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The PALLAS-ZDCY;FX program is the revised version of the
PALLAS-2DCY code, which was designed in 1973 and revised in 1980,
based on a method of direct integration of the Boltzmann
transport eguation to déscribe the radiation transport in (r,z)
tﬁo-dimensional gecmetry. It has been developed for
shielding problems involving the transport of neutrons and
photons. A special feature of the present code is inclusion of the
routine for analytical calculation of uncollided flux for
accurate calculation of duct and void streaming or skyshine. The
document gives a full description of input and output data, as
well as code implementation information and a description of

several demonstration problems,
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1. PROGRAM ABSTRACT

Name of Program : PALLAS-2DCY-FX

Computer for which designed or operable : FACOM M-380

Nature of physical problem solved : PALLAS-2DCY~FX scolves the
steady state Boltzmann transport egquation in two-
dimensional (r,z) geometry . Application is restricted to
neutron and photon transport in a fixed-source problem.

Method of solution : The method of direct integration of the
transport equation is used, in which the equation is
integrated along the flight path of particle in the
direction of motion at each discrete ordinate direction.
Anisotropic scattering is treated precisely using
differential scattering cross sections. No iteration and
convergence technigues are used for determination of flux.
To improve the accuracy of duct and void streamiﬁg
calculations or skyshine calculations, a special option
has been added : The uncollided angular flux from a point
source or any cylindrical surface sources is calculated
analytically based on the point kernel integration.

Restriction : About 3350KB are required for the total core
storage for (75x75) spatial and 28 fixed directional
meshes.

Typical running time : About (.0030 sec/spatial mesh/group is
required as cpu time on FACOM M-380.

Usual features : Fixed dimensioning is used, so that at least

2000Kb core storage is reguired. Nuclear data for neutron
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shielding calculation are read in from the PALLAS library
tape. Linear attenuation coefficients and pair production
coefficients for photon are also read in from another
PALLAS library.

8. Machine requirements : Card .input, printed output, and
scratch data sets may be located on defined external
storage device.

9. Language : FORTRAN IV

10. Material available : Input description, source deck for

FORTRAN routines and sample problems.
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2. Introduction

The PALLAS-2DCY- FX computer code solves the energy and
angular dependent Boltzmann transport equation with general
anisotropic scattering in cylindrical geometry. Principal
applications are to neutron or gamma-ray transport problems in
forward mode. The code is particularly designed and suited to
the solution of duct-and void-streaming and skyshine problems as
well as deep penetration radiation transport problems with
external source.

The code has been designed based on a method of direct
integration of the transport equation1)2), in which the eguation
is solved by integrating along a flight path of radiation in the
direction of motion at each discrete-ordinate angle. The
specific features of this method are that (1) the radiation flux
(n/cm?+sec: (sr) *MeV) is calculated at each energy mesh without
using any conventional iterative techniques used widely in Sn
method for obtaining group flux at each energy group, and ({2} the
scattering source is calculated directly using the differential
scattering cross section for neutron or the Klein-Nishina formula
for gamma rayB). Thus a Legendre polynomial expansion
approximation used widely in Sn method is not applied to the
calculation of radiation scattering. As a result PALLAS-2DCY can
provide always positive and physically meaningful.angular and
scalar fluxes. Besides, (3) no supplementary difference

equations are required to obtain a solution to the flux, which

makes users free from bothering about choice of such modes as
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"diamond difference", "step function" and "weighted difference"
equations. By virtue of no usage of average flux, PALLAS-2DCY
can be applied to even such problems as violently varied angular
and spatial distributions of radiation flux4); In contrast, Two-
dimensional Sn codes calculate the transport eguation based on
the average flux for a cell with each pair of associated cell
face fluxes in the five-dimensional finite cells defined in terms
of location, direction, and energy phase space variables.

The weak point in the present PALLAS-2DCY-FX code is that it
has been written in the fixed dimensioning, which restricts the
numbers of energy meshes (<100 for neutron and for photon},
material regions (10x10), nuclides (<25), angular meshes (28),
spatial meshes (75x75) to be inputed.

. The neutron cross sections reguired by PALLAS-2DCY are taken
from the PALLAS library. On the other hand the gamma-ray c¢ross
sections are also taken from another PALLAS gamma library.

An analytic uncollided flux calculation option is available
in the PALLAS-2DCY-FX code for a variety of source geometries
‘such as a point, line, disk and cylindrical volume sources. The
original PALLAS-2DCY code was written for CDC6600 computer. in

1973°)

to calculate neutron transport in shields. Revisions have
been made to the old version so as to calculate neutron and gamma
ray transport in shields)and also to deal with not only a
cylindrical volume source but also various boundary source

7)

problems including a point source,
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INFORMATION FOR USERS

3.1 Input Specification

Card 1 Title card PROBLEM (20A4)
Card 2 Control Integers for a PROBLEM
KNDG, KIN, NORF, KTST, MONOE, MNODRE, IPRNT, IRZZR, IRTZ (913)
KNDG=1, neutron calculation. '
=2, neutron-secondary gamma-ray calculation.
=4, photon calculation.
KIN=0, no effect.
=n,‘n coupled neutron calculations (data note 1).
NORF=0, reflection boundary condition at thé bottom boundary.
>0, no reflection at the bottom or Z-axis boundary.
KTST=0, no effect.
=-1, check of input data read in and no transport
calculation.
=113, test calculation up to 1v3-the energy mesh.
MONOE=0, no effect.
=2, monoenergy source+continuous energy source (data
nocte 2}.
=10, monoenergy problem (data note 2}.
MNODRE=0, gamma-ray lsotropic incidence (data note 3)
=1, gamma-ray normal incidence (data note 3)
=n, gamma-ray slant incidence {(data note 3)
"IPRNT=0, no effect.
>0, Legendre coefficient FMU and inelastic scattering

slowing down matrix CIB are printed for neutron
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nuclear data. Library data are printed for gamma-ray
nuclear data.
Calculated scalar fluxes within the monoenergy
neutron group are printed for monoenergy calculation.
IRZZR=0, no effect.
>0, conversion of calculated angular flux in {R,Z)
coordinate into those in (Z,R) coordinate.
IRTZ=0, no effect,
20, conversion of calculated angular flux in (R,Z2)
coordinate into those in (R,Q,Z) coordinate.
<0, read NITP21 (total energy mesh).
Repeat n times from card 3 if KIN=n>O0.

Card 3 JJ, IR, IZ, IUNCL, IFIS, NNI, JSAT, IQIQ- (8I3)
JJ=number of energy meshes <100 for neutron and for photon.
IR=number of r-regions <10.

IZ=number of z-regions <10.

TUNCL=0, no effect.
=n, unscattered angular fluxes are calculated up to
n-th energy mesh by the analytical calculation based
on the point kernel integration..
=-n, unscattered angular fluxes are calculated up to
n-th energy mesh after the transport calculation at
each energy mesh (data note 4)

IFIS=0, source energy spectrum S(E) is read in from cards.

=1, fission spectrum is defined in the program. Do not

‘enter S(E). The fission spectrum is calculated in the
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program: S(E)=0.484 sinh/?ﬁ-e_E for neutron,
=14.0 exp(-1.10E}/12.7 for photon.
NNI=0, nuclear library for neutron is set at File unit 1.
:n350, nuclear library for neutron is set at File unit n.
Note: Nuclear data for photon are always read in from
File unit 31.

JSAT=0, no effect.

=n, neutron transport calculation starts at n-th (n>1)
energy mesh. Flux calculation up to (n-1)-th energy
ﬁesh is ommitted.
I0IQ=0, no effect.
>O, polar angular meshes (WP({ip), ip=1, 8) are read in
from cards.
Weights for WP(ip) are read in from cards.
Boundaries WBP(ip) are read in from cards. -
Weights for angular meshes (WPQ(ipQ), ipQ=1, 28) are
read in from cards.
Card 4 NBND, IBZ1, IBZ2, IBR, LTAP, JOAK, IRWTR (7I3)
NBND=0, cylindrical volume source problem.
=1, point source (data note 5).
=10, boundary flux problem.
IBZ1=2z mesh at which top boundary is defined {(data note 6).
IBZ2=2z mesh at which bottom boundary is defined (data note
6}).
IBR=r mesh at which cylindrical surface boundary is defined

(data note 6).
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LTAP=0, no effect.
=22, boundary fluxes are read in from Tape 22 in which
angular fluxes calculated previously have been. stored.
=25, boundary fluxes are read in from Tape 25 and used
for the present transport calculation without
interpolations ({(data note 7).
JOAK=0, no effect.
=n, print boundary angular fluxes up to n-th energy
mesh for check.
IRWTR=0, no effect.
=1, weight function for heavy materials.
=2, weight function for sodium deep penetraton.
{data note 8).
card 5 EMAX, HH, SNORM, RDST (4E10.3)
EMAX=maximum energy in MeV.
HH=energy mesh interval for gamma ray calculation, and if
HH=0.0, all the energy meshes are read in from Card 10.
=lethargy interval for neutron (0.05, 0.1, 0.2 or 0.4).
SNORM=source normalization for source volume,
fI8(r,z)drdz=SNORM.
RDST=0, no sffect.
>0, first radial distance in cm, which is used in the
case of NBND=1.
Card 6 MER(n), n=1, IR (1013)
Number of meshes in n-th radial region.

Card 7 RR(n), n=1, IR (8E10. 3}
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Thickness in cm in n-th radial region {(data note 9).
Card 8 MEZ{(n), n=1, IZ (10I3)
Number of meshes in n-th axial region.
Card 9 ZZ(n), n=1, IZ (8E10.3)
Thickness in cm in n-th axial region.
Card 10 E(j), j=1, JJ (8E1l0.3)})
Photon energy at j-th energy mesh in MeV if HH=0.0. Do not
enter them for neutron because neutron energies are defined
by an equal lethargy interval:
E(j)=EMAXXEXP (-(3-1) xHH) .
When IQIQ>0 in Card 3, the following four cards are inputed.
Card 10-A WP (ip), ip=1,8 (8E1lG.3)
Polar angular meshes (cosin@ip).
Card 10-B WWP(ip), ip=1,8 (8E10.3)
Welights for WP (ip)'s.
Card 10-C WwBP{ip}, ip=1,8 ({(8E10.3)
Boundaries for WP(ip)'s.
Card 10-D WPQ(ipg), ipg=1,28 (8E1(0.3)

Weights for {ipg.

There are five options for Card 11 in accordance with
several source problems: Type A is a cylindrical volume source
indicated by NBND=0, type B 1s a point source problem indicated
by NBND=1, type C is a top or bottom boundary problem indicated
by NBND=10, LTAP=0, IBZ1>0 or IBZ2>1, in which LTAP=0 means that

the boundary flux is read in from cards. Type D is also a top or
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bottom boundary problem indicated by NBND=10, LTAP=22 or 25,
IBZ21>0 or IBZ2>1, in which LTAP=22 or 25 méans that the boundary
flux is taken from the data stored in File unit 22 or 25. Type E
is cylindrical surface boundary problem indicated by NBND=10,

LTAP, IBR>0.

Type A: NBND=0, the volume source is expressed by
S(r,z,E)=S{r}xs{z)xS(E} n/cm?®.sec:MeV (Type 1),
or
S{r,z,E)=S(r,z)xS(E) n/cm’+sec-MeV (Type 2).
Card 11-A-1 MSR, MSZ, IVS (313)
MSR=r-mesh number up to which radial source distribution is
read in:
S(rn) n=1, =---, MSR.
MSZ=z-mesh number up to which axial source distribution is
read in:
S(zn) n=1, ---, MSZ.
1vs=0, Type 1.
>0, Type 2.
Card 11-A-2 SRMIN, SRMAX, SZMIN, SZMAX (4E10.3)
SRMIN, SRMAX=a volume source is defined between SRMIN and
SRMAX in radius in cm.
SZMAX=top axial distance of cylindrical source in cm.
- szZMIN=bottom axial distance of cylindrical source in cm
(data note 10]).

Card 11-A-3 SR{n}, n=1, MSR (8E1l0.3)
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If IVs=0, S(rn), n=1, =--, MSR,.
Card 11-A-4- SZ(n}, n=1, MSZ (8E10.3)

If IVS5=0, S(zn),r n=1, ---, MSZ.
Card 11-A-3 SRZ({m,n), m=1, MSR), n=1, MSZ) (8E10.3)

If IVS>0, source spatial distribution S(r,z) are defined.
Ccard 11-A-~5 SE(j), j=1, JX** (BE10.3)

Source energy spectrum (/MeV) if IFIS=0. Do not enter if

IFIS>0. **JX=JJ for MONOE=0 or ! for MONOCE=1(.

Type B: NBND=1, a point source option.
Card 11-B-1 LIAG, JIAG (213}
LIAG=0, isotropic source and >0, anisotropic source.
JIAG=0, MONOQE=10 and JIAG>0, MONCE=(.
Card 11-B-2 SE(3), J=1, JX** (BE10,3)
Source spectrum (/Mev) if IFIS=0. Do not enter if IFIS>0.
card 11-B-3 B(J1,Ip), Ip=1,28/J1=1, JIAG (8E10.3)

Angular distribution of an anisotropic source if LIAG>0.

Type C: NBND=10, LTAP=0, IBR=0, IBZ1>0, IBZ2>1, the top or
‘bottom' boundary flux is expressed by
BOUN (%, r)=S(r,%)S(E) n/cm?-sr-sec+MeV at E,
for 7I>0 with respect to Z axis, or
BNMZ (R,r) =S (r,{) *S(E) n/cm?-sre+sec+MeV at E,
for Ti<0 with respect to Z axis.
Card 11-C-1  LRMIN, LRMAX, ISCC, ICONT, IRPT, IXR, IYR (7I3}

LRMIN, LRMAX=r-mesh number within which boundary fluxes
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are read in from cards.
1s0C=0, angular distribution of boundary.flux is read in
from cards.
=1, isotropic angular distribution is defined in the
‘program.
TCONT=0, radial distribution of boundary %lux is read in
from cards.
=1, constant radial distribution is assigned in the
program.
IRPT=0, boundary distributions are read in at each energy
mesh, =1, JX**,
IRPT>0, boundary distributions are same ones for all the
energy meshes. The data are read only for j=1.
IXR and IYR; print the boundary fluxes at r meshes from. IXR

through IYR meshes for check.

Card 11-C-2 SE(j), j=1, JX** (8E10.3}

Source energy spectrum (/MeV) if IFIS=0. Do not enter if

IFIS>0.

Ccard 11-C=3-1 SN{(m,ip), ip=ip?1, ip2/m=LRMIN, LRMAX {8E10.3)

Angular fluxes at each r mesh (LRMINiriLRMAX)gin units of
n/cm?.sr.sec+MeV if ISOC=ICONT=0.
ip1=1 and ip2=14 for IBZ1>0.

ip1=15 and ip2=28 for IBZ2>0.

Card 11-C-3-2 SN (ip), ip=ip1, ip2 (8E10.3)

Angular fluxes with censtant radial digstribution if ISOC=0

and ICONT=1.
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Card 11-C-3-3 SN{m), m=LRMIN, LRMAX (8E1l0.3)}
Radial distribution with isotropic angular distribution if
ISOC=1 and ICONT=0.

Note if IS0OC=1 and ICONT=1 do not enter Card 11-C-3.

Type D: NBND=10, LTAP=22, IBR* , IBZ1>0 or IBZ2>l, the top or
bottom boundary flux is taken from the data stored in
File Unit 22. *IBR = 0 or # 0.
Card 11-D-1 LRR, LZZ, LZZ1, LZZ2, LRMIN, LRMAX, IXR, IYR (813)
LRR=total number of r meshes in an old calculation stored
in File unit 22.
LZZ=total number of z meshes in an old calculation.
1L.ZZ1l=z-mesh number in LZZ meshes at which calculated
angular fluxes are picked up for the top boundary
fluxes in a new calculation (data note 11).
LZz2=z-mesh number in LZZ meshes at which calculated fluxes
are picked up for the bottom boundary fluxes in a new
calculation (data note 11)
LRMIN, LRMAX= r-mesh numbers between which the boundary
fluxes are defined for a new calculation.
IXR and IYR are the same as defined before.
Card 11-D-2 ROLD(i), i=1, LRR (8E10.3)
R distances in cm at R meshes used in an old calculation
(LTAP=22)}.

1f LTAP=25, ROLD(i) are ignored.
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Type E: NBND=10 and IBR>0, cylindrical surface fluxes are
defined at IBR-th radial mesh.

Card 11-E-1 LZMIN, LZMAX, IRPT, IXZ, IYZ (5I3)

Boundary fluxes are set at z meshes from LZMIN-th through
LZMAX-th mesh (data note 12)
IRPT=0 or =>0.
I1XZ and IYZ; boundary fluxes are printed at z meshes from
IXZ through IYZ-mesh for check.
For LTAP=0,

Card 11-E-2 BOUNR(ip,m), ip=1, IQT/m=LZMIN, LZMAX (8E10.3)
Angular distribution at each z mesh in units of
n/cm?.sr-sec+MeV. Repeat from the first through last
energy mesh i1f IRPT=0.

For LTAP=22 or 25,

Card 11-E-2' LRR, LZZ, LRRL {3I3).

LRR=total number of r meshes in an old calculation.

LZZ=total number of z meshes in .an old calculation.

LRRL=r-mesh number in LRR meshes at which calculated
angular fluxes are picked up for the surface boundary
fluxes in a new calculation {(data note 12).

Card 11-E-3" ZOLD({n), n=1 LZZ (20I3)

z distances in cm at z meshes in an old calculation
(LTAP=22).
If LTAP=25, ZOLD(n) are ignored.

