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Development of BERMUDA : A Radiation Transport Code System

Part II. Gamma Rays Transport Codes

Tomoo SUZUKI®, Akira HASEGAWA, Shun-ichi TANAKA
and Hiroshi NAKASHIMA

Department of Reactor Engineering
Tokail Research Establishment
Japan Atomic Energy Research Imstitute

Tokai-mura, Naka-gun, Ibaraki-ken

{(Received June 14, 1993)

A radiation tramsport code system BERMUDA has been developed for
one-, two— and three-dimensional geometries. Purpose of the development
is to establish a basis of an accurate shielding calculation method for
general use. The time-independent transport equation is numerically
solved using a direct integration method in a multigroup model, to obtain
spatial, angular and energy distributions of neutron, gamma rays OT
adjoint neutron flux. In 1992, the neutron transport codes were reported
in JAERTI 1327 as Part I. 1In the present report as Part II, development
of gamma rays transport codes is reported. As described in Part I, the
spherical harmonics expansion is not used in representing anisotropy of
both angular flux and scattering cross sections. Group-angle transfer
matrix is calculated by numerically integrating the Klein-Nishina formula
for Compton scattering, taking energy-angle correlation into account.
Pair production and annihilation of electromns are also contained in the
matrix. A first collision source method is used for a case of point
source. Angular flux distribution is obtained by integrating the
transport equation over the line segment along each angular discrete
ordinate at each spatial mesh point. A fine energy grid {subgroup hav-

ing equal energy width) method is used, with a rebalancing scheme con-
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cerning the number of gain and loss of photons over each coarse mesh
region and also in each energy grid. Energy range of photons is from

14 MeV to 10 keV. As to group constants, three kinds of libraries with
photon energy group structure up to 41 groups have been prepared to
contain total (attenuation) cross sections and secondary gamma rays
production constants from each of neutron groups. A benchmark test has
been performed by analyzing a secondary gamma-ray heating experiment
performed at the FNS facility in JAERI. 1In the present report, the
calculational methods of photon transport in the BERMUDA code system are
briefly described. As a main purpose of this report, input data specifi-
cations, job control languages and output data are given as a user's

manual for the following four gamma rays transport codes:

BRERMUDA-1DG : sphere, slab (S50)
BERMUDA-2DG : cylinder (83)
BERMUDA-2DG-S16 : cylinder (81¢)
BERMUDA-3DG : rectangular parallelpiped (Sg)

Development of adjoint neutron transport codes will be reported as

Part II.

Keywords: BERMUDA, Radiation Transport, Shielding, Code System,
Direct Integration Method, Energy Group, Gamma Rays,
Compton Scattering, Anisotropy., Angular Discrete Ordinates,
Secondary Gamma-ray Heating, Pair Production, Annihilation,

Electron
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1. Introduction

The radiation transport code system BERMUDA consists of three

subsystems as:

(1). Neutron transport codes,
(2) Gamma rays transport codes and

(3) Adjoint neutron transport codes.

Out of these., four neutron transport codes were reported in JAERI 1327
{Ref.1) as Part I in 1892. The present report is written as Partll for the
gamma rays transport codes. '

Aimost all of the numerical methods to solve the neutron transport
equation are commonly.used in the gamma rays transport codes. However, there

exist several characteristic features in photon transport codes such as:

(a) A photon has not ‘mass’ , but ‘energy’ determined by its
frequency,

(b) Energy-angle transfer matrix is obtained by Compton scattering
law represented by Klein-Nishina formula,

(¢) The production and annihilation of electron-positron pair are
also added to the matrix. The emitted photons are treated as
isotropic and monoenergetic (two photons having energy of
511keV) and

(d) Besides independent photon sources like those of radioisotopes,
the major sources can be given as secondary gamma rays from
neutron-nucleus reactions mainly by {(n, v), {n.n" 7 ) and

{n,fissiony ) processes.

We have developed four computer codes for obtaining space, angle and
energy distributions of photon flux in one-, two- and three-dimensional
typical geometries. This report is written'as a usage manual for these codes.

In Chapter 2, the group constants library for BERMUDA gamma rays calcu-
lation is briefly described. The characteristic features to solve the photon
transport equation in the present version of the code system are introduced

in Chapter 3. A simple validity test is also given by secondary gamma-ray

-1 -
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heating calculation. Chapter 4 is a guide for users to prepare input data
and the job control languages for the FACOM/VPZE00 computer. Also, a brief
description is given about the output data on printer or disk.

The adjoint neutron transport codes in the BERMUDA code system will be

reported as PartIl.
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2. Grouy Constants Library

The group constants libraries for the BERMUDA gamma rays subsystenm
contain: (1) secondary gamma rays production constants with neutron-nucleus
reactions, and (2) microscopic total cross sections of atoms for making up
total attenuation coefficients for gamma rays. Both of these data are pre-
pared for each energy group of gamma rays with a group constants processing
code PROF-GROUCH-G/B?’. _

The total cross section in the library is evaluated as the sum of the
cross sections of photoelectric effect, pair production and Compton scatt-
ering.

There are three libraries of gamma rays group constants prepared for

BERMUDA test calculations;

(a) J2585. BERM1DG. DATA
36 groups, 30 nuclides.
Secondary gamma rays production data sources are ENDF/B-IV?’ and
ENDL-78%". Number of neutron groups is 120, and neutron transport
calculation should be performed using J2585. BERMUDAL. DATA or
J2585. BERMUDAJ. DATA.

(b) J2585. BERM125S. B4G. DATA
40 groups, 12 nuclides.
Secondary gamma rays production data source is ENDF/B-IV. Number
of neutron groups is 125, and neutron transport calculation should
be performed using J2585. BERM125S. B4. DATA.

(c) J449B. BERM41G. DATA
41 groups, 20 nuclides.
Secondary ganma rays production data source is JENDL-35. Number
of neutron groups is 125, and neutron transport calculation should
be performed using J449B. BERM125X. DATA.

In the following, details are given only for the newest library J449B.

BERM41G. DATA.

2.1 Nuclides, Code Numbers and Atomic Numbers

The twenty nuclides in the library J449B. BERM41G. DATA are as follows.

-3 -
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The code number is used as identification number when the atomic density is

{nput to BERMUDA. The atomic number(Z) is obtained by dividing the code num-

ber by 100 in integer.

Order in Nuclide Code Atomic
Library Name Number Number
1 H 117 1
2 °Li 307 3
3 “Li 317 3
4 Be 407 4
5 10p 507 5
6 118 517 5
7 ¢ 607 6
8 N 107 7
9 0 807 8
10 Na 1107 11
11 Mg 1207 12
12 Al 1307 13
13 Si 1407 14
14 Ca 2007 20
15 Cr 2407 24
18 Mn 2507 25
17 Fe 2607 26
18 Ni 2807 28
19 Mo 4207 42
20 Pb 8201 82

2.2 Energy Group Structure

The neutron energy group structure in making the secondary gamma rays
production matrix is 125 groups and their energy boundaries are same as in
144QB.BERM125X.DATA1’. This production matrix is evaluated for each nuclide
considering up to 20 kinds of neutron-nucleus reactions at the maximum.

The gamma rays energy group structure is 41 groups from 14MeV to 10keV
as follows. In case of gamma rays, the mid-point is defined as arithmetical

mean value of the upper and lower boundary energies.

A4_



Uppe

Ener

14.
12.
10.

[t 5 T - I - S . TN - Y~ A S o B - s I A~

i.

1.
900
800
700
800
512
510
450
400
300

JAERI-M 93—143

T

BY

0{MeV)
0
0

. 60
.00
1)
. 00
.30
. 00
.50
.00
.50
.00
.50
.00
.90
.25
.00
.15
.50
. 375
.25

125
06 (MeV)
(keV)

Lowe

Ener

12.
10.
9.
8.

(o= B - T - R 7 L o B A B~ L N

—

1.

1.
900
800
760
600
912
510
450
400
300
200

r

gy

0 (MeV)
0
00
00

.50
.00
00
.00
.50
.00
.50
.00
.90
.00
.00
.24
.00
.19
.50
378
.29

125
00 (MeV)
{keV)

Midd

Ener

18.
il.
9.
3.
1.

o -3

N R T I T T - 2 BT N -}

—

L.
L.
i
1.
1.

850
830
750
650
836
911
480
425
330
250

le

gy

0 {MeV)
0
50
50
75

.25
LT3
.29
.75
.25
R
.25
L 18
.25
LT5
. 375
L1235
L8795

625

4375

3125

18735
0625(Me¥)
(keV)



JAERI-M 93-143

34 200 150 175

35 150 100 125

36 1eQ 80.0 90.0
37 80.0 60.0 70.0
38 ' 60.0 45.0 82.5
39 45.0 30.0 37.5
40 30.0 20.0 25.0
41 20.0 10.0 15.0

2.3 Data Arrangements in the Library
The library J449B. BERM41G. DATA consists of 167 binary records as

follows:

{1) The first header record is

NMAXL, MMAXL, (EUPN(N), N= 1, NMAXL+1), (EMIDN(N), N= 1, NMAXL),
(DELUN(N), N=1, NMAXL), (NCODEL (M), M= 1, MMAXL), NGMAX, MXREAC,
(EUP(L), I =1, NGMAX+1), (EMID(1), [ =1, NGMAX), (DELU(I), = 1, NGMAX),

where NMAXL : number of neutron energy groups {=125),
MMAXL : number of nuclides in the library (= 20),
EUPN . neutron upper energy boundary (eV)?'’,
EMIDN . neutron group mid-point in lethargy (eV)’,
DELUN : neutron group lethargy width'’,
NCODEL : nuclide code number,
NGMAX : number of gamma rays energy groups {=41),
MXREAC : dummy,
EUP . gamma rays upper energy boundary (eV),
EMID : gamma rays group mid-point in energy (eV) and
DELU : gamma rays group lethargy width (dummy).

{2) The next 125 records are secondary gamma rays production constants

for neutron groups N {(N=1, - ,125):

((GPROD(I.M.N). 1= 1, NGMAX). M= 1, MMAXL),
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wvhere GPROD . secondary gamma rays production constant {summed up
‘up to 20’ kinds of neutron-nucleus reactions;
neutron cross section is already multiplied to

production constant for each reactiony,

I : gamma rays group no.,
M : nuelide no. and
N - neutron group no.

(3) The next 41 records are total cross sections of nuclides for gamma

rays groups 1 {I= Lf".41):
(SST{1.M).M=1, MMAXL),

where S8T . microscopic total cross section ¢ ¢
for gamma rays (barn/atom),
I : gamma rays group no. and

M : nuclide no.
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3. Numerical Method to Solve Photon Transport Equation

The time-independent transport equation in & usual multigroup model is

written as?®’
3 - gradg (Z8) + M@ T) = (T8 (3.1)
Symbols in Eq.(3.1) are as follows:

3 . unit direction vector drawn from the spatial point T

sign for inner product of vectors, i.e. @ - means direction

cosine between directions of d and gradient operator,

coordinate of spatial point, |

i : group index of gamma rays energy,

¢ ‘(?.fg) : angular flux of gamma rays at (F, ) for group i, that is,
the integrated value of ¢ (?.E.Eg) over the energy group width
ABy= [Ei+1.E1] {photon/{em? - sec « sr)),

X ti(?3 . macroscopiec total cross section for gamma rays {em™?)
(2 D= 2? N=(T) o !, where o .®' is an averaged value over
the group i and given in Chapter 2) and

N=(F) . atomic number density (10%?%em~3) of nuclide m in the medium at

—
.

The right hand side of Eq. (3.1) is the photon source and is separated

as follows:
-y . =¥ = L
GRS = 0t (T 8 raret Q) 4ac (R ast (T, B, (3.2)

where q.° : secondary gamma rays source generated by reaction of
neutron with nucleus in a medium (Section 3.1),
Gpp': source having energy of 0.51IMeV generated by electron-
positron pair production and annihilation (Section 3.2},
gc! : source by Compton scattering (Section 3.3) and
§* . fixed gamma rays source (input data).
These sources are all defined as integrated value over the photon energy

group range AE;:.
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3.1 Secondary Gamma Rays Source

The neutron-induced secondary gamma rays produc¢tion constants GPROD
given in Chapter 2 is defined as the product of (a) number of photons gene-
rated by a reaction of jn-th group neutron and a nuclide and (b) neutron
microscopic cross section of the nuclide for the reaction. As to the kind of
reactions, the products are already summed up. The dimension of GPROD is

[photons/reaction] X [barn/atom] . Then, by multiplying atomic number den-
sity of a medium and neutron scalar flux to GPROD, we have photon generation
rate per unit volume and per unit time (photons/{cm® - sec)).

Assuming this photon source to emit isotropically, the g, in the right

hand side of Eq. (3.2) is given as

IMAXN

qn‘(?, 3) = {(1/47) ® (D) Z N=(F) GPROD™ {7t (3.3)
1 m

jn=

where di(?5 is neutron scalar flux obtaired by the BERMUDA neufron transport

caleulation. 1?
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3.2 Pair Production and Annihilation of Electrons

When the energy of photons is greater than 1.022MeV{=2m.c?), some of
photons are absorbed by material atom in the rate according to pair produ-
ction cross section ¢ pp. Then a pair of electron and positron is created.
These particles immediately annihilate and emit a part of their energy as
two photons of 0.511MeV.

The cross section o p, is calculated in BERMUDA using the mid-energy of

i-th group (EMID(i)) and atomic number Z™ of nuclide m as follows:®’

(i) E*=1.022MeV

UPPmiﬂO-p
(ii) 1.022MeV<E!< 2MeV
o .2 = (1/137) (2%ro)2(2m /3) [ {(x-2)/k] 3
x [1+(1/2) p +(23/40) p 24(11/80) p >+(29/960) p %] and

(iii) E} = 2MeV

o o2t = (1/137) (I%1,) ?(a,+asx+azx?+azx?).

The symbols used are:
r. : classical radius of electron (ro2=7.939827x 10 2barn),
k = E'/mec?,
m. : electron rest mass (mec2=10.511006% 10%eV),
p = (2k-4)/(2+k+2]ZX),
x = (2/%)2,
a = -218/27+(28/9)y.
ay = (m 2/642¢ -1/2)+(6-7 2/3)y-y2+(2/3)y?3,
a, = -1/8-(3/16)y.
as = 11/27.512-(29/9.256)y,
y = I1n{2k) and
¢ =En'3 = 1.20205869.

n=1

Assuming these two photons of 0.511MeV are emitted isotropically, Gse

in Eq. (3.2) is given as
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23

0ot (7 8) = (2/47) 6 1. nzur ) (?)Z NP () 0 pp®d,

J=1

-
where ¥I(r) : gamma rays scalar flux at T for group j,

=Z.A3n' [ 3(-1_‘.‘5n. ).

n’

ot ; ; 1
Qo angular discrete ordinate*’,
-y
AQ, : weight for angular integration'’ and
& ¢3 : Kronecker s delta.

Then we can write
. - = —
Qe R (D) = (1/22) 6 1, 208 B ¢ 3(T. T )T 500 (1),

From this equation, obtained is an expression for group-angle transfer

kernel for pair production,
Kepd ™m0 () = (1/22) 8 1,208 T Z 26 (P) (3. 4)

1
and a5, (T &)= ) Zcb ST T e VK™ e (D).
J=1 n
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3.3 Compton Scattering

The term qe in Eq. {3.2) is given as

=1

1
(7 Ty = [ZN”(?)Z“’}ZJdaj dE" ¢ (T Q' )/AE, %
m AE,

xf B (B —E O —3). (3.5)
AEy

The double-differential cross section o (E'—>E,§'—>§)) is given by Klein-
Nishina formula in the averaged form with respect to polarization of photen

waves, %7

6 (B —E 0 = 8)=1(1/2)ro2(E/E ) 2(B' /E4E/E -1+ F 2)

X

6(l-f+l‘—l)|dk/d5'. (3.6)

where A =m.c?/E, "=m.c?/E" and

£ =cos®=(Q - 6').

