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Code GRAFA
An IBM-7044 FORTRAN |V Code
for caleulatior of the Neutror Spectrum for
Square and Hexagonal Lattices

Abstract

This report is a description of the GRAFA code written in Fortran IV for the IBM
7044. The code computes the scalar thermal neutron spectrum as a function of spatial
regions in a square and hexagonal lattice by using the first flight collision probabilities
for these geometries.* The scattering kernel data calculated by various models are
input from the library tape.
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1. Intoroduction

The code GRAFA performs the calculation of the thermal neutron’spectrum :in.a.= "=

square and hexagonal lattice systcm by using -the first flight ‘collision” probability.
The system consists regions, namely fuel, moderator and coolant.. The regions

are divided to subregions and the first flight collision probabilities (F. F. C. P) for these

subregions are calculated for each energy group. The simultaneous equation for the '

fluxes in the subregions are solved by over-relaxation iteration method.
The simultaneous equation for neutron spectra ¢, (E) is

% 20, B [T 2 BB g EVELS (B) [Vi=2,®9, @V, D)

where P;,(E) is the first flight collision probabilities from i-th region to j-th region
at energy E, 3. (E'—E) is the isotropic scattering kernel in j-th region from energy
E’ to energy E, ¢.:(E’) is the isotropic neutron flux in the j-th region at energy E',
S, (E) is the neutron source at energy E in the j-th region, which is slowed down from
the energy region above the cutoff energy E., X ,(E) is the total cross section of
material in i-th region at energy E, and V. is the volume of the i-th region. The
integration with respect to energy is replaced by the summation over multigroup ener-
gies.

The code consists three parts (chain (1), chain (2), chain (3)). In chain (1), the
macroscopic scattering kernel for the material in the subregions is obtained by multi-
pling the atomic density in the region with the scattering kernel of the atoms, where
the scattering kernel is read from library tape. The neutron sources for the thermal
energy range are calculated by the slowing down model or are read from cards. The
total cross section of material in the subregion is calculated and used for the calcula-
tion of the F. F. C. P. in chain (2). Most of the data such as the radius of the subre-
gion, the energies in the multigroup calculation, the masses of the atoms and the
number of subregions, etc., are read in this chain.

In chain (2), the F. F. C. P., P;;, for these subregions in the equation (1) is calcu-
lated.

In chain (3), the simultaneous equation (1) for the fluxes in the energy groups and
subregions, containing the macroscopic scattering kernel and the F. F. C. P., is solved
by the iteration method with an over-relaxation, and calculation of the activity is
carried out. Although this code is limited to the case of 30 energy groups and 10
subregions, the large number of core memory locations available will permit the en-
largement of these dimensions.

2. Theory

See reference (1), JAERI Roport 1072, ‘‘ The First Flight Collision Probability in the
Square and Hexagonal Lattice Systems” and reference (2), The Thermal Neutron
Spectrum in a Heterogeneous Reactor.

3. Description of the code

3.1 General

This code is consists of three parts, chain (1), chain (2) and chain (3).
In chain (1), the macroscopic neutron scattering kernel for the material (mixture of
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isotopes) in the subregions is obtained by multiplying the isotope density in the region
with the neutron scattering kernel by the isotope, the scattering kernel is read from
the library tape which is described later. The neutron sources for the thermal energy

range are calculated by the slowing-down model or the source: data is read from-cards....-

The total cross sections of the material in the subregions are calculated and are used:"j';

for the calculation of the F. F. C. P. in chain (2). Most of data, such as. rhe radius of S

the subregions, the energies in the multigroup calculation the masses of the lsotopes
and the number of subregions, etc., are read in this chain:

The neutron scattering kernel is read from the library tape, which is 1nstalled in
tape No. 10. Both up and down scattering kernels are stored in the library tape with
the title (TITLE).

