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ABSTRACT

The IAPHAN code is a revision and extension of previous codes
in the IAPH series -- LAPH and LAYHANO. Photon-productioncross-
section end angular distribution data are retrieved from the ENDF
Files 12 through 15, proceaaed into specified photon and neutron
energy groupa, and combined as neceaaary to produce Up to pb photon-
producttonmetricea and photon-energy-productionmatrices. Produc-
tion croaa aectiona are averaged over neutron fine groupa and then
collapsed into a given broad-group structure using specified weight-
ing functions. Input ia in DTF-IV format
in either DTF-IV or FIDO format.

, and output matrices are
The code is written in ANS stand-

ard FORTRAN for computers with a 65K10 memory.

I.

the

INTRODUCTIONAND SUMMARY

With the emergence of photon-productiondata in

Rvaluated Nuclear Data File (ENDF),
1,2

a set of
3,4

codes known as the IAPH series has been developed

to proceaa these data into multigroup form for trans-
5

port calculations. Originally, the MPH code was

provided to produce zero-orderLegendre moments of

photon-productionmatrices. However, when ENDF

photon-productionformzts6 were modified, revisions

in LAPH became necessary. Specificatione7were for-

mulated for a new code which would accommodate the

revised formata and also process the photon-produc-

tion angular distributiondata with provisions for

matrices up to P4. Interim P. capability from the

new RNDF formats was provided by the LAPHANO code.

The LAPHAN code now provides the higher-order

Legendre photon-productionmatricea. During the

genesis of these LAPH codes improvementsin the cal-

culationalalgorithms have been continually incor-

porated. These improvementshave decreased running

times and provided greeter accuracy, as well aa

allowing new options.

In summary, the LAPHAN code retrievea photon-

production cross sections or multiplicities,photon

angular distributions,and correspondingneutron

interactioncross sections from the ENDF data file,

applies -itable weighting functions over G speci-

fied photon groups and N specified neutron groups,

and constructs G x N photon-productionmatrices.

The number of matrices is L + 1, where L is the

order of the Legendre expansion requested. LAPHAN

has been used to process all photon-productiondata

currently extant in the latest version (111) of the

ENDF which include either angular distributions or

Legendre coefficient representations (four materials

as of June 1972). The P. moments, as required,were

identical to previouslyverified LAPHANO results.

The higher-ordermoments c&pared favorably with

hand calculations,providing confidence in the code

theory and algorithms.

Throughout this report frequent reference is

made to the ENDF. Some pertinent ENDF format infor-

mation will be reviewed as required. Detailed

descriptions of the ENDF and the data formata are

given in Refs. 1 and 2.
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II. THEORY

A. Photon-ProductionData Format in ENDF

To understand the process of computing photon-

production matricea from the current ENDF (the proc-

ess is loosely called “theory”) it is helpful to

review briefly the form in which data are received

into LAPHAN, i.e., the form in which they are stored

in the ENDF. Photon-productiondata are divided

into five distinct files.
2

File Description

12 Multiplicitiesand transitionprobability
arraya

13 Photon-productioncross sections

14 Photon angular distributions

15 Continuous (sectionally)photon energy
spectra

16 Photon energy-angledistributions

With the exception of File 12, all of the files are

closely analogous to the correspondingneutron data

files with the same number (modulo10). The purpose

of File 12 is to provide additionalmethods for

representing the energy dependence of photon-produc-

tion cross sections. The parallel structure between

neutron and photon data files facilitates the uae of

existing neutron data retrieval routines for the

photon data. The units for data stored in the ENDF

file are:

Units

energy eV

angle dimensionless

cross section barns

cosine

photon yields photons

The LAPHAN code processes all of the photon

files with the exception of File 16 which is not

currently used in the ENDF. If all the photon-pro-

duction data are stored in Files 13-15, reference to

the neutron data files ia umecessary. However,

when the photon-productiondata are repreaentexlby

either multiplicitiesor transitionprobability ar-

raya in File 12 the LAPHAN code uses File 3, neutron

interaction cross sections, to construct the photon-

production matrices. Higher-orderLegendre moments

may be constructed if anisotropi.cdistribution data

are present in File 14.

Transition probability (TP) arrays are process-

ed to produce the higher-orderLegendre moments even

though current ENDF conventions call for a phase-out

of TP arrays. The TP arrays have limitations such

aa the inability to predict accurately the photon

2

production by neutrons at energies appreciably above

that of the highest level for which the decay scheme

is well known. The reaaon for this is that, at

higher energies, levels above the one for which the

decay schepe is well known may be excited and cas-

cade through lower levels. Because current data in

the ENDF still rely heavily on the TP arrays, the

LAPHAN code processes them by constructing the cas-

cades. It will not use the TP arrays to calculate

photon production at neutron (center-of-mass)ener-

gies above the higheat level in the arrays; i.e., if

ESmax is the highest level energy for which a tran-

sition probabilityarray is given, no photon produc-

tion will be calculated from the arrays for incident-
AWH+l

neutron energies above ES x —, where AWR is
max AWR

the atomic weight ratio.

B. Photon Yielda and Photon-ProductionCross Sec-
tions

Aa they are stored in the ENDF data file, pho-

ton-productiondata can be considered to represent a

pointwise differentialphoton-productioncross sec-

tion

UY(EY + E) = u(E) y(Ey + E) , (1)

where u(E) ia the neutron interaction croaa section

and y(Ey + E) is the differential yield of photons

at energy E from a neutron interactionat energy
Y

E. Regardless of the option used to store the data

in ENDF, such a cross section is implicitly recon-

structed by wM. Before proceeding to compute

the photon-productionmatrix, it is convenient to

define the subscripts and superscriptsto be used.

g.

h=

k=

9.=

n.

p=

r=

s=

photon energy group, g = l(l)G

neutron fine group, h - l(l)H

parital yield (subsection)index within a
reaction type p, k = l(l)NK

Legendre expansion index, 9.= O(l)L

neutron broad group, n = l(l)N

reaction type (sectionor MT) number

resolved-resonancecomponent

smooth plus unresolved-reaonencecomponents.

