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MORSE-DD, A Monte Carlo Gode Using Multi-group

Double Differential Form Cross Sections

Masayuki NAKAGAWA and Takamasa MORI

Department of Reactor Englneering

Tokai Research Establishment, JAERI
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A modified version of the Monte Carlo code MORSE-CG has been
developed. The present version is useful to solve neutron transport
problems in materials with highly anisotropic neutron scattering
cross section as seen on neutronics calculations in fusion reactors.
Main parts of modifications are the cross section and analysis
routines, and an addition of the external source routines.

In order to treat accurately the anisotropy of neutron scattering,
the present code uses the multi-group double-differential form cross
sections instead of the conventional Legendre expansion method. As
a result, the energy-angle correlation can be accurately taken into
account in a frame of multi-group approximation. The angular dis-
tribution after a collision can be continuously determined by sampling
from the probability table. The difficulties of negative flux and ray
effect encountered in the conventional P1 method are eliminated in
the present method.

In the analysis module, the point, surface cross, track length
and collision estimators are implimented. This report contains the

description of modification, input instruction, job control instruction,

sample problem and auxiliary programs.

Keywords : Monte Carlo Method, MORSE-CG, Neutron Transport Code,
Cross Section Library, Double Differential Cross Section,

Input Data Format, Fixed Source, Tally
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1. INTRODUCTION

The MORSE codel) has been extensively used in various fields of
neutron and gamma transport calculations. Many modified versions
have been developed to add some useful functions or teo extend an
availability. This document describes a recentlf developed version
of the MORSE-CG codel). Main parts of modification in the present
version are the modules concerning cross scection treatment and
external source routines. This version has been developed to be used
mainly in the fusion neutronics calculations. In the original MORSE
code, multigroup cross sections are used and an anisotropy of neutron
scattering is presented by using the Legendre expansion (Pl) method,
As encountered in fusion reactor shielding and blankect neutronics,
the anisotropy of neutron scattering angular distribution plays an
important role at the higher energy region. The conventional Py
expansion method sometimes significantly mispredicts the neutron
transport phenomena in the materials with highly anisotropic scatter-—
ing cross sections. Moreover, conventional multi-group method can
not accagrately take account of the energy-angle correlated kinematics.
In the MORSE code, the scattering angle is allowed only for discrete
values. As a result, users sometimes encounter difficulties such as.
a negative flux and a ray effect.

At the present MORSE-DD code, the group to group scattering
matrix is not presented by the Legendre expansion coefficients but
directly given for many angular meshes such as a form of double
differential cross sections (DDX). As a result, the difficulties
mentioned above are not encountered and, furthermore users can expect
more reliable resultsz). In order to apply such multi-group cross
sections, the subroutimes handling cross sections and determing a

flight direction after a collision have been modified as described

-1 -
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in chapter 2.

Various external sourece pgeometries have been installed in the
code. Users can ¢hoose a single source cell and also do any com-
binations of them. In the analysis routines, the track length,
surface cross and collision estimaters are implemented othér than
point estimator. Such routines will be easily adopted by users.

The input instruction is given in Chapter 3. Since the most
parts of input data are the same as those in the MORSE-CG code,
details of such data are not described in this report. Users should
refer the original report of MORSE-CG. The job control languages
described in Chapter 4 are shown for FACCM/M380 machine which is com-
patible with IBM 360/370 series machines. The present version is
written in FORTRAN 77 and can be easily compiled in FORTRAN H. In
Chapter 6, input description of some auxiliary codes are given. These

codes may be useful to process the output file from the MORSE run.
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2. NEW FEATURES OF MORSE-DD
2.1 Cross Section
1) Multi-group double~differential form cross sectiom

The cellision source ‘term in the transport eguation is written as
a(r, E) = [dB'S 49y (£, @8 7 N, (*, (oron, 8B

+ .o, . (=0, E*+E) + 1 mck
1 1 m

(> @, E'>E)
in, n

n,mn

X(Q+Q,W+EM . (1)

where ok denotes the microscopic differential cross section of nuclide
k, and the subscript el stands for elastic scattering, in,i discrete
and continuum level inelastic scattering, n,mn neutron multiplying
reaction emitting m neutrons, n, n'x neutron and charged particle

emission reaction. We define the production cross section by

v < +
opr(E) 9, (ED + i Gin,i(Er) +Im Gn’mn(E') *1 on,n‘,X(E ) (2)

and

RX(E‘) GX(E') / Gpr(E’) . (3)

Substituting Eqs.(2) and (3), Eq.(1) is rewritten as

k k
qlr, E) = fAE'S 4@y (r, % ,E%) g N, Oor (E') T R, (E")

p k

x (uo; E'=+E), (4}

where
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The energy-angle distribution function PX is represented by using the
Legendre polinomials in the conventional MORSE code. At the present

code, we use a direct presentation of the distribution in energy ard
angle. In multi-group formulation, PX is written as ka (uoj, gt>g)
which means a transfer probability from group g' to group g in angular
interval ujo. This matrix can be calculated basing on kinematies.
These multi-group cross sections are produced by using the PROF*DD3)
code. The summation of reaction type x is reduced to the double

differential form cross section (DDX)

3 v _ s 8 3
LG, 8" >e) IR P (u

o’ g'+g), (5)

which includes a multiplication of neutrons emitted by (m, mn)
reactions.

In MORSE-DD, the cross sections are read from a standard binary
cross section tape as the same as the original MORSE code. The format

of present cross sectiom library is slightly different from the ANISN
format.

The scattering cross section and the PD component scattering
matrix are replaced by the preduction cross section and the scattering
angular interval, respectiﬁely. The wacroscopic cross sectlons are
calculated by mixing the microscopic cross sections with use of atomic

number densities. The macroscopic scattering probability is calculated
by

- i i
T(u, 3 g'+ =y N. & I.(u.; gg)/ Z N, o s 6
(1 5 8 g) .1 %prag 1 (V53 8178 ;- 1 pr.g ©
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and I is renormalized as

L I(u, 5 g™ =1 (7
j J

As a result, the scattering matrix is calculated by

28(8,‘*8) = ? Zi; ffuj i gl (8)
Since the scattering probability is given by the table as

described ahove, the method to determine a flight direction after a

collision is modified, 1In the original.MORSE code, the flight direc-

tion is determined among the discrete directions which are ebtained

by using a generalized Gaussian quadrature. However, such procedure

is not necessary if we use the present probability table. At the first,

the secondary energy is determined by sampling from the probabily table

for energy distribution, P(g'~>g)
P(g'>g) = L (g">g) / g (8" >e), (9)
and then the scattering angle is determined by sampling from the

cumulative probability table for angular distribution by using a

random number in the range O0<R<1, The cumulative probability is

given by
H -
P(W = du I(uj ; 8'r8), - (10
-1
P(-1) = 0, P(l) = 1,

This probability is presented by piece wise linear functions, hence
the cosine of scattering angle i can be continuously obtained. That

is, a value of U is uniduely determined corresponding to a random
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number. Accordingly, the ray effect is not appeared, and also the
negative flux or the negative weight problem is eliminated since

the probability P{u) is non negative in the range -1 éngl.a)

2) Cross Section Library

)

The multi-group cross sections have been produced from ENDF/B45
and JENDLB-PRie). The number of angular intervals is twenty in the
range -1 $psl (Au = 0.1) and the number of energy group is 125,
Note that the last group is assumed to be a thermal group and the cross
section of 125 th group should be input by users if necessary. The
slowing down cross section of 124 th group to 125 th group is given
in the library. The group structure shown in Table 2.1 has been
chosen to be appropriate for fusion reactor neutronics calculations.

The identification number of nuclide is shown in Appendix.