To read the scattering data, the program reads RNAME from card input and
compares it with the TITLE (for example KERNEL H20 255), and when both are
coincident, the data are read, When it reads the data, the order of data must be
the same as the order of data stored in the tape. The tape shown in table contains
both the P, scattering data and the P, scattering data because this libiary can be used in
the code FIRST 2. FIRST 2 calculates the anisotropic flux together with the isotropic
flux in a cylindrical cell by using the P, and P, scattering kernels.

Since this code is restricted to the case of isotropic scattering, the other library for
the transport scattering kernel defined by HONEcK as follows.

S (E'-E)=2,(E'~E)— 2, (E)o(E'—E)
is provided for calculating the neutron spectra in anisotropic scattering media.

Coutents in library tape for scattering kernel

KERNEL OF H ON TAPE, TEMPERATURE= 255
KERNEL OF 31 ON TAPE, TEMPERATURE= 451
KERNEL OF H20 ON TAPE, TEMPERATURE = 255
KERNEL OF H20 ON TAPE, TEMPERATURE = 451
KERNEL OF D ON TAPE, TEMPERATURE= 255
KERNEL OF D ON TAPE, TEMPERATURE= 451
KERNEL OF D3 6 ON TAPE, TEMPERATURE= 255
KERNEL OF D20 ON TAPE, TEMPERATURE= 255
KERNEL OF D20 ON TAPE, TEMFERATURE= 451
KERNEL OF C ON TAPE, TEMPERATURE= 255
KERNEL OF C ON TAPE, TEMPERATURE= - 451
KERNEL OF 0O ON TAPE, TEMPERATURE= 255
KERNEL OF O ON TAPE, TEMPERATURE= 451
KERNEL OF H ON TAPE, TEMPERATURE == 255
KERNEL OF H ON TAPE, TEMPERATURE= 451
KERNEL OF H20 ON 'TAPE, TEMPERATURE = 255
KERNEL OF H20 ON TAPE, TEMPERATURE= 451
KERNEL OF D ON TAPE, TEMPERATURE= 255
KERNEL OF D ON TAPE, TEMPERATURE= 451
KERNEL OF D3 6 ON TAPE, TEMPERATURE= 255
KERNEL OF D2C ON TAPE, TEMPERATURE = 255
KERNEL OF D20 ON TAPE, TEMPERATURE= 451
KERNEL OF C ON TAPE, TEMPERATURE= 255
KERNEL OF C ON TAPE, TEMPERATURE= 451
KERNEL OF O ON TAPE, TEMPERATURE= 255
KERNEL OF 0 ON TAPE, TEMPERATURE= 451
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In chain 2, the first flight collision probability for the square or hexagonal lattice
ie calculated, the expressions P;, ;(i=j) are

p=4 1 (" J“dr[F (r,a) +Fya () ] 2
4 71'2 Sg(a%_a?~1) 0 Q 0t e
for the square lattice, and
6 1 /8 - ped . : .o [y~
Pu=f sa—ay Jo ), dFn ot Fal ] e

for the hexagonal lattice, where the suffixess and % are the values for the square and
hexagonal lattices, respectively. And a. is the outer radius of i-th region, 3, is the
macroscopic scattering in i-th region, and F,(r, a) and F,(r,a) are defined as follows:

3
Fo(r,a) =l§1{Ki3 (Ui;+bi:) —Kiy (UY;+b,:+ul)

'—Kia(U}j‘*‘bzi“Ht%) +Ki3(U%j+bli+u:|“')} (4)
el 2 2
F1 (7', a) =q§ 1‘21 mél{KiS(Ugj'l—bli'l—cgni) _Kis(Ugj"f‘bzi‘l‘C;i'[‘u%)

—Kg (Ugj‘f‘bzi +cai ‘i"U.” +Ki3 (Ugj+bu+cij+u% +u§)} (5)
where K;,.(x) is the Bickerley function defined by K. (x) =f"lz ¢~¥/n0 (s5infd) "*'df and
[1]

_ q
uf=21yia,

ui=2 y3ao
i-1
b]_i:O bgi=2k§_]1u;15+uf
q 0 q zji] 71 g2
cl,= cl,= ul+ul
13 %3 21 k 3 (6)
— (g—1)

Uz, =UY+ds g>2

J'_

w=i41
q Y (q—1 g q (g—1>
di= Y uf™ b+ Z_+1ztk+uo ¥

i=j k=3
aoyie and aoy,/2 are the half lengths of the neutron path through point (r,a) in the
first ceil in the &-th and outermost subregions.