) =

From Eq. (3.5), Compton scattering kernel is defined as

1

g ~ s g 5 2> +

O )= D ¢ IT QST TIND),
J=1 n’

where

Ked7h o' (F) = [ZN’“G’)zmj dEi"/(dE'/AEj)/ dEo (B —E & = Q).
-
- = AQ,

AE; AEy
Omitting m,z. Nm(?) and Z™ for simplicity, and using Eq. (3.86),

KCJ"”"’"""=/ daf(dﬁ'/AEj) dE(1/2)ro2(E/E Y 2(E /E+E/E -1+ & ?)
AQ ./ AES AE,

X & (1-§+2 -2 ) (msc?/E?)
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=(1/2)1, mecj j(dE /A Ej) dE/E" 2
AQ AEi

X (E"/E+E/E -1+ E2) S (1-F+2 " ~2).

1 27
-
By Eq. (3.15) in Ref.l.de' can be written asjdfj’dcb. And using & ¢ nm
-1 /0

also defined in Ref.1, K. finally becomes

ch”i'n"’“=(1/z)r°2mec2j dE'/(E'ZAEJ)j dE(E' /E+E/E" -1+ £ 2)
A

E; AE,
XA(bn‘nm'g(f-fm'). (37)
where F=1+1"-
i
Ad’n’nm':jdga(g_gm’)fd(bn .
-1 A Q.
Em =¢€050

=(z /80)(n" -1/2) (m =1,--,80) and

the sign 5 means that m" in the table of A @ o am is picked out and used,

if £ happens to fall in the fine interval of & . %’

Equation{3.7) is numerically integrated with respect to E and E’.
For given E, the range of E' is restricted by relations £E=1+4"-A and

-1 £ =1 as
BE' max = E/(1-2E/mec?) and

E'win = E

where E pax= l4MeV is adopted when 1-2E/m.c2=0 or E' nax>1ld4MeV.

Then, actual range (E'] for E' numerical integration is given,
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[E] = AE; N [E.min-E.max]_-

Other details {such as treatment when j=i) is completely analogous as in

case of neutron. ¥’

For given E', actual range [E] for E numerical integration is given as
Emax = E',
Emin = E /{1+2E" /mec?) and
[E] = AE{ N [Emin,Emax] .

Then with the pair production kernel of Eq. (3.4}, the scattering kernels are

unified as K,
| Cnd N n'—bn(?’) = KCJ-)I, n‘-sn(?)_l_K_pPJ—%i. n'—=n (?)

And q in Eq. (3.2) is given

-

T
G EF=T D e @ T (@ (s (C ED. 68
i=1 n°

—r

¥hen Si(?:§2n) is given as a point source in case of one-dimensional
sphere or two-dimensional ecylinder., another kernel Kot 7?7 () is sepa-
rately prepared. And uncollided scalar flux W’o’(?) from the point source

is multiplied to the Ko to obtain first collision source distribution. !’
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3.4 Angular Flux Calculation

Equation {3.1) is solved for given source q! in the same method as in
neutron transport equation.’ The gq! in Egq. (3.8) is separated into tvwo comp-

onents, that is,
- = -~ s .
(T, QG a) =D (T, 5’,,)+2_ K 2= () g (T T ), (3.9)

where SD! is a fixed term for group i,
i-1
- =¥ - < , = o
SDUT. Qo) =) DK@ 6 (T Q. )+ a4t (T, T ) +84H(T Q).
i=l n’
or, when S! is given as a point source {for example, in cases of one-dimens-

jonal sphere and two-dimensional cylinder),
1-1
-3 LT _— N g -
DU Q)= D KT (D) g N Qe ) et (T Q0)
i=1 n'

1

+Zx.,’*1-“~-*"(?)w°’(?’i. (3.10)

3=1

—3
In the case of a point source, ¢ (T, Q,) as the solution of Eq.(3.1) does

not contain the uncollided component.

e
Angular flux ¢ l(_r.th) is obtained with the combination of all the

following methods:

{1) The direct integration method,

(2) Fine energy grid model,

{3) Order of sweep for (T{f?) mesh points in an iteration is completely
same as in case of neutron calculation described in Sec.3.6.1 in
Ref. 1,

(4) Restart option for energy group continuation,

{5) Bootstrap option for spatial continuation in the z-direction and

{(8) Coarse mesh rebalance of photon particles in each energy grid.

In case of gamma rays, an energy group is divided into 10 fine groups
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called ‘grids’ having equal ‘energy’ width. The 10 grids in a group are
numbered like ig=1,-+,10 from the highest energy grid. There is no thermal
energy group in case of gamma rays because the treated energy is down to

not 0e¥ but 10keV, where no up-scattering exists. That is why all groups are

able to be dealt with in the grid model.

When the number of times for iteration is fixed to I, (ﬁ‘a(?iiin-) in
Eq. (3.9) is assumed to be equal to ¢ ts-1(7 G .. ). The slowing down sources
from (i-2)th and the upper groups are uniformly distributed into 10 grids
in the group i. However, the slowing down sources from the 10 grids in the
(i-1)th group and from the (ig-1} grids [jg=%, -, (ig-1)] in the i-th group
are calculated very exactly with the scattering kernel Kie=ie 0= n(T)  These

manners are all common to the case of neutron transport. 1’
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3.5 Benchmark Test of BERMUDA-2DG Code

In 1992, BERMUDA-2DG was tested comparing its calculational results
with secondary gamma rays heating rates measured in an experiment?®’ at the
FNS facility!® in JAERI. The heating rates were measured in an assembly of
type 316L stainless steel, which was just the same as used in the neutron
deep penetration experiment reported in Sec. 4.1 of Ref.l.

The measured points in the assembly were also same, that is, 8, 28, 48
68 and 88cm in depth along the axis of the cylindrical assembly. Omitting
the details of measuring method (see Ref.10), we show only the results in

the following:

Position Nuclear heating rates
(cm) : (J/kg/source neutron)

8 (7.06+0.837 )x 10718

28 (7.49+0.0132)x 10°*%
48 (1.12+£0.0215) x 10712
68 (2.19+0.0197)x 10°2°

88 (5.18+0.284 )x 10722

First, we performed a 121-group neutron transport calculation with the
RERMUDA-2DN code, using the neutron library J449B. BERM125X. DATA (gr.5~125).
During this procedure, we found that there was an error in the BERMUDA-2DN
code in calculating the neutron slowing down source into the thermal group
from the just upper group, that is, from 124th group to 125th group on the
library.

Now, the neutron codes reported in Ref.1 have all been corrected for
that error. But the C/E values of the BERMUDA-2DG results in Ref.10 were
based on the neutron flux distribution obtained with the old version of the
BERMUDA-ZDN code, which contained the error.

A new neutron flux file have been prepared. Using this new file and the
gémma rays group constants library J449B. BERM41G. DATA, a 4l-group gamma rays
transport calculation has been performed. The results are summarized with
the C/E values. the C/E values!® of old results and the C/E values'®
obtained with the DOT3.5 code.'?
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Position Nuclear heating rates C/E Values
(cm) (J/kg/source neutron) BERMUDA  BERMUDA'®’ DOTS. 519
Measured Calculated{new) {new) (old)
8 7T.06E-18* 8.002E-18 ' 1.138 0.91 0.825
28 T.49E-19 8.995E-19 1.20 1.20 1.14
48 1.12E-19 1.564E-19 - 1.40 2.12 1. 35.
68 “2.1%E-20 2.861E-20" 1.31 3.18 1. 41
88 5. 18E-21 4.454E-21 - 0.86 3.42 ©1.1%

“Read as 7.06x 10718

The DOT3.5 calculation referred above was also performed using a group

constants library based on the nuclear data file JENDL-3.3’
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4. User's Manual

4.1 BERMUDA-1DG

4.1.1 JCL

The JCL {(a set of job control languages) for the BERMUDA-1DG execution
on the FACOM/VP2600 computer in JAER! is as follows: .

(1) In case of gamma rays source only (without neutron-induced secondary

gamma rays source)

//ICLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++
// JUSER XXXXXXXX, XX, XXXXXXXX, XXXX. XX
T.05 ¥.01 C.00 1.02 E.OL SRP
OPTP MSGCLASS=X, MSGLEVEL=(1,1,2),CLASS=0, NOTIFY=Jxxxx
OPTP PASSWORD=XXXXXXXX '
//  EXEC LMGO,LM=19091.BERMUDA.PNM=BERMD1DG‘51’
//FTOLF001 DD DISP=SHR, DSN=Jxxxx. FLUX1DG. DATA <®*2
//FT03F001 DD DISP=SHR, DSN=Jxxxx. SDBLDG. DATA 3’
//FTO4F001 DD DISP=SHR, DSN=J449B. BERM41G. DATA, LABEL=(, ., IN)
//SYSIN DD DISP=SHR, DSN=Jxxxx. DATAIDG. DATA ¢*%
//FT08F001 DD DUMMY <5’

++

//

(2) 1n case of using a neutron flux file for calculating secondary gamma

rays source in BERMUDA-1IDG

The one line of the JCL¢®® in the above JCL (1) is substituted with

the next one to use a neutron flux file from BERMUDA-1DN.

//FTO8F001 DD DISP=SHR, DSN=Jxxxx. FLUXIDN. DATA
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(3) In case of executing both BERMUDA-1DN'’ and BERMUDA-1DG in a job.

//ICLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++
// JUSER XXXXXXXX, XX. XXXXXXXX, XXXX. XX
T.06 W.03 C.00 I.04 E.O SRP
OPTP MSGCLASS=X, MSGLEVEL=(l, 1,2),CLASS=0, NOTIFY=Jxxxx
OPTP PASSWORD=XXXXXXXX |
/7 EXEC LMGO.LM=J9091;BERMUDA.PNM=BERMDIDN
//FTOLFO01 DD UNIT=TSSWK, SPACE=(TRK, (70, 10)),DSN=Jxxxx. FLUX1DN. DATA,
// DISP=(NEW.PASS).DCB=(RECFM=VBS,LRECL=23472,BLKSIZE=234?B,DSORG=PS)
//FT02F001 DD UNIT=WK10, SPACE=(TRK, (100, 50)),DISP=(NEW, DELETE, DELETE),
/! DSN=&&WORK,DCB=(RECFM=VBS.LRECL=234TZ.BLKSIZE=23476,DSORG=PS)
//FT03F001 DD DUMMY
//FTOAF001 DD DISP=SHR, DSN=J449B. BERM125X. DATA, LABEL=(, ., IN)
//SYSIN DD DISP=SHR,DSN=Jxxxx. DATALDN. DATA
//  EXEC LMGO, LM=J9091. BERMUDA, PNM=BERMD1DG
//FTOLF001 DD DISP=SHR, DSN=Jxxxx. FLUX1DG. DATA
//FT03F001 DD DUMMY
//FTO4F001 DD DISP=SHR, DSN=J449B. BERM41G. DATA, LABEL=(,,, IN)
//SYSIN DD DISP=SHR.DSN=Jxxxx.DATAIDG.DATA
//FTO8F001 DD DISP=0OLD,DSN=Jxxxx. FLUX1DN. DATA

++

/

($1) There has already been a load module J8091. BERMUDA. LOAD (BERMDIDG)
prepared for a public use in JAERI.
[f necessary, a new load module is able to be created on a disk from
the source module J9091.BERMUDA. FORT77(BERMD1DG}. The JCL for creating a new

load module is as follows:

//ICLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++

S/ JUSER XXXXXXXX, XX. XXXXXXXX, XXXX. XX
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T.01 .01 C.02 [.02 E.O00 SRP

OPTP MSGCLASS=X, MSGLEVEL=(1,1,2),NOTIFY=Jxxxx, PASSWORD=xxxxxxxx
//  EXEC FORT77VE,S0=J9091. BERMUDA,
// A="ELM(BERMD1DG), SOURCE, NOVMSG, NOVSOURCE" , LCT=62
//  EXEC LXEDCTT7,LM=Jxxxx.BERMDIDG, UNIT=xxxxx, MODS="07,07, 1", A=MAP

++

//

These steps of compilation and linkage are executed rather rapidly on
the FACOM/M780 scalar computer. The new load module is applied by replacing
the above “LM=J9091.BERMUDA, PNM=BERMD1DG, ” ¢*1 with “LM=Jxxxx. BERMD1DG" .

{$2) The gamma rays flux file Jxxxx. FLUX1DG.DATA has to be allocated befo-

rehand as:

//FTOLFO0G1 DD UNIT=xxxxx, SPACE=(TRK, (30, 10)),
/7 DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.FLUX1DG. DATA,
// DCB= (RECFM=VBS, LRECL=23472, BLKSI1ZE=23476, DSORG=PS)

This file contains the spatial distributions of angular and scalar flux
ete. of gamma rays for all of the calculated energy groups. It can be used

for editing the output results.

($3) The grid source file Jxxxx. SDBIDG.DATA has to be allocated beforehand

as:

//FTO3F001 DD UNIT=xxxxx, SPACE=(TRK, (10,05)},
// D1SP=(NEW, CATLG, CATLG), DSN=Jxxxx.SDB1DG. DATA,
// DCB=(RECFM=VBS, LRECL=23472, BLKSI1ZE=23476, DSORG=PS)

This file is necessary for restarting the job, and can be deleted after
the calculation up to the last (IMAX-th) energy group has been completed.

Usually a one-dimensional problem is rapidly completed in a batch job.
So, when required CPU time for the job is sufficient for completing calcul-
ation up to the last group, the onme line of the JCL‘®3’ nmay be substituted

with
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//FTO3F001 DD DUMMY
without allocating the Jxxxx. SDB1DG. DATA.

(84) The input data file Jxxxx.DATAIDG. DATA has to be allocated beforehand

as:

//FTO5F001 DD UNIT=xxxxx, SPACE=(TRK, (01,01)),
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.DATALDG. DATA,
// DCB=(RECFM=FB, LRECL=80, BLKSIZE=3120, DSORG=PS)

The content of this file is described in Sec.4.1.2. Otherwise, the one

line of the JCL“®*% is substituted with
//SYSIN DD *
[input data described in Sec.4.1.2]

/%

without allocating the Jxxxx.DATAIDG. DATA.
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4.1.2 Input Data

#01 (F6.0) 1 line
- TMAX(=300.) : CPU time (sec) to terminate the job and to prepare the

disk files for restarting the next job

#07 (13) 1 line
- KIND{=0) : dummy

#03 (213) 1 line
- IRSTRT{(=1) : group no. to be restarted (initially =1)
- ITMAX : maximum number of iteration times for each energy grid
(1TMAX=1, 2 or 3)
(ITMAX is defined as 1, if 0 or blank is input.)

