FEW ENTRIES IN THE RLOCK,
CONTIMUE

WRITE (NOUT235)

GO TO 169

ILLEGAL OPERATIOMN,

COMTIMUE

WRITE (NOUT240)}

GO TO 160

INTERPOLATION ON A FIXED POINT RLOCK,
CONTINUE

WRITE (MOUT¢245)

GO TO 160

ZERD QR LESS ON COUNT FOR INTERPOLATION,
CONTINUE

WRITE (MOUT»250)

50 TO leo

INTERPOLATION OPFRATION NOT COMPLETED,
CONTINUE

WRITE (NOUT,255)

G0 TO 160

ZERO OR LESS COUMT ON REPEATS,
CONTINUE

WRITE (NOUT260)

GO TO 160

OHTAIM NEXT CASE UUE TQ AN ERRUR,
CONTINUE

WRITE (4OUT9305)

CALL EXIT

FORMAT (6(11¢12+s£9.4))
FORMAT (6111912919
FORMAT (1H02A6,16)
FORMAT (1K 1Pl0E12.4)
FORMAT (1M 10112)
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L DAD
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L OAD
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i DAD
L OAD
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LOAD
LOAD
LOAD
LDAD
LOAD
LOAD
| OAD
L.OAD
L.0AD
L.OAD
LOAD
I.OAD
LOAD
1.0AD
| OAD
LOAD
LLOAD
L OAD
I.OAD
1_.OAD
L OAD
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L DAD
L OAD
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t OAD
LOAD
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le4
165

166
167

loy

169
170

171

SUHROUTINE LOAD (VECP,IVECP,ITyPIN,ICDES,HOL1,HOL2,IPRCRN,IPRCV)

225

234
235

24V
249
250
255
260

269%
279

275
289

28y
29u

29°

300
300

FORMAT (73H0 COUNT READ DESIRED BLOCK
1Y ENTRIES LOADED, !
FORMAT (1H 2112y2X92A6)

FORMAT (72H0 COUNT READ DESIRED sLoCK
1 ENTRIES LOADED. )

FORMAT (73H0 COUNT READ DESIRED BLocK
1 OPERATION FOUND, )

FORMAT (98HK0 COUNT READ DESIRED sLoCK
1LATION OPERATION REQUEST IN A FIXED BLOCKe )
FORMAT (96HQ COyNT READ DESIRED BLOCK
1 LESS COUNT FOR INTERPOLATION OPERATION, )
FORMAT (94H0 COUNT READ DESIRED BLOCK
1ERPOLATION OPERATION IS NOT COMPLETED. )
FORMAT (89H0 COyNT READ DESIRED BLOCK

1 LESS COUNT FOR REPEAT OPERATION, )

FORMAT (35HO0 LOADING CARD READ OF BLOCK NAMED
FORMAT (119H0 CARD OP CNT NUMERIC OP CNT
1RIC OP CNT  NUMERIC OP CNT _ NUMERIC OP CNT
FORMAT (1H ISsg(1Xe1201X9I3+1X91P1lES,2))
FORMAT (116H0 CARD OP CNT  NUMERIC OP CNT
1RIC OP CNT  NyMgRIC OP CNT  NUMERIC OP CNT
FORMAT (1H I5s6(1XeI291Xs1391Xe19))

FORMAT ( TTHOH PRI R R E BB R RN R RBEDRIR B8R NeRRBONDEY
] XYL T T I L XY

FORMAT (77H  CAPD FIELD  NAMED BLOCK®##*BLANK
1RO COUNT ENCOUNTERED, )

FORMAT (1H 91651692%9246)

FORMAT (*® ERROR = = EXIT CALLED FROM SURg
INPUT ERROR®)

EMD

NAME = ERROR TOO MaN

NAME « ERROR T0O FEW
NAME = ERROR ILLEGAL
NAME = ERROR INTERPO
NAME = ERROR 2ERO OR
NAME = ERROR THE INT
NAME « ERROR ZERO OR
2A6)
NUMERIC OP CNT  NUME
NUMERIC FLOATING, )

NUMERIC OP CNT NUME
NUMERIC FIXED, !

FRPRBERBRNGBIRRRER RN ®

OPERATION AND NON ZE

ROUTINE LOAD pUE TO 1

PAGE 27

LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LLOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
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I NODE

SymBoL

S
1n
1g
2n
25
3n
38
4n
45
Sn
55
6n
65
Tn
7=
8n
85
9n
9q
1ro
1aY
110
115
120
125
130
135
140
145
150
185
160
165
170
175
17p
1K4S
190
195
2ro0
2nr5
210
215
220
225
230
27g
240

58
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SUGROUTINE LOAD (VECPs IVECPsITYPIN'ICOESsHOL1sHOL2¢ IPRCRD s IPRCV)

Lub
6t
o7
o8

105
81

124
19KD
JuKD

Liewr

115wR

118wk
123wk
125wk

L29wR

132wk

66
T4
78¢
8o+«
58
89+
Q2%
S«
as
99«
65
A2
107«
127
117@
113
122«
130
128+
131#
1344
137«
140%
1434
146¢
1494
150«
151»
152«
153«
1544«
155#
lge#
157«

41

65

21

98
104

116
133

= r =z =

103

73

94

102+

119+

136

REFERENCES

82+

7%

142

145

-
=



I NDEX PAGE 29
SUKROUTINE LOAD (VECPsIVECPsITYPINsICDESyHOL19HOL2,yIPRCRD IPRCV)

245 - 135wR 158«

250 - 138wR lsgw

255 - laluR 160#

260 - l4ewR 161+

245 - lewR 162+

270 - 23WR 163+

275 - 26uWR 1644

28n - 34wk 165#

2as - 37TWR lae#

2240 - S3uwr S6WR 1674+

295 - 54 4R 1684

3n0 - SSWR 1694

3i's - 14 7%R 170

DEg - 47= Ti= Q0

EXIT - 148

FL - 401 19RD 26uWpR 47 93

F1 oAt - 71

HNL1 - 146 16WR 55WP  11QWR  ]125WR

HOL? - LaG 16WR SHWR 1lpowR 12SWR

1 - 19rV 26WR 30RD 37uR 115wR 118wWR

ICDFS - 1AG 10

IENET - 9= 47 64 86=x 90 93 9¢ j26

ICNEY - 48 69= 70

I16MRD - A= 84= 85 106 125WR

IeMTS - 105 64 85 106 109 110WR 125WR

ICOUNT = 4pl 19RD 26Wp 30RD 37WR 52 6g 69 76 79

ICRDEW - le= 20= 31z S5vR

1ny - «0 S 46 47 S1 52 55WR 60 61 68
69 76 79 93 96

Iny - 43z w8z 64z 65 15= Te= 79= 81 83

Inz - 61= 62 T9= 1 83 109= 113 115WR 118WR 126=

IFN - 2co

IFpRT - 7= 108= 120

1e % - 401 A0RD ITWR 96

IunIT - 13= 4n 45= T2= 88 98 1002 105

1110RD - 127 19PN 2oWP 30RD 3TWR 40

10p - 41 19RD 26uR 30RD 37uWRrR 41 46 51 60 61

IPERRT = = 6= 15 21 25= 26WR 32 36= 37TWR

IPRCRU = 146 6

IpRCV - 116G 111

ITYPIN = 146 11

Irypd) = 11= 18 67 87 114

fvece - 1406 3DI 96z

LrAD - 1

NTNP - 2co 19RrD 30RD .

NOuY - 2e0 16WR 23vR 26WR 34WR 37WR S3wR 54WR 55WR S6WR

S L1gwR 115WR 118WR 123WR 125WR 129WR 132wWR I135WR 138WR 141WR
Lé4wR 147yR
RETURN = 12}

TAFES = 2co

I NDEX PAGE 30
SUgROUTINE L0AD (VECPYIVECPsITYPINsICDES+HOLY 9HOL2+IPRCRD s IPRCV)

VECP - 1406 301 “7 90= 93z 115WR 118WR

wimtmtntotatrtatatpnivticstntatltatatatatctatcotatatmtalatatatontatadtetatostatntatetat®tatuitcdtadasd
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I NDE KX PAGF 31
OVERLAY (|LAPH,2,40)

1 OVFRLAY (LAPHs240) PHOTON
I NDE X PAGE 32
PROGRAM PHOTON

1 PROGRAM PHOTON PHOTON
c , PHOTON
c PHOTON READS THE INPUT DATA FROM TAPES AND SUPERVISES THE PHOTON
c CALCULATIONS FOR EACH ZONE AND EACH MATERIAL WITHIN EACH ZOME. PHOTON
(o PHOTON

2 COMMON CyEG(50) yEMG(S50) +EMNB(100) YEMNF (100) *GAMM{50) s IMYIONs IRESe ] RLANK

IWOTZMIMA(100) sMB (50) 9MC{S0) sMCRIMMeMS,MZ(10) sNRGINENRINENF ¢ NFGING RLANK
2A1, MGGy NMAT (10) ¢ NNM(126) yNPMyR(101) yRW(100) ¢RXSC(100) +RXSF(100) ¢+ SW HLANK

31100) 9SXSC1G0) »SXSF(100) + XMD{SQ) 9AWRSAV HLANK

3 COMMON /TAPES/ ISIeISOIEN ) TAPES

4 COMMON /OVER1/ EAUG(2000) s TAUGYILOI 4 ILO2+IXDASTXSDIMATXeMINN(40) oM OVER]

1TSL OVER1
5 REWIND S PHOTON
6 DO 20 IZON=191ZM PHOTON
c SET UP THE PARAMETERS FOR THIS ZONE PHOTON
7 1t (IRES.EN.1) RFAD (5) (RW(I)eI=1eNFG) PHOTON
8 READ (S) (SW(I)eI=14NFG} PHOTON
9 CALL NORM PHOTON
in KRIJO=NMAT (T ZON) PHOTON
11 U0 20 I=19KNO PHOTON
c SET UP THE PARAMETERS FOR THE I-TH MATERIAL IN THIS ZONE, PHOTON
12 READ (5) MATX'MTSLO(MTNO(J)'J=10MTSL) PHOTON
13 REWIND IEN PHOTON
14 REWIND 20 PHOTON
15 S READ (20925) MAT PHOTON
16 1F (MAT.NE«MATX) GO TO 5 PHOTON
17 HdACKSPACE 20 PHOTON
C HXSC IS USED AS TEMPORARY STORAGE HERE, PHOTON
1d 1u READ (20930) (RXSCU(J)sJalel]) *MATIMF 4MT PHOTON
19 WRITE (IENe30) (RASC(J) 9J=1911) s MATMF ¢MT PHOTON
2 If (MAT ,NE,0) GO TO 10 PHOTON
21 REWIND IEN PHOTON
22 It (IRES.NEs}) GO T0O 15 PHOTON
23 READ (5) (RXSC(J)9J=19NFG) PHOTON
24 READ (S) (RXSF (J)eJ=14NFG) PHOTON
25 READ (B) (SXSC({J)vJ=1laNFG) PHOTON
26 READ (S) (SXSF(J)vJ=13NFG) PHOTON
27 1° WRITE (IS0435) I7UN,I PHOTON
C THIS WRITE STATEMENT IS INCLUDED SO THAT ANY ERROR STOPS CaM BE PHOTON
C MORE EASILY TRACED DOWN. PHOTON
23 CALL LAPH PHOTON
29 20 CONTINUE PHOTON
30 RETURN PHOTON
9 PHOTON
31 25 FORMAT (66X914) PHOTON
32 3v FORMAT (11A63144912413) PHOTON
33 35 FOPMAT (¥ wewwcaONER,l4e® memreeMATERIAL Ry T4y & cemeeait) PHOTON
34 END PHOTON
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INDL

SyHRUL

S

1
is
2n
2=
3n
35
AwRgAV
[of
EAUG
EG
ENG
EMNB
EMNF
GaMia
1
IaNG
IrN
1.0}
1102
I
In0Q
IRES
Is1
I<0
140
I¥DA
IxSD
I7M
[70N
J
KO
LaPH
M4
MAT
MATX
My
M
Mo
MF

M4
Mg
M1
HTNO
MTSL
M7
Wi G
NF v

{ U R B D B BV Y BRNY DN D D D S NN N Y N N B |

2C0
15RV
«Cu
2CV
2.0
2Cu
18RV
2C0o
2CV
18RD
4C0
4C0
2C0
2L
200

8RD
13

27TWR

19
18RD

11

16
12RD

19WR

19WR
12RD
12RD

32¢

11

19wWR

22

27WR
19WR

18RD
16

PROGRAM PHOTON

27WR
21

23RN

19WR

REFERENCES
24RD 25RD
20

26RD
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I NDE

Nf NF
NF G

N AM
NG
NHAT
NMM
NARM
NeM
OVFR1
R
RFTURN
Rut
RXSC
RXSF
Sw
$XSC
SXSF
TAPES
X4)

$ 0 6§ 6 8 05 8 08 YU b3

2C0
2Cu
2C0
2C0
2¢0
2C0

9
2¢0
4CO
2C0
30
2Cu
2Cu
2C0
2C)
2tu
2C0
300
2L

7RD

19

7RD
18RD
24RD
8RD
25RD
26RD

PROGRAM PHOTON

8Rn 23R0D 24RD 25RD

19WR 23RD

26RD

PAGE

34
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35
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S0

55

60

6o

70

7°

By
R’Y

SURROUTINE INTG (X3ey3exXésya,X1ex2yIsANS)
SURROQUTINE INTG (X3.y3.xc.y4,X1.x2.I.ANS)

COMPUTE INTEGRAL OF Y(X) BETWEEN X3 AND X2 WITH INTERPOLATION CODE

ANSEQ,40

IF (X4=x3) 85985,10

1P=l

IF (IP) 15915920

CALL ERROR (200) _

IF (IP=5) 25+925¢15 -

GO TO (309354404559 7n)y IP
Y=CONSTANT

ANS=(X2=X1)*Y3

GO TO 85

Y LINEAR IN X

B=(Y4=Y3)/ (X4=X3)

AnY3=B#X3

ANS= (X2eX1)*(Ae( ,5%B% (x2¢x1))
GO TO 8%

Y LINEAR IN LN(X) .
IF ((X3LEs0+0) eORe{XaeLE.Den)) GO TO 35
B=(Y4wY3) 7ALOG (X4/X3)
Ze{X2=X1)/X}

IF (ABS(Z)«0415) 45445450

ANS= (X2wx1)1* (Y3+R®ALOG(X1/X3)) ¢ (0+5#B#x1#2Z87)% (] ,062%(~0,33333333

12#(0616666667=0.1%2)))
60 TO 8BS

ANSz (x2ex1)* (YI+R*ALOG (x1/x3)) +BeX1% (1,00 (x2/X1)*(ALOG (X2/xT)=)a0)

L

GO TO 85

LM(Y) LINEAR IN x

IF ((Y3¢LEeDe0)eORe(Y4,LEsg)) GO TO 35
BSALOG(Y4/Y3)/ (X4=X3)

A=ALOG(Y3)=B#x3

Z=(X2=X1)*B .

IF (ABS(Z)=al) 60960465

ANS=EXP (A+B8#X]1)# (X2oX1)#(1,04Z%( ,54,16666667%2))
GO TO 85

ANS=EXP (A+B*X1)* (EXP({Z)=1,0)/B

GO TO A5

LMN(Y) LINEAR IN LN(X) .