The calculation of the F. F. C. P. for the lattice systems is easily carried out, if
the lengths of the neutron path in the subregions are obtained. Reference 1 shows how
the lengths in the subregions are calculated for the square and hexagonal lattice.

From neutron transport theory, it is easily shown that the neutron conservation law
is expressed by

Y Pi;=1 ' (M
J

and the reciprocity relation exists between P;; and P;: as folicws.
V:3:Pi;=V;2,;P;; (8)

Thus, the numerical calculation for P;; is carried out for the case of i<(j, and the
values of P,; are usually obtained from the reciprocity relation of (8). Furthermore,
the F. F. C. P. from the i-th region to the i-th region itseif can be obtained from the
conservation of (7). But if the values of P;; is obtained in this way, the numerical
error due to replacing the integral of equations (2) and (3) by the summation is
accumulated in the value of P;;. Thus, the calculation of Py; is carried out by the
following formula. The F. F. C. P. P;.’s also have the same expression as the P;; in
equation (2) and (3), but the expression Fo(r, @) is replaced by the following F(r, a)

F(r,a) =2(ut—K.3(0) +Kig (i)
+[Ki3(bzl—u11:) —2K3(b21) +Ki3(b2l+u})] )
and the suffix j in expression F, (r,a) is replaced by the suffix 7.
In order that the P;; satisfy both conditions of (7) and (8), the P;; are normalized
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in the following way. At first, P,; are calculated for every j, and are normalized so
as to satisfy equation (7). Then the values of P;, are obtained by the reciprocity
relation (8). Next, the P,; are calculated for j>2, and are normalized together with
P,,. These procedures are continued until the end.

To save calculation time, the program is made to calculate the F. ¥. C. P. in some::
energy groups from interporation of the values of F. F..C. P..in the other energy groups
calculated by the above formulation. This method is not a bad approximation in the
case when the energy change of the total cross section in energy is smooth.

In chain 3, +he simultaneous equation for the flux containing the scattering kernel, '
the absorption cross section and the F.F.C.P. is solved by the iteration method
with an over relaxation, which is an improvement of simple normalized method.
Although several acceralation methods are recommended in the iteration method, the
acceralation paramete is not usually determined uniquely. And if the parameter is
not chosen properly, the iterated fluxes might oscillate about the exact fluxes. Their-
fore, care must be taken in choosing the parameter.

In the code, the Maxwellian distribution with the same temperatures as the phy-
sical temperatures of the subregion material is taken as the first approximation of the
neutron spectrum. Convergence of the iterated fluxes is discerned as follows: the
maximum absolute difference between the latest flux and the previous iteration fiux
must be smaller than the maximum neutron flux multiplied by some convergence
parameter, EPSIRO.

The criterion for the convergence of the iterated fluxes is determined by comparing
with the maximum value of the fluxes in the outermost subregion. o if the absorption
in the fuel region is very large and thus the flux is small, a small value must be
taken for the EPSIRO. If an accurate value of the epithermal flux, which is very small,
is required, a small value must also be taken for the EPSIRO.

Other criteria for the convergence of fluxes may also be taken. For example, the
relative error value for the flux in each subregion and in each energy group should be
small. But the time required for calculation using these criterien is larger than the
case of the above criterion. The maximum value of difference of the iterated flux is
edited later to indicate the error.