The cross sections are read from unit 99 and written on unit
TXTAPE and 96 after processed in the form which is directly used in the
code. 1f users hope to use repeatedly these processed cross sections in
another problems or in restarting the previous run, the processed data

on units IXTAPE and 96 should be saved in order to reduce a computation

time. The detail of format is described in Chapter 4.

2.2 TExternal Source

The source routines are supplied by users in the MORSE code. The
basic information to specify is geometry of source cell, direction of
flight and energy spectrum. The types of sources installed in the
present code are described below. If the source region consists of
some unit cells, the relatiﬁe intensity of each source cell, fi should

be input, and normalized as Z fi = 1. The coordinate of source particle
' i
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is denoted by (XS, YS, ZS), and random numbers are by Ry, R; and R;

which are in the range 0<R<1.
(1) Geometry of 8Source Cell and Distribution of Source Particle Density
1. Point
Xs = X0, YS = YO, ZS = Z0
2. Rectangular Pérallelpiped with Uniform Distribution

Each side should be parallel to coordinate axes. The averaged

particle density is constant in XL $x $XR, YL=y<YR, ZL Sz S ZR,

XS = R;*(XR-XL) + XL,
YS = R,+(YR~-YL) + YL,
Z = R3*(ZR-ZL) + ZL.

3. Rectangular Parallelpiped with Cosine Distribution

The averaged particle density is the cosine distribution aleng x,

v, and z direction.

X, =—  (XR-XL) ° {sin™' (2R - 1) +-g} + XL,
1 . . =1 il

Y ==+ (YR-YL) « {sin™? (2R;-1) + 71} + YL,
s m - 2
1 . -1 Ll

ZS == - (ZR-ZL) = {51n7 (2R, -1} + E}' + ZL.

4, Cylinder with Uniform Distribution

The averaged particle density is constant in OZr=XR, ZL=z=ZR.
The axis of cylinder should be parallel to z axis.
Y = XR.v/R; * cosb + X0,

XR*vVR; * sinf8 + YO,

e
I

™~
Il

- . + 7
, = (ZR-ZL) - Ry L,
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where 8 =2m + R

5. Gylinder with Cosine Distribution along z Axis

The averaged particle density is constant in (x,y) plane and cosine

distribution along z direction.

Xs = XR « v¥R; * cosB + X0 ,
YS=XR-/F_{1 . sind + YO ,
z =L @rozL) - Gsint (QRe- D 431 4 7L

6. Sphere and Spherical Shell with Uniform Distribution

The averaged particle density is uniform in O £r £XR (sphere) cr

XL € r £XR (spherical shell).

1/3
XS=XR'R1 + R, + XO ,
1/3
YS = XR*R; *v1-R5 °* cos{(2R5 - 1} T} + YO sphere
1/3 .
Z, = XRRq «/1-RZ * sin{(2R; - 1)7} + ZO
1/3
X, = {(xR? -X1?) R, +XL3} « R, +X0
1/3 '_ ;
Y = {(XR® - XL3) R, +XL3} . VI-RZ + cosOi(2R5 - 1)} + YO Shezzﬁl
1/3
Z, = {(XR®-X%L3) Ry +XL%} « /I-RZ + sinf{(2Ry - 1)1} + ZO

7. Circular Plane with Uniform Distribution

The averaged particle density is uniform em a plane of 02r sXR.

The plane should be perpendicular to z axis.

Xs = XL * vRy * cosb + X0,
Y, = XL - /Ry ¢ sing + YO,
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Z_ =120 ,
s

where © = 27 *» R, .

8. Cylindrical Shell with Uniform Distribution

The averaged particle demsity is uniform in XL =r £R, ZLSZ =ZR.

The axis of cylinder should be parallel to z axis.

1/z
X, = {(XR? - KLH)Ry + XL2} . - cos® + X0,
1/s
Y= {(XR*-XLH)Ry + XL2} -+ sinf + YO,
z, = (ZR-7L) * Ry *ZL,

where 6 = 2m ¢ Ra

(2) Flight Direction of Source Particle

Users can choose a probability distribution of flight direction
among the following options. The direction cosines to x, y, ¢ cooxdi-

nates, Us’ VS and WS are determined by using random numbers.

1. Mono-directicnal Distribution

u_ = UINP ,
v = VINP
W_ = WINP

S

2. Isotropic Distribution

US=2.R1-1’

¢) =2W'R2 y

Vv = ¥1-U% « cos ¢4 ,
S =)

Ws = VI—U; + sin ¢ .

3. Cosine Distribution against -z Direction

WS = VR, . for NEMIS = 3
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W= -/R; , for NEMIS = -3
d = 2m Rx ’
U, = Vl—Wz « cos ¢ ,

vV = Vl—W; + sin ¢

4. Arbitrary Distribution

The probability distributions in polar and azimuthal angles,
ANGDIS(1,J) and FAIDIS(J), resﬁectively should be given by the user
in input data as a function of angle and energy. After determining
the energy group 11, the interval of polar angle D (J1) is sampled

from the cumulative probability functicn as

J1
% ANGDIS(L1,J) > Ry
J=1

By using the random number Ry
Ji
T ANGDIS(I1l,J) - Ry

w =221 + {DEG(J1) - DEG(J1+1)}

s ANGDIS(I1,J1)

+ DEG  (J1+1).

Similarly, the interval of azimuthal angle is sampled, and Ug and Vg are

determined as fellows;

K1
% FAIDIS(K) - R,

o = K=l . {FAI(K1) - FAI(KI+1)},

FAIDIS(K1)

+ FAI{KI+1)

[}
I

Vl—W; « cos ¢,

<
I

V1-W2 « gin 9.
s
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5. Cosine Distribution against Radial Direction

At first, the flight direction Ué, V; and W; are determined

against z axis, and rotated to the radial direction as

Q(U L,V W) =1 Q" (u',v',u"),
S s 5 S s S

where I is the matrix to transfer angles.

(3) Energy Distribution of Source’ Particle
1. Arbitrary Stepwise Distribution
The probability distribution should be given by the user for energy
bins, which is read in by subroutine SORIN.
2. Watt's Fission Spectrutrum

E/a ginh  (/BE),

£(E) = e
where a and b are constants.
3. Arbitrary DPistribution
The probability distribution should be given by the user for
energy points. The source energy is determined by linearly inter-—
polating in log-log or in linear-linear between the input energy
points.

4. Mono-Fnergy Distribution

The source particle has a constant energy.
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2.3 Tallies

MORSE-DD provides five standard tallies, but these basic tallies
can be easily modified by the user. All tallies are normalized to be
per one starting particle. They are also a function of energy and
angle. The tally data are edited on a user file, so the user can
process them into interesting quantities (e.g, reaction rate) by using
auxlliary programs.

(1) Flux at a Point

The flux at a detector consists of the contribution to a detector
directly from the source and the probability of a contribution to a

detector every time a particle has a collision, which is written as

follow;
b(ry,9) = Sdr'S(RY, 6 ) ——t—— exp (=B(r',rp)).
\rv_rdWZ -
L
v ordrtsag 22 R(g o o) &(n, ——— ) o(x", 9.
Wr'—-rd\
exp (-8(r', rd)),
Ir*-rd1
where
_ let-r | (r'—rd)
B{r ,rd)=fo d Zt(r _R_—_l-)dR.
r—-rd

MORSE-DD csdlculates the flux basing on the following formula,

exp (_B(.ri 9-rd) )

¢(r d’Q) =§wi Pi | _ |2
* i *a
£ () .
+ I W, — P exp (-Blr,, r )),
7] : 2 3 d
3 z (r.) lr.-r
£t i j d
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where
Wi = particle weight born at the source,
wE = particle weight before a collisions,
Pi = probability of particle being born into the solid angle d@ .
P(u)= probability that a scattering angle will be u.