Note if IBR = 0, do not enter Card 11-E.
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Card 12 LTHAL, LCUT (21I3)
LTHAL=0, no effect.
>0, execute thermal group calculation (data note 13).
LCUT=0, no éffect.
=n, termination of iterative thermal group
calculations.
Note if KNDG>3 do not enter this card.
Card 13 EPSRN (E10.3)
Convergence criterion. Do not enter this card if KNDG>3.
card 14 NOEL(i,j), j=1, IR/i=1, IZ (10I3)
Number of nuclides in each material region (data note 14).
Maximum number of nuclides in all the regions of a problem
= 25 (fixed).
Card 15 NEK{i,3j), j=1 IR/i=1, IZ (1013}
Number of material identification (data note 15}).
If JUNCL#0, Cards 16 and 17 are required.
card 16 KSR1, KBR1, KzTl, KBzl, KZBl, KBBZl, NPHI (713)
Radial mesh specification for source {from 1 to KSRl-th
mesh) and axitial mesh specification for source (from KZIBl-
th to KZTl-th mesh). Material region number in radial
direction for KSRl-mesh is KBR1l. Material region numbers
in axial direction for XKZT1 and KZBl are KBZl and KBBZl,
respectevily (data note 16).

NPHI=0C, NPHI=4 is set.
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=n, n=6 or 8 (data note 1l6}.-
Card 17 IUNC(i,3), j=1, IR/i=1, IZ (101I3)
Unscattered angular flux calculation is made in the spatial
regions defined by IUNC(i,j}=1 in addition to scattered
angular flux calculation.
If TUNCL<0, Card 18 and 19 are required.
card 18 KSR2, KBR2, KzZT2, KBZ2, KZB2, KBBZZ (6I3)
card 19 IUNB(i,3j), j=1, IR/i=1, IZ (10I3)
Only unscattered angular flux calculation is made in the

regioﬁ specified by IUNB(i,j)=1 (data note 17).

. Tf IRWTR#0, the following Card 19-A is required for.
specifying the material regions in which the weight functions
are applied (data note 8).

Card 19-A IWTR({(i,3),3=1, IR/i=1, IZ (16T 3)

—16—



JAERI-M 84-244

The input data described below are for nuclear data read in
repeatedly every material.
Card 20 MATERIAL (6Ad)

Name of material.

For neutron data (KNDG< 2),
Card 21 NUCLID, INPTP (2A4, I5)
NUCLID=symbol of nuclide.
INPTP=0, nuclear data are read in from PALLAS library.
>0, nuclaer data are read in from cards.
In the case of INPTP=0,
Card 22 MATNO, AN{(NUC), AMAS, ICH (5, 2E810.3, I3)
MATNC=material number (4 digits‘given in Table 2}.
AN {NUC) =nuclear density (X1024).
AMAS =mass of nuclide.
ICH=0, no effect.
>0, ct(Ej) and Uel(Ej) are read in from cards, by which
the data on total and elastic scattering cross sections
read in from the library are replaced (data note 18).
In the case of ICH>0,
Card 23 LCH(n), n=1,ICH
Energy meshes at which the data are replaced.
If ICH=JJ, this card is ignored because all the energy
meshes are used.
Card 24 SIGT{j), 3=LCH(1), LCH{(ICH) (8E10.3)

Ut(Ej), microscopic total crosé section at energy Ej {barn).
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Card 25 SIGMA(j), j=LCH(1), LCH(ICH) (8E10.3)
oel(Ej), microscopic elastic scattering cross section at

E. (barn).
3

In the case of INPTP>0,
Card 21 AMAS, AN(NUC) (2E10.3)
card 22 SIGT(j}, j=1, J3J (8E10.3)
Card 23 SIGMA(j), 3=1, JJ.(8E10.3) .
Card 24 LL, JLL (2I3)
LL=order of Legendre pclynomial expansion.
JLL=energy-mesh number up to which Legendre expansion:
coefficients are read in..
card 25 FMU{j,%),%&=1, LL/j=1, JLL (8E10.3)
Legendre expansion coefficients; fQ(Ej) (data note 19}.
Card 26 INEL (I3)
INEL=0, neither inelastic scattering nor {n,2n) data are
read in.
>0, inelastic scattering and/or {n,2n) data are read in
For INEL>O0,
Ccard 27 JIN, J2N (2I3)
JIN=0, no inelastic scattering data.
=n, inelastic scattering data -are read in from cards up
to n-th energy mesh;
Uin(Ek' Ej), k=1, =---, n/j=1, ---JJ.
J2N=0, no (n,2n) data.

=n, (n,2n) data are read in from cards up to n-th energy
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mesh;

o Bj), k=1, ===, n/3=1, --=3J.

n,2n(Ek'
card 28 SN(k,j), k=1, J2N/J=1, JJ (8E10.3)
Slowing down cross section from Ek to Ej energy per MeV due
to (n,2n) reaction. Isotropic scattering in the laboratory
system is assumed. If J2N=0, do not entér them (data note
20) .
card 29 CIB(X,j), k=1, JIN/3i=1, JJ (8E10.3)
Slowing down cross section from Ek to Ej per MeV due to

inelastic scattering. Isotropic scattering in the

laboratory system is assumed. If JIN=0, do not enter them.

For photon data {KNDG=4).
For NOEL (N1, N2)}>0, nuclear data are read in from PALLAS
library set at File unit 31.
card 21 MATN(N), N=1, NOEL(N1, N2) (10I3)
MATN (N) =material number (3 digits in 4 digits given in
Table 2, i.e., 260 for Fe which corresponds to
1260 in Table 2)
card 22 BNUC(N), BNE(N), DENSI (3E10.3)
N=1, NOEL(N1, N2)
BNUC (N) =nuclear density (x102%).
BNE (N) =binding energy in MeV.
DENSI=material density (g/cm’) if NOEL (N1, N2)=1, and if

NOEL (N1, N2)>1, DENSI=0.0.
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For NOEL({N1, N2)=0, no data are read in.

FPor NOEL (N1, N2)<0, nuclear data are read in from cards.
. Card 21 EDN({N1, N2) (E10.3)

Electron density (X1024) in (N1, N2)-th material region.
card 22 CRT (N1, N2, j),J=%1,JJ (BE10.3) .

Linear attenuation coefficient (cm—1) at gamma-ray energy
Eq in (N1, N2)-th material region ({(data note 21).
card 23  SIGMA{(3), 3=1, JJ (8E10.3)

Linear pair production cocefficient (cm_1) at gamma-ray

energy Ej in (N1, N2)-th material region.



JAERI-M 84—244

Input data specifying external data and output.
Card-0l1 1ITP20, ITP21, KANK, ISKIP, ITP24, ITP29 (6I3)
ITP20=0, no effect.
=J, calculation starts using the old calculated data
stored in File unit 20.
ITP21=0, no effect.
>0, calculated angular fluxes are stored in File unit
21.
=5, input data used in a calculation are also stored
in File unit 21 for use in plotting energy spectrum,
attenuation and dose map.
=10, limited number of calculated angular fluxes are
stored in File unit 21.
For the limitation, Card-02 is prepared.
KANK=0, no effect.
=1, or 2, if ITP20>0 (data note 22)
ISKIP=0, no effect.
=k, skip k groups from the first group when reading
the old data from File unit 20.
ITP24=0, no effect.
=1, calculated reaction rates (or dose rates) are
stored in File unit 24.
ITP29=0, no effect.
=1, calculated scalar fluxes are stored in File unit
29,

Card-02 LR1, LR2, LZl, LzZ2 (413}
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calculated angular fluxes at radial meshes between LRl and
LR2 and at axial meshes between LZl and LZ2 are stored at
File unit 21 if I1ITP21=10. If ITP21210, no data are
prepared.
Card-03 MRK, MZK, MDS, MzZDS, IEF, NOR1l, NORZ, NOZ1l, NOZ2 (913)
MRK=0, no angular fluxes are printed.
>0, number of r meshes at which angular fluxes are
printed.
MZK=0, no angular fluxes are printed.
>0, number of z meshes at which angular fluxes are
printed.
MDS=0, only dose rate {(in units of mrem/h) are printed.
=n, n reaction rates are printed (maximum number is 14}.
MZDS=0, no effect.
>0, currents at MZDS-th z mesh for +z direction and -z
direction are printed at all radial meshes.
IEF=0, angular and scalar fluxes are printed in units of
n/cm?+sec {srjMeV.
=1, energy angular and scalar fluxes are printed in
units of MeV/cm?-sec (sr)MevV.
NOR1=NOR2=NOZ1=NOZ2=0, all the calculated scalar fluxes are
printed.
NOR1>0, NOR2>0, NOZl>0, N0OZ2>0, scalar fluxes are printed
.at r meshes from NORI-th through NOR2-th and at z
meshes from NOZl-th through NOZ2-th (data note 23).

_Card—04 KR(n), n=1, MRK (20I3)
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Radial mesh numbers at which angular fluxes are printed if
MRK and MZK SO (data note 24).

Card-05 XZ (n), n=1 MZK (20I3)
Axial mesh numbers at which angular fluxes are printed if
MRK and MZK >0 (data ncte 24).

Card-06 REACT (20A4)
Name of reacticn in n-th reaction (or dose rate, for
instance mrem/h).

Card-07 DOSE{j,n), j=1, JJ (8El0.3)
Reaction cross section (or dose rate conversion factor) at

energy Ej in n-th reaction.
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Input data for conversion of calculated angular fluxes in
(r,z) geometry to those in (z,r) geometry.

This conversion is used for a new transport calculation in
(r,z) geometry based on already calculated angular flux in (r,z)
geometry. Here the (r,z) gecmetry corresponds to 90-deg

conversion of the original (r,z) geometry (daté note 25)..

Card-RZ-1 MRRL, MIZICNTR, KDR, NWRB, LRL, IPR, MZ1, MZZ, NF, HH
(913, F12.4)
MRRL=r-mesh number at which angular fluxes are.picked up.
MZCNTR=origin of new (r,z) geometry.
KDR=0; boundary fluxes are taken from MZCNTR to +z direction
in old (r,z) geometry.
=—1; boundary fluxes are taken from MZCNTR to -z
direction in o0ld (r,z) geometry.
NWRB=new boundary fluxes in new (r,z) geometry are specified
between NWRB-th r mesh and LRL-th r mesh.
IPR=0; no list.

#0:; currents in old and new geometries and their ratio as
well as old angular fluxes between MZ1 and MZ2 are
printed.

NF=0; no effect.
#0; normalization factor.
HH=0.0; no effect.

=lethargy width for neutron monoenergy source.
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Card-RZ-2 ANF (E10.3)
Normalization factor if NF=0.
This card is neglected if NF=0.

Card-RZ-3 RN (MR) ,MR=1, LRL (BE10.3)

Radial distance at MR-th mesh in new (r,z) geometry when its

center corresponds to MIZICNTR.

Note that the old and new boundary angular fluxes

are stored in Files 21 and- 35, respectively.
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Input data for preparing boundary angular fluxes in (r,0,z)
geometry for three-dimensional PALLAS-RTZ code.

The boundary angular fluxes for PALLAS-RTZ code are made by
converting the angular fluxes at ri meshes (i=1,2,---,LR2) at
2=I,Z1 mesh calculated in (r,z)} geometry to those at radial meshes
in (r,0,z) geometry. Figure 13 illustrates an.example of the
conversion, where z axis is always taken to be parallel to z

axis.

Card-T-1 RZRO (E10.3)
The position of a new z axis in (r,0,z) geometry, which is
measured from the origin of (r,z) geometry.
Card-T-2  IRMS, ITMS (2I3)
IRMS=total number of radial meshes defined in (r,9,z)
geometry.
ITMS=total number of azimuthal (9} meshes in (r,9,z)
geometry.
Card-T-3 RTZ {i),i=1, IRMS (8E10.3)
Radial distances at i meshes in (r,9,z) geometry.
Card-T-4 TRZ (i} ,1i=1, ITMS (8E10.3)
Azimuthal angle (in radian)} at i-th O mesh (Oi®i§3.1416).
Card-T-5 PRTZ (i,3),j=1, 8/i=1,4 (8E10.3)
Azimuthal angle of radiation moving direction {in radian} in
{r,0,z) geometry.
Card-T-6 WPQ3 (ip) ,ip=1,24 (8E10.3)

Weights for Qpg of radiation moving direction in(r,9,z)
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geometry.
Card-T-7 IRPR (I3)
IRPR=0, no check print.

0, check print.

When one wants to use this conversion, one.should specify as
IRTZ#0 in Card 2 and also specify as ITP21=10 in Card-01 and
LR1=1, LR2>LR1, LZ1=LZ2>0 in.Card-02. Then, the calculated
angular fluxes in (r,z} geometry are picked up between LR1- and
LR2- radial mesh at LZi-th z mesh at each energy mesh to store

in File unit 21%.

In the case shown in Fig.13 the new boundary angular flux is
defined for +r direction, however it can be defined also for -r
direction from the new origin in (r,0,z) geometry, since the
radial distances in {f,O,E) geometry are measured from the new
origin.

The new boundary angular fluxes at each energy mesh are

stored in File unit 25.
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Input data for secondary gamma-ray transport calculation

when KNDG=2.

Card-S-1 JJ, IR, IZ, IUNCL, IFIS (5I3)
JJ=25, {(fixed for secondary gamma-ray calculation; see
Table 4).
IR and IZ are same as in Card 3.
IUNCL may be defined newly for a gamma-ray calculation.
IFIS is specified for a primary gamma-ray calculation.
Card-8-2 NBND, IBZ1, IBZ2, IBR, LTAP, JOAK (6I3)
These input data are prepared for a primary gamma-ray
transport calculation.
For no primary calculation, a blank card is prepared.
Card-5-3 EMAX, HH, SNORM, RDST (4E10.3)
EMAX=13.0 (maximum energy of secondary gamma rays, See Table
4) .
HH=0.0.
SNORM=source normalization for primary gamma-ray source
volume.
RDST is same as in Card 5.
Card-S-4=Card 11
This card is the same card as Card 11.
The input data for Card-S-4 are prepared according to
specification of NBND for a primary gamma-ray transport

calculation.
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If IUNCL=0, the following four cards must be prepared,
however for IUNCL=0, no preparation is neccessary.
Card-S-5 KSR1, KBR1, KzZT1, KBZ1, KIB1, KBBZ1, NPHI (7I3)

The meaning of these input data is same as that of Card 16.
Card-S-6 IUNC(i,5),J=1, IR/i=1,iz (10I3)
Card-S-7  KSR2, KBR2, KZT2, KBZ2, KZB2, KBBZ2 (613)

Card-5-8 TUNB(i,3),j=1, IR/i=1,iz (101I3)

After inputing these S cards, additional input data
specifying external data and output, Card-01 ~ Card-07, must be
prepared for the output list of the gamma-ray transport calcu-—

lation.
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3.2 Detailed data notes
(1} Data note 1

The PALLAS neutron transport calculations are usually made
based on the nuclear data from the PALLAS library, in which the
energy mesh structures are defined depending upon the lethargy
width as shown in Table 1. The structure of 0.1 lethargy width
is recommended for fast neutron transport calculation and the
structure of 0.2 lethargy width is recommended for the inter-
mediate energy range. The structure of 0.4 lethargy width may be
used for calculation in the low energy range including thermal
group. The other combinations of structures can be utilized, for
instance the 0.2+0.4+0.8 lethargy-width structure or the 0.2+0.4
lethargy-width structure. It should be desirable from the
viewpoint of accuracy of calculated result to use the combination
of 0.1+0.2+0.4 lethargy-width structure.

For reference, an example of the accuracy of the series
calculations is given in the following: The problem is a neutron
transport in a water+iron configuration for the fission source
from a reactor core as shown in Fig.l. The transport calcula-
tions were made with three energy-mesh structures — composed of
27-energy (0.1 lethargy)+35-energy (0.2 lethargy)+45-energy (0.4
lethargy) meshes, of 35-energy (0.2 lethargy)+45-energy (0.4
lethargy) meshes, and of 25-energy (0.2 lethargy)+29%-energy (0.4
lethargy)+23-energy (0.8 lethargy) meshes as shown in Fig.2,

The calculational accuracy of these transport calculations

is provided as the ratios of B-structure/A-structure and of C-

,,_3 0_
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structure/A-structure in Fig.3. The ratios are taken for three
reactiongs — neutron fluence (>0.1 MeV), In{n,n') reaction rate
and dose rate. TFor all the reactions the structures starting
with 0.2-lethargy interval provide 20 ~ 30 % underestimated
values. From this fact it should be essential to use the
structure of 0.l-lethargy interval in the highér energy region
(at least MeV region).

When one uses the series calculation of lethargy-width
structures, one should input an integer of 1 or 2 into the KIN;
in the case of KIN=2, the structure composed of 0.1+0.2+0.4 or
0.2+0.4+0.8 lethargy widths can be used, while in the case of
KIN=1, the structure composed of 0.140.2 or 0.2+0.4 lethargy
widths can be used. If KIN=0, only one structure is used. As
seen in Fig.2 for KIN>0, the calculated angular fluxes at energy
meshes of odd numbers are picked up for use in the next series.

calculation.

{(2) Data note 2

Since the PALLAS calculation is made based on the continuous
source energy distribution for the purpose of avoiding-iterative
calculation, it is inevitable to use a special treatment for
calculation of mono-energy source problems. Thus in the case of
a mono-energy source problem one should input as MONOE=10.

When a source energy spectrum is composed of a high
intensity mono-energy source and a low intensity continuous

energy source, one should specify as MONOE=2. 1In this case the
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special treatment of the first energy mesh as MONOE=10 and the
ordinary treatment of the other energy meshes as MONOE=0 are made

in the program.

(3) Data note 3

The input MNODRE is used for calculations of gamma-ray
isotropic or perpendicular or slant incidence on slab shields.
In the case of MNODRE=2,3 and 4, the incident angles are

respectively 24.3°, 50.3° and 77.3°.

