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An advanced treatment has been developed for analyzing
a multi-region plate lattice heterogeneous system using the
coarse group constants set provided for a homogeneous system.
The essential points of this treatment are modification of
effective admixture cross sections and improvement of effective
elastic removal cross sections. By this treatment the hetero-
geneity effects for flux distributions and effective cross
sections in the unit cell can be reproduced accurately in
comparison with the ultra fine group treatment which consumes
huge amounts of computing time. Based on the present treatment
and using the JAERI-Fast set, a one-dimensional diffusion code,
EXPANDA-75, was developed for extensive use for analyses of

fast critical experiments. The user's guide is also presented
in this report.

*IBM Japan
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1. Introduction

Correction of heterogeneity effect is essential in analyz-
ing the experimental déta obtained from critical assemblies,
since many of fast critical assemblies, for example, FCA, ZEBRA
and ZPPR, are constructed with the plate lattice fuel. A
precise analysis of a multi-region plate lattice heterogeneous
system requires a fine spectrum calculation and a lot of codes
with 2,000 ~ 200,000 group structure have been developed. Such
a fine spectrum calculation needs, however, a considerable com-
puting time and is therefore very expensive.

On the other hand, we have developed a simple but enough
accurate calculation system which can be used both for analysis
of experiments and for design works of fast reactors. The

JAERI-Fast setl’z)

was prepared as the principal library and
many computer codes using this set have been so far developed.
Though the JAERI-Fast set was originally developed for analysis
of homogeneous system, it was found to be applicable to a two-
region hexagonal lattice heterogeneous system and a one-
dimensional diffusion code, EXPANDA—SS), was developed.

Bearing the above situation in mind, we have tried to apply
the JAERI-Fast set of 70 group structure to calculation of the
4)

plate lattice heterogeneous systems and have developed a one-

dimensional diffusion code EXPANDA-75. This report describes
the method developed for this code.

EXPANDA-75 was developed from EXPANDA-70D°)

, a one-
dimensional diffusion code for homogeneous system. The same

method is adopted for the diffusion calculations, and the detail
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is not described here. The flux heterogeneity is obtained by
solving the multi-group integral transport equation with the
process described in section 2.

Estimation of resonance self-shielding effect is one of
the most difficult problems in treating a multi-region plate
lattice heterogeneous system. A reasonable extension of the
equivalence relation was adopted in this code. This problem
is discussed in section 3.

The correct elastic removal cross sections are calculated
near the 2.85 keV resonance of sodium. A simple analytical
expression of the collision density was developed and was
already publishedé). Therefore only the brief explanation is
given in section 4.

Another one-dimensional diffusion code for heterogeneous
systems, named SLAROMZ), was recently developed indeperndently.
This code also uses the JAERI-Fast set as the library.
Comparing these two codes, EXPANDA-75 has the advantage as

follows;

1) The correct elastic removal cross sections are used
near the 2.85 keV sodium resonance.

2) The material buckling of the cellis automatically
calculated, while they must be given as an input
in SLAROM.

3) The treatment of the resonance self-shielding effect
is different. EXPANDA-75 takes account of the effects
from all the plates in the cell, while SLAROM adopted

the Menegetti's equation based on the black resonance

assumption.
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On the other hand, SLAROM has the following advantages;

1) The pin lattice system can be treated.

2) The anisotropic diffusion coefficient can be optionally
used.

3) The cell averaged cross sections can be stored in PDS
file and can be referred later. This makes, on the
other hand, SLAROM a machine-dependent code.

These two codes should be selected according to the pro-
blems, considering the characteristics of each code above
described.