The first term is called as a uncollided flux and the second one as a
last flight or next event estimator. As seen from the above expression,
this scheme has an 1/R? singularity (R is the distance between
collision and detector) for a detector in a scattering medium which
makes the theoretical variance of the estimator infinite. The proba-
bility P, is determined from the angular distribution of the source
particle defined in the source routines. The probability P(u) is

calculated by using the scattering probability matrix Eq.(6) as follows;

¥ 4
Pg(:)g 1 T(w 28'8)
27 ﬂuk ’
where g'+g = evergy transfer from group g' to group g,
Ay = width of k th angular interwval.

k

It is recommended that the point estimator should be used in regioms

of little scattering (e.g, air) or in voids because a large-weighted

particle interacting arbitrarily close to the detector can severely

perturb both the detector result and its variance due to the 1/R?

singularity. To cope with this difficulty, the code can apply the

bounded sphere approximation in the neighbouring region of the detector.
If we can assume that the scattering is isotropic and uniform in

a spherical region surrounding the detector point, the 1/R* singularity

can be removed by scoring exp(—Ztr)/Aﬂc2 instead of exp(—Ztr)/éﬂrz
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within this sphere. In the code, C is approximately given by the

formula,

o2 = g% [_2:_4. (1+%) / (1—8)\)} ’

;\A
where a = radius of sphere,
A= L& .

t

For a typical problem, the value of a is on the order of 0.1 ~ 0.5 in
a mean free path unit.

When a point estimater is used, the computation timé rapidly
increases with increasing the number of detectors. To reduce the
computation time, the code can use the probabilistic sampling tech-
nique outside an imaginary sphere of a specified radius Rmax’ if the
real collision occurs outside the sphere, this event is scored with
the probability (RmaX/R)Z. For the scored event, the weight of
particle is increased by a factor of (Rmax/R)2° This technique is

effective for a large system.

(2) Flux and Current across & Surface

The current between angles u1 and uz over a surface § is given by

Me 2m
Ssds jul du ,{0 dé d(r,u,$u,

Y =
where
u = cosine of polar angle between normal direction of surface and
particle flight direction
¢ = azimuthal angle

The angular flux integrated over S is given by

U 2m

g = [ o],

do{ud(r, i)} =
i-1 "
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The flux in the cosine bin My is obtained by scoring the particle j
crossing S as

Efui) = ? Wy / uy /s,

and the current tally is given by

n =
”(“i) ? wj /S

Note that the current tally is not the net current of nuclear reactor

theory, but equal to the number of particles crossing S.

(3) Track Length Estimate

The flux is calculated by summing the track length travelled in

the specified regicn as follows;

where li = track length of particle i
W, = weight of particle 1
V = volume of the specified region

The track length estimator is very reliable for both the detector

result and its variance.

(4) Collision Estimate

. . . 1 . .
The collision estimator scores W » T at each collision event

t
that occurs within the specified region V, that is, the flux is

calculated by

The collision estimator tends to suffer statistically in optically
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thin regions since few collisions occur there. This statistical
problem is usually improved by using the track length estimator. The
surface crossing, track length and collision estimators all tend to
suffer from increasing statistical errors as the volume of the
detector region becomes arbitrarily small. The next event (point
detector) estimator is a candidate for such problems. The user should

be careful in choosing effective estimators for his problem.
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3. INPUT INSTRUCTLONS

3.1 Random Walk Input Instructions

The input read by subroutine INPUTL is as follows:

CARD A (20A4)
Title.card.

(Any character other than a blank or alphameric in column one will

terminate the job.)

CARD B (1015, ¥5.0,21I5)

NSTRT
NM@AST

NITS

NQUIT

NGPQTN
NGPQTG

NMGP

NMTG

NC@ALTP

LADIM

AXTIM

MEDIA

MEDALB

number of particles per batch.

maximum number of particles allowed for in the Bank(s);
may equal NSTRT if no splitting, fission, and secondary
generation,

number of batches.

number of sets of NITS batches to be run without calling
subroutine INFPUT.

number of neutron groups being analyzed.

number of gamma-ray groups being analyzed. When DDX
cross section is used, NGPQTG should be squal to O.
number of primary particle groups for which cross
sections are stored; should be same as NGP (or the same
as NGG when NGP = 0) on Card XB read by subroutine XSEC.
total number of groups for which cross sections are
stored; should be same as NGPHNGG as read on Card XB
read by subroutine XSEC.

set greater than zero if a collision tape is desired;
the collision tape is written by the user routine BANKR.
set greater than zero for an adjoint preblem.

maximum clock time in minutes allowed for the problem
to be on the computer {(c.p.u. time); e.g., 4.5 entered
here allows 4 and 1/2 minutes.

ngﬁber of cross-section media; should agree with NMED
on Card XB read by subroutine XSEC.

albedo scattering medium is absolute value of MEDALB;

if MEDALB

MEDALB < 0, albedo only problem - no cross sections

0, no albedo infromation to be read in

are to be read,

MEDALB > O, coupled albedo and transport problem,
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CARD C (4I5, 5E10.5)

IS@UR - source energy group if > G,
1f ISPUR < O or if ISPUR = O and NGPFS # O, SORIN
is called for input of Cards EI and EZ.

NGPFS - number of groups for which the source spectrum is to
be defined. If ISPUR < O, NGPFS 2 2.

LSBIAS - no source energy biasing if set equal to zero; other-
wise the source energy is to be biased, and Cards E2

are required,

N@TUSD - an unused variable.

WTSTRT - welght assigned to each source particle.

EBGTN - lower energy limit of lowest neutron group {eV)
{group NMGP).

EN@TG - lower energy limit of lowest gamma-ray group (eV)
{group NMIGO).

TCUT - age in sec at which particles are retired; if TCUT = O,

ne time kill is performed.

VELTE - velocity of group NMGP when NGPQIM > 0; i.e., thermal-
neutron velocity {cm/sec).

CARD D (7E10.4)

XSTRT

YSTRT coordinates for source particles.

ZSTRT

AGSTRT -~ starting age for source particles.

UINP

VIND source particle direction cosines if all are
zero, isotropic directions are chosen.

WINP

Source data on Cards C and D will be overridden by any changes in sub-

routine S@INP. Subroutine S@INP in called from subroutine S@URCE.

CARDS El (7E10.4) (Omit if IS@UR on Card C > O or if IS@UR = NGPFS = 0)
NGPFS values of FS, where FS equals the unnormalized fraction of
source particles in each group.

CARDS E2 (7E10.4) (Omit if IS@UR > O or if IS@UR £ 0 and ISBIAS = 0)

If ISBIAS > O, NGPFS wvalues of BFS, the relative importance of a
source in group I, are required.

CARDS F (7E10.4)
NMTC values of ENER, the energies (in eV) at the upper edge of the

energy group boundaries.
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NOTE: The lower energies of groups NMGP and NMTG were read on
Card C.
G (215,5X,3611,5%X,1311) (Omit if NC@LTP on Card B < 0)
NHISTR - logical tape number for the first collision tape.
NHISMX - the highest logical number that a collision tape may
be asgsigned.
NBIND(J), J=1, 36 - an index to indicate the collision parameters
to be written on tape.
NCPLLS(J), J=1, 13 - an index to indicate the types of collisions
to be put on tape:
(See tables 3.2 .for information concerning NBIND.)
H (Z12), on IBM-360; (@20) cn CDC-6600
RAND@M - starting random numder,
In restart run, this value is replaced by the wvalue

read from the restart tape.

T (715)

NSPLT -~ index indicating that splitting is allowed if > O.

NKILL - index indicating that Russian roulette is allowed if > O.

NPAST - index indicating that exponential transform is invoked
if > ¢ (subroutine DIREC required).

N@LEAK - index indicating that non-leakage is invoked if > O.

IEBIAS - index indicating that energy biasing is allowed if > O.

MXREG -~ number of regions described by geometry input (will be
set to one if £ Q).