(4) Data note 4

When one wants to calculate radiation flux in space behind
shields as shown in Fig.4, one may input IUNCL=-n. Then the
radiation flux within the shields is <calculated using the
analytical unscattered flux calculation technique at each energy
mesh. After that the radiation flux leaking out from the
outermost shield is calculated again using the analytical
unscattered flux calculation technique based on the newly defined
assumed source region as illustrated in the figure. This

operation is repeated up to. n-th energy mesh.
(5) Data note 5

A point source is defined at a certain position Z=Z, on the

z axis.
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(6) Data note ©

The top, bottom and cylindrical surface boundary conditions
are defined as illustrated in Fig.5, In the case of only a top
boundary problem, one may input MZZ>IBZ1>0 and IBZ2=IBR=0. In
the case of only a bottom boundary problem, one may input MZZ>
IBZ2>0 and IBZ1=IBR=0. 1In the case of a cylindfical surface
problem, one may input MRR>IBR>0 and IBZ1=IBZ2=0., In the case of
a top-bottom-cylindrical surface problem, one may input MZZ>IBZ1>
IBZ2>0 and MRR>IBR>0. Here MRR and MZZ are respectively the:

maximum numbers of r and z spatial meshes.

(7} Data note 7

For a bootstrap type calculation, the first radiation
transport calculatons are stored in Tape 21 as described later.
Then the second calculation is made based on the data stored in
Tape 22 (=Tape 21) by specifying as LTAP=22. While for LTAP=25,
the data calculated previously using the PALLAS code or the other
transport codes are converted to fit the boundary fluxes for a
new transport calculation. Consequently, the new transport-
calculation can start using the boundary fluxes taken from Tape

25,

(8) Data note 8
‘The neutron spectrum becomes to show abrupt increase in the
energy regicn between several MeV and several hundred KeV with

increasing penetration distances in heavy materials such as iron.

.._.3 3._
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PALLAS calculation with the 0.1 lethargy interval structure,
however, underestimates the energy spectrum in this energy region
at penetration distances beyond 30 cm in an iron shield. This is
attributed to the use of rough lethargy interval compared with
that of maximum neutron slowing down in a single elastic
scattering. To overcome this difficulty a weight function is
introduced to estimate the rising gradient of the spectrum in the
energy region at each material region in which the use of the
weight function is indicated as IWTR> O. Though this technigue is
useful as a first approximation, more rigorous teatment should

be made as soon as possible.

{(3) Data note 9

An equall spatial mesh interval is defined -in each spatial
region: n-th radial thickness divided by (MER(n)=1) intervals
gives the equal radial mesh interval in n-th region except for
first radial region in which its thickness is divided by MER(1)
intervals because of no radial mesh assignment at r=0 cm. - In
PALLAS spatial mesh assignment, two meshes must be assigned at

every inner boundary as illustrated in Fig.6.

(10) Data note 10
As depicted in Fig.7 the radius and positions of top and
bottom of the cylindrical volume source are specified by input

data.
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(11) Data note 11

As shown in Fig.8 the angular fluxes calculated previously
are picked up at all the radial meshes from first through LRR-th
at LZ%Z1-th z mesh in an old calculation. These fluxes will be
used for top boundary fluxes at IBZ1-th z mesh in a new calcu-
lation. Since the positions of radial meshes iﬁ a new calcula-
tion are not necessarily identical with thecse of an old calcu-
lation, the top boundary fluxes will be determined for radial
meshes from LRMIN through LRMAX-th in a new calculation by a linear

interpolation.

(12) Data note 12

For cylindrical surface boundary fluxes the angular fluxes
calculated previously are picked up at all the axial meshes from
first through LZZ-th at LRRL-th r mesh in an old calculation.
These fluxes will be used for the surface boundary fluxes at
axial meshes from LZMIN-th through LZMAX-th at IBR-th radial mesh
as depicted in Fig.9. Since the positions of axial meshes are
not necessarily identical in between an old and a new calcula-
tions, the surface boundary fluxes will be calculated for axial
meshes from LZMIN-th through LzMAX~th in a new calculation by a

log-linear interpolation.
(13) Data note 13

It is inevitable for the thermal neutron flux calculation to

use the conventional group calculation using an iteration-
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convergence technigue. For only the case of neutron thermal flux
calculation LTHAL has a value larger than zero.

The iterative calculations continue until the following
convergence criterion is satisfied for all the spatial meshes
defined in a problem:

n-1 (E)
} < EPSRN,

Max { ¢ (x) ; ?

¢ (x)

where ¢"(r) is the scalar fiux in n~th iteration.

(14) Data note 14

One of characteristics in the method used in PALLAS code is
to deal with as precisely as possible radiation scattering
calculations. For this purpose PALLAS executes the scattering
calculation for each nuclide. Then one must specify the number
of nuclides in each material region. As an ideal way the number
of all nuclides included in each material should be specified,
which however is not realistic from the point of view of
computation time. One of practical ways is to choose the number
of main nuclides which contribute considerably to the value of
total cross section in each material region. In this limitation
the other unimportant nuclides should be assigned to the main
nuclides regarding nuclear density.

For instance, atomic compositions of concrete are assumed to
be that Si; 0.0141(x10%%), Al; 0.00295, Fe; 0.000764, Ca;
0.00294, Mg; 0.000483, Na; 0.000882, H; 0.01223, O; 0.0435, As

the input for the PALLAS one may choose H, O, Si, Ca and Al as
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main nuclides in the concrete and use Al and Ca in replacement of
respectively Na, Mg, and Fe, which results in nuclear densities
of 0.01223, 0.0435, 0.004315, 0.0141, and 0.003704, for H, O, Al,
Si, and Ca respectively. Note that the order of nuclides to be
inputed is that of identification numbers of the PALLAS library

given in Table 2.

(15) bata note 15

All the material regions are numbered as illustrated in

Fig.10. 1In principle at first the numbers 1, 2, —=-, 10 are set
for (r=1, z=1)-th region, (2,1)-th, ---, (10,1)-th region, and
11, 12, =-=--, 20 are set for (1,2)-th (2,2)-th, ---, (10,2)-th

region, and so on. When the same materials are repeatedly
specified inmaterial regions, their idetification numbers are
replaced by those of the previous same materials as shown in

Fig.10.

{(16) Data note 16

For IUNCL#O, the unscattered angular flux is analytically
calculated at spatial mesh points in specified material regions
cutside source regions by using the point kernel method based on
the angular flux on the surface of the source. The cylindrical
volume source is defined using spatial meshes and region numbers
as shown in Fig.11. KXSR1 is the radial mesh point defining the
source radius, and KBR1 is the maximum radial-region number of

the source. The top and the bottom mesh numbers are respectively
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KZT1 and KZB1, and their region numbers are respectively KBZ1 and
KBBZ1. 1If a source is specified as a symmetry with respect to R
axis, KZT1>1 and KZB1>1 and always KBZ1=KBBZ1=1 with NORF=0. In
the case of a disk source, KZT1=KZB1=1 and also KBZ1=KBBZ1=1 when
the source is set at z=0 cm. TIf the source is set at z c¢cm (n-th
axial mesh in m-th region), KZT1=KBZ1=n and KZE1=KBBZ1=m.

For a line source, KZT1>KBZ1>1 and KZB1>KBBZ1>1 with
KSR1=KBR1=1, which indicates the line source on z axis. ‘For a
point source, KZT1=KZB1>1 and KBZ1=KBBZ1>1 with KSR1=KBR1=1,
which indicates -the point source at z cm on z axis.

The angular flux is only one value with. respect to radial
mesh-ri at z=z_ on a source surface for both a cylindrical scurce
and a disk source because of a symmetry with respect to z axis in
{r,z) geometry. For calculation of the unscattered angular
fluxes arising from the source surface, the surface must be
divided azimuthally into NPHI sections as illustrated in Fig.11.
For no specification on NPHI, the code divides equally a half
circular area intec 4 sections. It is recommended that NPHI is 10
for nearest points to the souce surface and 6 ~ 8 for nearer
peoints. For distant points to the source it is adequate to
choose 4 for NPHI.

The  spatial regions in which the unscattered angular flux
calculation is applied are specified as IUNC(i,j)=1. While the
regions where only the usual: transport calculation is applied are
specified as IUNCI(i,j}=0.

Note that the nearest. spatial region to the socurce surface
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(for instance within 2 ~ 3 cm from the source) should be
specified as IUNC(i,j}=0. ©No special caution should be made on
a point source. One may specify as TUNC(i,j)=1 for all the

spatial regions.

(17) Data note 17

As already described in Data note 4, when the parameter
JUNCL is minus value, the analytical unscattered flux calculation
is made after the usual transport calculation is over at each
energy mesh. In this case an assumed source region is newly
defined as depicted in Fig.11. The spatial mesh and material-
region size indications are same as described in Data note 16.
The material regions in which the analytical unscattered flux
calculation is executed are specified as IUNB(i,j)=1 only outside

the assumed source regicns, or ctherwise IUNCB(i,j)=0..

(18) Data note 18

When one wants to replace the total and elastic scattering
cross sections taken from the PALLAS neutron library, one may
input a certain integer n to ICH. The value n is eqgual or less
than the total energy mesh JJ.

For n=JJ, all the total and the elastic scattering cross
sections taken are replaced by the new data read in from cards.
While n<JJ, some of the data are replaced by new data at
specified energy meshes. The energy meshes in which the data are

replaced are inputed by the parameter LCH({n).
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(19) Data note 19

PALLAS code calculates neutren elastic scattering source
using the neutron differential scattering cCross section. The
neuton differential scattering cross section is calculated in the
program based on the data of Legendre expansion coefficients
fg(Ej) given in evaluated nuclear data files such as ENDF/B:

First, the scattering distribution function f(E,u) is calculated

by

£(E,u) =

£, (E)P, (W),

where py is the value of cosine of scattering angle in the center
of mass system and L the maximum order given in an evaluated
nuclear data file. The maximum number of terms (Lmax;L+1) is
given in Table 3 for each nuclide included in PALLAS library.

Then the diffrential scattering cross section 1is calculated by

(A+1)2

E')E£(E',u) 8 {cost-a) SAET

A5 —
Oel(ﬂ +,BE'+E) = Oel(

where gel{E) is the total elastic scattering cross section, ©

and o are respectively the scattering angle and its cosine in the

laboratory system, and A the mass of nuclide.

(20) Data note 20

Since the neutrons emitted from {(n,2n) reaction are twice as
many as the -incident neutrons, the value of each element in the
- matrix SN(k,j) is doubled in the program and added to the matrix

CIB(k,J}).
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(21) Data note 21

The gamma-ray nuclear data for PALLAS are used as the linear
attenuation coefficient of a material. The data of the linear
attenuation coefficient may be taken from reports on photon cross
sections such as J. H. Hubbell's compiled data.8) The scatter-
ing cross section should not be entered, because PALLAS can
calculate the gamma ray scattering source by directly use of the

Klein-Nishina formula.

(22) Data note 22

The parameter KANK is used together with ITP20. Conse-
guently, prior to this use the angular fluxes calculated in
advance should be stored in Tape 20. 1In the case of KANK=1, the
angular fluxes stored in Tape 20 are transferred one by one in
energy mesh into Disk 10. Let the total energy mesheé in the
previous calculation be JJ', then the next calculation will start
at J(=JJ'+1)~-th energy mesh. On the other hand in the case of
KANK=2, the coupled neuton calculation explained in Data note 1
is made using Tape 20: For instance first calculation was made
with the 0.1 lethargy-width structure and then stored in Tape 20.
The angular fluxes stored in Tape 20 are transferred alterna-
tively in energy mesh into Disk 10, i.e. the angular fluxes at
energy meshes in odd numbers are transferred into Disk 10. Then
the new calculation with the 0.2 lethargy-width structure will
start at [(JJ'+3)/21-th energy mesh, when JJ' is the total number

of energy meshes in the previous calculation.
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(23) Data note 23

These input data are used for limitation of the output list.
Tf NOR1, NOR2, NOZ1 and NOZ2 are zeros, all the calculated scalar
fluxes are printed as an output. If NOR1, NORZ, NOZ1 and NOZ2>(,
the calculated scalar fluxes are printed at spatial meshes with
respect to the r meshes from NOR1-th through NOR2-th and with

respect to the z meshes from NOZ1-th through NOZ2-th.

(24) Data note 24
If MRK>0 and MZK>0, calculated angular fluxes are printed at

the (r,z) spatial meshes defined by the combinations of (KR (n),

KZ(n})), n=1, 2, ---, i.e. at -(r,z) spatial meshes of (RKR(1),
Kz (1)), (KR(1), KZ(2)), ---, (KR{1), KZ(MZK)), (KR(2), KZ{1)),
~——, (KR{2), KZ{(MZK)), ---, (KR(MRK), KZ(1)}, —-——, (KR(MRK),
KZ (MZK)) .

Note that PALLAS angular flux is printed in units of n/cm?-
secssr-MeV for IEF=0 and MeV/cm?-sec:sr-MeV for IEF=1. 1In
addition PALLAS scalar flux is printed in units of n/cm? -sec-MeV
for IEF=0 and MeV/cm?-+sec-MeV or n/cm?-sec-unit lethargy for
TEF=1. Thermal neutron flux is also printed in.units of n/cmz-
secs (sr) *MeV for IEF=0. If one wants to obtain thermal neutrons
below 0.45 eV or thermal group neutrons below 0.45 eV, one may
multiply the thermal neutron flux by 0.45X10_6 Mev. On the other
hand for IEF=1, thermal neutron flux in units of n/cm?-+sec+unit

lethargy is equall to thermal neutrons below 0.45 eV in units of

n/cm?-sec.
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(25) Data note 25

This option is used for such a problem as shown in Fig.12;
The first transport calculation is made in ordinary (r,z)
gecmetry, however, the next transport calculation must be made in
new (r,z) geometry since a duct is set at the radial direction in
original (r,z) geometry. The next transport calculaion is made
based on the boundary angular flux defined on the surface of the
duct mouth. For this purpose the first calculated angular fluxes
between LZ1-th and LZ2-th z meshes at LR1=LR2-th r mesh are taken
and converted to new boundary angular fluxes in (r,z) geometry.

This option necessitates the other input parameter to store
the old angular fluxes in File unit 21; Card-01 ITP21=10 and

Card-02 LR1, LR2, LZ1, LZ2.

(26) Additional Data note for energy intervals of gamma-ray

calculation

Originally, the energy meshes for gamma-ray calculation are
always defined by inputed data. Later the program has been
modified so that these values can be defined automatically in it.
For this purpose one should define only AE by the input HH in
units of MeV. Here AE is the energy difference with a same energy
interval in high energy region (closer to a maximum gamma-ray
energy EMAX). This energy-mesh structure, however, is not
appropriate for PALLAS gamma-ray calculation, since the wave-
length interval defined by the energy mesh interval AE becomes

too large to calculate accurate gamma-ray transport. For
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instance, in the case of EMAX=1 MeV and HH=0.1 MeV, the first
four wavelength intervals Akj(j=1,2,3,4) are less than 0.1,
however for lower energy meshes such as 0.4, 0.3, and 0.2 MeV
these intervals become considerably large such as 0.43 and 0.85.
To mitigate such an abrupt increase in wavelength interval the
code provides a special definition for the waveiength interval:
At first the energy interval determined from AE is used down to 2
MeV, and when the energy point becomes less than 2 MeV, the
energy intervalis defined by using the wavelength interval
determined by

Akj = &Aj-1 x 1.2,
When thus determined Alj is over than 0.4, the wavelength
interval is redetermined by

Akj = Alj_1 x 1.1,
However, when thus defined Akj is over than 0.45, the value of AAj.

is fixed as approximately 0.45 ~ 0.49.

Example for. 3.25 MeV and HH=0.5 MeV,

No. E. AL AN
3] J ]
1 3.25 06.1572 0.0143 .
2 2.75 0.1858 0.0349
3 L 2.25 0.227 0.0531
4 1.75 0.292 0.0714

5 1.382 0.370 0.08565
6 1.103 0.463. 0.1028

7 0.888 0.575. 0.1233



10

11

12

13

14

15

16

17

18

19

20

0.720
0.586
0.480
0.394
0.324
0.267
0.224
0.190
0.1632
0.141
0.124
0.111

0.100
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0.710
0.872
1.065
1.298
1.577
1.912
2.28

2.685
3.131
3.624
4.121
4.604

5.11

0.

0.

0.

148
1776

2131

.2558
.3069
.3516
.3867
.4254
.4902
.4902
.4902
.4902

.4902
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3,3 External and internal data files

All the files used for input, output and scratched data are
given in Table 5. All the PALLAS calculations need always file
units 2, 3, 5, 6, 8, 10, and 14. For neutron transport calcu-
lations the PALLAS neutron library is required, thle the PALLAS
gamma-ray library is fixed at file unit 31. The file unit 12 is
always necessary for neutron transport calculations. When one
uses the analytical unscattered-flux calculation option one must
prepare file unit 15, and when one uses the boundary angular
fluxes for transport calculations one must prepare file unit 11
and/or unit 17 or unit 18.

If the parameter ITP29>0, file units 19 and 29 must be
prepared so that calculated scalar fluxes stored in the file unit

19 can be transffered to the file unit 29 for keeping.

3.4 Program mnemonics and program variables

Relation of main variables used in the code to program
mnemonics is given in Table 6., Additional importants variables
are radial distances (in cm) at m-th meshes (m=1, 2, ---, MRR)
and also axial distances {in cm) at n-th meshes (n=1, 2, ---,
MZZ), which are represented as RNEW(M) and ZD({N) in the program

mnemonics.
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3.5 Sample problems
{1) Sample problem 1: Neutron cylindrical volume source problem
with a fission source

The input data for this problem are shown in Fig.16-1 ~ -3.
Since XKIN=2, coupled neutron calculations are carried out with
0.1-, 0.2- and 0.4- lethargy structures. Firsé, the input data
for a calculation with 0.1-lethargy structure are specified from
No.3 through No.55, and successively those for a calculation with
0.2—lethafgy structure are specified from No.56 through No.1053,
and those for a calculation with 0.4-lethargy structure are
specified from No.106 to the last card.