The structure of EXPANDA-75, Input format, Output format
and Job Control Language are also included in this report for

user's guide.
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2. Calculation of Flux Heterogeneity

The flux distribution in a unit cell is calculated, by
solving the multi-group integral transport equation. The
neutron balance of a unit cell for the energy group g can be ex-

pressed approximately as

£8.
(8, + DgBﬁ—g—l-) $$ v, = sum p.§ QJ@ , (1)

ji
1 J

where the suffices i and j specify a plate composing the unit
cell, V is the volume of a plate, Q the neutron source in a
plate, Pji the probability that a neutron produced in the plate
j has its first collision in the plate 1i. D% and Z% are cell

averaged values of diffusion coefficient and total macroscopic

2
m

The left-hand side of Eq.(l) denotes the total collision

cross section and B_ is the material buckling of the cell.
in the plate i. The second term is the correction for the net
neutron leakage from the cell because of the finite system.
With this correction Sum Pji can be normalized to unity. This
term can be consideredlas the pseudo-absorption in the plate 1i.

The right-hand side of Eq.(l) represents the total number
of neutrons which have the collision in the plate i. The source
Q is composed of the slowing down source Qs and the fission
source Qf;

Q%; = Sum zg:;"g ¢J$' v, (2)

g'<g
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g - .8 g' 48" v,
Ay = X SET Vgr Zg5 %7 Vys (3)

1
where £ *8 is the transfer cross section from the group g' to
s

g, Xg

the fission spectrum for the group g and vg, the mean
number of emitted neutrons due to fission by a neutron of the
energy group g'.

For simplicity, we define the cell integrated flux, its

partition for the plate i and the correction factor of pseudo-

absorption as,

08 = S?m 6% A 4
g - 48 g

Ty = ¢35 Vi/0 (5)
g - g 32,58

v® = (1+D® B_/1%). (6)

It should be noted that Zs becomes the volume ratio in case of

no flux heterogeneity. Inserting Egs. (2)~(6), we have

g v8 8 58

= Sum P

]

t \ 1} 1] 1] 1
. (Sum &€ ;g 08 +y8 Sum v z§j ;f o8 )
g

it g TSI j

(7)

The effective cross sections must be known first for each
plate. The self-shielding factors of heterogeneous system are
calculated with the method4’8) described in section 3. It
should be noted that the flux heterogeneity affects the self-
shielding factor and therefore the effective cross sections

are recalculated after the flux heterogeneity is obtained.
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The first flight collision probability Pji is expressed as

}vidT.f;jdr' P(T'»T)
Pyi = T, dF (8)
J

where P(r'+r) is the probability that a neutron generated at r'
has its first collision at r and expressed as

R L, (1)
P(ET) = e (o, 19 ®)

where v is the optical length between ¥ and T'.
Integrating along the plate by assuming the infinitely large

geometry, Eq.(9) becomes

P(x'+x)

X
Zt(x)-% El(d 2o (x™) ax" (10)
Xt

-zt
;e—n dt ,
Y1 t

where x is the projection of T to the axis normal to the plate

()

surface. The numerical integration is carried out by the same
method as used in the FASTOS codeg). Neutrons comming from

the neighboring cells are correctly added to the neutrons which
come from the corresponding plate in the unit cell, as far as
the optical length reaches 6. The symmetic cell pattern can

be treated as well as the periodic cell pattern.

The material buckling is calculated as well as the fundamental

*
mode spectrum so as to attain the neutron balance in the cell.

The heterogeneous region must contain at least one
fissionable nuclide, in order to calculate the funda-
mental mode spectrum.
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The cell averaged cross sections are first calculated as

g _ g <&
Zx ng Ei Zxi
1
(11)
D8 = sum c& 1
i 8
tr,1

then the neutron balance of the cell is expressed as

2 n8,v8_ 5828y 48
(B, DZ+IZ-IZ7°)¢

=‘%‘Xg(8um ve' Z%' ¢g') + Sum ZEL’g ¢g" (2
g' g'«g :
where k is the reactivity eigenvalue of the cell. Bi and
¢g(g=1, ---,70) are determined by iterative procedure so that
k becomes unity with the convergence criterion A
k-1 | < e, (13)

where € is the input value.

If the effective cross sections, the material buckling,

the‘fundamental mode spectrum, Pij énd the fission source term

are known, then Eq.(l) or Eq.(7) can be solved in order from

the highest energy group. It‘Should be noted, however, that

the flux heterogeneity (gi) must be known in order to obtain

these values, as shown in Eqs.(3) and (12) and Eq.(14) in the

next section. Therefore the following iterative method is adopted.
1) The effective cross sections are calculated for the

homogenized cell, i.e., Pij=1 and ;i=Vi in Eq.(14).