MAXGP - group number of last group for which Russian roulette
or splitting or exponential transform is to be per-
formed. For adjoint, set = NMIG or overstoring results.

J (615, 4E10.5) (Omit if NSPLT + NKILL + NPAST = 0)

NGPl} from energy group NGPl to energy group NGP2, inclusive, in

NDG steps of NDG and from region NRGl to NRGZ, inclusive, in

NGPZ‘[ steps of NDRG, the following weight standards and path-

NRG1 stretching parameters are assigned, If NGP1 = 0, groups 1

NDRG to MAXGP will be used; if NRG1 = 0, regions 1 to MXREG

NRG2 will be used (both in steps of one). Usually NDG = 1 and
NDRG = 1.

WTHIHI - weight above which splitting will occur.

WTLAWL - weight below which Russian roulette is played.
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Table 3.1 Variables That May Be Written on Tape (NBIND)

J Variable® J Variable
1 NC@LL 19 WTBC

2 NAME 20 ETAUSD
3 16 21 ETA

4 U 22 AGE

5 v 23 @LDAGE

6 W 24 NREG

7 X 25 NMED

8 Y 26 NAMEX

9 z 27 WATEF
10 WATE 28 BLZNT
11 1G9 29 BLZ@N
12 U@LD 30 VEL(IG)
13 V@LD 31 VEL(IG®)
14 W@LD 32 TSIG
15 XJLD 33 PNAB

16 Y@LD 34 NXTRA
17 Z@LD 35 EXTRAT
18 @LDWT 36 EXTRA2
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- weight given those particles surviving Russian roulette.

- path-length stretching parameters for use In exponential

transform (usually 0 £ PATH < 1}.

End Cards J with negative value of NGP1 (ex., -1 in columns 4 and 5).

CARDS K (7E10.4)

(Omit if IEBIAS on Card I < 0).

((EPR@B(IG,NREG), IG = 1, NMIG), NREG = 1, MXREG)

Values of the relative energy importance of particles leaving a

collision in region NREG. Input for each region must start on a

new card.
CARD L (415)

NS@UR

MFISTR

NKCALC

N@RMF

CARDS M (7E10.4)

set < 0 for a fixed source problem; otherwise the
source is from fissions generated in a previous batch.
index for fission preoblem, if £ 0 no fissions are
allowed.

the number of the first batch to be included in the
estimate of k; if £ 0 no estimate of k is made.

the weight standards and fission weights are unchanged
if £ 0; otherwise fission weights will be multipiied,
at the end of each batch, by the latest estimate of k
and the weight standards are multiplied by the ratio
of fission weights produced in previous batch to the
average starting weight for the previous batch. For
time-dependent decaying systems, N@RMF should be > O.

(Omit if MFISTP on Card L = 0)

(FWLY(I), I = 1, MXREG) values of the weight to be assigned to

fission neutrons.

CARDS N (7E10.4)

(Omit if MFISTP on Card L £ 0)

(FSE(IG,IMED), IG = 1, NMIG), IMED = 1, MEDIA)Y the fraction of

fission-induced source particles in group IG and medium [MED.

NOTE: Input for each medium must start on a new card.

CARDS 0 (7E10.5)
coupled neutron-gamma-ray problem)
((GWL@(IG,NREG) IG = 1, NMGP or NMIG - NMGP), NREG = 1, MXREG) -

(Omit if NGPQTN = 0 or NGPQIG = 0, i.e., include if

values of the probability of generating a gamma ray. NMGP groups

are read for each region in a forward problem and NMIG-NMGP for

an adjoint.

Input for each region must start on a new card.
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3.2 Combinatorial Geometry Input Instructions

The combinatorial geometry input data is read by the JPMIN sub-
routine, except for the region volumes VN@R(1), which are read by the
GTVLIN subroutine whenever IV@PT = 3. TFor clarity of terminology, the
terms "regions" and 'media" have essentially the same meaning as in the
@5R Geometry Package, but are constructed in a different manner. The
term "zone'" is the same as the "region" as defined in the criginal com-
binatorial geometry package. The term "body' has the same meaning as in
the original combinatorial geometry package.

CARD CGA (2I5,10X,1046) '
IV@PT - option which defines the method by which region volumes
are determined; if
IVgPT = 0, volumes set equal to 1,
IV@PT = 1, concentric sphere volumes are calculated,
IV@IPT = 2, slab volumes (1-dim.) are calculated,
IV@PT = 3, velumes are input by card.

IDBG - if IDBG > 0, subroutine PR is called to print results
of combinatorial geometry calculations during execution.
Use only for debugging.

JTY - alphanumeric title for geometry input (columns 21-80).

CARDS CGB (2X,A3,1X,14,6D10.3)

One set of CGB cards is required for each body and for the END card

(see Table 3.2). Leave columns 1-6 blank on all continuation cards.

LTYPE - specifies body type or END to terminate reading of body
data (for example B@X, RPP, ARB, etc.). Leave blank
for continuation cards.

IALP - body number assigned by user (all input body numbers
must form a sequence set beginning at 1). If left blank,
numbers are assigned sequentially, Either assign all or
none of the numbers. Leave blank for continuation cards,

FPD(L) - real data required for the given body as shown in
Table 3.2. This data must be in cm.

CARDS CGC (2X,A3,15,9(A2,15))
Input zone specificaticn cards. One set of cards required for each

input zone, with input zone numbetrs being assinged segquentially.
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TALP — TALP must be a nonblank for the first card of each set
of cards defining an input zone. If TALP is blank, this
card is treated as a continuation of the previcus zone
card.

IALP - END denotes the end of zone description.

NAZ - total number of zones that can be entered upomn leaving
any of the bodies defined for this input region (some
zones may be counted more than once). Leave blank for
continuation cards for a given zome., (If NAZ £ 0 on
the first card of the zone card set, then it is set to
5). This is used to allocate blank common.

Alternate IIBIAS(I) and JTY(I) for all bodies defining

this input zomne.

IIBIAS(I) - specify the "@R" operator if required for the JTY(I)
body.
JTY(D) - body number with the (+) or (-) sign as required for

the zone descripticn.
CARDS CGD (1415)
MRIZ(I) - MRIZ(1) is the region number in which the "Tth" input
zone is contained (I = 1, to the numbey of input zones) .
Region numbers must be sequentially defined from 1.
CARDS CGE (14I5)
MMIZ(T1) - MMIZ(I) is the medium number in which the "Ith" input
zone is contained (I = 1, to the number of input zones).
Medium numbers must be sequentially defined from 1.
CARDS CGF (7D10.5) (Omit if IVQPT # 3)
VN@R(T) - volume of the "Ith' region (I = 1 to MKREG, the number

of regioms).
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3.3 M@RSEC - Cross—=Section Module Input Instructions
CARD XA (20A4)

Title card for cross sections. This title is also written on tape
if a processed tape is written; therefore, it is suggested that
the title be definitive.

CARD XB (1315)

NGP - the number of primary groups for which there are cross
sections to be stored. Should be same as NMGP input in
MPRSE.

NDS - number of primary downscatters for NGP (usually NGP) .

NGG - number of secondary groups for which there are cross
sections to be stored.

NDSG - number of secondary downscatters for NGG (usually NGG) .

LNGP - total number of groups for which cross sections are to
be input.

ITBL - table length, i.e., the number of cross sections for
each group (usually equal to number of downscatters +
number of upscatters + 3).

I5GG — location of within-group scattering cross sections
(usually equal to number of upscatters + 4y .

NMED — number of media for which cross sections are to be
stored - should be same as MEDIA input in M@RSE.

NELEM - number of elements for which cross sections are to be
read.

NMLX - number of mixing operations (elements times density
operations) to be performed (must be 2 1).

NC@EF - number of coefficients for each element, including PO.
Set 1 if DDX mecde in used.