The lower energy limit of a group is denoted by Eg,

~, or En, where Eg+l > Eg, ~+1 >1$, and En+l > E<

Photon-number-productioncross sections will be

denoted by u, T, and p, while energy-production

cross sections will use the same symbols with the

diacriticalmark - (tilde).

Two weighting options, called tracks, are

available to compute the photon-energy-production

,

,

.

—— —



cross section in group g. On either track, the

group photon-(number)production croes section is

calculatedwithout weighting, i.e.,

=g+l

u;(E) =
J

dEy U;(EY + E) (2-a)

E
g

or

‘g+l

uS(E) = UP(E)
1

dEy yk(Ey + E), = UP(E) Y;(E) ,

E
g

(2-b)

where the photon energy dependence of Uk(E + E) ~y
YY

be a Dirac delta function. Here, UP(E) is the neu-

tron interactioncross eection for reaction type p

in File 3, and yk(Ey + E) and Y:(E) are,reepectively,

the photon yield function and integratedyield func-

tion for subsectionk of reaction type p.

Track 1:

On Track 1, the group photon-energy-production

croea section, 6:(E), is computed using en arbitrary

group-effectivephoton energy,~E, which is an input

qusntity.*

production

If a value

In effect, on Track i, the photon-energy-

crose section is

= u:(E) ~ .
g

(3)

of ~g is not in the interval [ER,E
e-l-l]‘--

the code will aesume the median group energy,

fig = %(Eg +

and proceed with

input value.

Track 2:

On Track

cross section

2,

is

Eg+l) ‘

this calculated value vice the

the group photon-energy-production

computed as followe:

z
/-g+l

J“6;(E) = dEy c/’(Ey+ E) E
Y“

E
g

(4)

●

*However, for (sectionally)continuous photon spec-
tra, the code still calculates the energy-weighted
yield on Track 2 (see below) and provides the user
with a listing ~f the croes-section-weightedaverage
photon energy, Ek(@, in each photon group and at

fsweral repreaen ative neutron energies.

For a “continuous”

tion in Eq. (4) is

the average energy

from

;:(E) -

spectrum in File 15, the calcula-

alao performed on Track 1, and

in each group is then determined

-g+l

I dEy U:(EY+ E) E
Y

&_______

Eg+l

J
dEy U$(EY+ E)

(5)

The photon energy group structure is arbitrary,

and is specified by an input energy mesh, etarting

at the highest energy. Likewise, the neutron energy

group structuresare arbitrary, except that the

fine-group energy mesh points must have the broed-

group mesh points as a aubeet. In practice, the

neutron group structures are usually the correspond-

ing structures in a spectrum-averagingcode euch as

MC2. In fact, a version of the MC2 codeg has been

modified to output pertinent portions of the LAPHAN

input. The photon energy mesh for the integrations

on either Track 1 or 2 is the overlay of the photon

group energy mesh and the E
‘esh ‘“r ‘he ‘k(Ey

+ E)
Y

in File 15. The eimple trapezoidalrule is used for

the integration. The u:(E) and 6:(E) are evaluated

at every tabulated neutron energy in Files 3, 12,

13, and 15 for the reaction being considered.

There is one approximation inherent in using

data for a continuous photon spectrum. For any

incident-neutronenergy E, between two neutron ener-

gies El and .E2at which photon energy distributions

are tabulated, there may be a component of the pho-

ton distributionup to energy E2 + Q. Here Q has

its ueual meaning -- the reaction energy. Thus,

photons can be constructed at energies greater than

E + Q (the theoreticalmaximum) from thie interpo-

lated energy distribution. This problem occurs for

SLIYinterpolationscheme between incident-neutron

energies,andminimizing the induced error depende

upon the evaluator having entered the data in the

ENDF file with a fine enough incident-neutronenergy

mesh. (The same problem occurs for secondary neu-

tron distributions in ENDF File 5.)

Having averaged the croea sections over each

photon group, the averaging over each neutron fine

group proceede along one of two tracks.
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For all MT numbers except 18 and 102 (fissionand

radiative capture, respectively),Track A is used;

for fission and capture, either Track A or B may be

used as specified by an input option. Briefly, the

cross-sectionaveraging over a neutron fine group

may be performed in the resonance region by a

spectrum-averagingcode (Track B), or the resonance

paremetere may be ignored (or be nonexistent)and

all cross-sectionaveragingwill be done internally

by LAFHAN (TrackA). Track B cannot be used when

photon-productioncross sections for fission or

radiative capture are given in File 13.

Track A:

In calculatingthe L
th

Legendre component of

the photon-productioncross section on Track A, a

choice of weighting functions over a neutron fine

group can be used. Define

r-fh+ldE u;(E) a~(E) Sh(E)
=1

2~Ps - h
g,h 9 f.= O(l)L

‘h+l

J
Sh(E) dE

‘h (6)

where S (E) la the optionalweighting function,
h

U;(E) is given by Eq. (2), and a~(E) is the ~
th

Legendre moment of the photon angular distribution,

1

afi(E)=
J

dP pt(v) Pk(E,P) , !?,= O(l)L ,

-1
(7)

where pk(E,p) is the tabulatedphoton angular dis-

tribution (normalized).