IF ({X34LEe0e0) «ORe (X4, Esgeg!) GO TO S5

IF ((Y3,LEe0e0)4s0Re(Y4oLEeOen)) GO TO 40
B=ALOG(Y&/Y3)/ALOG (X&/X3)

Z=(B*1,0)#aL0G(X2/X1)

IF (ABS(Z1=0,1) 75475480 R R
ANS=y3#X1# ((X1/X3) #&B)#ALOG(X2/X1)#(1,062%(,5¢0,16666667#7))
GO TO 858

ANSTY3#X18 ((X1/X3)*#B)# (((X2/X1)%*(B41,0))=1e0)/(Be1,0)
CONTINUE

RETURM

END

PAGE 35
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INDE

SUBROUTINE INTG

(X3sY39X49YaesX]9X2eI9vANS)

SYMBOL T S = =z = = 2= £ = = = REFERENCES = = = = = = =

5 - 2%

in - 3 40

15 - 5 6% 7

a2n - 5 T#

2= - 7 84

3n - ] T3

3s - b 1l 15 23

4n - 8 15« 33

45 - 18 19«

Sn - 18 2le

58 - 8 23 32

6n - 27 o8¢

6% - 27 304

r& - [a] 324

A - 36 374

8n - 36 39« _

8% - 3 10 14 20 22 29 31 3s 40

A - 12= 13 25= 28 30

ARS - 14 27 36

ALOG - 16 19 21 24 25 34 35 37

ANS - 146 = 9= 13= 19= 21% 2a= 30= 37= 39=

] - l1l= 12 13 l6= 19 21 24= 25 26 28
3u 34z 35 37 39

ERROR - 6

ExpP - 2y 30

I - 1AL 4

INTO - 1

Ip - W= 5 7 &

RETURN = 41 .

X3 - 1A6 9 13 17 19 21 26 28 30 35
37 39

X> - 146 9 13 17 19 21 26 28 35 37
39

X2 - 1AG 3 11 12 15 le 19 21 24 25
32 34 37 39

X4 - 146 3 11 15 16 24 32 34

Y= - 146 9 11 12 16 19 23 23 24 25
33 34 37 39

Y& - 1AG 11 lo 23 24 33 34

z - 17= 18 19 26= 27 28 3; 35= 36 37

-‘-0-0-0-‘—0-#-6-0-0-0-0-0-0-0-‘-0-0-0-0-0-0-0‘0-0-0-0-0-#-0-6-0-0-0-0-*-‘-0-0-0—0-0-‘-0-0
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INDEX

VE~NITRHWN

1¢
11
12
13

1 Wb EX

SYMEOL

5

1n
15

E

Ex

I
LOCT
M

N
RETURT

19
15

FUNCTION LOcT (EvEKN)

FUNCTION LOCT (EJEKN)

BRACKETS EK IN E SO THAT EKeGEJE(LOCT) AND EKeLTLE(LOCT*))}
IF EK CANNOT BE BRACKETEDy LOCT=z:el

[DIMENSION E(1)

Mzpe]l

o s ISIQM

IF ((EKeGESE(1)) ,AND, {EKeLTeE(I*1})) GO TO 15

IF (E(N) NEJ.EK) GO TO 10

LOCTaM
RE TURN
LOCTs=]
RETURN
LOCT=]
RETURN
END
FUNCTION LOCT (EsEKON)
T =2 £ 2z == 2 = 8 gz » REFERENCES 2T = 2 x ®wx = 3%
5«
9%
11%
AG edl 5 6
AG 5 6
5 11
T= 9= 11=
= 4 7
AG 3 6
10 12

PAGE 37

LOCY
LOCT
LOCY
LOoCT
Locr
LoCcY
tocr
LoCT
LOCT
1LoCr
LOCT
LOCT
Locy
LoCT
LOCT

pPAGE 38
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I NDEKX

66

e 3
W=D L XINIUE WD

NOOOOOOOOO

1v
15
4]
25

30
3%

45
Sv
55

69
3]
T4

7%

85
S
95
100
162

SUBROUTINE TERP] (X1eY19X2sY2eXeYe 1)

SURROUTINE TERP1 (X}1eY1eX2sY20XsYs])
zx===INTERPOLATE UNE PT,

(X1sYl) AND (X2,y2) ARE END PTS, OF yHE LINE
{(XsY) IS INTERPOLATED POINT

I=INTERPOLATION cUDE

NOTE ~ IF A NEGATIVE OR ZERO ARGUMENT OF A LOG 1S DETECTED, THE
INTERPOLATION IS AUTOMATICALLY CHANGED FROM LOG TO LINEAR,

ERROR STOPS = 391 (X1=x2+DISCONTINUITY)

302 {(INTERPOLATION CODE IS OUT OF RANGE)
303 (ZERQ OR NgGATIVE ARGUMENT FOR INTERPOLATED PT,)

XA=X1

YA=Y1

XB=X2

YB=Y2

AP=X

II=1

IF (XA EQ.XB) CALL ERRQOR (301)
IF (II) 10s10915

CALL ERROR (302)

If (11-5) 20520410

GO TO (25¢30935960475)y 11
YP=YA

G0 TO 105

YP=YAs (XP=XA)# (YB=YA)/ (XB=XA)
v0 TO 105

IF (XA) 30930940

1F (XB) 30,3045

IF (XP) 50450055

CALL ERROR (303)
YP=YA+ALOG (XP/XA)* (YR=YA) /ALOG (XB/XA)
G0 TO 105

1F (YA} 30930965

IF (YB) 30430470

YP=YASEXP { {XP=XA)*A| OG (yB/YA)/ (XB=XA))
G0 TO 105

IF (YA) 35435480

IF (YB) 35435485

IF (XA) 70470990

IF (XB) 70970995

IF (XP) 509509100

YP=YASEXP (ALOG (XP/XAL)#ALOG(YR/YA)/ALOG (XB/xA))
Y=Yp

RETURN

END
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SUBROYTINE TERP1 (xlsYlex2sY29XsYel)

SYMROL T 3 T T =2z ZTI 2 REFERENCES £ 2 ® =T 3 3 32T xc= X amE
s - L

14 - 9 10e 11

15 - S lle

21 - 11 12e

25 - 12 13#

3n - 12 15« 17 18 23 24

35 - 12 17« 27 28

4n - 17 18«

49 - 18 19+

Sr - 19 20# 31

58 - 19 21e

6n - 12 23+

68 - 23 24»

Tn - 24 25+ 29 30

75 - 12 2T+

8s - 27 28+

8e - 28 29»

9n - 29 30

95 - 30 KR

100 - 31 324

1ns - 14 16 22 26 33

AL0G - 21 25s 32

ERROK - 8 10 20

EXP - 25 32

1 - 136 7

It - 7= 9 11 12

RETURN = 34

TERP] - 1

X - 1a6 6

xi - 1AG 2

Xa - 2= 8 15 17 21 25 29 32
XA - 4= 8 1s lg 21 25 39 32
xP - 6= 15 19 21 25 K} 32

Y - 146 33=

Y1 - 146 3

Y2 - 146 ] ) }

Ya - 3= 13 15 21 23 2% 27 32
YR - 5= 15 21 24 2% 28 32

Yp - 13z 15= 21= 25= 32= 3

wieotrtatatetnivtatatatatatultatatatatlctinictctatoigtatatatontatntgltatntvnicdtatatatwtatatodtudad
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SUBROUTINE LAPH
SUBROUTINE LAPH

LAPH SUPERVISES THE CALCULATION OF THE PHOTON PRODUCTION AND
ENERGY PRODUCTION MATRICES FnR EACH MATERIAL,

COMMON /OVER1/ EAUG(2000) » IAUG*ILO1sIL02+IXDAYIXSD9MATXIMTNO(40) oM

1TSL

COMMON /BOOK/ LOILF2,LOLF12(100)sLOLILF19LOLF11(%500)sNR16yNROW(100)
IXDAxQ

IXsD=0

ILO1=0

1L02=0

I1L.02 IS THE NUMBER OF DISCRETE EXCITATION LEVEL.S BEING CONSIDERED
FOR THIS MATERIAL. 1IN OTHER wORDS, THERE ARE 1L02 SECTIONS wITH
1.0=2 READ FROM FILE 15,

IL01 IS THE TOTAL NUMBER OF YIELDS FOR NEUTRON FINE GROUPS AND
GAMMA GROUPS AS CALCULATED USING THE LO=1y LF=] DATA ON FILE 15.
IXSO IS THE TOTAL NUMBER OF YIELDS CALCULATED USING LO=ly LF=2
DATA ON FILE 15,

IXpA IS THE TOTAL NUMBER OF CASCADE GAMMA RAYS RECONSTRUCTEDR FROM
THE FIXED NUMBgpR OF DISCRETE QEVELS.

ILO1s ILO29s AND IXSD ARE INCREMENTED IN SUBROUTINE PR15 WHILE
IXDA IS INCREMENTED IN TRC2.

NR16=0

LO1LF1s0

LO1ILF2=0

REWIND 15

REWIND 16

REWIND 17

1F (MTNO(1)+EQe0) GO TO 10

CALL. MESH

CALL PR)S

IF (ILO2,EQe0) GO TO 5

CALL TRC2

CALL XSEC

CALL MATRIX

RETURN

ENOQ
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INDE

SyYmBOL

5 .

1in
Book
EAUG
1ay6
IL0}
ILo2
IxDA
IxSO
LapPH
LniLFl
LniLF2
LALF1)
LOLF12
MATRIX
MATX
Mr SH
MTNO
MTSL
Npl1é&
NRPOW
OVEK]
pPPR1S
RF TURN
Tec2
X<EC

17

16
3¢o
2Co
2co
2Co
2C0
2co
2Co
1
3Co
3Co

16
3
18
19

19#
20+

6=
T=
(3
S=

9a
10=

14

17

SUBROUTINE LAPH
REFERENCES
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SUBROUTINE NORM

SUHROUTINE NORM

IN THIS ROUTINE THE FINE GROIP WEIGHTING FUNCTIONS ARE NORMALIZED

OVER EACH BROAD GROUP,

COMMOK C+EBG(50) vEMG (50) s EMNB(100) 9EMNF (100) +GAMM{50) » IM# 00+ IRES I
IWO 9 IZMoMALL100) MR {50) yMC(SC) +MCReMMeMSeMZ (10) 'NBGINENB s NENF sNFGING
2AMyNGGoNMAT (10) s NNM (126) sNPMoR(101) sRW (100) sRXSC(100) +RXSF (1G0) »SW
3(100)vSX5ct100)-SXSFtloo)-XMD‘So)cAWRSAV

DO 20 _I=]1yNBG
SUMR=( 40
SUMS=0.0
IFST=g

DO 10 J=2sNENF

IF ((EMNF(J) oLT.EMNR(I)) ¢ AND o (EMNF (J) 4GEL.EMNR(I+1))) GO YO §

GO YO 10

SUMS=SUMS¢SW (J=1)
SUMR=SUMRRK (J=1)

IF (IFSTLEQe0) IFST=J=1
ILST=J-1

CONTINUE

DO 20 K=IFSTsILSY

IF (SUMR,EQe0e0) GO TO 15
RW{K) aRW (K) /SUMR

CONTINUE

1F (SUMS,EQ,0.0) GO TO 20
SW(K)=SW(K) /SUMS

CONTINUE

RETURN

END
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INDE

SyYMROL

)

1r
15
29
AwpsAv
[

En
EMG
EMNH
EnNF
GAMM
I
IFST
I1.8T
™
1n0
IPES
Ino
IM
J

K

MA
MR
MC
MCR
M
Ms
M2
N7
NF B
NriF
NF G
NGAM
NGG
NMAT
NAM
NORM
NoM
R

R TURI
R
RYSC
RXSF
SIMR
SI1IMS
Sw
SxSsC
SxSF

I NDE

X

2Co
2Co
2C0
2C0
2Co
2C0

13=

2Co
2€Co
2co
2co
2Co

15

«Co
2C0
2C0
2¢o
2C0
2Cco
2¢co0
eCo
2co
2co
2co
2L0
2€0
2¢0
2c¢o

2C0
2C0

2¢co
2C0
2co

5=

2co
2C0
2L0

2co

N © @

17

l1=
10=

10

SUBROUTINE NORM

=2 8 =z3 =z REFERENCES

19 21%

15

lo 1 12 13
20

17=

16 17
19 20
20=.

SUBROUTINE NORM
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I NDEX

wn e~

SyMEOL

5

1n

lg

E

IeN
INT
ISI
Igq0
MaT
MF

MT

N

NRY
NP

NR
RFAD
RE TURN
R]F3
TAPES
X

e NeXeKe]

SURROUTINE RSF3

COMMON /TAPES/ ISIsISOsIEN . . . -
COMMON /READ/ NR¢NPosMATosMF eMTONRT(20) o INT(20) 9E(2000) o X (200n)

SUBROUTINE RSF3

NR=NO, OF INTERPOLATION BREAK PTS.