The cell averaged cross sections are calculated by



2)

3)

4)

3)

6)

7)
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putting z;=V, in Eq.(11).

The material buckling and the fundamental mode spectrum
are calculated with the cell averaged cross sections
(for homogenized cell).

The fission sources are calculated with the fundamental
mode spectrum, neglecting the flux heterogeneity
(z;=V;).

The first flight collision probability Pij is calcu-
lated.

Then Eq. (1) is solved in order from the highest energy
group and T is obtained.

The effective cross sections for each plate are recal-
culated by using Ci and Pij in Eq.(14). Then the cell
averaged cross sections are calculated with Eq.(11).

If necessary, the material buckling, the fundamental
mode spectrum and the fission sources are recalculated
with the new cell averaged cross sections and Ci’ and
then the process from 4) to 6) is repeated. It was
found from the preliminary study, however, that this

iteration was not necessary under most of conditions.

After the cell averaged macroscopic cross sections are

obtained, the usual one-dimensional diffusion calculation is

carried out. This part of EXPANDA-75 is the same as that of

5)

EXPANDA-70D"-.
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3. Self-shielding Factor in Heterogeneous System

The resonance self-shielding effect is complicated in the
plate lattice heterogeneous cell, as the configuration of
plates is generally irregular and there exists the same re-
sonance absorber in other plates within a unit cell. The
influence of the nuclides contained in other plates must be
considered in calculating the self-shielding factor.
Considering such an interference effect between the plates we

4)

proposed Eq.(14) as the effective admixture cross section of

nuclide n in the plate i,

P..
Sum { Sum N? ot —11 ;j)

n _ mén Pis
0oi - : P ’ (14)
Sum Ng-—li—;.
j J pii J

where N? is the number density of nuclide m in the plate i,
Pij the first flight collision probability and [ the flux
heterogeneity defined as Eq.(5).
Eq.(14) was derived on the basis of the following observa-
tions:
1) This equation gives the correct value when the cell is
treated as homogeneous. (Pij=1 and ¢,=V.).
2) The effect of the flux distortion due to resonance
absorption must be weaker as the distance between the
plates is more remote. Hence the contribution from a
given plate was assumed to be proportional to the pro-

bability that one neutron generated in the plate

arrives at the plate of interest.
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3) The well-known equivalence relation assumes that the
asymptotic flux has the same intensity in all the
plates. This assumption is not valid, however, near
wide scattering resonances. If the flux of a plate is
higher than that of the other plates in such an energy
region, the flux depression of this plate must have
more prominent effects on the flux of the considered
plate.

It was proved8)~that Eq.(14) agrees with the results of

the well-known equivalence relation in cases of simple configu-
lation. It should be noted that the flux heterogeneity affects

the self-shielding factors with this approximation.
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4., Elastic Removal Cross Section

One of drawbacks of the JAERI-Fast set exists in the treat-
ment of elastic removal cross sections. The spectrum deviates
from the asymptotic 1/E form near wide scattering resonances.
This affects the elastic removal cross section of light
elements. This effect is ignored in the JAERI-Fast set and
1/E spectrum is used in calculating the elastic removal cross
sections. Hence the results with the JAERI-Fast set is rather
poor near wide scattering resonances. This is especially
severe near the 2.85 keV resonance of sodium.

We have developed a simple analytical expression of colli-
sion density near wide scattering resonances. A subroutine
named COLLIS is provided for correcting the elastic removal
cross sections. The detailed description concerning COLLIS
were already publishedé), and only the brief description is
given here.