$#04 (18A4) 1 line
. Problem title : any characters, numbers or blanks describing the problen

on columns 1~172

#05 (816, 2E12.5) 1 line
. IMAX : total number of energy groups for this problem (=41)
- 1P : geometry
0 ++ slab (infinite in x- and y-directions)
[P=
2 -+ sphere
- MMAX : number of kinds of mixture (=20)
- XMAX : number of spatial regions (MMAXS KMAX<20)
{In a region, mixture is assigned to be homogeneous and
mesh sizes (Az or Ar) are assigned to be equal to each other.)
< 11L1B : group no. “on the group constants library” where the group 1 is
to be defined
(for example, IMAX+IiLIB=42 for J449B.BERM41G.DATA)

in BERMUDA, the [1LIB-th group on the library is called as “group | B

. NILIB : initial group no. of the FTO8 neutron flux file “on the neutron
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group constants library” (NILIB=0 if FT08 is dummy.)

final group no. of the FT08 neutron flux file “on the neutron
group constants library” (NFLIB=0 if FT08 is dummy.)
1<NILIBSNFLIB< NMAXL and NFLIB-NILIB+1= IMAXN (Sec.3.1)

- 1PS : type of the fixed source

-1 -~ secondary gamma rays source only
IPS= 0 -« spatially distributed source

1 «+ point source {only at the center of the sphere)

« ER : upper energy (eV) for the group 1 of the problen

EUP{I11LIB+1)<ER<EUP(11LIB)

+ EPS : convergence criterion {(for angular flux} to be used to terminate

06 (2013)

-+ (MM (MK),

$07 (1016)

the grid iteration before [TMAX (usually 1073)

1 line
MK= 1, MMAX) : number of nuclides to be included in each mixture
(1= MM(MK) = 10)
(For a vacuum, assign one dummy nuclide which is contained
in another mixture. Input its code number in #12 and

atomic number density (0.) in #¥13.)

[(KMAX+9)}/10] lines

The brackets [++] means the integer discarding the fractions.

- (MR(K).K=1,KMAX) : mixture no. (=MK defined in #8) to be assigned to

#08 (1016)

each region

[(KMAX+9)/10] lines

. (INTER(K), K= 1, KMAX) : number of mesh intervals between the ‘origin’ and

the outer boundary of each region (even number only)

(2 INTER{1) < INTER(2) < -~ < INTER (KMAX) < 260-KMAX)

#09 (10F6.3) [(KMAX+9)/10] lines
- (DR(X),K=1,KMAX) : mesh size Az or Ar {(cm) for each region

{not the region thickness)

—_—24 -
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#10 (6EL2.5) 2 lines
- (BCR(L).L=11,20) : right {(outer) boundary condition {10 words)
(=1, - symmetry condition (only for IP=0)
BCR(L) =
0. - vacuum boundary condition (for IP=10 and 2}

{at the present, group independent only)

$#11 (6E12.5) 2 lines when [P=10, not necessary when [P=12
- (BCL(L).L=1,10) : left (origin) boundary condition for slab (10 words)
-1. - symmetry condition
BCL{L} =
0. - vacuum boundary condition

(at the present, group independent only)

#12 (1018) MMAX lines
- (MCODE (M, MK), M= 1, MM(MK)) : code no. of each nuclide in the mixture MK
defined in the group constants library to be used (for example,
see Sec.2.1)

{The order of nuclides in a mixture is able to be arbitrary.)

Repeat this in the order of MK=1,---,MMAX renewing the line for each
mixture.
#13 (BEL12.3) [{MM(MK)+5)} /6] lines for each mixture

« (AN(M, MK), M= 1, MM(MEK)) : effective number density (102%n~?) of each

nuclide in the mixture MK

(The order of nuclides in a mixture must be the same as in #£12.)
Repeat this in the order of MK=1,--, MMAX renewing the line for each

mixture.

When IPS= -1 in #5, data of #14~#19 are not necessary to be input,

14 (218) 1 line

<Nl : the first mesh point no. to give spatial distribution of non-zero

independent source in #15-

« N2 : the last mesh point no. to give spatial distribution of non-zero

independent source in #15
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[f IPS=1 in #5 then N1=N2=1. Otherwise, 1S NI<NZ=NMAX.
(NMAX: see (3) below)
In BERMUDA, the numbering of the mesh points is as follows:
(1) “1” for the origin, _
(2) doubly (twice) numbered as “INTER(K)+K" and “INTER(K)+K+1"
for the interface between the K-th and the (K+1)-th regions
where K=1, -, KMAX-1 (for treating spatial discontinuity of the
macroscopic cross sections and the source distribution at the
interfaces) and

(3) “NMAX= INTER(KMAX)+KMAX" (<£260) for the outermost mesh point.

#15 (6E12.5) ({(N2-N1)/6]+1} lines
- (S1(N),N=N1,N2) : spatial distribution of independent source
Independent source is given in the form of a function w¥ith
separation of variables as SI(N)xS$2(I)xS83(L).
(Each of the S1, $2 and S$3 should be normalized to its correct
magnitude, respectively. However, it is also valid that the
product of the SI, S2 and $3 has the correct normalized value

for each energy group{ % ).)

#16 (216) 1 line

11 - the first energy group no. to give energy spectra of non-zero indep-
endent source in #17 (see Sec. 2.2, but note that the group no. is
defined so that the I1LIB-th group in Sec.2.2 is group 1.)

+ 12 : the last energy group no. to give energy spectra of non-zero
independent source in ¥17
[f the source is of mono-energy (monochromaticy, 11=12=1.
Otherwise, 1= 11< 12 IMAX.

#17 (6E12.5) {[(12-11)/6]+1} lines
. (S2{(1),1=11,12) : energy spectra of independent source
(As BERMUDA has been programmed not in a continuous energy model
but in a usual multigroup model, only the S2 (except the Sl and
$3) must be given as integrated value for group i over A Ey.)
The S2(I)} is generally normalized to be 1 integrated over energy,

that is,
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12

Zsz(1)=1.

I=11

(However, note the proviso( % ) under #15.)

#18 (216) 1 line
- Ll : the first ordinate no. to give angular distribution of non-zero
independent source in #19

« L2 : the last ordinate no. to give angular distribution of non-zero

independent source in #19

If the source is mono-directicnal, L1=1L2.

Otherwise, 1=LI<L2Z10.

#19 (6E12.5) {{(L2-L1)/6]+1} lines
« {§3(LY,L=1L1,L2) : angular distribution of independent source

The $3(L) is generally normalized to be 1 integrated over the

unit sphere, that is,

L2
ix ;Z; WoS3(L)=1. (W, : weight for Gaussian gquadrature
L=L1 of order 20)

(However, note the proviso{ # ) under #15.)

Some examples of input data for the BERMUDA-1DG code are shown in

Figs. 4.1 and 4. 2.
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T B B ey s e R - B e Atttk Bt

60. #01
4] #02

1 #03

WATER 10MEV ., POINT ISOTROPIC , 07/23/84 MON. #04

40 2 1 é 2 v 0 1 1.0002 +7 1.0 -3 #05

2 706

1 1 1 1 1 1 #07

4 14 22 356 S5é 114 #08
2.71533.37845.63069.652911.26127.182 #09
0. 0. 0. 0. 0. o. #10
0. 0. 0. 0. "
117 807 #12

6.691 -2 3.346 -2 #13
1 1 #14

i. #15
1 1 #16

1. #17
1 20 #18
7.957747 -2 7.957747 -2 7.957747 -2 7.957747 -2 7.937747 -2 7.957747 -2 819
7.957747 -2 7.957747 -2 7.957747 -2 7.957747 -2 7.937747 -2 7.957747 -2 "
7.957747 ~2 7.957747 -2 7.957747 -2 7.937747 -2 7.957747 -2 7.957747 -2 "
7.957747 =2 7.957747 -2 "

Fig.4.1 Example of input data for BERMUDA-1DG {(IPS=1)
ENCRPRRIY PR GRS S, Sty SRR TR PRSI B S S i taaid -

60. #01
0 #Oo2
1 #03
ONE DIMENSIONAL GAMMA-RAY TRANSPORT PROGRAM : BERMUDA-1DG #04

41 2 4 4 1 5 125 -1 1.4 +7 1.0 -3 #05

4 6 5 4 #06
1 2 3 & #07

20 L4 66 82 #08

0.5 1.0058.96136.91%38 #09

0. Q. Q. O. 0. 0. #10
0. 0. 0. 0. ”
2407 2607 2807 2507 #12
307 317 2407 2607 2807 2507 "
407 2407 2607 2807 2507 ”
2407 2607 2807 2507 "
3.751 -3 6.349 -3 7.303 ~4 B,185 -5 #13
2.507 -3 3.128 -2 3.086 -3 1.075 -2 1.374 -3 2.023 -4 ”
6,930 -2 1.751 =3 4£.349 -3 7.303 -4 8,185 -5 "
1.161 -3 4.159 -3 4.821 -4 5.632 -5 "

Fig.4.2 Example of input data for BERMUDA-1DG (IPS=-1)
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4.1.3 Output Data

The output data of BERMUDA-1DG are stored on the magnetic disk FTO1
(Jxxxx.FLUX1DG. DATA: see Sec.4.1.1 ($2) ) and are also given on the printer.

The data on the output disk are as follows:

(1) In case of IPS#1, the following FORTRAN record is repeated for
each group i (i=1,-,IMAX) in the binary form,

((PSI(N.L),N=1,260).L=1,20), (TPSI(N), N=1, 260),

where PSI(N, L) : ¢ *{(rn, @wr) and

20
TPSI(N) : W’(rN)=2nZ W *(rw wy).

L=1

(2) In case of IPS=1, the following FORTRAN record is repeated for

each group i (i=1, - ,1MAX) in the binary form,

({(PSI(N,L),N=1,260),L=1,20), (TPSI(N),N=1, 260),
(PSIO(N),N=1,260), (PSI00(L),L=1, 20},

where PSI(N,L) : ¢ '(rw, wr) (without component of uncollided flux),
20
TPSI(N) : wi(rN)=znZ Wed H(rw @i)+t¥ ot (rn),
L=1

PSIO{N) : ¥o'(rwn) (uncollided flux) and
PSI00(L) : S*(0, w.) (point source at the origin).

The data on the output print are as follows:

(a) list of input file Jxxxx.DATALDG. DATA (see Sec.4.1.1 (84) )

like Figs. 4.1 or 4.2,

{b) list of the main input parameters with explanatory captions,
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(The items (c)~ (f) below are repeated for each energy group i (i=1,

e TMAXD L)

(¢) CPU+VU time (sec) accumulated from the start of computation (EXEC
LMGO) until the end of each main calculational item,
(d) when the convergence has been attained or ITMAX iterations have
been finished for the 10-th grid,
. photon balance parameters; F, GAIN, ABBS, SELF, XLEK (see Sec
3.7 of Ref.1) integrated over the entire spatial region dealing
with it as a single coérse mesh region, |

- group no. i, iteration times IT, residual VERGF,

where VERGF=ma x | {¢ 1T (r o )/ * I {(rnouit-1] <e
N, L
(N,L : except the cases vhere ¢ '* 1T {ry, w.o)=10),

IT : iteration times (IT¥=1,2."-L

(As the energy grid model is used for all groups, these printed
photon balance parameters and VERGF are meaningless, because the
iteration is terminated by ITMAX (=£3) times. In addition, these
parameters are obtained only from the data of the last (10th) grid

in the group i.)

(e) - the upper energy boundary EUP(i) (eV),
. the lower energy boundary EUP(i+1) (eV),
- the energy width AE; (eV),
(f) gamma rays scalar flux ¥'(ry) for N=1,-- NMAX and

(g) spatial distribution of dose rate (Sv/hr)

IMAX

E DCONV(iYW *(r n} for N=1, -, NMAX,
1=1
where DCONV is a convers{on factors installed in BERMUDA-1DG.

The STOP code 2222 indicates that the input fixed source for the group 1

is zero including the secondary gamma rays source.

__304
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4.2 BERMUDA-2DG
4.2.1 ICL

The JCL for the BERMUDA-2DG execution on the FACOM/VP2600 computer in
JAER] is as follows:

//JCLG JOB
// BXEC JCLG
//SYSIN DD DATA, DLM=" ++
// JUSER XXXXXXXX, XX. XXXXXXXX, XXXX. XX
T.10 %.03 C.00 1.09 E.04 SRP
OPTP MSGCLASS=X, MSGLEVEL=(1,1,2),CLASS=T, NOTIFY=Jxxxx ‘*%’
OPTP PASSWORD=xxxxxxxx V
//  EXEC LMGO,LM=J9091. BERMUDA, PNM=BERMD2DG, A="HI0=(01,09)" 2
//FTOLF001 DD DISP=SHR,DSN=Jxxxx. FLX701. DATA ‘*%
//FT02F001 DD DISP=SHR, DSN=Jxxxx. BOUNDFXG.DATA <*%’
//FTO3F001 DD UNIT=¥K10, SPACE=(TRK, (100, 50)),DiSP=(NEW, DELETE, DELETE),
// DSN=&&¥ORK, DCB=(RECFM=VBS, LRECL=23472, BLKS1ZE=23476, DSORG=PS)
//FTO4F001 DD DISP=SHR, DSN=J449B. BERM41G. DATA, LABEL=(, ., IN}
//SYSIN DD DISP=SHR,DSN=Jxxxx. DATA2DG. DATA <5’
//FTO8F001 DD DISP=SHR, DSN=Jxxxx. FLUX2DN. DATA ¢*8°
//FTO9F001 DD DISP=SHR,DSN=Jxxxx. FLX70¢. DATA ¢*7°
//FT10F001 DD DISP=SHR, DSN=Jxxxx. FLUX2DG. DATA ¢*%
//FTLLF001 DD DISP=SHR, DSN=Jxxxx. SDBZDG. DATA ‘*’

++

//

($1) “CLASS=17" is a night job for free submission. Beside this, there are
the classes 6 and 8 which need an approval of the Computing and Information
Systems Center of JAER! for submission, and of which the class 8 is a night
job. For these classes, permitted CPU time (T.xx), print lines (¥.xx) and

1/0 times (EXCP I.xx) have different values from those of the class 7.

($2) There has already been a load module J9091. BERMUDA. LOAD(BERMD2ZDG) pre-

pared for a public use in JAERI.
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If necessary, a new load module is able to be created on a disk from
the source module J9091. BERMUDA. FORT77 (BERMD2DG). The JCL for creating a new

load module is as follows:

//ICLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++
// JUSER XxxxXXXX, XX. XXXXXXXX, XXXX. XX
T.02 W.03 C.02 1.02 E.00 SRP
OPTP MSGCLASS=X.MSGLEVEL=(1.l.2),NOTIFY=Jxxxx.PASSWORD=xxxxxxxx
// EXEC FORTTTVE, S0=J9091. BERMUDA,
// A="ELM(BERMDZDG), SOURCE, NOVMSG, NOVSOURCE" , LCT=62
//  EXEC LKEDCT77.LM=Jxxxx.BERMD2DG, UNIT=xxxxx, MODS="10,10, 1", A=MAP

++

//

These steps of compilation and linkage are executed rather rapidly on
the FACOM/M780 scalar computer. The new load module is applied by replacing
the above “LM=J9091.BERMUDA, PNM=BERMD2DG” *2’ with “LM=Jxxxx. BERMD2DG” .

($3) The HIO0 (high-speed input/output) work file for the angular and scalar
fques Jxxxx.FLX701.DATA has to be allocated beforehand as:

//FTOLF001 DD UNIT=TSSWK, SPACE=(CYL,082,, CONTIG),
//  DISP=(NEW, CATLG, CATLG), DSN=Jxxxx. FLXT01. DATA,
// DCB= (RECFM=F, LRECL=23000, BLKS1ZE=23000, DSORG=PS)

This file contains the spatial distributions of the angular and scalar
photon fluxes for all of the calculated enérgy groups as a HIO work file for
calculating the slowing down source from the upper energy groups.

So, this file can be deleted after the job has been successfully term-
inated in TMAX sec (see Sec.4.2.2) because the same data are stored in the
FT10 (fxxxx.FLUXZDG.DATA“a’) for restarting the job. The main purpose of
the FT01¢53 and FT09 " is to utilize the HIO option for saving the [/0
times (EXCP). In fact, the TSSWK is automatically deleted at 8:00 a.m. (the
TSSWK2Z at 5:00 p.m.) in JAERI. The HIO option needs to allocate the file
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‘contiguously’ on the disk (CONTIG). and the FTOLl and FT09 need to be allo-

cated every time {or every day) before submitting the restarting job.