NP=NO, OF CROSS SECTIONes NEUTROM ENERGY PAIRS
NBT(I) CONTAINS THE INptX OF THE LAST PT, CORRESPONDING TO THE IN=

TERPOLATION CODE GIVEN IN INT(I)

READ (IENs10) NRyNPsMATeMFoMTe (NBT(N) o INT(N) eN=1 ¢NR}
READ (IEN+15)

RETURN
FORMAT (66X9149129+13)
FORMAT
FORMAT (6E11,.%4)
EMD
2T Sz == 2
6RD 7RD 94
4RD 10
SHD 11%
3co SRD
2C0 4RD SRD
3C0 4RD
2tu
2C0
3CU 4RD 6RN
3C0 4RD 6RD
3Cu 4RD 6RD
4RD SRD
3C0 4RD
3C0 4RD SRD
3C0 4RD
3C0
]
1
2C0
3Co SRD

(E(N)Y e X (MY gN=14VP)
READ (IENeS) MAT MFIMT
READ (IEN¢S) MATMFMT

(44X92111,164,12,13/(6111))

SyBROYUTINE RSF3

6RD

7RD
TRD
7RD

REFERENCES

TRD

PAGE 46

RSF3
TAPES
READ
RSF3
RSF3
RSF3
RSF3
RSF3
RSF3
RSF3
RSF3
RSF3
RSF3
PSF3
RSF3
RSF3
RSF3
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I NDEX

19
21)
21
22

23

25
26
27
2R
29
3
31
32
33

OO0 O0

1u

15

s EeNale)

25

39

35

40

SURRQUTINE MESH
SUBROUTINE MESH

FORMS ENERGY MESH FOR INTEGRATION DETERMINER BY OVERLAYING THE
NEUTRON FINE GROUP ENERGY MESH AND THE CROSS SECTION MESH IN FILE3
THIS ROUTINE ALSO PROVIDES FnR THE OPTION THAT ALL PHOTON
PRODUCTION DATA WHICH EXIST IN FILE 15 ARE USEn WHEN MTZ=] 1S
SPECIFIED. NOTE THAT ALL REACTION TYPES (MT NUMBERS) INCLUDED IN
FILE 15 ARE INCLUDED IN FILE 3,

COMMOM C+EG(50) +£MG (50) +EMNB (100) *EMNF (100) sGAMM (50) » IM* 1009 TRES,1
1WOeIZMIMA(100) +MR(50) sMC (50) yMCRIMMeMSyMZ (10) sNBGINENB s NENF o NF GoNG
2AMyNGGINMAT(1C) «NNM (126) sNPMyR(101) yRW (100) ¢RXSC(100) sRXSF (100) »SW
3(190) oSXSC(100) +SXSF (100) »XMD{50D) Y AWRSAV

COMMON /TAPES/ ISIvISO4IEN

COMMON /DVER1/ EAUG(2000) 9 TAUGsILO14IL02s IXDAIXSDyMATXIMTNO(40) oM
LTSL

COMMON /READ/ NRoNPsMATIMFoMTINBT(20) s INT(20) eF (2000) X (2000}

UIMENSION MV (40)

{LEVEL=1

[AUG=HNENF

DO 5 I=1yNENF

K=ztENF+l=]

EAUG (1) =EMNF (K)

REWIMND JEN

READ (IEN,150) AWRSAV

READ (IENs190) MATeMForT

1F (MFLNE,3) GO 7O 1o

D0 35 I=1,MTSL

IF IMTJEQMTNU(I)) GO TO 60

IF (MTNO(I)NE,=1) GO TO 35

THE FOLLOWING TEST 1S VERY SIGNIFICANT, IF PHOTON PRODUCTION DATA

ARE GIVEN IN FILE 15 FOR MT=4s THESE DATA ARE USED WHEN MTze) ONLY

IF NATA ARE NOT GIVEN FOR ANY MT SUCH THAT S.LE.MT,LF,15 ORr

51 eLECMT LE8C

JUAX=TLEVEL=]

1IF (JMAXLEQ.0) GO TO 69

00 20 J=1,JMAX

IF ((MTeGTe4sAND MToLE,15:AND MV (J) (EWe4) e ORe (MT,GE,51eANDMT.LE .8
1CAND MV (J) 4ERL%)) GO TO 25

GO TO 60

ILEVELSILEVEL=]

IF (JLEQL ILEVEL) GO TO 60

Jd=J
NO 30 JEJJWILEVEL

MV {JY=HV (Je))

GO TO 60

CONTINUE

CAaLL RSF3 :

IF (MFJNEo.0) GO 1O 15

IF (MTNO(1)+ERe=1) GO TO 5¢
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74

59
A
6l
62
63
he
65

ol
X:]
69
7o
71
72
73
T4
75
T6
77

19
8)

45
50
55

by

65

70

~O DN

By
ARY

Q0
CR)

100

SUBROQUTINE MESH

GO TO 75

MTSL=ILEVEL=]

DO 55 I=1sMTSL

MTNO(T) =My (D)

WRITE (1S0+195) MTSLs (MTNO(I)«I=19MTSL)
GO TO 45

MV (TLEVEL) =MT

CALIL RSF3

K=y

IMAX=TAUG=1

DO 65 I=x1+IMAX

X(K)=EAUGI(I])

KEK+l

DO 65 J=14NP .
IF (E(J) +LEEAUG(I) ,ORE(J) «GECEAUG(T*3)) GO To 65
XtK)=FE(J)

K=K+l

CONTINUE

x(K)=EAUG (IAYG)

DO 70 I=1eK

EAUG(I)aX(])

1AUG=K

ILEVEL=ILFVEL+1

IF (MFJ.NE,0) GO 1O 15

50 TO 40

THIS PART OF THE SUBROUTINE ADUS TO THE UNION OF THE SETS THOSE
ENERGIES AT WHICH THE YIELDS ARE TABULATED IN FILE 15 FOR LO=1v
LF=142 FOR THOSE MT NUMBERS INCLUVED IN THE PROBLEM,
READ (IEN¢155) LOIMATeMF «MT

[F (MFG.MEL15) GO TO 75

60 TO 85

READ (IEN9160) LOSNK,MAToMFIMT

I (MF+EQ.0) GO TO 145

LO 90 IelyMTSL

IF (MTSEQ.MTNO(I})} GO TO 190

RCAD (IEN#190) MATeMFIMT

IF (MF+EQe.0) GO TU 145

If (MT.EQ.0) GO TO 80

60 70 95

IF (LOWEQ.2) GO TO 140

1STOR=)

READ (IEN#165) NRseNP

READ (IEN917n) (NNeNMyI=z]9NR)

READ (IEN«175) (XXeXX9I=19NP)

DO 125 J=1,4NK

READ (IEN»180) LF*NRyNP

IF (LF.EQ.,2) GO 10 110

READ (IEN+170) (MNNeNNyI=1eNR)

READ (IENs175) (xXexXXeI=19NP)

READ (IEN,165) NBRNGNTRS
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I NDEX

81
82
83
84
85
86
87
83
89
9
91
92
93
94
95
96
97
93
99
100
101
102
103
10+
105
106
107
108
109
119
111
112
113
114
115
116
117
118
117
120
121
122
123
124
125

126
127
128
129

INDEX

130
131
132
133
134
135

136

10>

130

135

144
142

159
155
10U
169

174
175
182
189
19
199

SUBROUTINE MESH

READ (IENs170) (NNyNNyT=1ysNBpN)

DO 105 K=1,NTBS

ISTOR=ISTOR+1

READ (IEN,185) E(ISTOR),NBR2,NPR2
READ (JEN9170) (NNoNNyIx19NBR2)
READ (IENs175) (XXeXXeIxlsNPR2)
CONTINUE

GO TO 125

READ (IEN+170) (NNyNNyI=19NR)

READ (IEN9178) (E(I)sXXeI=T9NP)
K=l

IMAX=TAUG~1

DO 115 I=1,IMAX

X(Ky=EAUG(T)

K=eKel

DO 115 JJUsL1eNP .
IF (E(JJ) eLESEAUGI(T) 4ORLJE(JJ) «GELEAUG(TI*1)) GO TO 1185
X{K)=E(JD)

K=K+1

CONTINUE

X (K)=EAUG (IAUG)

VO 120 I=1,K

EAUG(T)=Xx(I)

IAUG=K

CONTINUE )

IF (ISTOR.EQ,0) GO TO 140

k=1

1MAX=TAUG~-1

DO 13¢ I=1l.,IMAX

X (K)=EAUG(])

K=Kel

DO 130 J=1,ISTOR _ o
IF (E(J) oLECEAUG(I) 4ORLE(J) «GELEAUG(I*1)) GO To 139
X (K)=E (D)

K=Kel

CONTINUE

X(K)=EAUG(IAUG)

DO 135 I=1sK

EAYG(L)=x(1}

1AUG=K

READ (IENs190) MAT¢MF¢MT

IF (MT.EQ.0) GO TO 89

GO TO 149

{F (IAUG.GT.2000) CALL ERROR (400)
RETURN

FORMAT (11XsEll.4)

FORMAT (22%9111933X414,12413)
FORMAT (22X9111922Xel111414412+13)
FORMAT (44X%X92I11)

SUBROUTINE MESH

FORMAT (6111}
FORMAT (6E1l44!)
FORMAT (33X93I11)
FORMAT (11XsEll,4922X02111)
FORMAT (66X914912913)

FORMAT (# UNDER THE OPTION PROVIDED WHMEN INPUT MTx=] IS USEDy T
IHERE WILL BE *»149% REACTION TYPES USED AS FOLLOWS « #4/9 (e

2NO(1)=%4201497))
£l

MT
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INDE

SyMHOL

S
11
15
an
25
3n
35
4n
45
Sa
55
61
6%
7
75
8n
8«
Qn
9%
1rn
115
110
t15
12n
125
130
115
149
145
150
185
140
165
170
l7s
1R0
185
120
195
AWRSAV
Cc

E
EAUG

ER
EMG
EvNG
EMNF

76

14%
16%
21
22
27
16
334
34%
33
36
17
o4
53
34
b2
ol
64
Y34
65
82
77

1oz
75
109
118
7y
63
13R0D
59RD
o2RY
T2RD
{3RD
T4RL
Tor
d4rD
14RD
38wH
2C0
2C0
5Co
4CV
Lt
2C0
2C0
2Co
20

lle
15
32
22
24w
284
18
58
39
35w
37
20
47
544
59
68
64
65#
69
70w
87w
89«
96
103+
88
112
119«
196

126¢
127+
128%
BORD
78RD
79RD
132+
133¢
66RD
135+
13RD

43

1l=
113

11

57

30»

23
48

60
122

97

105#
113

1214
1240

129+
B1RD
86RD

121RD

49

117

SUBROUTINE MESH

2%
S1#

100»

lle#
123

85RD
90RD

134%

84RD

1193

REFERENCES
29 4o
89RD  135%

131
90RD 97
52 S¢=

¥ ®m 2 E = Z £ X 3

98
94

113
97

114
10l
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INDE

ERKROR
GamMM

Iays

IeN

1LEVEL
1.0
IL02
I
IMax
[0 4
[nn
IRES
[s]
I:0
ISTOR
Lun
DA
[¥sSy
{7

J

Ji
JHax
K

LF
Ly
Ma
MAT
MATX
Hp
e
MR
MFSH
MF

Mm
Mg
MT

MTNO
Mrtgl

124
2Co
9
45
81RD
1u9
4Cu
129=
3C0
T6RU
121RD
1=
«CO
4CU
2C0
3=
SCo
2C0
2C0
3C0
3C0
1=
2¢C0
4CO
4CO
2C0
21
112
26=
19=
lo=
82
119
76RD
SYRD
2C0
5CU
4C0
2C0
2Cn
2Cy
1
5Cu
67
2Cu
2C0
5C0
121Rv
4CO
4CO

19
48
85RD
1J0
8=
124
12
78RD

19

44

38wWR
83

22
113
27
20
11
9le
11l=
77
62RD

14RD

14RD
121RD

14RD
122

17

16

11
53
86RD
113
43

13RD
T9RD

24x

92=

B4RD

1le
70

S9RD

15

17

la
35z

SUBROUTINE MESH

16
S4
89RD

118

52

14R0D
89RD

as

93

106

26
97

45
95=x

115=

62RD

32

az

33
36

17
64
90RD

ile

55=

S9RD
81RD

27

108=

112

27
98

46=
98

147

66RD

57

40

37=
38kR

18
68
93
92

62RD
84RD

35

109

28

49
99=
118

121RD

S9RD

S9RD

38WR
64

36

T73RD

9%
101

66RD
85RD

47

S0=
101
129

62RD

65

a7
T4RD
97
104=
72RD
86RD

56

48

_se
102

62RD

65

38WR

78RD
102
108

73RD
89RD

49

53
104

63

66RD
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My
M7
NRRG
N3R2
NRRN
N3 T
NFNB
NENF
NFG
NGAM
NGG
Nk
NMAT
NN
NNM
NP
NpM
NPR2
NP
NTHS
OVER1
R
RFAD
RFTURN
RSF3
Rw
RxSC
RxSF
S«
SXSC
SxSF
TAPES
X

XMD
XY

L2 D I U I N D Y B N N N N RO O R U R R B NN BN BN DN RN DN DN BN BN BN BN N | >

601
2Cu
200
84RD
8RO
SCOo
2¢Cu
2Cu
2C0
2C0
eco
62RD
2C0
73RD
2C0
SCU
2Cu
H4RU
5CO
HyRL
4CQ
2C0
5C0
12%
31
2C0
2C0
20
2Ca
2C0
2L0
3C0
5Co
llg=
2C0
74R0D

22

ASRD
81RD

75
T8RN
47
86RD

T72RD
82

41

45n
117=

79RD

28=x

81RD

72RD

T3RD

49=
119

86RD

SUBROUTINE MESH

37

lo

85RD

T4RD

76RD

S2=

90RO

40

39RD

76RD 79RD 93RD

78RD 89RD

54 Q4= 9g8=

PAGE 54
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101l= 103 1lo=
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INDEKX

S W

o U

OOOODODOOOD

1C

15
20
25

30

35

SUBROUTINE PR1S
SUBROUTINE PR1S

THI§ ROUTINE READS THE PHOTON PRODYCTION DATA FROM FILE 15 OF THE
ENDF/8 TAPE. FOR A CONTINUOUS ENERGY DISTRIBUTION UNDER OPTION 1,
THE PHOTON GROUP YIELDSe Y AND YTILDAs ARE CALCULATEpD ON EITHER
TRACK 1 OR 2 AND WRITTEN ONTO TaPE 15, )

FOR UISTRIBUTIONS UNDER OPTION 1 AT DISCRETE GAMMA
ENERGIESs THE YIELNS ARE WRITTEN DIRECTLY ONTO TAPE 17,

FOR OPTION 2 THE TRANSITIONAL PROBABILITIES AND
CONDITIONAL PROBASBILITIES ARE READ FROM THE ENDF/B TAPE AND
WRITTEN ONTO TRPE 16 FOR LATER USE IN SUBROUTINE TRC2,.

COMMON CsEG(50) yEMG(50) sEMNB (100) 9EMNF (100) sGAMM (50) » IM3 100+ IRES, I

1wOy IZM9MA(100) sMB(50) yMC(50) sMCRyMMyMS,MZ (10) *NBGINENB ¢ NENF 4 NFGING
2AMyNGGINMAT (10) sNNM (126} sNPMsR(101) sRW(100) »RXSC(100) +RXSF (100) +SW
3(100)9SXSC(100) 9SXSF(100) 9 XMD150) » AWRSAV

COMMON /TAPES/ ISI1+1SO,IEN

COMMON /OVER1/ EAUG(2000) » IAUGILOL1sILO2+IXDAS IXSDyMATXIMTNO(40) oM

17sL . ) . L
COMMON /READ/ NRyNPyMATsMF¢MTsNBT (20) 9 INT(20) ¢E(2000) ¢X{2007)

COMMON /BULK/ Y1 (2000) +Y2(2000) 9YINT(2000) s YNEW(2000) +EG) (2000’ 1EG

12(2000) sNBT1(20),IBT1(20)sNBT2(26) »18T2(20)
COMMON /SAVE/ SAYE(1000+4)sISAVE(1000) _ .
COMMON /BOOK/ LOJLF2,LOLF12(100) +LOILF19LOLF11(500) sNR16+NROW(100)
UDIMENSION SAVEL (4000)s NB8TN(20), INTN(20)
EQUIVALENCE (SAVEL(1)sSAVE(1l.1))

EXTERNAL LOCT

REWIND IEN

READ (IEN+250) MATeMFoMT

1F (MF.NE.3) GO TO S

READ (IENy230) LOsLGyMATMFyMT

IF (MF.NE.15) GO TO 10

GO TO 20

READ (IEN,245) ZAsAWRsLO4L.GsIT1yNKyMAT JMFyMT
IF (MF.EQ.Q) GO TU 225

CONTINUE

DO 25 I=1yMTSL

IF (MT.EQ.MTNO(I)) GO TO 35

IS THIS MT REQUIRED

SKIP TO NEXT SECTION IF MT NOT REQUIRED
READ (IEN+250) MAToMFMT

IF (MF.EQ,0) GO 10 225

END OF FILE 15~ RETURH

IF (MT.EQ.0}) GO TO 15

G0 TO 3¢

IF (LOEQ.2) GO TO 275

READ TOTAL YIELD .TABLE (FOR ALL LAWS}
READ (IEN,245) ZAsAyRyLO+LGyNReNP
READ (IEN#255) (NBT(I)sINT(I)*I=)INR)
READ (IEN+260) (EC(I)IX(I) e I=]19NP)