If no angular distributionis given in File 14

for the correspondingreaction type p, an isotropic

distribution is aasumed by LAFHAN and an error com-

ment is printed; i.e., it is aeaumed that

af(E) ~ 1.0 , all kEp ,

a~(E) S 0.0 , 221, allkcp .

For the option where the pk(E,p) are tabulated in

File 14, the a~(E) are calculatedby LAPHAN.

Sh(E) is specified for each group at the user’s

option and has one of

(a) S (E) = 1.0 ,
h

(b) Sh(E) = l/E ,

4

the following ah forms:

constant weighting

inverse energy weighting

(c) Sh(E) = We ‘0”776E (E inMeV) , fission

spectrum weighting

(d) S#E) = e-0”776E (E in MeV) , asymptotic

fission spectrum weighting

(e) Sh(E) = E , energy weighting

(f) Sh(E) = Ee
-EfkT*

(E in eV) , MaxwellIan

weighting.

Legendre components of the photon-energy-

production cross section are

E

2/

h+l

dE 6:(E) a~(E) Sh(E)
k=l .

E~P$ = ‘h
g,h

%+1
s !?= O(l)L .

J
Sh(E) dE

(8)

Track B:

This track is used only for fission and capture

reactions, and then only if chosen by the input

option. It uaea input valuea of the neutron inter-

action cross sections which have been independently

averaged over the neutron fine groups. Define

and

2!‘hi-lp,t,s
‘g,h

. (AEJl~$s dE Y:(E) a~(E) ,

k=l h
(lo)

where p = 18 or 102 and

(11)

Here ~h’— is the neutron interaction cross section

(resonance,or smooth plus unresolved resonance)

averaged over fine group h by a spectrum-averaging

-Ps&-i5 the kthcode, while p Legendre component of
g,h

the correspondingphoton-productioncross section.

Similarly, the Legendre components of the photon-

energy-productioncross section are

*or the Maxwellian distribution,a temperatureof
300”K was aasumed.



and

h-i-l
-p,!?.,,!l -1-p,s
‘g,h

= (AEh) Uh
gr

dE #(E) a~(E) ,

-% ,13, +[zp:::’sw:’j[~ w:’j-’, ,14,

where the $’(E) have a definition entf.relY?Oslogous

tO the #’(E) in Eqs. (3) and (4). This track nOr-

melly would not be used, for example, if resonance

data were not given in ENDF File 2 for the materials

considered. If it ia used, it must be used over the

entire neutron energy range, i.e., both tracks can-

not be used for a given reaction. Also, the same

track must be used for both fission and capture.

Having computed the photon-productioncross-

section elements for the neutron fine-group struc-

ture, it remains to find a weighted aversge over the

broad groups. These broad groups weuld normally

correspond to the groupa used in a neutron transport

calculation from which the fluxes are obtained for

use in determining the photon eource. Weighting of

the fine-group photon-productioncross sections is

done with arbitrary sets of input weights, one eet

for the smooth (plus unresolved resomnce) cross

sections and one for the resonance cross sections.

The latter act, of course, is used only if Track B

is chosen. In practice, the smooth cross-section

weights are usually the fine-group flux moments from

an infinitemedium (zero-dlmensionel),one-dimen-

sional, or other appropriatespectrum. XLso, the

reeonence weights are usually those from the same

spectrum-averagingcode. At LASL, both sets of

weights .fork = O are output by the reedifiedMC2

code referred to above. Denoting the smooth weights
!?.,s

by Wh snd the re60nance weights by w;, the ele-
th

ments of the k Legendre component of the G x N

microscopic photon-productionmatrix for reaction

type p are

‘P’c for the energy-produc-and analogous elements u
g,n

tion matrix. For any specific p, either the T’s or

the p’s will be nonexistent.

Given the set of raction types, {~}, for

which photon-productioncross sections are desired,

the !?thLegendre component of the total microscopic

‘photon-productioncross-sectionmatrix is given by

(15)

g,n]~has an analo-The energy-productionmatrix [d

gous definition.

111. MODIFICATIONS TO THE LAFH CODE

A. Major Modifications to Fundamental Code Operation

Major modifications in transformingfrom LAPH

to LAPHAN Include:

(a) removal of the geometry and mixing routines,

(b) dynamic storage allocation, and

(c) optional flux weighting within the fine

neutron groupa.

The geometry and mixing routines were deleted in

favor of similar routines in the transport codes.

It is more efficient to process single isotopes with

LAPBAN and then uee the geometry and mixing routines

of the transport codes to process complete croas-

section sets. Dynamic storage allocation reduces

the required central processor storage. The optional

weighting in the fine neutron group integrationpro-

vides flexibility in selecting weighting spectra for

the various energy regions.

B. Modlficatione to LAPH Algorithms

Other modifications, excluding the changea due

strictly to revisions of the data formats and pro-

cedures, are described below:
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(a) The PR15 subroutinewss extensively revised

to process the new ENDF Files 12 through 15 and to

renormalize to unity all interpolatedcontinuous

photon energy distributionsfrom File 15. Also,

integrationroutines were modified to allow any

interpolationscheme between rabulatedpoints that

is allowed by ENDF procedures.

(b) A new input data format allowe from PO to P4

weighting functions for the neutron fine groups.

(c) The mesh for all numerical integrationsover

neutron energy has been changed to the neutron mesh

in File 3 for the total cross section (MT = l).

Thie has considerablysimplified the MESH subroutine.