At the present, the specifications of the disk in JAERI are as follows:
1 VOL = 1,326 CYL x 2 ( = 19,890 TRK x 2),
1 CYL = 15 TRK and
1 TRK = 47,476 bytes.
However, BLKSIZE cannot exceeds 32,767 bytes.

($4) The boundary flux file Jxxxx.BOUNDFXG.DATA has to be allocated before-

hand as:

//FTO02ZF001 DD UNIT=xxxxx, SPACE=(TRK, (10,05)).
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx. BOUNDFXG. DATA,
// DCB=(RECFM=VBS, LRECL=23472, BLKS1ZE=23476, DSORG=PS)

This file contains the boundary flux in case of the bootstrap option
(see Sec.3.6.2 in Ref.1). In the first step, the boundary flux is written in
this file; and in the second step, the boundary flux is supplied from the
file. When the bootstrap option is not used (ISTEP=0 in Sec.4.2.2), the one

line of the JCL*®*4) is not necessary as well as allocation of the file.

($5) The input data file Jxxxx.DATAZDG.DATA has to be allocated beforehand

as.

//FTO5F001 DD UNIT=xxxxx, SPACE=(TRK, (01,01)),
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx. DATAZDG. DATA,
// DCB=(RECFM=FB, LRECL=80, BLKSIZE=3120, DSORG=PS)

The content of this file is described in Sec.4.2.2. Otherwise, the one

line of the JCL %’ is substituted with

//SYSIN DD *
[input data described in Sec.4.2.2]
/%
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without allocating the Jxxxx.DATAZDG. DATA.

($6) The neutron flux file Jxxxx.FLUX2DN.DATA is an output file of BERMUDA-
2DN. If the problem does not need the secondary gamma rays source, the one

iine of the JCL ‘3%’ is substituted with the next one.
//ETO8F001 DD DUMMY

($7) The HI1O0 work file for the uncollided flux has to be allocated before-

hand as:

//FTO9F001 DD UNIT=TSSWK, SPACE=(CYL, 03,, CONTIG),
// DiSP=(NEW, CATLG, CATLG), DSN=Jxxxx.FLX708. DATA,
/7 DCB=(RECFM=F, LRECL=23000, BLXS1ZE=23000, DSORG=PS)

This file contains the spatial distribution of the uncollided gamma
rays flux for all of the calculated energy groups as a HI0 work file for
calculating the first collision source from the self and the upper groups in
Eq. {(8.10).

This file can also be deleted after the job has been successfully term-
inated in TMAX sec same as the FT01, because the same data are stored in the

FT10 for restarting the job.

1f IPS=0, the one line of the JCL'®*?’ is not necessary as well as

allocation of the file.

($8) The gamma rays filux file Jxxxx.FLUX2DG.DATA has to be allocated befo-

rehand as:

//FT10F001 DD UNIT=xxxxx, SPACE=(TRK, (1200,50)),
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.FLUXZDG. DATA,
// DCB=(RECFM=VBS, LRECL=23472, BLKS1ZE=234176, DSORG=PS)

This file contains the spatial distributions of angular and scalar flux
etc. of gamma rays for all of the calculated energy groups. 1t is used for
restarting the job for energy group continuation and also can be used for

editing the output results.
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Note that the contents of the Jxxxx.FLUXZDG.DATA for the bootstirap step
1| vanish when the same file is used in the step 2. If it is necessary to
save the data obtained in the step 1, dual files have to be allocated as

Jxxxx. FLUX2DG1. DATA and Jxxxx.FLUXZDG2.DATA for each step.

($9) The grid source file Jxxxx. SBD2DG.DATA has to be allocated beforehand

as:

//FT11F001 DD UNIT=xxxxx, SPACE=(TRX, (280, 20)),
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.SDB2DG. DATA,
7/ DCB={(RECFM=VBS, LRECL=23472, BLKSIZE=23476, DSORG=PS)

This file is necessary for restarting the job as well as the FT10, and
can be deleted after the calculation up to the IMAX-th group has been com-
pleted (in case of ISTEP#0, up to the IMAX-th group in the step 2).

The contents of the FT11 are:

(1) the group no. in {(Up to the ir group the calculation has been comple-

ted.) and
(2) the grid source into the ten grids within the group ir+l from the

groups 1 ~ ig-1 and from the ten grids within the group is.
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4.2.2 Input Data

201 (F6.0) 1 line
- TMAX : CPU time {sec) to terminate the .job and to prepare the disk files
for restarting the next job (If CLASS=17, then TMAX=17000.)

$02 (413) 1 line
+ IRSTRT : group no. to be restarted (initially =1)
- ISTEP : step no. for bootstrap option
0 - no bootstrap option
ISTEP=4 1 -+ the first step
2 -+ the second step
. IFACE : interface z-mesh point no. for bootstrap option (0 when ISTEP=10)
IFACE must be on the bottom boundary mesh point of a partition in
the z-direction. (The numbering method for mesh points is deseri-
bed in #10.)
When I[STEP=2, IFACE has a different value from that in [STEP=1.
- ITMAX : maximum number of iteration times for each energy grid
(ITMAX=1, 2 or 3)
(ITMAX is defined as 1, if 0 or blank is input.)

$03 (18A4) 1 line

. Problem title : any characters, numbers or blanks describing the problem

on columns 1~ 172

204 (1114, 2E12.5) I line

. IMAX : total number of energy groups for this problem (=41)

- MMAX : number of mixtures (=20)

- KMAX : number of spatial regions (MMAX<KMAX)
Definition of a ‘region’ is that it is a rectangular part on the
(r,z) plane, where mixture is assigned to be homogeneous.
The (r,z) plane must be completely covered with the KMAX regions.
Actually a ‘region’ is a ring-shaped volume made by rotating the
rectangular around the axis of the cylinder (z=10).

. {1LIB : group no. “on the group constants library” where the group I of

this problem is to be defined
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(for example, IMAX+II1LIB=42Z for J449B. BERM41G. DATA)
In BERMUDA. the I1LIB-th group on the library is called as “group 1” .

« NILIB : initial group no. of the FT08 neutron flux file “on the neutron
group constants library” (NILIB=10 if FT08 is dummy.)

- NFLIB : final group no. of the FT08 neutron flux file “on the neutron
group constants library” (NFLIB=0 if FT08 is dummy.)
1< NILIB<NFLIB< NMAXL and NFLIB-NILIB+1= IMAXN (Sec.3.1)

« [PS : type of the fixed source

-1 +- sgecondary gamma rays source only

IPS= 0 -+ spatially distributed source
1ZPS -+ point source on the z-axis of the cylinder
(IZPS=1)

The 1ZPS is the z-mesh point no. for the point source. When
1ZPS=1, z(12PS)=0 (origin). The numbering method for the mesh
points is described in #10. The point source cannot be placed on
an interface between partitions in the z-direction.

- NRR : number of partitions in the r-direction (NRR=120)
In each partition, mesh sizes (A1) are assigned to be equal to
each other.

- NRZ : number of partitions in the z-direction (NRZI=20)
In each partition, mesh sizes (A z) are assigned to be equal to
each other.

« NEWCF : input of new conversion factors

0 - conversion factors prepared in the code are used.
NEWCF=< 1 - new conversion factors or responses are input in
the items $#20,21 below and used.
- [PSN : type of thé fixed source for calculation of the FT08 neutron flux
file
§ - spatially distributed neutron source
[PSN=
1 =+ point neutron source
- ER : upper energy (eV) for the group 1 of the problem
EUP(I1LIB+1) <ER< EUP(I1LIB)

- EPS : convergence criterion (for angular flux)} to be used to terminate
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the grid iteration before ITMAX (usually 1073)
#05 (2013) 1 line
- (MM(MK),MX= 1, MMAX) : number of nuclides to be included in each mixture
(1= MM(MK) =10)
(For a vacuum, assign one dummy nuclide which is contained in
another mixture. Input its code number in #12 and atomic number

density (0.) in #13.)
#06 (10186) [{(NRR+9)/10] lines
The brackets ['-] means the integer discarding the fractions.

- (INTERR(XR), KR= 1, NRR) : number of mesh intervals between the origin and
the outer boundary of each partition in the r-direction
(Either even or odd numbers are valid.)
(15INTERR(I)(INTERR(Z)(-"<<INTERR(NRR)&GO—NRR)

07 (10F6.3) [{(NRR+9)/10] lines
. (DRR{(KR), KR= 1, NRR) : mesh size Ar {(em) for each partition in the
r-direction

(not the partition thickness)

#08 (1016) [(NRZ+9)/10] lines
. (INTERZ(KZ).XZI=1,NRZ) : number of mesh intervals between the origin and
the top boundary of each partition in the z-direction
(Either even or odd numbers are valid.)

(1< INTERZ(1) < INTERZ(2) < - < INTERZ(NRZ) = 110-NRZ)

#09 (10F6.3) [(NRZ+9)/10] lines
- (DZZ{(KZ),KI=1,NRZ) : mesh size Az {(cm) for each partition in the
z-direction

{not the partition thickness)

#10 (5186) KMAX lines
c(JICKY, J2(X), T1(K), 12(¢K), MR(K), K=1,KMAX) : assignment of composition
J1(X) : left mesh point no. of the region K
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J2(K) : right mesh point no. of the region K

i1(K) : bottom mesh point no. of the region K

12(K) : top mesh point no. of the region K

MR(K) : mixture no. for the region K (=MK defined in #5)
(1= J1<J2<NRMAX=<60 and I=1I<I[2=NIMAX=110)

In BERMUDA, the numbering of the mesh points is as follows:

(1) “1” for the origin,

(2) doubly (twice) numbered as “INTERR(KR)+KR” and “ INTERR(KR)+KR+1"
for the interface between the KR-th and the (KR+1)-th partitions
in the r-direction where KR=1, -, NRR-1 (for treating spatial
discontinuity of the macroscopic cross sections and the source

distribution at the interfaces) and
(3) “NRMAX= INTERR{(NRR)+NRR” = 60 for the outermost mesh point

in the r-direction.

And it is same for the z-direction except “NZIMAX= INTERZ(NRZ)+NRZ" =110.

#11 (2F6.3) 1 line
. BCTOP : top boundary condition for z= z(NIMAX)
- BCBOT : bottom boundary condition for z=0.
-1. - symmetry condition

boundary conditions=

0. -+ vacuum boundary condition

#12 (10186) MMAX lines
- (MCODE (M, MX), M= 1, MM(MK)) : code no. of each nuclide in the mixture MK
defined in the group constants library to be used {(see Sec.2.1)
(The order of nuclides in a mixture is able to be arbitrary.)
Repeat this in the order of MK=1, - ,MMAX renewing the line for each

mixture.

$13 (6E12.5) [{MM{MK)+5} /6] lines for each mixture
- (AN(M, MK), M= 1, MM(MK)) : effective number density (102%cm™3) of each
nuclide in the mixture MK
(The order of nuclides in a mixture must be same as in ¥12.)

Repeat this in the order of MK=1,--,MMAX renewing the line for each
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mixture.

When IPS= -1 in #04, data of #14~1#19 below are not necessary to be input.

$14 (416) 1 line
- 1Z1 : the first mesh point no. to give axial distribution of non-zero

independent source in #15

- 122 : the last mesh point no. to give axial distribution of non-zero
independent source in #15

- JRl : the first mesh point no. to give radial distribution of non-zero
independent source in #13

- JRZ : the last mesh point no. to give radial distribution of non-zero

independent source in #15

These mesh points must be given in the definition of (1)~ (8) in
$#10 (1S 1Z1=172<NZMAX and 1< JRI< JRZ<SNRMAX). When IP§S=0 in

£04, SI in #15 is a volume source (IZ1<1Z2 and JRI<IJRZ). When

IPS=1, SI1 is a point source (IZ1=1Z2=1PS and JR1=1IJR2=1).

#15 (BELZ.5) {{(JRZ-JR1}/6]+1} lines
« (S1{JR,12),JR=JR1, JR2) : spatial distribution of independent source

Independent source is given in the form of a function with

separation of variables as S1(JR, I1Z)x $2(1)x $3(L).

(Each of the SI, S2 and S$3 should be normalized to its correct
magnitude, respectively. However, it is also valid that the
product of the S1, S2 and S3 has the correct normalized value
for each energy group{ ¥ ).)

Repeat this in the order of I1Z= 121, -, 1Z32.

#16 (2186) . 1 line
- 11 : the first energy group no. to give energy spectre of non-zero indep-

endent source in #17 (see Sec. 2.2, but note that the group no. is
defined so that the ILLIB-th group in Sec. 2.7 is group 1.)
. ]2 : the last energy group no. to give energy spectre of non-zero indep-

endent source in #17

If the source is of mono-energy (monochromatic), Il1=12=1.

Otherwise, 1=11<<I2= I1MAX.
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17 (6E12.5) {[(12-11)/6]1+1} lines
- (S2(I), 1=11,12) : energy spectre of independent source
{As BERMUDA has been programmed not in a continuous energy model
but in a usual multigroup model, only the S2. (except the S1 and
$3) must be given as integrated value for group i over AE:.)
The S2(1) is generally normalized to be I integrated over energy.
that is,

12
$2(i)=1.

I=11

(However, note the proviso( % )} under #15.)

$18 {(216) 1 line
L1 : the first ordinate no. to give angular distribution of non-zero

independent source in #19 (see Fig.3.3 in Ref.1)

L2 : the last ordinate no. to give angular distribution of non-zero

independent source in #19
If the source is mono-directional, L1=L2.
Otherwise, 1=L1<L2=40. (S3(L) for L=41,,48 are assumed to

have equal values to the adjacent (just right) ordinates, respe-

ctively.)

#19 (6El12.5) {[(L2-L1)/6]+1} lines
« (S3(L),L=0L1,L2) : angular distribution of independent source

The $3(L) is generally normalized to be 1 integrated over the
unit sphere, that is,

L2

Z AT Los3(L)=1.

L=L1

(However, note the proviso{( % ) under #15.)

When NEWCF=0 in #04, data of #20 and %21 below are not necessary to be

input.

#20 (1844) 1 line

- Response name : any characters, numbers or blanks describing the conver-
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sion factors given in #21 on columns 1~72
#21 (8F8.4) {[(NGMAX+7)/8]1+1} lines

- (CF(1),1=1, NGMAX) : conversion factors for “all library groups’

An example of input data for the BERMUDA-2DG code is shown in Fig.4.3.