PAGE 55

PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR15
BLANK
BLANK
BLANK
RLANK
TAPES
OVER1
OVER1
READ
BULK1
RULK1
SAVE]
ROOK
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR15
PR1S
PR1S
PR1S5
PR1S
PR1sg
PR1S
PR1S
PRlg
PR15
PR1S
PR1lS
PRI1S
PR1S
PR]S
PR1S
PR1lg
PR1S
PR]S
PR1S
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I NDEK

80

31

32
33

34
35
36
37
38
39
40
41

43
4a

46

47
48

49
S50
51
52
53
S
55
56
s7
CY-]
59
60
61
62

b«
65

45
50

S5

AU

>
g,

OO OOOOOOD

SUBROUTINE PR15

NOW GET TOTAL YIELD FOR EACH ENERGy IN EAUG ARRAY,
ILAW=g

1.00P ONCE FOR EACH LAW

READ (IEN+245) ZAsAWRILOWLFeNReNP

I (LF.EG.1} GO TO 70

THIS SECTION OF THE cOnE FOR LO=1» LF=2

READ (IENy255) (NBT(I)sINT(I)eI=19NR)

READ (IEN+260) (EC(I)oX(I)sI=yenNP)

It (AWRCGTLEMG (1) eORJAWRGLTSEMGINGAM)) GO TO 65
ISTOR=1

IKx=9

DO 55 I=1,1AUG

ILO=LOCT(EWEALG(T) sNP)

IF (ILO.EQ.=1) GO TO 5%

IHI=ILO0+1}

L0 45 J=1yNR

IF (IHI LE.NBT(J)) GO TO 50

IXgD=IXSD+1

CALL TERP1 (E(ILO) oX{ILO)9E(THI)I 9 X(IHI) sEAUG(I) ¢SAVE(ISTOR2) ¢ IMT(

1J))

SAVE (ISTOR,2) NOW CONTAINS THE INTERPOLATED YIELD
SAVE(ISTORs 1) =EAUGIT)

SAVE LISTOR93) =AWR#SAVE (ISTOR,2)

Awr CONTAINS PHOTON ENERGY

ISTOR=ISTORe}

IF (ISTOR,LE.1000) GO YO 55

WRITE (17) ((SAVE(IXsJ)eJx193)sIX=1,1000)9MTeAYR
(KX=IKXel

1sToR=1

CONTINUE

ISTOR=1STOR=1

IF (ISTOR,EQ.0} GO YO 60

WRITE (17) ((SAVE{(IX#J)sJ=193)9IX=1sISTOR) 4MToAWR
LO1LF2=L01LF2¢1

IF (ILO1LF2.,G6T.100! CALL ERROR (590}
LOLFL12{LO1LF2)=1STOR+IKX*1300

ISTOR=1

1.AW=ILAW+]

IF (ILAWLLTeNR) GO TO 49

GO TO 220

FORP EACH GAMMA ENERGY THERE 1S A SINGLE ENTRY IN THE LOLF12 ARRAY
{HDICATING THE TOTAL NUMBER OF VALUES OF THE PHOTON YIELD wHICH
HAVE BEEN INTERPOLATED. THERE ARE A TOTAL OF LO1LF2 ENTRIES IN
THIS ARRAY., THIS ARRAY IS NFEDED IN SUHROUTINE XSEC FOR REANING
IAPE 17+ THE SUM OF ALL THE LO1LF2 ELEMENTS IN THE LOLF12 ARRAY
IS IXSD,
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PR1s
PR1S
PR1S
PRlg
PR1%
PR1S
PR1S
PR1S
PR15
PR1g
PR1S
PRI1S
PR1g
PR1S
PR1S5
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR15
PR1S
PR1Sg
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PR1S
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N D E X

66
67

63
69
76
71
72
73

I4-]
76
17
78

819
8l
a2
83
84
R5
L]
87
83
87
S

92
93
94
935
96
97

99
109
101
102
103
104
105
106
107
106
103
110

70

75

a4

85

X1]

95

120
129
13

SUBROUTINE PR1S

THIS SECTION OF THE CODE FOR LO=1s LFx)
READ (IENs255) (NBT(I)¢INT(I)sIx1sNR)
READ (IEN»260) (E(I)sX{I)sI=19NP)
COMPUTE TOTAL YIELD FOR EACH ENERGy FOR THIS Law
IFST=0

WRITE (1S04265) ,
READ (IENs245) ZAsAWRsLOsLGINBRNyNTBS
READ (IEN¢255) (NBTN(I)«INTN(I1)sI=1,NBRN)
ITaB=}

CONTINUE

READ (TEN,245) ZA+EN24L0sLGyNBR2,NPR2
READ (TENs255) (NBT2(I)+IBT2(1)sI%19NBR2)
READ (IEN»260) (EG2(I)4Y2(1)sIw14NPR2)
If (IFST,NE.0) 80 T0 9%

EN1=EN2

NBR1=MNBR2

NPR1=NPR2

00 85 I=1.NBR2

NBT1(I)=NBT2(])

IBT1(1Y=1RT2(D)

DO 90 I=]1sNPRR

EG1(IV=EG2(])

Y1(I)=Y2(I)

IFST=)

GO TO 75

DO 115 I=14NPR2
ILO=LOCTEGLsEG2¢ 1) yNPR])

IF (ILOeNE«=1) GO TN 100

YHEW(1)=0,0

60 T0 115

IHI=ILOs1

00 105 J=1eNBR} .

IF (IHILLEWNBT1(Y)) 6O 1O 1la

cALL TER

1)

CONTIMNUE

wE NOW HAVE 2 COINCIDENT TABLES

DO 200 II=19NGG

KP=]lel

ISTOR=1

IKx=0

IPRINT=1

L0 190 1QWE=1e1AUG

EN=EAUG{IQWE) L
IF ((ENJLT.ENL1} ORe (EN,GT.EN2)) GO TO 190
DO 120 J=1+NBRN

I+ (ITAB.LTNBTN(J)) GO TO 125

0O 130 IQ=1sNPR2 ‘
CALL TERP1 (EN1,yNEy(IQ)¢EN2,Y2(1Q) ¢ENyYINT(IQ)4INTN(J))
TABLE FOR EN 1S NOW IN YINT(]eeseseNPR2)

P1 (EG1(ILO)9ey1(ILO)sEGY(INI) 9yl (IHI)9EG2(I) syYNEW(T)sIBT1(
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PR1S
PR1lS
PR1S
PR1S
PR1S
PR1s
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR1S
PR]S
PR1S
PR1S5
PR1S
PR1S
PR1S
PR1S
PR1g
PR15
PR1S
PR1S
PR1S
PR16S
PR1S
PRiS
PR1S
PRlsg
PR15
PR1S
PRlsg
PR1S
PR15
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I NDEX

82

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

131
132
133
134

135
136
137
138

139
14)
141

142
143
144
145
146
147
148
149

150
151
152
1583
154

135

149

145

15v
15
C

SUBROUTINE PR1S

ILO1=1L0)+1

ANS=0,0

ANS1=040

ILO=L.OCT(EG2yGAMM(IT) ¢yNPR2)

IHI=LQCT (EG2+GAMM (KP) yNPR2)

XLOLIN=GAMM(II)

XUPLIM=GAMM (KP)

IF (ILO,NEe=1) 50 TO 135 - -
1F ((GAMM(II) oLT,EG2(1)) ¢AND. {GAMM(KP) ,LTL,EG2(1))) GO YO 160
1Lo=1

XLOLIMsEG21(1)

1IF (IHI NE.=1) GO TO 140

IF ((GAMM(II) (GT,EG2(MPR2)) ¢AND, (GAMM(KP) GT,EG2(NPR2))) GO TO 160
1HI=NPR2

XUPLIM=EG2 (NPR2)

IF (IHI.NE.ILO) GO TO 145

YL=EG2(ILO)*YINT(ILO)

YH=EG2 (ILO+1)#YINT(ILOs1)

CALL INTG (EG2(ILU)oYLYEG2(ILO*1) sYHyXLOLIMy XUPLIMy2¢ANS}
CALL INTG tEG2(ILO)¢YINT{ILO)sEG2(TILO®1) yYINT(ILO®1) o XLOLIMyXUPLIM
1929ANSY)

s0 TO 160

IHI=IHIe

IMP=IHI=2

JK=ILOe]

FIRST PARTIAL INTEGRAL

USE GAMMA ENERGIES AS WEIGHTS

YL=EG2(ILOY#YINT(ILO)

YH=EG2 (JK) *YINT ( UK)

CALL INTG (EGZ(ILO).YL.EGZ(JK)'YH’XLOLIMoEGZ(JK)oZoANS)

CALL INTG (EG2(ILOYsYINT(ILOY9EG2{UKY 9YINT (JK) o XLOLIMIEGZ (UK) 929AN
is1)

IF (IHPLLT,.JK} GO TO 155

DO 150 l=JKysIMP

IL=1+1

MIDDLE INTEGRALS BETWEEN TAHULATED POINTS

YL=YINTUI)®EG2(1)

YH=YINT(ILY#EG2(IL)

CALL INTG (EG2(I)9sYLIEG2(IL) 9YHsEG2(I)4EG2(IL)s244)
ANS=ANS+A

CALL INTG (EG2(I)sYINT(I)sEG2(IL) »YINT(IL) ¢+EG2(I)IEG2(IL) 12,4}
ANS1=ANS] +A

CONTINUE

CONTINUE

FINAL PARTIAL INTEGRAL

I=IHI=1

YL=YINT({I)®EG2(I)

YH=aYINT(IHI)#EG2 (IHY)

CALL INTG (EG2(I)sYLyEG2(IHI) sYHsEG2(I) 9 XUPLIMy24A)
ANS=ANS+A
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I mbLEX PAGE 59
SUBROUTINE PR1S

183 CALL INTG (EG2(I)oYINT(I)sEG2(IHI} 9YINT(IHI)vEG2(T) s XUPLIMi2sa) PRlsg
156 ANS1=ANS]1+A PR1S
157 16u IF (ANS,EQ.00) GO TO 199 PR15
158 EHAT=ANS/ANS] PR1S
159 It (IWO.EQ.1l) GO TO 165 PR1S
169 KLZ=NGAM=I1 PR1S
1nl SAVE (ISTORe2) EANS1 PRlg
162 SAVE ({ISTOR,3) mANS1#EG(KLZ) PR15
163 GO0 TO 1790 PR1S
164 165  SAVE(ISTORs2)=ANS/ ((GAMM(II) +GAMM{KP))/2,0) PR1S
165 SAVE (ISTOR»3) =ANS PRI1S
166 17v 1IF (IPRINT,EQ,0) GO TO 175 PR15
167 WRITE (IS04270) ILO14+MTeGAMM(II) ¢GAMM(KP) 9 ANSYANS]1EHAT PR]S
168 IPRINT=0 PR1S
169 17> ILC=LOCT(ESENYNP) R PR1S
179 IF (ILO.ER.=)) CALL ERROR (5pl) PR1S
171 IHI=ILO0+1 PR1S
172 U0 180 J=1sNR PR1S
173 1509 IF (IHI.LE.NBT(J)) GO TO 185 PR1S
174 CALL ERROR (502) PR1S
175 185 CALL TERP1 (E(ILO)oX(ILO)GE(IHI) s X(THI)9sENgXINToINT(N)) PR1S
176 SAVE (ISTORs2)=SAVE (ISTORs2) *XINT PR1S

C SAVE (ISTORs2) HAS THE INTEGRiL OF THE PHOTON GROUP YIELD FROM EG  PR1S

c TO EGel PR1S
177 SAVE (ISTORe3)=SAVE (ISTOR93) *XINT PR1S

c SAVE(ISTOR»3) wAS THE INTEGRRL OF THE PHOTON GROUP ENERGY YIELD PR1s

¢ FROM EG TO EGel PR]1s
178 SAVE (ISTOR9 1) =EN PR15

c SAVE(ISTORs1) HAS THE NEUTRON ENERGY PR1S

C GAMM (KPy HAS THE UPPER LIMIT OF THg GAMMA gNERGYy INTERVAL, PR]1s
179 1SAVE (ISTOR}Y=MT PR]1S
169 ISTOR=ISTOR+1 ‘ PR1S
181 iIF (ISTOR,LE,1000) GO TO 190 PR1S
182 WRITE (15) ((SAVE(IX9J)eJ=1+3)9IXS141000) +MTeGAMM(KP) PR1S
in3 IKX=IKX¢1 PR1S
154 ISTOR=1 PR1S
145 199 CONTINUE N PR1S
186 1T (ISTOR.EQ.1+AND+IKX,EQe0} GO TO 200 PR15
187 ISTOR=ISTOR=1 PRlg
1R8 I¥ (ISTOR,EQ.0) GO TO 195 PR1S
189 WRITE (15) ((SAVE(IXeJ)sJ=193) ¢ IXS19ISTOR) sMTIGAMM(KP) PR15
196 192 L01LF1=L.01LF1+1 . PR1S
191 IF (LO1LF1.GT+500) CALL ERROR (503) PR15
192 LOLF13(LOILF1)=ISTOR+IKX*1000 PR15
193 20u COMTINUE PR1S

c ‘ PR1S

. FOR EACH GAMMA GROUP THERE IS AN ENTRY IN THE |OLFjl1 ARRAY PR1g

c INDICATING THE NUMBER OF NEUTRON FINE GROUPS OVER WHICH IT HAS PR1g

c BEEN POSSIALE TO INTEGRATEs THIS ARRAY HAS LOjLF)] ELEMENTS WHICH PR)g

C LRE USED IN SUBROUTINE XSEC WHILE READING TAPE lge THE SUM OF PRlg
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INDEX

194
195
196
197
198

199
200

2cl
a2na2
203
264
205
206

207
208

209
210

211
21e
213
214
215
216
217
2)s

219
720

[« XN g

20>

21y
21>

25¢
255
26u
265

27¢

SUBROUTINE PR1S
ALL THE LO1LFl ELEMENTS IN THE LOLF11 ARRAY IS ILO],

HAVE ALL TABLES FUR THIS LAW BEEN CHECKED
ITAB=ITABe)

IF (ITAB.LT.NTBS) GO To 80

ILAaw=ILAYel

IF (ILAW.GEeNK) GO TO 220

GO TO 40

READS IN A SECTION FOR L0=2

THIS SECTION OF THE CODE FOR TRANSITION PROBABILITY ARRAYS
IL02=1L02+]

READ (IEN#235) SAVEL (1) eNTMZ

READS NO, OF TRANSITION PAIRS AND STATE ENERGY
I (LG.EQ.2) GO TO 210

NTM2=2#NTM2+1

GO0 TO 215

NTM2=3#NTM2+1

READ (IEN9240) (SAVEL(1)eI22,NTM2) )
WRITE (16) SAVEL (1) sMT4LGINTM2e (SAVEL (1) +Iz2sNTM2)
PROCESS LLO=2 SECTION

CONTINUE

READ (IEN¢245) ZA+AWRGLOsLGoIT1yNK MAT MFoMT
READ SEND RECORD AND CHECK FoR EOF

IF (MFeNE.0) GO 71O 15

RETURN

FORMAT (30X9I39BX913422X914012913)

FORMAT (E1le4%49464x9111)

FORMAT (6E11,4)

FORMAT (2E11¢%494111414,12913)

FORMAT (66X914912913)

FORMAT (6I11)

FORMAT (6E1le4) -

FORMAT (60X9*QUTPUT FROM PR1S%*y/,% INDEX ILO1 MT NUMBRER

1  GAMMA ENERGY RANGE NUMERATOR DENOMINATOR
2

EHAT®)
FORMAT (211045Xs2E18+893E1848)
END
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I NDEX , PAGE 61
SUBROUTINE PR1S

SyYMROL T =T T =z s =SS EET B = = REFERENCES E T2 ® =x 3 =S a3 T8 =S
S - 13+ 14

1- - 15# 16

18 - lo# 25 209
2" - 17 20

2% - 21 22%

3~ - 3w 26

35 - 22 27+

br - 32+ 64 198
4% - 43 440

Sna - 44 r3-13

55 - 39 41 50 S4e
6~ - 57 S9#

68 - 36 85 63
T - 33 660

IS - 73# a8

8r - 784 198

An - 8] 83«

9 - -3 864

9= - 77 A%+w

Ine - 91 94t

1r5 - 95 96+

1o - 96 97»

118 - 89 93 9g#
12n - 107 lo8%

125 - 1oy 109+

1°n - low 110¢

135 - 1ld 122#

140 - 122 1264«

149 - 126 1324

1=n - lag 1484

155 - 139 149¢

l1e0 - ll9 123 131 157+
15 - 159 1640

170 - 163 166«

175 - 166 169«

180 - 172 1734%

1r5 - 173 175«

ico - 104 l1p6 157 181 185+
i1y - lag 1904#

2n0 - 99 186 193¢
2-5 - 27 199+

210 - el 2064%

21% - 2y3 205%

220 - 6h 197 207
275 - 19 26 21(0#
270 - 15RY 2lle ’
235 - 20 LRD 212%

240 - 2LSRD cla»
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1 NDE

245
250
255
260
2
270
A
AMS
ar»q1
AvR
AwRSAV
BNOK
BULK
o}

E
EauG
En
En)
En?