The over relaxation iterated method is carried out in the following way, ‘

¢(n+1) (E) ____¢(n—1) (E) +OVERR X (C(n)¢(n) (E) _¢(’u—-1)(E)> (10)
where ¢™ (E) is the flux obtained after the n-th iteration, ¢’V (E) is the flux used in
the (n+1) iteration, C™ is the normalization factor defined as

Ec¢
5[5 maE
_.—E;.O,L,O
5[ 60 E) Do (E)dE -

When OVERR is equal to 1,

¢/m+1) (E) =C(ﬂ)¢(1l) (E) (12)
which, therefore, is a usual normalized iteration method. EPSIRO defined in the above
is used for the criterion for convergence, as follows:

| O™ (Ey) — ¢ (£:) | <EPSIROX §52 (Eomexr) (13)
for any i-th subregion and /-th energy group.

Furthermere, the calculation of activity can be car.ied out by ‘using the calculated
neutron spectra to analize activation experiments in this chain (3). The cross sections
of activation or fission for isotopes (numbers<(10) are read from cards. This can be
used for calculating the reactor constants, for example the diffusion cross section.

C™ =

(11
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3.2 Input date

Input data used in this code are explained in the order of their appearance.
(I) Input in Chain 1
1 IMN, IMNN (FORMAT. (10 13)) - .

IMN is the number of materials, whose scattering kernels are read from the
library tape. Where the same material with different temperature is counted as
different material. The maximum of IMN is limited to 6. IMNN=IMN-1.

9 IR, IE, IM, IRM (FORMAT (10 13))

IR is the number of subregions, which is limited to 10. IE is the number of
energy groups, which is limited to 30. IM is the number of isotopes composing
the materials. The same isotope of a different temperature is counted as a dif-
ferent isotope. The IM is limited to 11. IRM is the number of materials, for
example, fuel, aluminium and H,O. The number is limited to 6.

3 (NDASH (I), I=1, IR) FORMAT (10 13)

The NDASH is used in numbering the material as NDASH (D) etc., which is

put in the I-th subregions. An example is illustrated in the following.

Fuel Fuel Fuel Fuel Al H0 H,0 H,0 H, 0 H0
1 1 2 3 4 5 6 7 8 9 10
NDASH (1) 1 1 1 1 2 3 3 3 3 3

4 (R (D), I=1, IR) FORMAT (1P 5E 11.4)

R () is the outer radius of the i-th subregion in cm.
5 (E (), I=1, IE) FORMAT (1P 5E 11.4)

E () is the middle energy of the i-th energy group ir. eV.
6 (DISA (I), I=1, IR) FORMAT 1P 5E 11.4)

DISA is used for taking into account the spatial distribution of slowing down
sources from the epithermal energy range above the cut-off energy Ec. The flux
distribution in the epithermal energy region is substituted into the DISA (I). If
the flux distribution is flat, all the values of DISA (I) are substituted by 1.0.

7 (QNU {, I), I=1, IM), J=1, IRM) FORMAT (1P 5E 11.4)

QNU (1, J) is used in making the macroscopic scattering kernel of the material,
it is the product of the density (N) of the isotopes composing the material and the
free scattering cross section (0ire) of the composite isotopes. That is, the value
of i (=01N) is input.

8 (TEMP (1), I=1, IR) FORMAT (1P 5E 11.4)

In chain 3, the iteration method is used for solving the simultaneous equation.
The Maxwellian distribution with the physical temperatures of the materials in
the each subregion is used as the first approximation of the spectrum in each
subregion TEMP is a physical temperature in eV.

9 (QMASS (1), I=1, IR) FORMAT (1P 5E 11.4)

QMASS is the ratio of isotope mass to neutron mass and is used in the calcula-
tion of the thermal neutron source spectrum. If it equals zero, the thermal neu-
tron source spectrum for this isotope is read from the card data in subroutine
SAUCE. These cards are read after Input No. 13.

10 JIABB FORMAT (10 13)

This is the option parameter concerning calculation of the absorption cross
section. When IABB=0, the 1/v functions are calculated in the program and are
used as the 1/v absorption cross section. When IABB=:0 the absorption cross
sections are read from the card data in subroutine ABSORP.