SN SV SIS SRR SR SRS S e e o e -

2650. #01
1 0 0 1 #02
SUS316 ASSEMBLY NUCLEAR HEATING 19/09/90 WED. #03
41 4 13 1 5125 1 8 6 1 1 1.4 +7 5.0 -3 #04
210 7 9 #05
6 7 8 10 11 36 37 42 #06
3.75 0.8 2.5 4.6 0.8 B.488 2.0 12.0 #07
16 17 27 28 48 68 #08
15.s 2.0 7.8 1.6 3.0 3.0 209
1 42 1 17 1 REG 1 AIR FRONT PART #10

43 44 1 17 2 REG 2 MORTAR "

45 50 1 19 3 REG 3 ROOM WALL "

1 14 18 30 1 REG 1-2 AIR FRONT PART "

15 16 18 32 4 REG 4 FE TEST PORT FLAME "

17 44 18 19 2 REG 2-2 MORTAR "

17 50 20 32 3 REG 3~2 ROOM WALL -

1 7 31 32 1 REG 1-3 AIR FRONT PART "

8 14 31 32 4 REG 4-2 FE TEST PORT FLAME "

1 9 33 53 4 REG 4-3 FE TEST PORT SUS314 g

10 50 33 53 3 REG 3-3 ROOM WALL "

1 11 54 74 4 REG 4-4 FE TEST PORT SUS316 "

12 50 54 74 3 REG 3-4 ROOM WALL ”

0. -1. #11
707 807 #12
117 807 807 1307 1307 1307 1407 1407 1407 2607 g
807 117 1307 1307 1307 1407 2607 "
607 1407 1407 1407 2407 2507 2607 2807 4207 ”
4.2000 -5 1.1300 -5 : #13
9.4246 -3 7.4297 =4 3.7680 -2 5.0802 -4 4.6874 -4 1.9408 -3 "
1.1347 -2 3.3427 -4 3.7143 -3 6.8100 -4 - "
4.31509 -2 7.9400 -3 5.4090 -4 7.8590 -4 3.0194 -3 1.7903 -2 "
5.8590 -4 ”
3.4729 -4 1.6962 -3 6.9211 -5 4.4572 -5 1.5575 -2 1.7343 -3 7
5.5740 -2 9.7339 -3 1.2421 -3 "
1 1 1 1 #14
7.957747E-2 #1s
2 38 #16
0.23765E-07 0.24517E-03 0.64757E~04 0.54736E-03 0.35211E-02 0.87609E-02  #17
0.11237E-01 0.17710E~0%1 0.17130E-0%1 0.11876E-01 0.61696E-02 0.71458E-02 "

0.62605E-02
0.10887E~01
0.91849E-02
0.16275E-02
0.15258E-02

0.77929E-02
0.39651E-02
0.10760E-01
0.25313E-02
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0.11490E-01
0.12242E-01
0.95585E-02
0.81854E-02

0.13724E-01
0.106%2E-01
0.87266E-03
0.30115E-02

0.14378BE-01
0.43725E-02
0.6013%9E-02
0.12102E~-02

0.11571E-01
0.10106E-01
0.16505E-C2
0.15625E-0C2

Fig.4.3 Example of input data for the BERMUDA-2DG
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———-+—~--1-«--+-——-2————+--—-3—~--+---—4—-—-+--~—5——~-+---—6—--—+----?—-——+—---8
1 40 #18
1. 1. 1. 1. 1. 1. #19
1. 1. 1. 1. i. 1. "
1. 1. 1. 1. 1. 1. "
1. 1. i. 1. 1. 1. "
1. ‘ 1. 1. 1. 1. 1. "
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. “”
8 MEASHB MASS E. ABS. COEFF. (ERGxCM*%2/G) HUBBEL ) #20
4.5961—73.7804—73.1919-72.8162-?2.5&09-72.3627-72.1855~72.0096»7 #21

1.8398-71.6755*71.5150—?1.35??—71.2047-71.0552-?9.133?-88.11&0-8
?;4170-86.7314-86.1891-85.5201~85.152S-84.7763-84.3904-84.023?—8
3.6795-83.3207—82.9&69—52.5889-82.&152-82.2963-82.0842-81.8165-8
1.6346-81.8111-82.6656—8L.4734-87.1391—81.2261-73.0634~74.?910-7

1.1439-6

Fig.4.3 Example of input data for the BERMUDA-2DG (continued)
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4.2.3 Output Data

The output data of BERMUDA-2DG are stored on the magnetic disk FT10
(Jxxxx. FLUX2DG. DATA; see Sec.4.2.1 ($8) ) and are also given on the printer.

The data on the output disk are as follows:

(1) In case of IPS=0., the following FORTRAN record is repeated for

each group i (i=1,+,IMAX} in the binary form,

(((PSI(JR,1Z,L),L=1,LMAX), [Z7=1, NIMAX) K JR=1, NRMAX),
(CTPSI(JR.1Z),1Z=1, NIMAX). JR= 1, NRMAX),

where PSI(JR.IZ,L) : & °(r sr z 12, D 0),
40---when caleculation has been completed until the
LMAX = group IMAX,
48---when caltculation is to be restarted from the
group imrti,
NZMAX, NEMAX : see Sec.4.2.2 (#10) and

40
TPS1(JR, 12) : Wi(r yp Z IZ)ZL AT gt (rsp z12. Q1)

L=1

(2) In case of IPS=1, the following FORTRAN record is repeated for

each group i (i=1, -+, IMAX) in the binary fornm,

(((PST(JR.1Z, L), L=1,LMAX), 1Z=1, NIMAX), JR=1, NEMAX),
((PSTO(JR, 1Z), 1Z=1,NIMaX). JR=1, NRMAX}, (PSI00(L),L=1, 40),
((TPSI(JR, [Z),1Z=1, NIMAX), JR=1, NRMAX).

where PSI(JR,IZ,L) : ¢ *(r sr 2z 12, @ .) (without component of uncollided
flux),
LMAX, NZMAX, NRMAX : see above (1),
PSIO(JR, IZ) : Wol{r sr, 2z 1z) (uncollided flux)
PSI00(L) : S'(0, z 1zps. Q1) (point source) and
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40
= -
TPSI(JR, 1Z) : W *(r ;g le):ZAQL¢i(fJR, 212.5L)

L=1

+W o' (r yp. 2 12).

The data on the output print are as follows:

(a) list of input file Jxxxx.DATAZDG.DATA (see Sec.4.2.1 (85) )
like Fig. 4.3,

{b) list of the main input parameters with explanatory captions

(The items (e}~ {f) below are repeated for each energy group i (i=1,

e, TMAX) )

(¢) CPU+VU time (sec) accumulated from the start of computation (EXEC
LMGO) until the end of each main calculational item,

(d) when the convergence has been attained or ITMAX iterations have

been finished for the 10-th grid,
. photon balance parameters; F, GAIN, ABBS, SELF, XLEK (see Sec.3.7

in Ref.1) integrated over the entire spatial region dealing with
it as a single coarse mesh region,

« group no. i, iteraticn times 1T, residual VERGF,

hore VERGF= ma x | (¢ 17" (1 5 2 12, 8 1)

JR.1Z. L /P (r gg, 2 Iz.ESL)}‘1| < e
(JR,1Z. L : except the cases where ¢ LAITY (p yp, Z 1z, QL) =0),

IT : iteration times (IT=1,2,1},

(As the energy grid model is used for all groups, these printed
photon balance parameters and VERGF are meaningless, because the
iteration is terminated by ITMAX (=3) times. In addition, these

parameters are obtained only from the data of the last (10-th) grid

in the group i.)
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(e) - the upper energy boundary EUP(i) (eV)
- the lower energy boundary EUP{i+1) (eV),
- the energy width AE: (eV},

(f) gamma rays scalar flux ¥ *{r yp, 2 1z) for JE=1,--,10 and for
12=NIMIN, -~ NIMAX,

vhere
1 for ISTEP#12,
NIMIN=
IFACE for 1STEP=12 (see Sec.4.2.2 (#2) ) and

(g) spatial distribution of reaction rate by input conversion factors
(when NEWCF=1) or dose rate (Sv/hr when NEWCF=10)

IMAX

Z‘CF(i)wi(f R Z12)

1=1
for JR=1,+,10 and for 1Z= NZIMIN, ---, NZMAX, where CF is input new
conversion factors (#21 in Sec.4.2.2) or conversion factors insta-

lled in BERMUDA-2DG.

The STOP codes are as follows:

(1) 1001 : KMAX regions do not cover completely the whole {(r.z) plane,
or some regions overlap (error in J1{X), J2(K), [1(K) and
12(K) in input data #10)

(2) 2001 : IFACE in input data #02 is not oa the bottom boundary of a
partition in the z-direction and

(3) 2222 : The input fixed source for the group 1 is zero including

the secondary gamma Tays source.
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4.3 BERMUDA-2DG-S16

4.3.1 ICL

The JCL for the BERMUDA-2DPG-S16 execution on the FACOM/VP2600 computer

in JAERI is as follows:

//1CLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++
// JUSER xxxxxx%x, X¥X. XXXXXXXX, XXXX. XX
T.14 #W.06 C.00 [.10 E.12 SEP
OPTP MSGCLASS=X, MSGLEVEL=(1,1,2), CLASS=8, NOTIFY=Jxxxx *1’
OPTP PASSWORD=xxxxxxxx
//  EXEC LMGO, LM=J9091.BERMUDA, PNM=BM2DGS16,4="H10=(01,09)" ‘%
//FTOLIF001 DD DISP=SHR, DS¥=Jxxxx. FX701S16. DATA %3’
J/FTO2F001 DD DISP=SHR, DSN=Jxxxx. BNDFGS16.DATA *%
//FTO3F001 DD UNIT=WK10, SPACE=(TRK, (100, 50)),DISP=(NEW, DELETE, DELETE),
// DSN=%&WORK, DCB= (RECFM=VBS, LRECL=23472, BLKSIZE=23476, DSORG=PS)
//FT04F001 DD DISP=SHR, DSN=J449B. BERMA1G. DATA, LABEL=C(,,. IN)
//SYSIN DD DISP=SHR, DSN=Jxxxx.DT2DGS16. DATA **°’
//FTO8F001 DD DISP=SHR, DSN=Jxxxx. FX2DNS16.DATA ¢*©°
//FTO9F001 DD DISP=SHR, DSN=Jxxxx. FX709S16. DATA ¢*7°
//FT10F001 .DD DISP=SHR, DSN=Jxxxx. FX2DGS16. DATA ‘%8’
//FT11F001 DD DISP=SHR, DSN=Jxxxx. SB2DGS16. DATA 3%

++

//

($1) “CLASS=8" is a night job which needs an approval of the Computing and
information Systems Center of JAERI for submission. Besides this, there is
the class 6 which also needs an approval but is not a night job. For this
class 6, permitted CPU time (T.xx), print lines (W.xx) and 1/0 times (EXCP

[.xx) have different values from those of the class 8.

($2) There has already been a load module J9091. BERMUDA. LOAD (BMZDGS16) pre-

pared for a public use in JAERI
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1f necessary, a new load module is able to be created on a disk from
the source module J9091. BERMUDA. FORT77(BM2DGS18). The JCL for creating a new

lcad module is as follows:

//ICLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++
// JUSER XXxxXxxxx, ¥X. XXXXXXXX, XXXX. XX
T.02 ¥.03 C.02 1.02 E.00 SRP
OPTP MSGCLASS=X, MSGLEVEL=(t, 1,2),KOTIFY=Jxxxx, PASSWORD=xxxxxxxX
//  EXEC FORT7TVE, S0=J9091. BERMUDA,
// A="ELM(BM2DGS16), SOURCE, NOVMSG, NOVSOURCE" ., LCT=62
//  EXEC LKEDCTT7,LM=Jxxxx.BM2DGS16, UNIT=xxxxx, MODS="10, 10, 1", A=MAP

++

//

These steps of compilation and linkage are executed rather rapidly on
the FACOM/M780 scalar computer. The new load module is applied by replacing
the above “LM=J9091.BERMUDA, PNM=BM2DGS16” ‘*2’ with “LM=Jxxxx. BM2DGS16”

($3) The HI10 (high-speed input/output) work file for the angular and scalar
fluxes Jxxxx.FXT01S16.DATA has to be allocated beforehand as:

//FTOYF001 DD UNIT=TSSWX, SPACE=(CYL, 280, ,CONTIG),
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.FXT01816. DATA,
// DCB=(RECFM=F, LRECL=23000, BLKSIZE=23000, DSORG=PS)

This file contains the spatial distributions of the angular and scalar
photon fluxes for all of the calculated energy groups as a HIQ work file for
ecaleculating the slowing down source from the upper energy gEroups.

So, this file can be deleted after the job has been successfully term-
inated in TMAX sec (see Sec.4.83.2) because the same data are stored in the
FT10 (Jxxxx.FX2DGS16.DATA‘®*®’) for restarting the job. The main purpose of
the FT01°5® and FT09 *7’ is to utilize the HIO option for saving the 1/0
times (EXCP). In fact, the TSSWK is automatically deleted at 8:00 a.m. (the
TSSWKZ at 5:00 p.m.) in JAERI. The HIO option needs to allccate the file
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‘contiguously’ on the disk (CONTIG), and the FTOl and FTO9Y need to be allo-

cated every time (or every day) before submitting the restarting job.

At the present, the specifications of the disk in JAERI are as follows:

1 VoL = 1,326 CYL x 2 ( = 19,890 TRK x 2y,
1 CYL = 1% TRK and
1 TRK = 47,476 bytes.

However. BLKSIZE cannot exceeds 32,767 bytes.

($4) The boundary flux file Jxxxx.BNDFGS16.DATA has to be allocated before-

hand as:

//FT02F001 DD UNIT=xxxxx, SPACE=(TRK, (20, 05)),
/7 DISP=(NEW, CATLG, CATLG), DSN=Jxxxx. BNDFGS16. DATA,

!/ DCB= (RECFM=VBS, LRECL=23472, BLKSIZE=23476, DSORG=PS)

This file contains the boundary flux in case of the bootstrap option

(see Sec.3.6.2 in Ref.1). In the first step, the boundary flux is written in

this file;

and in the second step, the boundary flux is supplied from the

file. When the bootstrap option is not used (ISTEP=20 in Sec.4.3.2), the one

line of the JCL ‘%% is not necessary as well as allocation of the file.

($5) The input data file Jxxxx.DT2DGS16.DATA has to be allocated beforehand

as:

//FTG5F001 DD UNIT=xxxxx.SPACE=(TRK, (01,01)})
!/ DISP={NEW, CATLG, CATLG), DSN=Jxxxx.DT2DGS16. DATA,
/7 DCB=(RECFM=FB, LRECL=80, BLKSIZE=3120, DSORG=PS}

The content of this file is described in Sec.4.3.2. Otherwise, the one

line of the JCL‘®*%” is substituted with

7/SYSIN

DD *

[input data described in Sec.4.3.2]

/ ok
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without allocating the Jxxxx.DT2DGS16.DATA

($6) The neutron flux file Jxxxx.FX2ZDNS16.DATA is an output file of
BERMUDA-2DN-S16. If the problem does not need the secondary gamma rays

source, the one line of the JCL‘®*®’ {s substituted with the next one..

//FTO8F001 DD DUMMY

($7) The HI0 work file for the uncollided flux Jxxxx.FX709S16.DATA has to

be allocated beforehand as:

//ETOSF001 DD UNIT=TSSWK, SPACE=(CYL, 03,, CONTIG),
/7 DISP={NEW, CATLG, CATLG)}, DSN=Jxxxx.FX709516.DATA,
/7 DCB=(RECFM=F, LRECL=23000, BLKSIZE=23000, DSORG=PS)

This file contains the spatial distribution of the uncollided gamma
rays flux for all of the calculated energy groups as a H10 work file for
calculating the first collision source from the self and the upper groups in
Eq. (3.10).

This file can also be deleted same as the FT01 after the job has been
successfully terminated in TMAX sec, because the same data are stored in the
FT10 for restarting the job.

[f IPS=0, the one line of the JCL‘®*?’ is not necessary as well as

atlocation of the file.

{$8) The gamma rays flux file Jxxxx. FX2DGS16.DATA has to be allocated befo-

rehand as:

//FTIOF001 DD UNIT=xxxxx, SPACE=(TRK, (3800,100)),
//  DISP=(NEW, CATLG, CATLG), DSN=Jxxxx. FX2DGS16. DATA,
//  DCB=(RECFM=VBS,LRECL=23472,BLKSIZE=23476, DSORG=PS)

This file contains the spatial distributions of angular and scalar flux
ete. of gamma rays for all of the calculated energy groups. It is used for
restarting the job for energy group continuation and also can be used for

editing the output results.
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Note that the contents of the Jxxxx.FX2DGS16.DATA for the bootstrap
step 1 vanish when the same file is used in the step 2. Usually comparison
of the output data with the measured data concerns the region of the step 2.
However, if it is necessary to save the data obtained in the step 1, duail
files have to be allocated like Jxxxx.F2DGS161.DATA and Jxxxx.F2DGSL62. DATA

for each step.