The collision density of a mixture is expressed as

E/ozi
1 | i (EY
F(E) = ng (1700) ET F(E')dE', (15)
1 1
E

where hi is the scattering ratio of nuclide i. The values of
hi are constant at off-resonance energy, and F takes its
asymptotic 1/£E form. Near a wide scattering resonance,
_however, hi has a peak for the resonance scatterer and has a

valley for the other nuclides. Thus the collision density

deviates from its asymptotic form.
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Taking account of the behavior above described, we treat the
mixture as a pseudo-nuclide which gives the correct collision
density with appropriate o and h as,

.E/o

1
1-a

E

F(E) = h(E) F(E')ae’ (16)

The value of o is approximately obtained from the following

relation,

E/OLi
Sum 11 b Y pgrydET=0 (17)
i Ta E' .
E/a

Then h(E) is expressed with this a as

l1-a.
h(E) = Sum——* h, (E) (18)
1

1-o

The approximate o value can be obtained analytically, by taking
it into account that o resembles each other. It should be
noted that o is weakly dependent on energy. The value of h(E) is
near unity, as Sum hi(E) is normalized to unity and o is not
very different fiom any o, . Assuming the single-level Breit-
Wigner formula for resonance scatterer and a constant cCross
sections for the other nuclides, h(E) is analytically expressed
as

+ -

h(E) = A + B ('-A—+ +
E-vy E-vy

) (19)

where A and B are real constants, and A* and yi complex con-

stants which are determined by the resonance parameters and
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the macroscopic cross sections of each nuclide. The first-order
solution of Eq.(16) may be 1/£E, as h(E) stays always near unity.
£ is defined here as

6]
-5 108 o (20)

£=1+

and thus ¢ depends on energy through o. This first-order solu-
tion is inserted in Eq.(16) and neglecting the energy dependence

of ¢ through integration we have

F(E) =55, (21)
where E/a
ho= | RLED gpe (22)
(E")
E
Then the flux is expressed as
6(E) = giy (23)

This method gives very good results for a mixture composed
of sodium and lighter nuclides. As for a mixture containing
iron, however, the error is considerably large. It was also
found that the asymptotic 1/£E was fairly good for a mixture
containing iron and that the collision density became flat for
a mixture in which the effective & of the constant scatterers
equals to £ of the resonance scatterer. Therefore the present
expression, Eq.(21), or the conventional 1/(E expression is

automatically selected in COLLIS according to the effective £
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of the constant scatterers.

The drawback of the present method for a mixture contain-
ing iron will be further investigated. However, the improve-
ment of elastic removal cross section is excellent with the

present correction. Hence, it can be concluded from the

practical point of view, that the shortcoming of the JAERI-

Fast set is well fixed up.
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5. General Description of Flow

EXPANDA-75 is constructed by adding a function of hetero-
geneity calculation to the EXPANDA-70D code. The perturbation
routine is omitted in order to save the core memories. The
block-diagram of EXPANDA-75 is illustrated in Fig. 1. The
structures of important subroutines are shown in Fig. 2. The
flux heterogeneity is calculated in the subroutine ZEETA, and
the effective microscopic cross sections are calculated in
MICRO. The heterogeneity calculation is iterated for NZETA
times determined by input. After the 4 is obtained, the
effective cross sections are recalculated, and a diffusion cal-
culation is carried out. The functions of each subroutine are

as follows:

°READTP

The library tape of J-FAST-70-ul?)

system is converted to
the temporary library system common for EXPANDA-70D and
EXPANDA-75. The temporary library is stored in the disk of

logical unit number 4.

°INPUT
The input data are read in this subroutine, and blank

check is carried out for some input data. (See section 6).

°MICRO
The library data are read from the disk of logical unit

number 4. First the effective admixture cross section % is
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calculated for each nuclide, taking account of flux heterogeneity
as described in Section 3. In EXPANDA-75, it should be noted
that the same nuclides in the different plates are treated as
the different nuclides. Then the subroutine SHIELD, which

calls ALPHA and BETA, is called for calculating the resonance
self-shielding factors. The effective admixture cross sections
are recalculated with taking account of self-shielding factors,
and the iteration for obtaining the self-shielding factors 1s
carried out until the convergence is attained. After the self-
shielding factors are obtained, the subroutine COLLIS is called
and the elastic removal cross sections are corrected by taking
acount of the flux depression near the 2.85 keV sodium resonance
with the method described in section 4. Finally the effective
microscopic cross sections are stored in the disk of logical

unit number 2.