6 Code GRAFA. An IBM-7044 FORTRAN IV Code fof Ckal latio : E ] 9
of the Neutron Spectrum for-Square and Hexagonal ﬁgttiéeg : JAERL . 1,0 ;7

11 (S (1, J). J=1, NUME) in subroutine ABSORP FORMAT (1P 5E 11.4)

The S (¢, ]) is the absorption cross section divided by the free scattering cross
section. NUME is equivalent to IE. When there is an isotope with a non 1/v
absorption corss section, the other 1/ absorption cross sections are read in this
subroutine. Thus, the number of the data @ is IM. VL e T

12 (ABB (D), I=1, IM) FORMAT (1P 5E 1.4

ABB (D) is the ratio of the absorption cross section at 0. 0255 €V, a, (0.025eV), to - -
the free scattering cross section o; for the i-th isotope, and is used for calculation =
of the 1/v absorption cross section. RTINS .

13 (FACTOR, I=1, IMN) FORMAT (1P 5 11.4) T

FACTOR is used in the calculation of scattering kernels, because the values of
((L1+1/M)*/4o¢) 0, (E'—E) are stored in the library tape as scattering Kkernel
data. The values of FACTOR corresponds to the M. The values for H and D
in H,0 and D,0O of Brown and St-Johns model should be used as 1.9 and 3.6
respectively.

14 (RNAME (), I1=1, IM) FORMAT (12A 6)

The scattering kernel data in this code are stored in a library tape with their
own names. The RNAME is used for calling the data from the library iape,-
which is put in tape unit No. 10. The RNAME’s are shown in Tase L.

15 (SOCMA (I), I=1, IE) in subroutine SAUCE FORMAT (1P 5E 11.4)

The SOCMA (D) is the thermal neutron source spectrum, which is calculated
as the epithermal neutron flux equals to unity at cut off energy. The cut off
energy is the sum of DELTAE (D).

By comparing RNAME with the title in the library tape, the scattening kernels
SIGMA (J, I) are read in the machine.

() Input in chain 2.
1 ISSTEP, IQMAX, IKIND, LREAD, ILSI ISTEPS FORMAT (1013)

ISSTEP is the number of divisions of « in the integration with respect to a
in eqs (2) and (3), <10.

IQMAX is the maximun number of cells (q) which are expected to contribute
to F.F. C. P.. IKIND is the parameter which chooses the lattice geomeiry, that
is, IKIND=0 for square lattice, =0 for hexagonal lattice.

LREAD is the option parameter which is used for editing the F.F.C.P. by
using the formalism. If LREAD is unity, the values of F.F. C.P. in energy
group of number 1, 6, 11, 16, 21, 26, and 30 are edited, and if LREAD is two,
the values of energy groups 6, 16 and 26 are edited in the case shown in the loter.

ILSI is the interval of cnergy groups, for which the F. F. C. P.’s are calculated,
and is restricted to the number which can divide the number of energy groups
IE. For example, in the case of IE=30, the numbers of 1, 2, 3, 5, 6, 10, 15, 30
are allowed, and if numbers 5 is chosen in this case, the F.F.C. P. in energy
groups number 1, 6, 11, 16, 21, 26, and 30 are calculated by the formalism, and
the F. F. C. P. in the other groups are obtained as linear interporation of the values
obtained in above.

ISTEPS is the number concerning to integration with respect to r in egs 2)
and (3). he details are explained in the appendix. i
2 (MDASH (D), I=1, N) FORMAT (101 3)

MDASH are the numbers concerning production of the tables of ¥,(ry,a),
Per1(reya). The details are explained in the appendix.