The list of the input data for the calculation with 0.1-
lethargy structure is shown in Fig.16-4 ~ -6, in which the
neutron energy meshes are defined for 0.1 lethargy intervals and
the angular guadrature and weight are also defined together with
azimuthal angﬁlar meshes in the code. Inspite of three types of
reaction cross sections inputed, four reactions are used as given
ih Fig.16-6. The reason is to calculate always the docse

equivalent rate (mrem/h) in the code,

(2) Sample problem 2: Gamma-ray room scattering problem for a
point continuous energy source
The input data for this problem are shown in Fig.17-1 v -2.
The enerqgy mesh points are inputed as specified in No.11 " No.14
since the input HH=0.0 The minus signs of NOEL indicate that

both linear attenuation coefficients and pair production
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coefficients are read in from input cards. The zeros of NEK
indicate void regions through which gamma rays stream into a
concrete-wall room.

The list of the input data is shown in Fig.17-3 ~ =5, in
which the wavelengths and their intervals are also printed as
WAVE (J) and DWAVE (J). The point isotropic source postion is
all "1". The input IUNC=1 for all the material regions, which
indicates that the analytical unscattered flux calculation 1is
carried out in all the regions. The last of the list is the dose
conversionfabtor, which is always utilized for gamma-ray

calculations.

(3) Sample problem 3: Monoenergy gamma-ray volume source problem
The input data for this problem are shown,in Fig.18.

137

The input MONOE=10 for Cs gamma-ray source. The energy mesh

points are defined in the code based on the input HH=0.04 (MeV).

The input ITP21=10 is specified in NO.29, which requires Card-02.
Consequently the input LR1, LRZ,_LZ1 and LZZ are prepared in
No.30, which indicates that angular fluxes to be calculated are
picked up at radial meshes 1 through 30 at 30-th axial mesh to

store in File unit 21.

{4) Sample problem 4: Gamma-ray skyshine problem
This is an example of a gamma-ray skyshine problem: The
gamma rays streaming through the ceiling of a water-pool facility

are calculated in Sample problem 3 and the angular fluxes at the



JAERI-M 84244

height of the ceiling are stored in File unit 21. Consequently
the sample 4 is calculated based on the angular fluxes in
File unit 21, which reguires to input 10 for NBND and 22 for LTAP
as shown in No.4 of Fig.19-1. The input IUNCL=25 indicates that
the analytical unscattered flux calculation is executed up to 25-
th energy mesh, which requires the specification of the source
region as given in No.23.

The list of the input data is provided in Fig.19-2 n =3.
The angular fluxes are read from J=1 through J=31 energy mesh
from File unit 22, which become the boundary angular fluxes at

each energy mesh.

(5) Sample problem 5: Neutron flux estimation within a space

behind a shield with a straight duct

The inpﬁt data are shown in Fig.20-1 ~ -3, This problem is
a neutron streaming through a straight air duct for the mono-
energy 14-MeV neutron source assumed as a disk source. There is
a large space or room behind the shield, so that scattered
neutrons within the duct and penetrated neutrons in addition to
the streaming neutrons cause the increase of the neutron dose
level within the space. For estimation of the neutron flux in
the large space, one should input the negative integer (-25} for
ITUNCL, which indicates that neutron streaming and penetration
calculations are carried out using the analytical unscattered
flux calculation option at each energy mesh and after that the

additional analytical unscattered flux calculation is also
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carried out in the space using thus evaluated angular fluxes on
the back surface of the shield at each energy mesh. Since the
source of the sample problem is the monoenergy source, the
analytical unscattered flux calculation is executed only once for
the monoenergy source. Consequently the input‘data for speci-
fying the material regions, TUNC (i,j), are all zeros for 0.2- and
0.4-lethargy interval structures.

The list of the input data is provided in Fig.20-4 ~ -5, in
which the boundary angular £luxes are all the same values of
1/27 on the disk source for the first energy mesh. The streaming

region is specified as zeros for both NOEL and NEK.
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3.6 Other note

Since no iterative calculations are applied in the PALLAS
code for estimation of within-group scattered radiations, it
should be essentially required to use fine energy meshes in
neutron deep penetration calculations in materiél regions
composed of large mass numbers such as sodium, iron or lead.
Although it is ideal to apply so fine energy meshes that at least
a few energy meshes can be chosen within the maximum energy
degradation, practical calculations choose rather rough energy
meshes, which results in sometimes considerable calculational
errors. One of mitigations of the errors is to apply the
weighting function option (IRWRT>0) to assume the rising gradient
of the spectra in thick material regions. In addition, it should
be essential to use region-wise effective cross sections that can
be processed by one-dimensional transport calculations with

ultra-fine energy meshes.
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4, ANCULAR MESH POINTS AND NUCLEAR DATA USED IN PALLAS
CODE

4.1 Angular mesh points

The angular variable §J is represented by discrete~ordinate
directional points ﬁpq(=§(@p,¢pq) on a unit sphere, where the 9
is the polar angle and the'¢ is the azimuthal éngle as shown in
Figs.14 and 15. In PALLAS calculation, w=cos® is used instead
of 0. The values for §_ (w_,¢__) fixed in the present code are

Ppqg P P4d

given under Fig.15 for p<4, since the angular points are dis-
tributed sfmmetrically with respect to the r axis as shown in.
Fig.15. Basically any constants can be used for the PALLAS
angular gqguadrature set. The present constants have been
calculated in the following manner: First, the center point in
each wp-range governed by its weight was chosen as the value for
wp' Second, the center point in each ¢pq—fange governed by its
weight was also chosen as the value for ¢pq' and then the weight
for each qu was determined with multiplying the wp—weight by
the ¢pq-weight.

One may use the other angular quadrature sets defined under

the restriction of the total 28 mesh points symmetrical with

respect to the r axis.

4.2 Nuclear data for PALLAS
As already mentioned, PALLAS calculates radiation scattering
as precisely as possible. For gamma ray scattering the Klein-

Nishina formula is directly utilized so that PALLAS calculated
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angular flux can represent precisely physical phenomena. Then no
gamma-ray scattering data are necessary.

For neutron nuclear data the infinite dilution point energy
data have been prepared in PALLAS INF-series library%)in which
the total cross sections oLr Og and 01 at all the energy points
written in ENDF/B-IV data file were averaged in‘the enerqgy
intervals defined in Table 1. The.weighting function for
averaging was fission +1/E spectrum. All the Legendre expansion
coefficients givgn in ENDF/B-IV file were used for obtaining,
those at thé energy meshes in PALLAS library defined in Table 1.
The inelastic slowing down matrix were prepared with use of
SUPERTOG code?)

The effective cross sections used in practical PALLAS
calculations have been prepared in PALLAS EFF-series library, for

each nuclide provided in Table 1. For any mixtures one must

determine the self-shielding factor for these mixtures by oneself.
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Table 1 Energy mesh structures used in PALLAS neutron library
Lethargy-width structures of 0.05, 0.1, 0.2 and 0.4
are given. .
0.05 LETHARGY WIDTH STRUCTURE
GROUP ENERGY MESH UPPER BOUND. LOWER BOUND.
(EV) (EV) (EVD

1 1.4200E+07 1,4559E+07 1.3849E+07
2 1.3507E+07 1.3849E+07 1.3174E+07
3 1.2849E+07 1.3174E+0Q7 1.2531E+07
4 1.2222E+07 1.2531E+07 1,1920£+07
5 1.1626E+07 1.1620E+07 1.133%9€E+07
é 1.1059E+07 1.1339E+07 1.0784E+07
7 1.0520E+07 1.0786E+07 1.0240E+07
8 1.0QO?E+0? 1,0240E+07 9.75%5E+0¢6
9 $.5185E+06 ?.7595E+06 9.2835E+06
10 ?.0543E+06 9.2835E+064 8.8308BE+06
11 B.6127E+06 8.83I0BE+06 B.4001E+06
12 8.1927E+046 8.L001E+06 7.9%904E+04
12 7.7931E+06 7.9904E+06 7.6007E+06
14 7.6131E+06 7.6007E+06 7.2300E406
18 7.0515E+06 7.2300E+06 6.8774E+08
16 6.70746E+06 &,8774E+06 6.5420E+06
17 5.3805E+06 &.5420E+06 §.2229E+06
18 6.0693E+06 4.2229E+06 5.919LE+04
19 5.7733E+0Q06 5.9194E+06 5,.8307E+06
20 S.LPLTE+0S 5.6307E+06 5.3561E+06
21 S.2239E+06 S.3561E+06 S.094LFE+06
ad 4 ,9891E+06 5.0949E+06 4L.BLOELE+QS
23 L. 726BE+06 L, BLOLEFDS 4L.6101E+06
24 4. 6962E+06 L.6101E+06 4L IBS2E+04
25 4.2770E+06 4 .3852E+06 L.1714E+06
26 4.06BLE+QS 4L ,1714E+06 3.F479E+Q6
27 3.8B700E+06 3.9679E+06 3.7744E+06
28 3.6812E+406 3.774LE+DS 3.5903E+06
29 3.5017E+06 3.5903E+06 3.4152E+06
30 3.3309E+04 2.4152E+06 3.2487E+006
31 3.168B4E+06 3.2487E+0Q6 3.0902E+06
32 3.0139E+06 3.0902E+06 2.9395E+06
33 2.8669E+06 2.9395E+06 2.7961E+04
34 2.7271E+0¢ 2.7961E+0Q6 2.6598E+06
3s 2.5941E+06 2.659BE+06 2.5301E+Cé
3é 2.46786E+06 2.5301E+06 2.4067E+0S
37 2.3472E+C6 2.40867E+06 2.2893E+06
I8 2.2328E+06 2.2B93E+CS 2.1774E+06
39 2.1239E+06 2.1776E+06 2.0714E+06
40 2.0203E+04 2.0714E+06 1.95704E+06
41 1.9218E+06 1.9704E+06 1.8743E+06
42 1,.82B0E+0é 1.8743E+406 1.782GE+06
&3 1.7389E+068 1.7829E+0% 1.6959E+06
44 1.6541E+406 1.6959E+046 - 1.6132E+C6
45 1.5734E+06 1.6132E+086 1.5348E+06
b 1.4947E+06 1.5346E+06 1.4597E+04
47 1.4237E+06 1.4597E+06 1.3885E+C6
48 1.3542E+06 1.3885E+C6 1.3208E+04
49 1.2882E+0¢ 1.3208E+06 1.2564E+06
50 1.2254E+06 1.2564E+06 1.1951E+06



51

52
53
54
55
56
57
58
59
60

61

62
63
64
65
54
&7
68
&9
70

71
72
73
74
75
76
77
78
79
80

81
82
83
B4
BS
Bé6
87
88
89
20

91
92
93
94
95
96
.97
s8
99
100Q

Table 1

1.1656E+06

' 1.108BE+06

1.0547E4064
1.0032E+06

9.5432E+05

9.0778E+05
B.&4350E+C5
B.2139E+05
7.8133E+05
7.4322E+05

7.06%8BE+05
6.7250E+05
6.3970E+05
6.0850E+05
5.7882E+05
5.5059E+05
5.2374E+05
4L.,9820E+05
4, 7390E+0S5
& ,5079E+05

4.28B0E+05

4.0789E+05°

2.8800E+05
I.4907E+05
3I.5107E+05
I.3395E+05
3.1747E+05
3.0217E+05
2.8744E+405
2.7342E+05

2.600BE+05
2.4740E+05
2.3533E+05
2.2385E+05
2.1294E+05
2.0255E+05
1.9267E+05
1.8328E+05
1.7434E4+05
1.6584E+05

1.577SE+05

1.5005E+05
1.4274E+05
1,3577E+05
1.2915E+05
1.22856+05
1.1686E+05
1.1116E+05
1.0574E+05
1.0058E+05
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(continued)

1.1951E+04
1.134BE+06
1.0814E+04
1.0286E+06
9. 78B4BE+0S
9.3076E+05
B.8534E+05
B.4218E+05
8.0111E+C5
7.6204E+05

7.2487E+05
$.8952E+05
6.558B9E+05
6.2390E+05
5.934B8BE+05
S.6453E+05
5.37C0E+Q5
5.1081E+05
4.8590E+05
4.,6220E+05

4 . 3968E+05
4, 1822E+05
3.9782E+05
2.7842E+05
3.5996E+05
3.4241E+05
3.2571E+C5
3.09B2E+(5
2.9471E+05
2.8034E+05

2.66467E+05
2.5366E+05
2.4129E+05
2.2952E+05
2.1833E+05
2.0768BE+05
1.9755E+05
1.8792E+05
1.7875E+05
1.7003E+05

1.6174E+05
1.5385E+05
1.4435E+05
1.3921E+05
1.3242E+05
1.25946E+0CS5
1.1982E+05
1.1398BE+05
1.0842E405
1.0313E+05

1.1368E+06
1,0814E+06
1.0284E+06
9.7B4BE+0S
9.30746E+05
8.8534E+05
8.4218E+Q5
B.0111E+05
7.6204E+405
7.2487E+05

6.B952E+05
4.5589E+05
6.2390E+05
5.9348E4+05
S.6453E+05
5.3700£+05
5.1081E+05
4L .B590E+05
&L,6220E+05

4.3966E+05

4,1822E+053
3.97B2E+05
3.7842E+05
3.59F6E+05
3.4241E+05
3.2571E+05

3.0982E+05

2.9471E+05
2.8034E+05
2.46467E+05

2.5344E+05
2.4129E+05
2.2952E+05
2.1833E+05
2.0768BE+053
1.975SE+05
1.8792E+05
1.7B75E+05
1.7C003E+0S
1.8174E+05

1.5385E+05
1.4635E+05
1.3921E+05
1.3242E+05
1.2596E+05
1.1982E+05
1.1398E+05
1.0842E+05
1.0313E+0Q5
9.8101E+04



GROUP

(B0 oI B NIE < MRV, BN 3 FF BN R

fuy

11

12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
33

37
38
39
40

&1
42
43
L4
45
46
&7
48
L9
50

Table 1
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{continued}

0.1 LETHARGY WIDTH STRUCTURE

ENERGY MESH

(EV)

1.4200E+407
1.2849E+07
1.1626E+07
1.052C0E+07
?2.5185E+06
B.&127E+06
7.7931E+04
7.0515E+06&
4.3805E+06
S.7733E+06

5.2239E+06
L,7246BE+06
L. 277QE+06
3.8700E+06
J.5017E+06
3.1684E+046
2.886%9E+06
2.5941E+06
2.3472E+06
2.1239E+046

1.9218E+Q4
1.7389E+04
1.5734E+06
1.4237E+06
1.2882E+04
1.1656E+04
1.0547E+04
9.5432E+05
8.6350E+03
7.8133E+405

7.0698E+05
6.3970E+05
5.7882E+05
§.2374E+05
4.7390E+05
4.2880E+05
3.8B00E+0S
3.5107E+405

"3.1744E+05

2.B743E+05

2.4008E+05
2.3533E+05
2.1294E+05
1.9267E+05
1.7434E+05
1.5775£+05
1.4274E+05
1.2915E+05
1.1686E+05
1.0574E+05

UPPER BOUND.

(EV)

1.492BE+0Q7
1.3507E+07
1.2222E+07

1.1059E+07

1.0007E+0Q7
9.0543E+06
8.1927E+06
7.4131E+06
6.7076E+06

"6.0693E+064

3.4917E+06
4.9691E+06
4. 4962E+06
4.068B4E+06
3.468B12E+06
3.330%9E+06
3.0139E+0Q6
2.7271E+06
2.4676E+0Q6
2.,232BE+06

2.0203E+Cé
1.8280E+0¢
1.6541E+06
1.4967E+06
1.3542E+06
1.2254E+06
1.108B8E+0é6
1.0032E+06
9.0778E+05
8.2139E+05

7.4322E+05
6.7250E+05
6.0850E+05
5.5059E+05
4.982CE+0S
4.5079E+05S
4.0789E+0S
3.6907E405
3.3395E+05
3.0217E+05

2.7342E+05
2.4740E+05
2.2385E+05
2.0255E+05
1.8328E+05
1.6584E+05
1.5005E+05
1.3577E+405
1.2285E+05
1.11146E+05

LOWER BOUND.