NSCT - number of discrete angles (usually NCOEF/Zintegral
when IDDX = G).
number of angular interval (when IDDX = .

ISTAT -~ flag to store Legendre coefficients if greater than
2exro.,

IDDX - 0/1 = PE expansion mode/DDX mode.

CARD XC (11I5)

IRDSGT - switch to print the cross sections as they are read

if > 0.
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ISTRt - gswitch to print cross sections as they are stored if

> (0. No output for cross section if ISTR < O and

IDDX = 1.
IFMU T —~ switch to print intermediate results of u's calculation
if > 0.
IMOMY - switch to print moments of angular distribution if > O.
TPRINT - switch to print angles and probabilities if > 0.
IPUNT - switch to print results of bad Legendre coefficients
if > 0,
IDTFt - switch to signal that input format is DIF-TV format

if > 0; otherwise, ANISN format is assumed.

IXTAPE - logical tape unit if binary cross section {ANISN-type),
set equal to O if cross sections are from cards.
If DDX = 1, DDX library is read from Unit 99 and the
processed ANISN-type cross sections are written on unit
IXTAPE. If negative, the processed cross sections and
other necessary data from previous run will be read.
In this case (IXTAPE < 0), no cross sections from cards
and no mixing cards may be input when IDDX = O, while
all cross section data (element ID and mixing card etc.)
are required when IDDX = 1. The absolute value of IXTAPE
is the logical unit for the processed ANISN-type corss
sections. The additional processed DDX library is read
from unit 96.

JXTAPE - logical tape unit of a processed cross section tape to
be written (IDDX = 0). This processed tape will contain
the title card, the variables from common LPGCSIG and the
pertinent cross sections from blank commen. JXTAPE is
dummy {nput for DDX mede., In the case of DDX mode, logical
units of processed cross sections to be written are units

96 and IXTAPE.

I@6RT - logical tape unit of a point cross-section tape in 06R
format.
IGOPT - last group (M@RSE multigroup structure)} for which the

06R point cross sections are to be used (< NMGP).

t Switches are ignored if IXTAPE < 0.
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CARD XC' (7E10.5) (Omit if IDDX # 1)
Boundaries of angular interval. NSCT data is necessary in
descending order. The last data should be equal to -1.

CARD XD (1415) (Omit if IXTAPE < O and IDDX = 0)
Flement identifiers for cross section tape. If negative and
IDDX = 1, the cross sections for last group {NMGP group) are
read from the following cards. IF element identifiers are in the
same order as elements on Tape, the efficiency of the code is
increased due to fewer tape rewinds.

CARDS XE (IS, 5F10.3) (Omit if element identifiers on Card XD > 0)
NELEM (see Card XB) cards are required.

MAT - element identifier

SIGTO - total cross section of NMGP group
SIGFR ~ production cross section of NMGP group
S1GC - absorption cross section of NMGP group
SIGF - fission cross sectlon of NMGP group
SIGFE - vo,. of NMGP group

f
CARDS XF (2I5,E10.5) (Omit if IXTAPE < O and IDDX = o)

NMIX (see Card XB) cards are required.
KM - medium number.
KE ~ element number occurring in dedium KM (negative value
indicates last mixing operation for that medium) .
Failure to have a negative value causes code not to
generate angular probabilities for that media (LEGEND
and ANGLE nc caled).
RH® - density of element KE in medium KM.
CARD XG (Omit if IXTAPE # 0)
1f cross sections are in free-form, a card with in columns 2 and
3 must precede the actual data. '
ANISN format if IDTF £ Q; otherwise, DTF-IV format, Cross sections
for INGP groups with a table length ITBL for NELEM elements each
with NC@EF coefficients.
CARD XH (I5) (Omit if IO6RT £ 0)
NXPM - number of point cross—-section sets per medium found on

an 06R tape.

1, total cross section only,
= 2, total + scattering cross section,

3, total, scattering, and vkfission cross section.
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NOTE: Cross sections and cross-section input data may be checked inde-
pendently of M@RSE utilizing XCHEKR. The input to XCHEKR consists of
the cross-section cards XA through XG preceded by a card as follows:

Format (4I5)

IADIM - set greater than zero for an adjoint problem.

MEDIA - number of cross-section media; should equal NMED on
Card XB.

NMGP - number of primary particle energy groups for which
cross sections are to be stored; should equal NGP on
Card XB.

NMTG - total number of energy groups for which cross sections

are to be stored. Should be equal tc INGP on Card XEB.
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3.4 Analysis Input Instructions

CARD

CARD

The following data are read from cards by SCPRIN:
AA (20A%) |

Title information - will be immediately output.
BB (13I5,12,13)

number of detectors (set = 1 if < 0).

ND -

NNE - number of primary particle (neutron) energy bins to be
used (must be < NE).

NE — total number of energy bins (set = 0 if £ 1).

NT - number of time bins for each detector (may be negative,
in which case }NT} values are to be read and used for
every detector) (set = 0 if NTI £ 1).

NA - number of angle bins (set = 0 if < 1).

NRESF - number of energy-dependent response functions to be
used (set =1 if £ 0).

NEX ~ pumber of extra arrays of size NMIG to be set aside
(useful, for example, as a place to stere an array of
group-to-group transfer probabilities for estimator
routines).

NEXND — number of extra arrays of size ND to be set aside
(useful, for example, as a place to store detector-
dependent counters).

NTAPE — indicator of restart option if NTAPE > 0.

The result of previous run is read from unit NIAPE,
and the data for next run is written on unit NTAPE -+ 1.

NNBAT - dummy input. Set O.

NRUN2 - 0/1 = first run/restart run.

IOUTE - unit of output flux.

0/1 = per unit lethargy/per unit energy.
IEST - indicator of flux estimator

0 ~ point estimator

1 _ surface cross estimator (sphere of which center is
placed at the origin)

2 - surface cross estimator (circular plane perpendicular
to Z-axis)

3 - track length estimator

4 - collision estimator

-1 - arbitrary combination of above estimators
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For the estimators except for point one, the detector regions or

detector surfaces should be defined by the gecmetry input.

INCF -
I0OUTF -

IQUTF1
3
2
1
0
LOUTEF2
4

3
2z
1
0

flag to calculate uncollided flux if INCF = 1.

This flag is effective only feor the point estimater.

Brief output indicator if IOUTF # 0.
Two-digit integer (IOUTF1 x 10+ ICUTF2).

indicator for the results of edit.

Only integrated response.

response + energy dependent total [lux

response + enérgy dependent total flux + angualr flux
all

indicator for random walk informatiom.

No output

(regionwise) real collision, albedo collision, fission

3 + Splitting
2 + Russian roulette

all

CARD BBl (5I5) (Omit if IEST # -1)

IEl
1EZ

IE3 -
x®

IE4 -
%

LES -

number of point estimator

number of surface cross estimator (sphere)

number of surface cross estimator {circular plane)

number of track length estimator

number of collision estimator.

%
Should be equal to the region numbers defined by the geometry input.

CARD CC (5E10.4) ND cards are required if TEST = 0,1,2, and (IEl + IE2 +

IE3) cards are if IEST = -1.

X,Y,Z, RMAX, RMIN - location of point or surface cross estimatoers.

For the point estimator,

(X,Y,Z2)

RMAX

%
RMIN

detector location

radius (cm) of sphere, The bounded sphere
approximation is applied within the sphere.

scoring is performed with the probability (RMIN/R)?

outside the sphere with radius RMIN.