Requirements in the new Format and Procedures

Manualg that the energy mesh of any partial cross

section must be a subset of the total cross-section

energy mesh has made this simplificationpossible.

Also, the procedures for photon-productionfiles

require that the data for photon yields, production

cross sections, and angular and energy dlstributi.ona

have no more structure in neutron energy than the

cross sections in File 3. Both the size and con-

tents of the array containing the neutron energy

mesh are printed on the output listing.

(d) Under the option to compute photon produc-

tion for all reaction types which have photon-

production data given (the flag MT = -l), a new

algorithm has been added to the PHOTON subroutine.

The eet of MT numbers is obtained by the PHOTON sub-

routine from the index in File 1, thereby saving

significant central proceesor and peripheral proces-

sor time. The set ia then written on the output”

listing.

(e) Additional secondary overlaya have been

constructed by dividing the subroutinescalled by

the LAPH subroutine into two aeparate overlaya,

thereby saving central memory locations. Labelled

COMMON waa of necessity shuffled to accommodate the

new overlay structure. Also, buffer lengths have

been reduced to gain needed storage.

(f) The sign of the input parameter NGG ia

sensed in subroutinePR15. If NGG > 0, the card

count information in File 1 is used to skip rapidly

to Files 12 through 14. !l’hisavoids using excessive

peripheral processor time while searching for the

photon-productiondata files. If the index in File

1 is incorrect, as would be the case if one had an

abridged tape with Files 2 through 7 removed, then

6

NGG < 0, and the tape is searched until the photon-

production data are located.

Iv. INPUT INSTRUCTIONS

A. Background

Because of the eliminationof the geometry and

mixing routines, the input to IAPHAN is much simpler

than the input to L4PHAN0 or LAPH. Input is gener-
10ally in the DTF-IV format system, with the excep-

tion of the title and parameter cards at the begin-

ning of the data. The DTF-IV system consists of a

basic 12-column field, but the first three columns

are reserved for a control flag, and the remaining

nine columns are a data field. There are seven pos-

sible controls in the first column of the three-

column subfield as follows:

O or blank =

1=

2=

3=

4=

5=

9=

normal input; the nine columns for data

are read in normal FORTRAN k, F, or I

format.

repeat; the number in the data field is

repeated the number of times specified

by the integer NN in the second and

third columns of the control field.

interpolate;the number of interpolates,

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.

terminate; ends the data block -- each

data block must have this flag at the

end.

fill remainder of data block with the

number in the data field.

repeat the number in the data field

10*NN times, where NN is the number in

the second and third columns of the

control field.

skip to next card.

Whether the data in tha data field are tnteger or

real ia indicated by the first letter of the block

name in the usual FORTRAN tradition.

A problem regarding terminologyarises for

LAPHAN when using DTF-IV input along with ENDF

input because the term material has s different

meaning in each case. No completely satisfactory

resolutionwaa found, and the term material in

DTF-IV has been replaced by the term nuclide. Also



●

✎

departing from DTF usage, “nuclide” does not include

a mixture of nuclides. In LAPHAN, the term material

is used strictly in the sense of a MAT in the SNDF

system.

The code has many error triggers that will lead

to a call to the subroutineERROR. The type of

error encounteredwill be identifiedon the output

listing by an error number. A brief descriptionof

this error can then be found in the comment card in

KRROR for the correspondingerror number (see list-

ing of the code). Errora in array sizes or input

format are detected by the LOAD subroutine,which

prints informativecomments at the place the offend-

ing array is printed. Some warning comments are

printed by other subroutinesalao.

B. Input Data Format

Data blocks are given in Table I in order of

input, preceded by the correspondingvariable name

in LAPHAN. For the parameter table, the location

(order) of the paramster is given first.

c. Change From LAPH Input

Since LAPHAN processes individual isotopes, all

of the LAPH input parameters pertaining to mixing of

isotopes and geometric zones have been deleted. In

addition to these deletione, three other changes

have been made to the LAPH input. These are:

1. The first paramter, NGG, haa been used as

the flag for a new option to reed so abridged ENDF

data set, i.e., one with FLlea 2 through 7 removed.

The use of an abridged tape is specified by placing

a minus sign before the value of NGG.

2. Field 5 of the integer parameter card ia

now a parameter IQA, the order of Legendre expan-

aion. IQA is zero for isotropic emission.

3. Addition of the IltCparameters, the within-

fine-groupweighting function parameter, which must

be specified for each fine neutron group. The

options for IWT(h) are shown in Sec. 11.B. The

recommendedupper energy limit for the fission spec-

trum weighting (Option 3) is 4 MeV. Above this

limit the asymptotic fission epectrum (Option 4)

should be used. Comment statementsare printed by

LAPHAN if the usage of a particular option appears

to be out-of-range. For instance, it will queetion

the use qf the Msxwellian distribution at energies

above 100 eV. The code, however, will continue

despite apparent errors in the weighting option

usage.

D. Computer Requirementsand Running Times

The code requires no special hardware or soft-

ware but does use one input file, viz., Tape 20,

which contains the ENDF data in Mode 3 (BCD card-

image fO-t in standard arrangement). Several

scratch files on disk, large core memory, or other

peripheral storage device are alao used.

The CDC 6600 central processor time required

for a sodium P4 problem with 12 photO.ggrOups, 75

neutron fine groups, and 30 neutron broad groups was

apprOx-tely four minutes. A simple problem to

produce chlorine P4 matrices for 8 photon groups, 10

neutron fine groups, and 5 neutron broad groups

required three minutes of CDC 6600 central processor

time. ENDF MT numbers which have photon-production

data in File 13 will be processed quickly by LAPHAN.