(EV)

1.3507E+07
1.2222E+Q7
1.1C59E+07
1.0007E+07
9.0543E+06
8.1927E+06
7.4130E+06
6.7076E+06
6.0693E+06
5.4917E+06

4.9691E406
4. 46962E+06
4.06B4E+06
I,6812E+06
3.3309E+06
3.0139E+06
2.7271E406
2.4676E406
2.2328E+06
2.0203E+06

1.82B0E+0Q6
1.6541E+06
1.4967E+06
1.3542E+06
1.2254E+06
1.1088E+046
1.0032E+04
9.0778E+0S
B.2139E+05
7.4322E+05

&.7250E+05
$.0850E+05
5.35059E+05
4.9820E+05
4,5079E+05
4.0789E+05
3.6907E+05
3.3395E+05
3.0217E+05
2.7342E+405

2.4740E+05
2.2385E+05
2.0255E+05
1.8328E+05
1.4584E+C5
1.5005E+05
1.3577E+CS
1,2285E+05
1.11146E+05
1.0058E+05



51
52
53
54
55
56
57
58
59
60

61
62
63
b4
45
§6
67
&8
&9
70

71
72
73
74
75
76
77
78
79
80

81
a2
83
84
85
Bé
87
B8
89
90

91
92
?3
G4
95
26
g7
%8
99
100

Table

9.5679E+04
B.6574E+04
7.8335E+04
7.0881E+04
6.4135E+04

- 5.B032E+04

5.2510E+04
L.7513E+04
4L,2991E+04
3.8B900E+04

3.5198E+04
3.1849E+04
2.8818E+04
2.6075E+04
2.3594E+04
2.1349E+04
1.9317E+04
1.74L79E+04
1.5816E+04
1.4311E+04

1.2949E+04
1.1716E+04
1.0601E+04
9.5926E+03
8.46798E+03
7.8538E+03
7.1064E+03
6.4301E+03
5.8182E+03
5.2645E+03

4.7636E+03
4.3102E403
3.9001E+03
3.5289E+03
3.1931E+03
2.8892E+03
2.6143E+03
2.3655E+03
2.1404E+03
1.9347E+403

1.7524E+03
1.5857E+03
1.4348E+03
1.2982E+03
1.1747E+03
1,0629E+03
9.6175SE+02
8.7022E+02
7.8741E+02
7.1248E+02
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1 {continued)

1.0058E+05
9.1013E+04
8.2351E+04
7.4515E+04
6. 7624LE+04
6.1007E+04
5.5202E+04
4L, 994L9E+04
L.5195E+04
4. 0895E+04

3.7003E+04
3.3482E+04

3 .0295E+04

2.7412E+04
2.4804E+04
2.2443E+04
2.0308E+04
1.8B375E+04
1.6626E+04
1.5044E+04

1.3613E+04
1.2317E404
1.1145E+04
1.0084E+04
$.1248E+03
B.2565E+03
7.4708E+03
6.7598E+03
§.1165E+03
5.5345E+03

S.0078BE+03
4.5312E+03
4.1000E+Q3
Z.7099E+03
3.3568E+03
3.0374E403
2.7483E+03
2.4868E+03
2.2501E+03
2.0360E+03

1.8423E+03
1.8670E+03
1.5083E+03
1.3448E+03
1.2349E+03
1.1174E+03
1.0111E+03
?.1484E+02
8.2778E+02
7.649Q1E+02

9.1012E+04
B8.2351E+04
7.4515E+04
6.74L24E+04
6.1007E+0Q4
5.5202E+04
L.9949E+04
4.5195E+04
4L.089SE+04
3.7003E+04

3.3482E+04
3.0295E+04
2.7412E+04
2.4BC4E+04
2.2443E+04
2.0308E+04
1.8375E+04
1.6626E+04
1.5044E+04
1.3613E+04

1.2317E+04

. 1.1145E+04

1.0084E+04
9.1248E+03
8.2565E+03
7.4708E+03
6.7598E403
6.1165E+03
5.5345E+03
5.0078E+03

4.5312E+03
4.1000E+03
3.7099E+4C3
3.3568E+03
3.0374E+03
2.7483E+03
2.4848E+03
2.2501E+03
2.0360E+03
1.8423E+03

1.6649E+03
1.5083E+03
1.3648E+03
1.2349E+03
1.1174E+03
1.0111E+03
?.1484E+02
8.2778E+02
7.4901E+02
&, 7773E+02



JAERI-M 84—244

Table 1 (continued)

0.2 LETHARGY WIDTH STRUCTURE

GROUP ENERGY MESH UPPER BOUND. LOWER BOUND.
(EV) {(EV) {EVD

1 1.4200E+07 1.5693E+07 1.284%9E+07

2 1.1626E+07 1.28B49E+07 1.0520E+07
3 9.5185E+06 1.0520£+07 B.6127E+06
4 7.7931E+406 8.6127E+04 7.0515E+06

S 6.3805E+06 7.0515E+06 5.7733E+06
6 5.2239E+06 S.7733E+06 4.7268E+06
7 4L,2770E+06 4.726BE+04 I.B700E+06
8 I.5017E+06 3.8700E+06 3.1684E+06
g 2.8669E+06 3.18685E+06 2.5941E+06
10 2.34T72E+06 2.5941E+06 2.1239E+06
11 1.9218E+04 2.123%9E+06 1.73B%9E+06
12 1,5734E+06 1.738B9E+06 1.4237E+06
13 1.2BB2E+04 1.4237E+06 1.1656E+06
14 1.0547E+06 1.1656E+06 9.5432E+05
15 B.6350E+053 9.5432E+05 7.8133E+0S
16 7.0698E+05 7.8133E+C5 6.3970E+05
17 5.78B82E+05 6.3970E+05 5.2374LE+0S
18 4.7390E+05 S.2374E+0CS 4.,2880E£+05
19 3.8800E+05 4 .28BOE+(5 3.5107E+05
20 3.1747E+05 3.5107E+03 2.8744E+05
et 2.4008E+05 2.B744E+05 2.3533E+405
22 2.1294E+05 2.3533E+05 1.9247E+05
23 1.7434E+05 1.9267E+03 1.5773E+05
24 1.,4274E4+05 1.5775E+05 1.2915E+05
25 1.16886E+05 1.2915E+05 1.0574E+05
26 9.567%E+04 1.0574E+05 B.6574E+04
27 7.8335E+04 B.4574LE+04 7.0881E+04
28 6.4135E+04 7.0881E+04 5.B032E+04
29 5.2510E+04 5.8032E+3C4 4.7513E+04
30 4.2991E+04 4 . 7313E+Q4 3.B8900E+04
31 3.519BE+04 3.8900E+04 3.1849E+04
32 2.8818E+04 3.18B49E+04 2.6076E+04
33 2.3594E+04 2.6076E+04 2.1349E+04
34 1.9317E+04 2.1349E+04 1.7479E+04
33 1.5816E+04 1.7479E+04 1.4311E+04
36 1.2949E+04 1.4311E+04 1.1717E+04
37 1.0602E+04 1.17172+04 9.5927E+03
38 ‘8,4778E+03 9.5927E+03 7.853BE+03
39 7.1064E+03 7.8538£+053 6.4301E+0Q03
40 5.8182E+03 6.4302E+0Q3 S.2646E+03
41 4,7636E+03 5.2646E+03 4.3103E+0Q3
42 3.9001E+03 4,3103E+03 3.528%E+03
43 3.1931E+03 3.3289E+03 2.8B93E+03
L4 2.6143E+03 2.BB93IE+Q3 2.3655E+03
45 2.1404E+03 2.34655E+03 1.9367E+03
Lé 1.7524E+403 1.9367E+03 1.5857E+C3
47 1,4348E+03 1.5857E+03 1.2982E+C3
48 1.1747E+03 1.2982E+03 1.082%E+03
49 9.6175E+02 1.0629E+03 8.7023E+02
50 7.8741E+0Q2 B.7023E+02 7.1248E+02



51
52

53

54
55
56
57
58
59
60

61
é2
63
64
65
66
67
68
69
70

71
72
73
74
75
74
77
78
79
80

81

82
83
84
85
86
87
asg

Table 1

6.LL68E+02

5.2782E+02

4.32316E+02

3.5381£+402
2.8967E+C2
2.3716E+02
1.9417E+02
1.5898E+C2
1.30164E+02
1.045646E+02

B.7248E+01

"7.1433E+401

5.848B4E+01
4.7883E+01
3.9203E+01
3.2097E+401
2.6279E+01

2.1515E+01
1.7515E+01

1.4422E+01

1.1808E+01
9.84673E+00
7.9150E+00
6.4802E+00
5.3056E+00
6.3438E+00Q
3.5564E+00
2.9117E+00

2.3839E+00

1.9518E+00

1.5980E+00
1.3083E+00
1.0712E+00
B.7701E-01
7.1804€-01
5.8788E-01
4.8131E-01
3.9406E-01
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{continued)

"7.1248E+402 -

5.8333E+C2
4.7759E+402
3.9102E+C2
2.2014E+02
2.6211E+02
2.1460E+02
1.7570E+02

~1.43BSE+02
A.1777E+02

?.8424E+01
7.8945E+01

T 6LL635E+01

5.2919E£+01
6.3326E+01

" 3.35472E+01

2.9042E+01
2.3778E+01
1.9468E+01

1.5939E+01

1.3050E+01

- 1.0684E+01

B.7474E+00
7.1617E+00
S.8635E+00
L, BOOTE+0QD
3.9304E+00
3.2180E+00
2.6347E+00
2.1571E+00

1.74661E+00
1.4459E+CQO
1.1838E+00

C9.8924E-01

7.9355E-01
$.4971E-01

5.3193E-01

4,3531E-01

0.0

5.B333E+02
4.7759E+02
3.9102E+02
3,2014E+02
2.6211E402

"2.14460E+02

1.7570€E+02

"1.438B5E+02

1.1777E+02

. 9.,6424E+01

7.8945E+01
6.4635E+01
$.2919E+01
4.3326E+01
3.5472E+01
2.9042E+01

2.377BE+01

1.9468E+01

"1.5939E+01

1, 3050E+01

1.0684E+01
8.7474E+00
7.1617E+00
5.8635E+00
4.8007E+00

C U 3.9304E+400
©3.218B0E+00

2.58347E+00
2.1571E+00

1.7661E+00

1.4459E+00

1,1838E+00

9.6924E~01"
7.9355E-01
6,4971E-01
5.3194E-01
4.3551E-01



GROUP

-
VOO0 NN BN e

12
13
14
15
16
17
13

20

21
22
23
24
25
26
27
28

30

31
32
33
34
33
36
37

40

41
&2
43
44
45

38

Table 1
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(continued)

0.4 LETHARGY WIDTH STRUCTURE

ENERGY MESH

(EV

1.4200E+07
$.5185E+06
6.3805E+06
4. 277CE+0S
2.8469E+06
1.9218E+04
1.2B82E+06

‘B.6350E+05

S.78B2E+05
3.8800E+05

2.6008E+05
1.7434E+05
1.16B4E+05
7.B335E+04
5.2510E+04
3.519BE+04
2.3594E+04
1.5816E+04
1.0602E+04
7.1064E+03

4,7836E+03
3.1931E+403
2.1404E+03
1.4348BE+03
9.6175E+02
6.6448E+02
4.3214E+02
2.B967E+02
1.9417E8+02
1.3016E+02

8.7248BE+01
5.8484E+01
3.9203E+01
2.627%9E+01
1.7615E+01
1,1808E+01
7.9150E+00
5.3056E+00
3.5564E+00Q
2.3B39E+00

1.5980E+00
1.0712E+00
7.1B04E-01
4.8131E-01
3.2263E-01

UPPER BOUND.

(EV)

1.7344E+07
1.1626E+07
7.7931E+06
5.223%9E+06
3.5017E+C6
2.3L72E+06
1.5734E+06
1.0547E+0C6

© 7.0698E+05

4.7390E+05

3.17867E+05
2.1294E+05
1.4274E+05
9.5679E+04
6.4135E+04
4.2991E+04
2.881BE+04
1.9317E+04

C1.2949E+04

B.6798BE+03

5.8182E+03
5.9001E+03
2.6143E+03
1.7524E+03
1.1747E+03
7.B741E+02
5.2782E+02
3.5381E+02
2.3716E+02
1.5898¢€£+02

1.06564E+02
7.1433E+01
4.78B3E+01
3.2097E+01
2.1515E+01
1.4422E+01
9.44673E+00
6.4BO2E+QO
4 .3438E+0Q0
2.9117E+0Q0

1.9518€+00
1.3083E+00
B.7701E-01
S.B787E-01
3.9407E-01

LOWER BOUND.

(EV)

1.1426E+07
7.7931E+06
5.2239E+06
3.5017E+06
2.3472E+06
1.5734E+06
1.0547E+06
7.069BE+05
& . 7390E+05
3.1767E+05

2.1294E+0S
1.4274E+0S
9.5679E+04
§.4136E+04
4.2991E+04
2.881BE+04
1.9317E+04
1.2949E+04
8.46798E+03
5.8182E+03

3.9001E+03
2.6143E+03
1.7524E+03
1.1747E+03

‘7.8741E+02

5.2782E+02
3.5381lE+02
2.37146E+02
1.5898E+02
1.0656E+02

7.1433E+01
4.78B3E+01
3.2097E+01
2.15135E+01
1.64422E+01
P.6473E+00
6.4802E+00
4L  343BE+00
2.9117E+00
1.9518E+00

1.3083E+00
8.7701€E-01
5.8788E-01
3.9406E-01
0.0
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"Table 1 {continued)

\ 0.8 Lethargy width structure

Group ————- - _ - e
E, (eV) ; Enp (eV) By (eV)
1 1.4208E 407 | 1.9607E 407 8.8099 E +06
2 6.3842E+06 |  B.8099E +06 3. 9586 & + 06
3 2.8686E +06. |  3.9583E +06 1. 7787 E, -- 06
4 1.2890B +06 | 1.7787E +06 7.9922E +05
5 | BTLTE405 | 7.9922E 405 3.5911 E +05
6 | 2.6024E405 | 3.5M1E+05 | 1.6136E+05
7 ! 1, 1693 E +05 ; 1.6136E +05 . T.2504E-+04
8 5.2541E 404 |  7.2504F +04 3.2578E + 04
9 2,360BE +04 |  3.2578E+04 1, 4638 E + 04
10 1. 0608E +04 1. 4G3BE + 04 6.5774E +03
11 | 4.7664E +03 6,57T4E +03 2.9554E +03
12 2. 1417E 403 2.9554E +03 ;  1.3279E 4903
13 9. 6232K +02 1.3279E 403 | 5.9660E 402
14 4. 3240 F 402 B.O6GIE +02 | 2.6811E +02
15 1.9429% + 02 ‘ 2.68111E 402 1 1,2047 K +02
16 8.7299E+01 | 1.204TE+402 5.4130E+01
17 3.9226E+01 | 5.4130E40L ¢  2,4322E 401
18 L7629E+01 | 2.4322E+01 ;  L.0929E+01
19 T.916E+00 | 1.0929E +01 4,9105E -+ 00
.20 3.5685 K +00 | 4.9106E +00 2.2065E +00
21 1.5980E +00 . Z2066E4+00 | 9.9143E—-01
22 7.1845E—01 | 0.9143E-01 | 4.4548E—01
23 3.2281E —01 4.4548E—01 ' 2.00L7TE—01
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Table 2 List of identification numbers of nuclides used

in PALLAS neutron and gamma-ray libraries

_ Identification Number
No Nuclide
Au=0.05 | Au=0.1 | Au=0.,2 | Au=0.4 | Au=0.8
1 | -1 5011 1011 2011 4011 8011
2 | u-2 5012 | 1012 | 2012 | 4012 | 8012
3 | Li-6 5036 1036 2036 4036 8036
4 | Li-7 5037 1037 2037 4037 8037
5 | Be-9 5039 | 1039 2039 4039 8039
6 | B-10 5050 1050 2050 4050 8050
7 | B-11 5051 | 1051 2051 4051 8051
8 | c-12 5062 1062 2062 4062 8062
9 | N-14 5074 1074 2074 4074 80 74
10 | o-16 5086 1086 2086 4086 8086
11 | F 5090 1090 2090 | 4090 8090
12 | Na-23 5113 1113 2113 4113 8113
13 | Mg 5120 1120 2120 4120 8120
14 | a1-27 5137 1137 2137 4137 8137
15 | si 5140 1140 2140 | 4140 8140
16 | ca | 5200 1200 2200 4200 8200
17 | cr 5240 1240 2240 4240 8240
18 | Mn-55 5255 1255 2255 4255 8255
19 | Fe 5260 1260 2260 4260 8260
20 | Ni 5280 1280 2280 4280 8280
21 | cu 5290 1290 2290 4290 8290
22 | zr 5400 1400 2400 4400 8400
23 | Mo 5420 1420 2420 4420 8420
24 | W 5740 1740 2740 4740 8740
25 | Pb . 5820 1820 2820 4820 | 8820
26 | U-235 5925 1925 2925 4925 8925
27 | U-238 5928 1928 2928 4928 8928
28 | sUS(304) 5500 1500 2500 4500 8500
29 | SUS (316) 5510 1510 2510 4510 8510
30 gggiizig 5520 1520 2520 4520 8520
31 ggizzete 5530 1530 | 2530 | 4530 | 8530
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Table 2 {supplement)
! i C .
. i  Identification Number
N No-. Materials ’ for photon data*
\32 Water ! 540
| Air i 550

*
For only photon data (KNDG=4), two materials

are identified by three digits in Card 21.
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Table 3 Maximum number of terms of Legendre polynomials and the energy
group number and the corresponding energy above which the anisctropy
of elastic scattering is taken into account.”