($9) The grid source file Jxxxx.SB2DGS16.DATA has to be allocated before-

hand as:

//FT11F001 DD UNIT=xxxxx, SPACE=(TRK, (950, 50} ), -
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.SB2DGS16. DATA,
/7 DCB=(RECFM=VBS, LRECL=23472, BLKSIZE=23476, DSORG=PS)

This file is necessary for restarting the job as well as the FT10, and
can be deleted after the calculation up to the IMAX-th group has been com-
pleted (in case of ISTEP#0, up to the IMAX-th group in the step 2)

The contents of the FTI1 are:

(1) the group no. ig (Up to the ir group the calculation has been comple-
ted.) and
(2) the grid source into the ten grids within the group igs*l from the

groups 1 ~ im-1 and from the ten grids within the group ir
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4.3.2 Input Data

#01 (F6.0) 1 line
. TMAX : CPU time (sec) to terminate the job and to prepare the disk files
for restarting the next job (If CLASS= 8, then TMAX=10000.)

02 (413) 1 line
- IRSTRT : group no. to be restarted (initially =1)
- ISTEP : step no. for bootstrap option
0 --- no booctstrap option
ISTEP=4 1 -+ the first step
2 - the second step
- IFACE : interface z-mesh point no. for bootstrap option (0 when ISTEP=10)
IFACE must be on the bottom boundary mesh point of a partition in
the z-direction. (The numbering method for mesh points is deseri-
bed in #10.)
When ISTEP=2, IFACE has a different value from that in ISTEFP=1.
. ITMAX : maximum number of iteration times for each energy grid
(ITMAX=1, 2 or 3)
(ITMAX is defined as 1, if 0 or blank is input.)

#03 {1844) 1 line
. Problem title : any characters, numbers or blanks describing the problem

on columns 1~ 172

#04 (9i4,2E12.5) 1 line

- IMAX : total number of energy groups for this problem (=41)

- MMAX : number of mixtures (=20)

« KMAX : number of spatial regions (MMAX < KMAX)
Definition of a ‘region’ is that it is a rectangular part on the
(r.z) plane, where mixture is assigned to be homogeneous.
The {r,z) plane nust be completely covered with the XMAX regions.
Actually a ‘region’ is a ring-shaped volume made by rotating the
rectangular around the axis of the cylinder {(z=0).

- 11L1B : group ne. “on the group censtants library” where the group 1 of

this problem is to be defined
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(for example, IMAX+IlLIB= 42 for JA49B. BERM41G. DATA)

In BERMUDA, the IiLIB-th group on the library is called as “group 17 .

. NILIB : initial group no. of the FT08 neutron flux file “on the neutron
group constants library” (NILIB=0 if FT08 is dummy.)

- NFLIB : final group no. of the FT08 neutron flux file “on the neutron
group constants library” (NFLIB=0 if FT08 is dummy.)
{<NILIB<NFLIB< NMAXL and NFLIB-NILIB+1= IMAXN (Sec.3.1)

« IPS : kind of the fixed source

-1 ++ secondary gamma rays source only
[PS= ¢ --- spatially distributed source
iZPS - point source on the z-axis of the cylinder
(1ZPs21)

The 1ZPS is the z-mesh point no. for the point source. When
17PS=1, z(I1ZPS)=0 (origin). The numbering method for the mesh
points is described in #10. The point source cannot be placed on
an interface between partitions in the z-direction.

- NRR : number of partitions in the r-direction (NRR=20)
in each partition, mesh sizes (Ar) are assigned to be equal to
each other.

. NRZ : number of partitions in the z-direction (NRZ=20)
In each partition, mesh sizes (A z) are assigned tc be equal to
each other.

- NEWCF : input of new conversion factors

0 .- conversion factors prepared in the code are used.
NEWCF=1<¢ | - new conversion factors or responses are input in
the items #20,21 below and used.
- [PSN : type of the fixed source for calculation of the FT08 neutron flux
tile
0 -+ spatially distributed neutron source
[PSN=
1 -~ point neutron source
- ER : upper energy (eV) for the group 1 of the problenm
EUP{I1LIB+1)<ER=EUP(IILIB)

.« EPS : convergence criterion (for angular flux) to be used to terminate
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the grid iteration before ITMAX (usually 107%)
$05 (2013) 1 line
- (MM(MK), MK =1, MMAX) : number of nuclides to be included in each mixture
(1S MM(MK) £10)
(For a vacuum, assign one dummy nuclide which is contained in

another mixture. Input its code number in #12 and atomic number

density (0.) in #13.)
#06 (1016) [(NRR+8)/10] lines
The brackets [-+] means the integer discarding the fractions

- (INTERR(KR),KR= 1, NRR) : number of mesh intervals between the crigin and
the outer boundary of each partition in the r-direction
(Either even or odd .numbers are valid.)

(1< INTERR(1) < INTERR(2) < -~ < INTERR(NRR) = 60-NRR)

#07 (10F6.3) [(NRR+9)/10} lines
- (DRR(KR).,KR=1, NRR} : mesh size Ar (cm) for each partition in the
r-direction

{(net the partition thickness)

#08 (1016) [(NRZ+9)/10] lines
- (INTERZ(KZ),XZ=1,NRZ) : number of mesh intervals between the origin and

the top boundary of each partition in the z-direction
(Either even or odd numbers are valid.)

(1< INTERZ (1) < INTERZ(2) < - < INTERZ(NRZ) < 110-NRZ)

#09 {10F6. 3) [{NRZ+9)/10] lines
- (DZZ(KZ).KZ=1,NRZ) : mesh size Az {(cm) for each partition in the

z-direction

{not the partition thickness)
£10 (516) KMAX lines
< (JLCK), J2CK), TL(K), 12(K), MR(K), XK= 1,KMAX) : assignment of composition

J1(K) : left mesh point no. of the region K
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J2(K) : right mesh point no. of the region X

[1(K) : bottom mesh point no. of the region K

12(X¥) : top mesh point no. of the region K

MR(K) : mixture no. for the region K (=MK defined in #5)
(1= J1<J2<SNRMAX=60 and 1£11< lZéNZMMSSllO)

In BERMUDA, the numbering of the mesh points is as follows:

(1) “1” for the origin,

(2) doubly (twice) numbered as “INTERR(KR)+KR” and “ INTERR(XR)+KR+1”
for the interface between the KR-th and the (KR+1)}-th partitions
in the r-direction where KR=1,- NER-1 {for treating spatial
discontinuity of the macroscopic cross sections and the source
distribution at the interfaces) and

(3) “NRMAX= INTERR(NRR)+NRR” =60 for the outermost mesh point
in the r-direction.

And it is same for the z-direction except “NZMAX = INTERZ(NRZ)+NEZ" =110.

#11 (2F6.3) 1 line
. BCTOP : toyp boundary condition for z=z (NIMAX)
. BCRBOT : bottom boundary condition for z=10.

~-1. -+ symmetry condition
boundary conditions=
0. -+ vacuum boundary condition
$12 (1016) MMaX lines

. (MCODE (M, MK), M= 1, MM{MK}) : code no. of each nuclide in the mixture MK
defined in the group constants library to be used {see Sec.2.1)

(The order of nuclides in a mixture is able to be arbitrary.)

Repeat this in the order of MK= 1, ,MMAX renewing the line for each
mixture.
#1% (BE12.9) [ (MM(MK)+5)} /6] lines for each mixture

« (AN(M, MK), M= {, MM(MK)) : effective number density (102%cm™3) of each
nuclide in the mixture MK
{The order of nuclides in a mixture must be same as in #12.)

Repeat this in the order of MK= 1, MMAX renewing the line for each
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mixture.

When [PS=-1 in #04, data Qf 14~ #19 below are not necessary to be input.

#14 (416) 1 line

- 171 : the first mesh point no. to give axial distribution of non-zero
independent source in ¥1&

- 122 : the last mesh point no. to give axial distribution of non-zero
independent source in #15

- IRl : the first mesh point no. to give radial distribution of non-zero
independent source in #13§

. JRZ : the last mesh point no. to give radial distribution of non-zero
independent source in #15
These mesh points must be given in the definition of (1)~ (8) in
$#10 (1S 171=172<NIMAX and 1= JRL< JRZSNRMAX). When IPS=10 in
#04, S1 in #15 is a volume source (IZ1<1Z2 and JRI<JRZ). When
IPS=1, Sl is a point source {(1Z1=122=1PS and JRI=1IJR2Z=1).

$15 (6E12.5) {{(JR2-JR1)/61+1} lines
+ (S1(JR, 1Z),JR=1JR1, JR2) : spatial distribution of independent source

Independent source is given in the form of a function with
separation of variables as S1(JR, 1Z) x 82(f)x S3(L).
(Each of the S1, S$2 and S2 should be normalized to its correct
magnitude, respectively. However, it is also valid that the
product of the S1, S$2 and S$3 has the correct normalized value
for each energy group{ # }.)

Repeat this in the order of 1Z=1ZL, -, [Z22.

$16 (216) 1 line
. 11 : the first energy group no. to give energy spectre of non-zero indep-
endent source in #17 (see Sec.2.2, but note that the group no. is
defined so that the 11LIB-th group in Sec.2.2 is group 1)
- 12 : the last energy group no. to give energy spectre of non-zero indep-
endent source in #17
It the source is of mono-energy (monochromatic), I1=12=1.

Otherwise, 1=11<12=IMAX.
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#17 (6E12.3) {[(12-11)/81+1} lines
- (S2(I),1=11,12) : energy spectre of independent source
(As BERMUDA has been programmed not in a continuous energy model
but in a usual multigroup model, only the S2 (except the Sl and
$3) must be given as integrated value for group i over AE:.)
The S2(I) is generaily normalized to be 1 integrated over energy

that is,

Iz
> s -t

I=1I1%

(However, note the proviso( % ) under #15.)

18 (216} 1 line

- L1 : the first ordinate no. to give angular distribution of non-zero
independent source in #19 (see Fig. 8.4 in Ref. 1)

- L2 : the last ordinate no. to give angular distribution of non-zero
independent source in #19
I[f the source is mono-directional, L1=LZ.
Otherwise, 1=<L1<L2=144. (S3(L) for L=145,++,160 are assumed
to have equal values to the adjacent {just right) ordinates, re-

spectively.)

$19 (6E12.5) {[(L2-L1)/81+1} lines
- {S3(LY,L=1L1,L2) : angular distribution of independent scurce

The S3{(L) is generally normalized to be | integrated over the

unit sphere, that is,

L2
Z ACLS3(L)=1.

L=L1

(However, note the proviso( % ) under #15.)

¥hen NEWCF=10 in 304, data of #20 and #21 below are not necessary toc be

input.

#20 (18a4) 1 line

- Response nawe : any characters, numbers or blanks describing the conver-
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sion factors given in #21 on columns 1~12

#21 (8F8.4) {L(NGMAX+T)/81+1} lines
- {CF(1),[=1,NGMAX) : conversion factors for ‘all library groups’

4n example of input data for the RERMUDA-2DG-S16 code is shown

Fig.4.4.

in
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—--'-+-——"1-"—-+-—"'"2----+-—~———3————+——---4-——-—+————5*---+--——-——6————+————7-—---+-———8

7000. #01
1 0 0 1 #02
SUS316 ASSEMBLY NUCLEAR HEATING 19/09/90 WED. #03
41 4 13 1 5 125 1 8 -] 1 1 1.4 +7 5.0 -3 #04
2 10 7 ¢ #05
6 7 8 10 11 36 37 42 #06
3.75 0.8 2.5 4.6 0.8 8.488 2.0 12.0 #07
16 17 27 28 48 68 #08
15.5 2.0 7.8 1.6 3.0 3.0 #09
1 42 1 17 1 REG 1 AIR FRONT PART #10C

43 44 1 17 2 REG 2 MDRTAR "

45 50 1 19 3 REG 3 ROOM WALL "

1 14 18 30 1 REG 1-2 AIR FRONT PART ”

15 16 18 32 4 REG 4 FE TEST PORT FLAME "

17 44 18 19 2 REG 2-2 MORTAR "

17 50 20 32 3 REG 3-2 ROOM WALL "

1 7 31 32 1 REG 1-3 AIR FRONT PART "

8 14 31 32 4 REG 4~2 FE TEST PORT FLAME "

1 @ 33 53 4 REG &4&-3 FE TEST PORT SUS31é "

10 50 33 53 3 REG 3~3 ROOM WALL "

1 11 54 74 4 REG 4-4 FE TEST PORT 8US316 "

12 50 54 74 3 REG 3-4 ROOM WALL "
C. -1. #11
707 807 #12

117 807 807 1307 1307 1307 1407 1407 1407 2607 "

807 117 1307 1307 1307 1407 2607 "

607 1407 1407 1407 2407 2507 2607 2807 4207 "
4.2000 -5 1.1300 -5 #13

P.L246 -3 7.4297 -4 3.7680 -2 5.0802 -4 4.6874 -4 1.9408 -3 "

1.1347 -2 3.3427 -4 3.7143 -3 6.8100 -4 "

4.31509 -2 7.9400 -3 5.4090 -4 7.85%90 -4 3.0194 -3 1.7903 -2 "

5.8590 -4 "

3.1729 -4 1,6962 -3 6.9211 -5 &4.4572 -5 1.5575 -2 1.7343 -3 "

5.5740 -2 9.7339 -3 1.2421 -3 "
1 1 1 1 #14
7.957747E-2 #15
2 38 #16
0.23745E-07 0.21517E-03 0.64757E-04 0.54736E-03 0.35211E-02 0.87609E-02 #17

0.11237E-01
0.62605E-02
0.10887E-01
0.91B49E-02
0.16275E-02
0.1525BE-02

0.17710E-01
0.77929E-02
0.39451E-02
0.10760E-01
0.25313E-02

Fig.4.4 Example of

0.17130E-01
0.11490E-01
0.12242E-01
0.95585E-02
0.81854E-02

input

0.11876E-01
0.13724E-01
0.104692E-01
0.87266E-03
0.30115E-02

0.61696E-02
0.14378E-01
0.43725E-02
0.6013%9E-02
0.12102E-02

0.71458E-02
0.11571E-01
0.10106E-01
0.16505E-02
0.15625E-02

dats for the BERMUDA-2DG-51¢é
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USRI R it Satata it B e A e R - B e e it =

1 144 #18

1. 1 1. 1. 1. 1. #19
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. 1. 1. "
1. i. 1. 1. 1. 1. "
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. 1. 1. i
1. 1. 1. 1. 1. i. "
1. 1. i. 1. 1. 1. "
1. 1. i. 1. 1. 1. "
1. 1. 1. 1. 1. 1. o
1. 1. i. 1. 1. 1. "
1. 1. 1. 1. 1. 1. .
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. i. 1. "
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. 1. i. i
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. 1. i. "
1. 1. 1. 1. 1. 1. "
! 1. 1. 1. 1. i. "
1. 1. 1. 1. 1. 1. "
1. 1. 1. 1. 1 1. "
1. 1. 1. 1. i. 1. "

& MEASHB MASS E. ABS. COEFF. (ERG*CMxx2/G) HUBBEL #20

4.5961-73.7804-73.1519-72.8162-72.5409-72.3627-72.1855-72.0096~7 #21

1.8398-71.6755-71.5150-71.3577-71.2047-71.0552-79.1337-88.1140-8
7.4170-86.7314-86.1891-85.5201-85.1525-84.7763-84.3904-84.0239-8
3.6795-83.3207-82.9469-82.5889-82.4152-82.2963-82.0842-81.8165-8
1,6346-81.8111—82.6656—84.4?34—87.1391-81.2261—73.0634—?4.7910—?