However, NT numbers for which LAPHAN must construct

the cross aectiona, i.e., File 12 data, require

appreciablymore processing time.

E. Sample Problem

A P4 sample problem using chlorine (ENDFMAT

Number 1149) ia shown in App. A. A simple group

structure (8 photon groups, 10 neutron groups, and

5 neutron broad groups) was selected for illustra-

tive purposes. Various flux weighting options (IWT)

were used and direct weighting of the gamma-ray

energy (IWO=l)was chosen for the energy-production

matrices.

F. Code Description

Comments concerning code operation and sub-

routines are given in App. B.
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TABLE I

INPUTDATA FORMAT

A. Title Card (16,11A6):Any integerfor problemidentification,and any BCD informationfor identificationof
output.

B. IntegerParameters(1216~

Lncat ion

1

2

3

4

5

6

7

8

9

10

Name

~NGG

NFG

NBG

Nl(F

IQA

MAT

MM

IRES

m

100

Numberof gamma groups is INGGI. A m%nus sign before the NGG parameterla a flag indicating
that an abridgedSNDF tape is being used.

Numberof neutronfine groups.

Numberof neutronbroad groupa.

Ultrafine- group integrationparameter. Each fine group is dividedinto NKP equal subgroupa.

Order of the Legendreexpansionof the photon-productionmatrices. (O < IQA < 4)

ENDF materialnumber.

Numberof reactiontypea,MT (= lengthof MTN table).

Specialresonanceweightingoption to be used? 0/1 = nofyes. (O = Track A, 1 = Track B.)

. 0, photon effectiveaverageenergyfor each group is input (Track1).

= 1, directphoton energyweighting (Track2).

= O, print [U_ _].
ns~

- 1, printOption O and punch the matricesin DTP and FIDO format.

= 10, same as 100 = O, substitutingthe energyproductionmstri.ces[6g,n], etc.

. 20, do both OptionsO and 10 (i.e., print both photon-productionand photon energyproduction
matricea).

= 21, do both Options1 and 20.

c. Data Blocks (DTF-IVSystem~:Dimensionof variableis given in parentheses.

Name and
Dimension

c(1) Renormalizationconstant.

MTN(MM) MT numbers. MT = -1 means use all MT numbersfor which photon-productiondata exist in Files 12 and
13.

If, and only if, IWO - 0, the followingdata block appears:

EG(NW) Effectiveaverage energy,~g, for each photon group. (Samefor all materialaand reactiontypea.)

EMG(NGG+l) Photon group energymesh, in decreasingmagnitudeof energy.

l14NF(NPG+l) Neutronfine-groupenergymesh, in decreasingmagnitudeof energy.

BltNB(NBG+l) Neutronbroad-groupenergymesh, in decreasingmagnitudeof energy.

IWT(WFG) Weightingfunctiontypewithin fine grouPs.

IWT(h) = 1 constantweightfng

= 2 inverseenergyweighting

= 3 fissionspectrumweighting

= 4 asymptoticfissionspectrumweighting

- 5 energyweighting

- 6 Msxwellianweighting

One set of the followingsix data blocks. Each block ia precededby a title card in 12A6 format.

Rxscmw,b -102,r
Fine-groupresonancecapturecross sections,u

-!g,r
, startingat top group.

RXSF(NFG)a~b Fine-groupresonancefisaioncrOss sections*ai , startingat top group.

SXSC(NpG)b
-102,s

Fine-groupsmooth (includingunresolvedresonance)capturecross sections,02
group.

, startingat top

SXSF (rw)b
-18,s

Fine-groupsmooth (includingunresolvedresonance)fissioncross sections,6A
group.

, startingat top

RW(Wl?G)a$b Fine-groupresonanceweighting functions startingat top group.

sw(LXNFG)c Fine-groupsmooth (flux)weightingfunctionsforeach Legendreorder startingat toP grouP●

aIf IRES = 1, these shouldbe enteredeven for nonresonancematerials. In such case, any numbersmay be used to
fill the fielda.

bDelete this data block if IRES = O.

%NFG - NPG*(IQA+l)
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APPENDIX A

SAMPLE PROBLEM INPUT AND OUTPUT

072172 LAPHAN P-4 SA14PLE PROBLEHO CHLORINE(flAT=l149),t4T=-1
8 10 5 1 4 1149 1 0 1 21

1.0 3
-13

3eo E*7 1.0 E+7 9.0 E+6 6.0 E+(5 5eo L*6 4.()

3.0 E*6 1.0 ~+6 5.o E+43
1.7 E*7 leo E+7 8.0 E*6 7.0 E+6 6.0 E*6 5013
4.i3 E*6 3.0 E*6 2.0 E +,6 1.0 E*6 1*O IL+53
1.7 E*7 8.o E*6 6.0 E+6 4.0 E+6 2.0 E+~ 1.0

3
106 4103 3 23
;::OTH WTS FOR P-4 P20BL wITH 10 FINE GROUPS ANO 5 BROAD WOUPSe

1.03

TITLE
CL PARAM

c
MfN

E*6 EMG
EM(3

E+(j ~MNF
EMNF

E.5 EMNh
EMN3

[WT.

P-4 SM

s

.

9



N

In
ln

ln
ln

C
o

o
o

●
+
+
*

.U
U

JIJJU
0

0
3

0
0

0
0

0
Pa

-<
c

&
u

u
-

.,.
.

,N
N

N
N

a
tt-iln

.l-tln
u

lm
u

l
C

c
o

o
o

o
c

o
+
.+

+
+
.+

.
J

J
U

J
.L

.
.A

.
.L

.U
J

U
J

U
3

0
0

3
0

0
0

3
C

4
0

0
0

0
*-*

.fc
rc

-l-.r
-

<
r-u

+
-r.-<

u
l

.
.