Ju=0.1 L Au=0.2 b gu=0.4 ' du=0.8

Nuclide | Limax™ | M o . :
gGrp."‘*’ (Ee’\';)“ Grp.i (an) ;Grp,g (EE\}") IGrp (an}
— ) H ¥ N
H-1 100 a0 [ L4247 | 0 L4247 | 0 |1.4247
Li-6 9 50 |1.0644 | 87 [1.06+4 | 19 |1.0644 ; 10 | 1.06+4
Li-7 10+ 43 | 21345 | 22 | 21345 | 11 | 2.8045 | 6 | 2.60+5
B-10 9 . 46 15845 | 23 | L7445 iz lioaes -6 | 2.60+5
B-11 9 | 46 15845 | 23 | 1.74+5 12178 [ 6 12,6045
c-12 7 i 50 |1.0645 i 37 | 1.064+4 | 19 | 1.06+4 : 10 | 1,0644
N-14 1 2 (11746 ; 18 [1.2046 | 7 ;12046 | 4 | 12946
0-16 1| 50 10646 | 2 {LITH5 | 13 (11745 | 7 | L1745
Na 15 ! 50 |1.0645 31 |3.5244 | 16 |3.5244 | 8 |5.25+4
Mg | 15 | 50 | L0645 | 31 |3.52+4 | 16 |3.52+4 = B |5.2544
MQT‘ 10 43 121345 | 2 |213+45 | 11 zm+5‘ 6 !2.60+5
Si 11 50 [ 1.0645 | 25 | L1745 | 18 | 11746 | T | 11745
Ca . 11 50 | 1.0645 | 25 | L1745 | 18 | 11745 | 7 11745
Cr 16 ; 50 |1.06+5 | 48 | 1.17+3 | 24 | L4343 | 12 | 21443
Mn-55 | 16 | 32 [ 6.4045 | 16 | 7.0745 | 8 |8.6445 | 4 |1.29+6
Fe 12 | 89 [3.1845 | 20 .3.18+5 | 10 | 3.8845 | 5 |5.79+5
Ni 13 ¢ 50 [ 10645 | 28 |6.41+4 | 14 [7.83+44 | 7 111T+5
Zr 16 | 50 |106+5 | 31 |8.5244 | 16 | 35244 | 8 |5.25+4
Mo | 15 | 50 10645 | 25 | 11745 | 13 11745 T | L1745
Pb 15 | 41 |26045 | 21 (26045 | 11 |2.60+5 | 6 | 2.60+5
U-235 | 16 | 43 21345 22 | 2.3345 | 11 26045 | 6 :2.6045
U-238 | 16 - 50, 1 1.064+5 | 85 | 1.58+4 | 18 | 1.5844 9 |2.36+4

= maximum number of terms of Legendre polynomials.
“¥)  the energy group and the corresponding energy above which the anisotropy
of elastic scattering iz taken into account.
B 1.4247 reads 1.42x107,

Table 4 Secondary gamma-ray enerdy

structure

No. |E(MeV) | No. | E(MeV) | No. | E(MeV)
1 13.0 11 1.0 21 0.075
2 10.0 12 0.5 22 0.068
3 8.0 i3 0.34 23 0.062
4 7.0 14 0.24 24 0.058
a 6.0 15 0.18 25 0.052
6 5.0 le6 0.15
7 4.0 17 0.125
8 3.0 18 0.108
g 2.0 19 0.094

10 1.5 20 0.083
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Table 5 PALLAS-2DCY-FX file requirements
Log%cal Contents Remarks
unit
2 Scrach For working.
3 Calculated data for RS, Data for RS, ZS5, PSYS are calcu-
Z8, PSYS lated in Subroutine MISIMA and
used in KYOTO.

5 Input

6 Output

8 Scrach For working

i0 Angular fluxes FN FN for each energy mesh are stored
temporally in this unit. Large
storage is necessary, for instance
(75%75%28).

11 Top boundary fluxes, Data are stored in Sub., TOKYO and

BOUN used in main.

12 Calculated data for CIA Tnelastic scattering matrices CIA
are calculated in Sub. YOKHAM and
used in NAGOYA.

14 Reaction rates or dose Data are stored in Sub, OSAKA.

rates

15 Uncollided angular fluxes

17 Cylindrical surface Data are stored in Sub. TOKYO and

boundary fluxes, BOUNR used in MAIN.

18 Bottom boundary fluxes, Data are stored in Sub. TOKYO and

BNMZ used in MAIN.
19 Scalar fluxes Data are stored in Sub., O0SAKA.
20 Angular fluxes i This file is used only when input
calculated previously { ITP20>0 (data note 11).

21 Calculated angular This file is used only when input

fluxes for all groups ITP21=1.

22 Angular fluxes i This file is used when NBND=10 and

calculated previously { LTAP=22.

24 Reaction rates When ITP24>0.

25 Boundary fluxes When NBND=10 and LTAP=25.

29 Scalar fluxes When 1TP29>0,

31 PALLAS gamma~ray library

35 Boundary fluxes When IRZZR>0,

51 PALLAS neutron library | for 0.1-lethargy structure.

52 PALIAS neutron library for 0.2-lethargy structure.

54 PALLAS neutron library for 0.4-lethargy structure.

55 PALLAS neutron library for 0.05-lethargy structure,

58 PALLAS neutron library | for 0.8-lethargy structure.
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Relation of program variables to program mnemonics
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Program mnemonic

Program variable and remark

WP (IP)

WWP (IP)
WEP (IP)
WPQ (IPQ)
PSY (IP, IPQ)
PSYB (IP, IPQ)
AMU (M)
WAMU (M)

DR (I)

DZ (1)

CRT (N,, Ny, J)

RD (M)

FN (MR, MZ, IPQ)
SN (MR, MZ, IPQ)
ALPH (M)

ALHY (M)

FGM (M, )
KMAX (M)

"KK (M, NONH)
SIGMA (J, NUQO)

- WT (N, IP, )

GZI (N, IP, I}

RO (NUC)
RS (M, IP, IPQ)
7S (M, IP, IPQ)
PSYS (M, IP, IPQ)
A (N;, N
ION >0

<0
MUON >0

<0

MRR
MZZ

~CIA (JMK, NONH}

GZAI (NUC)
WAVE (3)
DWAVE (J)
GMU

ZD (K)
ORGN
MRB (N2
MZB (N
RE (N}

ZB (N)
EDN (N1, N

1QT

@p

dwy;, weight for wp
Boundary value of dwp
42,41 weight for angular mesh point
#pq

Boundary value of ¢

Hoe

dpay weight for pm

dr; radial interval in I-th region
dz; axial interval in I-th region

Iir, 2, E;); macroscopic total cross section

in Ni—z and N;—r region
% radial distance {em)

-y, zk:-qu)

Q'(riy 2k, -Q;pq)
Am
qm for hydrogen
Zalr, E;')f(Ej) Hm)
Maximum E
E(#n) for nuclide number NONH
Talr, Ey)
Wa=|Plwn®, wp, ﬂ’m)‘?”(“’nla Wp, @)
af _Am T @pla
cos (T e )
A

]

Fe

1=

R=2wp, $)

A E)

(+r, +=z) direction

=
T

N ™

i-1

I

- (7, —2} direction

(—r, Z2) direction
(+r, x2z) direction
Tota! number of r meshes
Total number of z meshes
Zinlr, Ev—Ey-4U
an
3
15
Ak
p=1+4—1
Zy; axial distance {em)
(ZZR14+ ZZR2)/2

Boundary mesh numbers in N,—7 region
Boundary mesh numbers in N;—z region

Radia! boundary distance
Axial boundary distance’
n(#); electron density in (Ni—z, Na—7)
region T
Total angular meshes
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B/A or C/A

Z
N
T P S
o - - WATER __\
o - —_ - — -
J( ~  CRAPHITE - —| IRON
— . - _h__\\\\
] - - - -
w ORE :_—_—mk
] I > R
- 21N 23 ke 50 - 20 {cm
- - - \
Fig.1 Neutren transport problem
A : 0.1(27)+0.2(35)+0.4(45)
B : 0.2(35)+0.4 (45)
C : 0.2(25)+0.4(29)+0.8(23)
— Fluence (>0, 1MeV)
A : In (n,n')
1.0
L : Dose rate
0.9
0.
0.
0.6
0.5
WATER ——31 IRON
{ | [ | | |
0] 20 40 60 30
Fig.3 Accuracy of the series calculations
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Energy mesh number
0.1 lethargy-width

5 7 g9 25 .27
I structure (KIN=2j

L,
y

1 3
L1
l 0.2 lethargy-width

cal. starts

l (KIN=1)
1314 15 .34 35

B

—4
7]

19 42 43 44 45
|, |

0.4 lethargy-width calculation
starts (KIN=0)

Fig.2 An example of a series calculation with

0.1(27 meshes)+0.2(35 meshes)+0.4 (45 meshes)

structure
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Z
A
14 —ﬂ
10&11 e ]
8
5&6 = = -
3
1 -
’ 1 5&6 3 10&11 13 15

Fig.6 Spatial mesh dssignment

MSZ

SZMAX

MSR

NORF=0; Reflection

boundary condition

MSZ

e—SRMAx~ﬂ

SZMAX

xF

SZMIN
RN

NORF>0: No reflection

rbouhdary condition

Fig.7 Cylindrical volunme source specification
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Z
NLRMIN LRMAX MRR
B e e 1 e s e e s s B
1
! -
' New
Lzz B Calculation . -
LZZ1 - - - - = == IBZI1
- oid -
= (Calculatiocn -
: -
[ | S S S N W » R
T LRR
ROLD (1)

Fig.8 A new calculation with the top boundary
' fluxes at IBZ1-th z mesh, which are old

calculations at LZZ1-th .z mesh

A
A IBR MRR
S I S | T T | T T T L MZZ
. -
LZ7Z t e e o = o o == = = LZMAX
t - New -
' N Calculation
014 . l
Calculgtion -
' 4 . 7
, -/ZOLD(n) _
|
[AENINE A R LIMIN
! i i
I L]
' : - .
. ! » R
LRRL LRR

Fig.9 A new calculation with the cylindrical
surface fluxes at IBR-th r mesh in old

calculacions at LRRL-th r mesh
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Z
N
RZT2 <
KBZ 2 ~\\\\\\\\‘\_ \\
B ASSUMED N
~
KIT1 qOURCE <~
>
KEZT //2914532 \;:::
SOUHCE ‘\\\\
L’
KZB1 [fprs b o D N
KBBZ 1 ‘\\:
N ] \\\\\
kziz ISSSRSNTRONINN > R
KBBZ2, KSR1 KSR2
=1 KBR1=2 KBR2=4
I
1 i
4
) i
I ]
}
|
| SCURCE
Fig.11 Source and assumed source definition

in the analytical unscattered flux

calculation

—7h
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NN N NN
N\

;) Second A
calculation

in {r,0,z)

geometry \

()

Lz

il N’_ > E
L722 | [ RTZ (1) TRMS
|
I
|
First calculation
in {r\z)geometry
1
1
|
]
]
!
}
L i [ | 1 = T
% RZRO LR2
LR1

Fig.13 When IRTZ>0, angular fluxes calculated in
(r,z) geometry picked up between LR1~ and
LR2-radial mesh at LZ{1-z mesh and are converted
to the boundary angular fluxes for the next

calculation in (r,©,z) geometry.
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Fig.14 Discrete ordinates
representation of
radiation flight
direction

Fig.15 Angular mesh points and their order in thé
current PALLAS code.

Y] and weight

Pq
p q w Weight ¢ . 1. Weight for Z2pq
1 1 099240 00151980 0785 4 : 0.0-23860 7
1 2 00992490 0015190 23562 0.02386¢0
2 1 091174 014614 0.7854 0229557
2 2 091174 0146 14, 23562 . S 0.229557
3 1 0.6 385 2 0.40030 0.3 1416 02515165
3 2 0.63852 040030 1.09956 0.377275
3 3 063852 040030 2.04204 377275
3 4 0.6 3852 0.40030 2282744 002515165
4 1 0.219185 0.4°3837 0.1 9633 0.172148
4 2 0219185 0043837 0687225 0.258222
4 3 0219185 0.43837 1.27630 0258222
4 4 00219185 0.43837 .86 533 0258222
4 5 0.219185 0.43837 24544 0258222
4 6 0.219185 043837 29453 0172148
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[ T DT SN SIS SRS. SUUE SUDIPY - S SR IR SRR . DUPRPRE S e TR
SAMPLE PRODBLEM 2 82=11 NQ.2 PAL2DST.DATACMIURA1) FLUX TO DISK
4 010 0 O 0 0 & 0O
32 71017 0 ©0 O
1t 0 0 0
8.250 0.0
& 3 4 2 11 10 &
12.50 2.75¢C 2.75¢ 3.000 35.4 90.30 22,6
2 3 3 7 611 & 310 6
535.0 5.0 195.0 35.0 50.0 50.90 15.0 2.5
142.5 30.¢ . .
8.25%0 7.750 7.250 6.750 6.250 5.750 5.250 4.750
4.250 3.750 3.250 2.750 ?2.250 1.756 1.25¢ 1.000
0.750 0.4600 0.500 0.400 0.320 0.260 0.200 0.170
0.145 0.130 0.120 0.110 0.100 0.092 0.085 0.0890
o 2
2.050E 05 3.350E 06 1.350E 06 1.550FE 06 2.050E 06 2.150E 06 3.480E 06 4L .4LOCE 06
7. 4LODE 06 6.900E 06 1.000E 07 B.OOCGE 06 1.440E 07 1.1608 07 4#.900E 06 4.3C0E 06
3_4D0F 06 3.400FE 06 4.000E 06 4.200E 06 4.300E 046 4 .400E 06 4.400E 06 4.4C0E 06
4.4L00E 046 4.400E 06 4.400E 06 &4.400E 06 4.400E 06 4.400E 06 4.400E 06 4 ,4L00E 06
1 1 1 1 11 1
1 -1 -1 -1 -1 -1 -1
1 1 1 1 11 1
1 1 1 1 1 1 1
1 31 1 1 i1 1
11 1 1 1 1 1
1 1 1 1t 1 1 1
11 1 1 1 1 1
1 1 1 1 1 1
11 1 1 1 1 1
1 1 ¢+ 1 1 1 1
0 12 13 13 13 13 13
¢ o 1 1 1 1 1
0 0 O 34 35 35 35
o 0o ¢ 1 1t 135
35 35 35 35 35 1 35
&1 61 61 61 61 1 35
34 36 34 34 34 1 35
i1 1 1 1 135
35 35 35 35 35 35 35
11 1 &t 1 1 1%
1 1 1 1 1 1 1
11 1 1 1 1 1%
11 1 1 1 1 1
11 1 1 1 1 1
1 1 11 1 1 1
1 i ¢+ 1 1 1 1
11 ¢ 1t 1 1 1
1 11 1 11 1
i1 1 1 3 1 1
11 1 1 1 1 1 S
I T DT T U SR SIS ST S S, U Uy SR SR S SRRl
Fig.17-1 Input data for Sample problem 2
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B.900E-02
8.900E-02
8.900E-02
8§.900E-02

4.621E-00
4.418E-00
4.031E-00
4.031E-00

....a....l....t....2....:....3....*....A...,t....S...‘x....é....s....T....t....s
AIR
550
0.0 0.0 1.200E-03
ABSOR1
1.000E-04
8.900E-02 8.700E-02 B.900E-02 B.FO0DE~-02 B.900£-02 8.900E-02 B.900E-C2
8.900E-02 8.900E-02 8.900E-02 8.900E-02 B.900E-02 B.9C0E-02 B._%00E-02
8.900E-02 B.900E-02 B.900E-02 B.900E-02 B.90CE-DZ 8.900E-02 B8.900E-C2
§_900E-02 B.90DE-02 B8.900E-02 B.F00E-02 B.%0CE-0Z 8.9QCE-D2 B.900QE-0Q2
0.000
0.000
0.000
0.000
ABSORB2
1.000E-04& . .
4L.000E-00 4.0S5&E-00 4.0CBE-CO 4.002E-00 4&.0DPE-00 4.009E-DO 4. Q0BE-CO
4L.041E-00 &4.041E~Q0 &.D4FE-CQC 4L .009E-00 & .0D4E-00 4.068E-00 L.O067E-O0
4L.024E-00 4.098E-00 4.045E-00 4.034E-00 4.041E-0C 4,045E-00 4.025E-0CC
4L.024E-00 4L.09BE-00 4.045E-0Q0Q 4L_O3LE-DD 4.041E-00 &.045E-00 4L.025E-00
0.0
0.0
0.0
0.0
LEAD
820
0.0 0.08 11.34
CONCRE
520
0.0 0.0 2.25
IRCN
2690
0.0 0.0 7.86
0 10
1 40 15 15
¢ 0 0 0 © 1 5 31 40
A D S U P TR PR TLFFRRYA
xxx INPUT DATA END =*=x=x
Fig.17-2 (Continued)



JAERI-M 84—244

£0+300¢€0° 1T
20+Z05/R"%
Z0+20009°8
2o+zoQ0olg
e0+3E8Q7" L

20+37L85°T
TO+349997 L
T0+302917¢
T0+30625°1

g7L2L10
£2g8sag" o

T0-38805" Y
10-3%748°¢
20-386%8°1

QO+3L765° S
00+352L2°1
T0-3229€° 71

20-3000276&
10-30000"%
00+3Q054°%

£0+3008071
Z0+I0SL8°E
Z0+30065°8
20+30000°8
20+3008¢€7 4

20+32215°1
10+3€C79°9
10+30808°2
10+30825°1T

gZigsito
87124170

10-35776 7
10-32521°2
2o-37987* 1

0G+3Q0L1°¢
00+28220°%
10-37202 %

10-30000°T
T0-30000"%
004300527

z watqoxd stdues 107 BIRD

£0+30090

€0+32710°7 20+3¢388"6 043052876 20+3L99974
Z0+3%2¥R°E 20+30058°9 20+30Q583°8 Z0+3000878

"1 £0+30%50°
20+3¢808°
204300647

20+3CQ0S°8 20+30057°8 £0+3000%78 C+53006%78 Z20+3000%°
20+300046°¢ 20+300087 ¢ 20+3000L°L 2C+200047¢ 20+34199°
20+30085"¢ TO+30SLE"9 20+30007°S Z0+30007°§ 20+3084E°
20+30Q0L9%°% 20+30499°1 Z20+3.99€° 1T 20+3€99271 20+30991°
10+300%9°¢ TO+300%9°S TQ+3098E"S TO+3I02¢6" Y7 T0+308L87
TO+30%5972 TO+3000T°2 T0+3000T°2 TO+30054° 1 10+30008°
TO+36288°T TO+30052°T TO+30082° 1 T0+32170° T OO+3¢eee”