E-AT
E*G
E'NB
E'*NF
e
Ew)
Enp
ERROR
GaMM

1

IaG
Inr)
laTe
In

IFST
1wl

I
Ikx
4]
It 2w
o

86

1bKu
13K
c9IRD
3nRD
EIWK
le7wk
14400
112=
113=
18R0
2Co
8Cuy
«CO
2C0
5C0
4y
2Co
6L0
6C0
125
163
15&=
2CV
2C0
<¢L0
1CH=
7=
Ta4RD

2Co
1B9YwNR
3%
EuRL
86
1be=
&CO
HCo
[1814]
3Co
34RD
2USKRD
bY=
4=
l3c¢=
99
38=
lgl=
31=
4=
120=

28RN0
23RD
34RD
35RD
218+
219+«
145
12946
130A6
28RD

30RD
40
162
85=
T6RD
127
144A6
167WR
36

1c6
1n6

78
i7n
114

22
67TRD
89
151
39
83=
75RD

35RD
208R0D
77
44
133
100
52=
143
63=
41
126

32RD
215#%

66RMN

6TRD

146A6
13746
13846

32RD

3ISRN
46AG

90

128
146AG

11046
11040
106
174
115

29RD
T1RD
90
15346
106
97a6
83
13RD
66RD

87=
464G

150

114
55

SUBROUTINE PR1S

70RO

T1RD
T6RD

147

145=

147=
36

4¢
47

974G

129A6
191

169

11CAG
191
116

30RD

75R0

92
15546

15R0
67RD

Q4=
152
116

146AG

196=
46AG

128

T4R0D

75RD
247

15346

154=

156=
48

46AG
105

_97AG
130A6
152

17546

117

34Rn
T6RD
97AG
2USRO

18RD
10RD

96
153AG
119
102=
197

90=
12946

208RD

2lew

154

157

158
S1WR

6TRD

114
135
153AG

178

23RD
T1RD

9T7AG
155A6
123
183+

91
130AG

2lae

15546

158

161
S8HWR

169

lisg
136
155A6G

123

<[]
82
14y

28RD
T4RD

lls=
1NM=
160
186

9
134

175AG

119
13746

164

40
B3
142

29RD
TSRD

122
173
164
192

_97AG
135

165
167WR
208Rn

121
13846

16TWR
46AG

144AG

30RD
T6RD

j264=
175A6G
167TWR

116=
13746

PAGE 62

167WR

123
142

182WR
47

146AG

32RD
200RD

126

118
138A6



I NUVE

IL01
.02
I
1vwpP
ISX0 ¢
InTG
[4TN
100
IPRINT
In
1wk
I9ES
ISAVE
181
1s0
[STOR

It
Ital
w0
Ix
IxDA
I1¥ShH
1M
J

Jk

KL 7

Ko

LF

LA

Ln
LniLF1
LnLFe
LnCcT
LaLF1ll
LaLkl2
Ma

MAT
MATX
Mn

MC

MR

MF

M
Mg
MY

169=
4CO

2C0
l03=
luy
10¢
2C0
7C0
3C0
3Co
ir=
SBWR
178
14R0
72=
aco
SIWR
4Cu
4CO
2C0
43
114A6
134=
leons
L00=
32RD
15RD
19RD
4C0
8Co
11EX
4co
8co
2C0
5CO
4Cy
2€0
2C0
¢Co
SCo

. 269

2C0
2C0
5C0

170
l1l=
199=

139
29RD

139
71RD

166
110A6
105

179=

69WR
46AG
61
179
208RrD
108
159
S8WR

45=

44
172
136
162
115

33

18RD

18RD
19n=

593

40
192=

hl=

13Rrp

13RO

13RD

171
167WR

140
34RD

137

11546

168x

167TwWR
47

62=
160=
194=

182uwp

46AG
173
13746

117
28RN
27

191

bo
90

15Rp

14

158D

SUBROUTINE PR35S

17546

46AG
138

48
101=
181
195

189wWR

51wR
17546
13846
119

76RD

28RD
192

114

18RO

15R0D

18RD

_66RD
144

49
161
%86:

58WR
j82wR
139
123

T4RD
32RD

23RD

16

a2

7546
146

50
162
186

95
189NR
140
164

7qRD

169

20RRD

18RD

23RD

S3a
164
187=a

96

16TwWR

206WR
T4RD

19

25

155

55
165
188

97AG

182WR

208RD
208RD

23RD

S51WR

_56=
176
189WR

107

189WR

24

58WR

PAGE 63

57
177
192

108

208RD

16TWR
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I NDE

MTNO
MTSL
M7
NRG
NAaR1
NRR2
NRRN
NRT
NaT]
NRT2
NHTN
NFNB
NF NF
NFG
NrAM
N6GG
Nk
NMAT
NAM
NP
NeM
NPR1
NPR2

N&
NR16
NRQW
NTRS
NTM2
OVERL
PR15
R
RFAD
ReETURN
Ruw
RxSC
RxSF
SAVE

SAavElL
S«
SxSC
SXSF
TAPES
TFRP]
X

XINT
XI.0LIM
XMD

INDE

X1PLIM
Yy

Y?

YH
YINT

YL
YMEW
2

[ I B I I >

179
4C0O
4C0
2Co
2Co

79=
T4RD
TykRD
5CO
6CO
ALO
9D1
2C0
2Co
20
2C0
2Co
18RD
2C0
2Co
5C0
2Cu
Bys
74RD

125
5C0
8C0
8CO

70RL
2nyru
4CU

3Cu

175R06
i116=
2Co

117=
oCO
6C0U

128=
LCo
146AG

127=
6C0
18RD

182WR
22
21

95
T5RD
71RD
29RD
82=
T5RD
71RD

36
99
64

28RD

Q0
76RD

28RD

195
202=

10EQ
176=
10EQ

97

30RD
176
121=

125=
86=
T6RD
129A6
110AG
151
129AG
92=
28RD

189wR

160

197

30RD

80

29RD

204=

46AG
177=
200RD

110
35RD

177

12946

129AG
97AG
86
136=
127
152
135=
97AG
32RD
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206WR

208RD
32RD
84

32RD

205RD

4T=
178=
205RD

175
46AG

13946

SUBRQUTINE PR15

130AG6

110AG
137AG
128
156AG
13746
110A6
70RD

208RD

66RD

35RD

89

34RD

206WR

48=
182wWR
206WR

67RD

13746

i53AG
143=
130A6
142=

T4RD

173

109
43

S1WR
189WR

175AG
138A6

155A6
144AG
135

144AG

208RD

67RD

114

66RD

S58WR

152x
136

15i=

115
172

161=

15346
13846

153A6

PAGE 64
123 124
162= 164=

PAGE 65
148 143
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SUBROUTINE TRc2
SURROUTINE TRC2

THIS SUBROUTINE PROCESSES L0=2y FILE 15 INFORMATION,

1T RECONSTRUCTS THE MICROSCOPIC PHOTON PRODUCTION CROSS SECTIONS
FROM THE TRANSITION ARRAYS Ag READ FROM TAPE 16 AND THE
APPROPRIATE CROSS SECTIONS As READ FROM THE ENDF/B TaPE»
INTEGRATES OVER THE NEUTRON FINE GROUPSe MULTIPLIES RY THE
NORMALIZED FINE GROUP WwEIGHTING FUNCTIONSe AND WRITES THE RESULTS
ON TAPFE 16,

CONMOM CoEG(50) y MG (S0) sEMNB (100) sEMNF (100) s GAMM(50) » IM9 100 IRES, I
IWOSIZMeMA(100) s MH(S0) sMC(50) sMCRyMMyMS 4 MZ (10) 1NBG9NENB s NENF ¢ NF G o NG
2aM, NGGvNMAT(IO)oNNM(IZQ)9NPM|R(101)‘RN(IOO)'RXSC(IOO)oRXSF(IOO)oSw
3(100)¢SXSC(100)9SXSF(100)9sXMD{50) 9 AWRSAY

COMMON /TAPES/ ISIe1SOIEN

COMMON ZQVERY/ EAUG(2000) s TAUGe TLO1 4 TLO2s IXNAP IXSDyMATXeMTNO(40) ¢M
1TSL

COMMOIl /READ/ NRyNPIMAT ¢MF sMTINBT(20) 9 INT120) 9E(2000) 2 %X(2000)

COMMON /BULK/ xLoa(ao.so)’Lol(40)oLoa(ao).LoataO)oeel(SO)orr2(50)-
1TP1(50) 9 TP2(50) ¢ XDAT(1952+4) o LEVL (1952}

COMMON /SAVE/ SAVE(1g00v4)9ISAVE(l000)

CUMMONM /BOOK/ LOTLF29LOLF12(100) sLOLILF1sLOLF11(500)sNR16sNRAW(1I00)

DIMENSIOM CSEC(2000)

EQUIVALENCE (CSEC(1)9XL02(191))

IEr IS THE INDEX FOR THE STURAGE IN EITHER THE EE)] OR EE2 ARRAYS

WHICHE.VER ARRAY 1S CURRENT.

1TP=INDEX OF CURRENT TRANSITION PAIR

IECR=INDEX FOR ORTAINING ENERGIES IN EE(INPUT)

NLO2=INDE OF ROW IN Xx1.02+0L02

IL02=N0, ROWS IN XLO2sL02

I1XPDA=ROW FOR STORAGE IN XDAT

MOFEE=SWITCH TO DETERMINE CURRENT EE ARRAYs TAKES VALUE ¢1 OR =l.

TAPE 16 WAS WRITTEN IN PR15.

KEWIMND 16

N0 5 1=1,1L02

READ (16) XLO2(1el)oLO1(I)oLO2(I)oTT4(xLO2(TI0J)vu=2sT1)

LO3(II=11

THE LO1 ARRAY HAS THE MT NUMRERs LO2 THE LGs LO3 THE NUMBER oF

ENTPIES,

BEGINNING OF THE PORTION NF TRC2 IN WHICH THE CASCADES ARE

RECONSTRUCTED,

IXDA=Q

DO 45 IRPR=1y1LD2

NL.O2=TRPR

NOEE=]

NEN=1

TP=1.0

IECH=1

[EE=9

ESR=X1.02(NL02y1)

PAGE

TRC2
TRC2
TRC2
TRC?2
TRC2
TRC2
TRC?2
TRC2
TRC2
TRC2
RLANK
BLANK
RLANK
BLANK
TAPES
OVER1
NVER1
READ
auLke
RULK2
SAVEL
ROOK
TRC2
TRC2
TRC2
TRC2
TRC2
TRC2
TRC2
TRC?2
TRC2
TRC2
TRC2
TRC?
TRC?2
TRC2
TRC2
TRC?2
TRC2
TRC2
TRC2
TRC2
TRC2
TRC2
TRC2
TRC2
TRC2
TRC?2
TRC2
TRC2
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I NDE X

90

24
25
2b
27
243
27
30
31
32
33
34
35
36

37

38
39

“1)

41

4z
43
44
45
46
47
48
49
Sy
51
52
53
Se
55
Sb
87
54
59
60
61
62
64
64
65

19
15

20

29

30

3%

49

SUBROUTINE TRC2

GO YO 20

CONTINUE

DO 15 NLO2=1+IL02

IF (ESR.EQ«XLO2(NLO2+1Y) GO TO 20
CALL ERROR (600}
NT=LO03(NLO2)

NTT=2

IF (LD2(NL02),EQR,2) NTT=3
DO 30 ITP=2eNTyNTT
IXDA=IXDA+]

K=1TPel

KK=ITP+2
XOAT(IXDAW1)=XLO2 (IRPR 1)

INITIAL (HIGHEST) ENERGY ASSOCIATED wITH THIS CASCADE,

XOAT(IXDAe2) =X 02 (NLO2,y1)

ENERGY LEVEL FROM WHICH THIS TRANSITION OCCURS,

ADAT(IXDA¢3)=XL02(NLO2,K)#TP

IF (LN2(NLO2) eFQ@e2) XDATIIXDA93)=XDAT(IXDA¢3) *x1.02 (NLO2eKK)
PROBABILITY FOR GAMMA EMISSION DURING DECAY TO ASSOCIATED LEVEL.
XDAT(IXDA+4) =XDAT(IXDA2) =XLOC(NLO2,yITP)

ENERGY OF THE EMITTED PHOTON
LEVL (IXDA)=LO1 (IRPR)

THIS IS THE MT NUMBER CORRESPONDING TO THE ENERGY LEVEL FROM WHICH

THE CASCADE ORIGINATES,
IF (XLO2(NLO29ITP) +EQe0.0}) Go TO 30
IFE=IEE+]

It (NOEE«GT.0) GO YO 25
TPICIEE) =XL.02(NLO2+K) #TP
EEL(IEE) =xLO2 (NLO2+1TP)
GO YO 30

ZE2 (1EE=XLO2(NLO2+ITP)
TP2(IEE) =XLO2{NLD2yK) #TP
CONTINUE

IECR=1ECR+]

IF (1ECRJLECNEN) GO TO 35
NOEE ==NOEE

NEN=IEE

IF (NEN,EQ.0) GO TO 45
1ECR=1

1EE=0Q

IF (NOEE+LT+0) GO TO 40
£SP=EEL (IECR)
TP=TP1(IECR)