°ZEETA

This subroutine calculates the flux heterogeneity in the
unit cell by solving the integral transport equation. The
detailed discussion is given in section 2. The microscopic
cross sections are read from the disk of logical unit number 2.
The Pij is calculated in the subroutine GEOM. The disks of
logical unit numbers 31 to 30+K are required for storing the
temporary values and for transfering Pij to subroutine MICRO,

where K is the number of the heterogeneous regions.

°SLABK

This subroutine has two functions. When called at the
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first time in the main program, SLABK makes the table of E3-
function calculated in the function EI at appropriate mesh points.
When called from the subroutine GEOM, the value of E3-function

is obtained at the actual optical length by interpolation.

°ONEDIM

This subroutine is just the same as in EXPANDA-70. The
cell averaged macroscopic cross sections are calculated from
the effective microscopic cross sections read from the disk of
logical unit number 2. The fluxes and the adjoint fluxes are
calculated at each spatial mesh point in the subroutine EXPAND.
The criticality adjustment is carried out in the subroutine
REGION. SIMPS is the subroutine for Simpson integration.
The disk of logical unit number 18 is used as a scratch to save

the core memories.

°EDIT

The capture and absorption rates are calculated for each
nuclide, using the effective microscopic cross sections read
from the disk of logical unit number 2. Then the macroscopic
cross sections of each region are collapsed to any group struc-
ture (less than 70 groups). The collapsed cross sections are

stored in a tape or disk of logical unit number 1.
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< START )
: -
READTP — “

No: Homogeneous Calc. Yes : Heterogeneous Calc.

Read o _——— m
4
" N’
,°§, MICRO S
2 Write 2
o "
pa
-
Read 2
)
ZEETA —~
Write 3Nl=----
Read Q g - Write
MICRO 4 .- n
S’ 7 ’
Read a4
ONEDIM ° (23 Scratch
)
Read O Write
EDIT 2
N’

1

Fig. 1 Block diagram and auxiliary memories of EXPANDA-75
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MICRO

ZEETA

ONEDIM

5. General Description of Flow

MICRO

SHIELD

COLLIS

ALPHA

BETA

FX

ZEETA

GEOM

SLABK

ONEDIM

EXPAND

I

REGION

SIMPS

Fig. 2 Structure of important subroutines

19
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6. Input Format

The input data format is kept to be the same as that of
EXPANDA-70D as far as possible in order to avoid unnecessary
confusion, and several cards are added for heterogeneity cal-
culation. Some input data of EXPANDA-70D are not necessary
for EXPANDA-75, which does not have a perturbation routine
and uses only the group constants of 70 group structure.
These unused values are set appropriately in the code and
therefore any values are allowed for the columns which are
specified as Dummy. The structure of input cards is shown
in Fig. 3. The cards # 101, # A and # END are required only
one time for each job and the cards # 0 to # H3 should be
repeated when many cases are run in one job.

The cards # 0 to # 8 are of the same format as in EXPANDA-
70D. The blank check system is adopted for these cards in
order to minimize the number of input cards. When many cases
are run in one job, the values once given are kept through
the succeeding cases, and therefore only the data changed are
required in the succeeding cases. The selection of the
necessary input cards is controlled in # 0 card. The cards
# HO to # H3 are added for heterogeneity calculation. These
cards must be repeated each case, for the blank check is not

performed for them.
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Title of job

Control of job

Control of case

General specification
Number of elements
Number of spatial meshes
Specification for collapsed