.
.

...0
n

le
4

t%
m

l..
lw

m
l--

Ivx0a.J0u
.mu0w4
A3mU
J

a
.

zz0

0
0

0
0

0

$
?s??s??

U
JIW

U
JW

U
J

O
o

o
o

a
0

0
0

0
0

0
0

0
0

0
00000

.
.

.
.

.

m

.
.

.
.

.
N

!N
r-N

m

m
O

o
a

o
o

:::y:

UJuluw
ti

0
0

3
0

0
0

0
0

0
0

O
o

o
o

a
O

o
o

a
o

.
.

.
.

.

..
-1.-1

0
0

0
0

0
0

0
0

0
0

*+
*6

+
U

J
W

w
w

w
g

g
g

g
~

0
0

0
0

0
0

0
0

0
0

..
.

.
.

.
d

.
-..

d

U
llm

u
l.n

n
ln

.m
m

m
m

0
0

0
0

0
0

0
0

0
0

+
.

.+
.+

6
+
+

+
u

4
u

.b
L

IA
.

L
&

w
.d

l-l
0

0
0

0
O

O
G

O
c

O
O

o
o

o
o

c
n

u
o

n
J

.O
.&

”l=
N

~
d

N
N

m
*.u

P
E

c
-m

u
w

-
.

.
.

.
.

.
.

.
.

.
h

N
!N

IN
IN

m
r-.

l.l
l-3

-l

09V
V

0
::::?

W
U

J
U

J
U

W
0

0
0

0
0

0
0

0
0

0
0

0
0

=
0

0
0

0
0

0
.

.
.

.
.

I
A

.
.

.
.

In
ln

tn
n

tn
0

0
0

0
0

+
+
+
*+

W
U
J
W
U
I
U
J

00000
U

3
0

0
0

0
i--

o
-w

o
-m

e
w

●
.

.
.

.

d
a

d
-c

.

0
0

0
0

0
$

:yyy

W
W

.U
U

J
W

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

●
0...

U
3

u
-ir.

ln
m

ln
u

-.
yy:y:y:

U
lu

lu
.u

w
w

u
l

0
0

0
0

0
0

0
0

0
0

0
0

0
0

f-+
lm

c
a

r-m
ln

O
d

N
.0

0
S

W
~

.
.

.
.

.
.

.
tidd.

d.nl

fine
0

0
3

+
+

+
U
I
U
J
U

0
0

0
0

0
0

or-a
.

.-U
O

,.0

lU
N

N

U
3

g
g

+
+

+
W

U
J

U
4

O
c

o
0

0
0

--s00
I-m

o
.

.
.

Isllu
l.1

000
C

C
:?

U
JW

tu
000
000
000
000●

.
.

ld
o.ld

N0m

9●

m
W
I

u0LU
I

.
.

IN
N

10



,

.

1
1



.

.
.

.
.

.
U

W
*U

.C

0
0

0
-

0
0

0
0

*.-*

●
☛

☛
☛

☛

iJg&
I~

aooao
00000
U

u
u

vu
O

o
c

o
o

.
.

.
.

.
ln

a
m

-m

e
a

-se
o

e
o

a
u

a
a

.o@
c.

.D
.r@

.o
.n

.0
0
0
r-

0
0

0
0

0
0

0
0

0
0

0
0

9
0

0
0

0
0

0
0

0
0

0
0

+
+

+
+

+
+

+
+

+
+

+
●

+
+
+
*+

+
****

+
+

U
J

U
IU

J
U

J
W

U
J

IU
U

L
U

W
W

w
u
J
J
J
u
J
’
J
Ju

lu
IA

J
J

J
u

J
u

l
tu

tu
O

o
a

vo
o

o
va

a
v

O
o

vo
o

vo
va

vo
a

o
0

0
0

0
0

0
0

0
0

0
0

0
0

O
c

o
o

o
o

o
o

o
o

o
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
G

o
o

o
o

o
o

o
o

o
oo8zzzzzzzzzzz

...*..**.
●......**

..
*.**

e
u

$
e

n
~
m

e
m

~
tn

d
Im

u
ln

.
a
e
m
.

-m
u

m
e

o
.~

r-r-r-l-f-r-f-f-r-+
%

*r-t-r-**r-r-r--*r-
0

0
0

0
0

0
0

0
0

0
0

3
0

0
0

0
0

0
0

0
0

0
0

0
+
+
+
+
+
+
+
+
+
+
.

+
*+

*+
+
+
+
+
+

+
+

+
W

U
J

U
IU

J
W

U
U

U
IW

U
IU

A
UJw

ulw
uuw

w
uulu

tu
tu

*g
~
~
o

o
o

o
.O

O
O

o
o

o
o

o
o

o
o

o
o

o
o

O
o

o
o

o
o

o
o

a
o

o
o

a
o

o
o

c
o

o
o

0
0

0
0

0
0

0
0

0
0

0
O

o
o

o
n

o
o

o
a

o
o

a
m

0
0

0
N

N
W

-I-J
N

U
*+

.3
u

*+
*4

4
u

Y
&

*~
4

.
.

.
.

.
.

.
.

.
.