1.1439-6

Fig.4.4 Example of input data for the BERMUDA-2DG-514 (continued)
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4.3.3 Output Data

The output data of BERMUDA-2DG-S16 zre stored on the magnetic disk
FT10 {Jxxxx.FX2DGS16.DATA; see Sec.4.3.1 {(38) ) and are also given on the

printer.
The data on the output disk are as follows:

(1} In case of IPS=0, the following FORTRKAN record is repeated for

each group i (i=1, -, IMAX) in the binary form,

(((PST(JR. IZ. L), L=1,LMAK), 1Z=1, NZMAX), JR=1, NRMAX),
({(TPST(JR, 1Z), 1Z=1, NIMAX), JR=1, NRMAX),

where PSI{JR,1Z,L) : ¢ '(r ;g 2 IZ.E?L)}
144--~-when calculation has been completed until the
LMAX = group [MAX,
160---when calculation is to be restarted from the
group igptl,
NZIMAX, NRMAX : see Sec.4.3.2 (#10) and

144

TPSI1(IR, I17) : ¥ i(r sr, Z Iz)=Z AQLd (rap 212, TL).
L=1

{(2) In case of I1PS=1, the following FORTRAN record is repeated for

each group i {(i=1,--,IMAX} in the binary form,

(((PSI(JR, IZ, L), L=1,LMAX), 1Z=1, NIMAX), JR= 1, NRMAX),
((PSI0(JR, 1Z),1Z=1, NIMAX), JR=1, NRMAX), (PSI00(L).L=1, 40),
((TPSI(JR, 12), 1Z=1, NZIMAK),JR=1, NRMAX).

where PSI(JR,IZ,L) : ¢ *(r gr, 2 12,31_) (without component of uncollided
| flux),
LMAX, NZMAX, NEMAX : see above (1),
PSIO{JR, I12) : Wollr sr, z 1z) (uncollided flux),
PS100(L) : S*(0, z 1zps. @) (point source) and
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144
TPSI(JR, 1Z) : Wi (r ;g 2 Iz)=Z«55L¢1(1’JR. Z IZ-?{L)
L=1

+Wo'(r yr 2 12)-

The data on the output print are as follows:

(a) list of input file Jxxxx.DT2DGS16.DATA (see Sec.4.83.1 (35) }
like Fig. 4.4,

(b) list of the main input parameters with explanatory captions,

{The items (¢)~ (f) below are repeated for each energy group i (i=1,
e TMAX) )

(c) CPU+VU time (sec) accumulated from the start of computation (EXEC
LMGO) until the end of each main calculational item,
(d} when the convergence has been attained or [TMAX iterations have
been finished for the 10-th grid,
- photon balance parameters; F, GAIN., ABBS, SELF, XLEK (see Sec.3.7
in Ref.1) integrated over the entire spatial region dealing with
it as a single coarse mesh region,

- group no. i, iteration times 17, residual VERGF

where VERGF= ma x | {¢ * 17"V (r sp. 2 2. 81L)
JR. I1Z, L '/cﬁ“IT)(fJR.ZIz,ﬁ)L)}*ll<5
(JR,1Z.L : except the cases where ¢ * 17 (r ygr, 2 1z, B L) =10),
IT : iteration times {(IT=1,2, ),

(As the energy grid model is used for all groups, these printed

.photon balance parameters and VERGF are meaningless, because the
iteration is terminated by ITMAX (=3) times. In addition, these
parameters are obtained only from the data of the last (10-th)

grid in the group i.)
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(e) - the upper energy boundary EUP{i) (eV),
- the lower energy boundary EUP(i+1) (eV),
- the energy width AE; (eV),
(f) gamma rays scalar flux ¥ *(r yp. 2z 12z) for JR=1,--,10 and for

17 =NIMIN, -+, NIMAKX,

vhere
1 for ISTEP# 2,
NIMIN=
IFACE for I[STEP=12 (see Sec.4.3.2 (#2) ) and

(g) spatial distribution of reaction rate by input conversion factors
(when NEWCF=1) or dose rate (Sv/hr when NEWCF=10)

IMAX

2L4CF(1)W'1(I JRy Z 12)
i=1
for JR=1,+-,10 and for I1Z= NIMIN, -, NZMAX, where CF is input new

conversion factors (#21 in Sec.4.3.2) or conversion factors insta-

lied in BERMUDA-2DG-S16.

The STOP codes are as follows:

(1) 1001 : KMAX regions do not cover completely the whole {(r,z) plane,
or some regions overlap {error in J1(kK), J2(X), I1(K) and
[2(¥) in input data ¥10)

(2) 2001 : IFACE in input data #02 is not on the bottom boundary of a
partition in the z-direction and

(3) 2222 : The input fixed source for the group 1 is zero including

the secondary gamma rays source
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4.4 BERMUDA-3DG
£.4.1 JCL

The JCL for the BERMUDA-3DG execution on the FACOM/VP2600 computer in
JAER! is as follows:

//JCLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM=" ++
/7 JUSER XxXXXXXXX, XX. XXXXXXXX, XXXX. XX
T.15 W.09 C.00 [.15 E. 44 SRP
T=(1440,00)
OPTP MSGCLASS=X, MSGLEVEL=(1,1,2).CLASS=9, NOTIFY=Jxxxx *1’
OPTP PASSWORD=xxxxxxxx
//  EXEC LMGO, LM=39091. BERMUDA, PNM=BERMD3DG, A="HI0=(01}" %
//FTOLFG01 DD DISP=SHR, DSN=Jxxxx. FLX701. DATA ¢*%’
//ETO2F0G1 DD DISP=SHR. DSN=Jxxxx. BOUNDFXG. DATA ©*%’
//FTO3F001 DD UNIT=WK10, SPACE=(TRK, (100, 50)),DISP=(NE¥, DELETE. DELETE),
// DSN=&&WORK, DCB= (RECFM=VBS, LRECL=23472, BLKS1ZE=23476, DSORG=PS)
//FTO4F001 DD DISP=SHR, DSN=J449B. BERM41G. DATA, LABEL=(.,, IN)
//SYSIN DD DISP=SHR, DSN=Jxxxx. DATASDG. DATA ¢®%’
//FTO8F001 DD DISP=SHR, DSN=Jxxxx. FLUX3DN. DATA *®’
//ETOSF001 DD DISP=SHR, DSN=Jxxxx. FLUX3DG. DATA®7
//FETL0F001 DD DISP=SHR, DSN=Jxxxx. SDB3DG. DATA *&’

++

//

($1) “CLASS=9" is a specially reserved job for occupying the almost all of
the “500MB extended memory” (that is, 440MB (E.44)) and the FACOM/VPZ600
computer through one day or more.

. So., this is a closed job for ‘a weekend’ once a month or once per two
months, and the Jxxxx may be a personnel no. of some staff in the Computing

and Information Systems Center of JAERI.
“T.15" is dummy and ‘T=(1440,00)" means that CPU+VU time may be unlimi-

ted until the next Monday morning.

__65_
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($2) There has already been a load module J9091. BERMUDA. LOAD{BERMD3DG) pre-
pared for a public use in JAERI.
If necessary, a new load module is able to be created on a disk from
the source module J9091. BERMUDA.FORT77 (BERMD3DG). The JCL for creating a new

load module is as follows:

//ICLG JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++
/7 JUSER XXXXXXXX, XX. XXXXXXXX, XXXX. XX
T.02 ¥.03 C.02 .02 E.00 SRP
OPTP MSGCLASS=X, MSGLEVEL=(1,1,2),NOTIFY=Jxxxx, PASSWORD=xxxxxXXX
//  EXEC FORT77VE, S0=J9091. BERMUDA,
// A="ELM{BERMD3DG), SOURCE, NOVMSG, NOVSOURCE" , LCT=62
//  EXEC LKEDCT77, LM=Jxxxx. BERMD3DG, UNIT=xxxxx, MODS="11, 11, 1", A=MAP

++

!/

These steps of compilation and linkage are executed rather rapidly on
the FACOM/M780 scalar computer. The new load module is applied by replacing
the above “LM=J9091.BERMUDA,PNM=BERMD3DG" (32> with “LM=Jxxxx.BERMD3DG”

($3) The HIO (high-speed input/output) work file for the angular and scalar
fluxes Jxxxx.FLXT0l.DATA has tc be allocated beforehand as:

//FT01F001 DD UNIT=TSSWK, SPACE=(CYL, 1100, , CONTIG),
// DISP={NEW, CATLG, CATLG), DSN=Jxxxx. FLXT01. DATA,
/7 DCB=(RECFM=F.LRECL=23OUO,BLKSIZE=23000.DSORG=PS)

This file contains the spatial distributions of the angular and scalar
photon fluxes for all of the calculated energy groups as a H10 work file for
calculating the slowing down source from these energy groups.

So, this fiie can be deleted after the job has been successfully termi-
nated, because the same data are stored in the FTOS (Jxxxx. FLUX3DG. DATA **77)
for output data edition. The main purpose of the FT01‘*3” is to utilize the

K10 option for saving the 1/0 times (EXCP). In fact, the TSSWK is automati-
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cally deleted at 8:00 a.m. on the next Monday. The HIO option needs to allo-
cate the file ‘contiguously’ on the disk (CONTIG), and the FT0i needs to be

allocated every time before executing the special large job.

At the present, the specifications of the disk in JAERI are as follows:
1 VOL = 1,326 CYL x 2 ( = 19,890 TRK x 2},
1 CYL = 15 TRK and
1 TRK = 47,476 bytes.

However, BLKSIZE cannot exceeds 32,767 bytes.

{$4) The boundary flux file Jxxxx.BOUNDFXG.DATA has to be allccated before-

hand as:

//FTO02ZF001 DD UNIT=xxxxx, SPACE=(TRK, (130, 10)),
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.BOUNDFXG. DATA,
/7 DCB=(RECFM=VBS, LRECL=28472, BLKSIZE=23476, DSORG=PS)

This file contains the beoundary flux in case of the bootstrap option
{(see Sec.3.6.2 in Ref.1). In the first step, the boundary flux is written in
this file; and in the second step, the boundary flux is supplied from the
file. When the bootstrap option is not used (ISTEP=0 in Sec.4.4.2), the one

iine of the JCL ‘®*%* is not necessary as well as allocation of the file.

($5) The input data file Jxxxx.DATA3DG. DATA has to be allocated beforehand

as.

//FETOSFO0L DD UNIT=xxxxx, SPACE=(TRK, (01,01)),
/7 DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.DATA3DG. DATA,
// DCB={(RECFM=FB. LRECL=80, BLKSI1ZE=3120, DSORG=PS)

The content of this file is described {n Sec.4.4.2. Otherwise, the one

line of the JCL ‘%%’ {s substituted with

//SYSIN DD %
[input data described in Sec.4.4.72]

[k
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without allocating the Jxxxx.DATA3ZDG. DATA.

($6) The neutron flux Tile Jxxxx. FLUX3DN.DATA is an output file of BERMUDA-
3DN. If the problem does not need the secondary gamma rays source, the one

line of the JCL ‘®*®? is substituted with the next one.

//FT08F001 DD DUMMY

($7) The gamma rays flux file Jxxxx. FLUX3DG.DATA has to be allocated as:

//FTO9F00L DD UNiT=xxxxx, SPACE=(TRK, (15300, 100}).
/7 DISP=(NEW, CATLG, CATLG), DSN=Jxxxx. FLUX3DG. DATA,
// DCB=(RECFM=VBS, LRECL=23472, BLKS1ZE=23476, DSORG=PS)

This file contains the spatial distributions of angular and scalar flux
of gamma rays for all of the calculated energy groups. It can be used for
restarting the job for energy group continuation and also for editing the

output results,

Note that the contents of the Jxxxx.FLUX3DG.DATA for the bootstrap step
| vanish when the same file is used in the step 2. Usually comparison of the
output data with the measured data concerns the region of the step Z. How-
ever, if it is necessary to save the data obtained in the step 1, dual files

nave to be allocated as Jxxxx.FLUX3DG1.DATA and Jxxxx.FLUX3DGZ. DATA for each

step.

($8) The grid source file Jxxxx.SDB3DG. DATA has to be allocated beforehand

as:

//FT10F001 DD UNIT=xxxxx, SPACE=(TRK, (3700,100)),
// DISP=(NEW, CATLG, CATLG), DSN=Jxxxx.SDB3DG. DATA,
/7 DCB={(RECFM=VBS, LRECL=23472, BLXSI1ZE=23476, DSORG=PS)

This file can be used for restarting the job as well as FT09, and can

be deleted after the calculation up to the IMAX-th group has been completed
{in case of ISTEP#0, up to the IMAX-th group in the step 2).
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The contents of the FTI10 are:

(1) the group no. ir (Up to the is group the calculation has been comple-

ted. } and
(2) the grid scurce into the ten grids within the group ig*l from the

groups ! ~ ig-1 and from the ten grids within the group is.
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4. 4.2 Input Data

201 (F6.0) 1 line
. TMAX - CPU time (sec) to terminate the job and to prepare the disk files
for restarting the next job {(If CLASS=19, then TMAX=1.0E+6)

$02 (413} 1 line
. [RSTRT : group no. to be restarted (initially =1)
- ISTEP : step no. for bootstrap option
0 -+ no bootstrap option
ISTEP=< 1 -+ the first{ step
2 -+ the second step
. {FACE : interface z-mesh point no. for bootstrap option (0 when ISTEP=10)
IFACE must be on the bottom boundary mesh point of a partition in
the z-direction. (The numbering method for mesh points is descri-
bed in #12.)
When [STEP=2, IFACE has a different value from that in ISTEP=1.
- ITMAX : maximum number of iteration times for each energy grid
(1TMAX=1, 2 or 3)
(ITMAX is defined as 1, if 0 or blank is input.)

$03 (184A4) 1 line
. Problem title : any characters, numbers or hlanks describing the problen

on columns 1~ 172

04 (1114,2E12.59) 1 line

- IMAX : total number of energy groups for this problem (=41

.+ MMAX : number of mixtures (=£20)

. KMAX : number of spatial regions (MMAX< KMAX)
Definition of a ‘region’ is that it is a rectangular parallel-
piped part in the (x,y,z) whole volume, where mixture is assigned
to be homogeneous.
The (x,y,z) whole volume must be completely filled up with the
KMAX regions.

. 11LIB : group no. “on the group constants library” where the group 1 of

this problem is to be defined
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{(for example, IMAX+]1LIB= 42 for J449B. BERM41G. DATA)

In BERMUDA, the [1LIB-th group on the library is called as “group 17 .

- NIL!B : initial group no. of the FT08 neutren flux file “on the neutron
group constants tibrary” (NILIB=10 if FT08 is dummy.)

- NFLIB : final group no. of the FT08 neutron flux file “on the neutron
group constants library” (NFLIB=10 if FT08 is dummy.)
1< NILIB=NFLIB= NMAXL and NFLIB-NILIB+1= IMAXN (Sec.3.1)

+ IPS : type of the fixed source

-1 -~ secondary gamma rays source only
[PS= 0 -« spatially distributed source
1YPS -+ point source on the y-axis of the rectangular
parallelpiped (JYPS=1)

The 1YPS is the y-mesh point no. for the peint source. When
'YPS=1, y(IYPS)=0 (origin). The numbering method for the mesh
points is described in #12. The point source cannot be placed on
an interface between partitions in the y-direction.

- NRX : number of partitions in the x-direction (NRX<20)
In each partition, mesh sizes (A x) are assigned to be equal to
each other.