For the surface cross estimator (sphere)},

£
the detector is the surface of sphere with radius R and with the

center at the origin.
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CARD

CARD

CARD

CARD
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R2= X2 + Y2 + 27,
For the surface cross estimator (circular plane),
the detector surface is the circular plane perpenclicular to Z
axis of radius X with the center at (0,0,Z) '. RMAX and RMIN
are dummy for the surface cross estimator.
The same values of RMAX, RMIN, which are defined on the last card,
are commonly used for all the point estimators.
Should input in increasing order of Z value.
Mote that the distance between the above points and the XSTRT,
YSTRT, ZSTRT values and the initial age, AGSTRT, will be used to
define the lower limit of the first time bin.
DD (2044)
Title or units for total responses for all detectors. Will be
used in columns 54 through 133 of the title for the print of
these arrays.
EE (20A4)
Title or units for each total response for all detectors.
FF (7E10.4)
Response function values. NMIG values will be read in each set of
FF cards. Input order is from energy group 1 to NMIG {(order of
decreasing energy).
NOTE: Cards EE and FF are read in the following order:
EE, FFl, . . . FFN, EE, FFl, . . . FFN, etc. NRESP sets of EE,
FF cards will be read.

GG (20A4) (Omit if NE < 1)

Units for energy-dependent fluence for all detectors.

CARDS HH (14T15) (Omit if NE < 1)

CARD

CARD

Energy group numbers defining lower limit of energy bins (in
order of increasing group number). The NNE (if > 0) energy must
equal NGPQTN; the NE entry must be set to NMGP + NGPQIG for a
combined problem, or else NGPQTG or NGPQIN.

II (20A4) (Omit if |NT| < 1)

Units for time-dependent total responses for all detectors.

J3 (20A4) (Omit if [NT| 5 1 or NE 5 1)

Units for time and energy-dependent fluence for all detectors.
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CARDS KK (7E10.4) ({(Omit if |NT| < 1)

CARD

CARD

NT wvalues of upper limits of time bins for each detector (in order

of increasing time and detector number). The values for each de-
tector must start on a new card. [NT! values only are read if NT
is negative. They are then used for every detector.

LL (20A4) (Omit if NA < 1)

Units for angle- and energy-dependent fluence for all detectors.
MM (7E10.4) (Omit if NA < 1)

NA values of upper limits of angle bins (actually cosine bins;

the NAth value must equal oﬁe).

Following the input for the SAMB@ analysis module, input cards for
user—written routines INSC@R, S@PURCE, and ENDRUN.
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3.5 External Source Medule Input Instruction.

CARD

CARD

CARD

The input for extermal source module is read by subroutine S@INP

called from subroutine S@URCE.

S1 (I5)
IS : Number of source IS # 0)
S2 (7F10.4)
S(I), I =1, IS : relative intensity of i'th source
s3 (10%X,315,2E10.3,I5)
NSORCE - Geometry and distribution of source.
1 point source
2 rectangular parallelpiped source, uniform distribution
3 rectangular parallelpiped source, cosine distribution
4 cylindrical source, uniform distribution
5 cvlindrical source, cosine distribution
6 sphere or spherical shell source, uniferm distribution
7 circular plane source, uniform distribution
8 cylindrical shell source, uniform distribution
NEMIS - Angular distribution of socurce particles
1 monodirectional
2 isotropic
3 cosine distribution against Z-direction
> Q positive direction only
< 0 negative direction only
4 arbitrary emission
5 cosine distribution against radial direction
positive: outward, negative: inward
(effective for NSOURCE = 6,7)
NSPEC - source energy spectrum

0 arbitrary spectrum read by SPRIN. (ISHUR < 0)

1 Watt's fission spectrum

-2 S(u) log-log interpcolation

+2 } arbitrary pointwise spectrum. S(E) 1linear-linear interpolation
3 mono-energy

ETOP
FROT dummy input
JDIREC transformation of directional cosine.

1 normal

2 Y+«X,Z2Z+«%Y, X*Z
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3 Y+« Z, 2 «X, X <Y
4 arbitrary rotation of direction

5 . arbitrary rotation of direction and pesition

CARD S4 (10X,3F10.4)

X0,Y0,Z0 Origin of source

CARD 55 (10X,6F10.4)

XL,XR,YL,YR,ZL,ZR geometrical input of source: See Table 3.3

Table 3.3 Geometry Input for Source

NSORCE X0 Y Z0 XL xR YL YR ZL ZR
1 X0 YO Z0 - - - - - -
2 - - - XL XR YL YR ZL ZR
3 - - - XL %R YL YR ZL ZR
4 X0 YO — - xR - - ZL ZR
5 X0 YO - - xR - - ZL ZR
6 X0 YO Z0 XR XR - - — —
7 X0 YO Z0 XL — - - - —
3 X0 YO - XL XR — - ZL ZR
9 X0 YO yAY - XR — — - -

CARD

CARD

CARD

CARD

— means dummy input.

S6 (10X,3F10.3) (enter if NEMIS = 1)

UINP,VINP,WINP: direction cosine of mono-direction
UINP2 + VINP? + WINP? =1

S7 (I5) {enter 1f |NSPEC| = 2)

IMAX1 No. of energy points for which the energy spectrum is
given. IMAX1 should be > 2.

S8 (2E10.5) (IMAX1 cards are necessaryif \NSPEC] z 2)

(E(1), FE(I)) source spectrum.

Unlt fo FE{I) is per unit lethargy or per unit energy when NSPEC

on CARD 53 is -2 or 2, respectively.

59 (3I5) (Omit if NEMIS # 4)

IMAX number of energy boundaries.
JMAX number of polar angle mesh.
KMAX number of azimuthal angle mesh.
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CARD S10 (7E10.4) (Omit if NEMIS # 4)
ENG(I),I =1, IMAX - upper energy boundaries for the I'th angular
distribution is used.

CARD $11 (7E10.4) (Omit if NEMIS # &)
DEG(I),1I =1, JMAX Cosine bins of polar angles, for which angular
distribution is defined.

CARD 812* (7E10.4) (Omit 1if NEMIS # 4)
(ANGDLS(T,J),J = 1, JMAX-1) Probability with which the source
particle within I'th energy interval and J'th polar angle bin 1s
generated. The probability is normalized such as

JMAX-1
z ANGDIS(I,J) = 1.0
J=1
(IMAX-1) sets of CARD S12 are required,
CARD S13 (7E10.4) (Omit if NEMIS # &4 or KAMX = C)
FAI(L),T = 1, KMAX azimuthal angle bins for which azimuthal
probability is given.
CARD 814* (7E10.4) (Omit if NEMIS # 4 or KMAX = 0)
FAIDIS{(I), I = KMAX-1 azimuthal probability.

The probability is normaliged such as

KMAX-1
z FAIDIS(I) = 1.0
J=1

CARD S15 (3E10.4) (Omit if JDIREC = 3)
TH1,FAl,PSAI1 data for the rotation of source.
see Fig. 3.l.
CARDS S3 ~ S15 are repeatedly input for IS sources {see CARD S1).

% The angular distribution function P of I'th energy interval is

defined by
ANGDIS(I,J)*FAIDIS(K)
(FAL(K) - F(K+1))*(DEG(I) - DEG(I+L))
P (o) = for DEG(I+1)< U < DEG(I), FAI{K+1)< ¢ < FAL(X),

0 for otherwise
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7 - direction —= z' —direction
x —direction —= x' —direction
y —direction —= y' —direction

Fig.3.1 Rotation of coordintes
Tbe angles (8,¢,0) correspond to (TH1,FAL,PSAIl)} in

card S15
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4, Job Control Instructioms
4.1 Job Control Statements

A sample of job contrcl statements for FACOM-M~series computer 1is
shown in Fig. 4.1.

Executive load module of MORSE-DD has been prepared in J3803.
XXMORSE.LOAD(D). The size of blank common in this module is 70k words,
and a user should replace Main routine by user's one having an

appropriate size of blank common.

4.2 Binary File Format
1/0 files required by MORSE-DD are summarized in Table 4.,1.

Format of double differential type cross section library and details
of output and their formats for each output file in ﬁDX mode are as
follows.