S0 TO lo

ESP=EE2 (1ECR)

TP=TP2 (IECR)

GO TO 10

COMT INUE

END OF CASCADE RECONSTRUCTION,

NOW MUST INTRODUCE THE cROSS SECTIONS FROM FILE 3

PAGE
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TRC2
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TRC?
TRC2
TRC?2
TRC2
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TRC2
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90

95
96

98

99
100
10l
1062
103
104
105
106
107
10nH
1u9
116

59

55
60

6>

70

75

Ru

s Xs N Nel

90

95

SUBROUTINE TRC2

ENMAX=XLO2(IL02,])# (AWRSAV+1,0) /AWRSAV
XDAT(IXDA+191)=2999,347

REWIND IEN

REWIND 16

READ (TEN#140} MATIMFIMT

IF (MF.NE«3) GO TO 50

111=0

I111=111+1

1F (1114GTL,IXDA) RETURN

1IF (MT.,EQ,LEvL(111)) GO TO b5

CALL RSF3 )

IF (MF.NE.0) 60 TO 60

CALL RSF3

DO 70 I=1yIAUG

CSEC{I)=0.0

I1=LOCT(EAUGIXDAT(IITs1)9IAUR)

IF (I11.EQe=1) CALL ERROR (601)
12=LLOCT(EAUGYENVAX e JAUG)

IF (I2.EQ.=1) CALL ERRQOR (602)

GETS THE CROSS SECTIONS FOR A PARTICULAR MT ANp STORES THEM AWAY,
V0 B5 I=1,T1AUG

EMN=EAUG(T)

ILO=LOCT(EVENsINP)

IHI=11.0+1

DO 75 J=314NR

IF (THILLENBT(J)) GO TO 80

CALL ERRQR (603)

CALL TERPI (E(ILOYeX(ILO)SE(THI) +X(IHI)sENsCSECII)oINT (J))
CONTINUE

NOW PRICEEN TO INTEGRATE OVER THE FINE GROUPS,
THE NEUTRON INTEGRALS ARE DONE USING ORDINATES ONLY AT THOSE
ENERGIES INCLUDED IN THE UNION OF THE SETS OF NEUTRON gNERGIES
IN FILE 3 AND THE NEUTRON FINE GROUP ENERGY MESH,
DO 120 11=]1eNFG

IF (EMUNF(II+1)eGT<ENMAX) GO TO 120

IF (EMNF(IT),LT,XDAT(IIIs1}) GO TO 120

KP=11+1

ANS=0,¢ )

ILO=LOCT (EAUGIEMNF (KP) 4 1AUG)
IHI=LOCT(EAUGYEMNF (11) 4IAUG)

XLOL IMSEMNF (KF)

XUPL IM=EMNF (I1)

IF (IL0.6T,I1) GO YO 90

ILo=I1 .

XLOLIM=XpDAT(11I4]?

IF (IHI.LESI2) GO TO 95

IHI=12 :

XUPLIM=ENMAX

IF (IHIWNELILO) GO TO 100

PAGE 68
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INDEX

92

111

112
113
114
115

116

137
118
119

120
121
122
123

124
125
126
127

128
129
130
131
138
133
134
135
136
137
138
139
144
141
142
143
1464
145
146
147

148
169

SUBROUTINE TRC2

CALL INTG (EAUG(ILO)'CSEC(ILO)'EAUG(ILO‘I)'CSEC(ILoﬁl)OXLOLIMOXUPL
LIM,25ANS)
GO0 10 115

10v IHI=IHl+}
IMpP=IHI=2
JK=1LO+1

c FIRST PARTIAL INTEGRAL

CALL INTG (EAUG(ILO)sCSEC(ILO) sEAVUG(UK) yCSEC(JK) s XLOLIMIYEANG (JK) 92

11ANS)

IF (IMP,LT.JK}) GO TO 110

DO 105 I=JKsIMP

IL=I+}

MIDDLE INTEGRALS BETWEEN THE TABULATED FINE GROUP BOUNDARIFS,

CALL INTG (EAUG(I)lCSEC(t)'EAUG(IL)'CSEC(IL)’EAUG(I)OEAUG(IL)'ZIA)

ANS=ANS+A

109 CONTINUE

11v CONTINUE

o

c FINAL PARTIAL INTEGRAL
I=1HI=1
CALL INTG (EAUG(I)vCSEC(I)tEAUG(IHI)'CSEC(IHI)vEAUG(I)'XUPLIMoZ'A)
ANg=ANS+A

115 CONTINUE

c ANS NOW CONTAINS THE INTEGRAL OVER ONE FINE GROUP OF SIGMA(E)

c FOR THIS MT NUMBER.

EE1I(II)=(ANS/LEMNF (TI)<EMNF (KP)))¥Sy(I])
120 CONTINUE
ISTOR=1
125 VO 130 I=14NFG
IF (EMNF(T+1)eGT,ENMAX) GO To 1390 )
IF (EMNF(I).LT«XDAT(II1s1)) GO TO 130
SAVE(ISTOR.1)=EMNF {1} _
SAVE(ISTOR2)=XDAT(III43)#EET(I)
SAVE (ISTORs3)=SAVE(ISTOR2) *XpAT(11144)
SAVE(ISTOR.4)=xDAT(III,4)
ISTOR=1STOR+}
139 CONTINUE _
1F (XDAT(ITI91)  EULXDAT(III*]191)} GO TO 135
NR16=NR}6+1
ISTORzISTOR=1
HROW (NR16)=2ISTOR
WRITE (16) ((SAVE(IXsJ)sJU=194)9IX=®]yISTOR)

GO TO SS

139 11I=111+1
G0 TO 125

Cc

140 FORMAT (66X914,12913)
END

PAGE
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[NDE X PAGE 70
SUBROUTINE TRC2

SyMHOL =z ==:zs=2s:==23=2=5%&z REFERENCES 2 2 % X » =T X I = = =T T = = =

) - 12 146

1- - 2o® 61 64

1 - 2o 27

2~ - 24 27 29+

2 - 44 484

3¢ - 32 42 47 Soe

3~ - S2 S5Rs

4~ - 58 624

4% - 16 55 65+

S0 - To# 71

55 - 73% 145

6" - 5% 17

[ - 75 78%

Tn - 79 80#

&S - BIt Vle

g - 91 93+

R - 85 88 946

9~ - Lya 107

95 - o7 l110%

1°0 - 110 113«

15 - 18 122#%

11 - 117 123+

1186 - 112 127¢

120 - 95 96 97 129¢

175 - 131% 147

120 - 131 132 133 1304

1135 - la49 146%

140 - TaRD 1484

A - 120A6 121 125A6 126

Ang - 9= 111A6 11646 121= 126= 128

ACRSAV - 2C0 66

HNOK - 8co

B K - 6L0

c - 2un ) )

CaFC - yul 10EQ 80= 93AG 11146 11646 120A6 125A6

£ - 5CO a7 93AG

Fa1jG - 4Co 81 83 86 joo 101 111AG 116A6 120A6 12546

€71 - 6CO 46= 59 128= 135

Ery - eL0 48= 62

£a - 2C0

[ N1 - 2C0

E i - 2Lo0 _

E~HF - 2L0 96 97 100 101 102 105 128 132 133
134

£ - Bo= 87 93A6G

EUMAX = - 66= 83 % - 109 j32

EPROR - 2d a2 84 92

E<R - 23= 27 59= 62=

93



INDE

GAMM
I

Iy
12
1auG
IFCR
IFE
IFN
IM]

I
ir7

TL
IO

11.01
I1 02
™
[P
INT
IMTG
1n0
TQFS
17PR
IgavE
Is71
180
ISTOR
Iip
TwO
1¢
I¢DA

xS
7™M
J

Jx

K

Kx

Ks?
LrvyL
Ln
LNILF L
LriLfe
Ln2
.03
LnCT
LNLF1a

2C0
12
120AG
81% .
83=
4Co
21=
22%
3C0
89a
125A6
13RD
72=
137
119=
gl=
116A6
4CO0
4C0
2C0
114=
SCO
111
2C0
2C0

7C0

3C0

3€Co
130=

2¢0
l44wWR
40

4CO
2Co
13RD
115=
3a=
35=
98=
6C0
6C0
3C0
eCO
eCO
eCOo

8CO0

12

117
93AG
116

17

134
34

30
116A6
38
39
130
4l=
13RD

13RD
14=
83

14
12546
194
107

8

45

T0RD

9346

85
146

89

16
118

120

36

135
35

33

91
117
45

102
41
31

29
87

SUBROUTINE TRC2

73 80
13) 132
105
108

83 85

5= 59

46 48
10]1= 107

9¢ 97

75 8l

9346 100=

26 66
125

4)

136 137
40 42
36 37
Q346G  J44WR

118
49

128
39

100 101

85
133
100
49
jo08=
95
97

104

138=

46

38

8¢
134

101
54
110

101
106

108=

142=
48

39

_93AG
135

63
ST=

113=
103
133

110

143

40

118

114

128
135

11146

149WR

41

PAGE 71

124

136

115
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INDE

LaLF1e
Ma
MAT
MATX
M
Me
MR
MF
M4
Ms
MT
MTNO
MTSL
M)
N33
NRT
NFN
NP NH
NE NF
NF G
N3AM
NGG
NI 02

N'4AT
Nt
NNEL
NP
NOM
No©
NR1A
N2OW
NT
NTT
OVER1
R
RcAD
RETURN
RSF3
R
R¢SC
Rysh
SavE
S
SxsC
SxSF
TAPES
TrRP]
To
Tel

I NDE

Tp2
T o
X

XDAT

X1 02
X1.0L1M

XD
XpLIM

8CO
2Co
5C0
4CQO
2C0
240
2C0o
5C0
2C0
2C0
SCO
4CO
4CO
oCo
2C0
5Co
19=
2C0
2C0
2C0
200
2Ll
17=
42
2Co0
2C0
18=
5CO
200
5COo
&CO
RCO
29=
3n=
4CO
2C0
5C0
74
76
2C0
2C0
2C0
7¢O
2C0
2Cu
2L0
aco
93
20=
6Co

6C0
1
5C0
6?0
133
6CO
42
ic2=
2C0
103=

7CRD

T0RD

7CRD

91
52

95

45

44
87

990
141=
143=

32

31=

78

134=
128

38
45

49z

93AG
36=
135
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SUBROUTINE xSEC
SUBROYTINE XSEC

THIS SUBROUTINE OBTAINS THE APPROPRIATE CROSS SECTIONS FROM FILE 3
ANp MULTIPLIES THEM RY THE YIELDS WHICH ARE READ FROM TAPES 15 AND
17, THE INTEGRATION OVER NEjTRON ENERGY USING EITHER TRACK A OR H
1S CARRIED OUT AND THE RESULTS ARE MULTIPLIED RY THE NORMALTZED
FINE GROUP WEIGHTING FUNCTIONS. FINALLY» THE RESULTS ARE WRITTEN

ONTO TAPE 16,

COMMON CoEG(50) sEMG(SG) +EMNB(100) sEMNF (100) sGAMM(50) 9 IMs 00 IRES,I
1w0y TZMsMA(100) s MR{50) sML (50) sMCRoMMyMSMZ (10) sNBGINENR yNENF yNFGING
2AMyNGGINMAT (10) s MNM(126) sNPMyR(101) vRW(100) sPXSC{100) sRXSF (100) »Sw

3(100) #SXSC{100) sSXSF (100) +XMDI50) s AWRSAV
COMMUN /TAPES/ 151+1SO41EN

COMMON /OVERL/ EAUG(2000) s TAUGYILO14ILG2eIXDAYIXSDyMATXIMINO(40) oM

1TSSt

COMMON /READ/ NRyNPyMAT MFoMTINBT(20) 9 INT(20) 9£(2000)9X{200°)

COMMON /BULK/ XDAT(3020¢3)+Ex(3020)
COMMON /SAVC/ SAVE(1000+4)+ISAVE(1000)

COMMON /BOOK/ LOILF24LOLF12(100)4LOILFI¢LOLF11(500)¢NR16NRNW(100)

EXTERNAL LOCT
IF (IXSDeEQeQeANDsIL 01 .,ERsr;) RETURN

THESE TAPES WERE WRITTEN IN PR1S. TAPE 15 HAS LO=1s LF=}

INFORMATION WHILF TapPE 17 HAg L0O=z1l, {F=2 INFORMATION,
REWIND 15

REWIND 17

ICOUNT=0n

lFLow=l

ISTOR=x1

REWIND IEN

READ (IENs175) MATsMFoMT
If (MF.NE.3) GO TO 19
MTX=MT

CALL RSF3

GO TO (20+409170) TIFLOW
IF (IXSDeNE4O)} GO TO 25
IFLOW=2

GO TO 15

ICOUNT=ICOUNT+1

IMIN=]

NPTS=LOLF12(ICOUNT)
N=MNFTS/1000

IF (N,EG,0) 60 1O 35
IMAX=10600

DO 30 II=1sN

READ (17) ((XDAT(I+J)ed=193)sIsTMIN, IMAX) oLLEVL 9 XDATS
IMINZIMIN®1000
IMAX=IMAX+1000

CONTIMUE

IF (IMINJEQG.NPTS) GO To 60
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SUBROUTINE XSEC

READ (17) ((XDAT(I140)9Jx1¢3) o IzIMINSNPTS) ¢LLEVL 4XDATS
GO Y0 69

ILOy IS THE NUMBER OF ENTRIES FOR LO®], LF=},

IF (ILO1,NE.0) GO TO 45

IFLOW=3

60 TO 18

ICOUNT=ICOUNT*1

IMIN=]

NPTS=LOLF11 (ICOyNT)

N=NPTS/1000

IF (N_EG.0) GO To 5%

IMAX=1000

DO 50 1I=14N

READ (15) ((XDAT(IeJd)sJmle3) oISIMINIMAX) 9LLEVLXDATS
IMINSIMIN+1H00

IMAX=IMAX+1000

CONTINUE

IF (IMINLEQ,NPTS) Go To 60

READ (15) ((XDAT(Is0)sJsl93)sI=IMININPTS) 2LLEVLYXDATS
CONTINUE ‘

THE XDAT ARRAY FOR A PARTICULAR MT NUMBER HAS NOW BEEN READ' IN
COMPLETELY FROM TAPE FILESe.

IF (MTX.,EG.LLEVL) GO TO 70

IF (MF.EQ.0) CALL ERROR (702)

MTX=MT

CALL RSF3

G0 T0 65

CONTINUE

TRACK A (IRES=¢) AND TRACK B (IRES=)) TESTS,

1F (IRCS.E0,0) GO Tn 75

FOR TRACK A GO AT ONCE TO STATEMENT 7).