() Input in chain 3.
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1 ITMAX, MAXF, OVERR, EPSIRO FORMAT (213, 1P 10E 11.4)

ITMAX is the maximum number of iterations which is allowed in the calcul-
tion. MAXF is the number of the energy group where the neutron spectrum
@ (MAXF, IR) in the outermost subregion is expected to have a maximum value.
OVERR is a parameter used in the over relaxation. EPSIRO is a value used for
the criterion for convergence. -

2 L in subroutine ACTIVA, FORMAT (I12)
L is the number of isotopes whose activation or fission cross sections are read.
3 (SIGMAA (D), I=1, IE) in subroutine ACTIVA, FORMAT 1P 5E 11.4)
SIGMAA is the activation or fission cross section. ‘

3.3 Out put data

Formats for output are written to clarify the input data and results in table form.
1 The parameter used in the calcuiation and the dimensions of the lattice are edited,
the values of IR, IE, IRM, IM, IMN, R(), NDASH (I), TEMP (), DISA (I) are
written out on page 1.

2 The macroscopic free cross section QNU and the values of QMASS and FACTOR,
which are input data, are edited on page 2.

3 The absorption cross sections of composite material are edited together with
the middle energies (E) and energy widths (DELTA) of energy group on page 4.

4 The total cross sections are edited in the same way as the absorption cross
section on page 4. ’

5 The thermal neutron source spectrum obtained by slowing down due to the
composite material is edited on page 5. Where the source is calculated from
epithermal flux normalized at cut off energy using the values of QMASS.

6 The input data in chain 2 IKIND, ISSTEP, IQMAX, MDASH (I) are edited on
page 6.

7 The calculated values of F. F. C. P. P(I, J) (I—]) in chain 2 are edited together
with the total cross sections and the number of energy group (ILS) on subsequent
pages.

8 The input data in chain 3 ITMAX, MAXEF, OVERR, EPSIRO are edited. And
the neutron flux spectra in each subregion are edited as a function of energy
together with RESIDU ,which expresses the accuracy of the calculated spectrum
by the iteration method, and the number of iterations is edited.

9 In the next page, the neutron flux spectra calculated by one more iteration
are edited together with the values of RESIDU and the number of iterations to
estimate the convergence of the iterated results.

10 In the last page, the activities calculated by the neutron spectra in subregions
are put out together with the activation cross sections.

3.4 Subroutines

1 SUBROUTINE SAUCE (E, DELTA, QMAS, SOCMA, IE) in chain 1 prepares the
thermal neutron source spectrum due to scattering from the composite isotope.
When QMAS equals zero, the spectrum is input from cards, and when QMAS
does not equal zero, the spectrum is calculated using this mass. The format of
the data is (1P 5E 11.4).

2 SUBROUTINE ABSORP (E, SA, S, NUMS, NUME, J) in chain 1 prepares the
absorption cross section for the composite isotopes. When J is less than zero, the
data of absorption cross section are input from cards, and in the other cases the
absorption cross sections are calculated as 1/v absorption. The format of the
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o
data is AP 5E 11.4)

3 SUBROUTINE HOLLER (A, B) in chain 1 is used in reading the scattering
kernel data from tape 10.

4 SUBROUTINE CCC (TEMP 1, TEMP 2, TEMP 3, TEMP 4, QK 3, QK 3D, X)
in chain 2 calculates the Bickerley functions of order 3 for arguments TEMP 1~
TEMP 4, K;3(TEMP 1)~K.s(TEMP 4) and do the calculation of

z=x+K.3 (TEMP 1) —K.s (TEMP 2) —K,s (TEMP 3) +K.3(TEMP 4).

5 SUBROURINE TAB (A, B, QK3, QK3D) in chain 2 is used to look up the table
by linear interpolation, where the values of A=K,;(B) are obtained.

6 SUBROUTINE BIC (I, X) in chain 2 calculates the Bickerley function K;s ().

7 SUBORUTINE ACTIVA (PHI, IE, IR, DELTA, L) in chain 3 is used for calcula-
ting the activation values or the reactor constant values averaged by the neutron
spectra obtained.

4, Example

To make the above explanation clear, the input and output data for the case of
uranium and light water hexagonal lattice are shown. The geometrical dimensions
and the data of composition are given in the out put data (page 1, 2).

5. Appendix

Determination of 7,. As mentioned above, tables for 7*'(r% @) and y*(r%,a) aie
made for reducing the calculation time.