1) Double differential type cross section library (unit 99)

rots Element
MAXT, IDUMMY, IDUMMY, MATNO, (TITLE(I), I=1,12)

(MAXSD(I), I=1, MAXIL)

: g g2 g g g _

E (Upr’ s U.» VOLs 00, g =1, MAXI)

E [ 1, MAXT

b (r Guyogogh, i= 1, MaRD), gl =1, MAXSD(R)



JAERI-M 84-126

ii) Processed cross sections (unit 96)

~ 1, Media
- 1, Group
g g g g .8 ' '
Zpr, TeTs L7, B, I AT, (grel).
kil
L ((Pp. (g-g') , k=1, NSCT), g' =1, NGP).
L uk
W _
* P (grg") =-!1k1(u;g+g0.
Mk

iii) Group transfer matrixes (unit IXTAPE)

(
L

1, Element

((o(I,J), I =1, IET), J =1, NGP).

g(1,J) 1is microscopic cross section with the same format as P

component of those in P, mode.

1

MATNO, MATNG, K, MATNO, (TITLE(I), I =1, 12).

0

In DDX mode, the data from

IXTAPE are used only to obtain the maximum slowing down group.

iv) Tallies (unit 95)

(E(g), g = 1, NGP + 1)

[

(A{m), m = 1, NA + 1)

[

1, Detector,

((F(g), AF(g)), g = 1, NGP).

1, Detector,

(((FA(m,g) ,AFA(m,g) ) ,m=1,NA) ,g=1,NGP) :

1, Detector,

[

((UF(g), AUF(g), g=1, NGP)

: energy boundaries.

total flux and its frac-
tional standard deviation
(1a).

: boundaries of angle bins.

angular flux and its
fractional standard
deviation.

: non-collided total flux

and its fractiomal
standard deviation.
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[ 1, Detector,
(((UAF(m,g) , AUAF(m,g)),m=1,NA),g=1,NGP) : non-collided angular

flux and its fractional
standard deviation.

(V) Restart dump (unit NTAPE + 1)
RANDOM : next random number.

number of batches previously run and
number of particles per batch.

NBATS, NSTRT

LL,LLL,(A(I),I=LL,LLL) : data in blank commom, LL =LOCUD+ 1,
LLL = LMAX. They are arrays of the sums
over all batches and the sums of
squared batch estimates.

//JCLG  JUB
/4 EXEC JCLG
//SYSIN DD DATA,DLM=f++"
J/ JUSER XXXXXXXX,Genimgmmy ,0431.100
T.4 C.7 W.2 P.O I.5
OPTP MSGCLASS=R, W,
// EXEC FORT?77,50='J3803.MORSEUP',a='_FORT',
7/ AsS'ELM(MAINTO)'
4/ EXEC LKEDIT?7,LM='J3803.XXMORSE' , CNTL=NQ

INCLUDE OLDLMCD)

ENTRY MAIN

NAME TEMPNAME
/7 EXEC GO
f/x
Srx—— UNIT 99 : DDX LIBRARY

//FTP9F0Q1 DD DSN=J3803.DDXLIB1.DATA,DISP:SHR,LABEL=(,,,IN)
ilx

trx—-— UNIT 98 : SCRATCH FILE FOR PROGESSING DDX LIBRARY
// EXPAND DISK,DON=FTS8FC01,$PC="100,40"

IR
Fix—— UNIT 94 OUTFUT OF PRODCESSED DODXLIBRARY (MACROD
f/ EXPAND DISK,DON=FT94F001,3PC="'50,40"
frx :
f/x—— UNIT 95 ¢ QUTFUT OF RESULT FOR PLOTTING ETC.

/FFT95FQ0Y DD DSN=J3803.PLOTDATA.DATA,DISP=(NEW,CATLG,DELETED,
rr SPACE=(TRK,(1;1);RLSE),DCB=(RECFM=VBS,LRECL=6EOB,BLKSIZE=6212)r

/f UNIT=TSSWK
I/*

//x-- UNIT IXTAPE : OQUTPUT OF PRUCESSED ANISN-TYPE CROSS SECTIONS FROM
fix Db¥X LIBRARY

/7 EXPAND DISK,0DDN=FT20F001,SPC="30,30"

fi=

7/x-- UNIT NTAPE + INPUT OF RESTART INFORMATION FROM PREVIOUS RUN
7/ EXPAND DI1SKTO,DDN=FTOBF0O01,DSN=J3803.RES]

f1x
fix-~ UNIT NTAPE+1: OCUTPUT OF. RESTART INFORMATION FOR NEXT RUN

J/FTO9FQ01 DD DSN=J3BO3.RESTART.DATA,DISP=(NEW,LATLGS,
It SPACE:(TRK,(l,l),RLSE),DCBz(RECFM=VBS,LRECL=6208,BLKSIlEﬁ&ZIZ)r

fF DNIT=TSSWK

fi*

f/s—— UNIT 5 3 CARD INPUT FOR MORSE-DDX
//SYSIN DD DSN=J3803.MORSECG.DATA(DDX5SLAB) ,DISP=5SHR
++

i

Fig.4.1 Job control statements

WA42__



JAERI-M 84-126

Table 4.1 MORSE-DD file requirements
Logical unit Contents Remarks /0
99 Binary DDX This file is used as input unit I
library from DDX library.
98 Seratch file i Scratch file used as a temporary 0,1
in DDX mode E storage in DDX mode
96 Processed crossi Scratch file used in DDX mode. 0,I
section in DDX § Processed data of cross section 0,1
mode " (Tx.Lg*P(g ™~g), P(uj,g'+g) are
written on this file.
95 Binary output This file may be used as input 0
of tally data file for auxiiliary programs
IXTAPE Binary Py This file is used as input unit I (in Pg)
library. from conventional Pg library. 0,I{in DDX)
! Scratch file in| In DDX mode, group transfer
f DDX mode. matrixes with the same format as
| Py library are written on this
file.
JXTAPE Processed cross ' Processed cross sections are 0
section in PQ written on this file
mode
NTAPE Restart infor—- : In a restart run, a restart dump I
mation ' information cof a previocus run is
read from this file
NTAPE + 1] Restart dump If a restart dump is required, a 0
restart dump informaticn is
overwritten on this file every 5
batches.
6 | Output of final | Final result of MORSE calcula- 0
result tion
5 Card-image Card-image input for MORSE-DDX I

input for
MORSE calcula-
tion

I and O mean read-only and write-only files, respectively.
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4.3 Core Requirement

The core storage requirement in bytes by MORSE-DD is the order of
570,000 + 4 » (blank common size in words). The size of the blank
common used. in cross section processing is different between the PE
and the DDX modes. .

The location in the blank common used for cross section processing
in DDX mode is shown in Fig. 4.2. The blank common size required.in
this case is given by

Memory = 3 ¥ NMIX + 2 x (NGP + NGG) + NELEM

2 % {NSCT x NGP X NGP + 5 X NGP)

+ Maximum (6 x RGP + (NSCT + 1) x NDSNGP) x KMED
+ NGP X NSCT + NGP + 5

2 x (NSCT x NGPxNGP +5x NGP)
Temporary storage |
3 x NMIX
+ NGP £ NSCT
+NGP +5
Temporary storage 2 2 xNGP
+
2 xNGG
+
NELEM {6 xNGP + (NSCT+I) x NDSNGP ) x NMED
Permanent storage >
be e
IBUF
Blank common
IRSG ISTART NLEFT
i
NLAST
NLEFT : Blanlc commen size
NDSNGP Maximum size of group -to —group transfer matrixes

Fig.4.2 Location of blank common used for cross section
processing
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5. GSAMPLE INPUT AND OUTPUT

The sample MORSE-DD input data is shown in Fig. 5.1. This problem
calculates neutron flux distributions in a eylindrical Li,0 pile with
radius of 35 cm and height of 80 cm. The whole cylinder is divided into
17 regions in which the neutron flux is calculated by using the track
length estimatcr. The source is positicned at x = 0, y = 0, z =0, of
which angular distribution is monodirectional, that is, parallel to
z axis. The composition of material is shown in Table 5.1. The cross

sections of thermal group (125 th group) are input by cards.