cross section

Spatial mesh size

Temperature

Transverse buckling

Elements

Number of Cases

Control for heterogeneity
Calculation

cell pattern

number of elements

Number of Regions

size of plates

END

Fig. 3 Structure of input cards of EXPANDA-75
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101 (20A4) HEAD
Title of this job
A (1016)
NS, IFX, NP, IMX, ISKIPD, ISIGP, MPMIN, MPMAX, I7, ITPE
NS Col. 1-6 Dummy (set as 0)
IFX Col. 7-12 Dummy (set as 1)
NP Col. 13-18
#0 : fluxes and adjoint fluxes are punched out.
=0 : no punch out.
IMX Col. 19-24 Dummy (set as 70)
IMX is the number of energy group*.
ISKIPD Col. 25-30 Dummy (set as 0)
ISIGP Col. 31-36
#0 : the collapsed cross sections are written on the tape
of logical unit number 1.
=0 : no write-out on tape.
MPMIN Col. 37-42
The first group number from which the effective microscopic
cross sections of each nuclide are printed out with a table
of the self-shielding factors. If MPMIN<0, MPMIN is set as
70.
MPMAX Col. 43-48
The last group until which the effective microscopic cross
sections are printed out. If MPMAX<0, MPMAX is set as 1.
If MPMAX<MPMIN, print-out is skipped.**
I7 Col. 49-54
#0 : macroscopic cross sections are punched out.
=0 : no punch out.
ITPE Col. 55-60 Dummy (set as 0)

ITPE is the option for library tape. EXPANDA-75 uses only
the library produced by J-FAST-70-U system.

The following cards must be repeated for each case.

* If you need another group structure, the subroutine
COLLIS must be also modified.
*%* See also NCHK(7) ~ NCHK(9) in # HO card!
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# 0 (11, 16, 911, 213, 14A4, 12)
LAST, NPROB, (ICARD(I), I=1,9), ICARD8, ICARDY9, (TITLE(I),
I=1, 14), ICARD4

°LAST Col. 1 Identification of #.0 card
=0
°NPROB Col. 2-7 Problem Number
>0 : the input value of Ar is used.
<0 : the Ar obtained in the criticality adjustment of the

previous case is used.

° (ICARD(I), I=1, 9) Columns 8 to 16 (9I1)
The item numbers for input cards # 1 to # 8 which should be
given for this case. The item number of the cards # 1, # 2,
--- # 8 are 1, 2, --- 8 respectively. They must be punched
from column 8 successively without blank. In the first case,
all the items except # 4 and # 7 are required. In the
succeeding cases, on the other hand, only the cards contain-
ing the data changed are required. The values in the
previous case are kept without change for the undefined data.
# 9 card is not used in this code.

° ICARDS Col. 17-19
Number of cards belonging to the item 8.

° ICARD9 Col. 20-22 Dummy

° (TITLE(I), I=1, 14) Col. 23-78 (14A4)
Title of this case

° ICARD4 Col. 79-80
Number of cards beloging to the item 4.

Only the cards whose item is requested as ICARD(I) in # 0
card must be put after # 0 card. The identification number of
the item (NO) and the changed data must be put, and the other
unchanged data may be left blank. Therefore you connot use
blank as 0 in these cards. For the first case, naturally, all
the values must be provided. If more than one cards are
necessary for the same item, the identification (NO) must be
punched for all the cards.

#1 (1313, 5E6.0)
NO, KMAX, ISYM, IMAX, ICRIT, ISW, IDS, KREG, IP, NADJ,
IBR, IBSQM, LAPSE, EPS1, EPS2, -DRMIN, DRMAX, RAM2

° NO Col. 1-3 Identification of # 1 card

° KMAX Col. 4-6 Number of regions
<10
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ISYM Col. 7-9 ) '
The boundary condition at the origin of spatial coordinate.

.4 -
=tl o gr o) oo =0
=-1: ¢(0)=0

For slab geometry, the numerical integration is extended to
the image part if ISYM=+1,

IMAX Col. 10-12 Dummy (set as 70)
IMAX is the number of energy group.
ICRIT Col. 13-15 Option for criticality adjustment
=+1 : Ar of a region is adjusted to attain the criticality
specified by RAM2 in this card.
= 0 : No criticality adjustment.
ISW Col. 16-18 Option for print-out
=+2 : I, ¢, ¢, (reaction rates, collapsed cross sections,
$*)
=+]1 s ¢, (reaction rates, collapsed cross sections, ¢%)
=0 ¢, (reaction rates, collapsed cross sections, ¢%)
=-1 (reaction rates, collapsed cross sections, ¢%)

¢, ¢* and ¢ are the flux, the adjoint flux, and the neutron
spectrum at each mesh point. For the values in the
parenthesis, the selection is given as an input.