0068%L"2

0064885172 0°0 Qo 00 Q080LS 1

05418670 0Q80L8" T Q°0 00 00426570
00ES7672 sl ] g o 0°0 Lrlva i 3 A
0Egs%8° L Q77287 E 0" ¢ 00 Gog9LZT 1
$22.89°0 09564071 00e9seT e goZgsL e 0IEP61° 0
0935200 0992070 455462270 {85482 0 L18182°
Z22e8se o 22285270 22285270 87LTLTTQ Byl2Lt”
2151520 GLZLLETD SLELLETO 418168270 265622°
0415107 C o7i9vi- 0 QOEOQY O CL%8EY"0 04€88%°
007266°0- 072T146°0~ 02S8EP"0- S8BLEI2°0- s@lsele”
T0-3EHSZ"7 TO-I7ELS € TO-301L9°E T0-3y929°7 10-3.6787
TG-38F0L°T T0-35€04"T 10~-3229€° 7 10-30S40°1 20-37780°
20~-31571°1 €0-3LY¥SL°4 €0-3498L7L £0~3628579 S0-d98LPT
00+35579"7 00+43E8S2" % DO+IBOES"E O0+3T¥357¢ Q0+345007
10-3£4915°8 T0-3€L18°9 10-30011°§ T0-30880°% 10-30026°
10-38540°1 Z0-3grfs"6 20-30/98°8 20-309L1°9 20-39048°
10-30001°1 [0-30002°T TO-I000t"T 10-300¢¥°T 10-3000L47
T0-30000°9 T0-3000&8°ZL Q0+30000° T QO+30052°T QO+3008L”
00+3008L°Y 00+30062°S 00+3006L7F CG+30052"°9 00+30084L°

0 [+] o 0 1]

andut 3o 3sTT f-LL"BTa

T £0+30890°1 £0+30270°
& ZO+30088°6 20+3LT61°
8 Z0+3000L°B Z20+F000L°
8 20+30062°8 20+30002°
L 20+3%£EBET L 20+308525°
€ 20+3008%°§ 20+3008¢°

20+30E69° 1 20+38L997
T 20+32690° T IQ+3%%s89°
¥ T0+30722°7 10+30048°
T 10+30008°1 10+358B0L”

8 CO+300S2°9 00+3L99T"
0°0 00
082¢1s™¢ orc
0ZEBEZ?" O Q080457 T
Q-0 g-c
o0%0e%0°2 [* R+

091riet0 Q0¥58L70

Q §222L8°0 §L2L2¢87
o 2Z2BSZ°0 222/Lz”
Q 4558462270 0REEZ0"
¢ 00¢00%70 o7igTl”
9 0258£970 Q¥LTTE”

7 10-35202°5 10-3906L°
§ 20-3T40€"S 20~30%&%"
S E0-FTyg8°y $0-3L1L2°

00+3828¢°
€ 00+30855°2 00+37696"

1 & =3YIr 9¥I%

T E0+309E0° T ={WIIHEIN-I
4 20+FEELE0°6 ={WIIHEIW-T
B 20+30089 8 =(WIIHSIU-I
B 20+30002°8 ={WIIHSIW-T
2 Z0+32997°L ={WIIHSIW-Y
S 0°0 =(WIIHSIW-I
T 20+39209°1 =(W2)SNIAVY
& 1043005978 =(WJ32SNIAYY
€ 10+3091S°% =(WI>snlqQvy
T LO0+32919°1 =(WdlIsSNIdvy
v 00+3ITEEO°2 ={(WIISNIGYH
LNSWNDTSSY H53W TI¥Ilvds

0°0 =(bd“d}gdAsd
[+ av] =(Dd“d}HASd
00804S" T =(Dd“d}HASd
[+ R =(0d“dYASd
RTC ={0d’d}ASd
CO78BL 0 = {0474} ASd

o] L18T8§Z2°0 =(dI)DdA
0 ezZzgsec o ={dIr0dM
o] 09852070 =(dI)DdM
Q 04151070 «(dl)dMm
Q 007E&6°0 = (dI)dM
1HITIA QNY FHRLYHYGYAD HYININY
TO-3BS9T "y = (r23IAvAd

9 10-376E7°€ = (FI3AVAQ
£ 20-39244%°2 = (T)IAVMC
¥ ED-JOHAGS™T = (T33IAVMC
9 00+3BITL"9 = {r)3AAYM
1 00+3496571 = (MIRAVM
T 10-35248°17 Crr>3Avm

2 T0-31T42°2 1T0-32858°
£ 2Q-3E@YD L Z0-ISE6ST

20-30000"
T 16-30000°2 10-30009°
1 00+30082°2 00+3005L°
? 0043008272 DO+3C0OSL”

om0|m&n&ﬂ.ﬂn nwvm><2
B 20-30005°F = (A3IWI(r3
2 10-30002°€ = (AIWICF)3
2 00+300527% = {A3WI(f)13
4 CO+3006Z°9% = (A3WIC(3F

CABWISINIOd ADUINZ

0 1 = mhjzﬂ\xqcﬂ\n<h4\zmu\mﬁmu\ﬂunn\QKMZ

10+3600 S 20435271 00+3008°7 TO+3005"T TO+3000°5 10+3000°5 10+3005°€ 20+43066° 1 004300075 20+305£°S =SSINNJITHL-T

9

134

€ k it ¢ L £ < 4 = $3HSIW-IZ
10+3092°2 10+3050°& T0+3075°% 0C+3000°% 00+30S2°2 Q0+3054%2 10+3052°T =SSINNIIHLI-H

9 at it |3 k4 € 9 = SIHSIW-Y
] I 9 S k4 £ 2 1 NOTD3Y

T = HS3W ADYINI LuVLS Q= 3240S NOISST# LT = NOILJO ~7¥D XN74 @3AITTI0INN
0 = ("ON ASIQ-HIT JINN 0°0 = NOTIVIIIWWHON 3JHNOS

00 =HIQIM AD¥WHLIT 2¢ = HEIW ADHINI 00+3052°8 = X¥kW-3

T°ON wlvQ INdNI

[} 0 [+ [} 0 ot Q k4 w TLIYT/¥ZTUTANHAT“IRAONW “JONOW/LELN-JHON NIX/DANYN

wxzx WEIQ 0L Xn7d (IVHNIWIYIVQ~1SdZIvd 2 0N TT-Z28 ¢ W37808d INLHYS wxx

Yivad LNdNE



JAERI-M 84—244

90+3000%7°7 90+3000%" Y P0+30007 % 90+30007° 7 90+30007 7 90+30007°7 90+3000%" %Y 90+3C00T~ 7
90+30002*7 90+30000°7 20+30009 € 90+30009°% 90+30005°7 90+30006"7 L0+30CFT"T LO+3009773

20+30006°% P0+30Q00%7° L 90+3000%" v 90+3008%"¢ 90+30081°2 90+30050°2 P0+30065° T 90+3005¢7 1
10-388E° 0

T0-386€£°0

T0-38SL"0

TO-386%°0

10-386870

T0-3865°0
TO-3848°0

10-386E° 0

{esnut3uon)

T0-386570
10-386E70

10-386L°0

b-Lt-BTg
o 0
T 4 1

T0-386£°0
10-3864£70

10~-384L°0

10-386%°0C
10-3865°0

10-3864%7°0

OO0 CO0O0CO000

W ord ot et e o o et

s

T

§%
113
Sk
5¢€
s¢
1%
ST

£

ot et v

T0-38sL°0C

T0-386%8°0

COOO0000DO
COoOQO0O0OOO00

= Z2Iggd~zdix “2

L a o B o o I S ]
Lol e o e N I ]

CO00O0O0D0OO0

LR R ]

I

X074 G3IAITNI0ING Ty

COQ0QOO0OO0O0O

g

1
13
T
1
1
T
T
T
T
T
3

coco0COOoVaG

TELTA

Mt A A A

0
o]
8]
0
0
[¢]
[¢)
[}
o}
<2

ot et A

EER

NI
annt
anNntl
~gNNI
ANNI
= BNNI
aant
= BNNI
= GANNT
rE2YSA

H

"

=2NNI
=3NNI
=3NNI
=3N0I
=JINAT
=INAI
=JINNI
=JNNI
=JINNI
=JNAI

“IINA 40 HOLYITIANI

= IHAN/TZE8%/TEZIN/1I8N/TLIN-THEN THSN
X3TINN NI NOILISOd 3DHNOS 40 MOLYITIGNT

€€
1
75
19
4
T
sg
T

L]

M

T N el ey
-

T

£

sg
T

"%
19

€€
T,
ks
T
£t
s

138
T
vE
19
(1Y
[}
[+]
4
£l
T

1
T
7€
19
£
4]
0
4]
4
1

..mm

1

€
19
SE

0
0
0
0
1

AN NN HHNHN

AIN
AIN
AIAN
EEL]
AIN
AN
AIN
A3IN
XIN
=  %3IN

NOID3IY HOVE 40 ¥IAWNN TVI¥ILYW

oA et el e
Aadl ol o B B o B I B Y ]

NOTI93H HIVA NI LNIWIT

90+3000%° % 90+3000%° Y
PO+3000% "% 90+30008° %
§C+30000° 8 £0+3000071
?CG+300SE° ¢ SO+30050°2
10-386%°0

A

T0-388£°0
10-3g65°0

10-386E70

Al At

10-386€°0

10-386£70

Tt A et

1
1
1
T
H
T
1
T
T
T
3

40

130K
7304
130K
130N
RELY
730N
130N
RELT
= 730N
= 730N
CELTTHE

n

[

{N)3S
(N}3S
(N)Y3S
(N23S

10-396570
304008 LNIOd 0 NOILIRGIELSIO HYINONY
10-386€°0
324N0S LNTIQd 40 NOIINEIHLSIA ¥YININY
10-3862°0C
334N0S INTOd 40 NOILNEIHLSTG HYINONY



JAERI-M 84-—244

(panut3ucd} G-LL°Bta
: 90-35g2°1 %0-375€°T =(1 r}3s0q
90-3992°1 90-3066°T #0-3TE/°T v0-38T6°1 .%70-390T°2 970-3$6£°2 70-3606°2 70-3095°¢ »C-I7vy8"y 90-3871°9 =(1-r33504
90-3098° . 90-3058°6 £0-39:1°% €0-3£%%°1 €0-3098°1 €0-3022°2 £0-368877 £0-3cegTg  £0-36.87c £0-3095 77 =(¢1-r»3s04
cg-3684°% £0-30£2°G £0-3089°§ £0-3760°9 €0-37.7°9 £0-3VLRTS  £0-35627¢L £0-30TL74 £0-3BIL°E £0-3%€5°8 =(1°1)3500
WOL3¥4 “NDD HH/HW OL XN734 ¥vI¥0S
o ov £ £€ 1 6 G 0 0 0 =4NOIZIONLION/ZHON/TUON /431 SOZW ‘STWANTKAUW,
51 - sT 07 % = 27 171 281 147
0 0 o 0 0 0 01 ¢ = 92d1T7€2d1T1762dLT928dLT dINSIWNYN TEdLT 02dLT
T T 0 = XYNIT/XYWY I XYXYY
; GO+32ET5°0 00+39%8%°0
00+3C699°0 00+3E519°0 00+3CT6E°0 00+3602E°0 00+36ZSE"0 00+346Z€°0 00+3BS0L°0 00+315BZ0 00+38B9S2°0 00+329£27°0
00+35512-0 00+32961°0 00+37181°0 00+36E9T°0 00+3TE71°0 00+38421°0 00+432Z01°0 10-368%670 10-39858°0 10-3618L70
10-30%4°0 L0-340G02°0 T0-308%9°0 10-35199°0 10-37619°0 T0-3£109°0 T0-39985°0 10-3624€°0 1073909570 10-2905570
. . OT =NDID3¥ IYL0L-VYWOIS
$0-3%%417°0 £0-3.06170
CO-3098T0 €0~32THT"0 £0-32927T°0 €0-3LTLT°0 €0-3L491°0 €0-39291°0 €0-36%61°0 €0-39.L9T°0 R0-3T¥&1°0 ¢0-32%21°0
CO-39711°0 £0-39901°0 ¥0-30996°0 Y0-3SELE°0 %0-32892°0 v0-32189°0 ¥0-320€45°0 v0-3€10§°0 70-3T067°0 vC-302T%°0
0-35288°0 90-378SC°0 Y0-3Z855°0 70-3722£°0 %0-39805°0 Y0-32462°0 ¥0-39.82°0 %0-306£2°0 ¥0-32142°0 %0-3€r5270
. g T =NDI®3¥ IYLI0L-YWOIS
£0-39761°0 £0-32061°0
£0-30981°0 £0-32T81°0G $0-3294%°0 £0-324T41°0 £0-34291°0 £0-39Z91°0 €£0-36961°0 £0-39£%1°0 £0-3LYE1°0 €0-327¢1°0
C0-34%11°0 $O-3v70T°0 v0-30596°0 90-3S5248°0C 70-3259L4°0 ¥0-3.T8F°0 %0-30£L€7°0 70-3E€106°C ¥0-3106%70 20-3021%°0 ",
20-3€28C°0 %0-398SE°0 Y0-3285C°0 70-3v225°0 %0-39ROE°0 ¥0-32462°0 %0-39282°0 ¥0-306£42°0 %0-3212270 70-3£7927°0
- T 1T =NCID3H TYLOL-YWOTS
00 0°0 = "0O¥d HIVd
0-0 o0 60 0°0 c-o 0" 0 00 0-0 o"o . 0°0 = "O#d HIVd
00 00 00 070 0°0 60-31256°0 90-368%2°0 $0-3T799°0 50-316017°0 $0-3%451°0 = “Qud YIVd
€0-3.102°0 SO-3ESY2°0 SO-30982°0 S0-38927°C 50-36095°0 S0-38¥AE'0 $0-38S2970 SC-304§7°0 SO-3188%°0 §0-3£915°0 = "Oxd divd
£0-3002°T 0O0+3515°2 70-3645°¢ = SN3IQ WIHILVWS NZ/ ALISNIQ NOW1D3ITT
£2+300220°9 £0-300002°1 1 1 A = QAY’SNIG-XIW EN/IN
00+3005TS 4 10+3T6806° 7 9§ = (J3ISWDIZ/SSYWV’TH
¢'0 070 0S¢ = ADHENTI ONIQNI® ~“ALISNIA DIWOLY “ON LVW
T- 1 = (ZN ‘TN )
, WiVa AYH - YWWYD
¥IV = ¢¥I43 LV
¥x YIYQ HYIIINN  m=xex
1§ 2§ 2¢ 1 1 = (vlvd nszVoqmuvsz\ﬂﬂ\mmﬂ\ﬁﬁﬂ\hqmﬁ@
€5 = HSIW-Z TVi0L €% = HS3IW-H IVi0L
0 0 ) 0 0 0 ) = gNAI

—88—



B IR SRV R U )

XEREXKEER
x
x INPUT
*
SEXREXXTE

XEERTEERKXRER
*
DATA LIST =
x
FETEXXIREELEXIRN

x....1-...-....2....-....3....l

JAERI-M 84-—744

SAMPLE PROBLEM 3 PL2DRZ.DATACCS137)

L 0 0 010
11 2 2 0 0
o 0 0O
0.662 0.04
30 5
2000.0 40.0
11 19
200.0 435.0
30 11
¢.0 1000.0
629.0 . 629.0
629.0 629.0
629.0 629.0
629.0 629.0
1.000 1.000
1.000 1.000
1.000
11
101
101
11 11
WATER
540
0.0 0.0
AIR
550
0.0 0.0
0 10
1 36 30 30
0 o 0 0 1
R I P

0.000
629.0
629.0
629.0
429.0
1.000
1.000

1.00

1.200E-0Q3

1 10 11°30

..,.2..;:#,...3..,,

txx INPUT DATA END =xxx

Fig.18

300.0

629.0 629.0 £29.0 629.0 629.0
629.0 629.0 629.0 629.0 62%.0
629.0 £29.0 629.0 629.0 629.0
62%.0 629.0° 629.0 £29.0 K
1.000 1.00 1.000 1.000 1.000
x.,..4...,:§...S..;.f;...é....*....?....t

FANE . S

WATER POOL FOR SPENT FUEL 59-11- 6

Input data for Sample problem 3
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....-....1....:....2....t....3....w....b....t....s....
SAMPLE PROBLEM & PLZDRZ.DATACLCSSKY) GAMMA—RAY SKXYSHINE £s=-137 PDDL
Lt 010 € 0 0 0 O
T4 4 4 25 0 0 0O O
10 & 0 022 2 0
g.662 0.04
10 6 11 26
2000.0 50.00 10000.0 100000.0
5 5 & 21
2.0 1000.0 2500.0 &0000.0
0 1 1 © 110 110
56 .66 - 133.33 200.0 266.66 333.33 400.0 Loh .66
4500.0° 666,66 733.33 800.00 866 .66 933.33 1000.0
1133.33 1200.00 1266.66 1333.33 1400.0 1h66.566 1533.33
1666.66 1733.33 1800.00 1B66.66 1933.33 2000.0
-1 -1 1 1 ‘ ’
1 -1 1 1
1 1 1 1
1 1 1t 1
1 1 3 3
11 1 11 11
11 11 11 11
11 11 11 11
10 1 6 1 t 1 &
0 0 0 0
o ¢ 1 1
1 1 1 1
101 1 1
ABS
0.0001
1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.00% 1.000 1.000 1.000 1.000 1.000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.6000 1.000 1.000 1.000 1.000 1.000 1.000
4.00
0.00
0.00
0.00
SOIL
520
0. 0.0 1.50
AIR
550
0. 9.0 1.200E-03
c 0
o 0 0O O 117 35 6 15
....:-...1....x....2....z....3....t....4....=....5-...:....6....t....?...
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ltt*!iﬂ*ﬁtt#lt*tttll*

x

» INPUT DATA LIST =

*

ltl!i]lx*!tll!*ti!lx*

xx+ INPUT DATA END =*xx

Fig.19-1 Input data for Sample problem 4

P S S e

533.33

1066.66 -

1600.0

1.00
1.00
1.0¢C
1.00

QO N P



JAERI-M 84—244

y uwsrgqord aydwes o3 e3iep 3nduT JO 3STT Z-6i°BTd

10-3

02979 = 3

T

$0+30000°2 TO+3ITLEE"T §0+3.998° 1T E£0+30008°'T ¢0+3I¢EE/"T $0+3£4999°1 £0+30009° T €O+3LCE6"1T ﬂo+mhoc¢.ﬁ.m0¢moooe.w = 0104
LO+ICEEE"T CO043L992°T £0+30002° T LO+3IELEET T €0+32990°1 €0+30000° 1 20+3ELEf 4 2043999978 20+30000°8 20+3CLEE"L = (70U
20+39999°9 20+30000°9 ZO+ILELL"S 20Q+39999°% Z0+30000° 7 ZO+3IEECE"E 20+39999°¢ 20+30000°2 ZO+ILEEL 1 T0+30999°9 = C10Y