The values of 7%, which are in i-th subregion, are determined in the following way.
The angle B;=arccos (@:_y/a;) is divided by MDASH (D), and 7, upasnc» Ta+Mpasuc—12""""""
and, r, are calculated respectively by

Tq4+MDASH(Y — &)y

T'g4MpASH(I)-1 — &1 COS (MﬁAﬁsi—HJ(ﬁ—>

(MDASH®I)—1)8;
MDASH((I)

where q =§__}1 MDASH(I) +1. (See figure).

T'qe1=0@: COS

The maximum number of ¢ is limited to 30 in this code, so the values of MDASH (I)
are restricted as follows,

I’;‘jMDASH () <29

If we use the number of r, obtained as above in iutegration with respect tc 7 in
the expression for F. F.C. P., the calculation takes a long time. Thus, the =, values in
the integration of F. F. C. P. P, from the i-th region are chosen in the following
way.

At first, the angle =/2 is divided by the number of ICSTEPS, and the wvalues of

7, are calculated by
T’.’_ '_—"0

r

Tsg=—a; Sin 0
r.g=a; sin 20

------------
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o T
where 0= 5 ISTEPS *

Next, the values of 7, used in the integration are chosen as the nearest values
from 7,,. Thus, the number of r, used in the integration is equal to ISTEPS and the
calculation time becomes short.

When the neutron path goes to the next cell, the ~*** value obtained is not usually
the same as the value determined for ~, in table. So, the value of 7, in the next cell
is chosen as the nearest r, value in the table from the r**%.

/ I 3
;o B, _/ ZXISTEPS

MDASH (I)

i-subregion
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Code GRAFA, An IBM-7044 FORTRAN IV Code for Calculatio ' I 10
of the Neutron Spectrum for Square and Hexagonal Latticexé JAERI o

Code description

Name of Code. GRAFA

Computer. IBM-7044 FORTRAN 1V, 32K, 3 tapes

Nature of physical problem solved. Computes the scalar thermal neutron spectum
as function of spatial regions in square and hexagonal lattice. The scattering
kernel model is arbitrary. '

Method of solution. The neutron transport is solved by using the first flight
collision probability method based on the integral transport equation. The scatter-
ing kernel is input from the library tape, the simultaneous equation is solved
by the iteration method with over-relaxation. '

Restriction.  Isotropic neutron scattering. Mesh size limitation; 30 energy groups,
10 spatial regio1s, 6 mixtures (assigned arbitrarily to the spatial regions) composed
of 11 isotopes.

Typical running time. The following calculation times occur for the case of 30
energy groups and 10 subregions (The calculation of the first flight collision
probability is performed in 6 groups, and the F. F. C. P. s. in the other energy
groups are obtained by interpolation) : about seven minutes for the closely packed
water lattice and 1.5 minutes for the loose lattice of D;O moderator.

Usual features. The hexagonal and square lattices, which are too complicated
to solve by the differential transport equation for example Pn method and Sn
method are dealt with. The formulation used in calculation of F.F.C. P. is
exact. Arbitrary space and energy mesh and arbitrary energy groups for calcu-
lating F. F. C. P..

Related and auxiliary Program. Similar to the FIRST 1 code and FIRST 2 code.
Reference (5) and (6).

Status. Fully tested.

References 1 H. TaxkaHAsH! and T. NAKAYAMA: The first flight collision proba-
bility in the Square and Hexagonal Lattice Systems JAERI-Report 1072 Nov.
1964. 2 H. TAKAHASHL Nuclear Science and Engineering 5 338 (1959)

Machine requirements IBM-7044 and 3 tapes.

Programming language used. FORTRAN IV

Monitor No. Version 8. modification 1

Other restriction and establishment. Need library tape for input.

Name of authors. HirosHI TAKAHASHI, TAKASHI NAKYAMA, TSUNEO TsUTsUI,
Japan Atomic Energy Research Institute

Material available. FORTRAN deck and library tape.
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QMASS(5)
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FACTOR(10)
255 RNAME(5)

s(1,30) _
in SUBROUTINE
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