...0.0
,0

..0..0

1
-

t8

1
2



PHCTf3N-PRODUCTION MATRIX FOR NUCLIDE (NAT) 1149s TABLE”

p!40Toti ~~p
PI~12TON GRP
~>,,c-(-~ ~~p

P14C,T(JN GRP
WOTCN GRP
PhoTctN Gl?IJ
Pt\T!TCN GRl~
PtloTCti GRP

NEUT GRP 1 NEUT GRP 2 NEUT GRP 3

8e48981E-07
: 3.19284E-05
3 1.62704E-02
4 5.03768E-02
5 1oO9173E-O1
6 2.00495E-01
7 5087215E-01
8 lo88940E-01

o.
0.
ls59330E-03
5.39115E-02
9.54C98E-02
2e09t67E-01
7e22425E-01
1S5627LE-01

c.
c.
6.314~3E-06
~.84188E-03
2e167$lE-02
2.35723E-01
6.63130E-01
1s87016E-03

1 (P-O CONPONEN1)

NEuT GRP 4 NEUT GRP 5

0.
o*
8.37951E-C6
1.26225E-V6
7.12W4E-.O7
7.3050kE-c2
7.O41O4E-O1
6.36046E-C4

o.
0.
1.05401E-04
1.5ti773k-@5
8.96743E-06
3.fi1374E-06
3.97782E-02
7.47844E-05

Ft\CTrh-PRCCUCTION MATRIX FOR NUCLIOE [MAT) 11490 TABLE 2 (?-1 CCYPCNIKT,I

NEUT GRP 1 NEUT GRP 2 NEUT GRP 3 $!E~T GRp 4 AkUl GRP 5

PHOTGN CRP 1
}’lIOTON GRP 2
PIIOTON tiRiJ 3
PHolON CI?P 4
PliOTON (;RP 5
PI1OTON GR9 6
PHOTON GRP 7
PHOTON CMP 8

0.
0.
o* ‘
0.
0.
0.
0.
0.

0.
0.
0.
0.
o*
00
0.
0. ,.

0. 0. 0.
0. 0. c.
0. 0. c.
o. 0. f).
0. 0. u.

-7.22351E-06 -3.69131E-C6 C.
0. 0. 0.
0. 0. G.

PHCTCN-PRCCUCTION MATRIX FOR NUCLIOE (MAT) 1149, TABLE 3 (P-2 CCtJ2Chtr.T)

NEUT GRP 1 NEUT GRP 2 NEUT GR? 3 ;..ELT GKP 4 h,.b~ G#P 5

PHOTON SRP 1
PtiOToN GRP 2
WOTCIN GI?P 3
F’hOTON LRP 4
f.ilCiTON :RP 5
PI+GTON (JR? 6
t’hCTC)Fl Gf?lJ 7
PHOTON tiR:J 8

0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.

-7.19C29E-04
9.42(J27E-04

-5.95666E-04
-3.85.827E-04

5.73783E-05

o.
0.
0.

-3.233~lE-04
1.01166t-03

‘1.400t2k-03
-3.3a756E-04

1.17318E-04

G.
o.
0.
0.
0.

-8.44363E-CI4
-6.44697E-C3

4.76L13E-125

o.
L.
n.
k.
u.
c.

-2.11886E-OG
r,.

P}~CTCh-PRCCUCTICN MATRIX FOR NUCLIOE (MAT) 1149s TABLE 4 (P-3 CCNPCNI !.T)

NEuT GRP 1 NEUT GRP 2 tiEUT GRP 3 !:EIJT G?P 4 :.CUT GIJF 5

PtiOTON GRP 1
PHOTON GRP 2
PHOTON GRIJ 3
PHOTON GRP 4
PtiGTON Lk# 5
(I!+~ToN GRP 6
PHOTON GRf 7
}>HoTGN CRP 8

0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
1.868&6E-06 9.25CJ65E-O? O.
0. 0. 0.
0. 0. 0.

WOTON-FROOUCTION MATRIX FOR NUCLIOE (MAT) 1149, TABLE 5 (P:4 CCPPCAtfil)

NEUT GRP 1 NEUT GRP 2 NEUT GAP 3 }(ELT GRP 4 ~.c~r GfiP 5

PHOTON G17? 1
PHOTON GRfJ 2
PHGTCN CRF 3
PHOTON GRP 4
PHOTON GRIJ 5
PHCTGN GMIJ 6
PHOTON LRP 7
IJl+rToN GR? 8

0.
0.
0.
0.
0.
00
0.
0.

0. c. c. o.
0. c. (-.. (?.
0. c. c. 0.
5.21017E-O4 1.555S2E-04 C. o.

-8.54548E-05 -@.411348E-05 C. (’.
-3.09092E-07 -1.244$5E-05 -4.68333E-06 O.

3.64275E-06 4.18+61E-C5 L.2151+=4E-04 -1.36396E-07
1.23568E-07 -4.49598E-07 -4.25412E-07 O.
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APPENBIX B

COMf4ENTSCONCERNING CODE OPERATION AND SUBROUTINES

As shown in Fig. B-1, the LAPHAN code has been

divided into two primary overlays, namely, OVERLAY

(1,0) and (2,0). The main overlay, OVERLAY (0,0) is

very short and serves principally to define unla.

belled COMMON and labelled COMMON/1’AFES/and to call

the two primary overlays. In OVERLAY (1,0) the in-

put ia read in DTF-IV format and examined for possi-

ble errors. In OVERLAY (2,0), the photon-production

matrices arq calculated. OVERLAY’s (2,1)and (2,2)

are subsections of OVERLAY (2,0).

A brief description of each of the subroutines

follows:

OVERLAY (0,0)

PROGRAM DON serves to define unl.abelledCOMMON

and labelled COMMON/TAPES/and to call the two pri-

mary overlaya.