FOR TRACK B TRANSFER To STMT 71 EXCEPT FOR FISSION AND CaAPTURE.
IF (MTX.EQs18s0RMTXeEQ.102) GO TO 1gs5

THIS TRANSFER ELIMINATES LOOKING yP THE CROSS SECTIONS FROM
FILE 3. FOR THESE MATERIALS UNDER TRACK Bs USE THE INPUT VALUES,
DO 100 I=1.NPTS

EN=XDAT(I+1)

ILOSLOCT(EWENINP)Y

IF (1LO.NE.=1) GO TO 80

CSEC=0,.0

60 TO 95

IHI=11L04]

DO B85 JzlWNR ]

IF (IHI LELNBT(J)) GO TO 9¢

WRITE (IS04180) MATeMF ¢MT

CALL. ERROR (701) .
CALL TERP]1 (E(ILO)+X(ILO)EC(IHI)9X(IHI)sEN9CSECYINT(U))
XDAT(192)=XDAT(1,2)%CSEC

XDAT(193)=XDAT(I,3)%CSEC

COMNTINUE
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79
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140

115

129

125

130
135

SUBROUTINE XSEC

CONTINUE

NOW PROCEED TO INTEGRATE OVER THE NEUTRON FINE GROUPS, )
STOPE THE RESULTS IN THE ORDER E(L+l)s PLANE Y INTEGRAL® TI| DA Y
INTEGRAL, GAMMA RAY ENERGY OR ELSE THE UPPER LIMIT OF THE GAMMA
RANGE o

DO 110 J=1.NPTS

EX(J)=XDAT(Je 1)

DO 155 I1=1NFG

KP=11¢1

ANS=0,0

ANS1=040

ILO=LACT (EX9EMNF (KP) sNPTS)

IHI=LOCT(EXsEMNF(IIYINPTS)

XLLOLIMSEMNF (KP)

XUPLIM=EMNF (I1)

IF (ILO,NE.=1) G0 TO 115

IF ((EMNF (KP) oLT EX{1))sANDC(EMNF(TTI} | T<EX(1))) GO TO l40
ILo=1

XLOLIM=EX())

IF (IHI NE+=~1) GO TO 120

IF ((EMNF (KP) GT EX(NPTS)) JAND (EMNF (I1),GT EX(NPTS))) GO TO 140
IHI=NPTS=] .
XUPLIM=EX(NPTS)

IF (IHI.NE.ILO) GO TO 125

CALL INTG (EX(ILO) 9XDAT(IL0O92) 9EX{ILOe1) ¢ XDAT(TILO®192) o XLOL IMeXUPL

1IMe29ANS])

CALL INTG (EXCILO) oXDAT(ILO93) sEX(TLO«1) o XDAT(TLO4143) ¢ XLOL IMo XUPL

1I1M429ANS)

GO TO 1léo

IMI=1HI«1

IMp=IHla2

JK=11.0+1

#IRST PARTTIAL INTEGRAL

CaLl INTG (EX(ILO) oXDAT(ILO92) 9EX{UK) oXDAT(JK92) o XLOLIMIEX (UK) 9244

INS1)

CALL INTG (EX(ILO)¢XDAT(ILOw3) eEX(JK) ¢XDAT (JKo3) 9 XLOLIMIEX (JKI924A

INS)

IF (IMP,LT,JK) Gn TO 135

DO 130 I=JK+IMP

IL=lel

MIDDLE INTEGRALS BETWEEN THE TARULATED FINE GROUP BOUNDARIES,
CALL INTG (EX(I) o XDAT(T+2) sEX(IL)Y 9XDAT(IL92) 9EX(T) sEXIIL) 9P 9A)
ANS1=ANS1+4

CALL INTG {EX(I)oXDAT(T93)sEXCILIIXDAT(IL 3V 9EXLIT) sEX(IL) s204)
ANS=AMS+A

CONTIMNUE

CONTINUE

FINAL PARTIAL INTEGRAL

IalHI=]

CALL INTG (EX(I)oXDAT(T42)sEX(IHI) 9XDAT(IHI®2) ¢EX(I)sXUPLIMy2A)
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SUBROUTINE XSEC
ANS1=ANS]+A

CALL INTG (EXUI)oXDATI(T93) 9EX(IHI) o XDAT(IHI¢3) ¢EXLT) e XUPLIMy29A)}

ANS=ANS+A

CONTINUE

IF (ANS.ER.0+0sANDANS]EQe0,0) GO TO 155

ANS NOW CONTAINS THE INTEGRAL OF SIGMA(E)®*YTILpDA(E)
ANS1 CONTAINS THE INTEGRAL OF SIGMA(E)®#Y(E)

THAT IS TRUE EXCEPT FOR My=1lg AND 102 ON TRACK B,
ANS=ANS/ (EMNF (I 1) =EMNF (KP))
ANS1=ANS1/ (EMNF (11) =EMNF (KP) )

SAVE ({ISTOR,1)=EUNF (11} ]

TRACK A (IRES=0) AND TRACK B (IRES=x=)) TESTS

IF (IRES,EQ.0) GO TO 145

IF (MTX.NEJ18.ANDeMTAINEL102) GO TO 145

MT = 18 FOR FISSION MT=102 FOR CAPTURE

IF (MTX,EQ,18) FAC=SYSF(II)*SWIII)«RXSFITI)*RW(IT)
IF (MTXeEQ4102) FACESXSC(III®SW(II)sRXSC(IT)®RW(ID)
SAVE (ISTOR+2) =ANS1#FAC

SAVE (ISTOR¢3) =ANSHFAC

0 10 1s0

SAVE (ISTORsZ2)ZANSL#SW(TI)

SAVE(ISTORs3)=ANS#*SW (IT)

SAVE(ISTOR4)=XDAT4

ISTOR=ISTOR+1 )

IF (ISTOR,LE,1000!) GO TO 155

NRI1e=NR16+]

NROM (NR16)=1000 i

WRITE (16) ((SAVE(I4J)eJaledysl=191000)

ISTOR=1

CONTINUE

GO TO (1604165), IFLOW

IF (ICOUNT.LT.LOjJLF2) GO YO 15

ICOUNT=0

IFLOW=2

G0 TO 5

IF (ICOUNT,LT.LDILF}) GO TO 15

If (1ISTOR.EQ.Ll) RETURN

ISTOR=ISTORe]

NR16=NR16+1

NROW (NR16)=1STOR

WRITE (16) ((SAVE(IsJ)sUs194)91=191STOR)

RETURN

FORMAT (66X9149129123)

FORMAT (# NO INMTERPOLATION CONE FOUND IN FILE 3
1 HF=® 91444 MT=s4y14)

EMD

MAT=®, 14 0%
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I NDEX PAGE 82
SURROUTINE MATRIX

1 SUBROUTINE MATRIX MATRIX
C MATRIX
c MATRIX READS THE MICROSCOPIC FINE GROUP PHOTON AND ENERGY PROQUCT= MATRIX
c ION MATRIX ELEMENTS MULTIPLIED BY THE WEIGHTING FUNCTIONS AND MATRIX
¢ PERFORMS THE SUM OVER FINE GROUPS TO PRODUCE THE G X N MATRICES  MATRIX
c WHICH ARE WRITTEN ONTO TAPE 18, MATRIX
c MATRIX

r

COMMOMN C4EG(S0) +EMG(50) ¢EMNB (100) yEMNF (100) 9 GAMM(50) ¢ IM9 100, IRES, I BLANK
« LWO, TZMeMA (100} »MR(50) sMC(50) sMCRyMMsMS,MZ (10) sNBGINENBsNENF ¢NFGoNG BLANK
ZAMoNGGoNMAT(IO)vNNM(126)oNPM R(101)¢RW(100)oRXSC(lOO)vRXSF(loo)oSH RLANK

3(100)9SXSC(100) +SXSF{100) sXMD(50) v AWRSAV BLANK
3 COMMON /OVER1/ EAUG(2000) 9 JAUSSILOIZIL0O29IXDAIXSDeMATXIMTNO(40) M NVER]
1TSL OVER1
4 COMMON /BULK/ XDAT(3020+¢4) MATRIX
3 COMMON /SAVE/ XMAT(50950) +XEMAT (50450) SAVE2
6 COMMON /BOOK/ LOILF2yLOLF12(100),LOILFisLOLF11(500) +NR16yNROW(100) BOOK
7 REWIND 16 MATRIX
8 DO 5 I=]e+NGAM MATRIX
9 DO 5 U=1,NENB MATRIX
1° XEMAT (19U)30,0 MATRIX
11 5 AMAT(I2J) =060 MATRIX
12 IF (MTNO(1).,EQ,0) 60 To 20 MATRIX
13 DO 1% J=1,NR16 MATRIX
14 IMAX=NROW (J) MATRIX
15 READ (16) ({XDAT(IsK)eK=194)9I=1eIMaAX) MATRIX
16 DO 10 1B=1,NBG MATRIX
17 DO 10 IG=14NGG MATRIX
18 VO 10 I=)eIMAX MATRIX
19 IF ((XDAT(I+4)eGTeEMG(IG))ORe(XDAT(I94),LE,EMG(IG+1))) GO TO 10 MATRIX
20 IF ((XDAT(I91) oGTeEMNB(IB)}eORs (XDAT(I41)sLELEMNBIIB41))) GO TO 10 MATRIX
21 XMAT(IGIBIEXMATI(IGeIN)+XDATII92) MATRIX
22 XEMAT (1G4 IB)=XEMAT (1G,1B) +XDAT(1,3) MATRIX
23 10 CONTINUE MATRIX
24 19 CONTINUE MATRIX
2% 24 WRITE (18) ((XMAT(IGHIB) +IB=TeNRG)11G=19NGG) s ((XEMAT(IGIB) s IB=1eN MATRIX
18G) y 1621 4NGG) MATRIX
26 RETURH MATRIX
27 END MATRIX
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OVERLAY (LAPH¢340)
OVERLAY (LAPH9340)

PROGRAM SOURCE
PROGRAM SOURCE

SOURCE SUPERVISES THE CALCULATION OF THE PHOTON SOURCE AND ENERGY

SOURCE VECTORS,

COMMON CyEG(S0) +EMG(50) +ENNB (100) vEMNF (100) s GAMM(50) » IMoT0N TRES,]
1W0s IZMIMA(100) ¢ ¥R (S50) sMC(50) sMCRyMMoMS,MZ(10) sNBGINENRB s NENF ¢ NF GING
2AMoNGGINMAT (10) s NNM (126) +NPMeR{101) yRW(100) +RXSC(100) sRXSF (100) »SW

3(100)!SXSC(lOO)O§XSF(100)QXMD(SO)!AWRSAV

COMMON /VEC/ A(30000)

IP=NGG#NBG#NPM+]

tIp=1) 1S THE LENGTH OF THE ARRAY USED FOR STORING THE PHOTON
PRODUCTION OR ENERGY PRODUCTION MATRICESse THEREFORE, A(IP) IS
FTHE FIRST ELEMENT OF THE FLUX ARRAY,

LQ=IP*NHG*IM

IQ IS THE FIRST LOCATIQN OF THE SOURCE VECTOR ARRAY,

IRz IP=1+1QeNGGH*IM

IR IS THE AMOUNT OF SToRAGE REQUIRED FQR THE PHOTON PRODUCTION
MATRIXs THE NEUTRON FLUXESs+ AND THE SOURCE VECTOR ARRAY.

IF (IR.GT.30000) CALL ERROR (800)

IF (I00,EQ,l0%¢I00/10)) GO To 10

JMIN=IP

JMAX=IP+IM=]

110 5 I=14NBG

READ (5) (A(J) e =JMINe JMAX)

JMIN=JMAXe]

JUAXSJMAX e IM

IF (100eGEe10eANDeIOOS To20) GO TO 15

CALL READX (AsNGGINBGsNPMeMCR?1)

CALL. MIXCX (AsNGGYNRGsNPMy Q)

CALL VECTOR (A(1)9A(IP)sA(IQ) sNGGYNBGINPMIMs0)

IF (I00,L.T.20) RETURN

CALL READX (AsNGGINBGyNPMyMCR2)

CALL MIXCX (AsNGGINBGINPMe1)

CALL VECTOR (A(1)A(IP)sA(IQ) sNGGINBGINPMsIMsl)

RETURN

END

PAGE 85

SOURCE

PAGE 86

SOURCE
SNURCE
SOURCE
SOURCE
SOURCE
BLANK
BLANK
BLANK
RLANK
VEC
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE



I NUDEX PAGE 87
PROGRAM SOURCE

SyiROL Z =2 2 =2 s x = x X2 B = 3 mxE REFERENCES X X X T s x £t B " - =x% E

5 - 11 14»

1- - 8 15+«

1% - 15 20. . R

A - 3C0 12RD 1646 17A6 184G 20A6 2146 22AG

AJRSAV = 2C0o

(o} - 2C0

En - 2C0

E1G - 2¢0

E“NB - 2C0

EINF - 2Co

ERROR - 7

GAMM - 2C0

I - 11 N

I - 2Co 5 6 lo 14 18AG 22AG

In0 - 2C0 8 18 19

1o - 4= 5 6 9 10 18AG 2246

In - 3= 6 18AG 22AG

Ie - 6= 7 .

IVES - 2C0

1«0 - 2C0

17M - 2C0

J - 12RL

Juax - 192 12RD 13 143

JUTIN - = 12RD 13=

M3 - 2Co

MR - 2C0

e - 2C0

MR - 2Co 16AG 20AG

MTXCX - 17 21

44 - 2C0

S - 2C0

M7 - 2€C0

HAG - 2C0 4 5 11 16A6 17A6 18AG 204G elAg 22AG

WNeNB - 2Co

NFNF - 2C0

NEG - 2¢0

NGAM - 2C0

NGG - 2¢C0 4 6 16AG 17AG 18A6 204G 21A6 22A6

NAT - 2C0

NMM - 2C0

NP - 2¢u 4 164G 1746 1RAG 20A6 2746 2246

R - 2¢0

RrADX - 16 20

RFTURN = 19 23

Rw - 20

RXSC - 2C0

RYSF - 2¢0

Sw - 2¢0

I N EKX PAGE 88
PROGRAM SOURCE

SYSC - 2C0

SYSF - 260

VFreQ - 3C0

VECTOR = 18 22

XD - 2C0
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SUBROUTINE READX (XsNGGe*NRGyNPMyMCRy IFLAG)
SURBROUTINE READX (XyNGGINBGINPMsMCRIFLAG)

THIS SUBROUTINE READS EITHER THE PHOTON PRODUCTION OR gNgRGY
PRODUCTION MICROSCOPIC MATRICES FROM TAPE 18,

DIMENSION X (NGGyNHG¢NPM)

REWIND 18

1F (IFLAG.EU.2) GO TO 10

1F (IFLAG.NE.1} CALL ERROR (g0}

LO 5 I=14MCR .