7O+32E827 Y
70+3282°1
€0+30ZE0°1

SQ+3S000° T
Y0+30800°%
70+3060C°2
£0+30080°§
£0+30000°2

87LZLT°Q
22285270

TC-3T606° 7
10-31606" 7
T0-3&278°2

10+32540° ¢
00+3259079
Q0+37708°%

20-3L599" 7
Z0-3B55Y"Q
T0~-302¢8"2

01 1 0 1 @ 1 T 0f =HAT “HII “XYWYT/NIWHT “2ZI7 412271 #2171 #ugl
70+32ESE 9 TO+3I2TS0°9 Y0+3IZLCLTS P0+32€69°5 Y0+3ZESTTS FO+3ZEEE 7 ¥O+IZESE Y =(WIIHSEIW-2
70+32€56°¢ #O+IZCEH L YO+3ILSCE yO+32ES0"E v0+32E54°2 vO+I2EET72 YO+3IZESTTE Y0+32E5B T Y0+32E55°T = (WIIHETW-I
£0+302¢5°6 TO+30285°% £0+302E5°¢C €0+302€5°F £0+302E0°¢ £0+302¢8°2 £0+20250°2 £0+430285° 1 €0+302E0° T =(WIIHEIW-1
20+30028°Z 20+3002§€°§ Z0+30029°Z 10+30002°¢ T0+3000Z ¢ 10+30007°2 T10+30009" 1 DO+50000°8 - . 0°0 =(WIIHSIW-I
. SO+35021°T 50+35050°F SO+350%0°1 =(WIJSNIdvY
¥0+30509°& v0+30502°8 rO+30508°9 70+3050%°§ 70+30500°8 90+30509°L v0+30502°L 90+30608° % ¥0+30807°9 =(WIYSNIAVY
70+30509°5 %0+30502°G Y0+30S08° 9 Y0+3060¥9°9 70+30600"% ¥0+30509°¢ v0+30502°€ v0+30508°2 %0+3050%°2 =(WIISNIQYY
70+30509°7 70+30502°1 70+30502°1 70+3080L1°T 70+30500°T $O+30050°6 £0+30050°8 £0+3005074 £0+30050°9 =(WIISNIAVY
$£0+30080°% €0+30050°% £0+30050°2 £0+30050°2 €O+30070°2 $£0+30080°2 £0+30020°2 €£0+30010°2 £0+3000072 =(W2YSNRIAVY
CO+IDO0NB T CO0+300097T £0+30007°T £0+3000Z" 1 £0+30000°T Z0+30000°F 20+30000°9 ZO+3I0O00~% 20+30000°2 =(WIISNIAYY
T INZWNDISSY HS3IW TYILVYdS
00687L°2 "3} 090 0*0:  ={Bd‘dIBASd
00665172 00 070 0°0C  0CHOLETT  0BEETSTE 00 L. 0%0- ={dd"d)8ASd
051860  0O0R0LS"1 00 Q0  D0L24€°0  OZERIPT0 00BOLSTT DOBOLSTT =(dd’d}HASd
o0cRsys"2 00 0 ¢ 0°0 0077§9°Z 0-a 00 0°0  =({Dd”“d)iSd
0€€s98° T  0vvi2Et2 06 070 0ogveEtt 0Qzv0tZ 0o - 0°C  ={Dd‘d)ASd
SZZLBPC 09564071 00ZFSETZ QOZ9SER 05§961t0  OPLYLE'0  O0YSBLTC  00YS8L°0 =(DBd’d}ASd
098¢20°0  099L20°C  £556232°0 45542270 21515270 $L2LLET0 SLTLLETC . L151g20 =(dI}BdM
222esero  2223§2°0  2z2eBsZT0 2228520 BYLZLTTO 87124170 22285z 0 2228520  2ZZRSZO =(dT)bdM
g1124170 LTSTS2°Q S222£8°0 SL2448°0 LT518270 15542270 26642270  098L20°0 098E20°0 =(dI)DdA
08TETO"C  GYIPYT 0 COE00Y 0  QLEREY°Q GiEEET0 00500770 07I9YLT0 0615100 ={dI)dMM
00%266°C- OCYL1T6°0- QZSBLP°0- 62L&LZ°0- SHL4T2°0C O02SBEP'0  O072TV6"0-: 0CG7265°0 = {dI)dM
LHSIAM QY- J¥NLYHAYNE HYINDNY
10-3T406°7 T0~3T160677 10-31506°7 T0-3I1604°7 TO-3T404° % T0-31606"7 T0-3T406°Y T0-31606" % TG~IT6CA"T = ([)FAVAC
10-31406°7 TO-JT40&6" 7 T0-3T506°7 10-316C4"Y T0-30949°7 10-30092°7 10-3.228°¢ 10-3409€°€ 10-594T8°2 = (I)3Avad
T0-39966°T TO-350€%°T TO-3L8SE"T TO-IC2ZEL°T Z0-36SET 6 ZO-3F0LPR°L 20-38255°9 20-3709%°§ 20-30I89°2 = (7r3AvAQ
) ) C TO+3EYeLTT = (T)IAVM
TO+31970° T D0+35026°6 QO+39427° 6 CO+3ILBBS R Q0+3BL47°% 00+34%00°9 Q0+2091S5°L. 00+30820°L Q0+3TYLS°% = (r)3A¥M
QO+3LISE°E Q0+ITIR0™E CO+3IG0LS Y 00+3IPEL0° Y QO+ILBAS™C 00+37271°C 00+329LL72 00+IVLPE"Z DO+IS0OP0°T = {rI3AYA
Q0+36066°1 OO+IOETY'T Q0+3B992 T 00+3E1¥L°1 CO+3IVYBEC T 10-3452974 T0-3TT18°9 10-39512°8 10-~3061L°L = (rI3nem
) ) 20-35599°9 = CAIWI(MII
20-39988"% 20-3T§2L*§ 20-306E™5 20-347897% 2C0-3IELT09 20-30295°9 20-36F4L79 Z0-ICWLE~L 20-3508"L = (AIWILr)3
20-37¢02°6 T0-35600°1 10-30QLT T 10-39262°T TO-36%27°1 T0-32929°1 10-32.9%°1 TO~3TBST 2 10-+3008%°2 = (AIWICM3
T0-30212°E I0-3E919°FE 10-310490°Y7 LO-38247°% 10-327124°% 10-3€79€"°5 T0-3644847§ T0-30022°9 T0-30029°9 = (AIWI(M)3
: (AIWISINIOD ADHINI
0 2z 2z o 0 9 01 = HIMYI’NVOr-d¥Ll1-HEI“2I18I“T128I/CNEN
‘ Y0+3000°% £0+3005°2 £0+3000°1 TO0+3002°¢ =SS3INMIIHL-Z
12 L . S § = S3IHSIH-1
$0+3000°7 y0+3000°1 T0+5000°S £0+3000°2 =SSINADIHL-¥
g2 131 o9 o1 = SIHSAW-Y
ot [ ] L 9 y < H T NQIDIY
1 = HS3IW ADYINT L¥YLS 0 = 32408 NOISSI3 €2 = NOTLdO "7¥2 XN74 G3QITTTO2NA
0 = (TON MSIQ"8I7 JINN 070 = NOILYZItVWHEON 32¥NOS
20-3000°y =HLATA A9u¥¥HiIT 1§ = HS3IW ADYINI 10-3029°9 = XyW-3
TGN WlY¥Q LNINI
] 0 o) 1] 0 o ot o ¥ « TLET/HIZHT/LNHUJI-JHAONN “3ONOW/LSLA-JHONYNIN/OONA

700d LET-52 INIHSANS AVUH-YWRYD C(ANSSDIVLIVO ZHAZ(d ¥ W3ITRD0Ud 3IdW¥S

Viv¥ad LNdN

I

__9 1_



JAERI—M 84—244

20+30L40° 6
TO+3912678
ZO+39YRY° 8

20+37L08° 4

£0+35867° %
€Q+32860°8S
£0+3465917 L
g0+32916° 6
70+3971¢° 1
y0+39461°1
EO+ITRETT6
£0+36798° 8§
£0+30%729°1

TO+3IER0467 6

£0+36550°1
EO0+356107 1
20+3806276

20+3ES5Y L

70+31651° 2
70+36661°2
20+301ed"¢
20+3146%22° 8
70+38%02°¢E
70+38901°¢
70+37L98° 1
¥0+3£092° 1
£0+31T0867 ¢

g0+32092° 1

£0+36RZ07T
£0+362207 7
£0+39770°1

£0+36870"° 1

c'0
10+32868° ¢
£0+434€29°¢
%0+30078° 1
Y0+390%%° 2
£0+35218° 1
£0+30682° 1T
£0+36886°8
70+38768°¢2

40+301TL°C

{(psnutiuc))
$O0+3GGZT T RO+3L97ST L
§0+36642°7 £0+3£887°T
£0+39§€2°T €0+3275E° 1
£0+34951°1 £0+3I6ESTT

0°0 ZO+3IPHER"L
£0+3275975 CO+30%20°T
70+392E0°2 CO+3ISSLIB"T
90+3TT19°2 £0+3655277
90+3090£°2 Y0+3LEL9°2
£0+3€80¢"1 ¥0+3977i-2
€0+31282°T y0+3CEyT 2
90+31858° 1 70+3§5.89°2
20+39569°2 Y0+3601472
$0+371T2°2 ¥0+3§TTL"2

£-6L°514

€0+39582°1

€0+3ZTEE"T

£0+31182°1

FO+ITHYCL"T

y0+3578%°2
F0+3119%° 2
70+39L06°2
r0+3£219°2
70+34549°¢C
yQ0+38069°2
40+35904L72
TO+3E1TL7E
PO+IETILCE

r0+387TL°E

10+3898€" T
£0+39%10°1T
TC+A96EL" 1
gOo+ITTEC"T

10+32evi s

£0+30820° 1
20+32120°¢
go+3cgeg 1

Y0+3648
yG+32%2
70+3809,
YC+3I0T9

£0+31B0

OF’\Oh—OI‘-OhOl\OOO
O‘—!ONONONOHOOO

yO+IEST2"2
00+32002"2
BO+ILG5L7T
10+32125°§
20+3019L°2
20+32679°¢€
20+30194" 2

10+36802°2
£0+37120°1
10+396%6°%
£0+30220°1
20+39502° 1
$0+30220°1
20438577242
£0+30220°1

70+3288
7Q+3718
¥Q+3809
70+36069

H0+37€8

70+31%%

O-ODI’\OI’\OP\DI‘-O'OG

‘0
Tz
To
"z
"0
4
"0
"z
-0
"2
]
e
*0

¥0+38EGL"E
T0+3468897 7
"0+3409L"¢2
20+30060°C
70+30T9L°2
20+31599° 7
y0+3019L72

Z0+3EYE6°T 20+3y¥¥9°§ = NNCS
£0+32856°T £0+346095° 1 = NNOH
20+3215%°2 20+36446°6 = NNOP
£O0+34095°1T £0+36095°1T = NNQ4
ZO0+364B2"E 20+3.011°% = NNQ4
£O+36095°T £0+36095°T = NNQO8
Z0+3£4811° Y 20+3564L°6 = KNOE
£0+36095°1 £0+34095°1 = NNOE
2 = HS3IW ATHIN3

00 Z0+39BS9P"E = NAUE

00 20+3z0L2°Z = NNO8
10-3566T°€ 20+31917 7 = NNOH
5O+3LLTL%2 90+3202472 = NNOE
TO+35805" Y 20+356258°6 = NNOd
90+3104472 70+320447Z = NNOE
CO+366EE"T 20+328T%°% = NNOE
9Q+3202424°2 %0+32024°2 = NNOE
CO0+32.99v-g £O+3T9YESTE = NNOS
70+32044°2 ¥0Q+3202472 = NNOH
F0+3CLBE"Z £O0+30116°Z = NNOS
SO+3IELF0TL 40+320L4°Z = NROS
20+36LE87F £O+IEY9YTE = WACE
40+30€92°2 %0+320424°2 = NAGH
20+324628°¢ £0+386E8"T = NWNQE
40+3204472 9043204272 = NiGA
2O+39261°¢ €£0+39180°1 = NMCE
90+320L272 7043204472 = NROH
ZO+3LEPY"9 E20+36Y0LE = NNOS
J0+32044°2 90+32042°2 = NADE
1 = HSIW ADH3INT

NCILTIANOZ AHYANNOAE

20-399%"y = 3 T =T
20-3999°% = 3 0 =T
20~3588°9 = 3 62 =T
20-3§21°6 = 3 gz = ¢
20-3T46E°§ = 3 iz =t
20-3689"§ = 3 9z = f
20-3€10°9¢ = 3 €z =T
20-328%°% = 3 ¥ = T
20-366L"9% = 3 €2 = T
20-3722°L = 3 gz =1
20-3028°4 = 3 12 =
2o-395%°@ = 3 0z = T
20-3502°6 = 3 &T = T
10-3010°1 = 3 gT =
10-3811°T = 3 LT =T
T0-3§52°T = 3 9t = ¢
19=-37272°1 = 3 ST =T
T0=-3929'1 = 1 9T = T
10-34%98°F = 13 €T =t
To-38cl"2 = 3 2Tl = T
to-3087°¢ = 3 IT =T
t0-32¢8°2 = 13 or =t
10-3212°¢ = 3 6 =T
10-3919°¢ = 3 g =T
10-30%0"% = 3 L =T
10-3447°% = 1 ¢ =
10-3t126°% = 1 § =T
to-3795°§ = 3 v =T
10-3664°S = 3 t =T
10-3022°9 = 3 g =



JAERI-M 84-—-244

Fe - BENIN SV, B PV LS I
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SAMPLE PROBLEM 5 PALZDRZ.DATA(STREAM} 14 MEV NEUTRON BOUNDARY SOURCE
i 2 1 010 0O
25 4 &=25 0 51
19 3 0 ¢ 0 2
14 .20 ¢.10
3 &6 11 11
5.00 20.00 140.90 300.0
2 4 221 2 2
1.00 210.0 50.00 200.0 200.0 300.0
120 1 1 1 1 5
1.0
o 0
0.0
1 1 1 1
101 1 1
1 1 1 1
0 & & 4
1 1 1 1
11 1 1
1 1 1t 1
1 1 1 1
1 1 1 1
¢ 32 32 32
11 1 1
i1 1 1
20 3 2 1 1 1
0o 0 o0 0
0 ¢ 0 0
i1 1 0
i1 1 0
1 1 1 0.
i1 0 0
20 329 3 1 1
9 ¢ o ¢
0o ¢ o 0
o 0 0 0
0 o 0 Q
1 1 1 1
11 1 1
AIR
N .
1074 5.000E-05
CONCRE
HY
1011 0.01213
oxy
1084 ©.04725
51
1140 0.0170C3
CA
....x....i....z....2,...1....3....:.-..&....!....5....!....6....:....7....x....a

Fig,20-1 1Input data for Sample problem 5
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Al.x....1....x....2....*....3....!....L...,t....S....*....6....8....?....t....B
1200 C.0045 St
o 0 52
0 0 0 0 ¢ 1 & 14 33 53
27 & 6-27 0 52 54
10 3 55
14,20 0.20C 56
306 11 11 s7
5.00 20.00 140.0 300.0 58
2 & 221 2 2 59
1.00 210.0 50.0C 200.0 200.0 300.0 60
61

o

[« 30
=]

o
O
WM

w

PRORDODWOOOOOOWF M RIS a1 o b 1
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pury

N
PROCODOOWOO OO OO H R E 1 b3
~
~

PPRODOCOVOOCOOO OV B AR 3 & a

>

x
~0
L=

N
2074 5.000E-0S 71
%2

CONCRE

KY g3

2011 0.01213 G

axy 95

2086 0.04725 94
97

51 .
2140 0.01703 98
CA 9
2200 0.0045 100

PN D TR

B D A SN, NP ST SUNPIPE JE U, -

Fig.20-2 (Continued}
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RS IR DA~ SIDDIE P SRS NP AN S T . PN A ETT TS e -
g 0 101
0 ¢ 0 o 0o 1 46 14 33 102
45 4 6-45 0 54 103
10 3 104
14.20 0.40 105
3 46 11 11 106
5.00 20.00 140.0 300.0 107
2 &4 221 2 2 108
1.00 210.0 50.400 200.0 200.0 30¢.0 109
10 90 110
0.01 11t
1 1 1 1 112
1 1 1t 1 113
1 1 1 1 114
0 4 4 4 115
1 1 1 1 1146
1 1 1 1 117
1 1 1 1 118
1 : 1 1 i1¢
1 1 1 3 120
0 32 32 32 121
1 1 1 1 122
1 1 1 1 123
20 3 2 1 1 1 124
c ¢ 0 0 123
c o 0 0 126
o 0 & © 127
0 0 ¢ 0 128
o 0 4 0 129
o 0 0 0 130
20 3 29 3 i 1 131
o 0 0 0 132
g 0 0o 0 133
0 0 0 O 134
c o 0o 0 135
1 1 1 1 136
1 1 1 1 137
AIR 138
N 139
L4074 5.000E-05 140
CONCRE 141
HY 142
4011 0.01213 143
oxy 144
4086 £.04725 145
SI 146
4140 0.01703 147
CA 148
4200 0.0045 149
o 0 150
o 0 0 O 0 1 & 14 33 151
R T DT - DU S SUPE U S S PR DN SR Sy s L

ex: INPUT DATA END xzx

Fig.20-3 (Cbnﬁinuedi
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