1------- ------- ------- ------l

I

I

I

[ ~i

‘OVERLAY (0,0)
I

L - -- - - -- -- - - -- -- -- -- -- -- _ _ a

‘OVERLAY (1,0)
I

L - --- -- - - - --- -- - - - - -- - - - - - -1

r --- --- --- --- --- --- --- --- -=

I
( I

1

I
PHOTOlf 1

I [

1 I

:oYEEy-(Q)---_-_ ------------- :

I

I
NATT

1 I ):

I

I

Q

DTFPUN
1
1

I I

I &ml I

:OVEILLAY (2,2)
I

---- ---- ---- --- -1

Fig. B-1. Arrangement of overlays snd subroutines.
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SUBROUTINE ERROR is called if there is an error

h the input data or if any core storage allotments

have been &xceeded. An error stop number is printed,

and execution is terminated. A complete catalog of

the possible fatal error returns is included as a

part of this subroutine. Other, nonfatal, errors

are noted by printing within the various subroutinea.

OVERLAY (1,0)

PROGRAM PROB1 reads all of the input data for

the problem and does preliminary checking thereon.

SUBROUTINEREAI and SUBROUTINE REAG are DTF-IV

routines. They are called by PROB1 to read integer

and floatipg-pointdata, respectively,when these

data are given in the DTF-IV format.

SUBROUTINE LOAD is another DTF-IV routine and

‘is called by the two subroutineamentioned immedi-

ately above. This routine interprets the DTF-IV

control flags and fills out the iqteger and floating-

point array? accordingly.

ovERLAY (2,0)

PROGRAf4PHOTON reads the input data from Tape

20 and cqlls OVERLAYS (2,1) and (2,2). This routine

interprets the “MT = -l” copmand in the input speci-

fication and determines which MT numbers are to be

used.

SUBROUTINE INTG computes the integral of y(x)

between two points xl and X2, where values of y(x)

are given at X3 and x
4
such that X3 ~ xl < X2< x

4“
The dependence of y(x) on x between the two tabu-

lated points (e.g., linear-linearor log-log) must

be specified.

FUNCTION LOCT locatee the mesh interval in

which a given variable lies.

SUBROUTINETERP1 interpolatesbetween two spec-

ified points of y(x) va x, aasuming a dependence

(e.g., linear-linearor log-log) which must be spec-

ified.

SUBROUTINENORM normalizes the fine-group

weighting functions over each brosd group.

SUBROUTINE RSF3 reads tabulated arrays from the

ENDF data tape.

OVRIUAY (2,1)

PROGRAM MAN supervises the formation of the

integration energy mesh snd calculation of the yield

functions.



SUBROUTINEMESH forma the energy mesh to be

used in the numerical integrationover neutron

energy. The fine-groupenergy mesh ia augmented

with the energies at which the total neutron cross

sections are tabulated in File 3.

SUBROUTINEPR15 reads the photon production

data from File 12 through 15 of the ENDF tape, and

writea Files 14 and 15 on Tapea 14 and 19, respec-

tively. For a continuousenergy distributionunder

Option 1, the photon group yields, Yg(E) and ~g(E),

are calculated on either Track 1 or 2 and written

onto Tape 15. For diatributioneunder Option 1 at

discrete gamma energies, the yields are written

directly onto Tape 17. The appropriate transition

and conditionalprobabilitiesunder Option 2 are

read from the RNDF tape and are written onto Tape 16

for later uae in SUBROUTINETRC2.

ovERLAY (2,2)

PROGRAU MATT aupervieea the calculationof the

photon-productionmatrices.

SUBROUTINEJUDY reeds the data on Tape 14 (ENDF

File 14) and supervises the production of the higher-

order Legendre coefficients. The reeulta are writ-

ten on Tape 19.

SUBROUTINELEGS, called by subroutineJUDY,

determines the Legendre coefficientsfrom the angu-

lar distribution data in File 14 of the ENDF.

SUBROUTINE SIMFUN ia a Simpson’s rule, non-

conetent mesh, integrationroutine used in subrou-

tine LEGS.

SUBROUTINETRC2 reconstructsthe mlcroecopic

photon-productioncross-sectionmomenta from the

transitionarrays (reed from Tape 16), the appropri-

ate cross sections (read from the ENDF tape File 3),

and the Legendre coefficients (read from Tape 19),

integratesover the neutron fine groups, and writes

the results on Tape 16.

SUBROUTINEXSBC reconstructs the microscopic

photon-productioncrose-sectionmoments from the

multiplicityarrays, the photou-productioncross-

sectione (from Tapee 15 and 17), and the Legendre

coefficients (read from Tape 19),integrates over

the neutron fine groups, and writes the reaulta on

Tape 16.

FUNCTION WE determines the weighting functions

within fine neutron groups as prescribed by the

Input optiona. These weighting functions are used

in the fine-neutron-groupintegrationain subrou-

tines TRC2 and XSEC.

SUBROUTINE FISINT determines the integral of

the fission spectrum weighting function over the

““fineneutron groupa.

SUBROUTINEMATRIX reade the microscopic fine-

group photon- and energy-productionmatrix elements

(’r’sand p’s) from Tape 16. It then performs the

weighted sum over fine groups which resulte in the

photon-productionand energy-productionmatrices for

each reaction type. Fimlly, the sum over reaction

types is taken to produce the G x N matrices.

SUBROUTINE PUNCR punches both integer and

floating-pointarrays in DTF-IV format.

FIDO

hers

SUBROUTINE PUNSH sets up cards to be punched in

format.

SUBROUTINE DTFPUN punches cards in FIDO format.

SUBROUTINE FLTFX converts floating-pointnum-

into integers.

T
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