READ (18) ((X{IB,IR,I),IB=1sNBG),I6=14NGG)
RETURN

DO 15 I=1sMCR

READ (18)
116=19sNGG)
RETURN
END

SURROUTINE READX (XeNGGINBRGyNPMyMCR, IFLAG)

Z 2 = =2 = x == =2 = = = = REFERENCES e = = ===z & = = =
[ T

re 9

9 104

5

o 7RD 9 10RD
7RO 19RD

LAG 4 S

TRD 10RD

1A6 6 9

1AG 201 7RD 10RD
LAG 2Dn1 7RD 1oRD
1AG 201

1

H 11

{AG 201 TR0 10RD

((X(IG,IBsI) s IR=19NBGY»1GZ1sNGG) ¢ ((X(IGIIRsI) 9 IR=14NBG) s

PAGE 89

READX
READX
READX
READX
READX
READX
READX
READX
READX
READX
READX
PEADX
READX
READX
READX
READX
READX
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37
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38
39
46

E

[aNeNeXe]

v

290

25

39

6u

65
70

SUBROUTINE MIXCX (XeNGGINBGsNPMy IFLAG)
SURROUTINE MIXCX (XyNGGINBGINPMyIFLAG)

THIS ROUTINE MULTIPLIES THE MICROSCOPIC MATRICES BY THE SPECIFIED
NUMBER DENSITIgS AND PRINTS THE MACROSCOPIc MATRICES.,

COMMON CoEG(50) sEMG (50) +EMNB (100) yEMNF (100) +GAMM (S0) s IM IN0s IRES, I
IWOs IZMeMA(100) 9MB(50) 9MC(50) sMCRyMMyMS4MZ (10) yNRGINENB s NENF ¢ NFGoNG
2AMyNGGoNMAT (10) yNNM(126) ¢NPMyR(101) yRW (100} sRXSC(100) sRXSF (100) »SW
3(100) +SXSC(100) ySXSF(100) 9 XM (50) sAWRSAV

COMMON /TAPES/ ISI+ISO,IEN
DIMENSION X (NGGyNBGsNPM)
IPR=100~10#(100/10) _

1IF (MS.EQ.0) GO TO 20

DO 15 M=14yMS

K=MB (M)

L=MC (M)

A=XMD (M)

D0 15 I=14NGG

DO 15 J=1.NBG

IF (L) 1045910
X(IoJdoeK)=X(JoJeK)*a

GO TO 15
X(IeJoK)=X(IeoJaK)y+sAnx(Tedel)
CONTINUE

DO 45 1I=141PM

IF (IPReGT.24AND.ILEeMCR) Go TO 25
IF (IFLAG,EQ,0) WRITE (150,59) I
IF (IFLAG.EQel) WRITE (IS0eS55) I
KA=1

KB=8

KC=MINQ (KB +NBG)

IF (IPReGT.2eAND,I.LE+MCR) Gn TO 4o
WRITE (1S0,60) (KeKzKA4KC)

WRITE (I1S0,65)

00 35 J=z14NGG

WRITE (ISO470) Je(X{JeKyI)KsKA,KC)
KA=KA+8

KB=KBe8 B

IF (KAJLENBG) GO To 390

CONTINUE

RETURN

A NONSFATAL ERROR MESSAGE WILL BE PRINTED COMPLAINING THAT THE
ARGUMENTS IN THE CALLING SEQUENCE APPEAR IN BLANK COMMON,
IS DUE TO THE USE OF VARIABLE DIMENSIONING,

FORMAT (]
1RE1%9 139 /)
FORMAT (#1
10R MIXTURE)*9139/)
FORMAT (1HOs5Xsg (2X¢SHGROUP»1393X))

SUBROUTINE MIXCX (XyNGGyNBGyNPMsIFLAG)

FORMAT (1H }
FORMAT (1441PBEL13.5)
END

PHOTON PRODUCTION MATRIX FOR MATERIAL

PHOTON EMERGY PROD\CTION MATRIx FOR MATERIAL ¢

PAGE
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INDE

SyMe0L

5

1n
18
2n
25
3n
35
4
45
Se
53
6n
65
YAl

A
A4RSAYV
C

Ea
EmG
E*ANH
E-NF
GaMM
I
IFN
IFLAG
I
InQ
1rR
InES
ISI
I50
I:.«O
I»Mm
J

K

Ka
KR
Ke

L

M

Ma
MAa
Me
MR
MTNO
MTXCX
MM
M

110

13
13

19
24
28
25
18
20WR
21WR
26WR
2TWR
29WR
10=
2C0
2C0
2¢C0
2¢C0
2Co
2C0
2¢co

3C0
1AG
2Co
2¢o

=

2C0o
3C0
3C0
2C0
2Cv
12
8=
22=
23=
24%
9=

2Co
2Co
2co
2C0

2Co
2C0

SUBROUTINE MIXCX (XeNGGeNBGyNPMeIFLAG)

140
16%
11

18»
22%
32

294
30%
33
35+
36#
37«
38«
39+
14

14

20

12

16

16
21

25

21WR

l6
16
29WR
31=
29WR
le

25

18

18

26WR

28
26wR
30=

REFERENCES ® 23 ®xc 3= 3 =2

17

19 2QWR 21WR 25

27WR 29WR

29WR
29wR
32

PAGE 93
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I NDE

M2
NKG
NTNB
NFNF
NEG
34M
NG
N4AT
Nym
NE M
R
RT TURN
Ry
R¥SC
RYSF
Sw
SxSC
SxSF
TAPES
X
X0

P

2¢o
146
2¢0
2¢co
2¢o
2C0
1AG
2¢co
2¢0
LAG
2C0
34
2C0
2C0
2c0
2¢0
2Co
2¢c0
3ta
146
2¢0

aco

2Co

2C0

4Dl
10

SURROUTINE MIXCX (XoNGGINBG,NPMs IFLAG)

4D1

401

4D1

lé=

12 24 32
11 28

18

le® 29WR
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SUBROUTIMNE VECTOR (XsPHIsSINGGINRGsNPMy IMIIFLAG)
SUBROUTINE VECTOR (XsPHIsSe+NGGsNRGINPMyIMeIFLAG)

VECTOR MULTIPLIES THE MACROSCOPIC MATRICES BY THE APPROPRIATE FLUX
VECTORS AND THE SCALAR RENOKRMALIZATION CONSTANT TO GIVE THE SOURCE

VECTORS,

COMMON CyEG(50) yEMG (50) s EMNB (100) sEMNF (100) »GAMM (50) » IM# 1009 TRES 1
1WO, IZMIMA(100) yMBL50) yMC(S50) yMCRyMMU¢MS M7 (10) 1NBG 9y NENB o NENF s NF Gy NG
2AMyNGGSNMAT (10) sNNM(126) sNPMoR(101) «RW (100} 9RXSC(100) sRXSF (100) oW

3(100)»SXSC1100) 9SXSF(100) »XMD (50) *AWRSAV
COMMON /TAPES/ ISIeISO,IEN

UDIMENSION X (NGGyNBGyNPM)s PHI(IMyNRG)y S(IMeNGG)

IF (100,£Q.10%(100/10)) RETURN
1PRz100=10#(100/10)

DO 5 I=14NGG

DO 5 J=l,yIM

S(Je1)=0,0

DO 10 I=1yIM

K=MA(I)

K TELLS ME THAT THE T«TH INTERVAL IS IN THE KeTH ZONE,

KK=MZ (K) .

KK TELLS ME THAT THE KKeTH MIXTURE IS USED IN THE K~TH ZONE.

DO 10 J=]¢NGG

DO 10 N=14NBG
SIIeJIZS(Ied)+CHX (U NIKK)#PHI (I eN)
CONTINUE

IF (IFLAG,EG,0) WRITE (I1S0s25)

IF (IFLAG.EQ,1) WRITE (1S0+30)

DO 15 J=lsIM

WRITE (150435} JyR(J)IR(J+1) 9 (S(JIrI)s1=19NGG)

IF (IPR,EQ.2,0R.1PR,EQ,4) GO To 20
RETURN

I=IM¥NGG

1F (IFLAG,EQG,0) IHOL=6HSOURCE

IF (IFLAG+EQel) IHOL=6HENERGY

CALL. PUNCR (SsIsIH0L)

RETURN

A NON=FATAL ERROR MESSAGE WILL BE PRINTED COMPLAINING THAT THE
ARGUMENTS IN THE CALLING SEQUENCE APPEAR IN BLANK COMMON,

1S DUE TO THE USE OF VARIABLE DIMENSIONING,

FORMAT (*} PHOTON PRODUCTION SOURCE VECTORS AT INDICATED ME

1SH INTERVALS#*9e/)

FORMAT (#) PHOTON ENERGY PRODUCTION SOURCE vECTORS AT INDIC

1ATED MESH INTERVALS#3/)

FORMAT (% FOR MESH INTERVAL#s13s# BOUNDED BY RADI! R=%.1PEl2,4
1v# AND Ra#y)PE}2e4y84  THE VECTOR 1S#,/, (1PBE16,8))

END
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SUBROUTINE VECTOR (XsPHIySeNGGoNHBGINPMyIMeIFLAG)

SYMROL T S T I r 3 =2 % £ x 8z == REFERENCES = ® 8 * 2 X = 2 8 x 3 = & =z =

5 - 7 8 9e

1. - 1a 13 14 16

15 - 19 20

2" - 21 23

2% - 17wWR 28«

3~ - 18wR 29+

35 - 20WR 30«

A RSAYy = 2C0

[ - 2C0 15

Ec - 2Co

EMG - 2C0

EMNB - 2C0

E*«MF - 2co

GaMM - 2C0

1 - 7 9 10 11 15 20WR 23a 26AG

ITN - 3C0

vLaG - 1A06 17 18 24 25

IuoL - 24= 25s= 26AG

I - 186 2C0 4D1 8 10 19 23

Ion - 2C0 S 6

TR - b= 21

IPES - 2¢0

Icl - 3C0

1<0 - 3C0o 17WR 18WR 20WR

1w0 - 2C0

17M - 2C0

J - 8 9 13 15 19 20WR

K - 11= 12

K - 123 15

MA - 2C0o 11

MR - 2C0

M - 2C0

MR - 2C0

Mes - 2CO

M< - 2¢0

M7 - 2C0 12

N - 14 15

el - 1AG 2C0 4D 14

NFNH - eco

NENF - 2Co

NF 63 - 2Co

NERAM - 2L0

NGG - 146 2co 4D1 7 13 20WR 23

Nrap 1 - 2Co

NaM - zCo .

NOM - 146 2C0 4D}

PrHI - 140G 4D} 15

PIINCR - 26

I NDE X PAGE 97
SURROUTINE VECTOR (XsPHI,SINGGINBGeNPMyIMsIFLAG)

R - 2Co 20WR

RETURN = 5 22 27

Ruw - 2C0

RxSC - ¢Co

RxSF - 2C0 .

S - 1AG 401 9x 15= 20WR 26AG

S« - 2C0

S¥SC - 2Co

SYSF - 2¢C0

TAPES - 3C0

VECTOR = 1

X - 1AL 4DI 15

XD - cCOo
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SUBROUTINE PUNCR (VECP.INPyIHOL)

SURROUTINE PUNCR (VECPyINPsIHOL)

COMMON /TAPES/ NINPyNOUTsIEN

DIMENSION VECP(1)

THE PURPOSE OF THIS cODE 1S TO PUNCH AND
SERIALLY NUMBER A FLOATING PoINT VECTOR
IN THE STANDARD DTF CR0SS SECTION FORMAT,
CALLING SEQUENCE ENTRIES ]

VECP 1S THE VECTOR TO BE PUNCHED,

IBp IS THE START OF THAT VECTOR,

INP IS THE 1S THE NUMBER TO PUNCH.
COMMON PARAMETERS )

NOUT IS THE SYSTEM OUTPUT UNIT NUMBER,
TEMPORARY STORAGE 1

NPP IS THE MAXIMUM NUMBER TO PUNCH,
ICARD IS THE CARD COUNT,

INPT IS THE WORKING COUNT,

18PW IS THE START OF THE LOOP.

1EPW IS THE END OF THE LOOP.

NPPW IS THE WORKING NUMBER Tn DO ON THAT CARDe
18p=1

NPP=z6

I1CARD=1

INPT=INP

IF (INPTLLT.0) GO TO 70

IRPW=1BP

KETURN FOR NEXT PUNCH,

CONTINUE

IF (INPT,GT«0) 50 TO 15

RETURN,

CONTINUE

RETURN

PROCESS UNIT,.

CONTINUE

IF (INPT=NPP) 75,20425

EQUAL TO CARD FULL.

CONTINUE

INPT=0

GREATER THAN CARD FULL,

CONTINUE

NPPW=NPP

COMPUTE ENDING VALUE,

CONTINUE

IEPW=IBPW+NPPW=]

INPT=INPT=NPPW _

GO TO (35+45950055160965)s NPPW

OME NUMBER,

CONTINUE

PUNCH 80y (VECP(I)»]=1BPWsIEPW) s IHOLICARD
INCREASE CARD COUNT,

CONTINUE
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SUBRQUTINE PUNGCR (VECPys INPyIHOL)

ICARD=aICARDe)

IBPW=IEPWe]

GO TO 5

CONTINUE

PUNCH 85y (VECP(I)9+I=IgPWeIEPW) +»IHOLYICARD
GO TO 40

CONTINUE

PUNMCH 909 (VECP(I)+I=IgPWs1EPW) s IHOLYICARD
GO TO 40

CONTINUE

PUNCH 9%y (VECP(I)sI=IRPWsIEPW),IHOLYICARD
GO TO 40

CONTIMUE

PUNCH 100y (VECP(I)y1=1BPWsIEPW) s IHOLyICARD
60 TO 40

PUNCH FULL CARD,

CONTINUE

PUNCH 105+ (VECP(11,1=1BPW.IFPW) 4 IHOLyICARD
GO TO 40

PRINT ERROR MESSAGE,

CONTINUE

WRITE (NOUTs110)

G0 TO 1o

COUNT LESS THAN MAXIMUM,

CONTINUE

NPPW=INPT

INPT=0

GO TO 3¢

FORMAT (1P1(3X+E9e2)960XsA61]2)
FORMAT (1P2(3X9EQe2)948X9sA6912)
FORMAT (1P3(3X4EQe2)036XsAbs12}
FORMAT (lP4(3X9Eqe2)924XsAabo12)
FORMAT (1P5(3X4EG,2)912XsA6912)
FORMAT (1P6(3XyEGe2) 0Ags12)

FORMAT (42H0 SPECIFICATION FOR PUNCH BLOCK IN ERROR, )

END
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SUBROUTINE PUNCR (VECPyINP,IHOL)

SYMBOL 2T 2 =2 2 5 = 2 x XX T I &S REFERENCES FE x xT =X X S B Xxrc 3 azxx
5 - 10* 29

1» - 12+ A7

1s - 11 - 14e

2n - 15 16%

25 - 15 18#

31\ - 20' 51

35 - 23 264e

4n - 26# 32 35 38 41 &4

45 - 23 30+

Sr - 23 33»

5% - 23 36w

6n - 23 394

65 - 23 42

In - 8 105'

7= - 15 48%

8n - 25PU 524

8& - 31PU 53%

90 - 34PU 54%

9< - 37Py 55«

1n0 - 40Py 564

115 - 43Py 57#

110 - 46uwR 58«

I - 2SPU 31PU 34PU 37PU 40PU 43PU

IapP - 4= 9

1°PwW - 9= 21 2SPuy 28= 31PY 34PU 37PU 4QPU 43PU
1CARD - 6= 25pPU 2= 31PU 34PUY 37PU 4gPU 43PU
1EN - aco .

IFPW - 21= 25PU 28 3;pPY 34PyY 7Py 40Py 43PU
InOL - 1AG 25PU 31PU 34PVY 37PU 40PU 43PU

INP - 1AG 7

INPT - 7= 8 11 15 17= a22= 49 50=
NTNP - acy

NOUT - 2C0 46WR

NPP - 5= 15 19

NPPW - 19= 21 22 23 49=

PHUNCR - 1

RFTURN = 13

TARES - 2Cco . .

veep - 146 3n: 25pPU 31RY 34PU ° 37PU 4oPU #3PU
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