Table 5.1 Composition of Material

Nuclide MAT number Atomic number density (10** atom/cm?)
*Li 1271 4.2729 - 3
L4 1272 5.3422 - 2
O 1276 2.8848 - 2
Fe 1192 1.0785 - 3
Cr 1191 2.9922 - 4
Ni 1190 1.3086 - 4
Mn 1197 2.3921 - 5

The brief out put is shown in Fig.5.2.
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6. AUXILIARY PROGRAMS

6.1 REACT

REACT code calculates the reaction rate by using the output from

MORSE-DD (unit 95) and the prepared reaction cross section library; and

plots the spatial distribution of the calculated reaction rates. - The ID

numbers of reaction cress sections prepared are shown in Appendix.

The input for the REACT coae is as follows:

CARD A (%)
ND number of detectors
NE absolute walue of NE is the number of energy groups
If NE is negative, cross section of /NE/'th group is read
from a card.
NRES number of reactions to be calculated.
TPLOT 0/1 = not pleotted/plotted
IN logical unit of flux input.
IFLUX -1/0/1 = output flux from ANISN-DD/MORSE/ANISN
ILETH unit of flux
0/1 = @(E)/d(u)
IND number of sets of detectors
RNORM  normalizaticn factor
ICON -1/0/1 = cumurative/no effect/groupwise

CARD B (*) Omitt if.IND = O

(IMX(I), I+1,IND)

IMX{IND) must be ND. If IMX(I) is negative, the reaction rate

calculated for the detectors (IMX(I-1) + 1 ~ IMX(I))are not plotted.

* free format
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CARD C

Title for the input flux.

CARD D (%)

(R(I), I=1, ND) x—-coordinates for the detector I.
Cards E, E' are repeated by NRES sets.

CARD E (2A4)

ID number for reaction cross section in a PDS file.

CARD E' (%) Enter if NE < 0

cross section of |NE| 'th group.

If IPLOT on CARD A is zero, return to CARD A. The following input
is used to plot the results and to obtain reaction rates of any positions

by the interpolation.

CARD F (10A4)

main title for the figure.

CARD G (*)
XWIDTH length of X-axis.
UWIDTH length of Y-axis.

Cards H and I are repeated for all the cases to be plotted which are

specified by the positive IMX on CARD B.

CARD H (*)
NEXP number of spatial points at which the reaction rates are
required
IUNIT dummy input
NOPT interpolation method
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2 linear-linear.
1 linear-log.
-1 linear-log. Akima's interpolation method is used.
-2 linear-linear. Akima's interpolation method is used.
CARD I (%)
{RR(I), I=1, NEXP) x~coordinates of points at which the reaction

rates are required.

Return tc CARD A,

A sample input and job control statements are shown in Fig. 6.1.

6.2 Supplimentary Subroutines for MORSE-DD

Auxiliary subroutine package MORSEUP is prepared for several

different-types of calculation.

Module BDRYXC

Current through the sphere is estimated by the surface cross
estimator. Card input for BDRYXC is the same as that for spherical

surface cross estimator of flux in MORSE-DD.

Module BDRZC

BDRZ(C is the current estimator for the circular plane perpendicular

to z-direction. Input is the same as that for the flux estimator.

Moldule DIRECX

Path-length stretching is carried cut on the x-component of path.

Module DIRECZ

Path-length stretching is carried out on the z—component of path.
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% In the standard MORESE-DD, path-length stretching 1s performed on

the radial component of path.

Module COMPRESS

The present version of MORSE-DD needs a large ccre memory to
analyze a complex problem. If users de not need.any information about
random walk simulation such as numbers of real collision, energy cut
off and Russion roulette kill,.they can save effectively core memory
by using module COMPRES. The core memory size reduced by using medule

COMPRESS is about (11 x MXREG x MAXGP + 8 X NMTG x MEDIA).

//JCLG JOB
//JCLG EXEC JCLG
//SYSIN DD DATA,DLM="++!
/7 JUSER XXXXXXXX,MORI.TAKAMAS,O#Bl.lOO,FIBJOB
€.4 T.1 W.0 I.3 GRP

OFTP PASSWORD=XX,MSGCLASS=R
/1 EXEC LMGO,LM=’J3803.XXMORSE’,PNM=REACT
// EXPAND GRNLP,SYSOUT=M
//RESPONSE DD DSN=J3803.PROFDDX2.PDSlZAG.DATA,DISP:SHR
//FT10F001 DD DSN=J3803.PLTSLAB.DATA(DDX2),DISP=SHR
//FT11F001 DD DSN=J3803.PLTSLAB.DATA(DDXLIBl),DISP=SHR

//SYSIN DD =

17 -125 1 0 10 Q 1 3 0.053422 1
8 146 -17
DDX-0LD
5. 7x=10. 5. 7x10. 200.
LI70%1
0.
17 =125 1 1 11 0 1 3 0.053422 1
8 14 -17
DDX-NEW
5. 7%10. 5. T7=10. 200.
117091
0.
REACTION RATE IN LIZ20O SLAB
150 200
000
000
0 C 0.
000
++
Iy

Fig.6.la Job control statements and sample input data
for REACT
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TABLE OF MATERIAL NUMBERS IN CROSS SECTION LIBRARY

Table A.1 Identification number of elements

in 124-group DDXLIB! library

Element ENDF/B4 JENDL-3PR1 T

ID number ] ID number

Element ENDF/B4 JENDL-3PRI

64
Li
1'1
9Be

14N

23 Na
Mg

27 Al

1269 I *si 1194
1271 306 | K 1150
1272 307 | Ca 1195
1274 612 | Cr 1191 2400
1289 ! Fe 1192 2600
1275 I Ni 1190 2800
1276 816 | M 1197
1156 | Cu 1295
1280 | Mo 1287
1193 | Pb 1288
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Table A.2 Identification of reaction cross section

in 124-group response library

Reaction ID name Data library MAT MT
BLi(n,a)T LI&107 ENDF,/B-1V 1271 107
LIJ107 JENDL-3PRI 306 107
TLi (n,n o) T LI7091 ENDF,/B-IV 1272 ot
LIJ205 JENDL-3PR1 307 205
Z7AL (n,o)%4Na ALT107 ENDF/B- IV 6193 107
Al7107B5 ENDF,/B-V 6313 107
B8N (n,2n)9Ni  NI8O16 ENDF,/B-1V 6419 16
NI8016B5 ENDF/B-V 6433 16
B8N1 (n,p)%¥Co NI8103 ENDF,/B-1V 6419 103
NIB103B5 ENDF/B-V 6433 103
197Au (n,2n)19%0A0  AUTO16 ENDF/B-1V 1283 18
' AUTO16B5 ENDF/B-V 8379 16
197au(n,v) AUTIC2 ENDF/B-1V 1283 102
AUT102B5 ENDF,/B-V 8379 102

11510 (n,n" }119MIn INS051B5 ENDF,/B-V 6437 5l
1510 (n,y) INS102B5 ENDF/B-V 6437 102
2350 (n,f) U25018 ENDF/B-1IV 1261 18
2387 (n,f) 28018 ENDE/B-1V 1262 18
2380 (n,v) U2B102 ENDF/B-1V 1262 102
232Th(n,f) TH2018 ENDF/B-1V 1206 18
23Mp (n, ) NP7018 ENDF/B-1V 1263 18
23%y (n,f) PLO018 ENDF/B-1V 1284 18
23%un,v) PUS102 ENDF/B-1V 1264 102