+ NRY : number of partitions in the y-direction (NRY<=120)
In each partition, mesh sizes {Ay) are assigned to be equal to
each other.

- NRZ : number of partitions in the z-direction (NRZ= 20)
In each partition, mesh sizes (A z) are assigned to be equal to
gach other.

- NEWCF : input of new conversion factors

0 -+ conversion factors prepared in the code are used.
NEWCF=4 1 - new conversion factors or responses are input in
the items #22,23 below and used.

- ER : upper energy (eV) for the group L of the problem
EUP(11LIB+1) < ER=EUP(ILLIB)

- EPS : convergence criterion (for angular flux) to be used to terminate

the grid iteration before ITMAX (usually 107%)
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05 (2013) 1 line
- (MM{MK), MK =1, MMAX) : number of nuclides to be included in each mixture
(1= MM(MK) = 10)
(For & vacuum,. assign one dummy ruclide which is contained in
another mixture. Input its code number in #14 and atomic number

density (C.) in #15.)
05 (1016) [(NEX+8)/10] lines
The brackets [} means the integer discarding the fractions.

« (INTERX(KX),XKX= 1, NRX) : number of mesh intervals between the origin and
the front boundary of each partition in the x-direction
(Either even or odd numbers are valid.)

(1 INTERX (1) < INTERX(2) < -+ < INTERX(NRX) = 30-NRX}

The origin is placed at the back, left and bottom corner of the volume to

be dealt with.

#07 (10F5.3) [(NRX+9)/10] lines
« (DXX(KX),XX= 1, NEX) : mesh size Ax (cm) for each partition in the
x-direction

{nct the partition thieckness)

$08 (1016) [(NRY+8)/10] lines
- (INTERY(XY),KY= 1, NRY) : number of mesh intervals between the origin and
the right boundary of each partition in the y-direction
(Either even or odd numbers are valid.)

{1= INTERY (i) < INTERY{2) < - < INTERY(NRY) = 30-NRY)

$09 (L0F5.3) [{NRY+8)/10] lines
.« (DYY(KY), XY= 1, NRY) : mesh size Ay (cm) for each partition in the
y-direction

{not the partition thickness)

$10 (1016) [{(NRZ+9)/10] lines

_72._
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. (INTERZ(XKZ).XZ=1,NRZ) : number of mesh intervals between the origin and
the top boundary of each partition in the z-direction
(Either even or odd numbers are valid.)

(1< INTERZ(1) < INTERZ(2) < «+ < INTERZ(NRZ) = 60-NRZ)

#11 (10F6.3) [(NRZ+9)/10] lines
- (DIZ(XZ),KZI=1,NRZ) : mesh size Az (ecm) for each partition in the
z-direction

(not the partition thickness)

212 (716) KMAX lines
c(KXL(K), KX2(K), JYL(K), JY2(K), 121 (K), 1Z2(K), MR(K), K= 1, KMAX) : assignment
of composition
KX1(K) : back mesh point ro. of the region K
KX2(K) : front mesh point no. of the region K
JY1(K) : left mesh point no. of the region K
JY2(X) : right mesh point no. of the region K
1Z1(k) : bottom mesh point no. of the region K
1Z2(KY : top mesh point no. of the region K
MR(K) : mixture no. for the region X (=MK defined in #5)
(1=KX1<KXZ2=NXMAX=30, 1=JY1I<JYZ=NYMAX= 30 and
1= 121<1Z2<NIMAX=60)

In BERMUDA., the numbering of the mesh points is as follows:

(1) “1” for the origin,

(2) doubly (twice) numbered as “INTERX{(KX)+KX” and “INTERX(KX)+EKX+1"
for the interface between the KX-th and the (KX+1)-th partitions
in the x-direction where KX=1,- ,NEX-1 (for treating spatial
discontinuity of the macrescopic cross sections and the source
distribution at the interfaces) and

(3) “NXMAX= INTERX(NRX)+NRX” <30 for the outermost mesh point
in the x-direction.

And it is same for the y-direction, “NYMAX= INTERY(NRY)+NRY” =30 and also
same for the z-direction except “NZMAX= INTERZ{NRZ)+NRI" =§0.

#13 (6F6.3) 1 line
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- BCX1 : back boundary condition for x=10.
. BCX2 : front boundary condition for x= x (NXMAX)
- BCY! : left boundary condition for y=20.
- BCY2 : right boundary condition for y=y{NYMAX}
- BCZ1 : bottom boundary condition for z=10.
- BCZZ : top boundary condition for z=2z(NIMAX)
-1. -+ symmetry condition
boundary conditions=

0. - vacuum boundary condition

#14 {1016) MMAX lines

< (MCODE (M, ME), M= 1, MM(MK))} : code no. of each nuclide in the mixture MK
defined in the group constants library to be used (see Sec.2.1)

(The order of nuclides in a mixture is able to be arbitrary. ).

Repeat this in the order of MK=1, - MMAX renewing the line for each
mixture.
¥15 (6E12.5) [{MM(MK)+5} /6] lines for each mixture

.« (AN(M, MK), M= 1, MM(MK)) . effective number density (10%%*cm™7) of each
nuclide in the mixture MK
(The order of nuclides in a mixture must be same as in #14.)
Repeat this in the order of MK= 1, MMAX renewing the line for each

mixture.

When IPS=~1 in #04, data of #16~#21 below are not necessary to be input.

#16 (616) 1 line

. KXS1 : the first mesh point no. to give x-distribution of non-zero

independent source in #17

. KXS2 - the last mesh point no. to give x-distribution of non-zero

independent source in #17

- JYS1 : the first mesh point no. to give y-distribution of non-zeroc

independent scource in #17

- JYS? - the last mesh point no. to give y-distribution of non-zero

independent source in ¥17

. 12S1 : the first mesh point no. to give z-distribution of non-zero
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independent source in #17

- 17282 : the last mesh point no. to give z-distribution of non-zero
independent source in #17
These mesh points must be given in the definition of (1)~ (3) in
#12 (1=KXS1<KXSZ<NXMAX, 1= JYS1=JYS2=NYMAX and 1=1Z81=1Z82
= NIMAX).
When IPS=0 in #04, S1 in #17 is a volume source (KXS1<KXSZ,
JYSI<JYS2 and 1ZS1<1Z$2). When [PS=21, S1 is a pecint source
(KXS1=¥KXS2=1, JYS1=1JYS$S2=1PS and [ZS1=1Z82=1)

#17 (6B12.5) {[(JYS2-JYS1)/6]+1} lines for each (KX, iZ) point
» (S1(KX,JY, !Z),JY=1JY¥YS81,JY82) : spatial distribution of independent source

Independent source is given in the form of a function w¥ith

separation of variables as SI(KX,JY, 12)x82(1)x83(L).

(Each of the S1, S2 and $3 should be normalized to its correct
magnitude, respectively. However, it is also valid that the
product of the S1, S2 and $3 has the correct normalized value
for each energy group{ % }.)

Repeat it in the order of ¥X=KXSIl,--,XKXS2 renewing the line for each KX.

And Tepeat “the above set over JY and KX” in the order of 1Z=1I81, -, 1I82

#18 (216) 1 line
- 11 : the first energy group no. to give energy spectre of non-zero indep-

endent source in #19 (see Sec.2.2, but note that the group no. is
defined so that the [1LIB-th group in Sec. 2.2 is group 1.0

- 12 : the last energy group no. to give energy spectre of non-zero indep-
endent source in #¥18§
1f the source is of mono-energy {menochromatic), l1=12=1.

Otherwise, 1=11< 2= [MAX.

#19 (8E12.35) {[(12-11)/6]+1) lines
« (S2(1),1=11,12) : energy speétre of independent scurce
(As BERMUDA has been programmed not in a continuous energy model
but in a usual multigroup model, only the $2 (except the Sl and

$3) must be given as integrated value for group i over AEs.)
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The S2{I)} is generally normalized to be I integrated over energy.

that is,

12

PIELIGESS

I=11

(However, note the proviso{ * ) under ¥17.)

#20 (216) 1 line
. L1 : the first ordinate no. to give angular distributiocn of non-zero
independent source in #21 (see Fig.3.6 in Ref.1)
L2 : the last ordinate no. to give angular distribution of non-zero
independent source in %21
If the source is mono-directional, L1=L2.

Otherwise, 1=L1<LZ=389.

#21 {(6E12.5) [[(L2-L1)/6]1+1} lines
« (83(L),L=1L1,L2) : angular distribution of independent source
The S3(L) is generally normalized to be ! integrated over the

unit sphere, that is,

(However, note the proviso( % ) under #17.)

When NEWCF=0 in #04, data of #22 and #23 below are not necessary to be

input.

$22 (18A4) 1 line
- Response name : any characters, numbers or blanks describing the conver-

sion factors given in #23 on columns 1~72

#23 (878.4) [[(NGMAX+T7)/8]+1} lines
- (CF(I},1=1,NGMAX) : conversion factors for “all library groups’
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4.4.3 Output Data

The output data of the BERMUDA-3DG are stored on the magnetic disk FTO9
{Jxxxx.FLUX3DG. DATA; see Sec.4.4.1 ($7) ) and are also given on the printer.

The data on the output disk are as follows:

(1) In case of IPS=0, the following FORTRAN record is repeated for

each group i {i=1,,IMAX}) in the binary form,

(CC(PSI(KX, JY, 1Z, L), L=1,80), [Z= 1, NZMAX), JY= 1, NYMAX) . KX =1, NXMAX),
(C(TPSI(KX, JY, 1Z),1Z=1,NIMAX),JY= 1, NYMAX), KX=1, NXMAX),

. -
where PSICKX.JY, IZ. L) : ¢ *{Xkx, Vav, Z12. 2L},
TPSI (KX, JY,I1Z) @ W (X kx, Vov. Z12)

80

=ZA~5’L¢ X xx, Yy, Z Iz.ﬁ)x.) and
L.=1
NXMAX, NYMAX, NZMAX : see Sec.4.4.2 (#12).

{2) In case of [IPS=1, the following FORTRAN record is repeated for
each group { (i=1, -, 1MAX) in the binary form,

(CC(PST(EX.JY, 1Z, L), L=1,80), 1Z=1,NZIMAX),JY=1, NYMAX), KX=1, NXMAX},
CCCTPSTCKX, Y, 1Z), 12=1,NIMAX), JY=1,NYMAX). KX= 1, NXMAX),

—
where PSI{1,1, NZMAX, L) : Cbi(XKX.YJY-ZIZsaL)"'d) o0 (X kx, ¥ uv. Z 12, QL)
TPSI(KX.JY, [Z) ¥ i_(X KX, Y Jv, Z IZ)

80
. . ‘ B
=ZAQL{¢’1(XKX. Vov., Z 1z, T
—y
L=1 +d o' (Xxx, Yov. Z 12, Q)] and

NXMAX, NYMAX, NZIMAX : see above (1).
The data on the output print are as follows:
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(a) list of input file Jxxxx.DATA3DG.DATA (see Sec.4.4.1 (§8) ).

(b) list of the main input parameters ¥ith explanatory captions,

(The items (e)~{g) below are repeated for each energy group i (i=1,
e IMAXY )

{c) CPU+VU time (sec) accumulated from the start of computation (EXEC
LMGO) until the end of each main calculational item,
{d) when the convergence has been attained or ITMAX iterations have
been finished for the 10-th grid
. photon balance parameters; F, GAIN, ABBS, SELF, XLEK (see Sec.3.7
in Ref.1) integrated over the entire spatial region dealing with
it as a singlé coarse mesh region

« group no. i, iteration times IT, residual VERGF,

. >
where VERGF= max | (¢ 7T VP (xkx. Vv, 212, Q1)
KX, JY. 1Z, L JELYAT (X wu Vogy, Z 1z, Qu))-1) < &
(KX, JY. 12, L : except the cases where ¢ ' T {xxx, v ov. 2 1z, QL)
=10),

IT : iteration times (IT=1,2, )

(As the energy grid model is used for all groups, these printed
photon balance parameters and VERGF are meaningless, because the
iteration is terminated by ITMAX (=3) times. In addition, these
parameters are ohbtained only from the data of the last (10-th)

grid in the group i.)

(e) + the upper energy boundary EUP(i) (eV),
- the lower energy boundary EUP(i+1) (eV),
- the energy width AE: (eV),
(f) gamma rays scalar flux over the x=0 plane, Ti{0, 9y gv, z1z) for

JY=1, -+, NYMAX and for 1Z=NIMIN, -, NIMAX,

where
1 for ISTEP# 2,
NZMIN=
IFACE for ISTEP=12 ({see Sec.4.4.2 (#2) ),



{g)

(i)
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gamma rays scalar Tlux over the z= Z wzmax Plane,

WX kx, Vv, Znzmax) for KX=1, - NXMAX and for JY=1, - NYMAX

spatial distribution of reaction rate by input conversion factors
(when NEWCF=1) or dose rate (Sv/hr when NEWCF=10) over the x=20
plane

IMAX

ZCF(i)’-Fi(U. Vaiv. Z 1z}

1=1

for JY=1,,NYMAX and for [Z= NZIMIN, ---, NZMAX, where CF is input
new conversion factors (#23 in Sec.4.4.2) or conversion factors
installed in BEEMUDA-3DG, and

spatial distribution of reaction rate by input conversion factors

(when NEWCF=1) or dose rate (Sv/hr wken NEWCF==0)'over the z=

Z nzMax Plane

IMAX

ZCF(i)W Y(X gx. ¥V Iy, Z NzMax)

i=1

for KX=1,-,NXMAX and for JY=1, -, NYMAX

The STOP codes are as follows:

(1

(2)

(3)

1001 : KMAX regions do not cover completely the whole (x.y.2)
volume, or some regions overlap (error in XKXI(K),KX2{(K),
JYI(K)Y, JYZ(K), I1Z1(K) and 1Z2(K)} in input data #12),

2001 : IFACE in input data #02 is not on the bottom boundary of a
partition in the z-direction and

2222 : The input fixed source for the group 1 is zero including

the secondary gammag rays source.
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5. Concluding Remarks

Four gamma rays transport codes in the radiation transport code systenm
BERMUDA have been developed for one-, two- and three-dimensional typical
geometries. To solve the transport equation numerically, the deterministic
direct integration method was adopted in a multigroup model, same as in the
neutron transport codes reported in PartI. The Legendre polynomial expan-
sion method was not used in representing the strong anisctropy of gamma rays
angular flux and also in caleulating numerically the Compton scattering
kernel.

The fine energy grid method dividing an energy group into ten fine
groups was also applied as in the neutron codes as well as the other methods
such as the coarse mesh rebalance of photons. Description on these common
methods is in Part I (Reference 1) and has not been repeated in the present
report.

A [neutron]-[gamma rays] succeeding calculation has alsc been possible
by connecting the two calculations with job control languages and disk sto-
rages of neutron flux.

In course of testing the BERMUDA-2ZDG code, an error ¥as found in the
BEEMUDA-2DN code in the thermal energy group neutron calculation. The error
was common in BERMUDA-2DN-S1$% and BERMUDA-3DN. Now the error has been corre-
cted in these three neutron codes.

Containing the revised neutron codes, the source programs of the foll-

owing eight transport codes:

(1) BERMUDA-1DN

(2) BERMUDA-2DN

(3) BERMUDA-2DN-SIE6,

(4) BERMUDA-3DN,

(5) BERMUDA-1DG,

(6) BERMUDA-2DG,

(7) BERMUDA-2DG-S16 and
(8) BERMUDA-3DG

will be available to the public through the Code Center of the JAERI {acted
now by the Nuclear Energy Data Center (NEDAC) ) within 1983.
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PartTm of the present report will be published after improvements of

adjoint neutron transport codes in the BERMUDA code system.
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