IDS Col. 19-21 Dummy (set as 29)
IDS is maximum number of energy groups into which down
scattering is allowed.

KREG Col. 22-24
Region number of the region where Ar is adjusted to
attain the criticality.

IP Col. 25-27 Geometry condition of the reactor
=0 : slab,
=1 : cylinder,
=2 : sphere.
NADJ Col. 28-30 Option for adjoint flux
=+]1 : adjoint fluxes are calculated.
=-1 : not calculated.
IBR Col. 31-33 Option for reaction rate
=+1 ! reaction rates are calculated.
=-1 : not calculated.

IBSQM Col. 34-36 Dummy (set as 0)
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Col. 37-39 Option for collapsed cross section
the cross sections are collapsed to N group structure
(1&N<70).
not collapsed.

The maximum group number into which the down-scattering is
allowed is limitted to be less than 29. The collapsed
cross sections are written on the tape of logical unit
number 1, unless ISIGP=0.

° EPS1

Col. 40-45 (E6.0)

The convergence criterion used in calculating the eigen-
value A and the material buckling B% (normally 1.E-5 ~
5.E-5).

° EPS2

Col. 46-51 (E6.0)

Pointwise source convergence criterion (normally 1. E-4).

° DRMIN

Col. 52-57 (E6.0)

The minimum value for ArKREG to be varied in criticality
adjustment.

° DRMAX

Col. 58-63 (E6.0)

The maximum value for ArKREG to be varied.

° RAM2

Col. 64-69 (E6.0)

The value of keff to which criticality adjustment is carried

out.

$ 2

° NO
=2

(I3, 1016) NO, (MM(X), -K=1, KMAX)

Col. 1-3 Identification of # 2 card

° (MM(K), K=1, KMAX)
Number of elements in each region (MM(K)<100). The same
elements contained in different plates are treated as
the different elements for heterogeneous system.

# 3

° NO
=3

(I3, 1016) NO, (INTER(K), K=1, KMAX)

Col. 1-3 Identification of # 3 card

° (INTER(K), K=1, KMAX)
Mesh number of the outer boundary of region K. The meshes
are numberd as 0, 1, ---, INTER(KMAX) from the spatial
origin. INTER(K) must be even number for every K.
INTER (KMAX)<100.
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(13, 1216, 4X, I1)
NO, (IX(J), J=(KN-1) x 12+1, Min(KN x 12, LAPSE)), KN
Col. 1-3 Identification of # 4 cards
=4
(J)

The last number of energy group of 70 group structure
corresponding to the coarse group J.

1<IX(1)<IX(2)<----- <IX(LAPSE)<70.
The coarse group J corresponds with the groups IX(j-1)+1
to IX(J) in the original 70 group structure.

Col. 80
The sequential number of # 4 cards. If KN is left blank,
# 4 cards must be put in order. '
(I3, 10E6.0) NO, (DR(XK), K=1, KMAX)

Col. 1-3 Identification of # 5 cards
=5

R(K), K=1, KMAX)
Spatial mesh size for region K in cm unit.
(I3, 10E6.0) NO, (T(K), K=1, KMAX)

Col., 1-3 Identification of # 6 card
=6

(K), K=1, KMAX)
Temperature for region K in Kelvin unit. T(k)>300°K.

* (I3, 5E12.5, 15X, 2I1)
NO, (BSQ(K), K=1+L, Min(5+L, KMAX)), M, NC
Col. 1-3 Identification of # 7 cards
=7
Q(K) )
Transverse buckling By for region K.
Col. 79 (I1) The last card identification
=1 : this card is the last # 7 card
=0 : this card is not the last # 7 card

* # 4 cards are not necessary if LAPSE=0.

**x # 7 cards are not necessary for spherical geometry.
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° NC Col. 80 (I1) Sequential number of # 7 cards
If 1<KMAX<5, there is only one # 7 card with L=0, M=1, NC=1.
If 5<KMAX<10, there are two #7 cards;

with L=0, M=0, NC=1 for the first card,
with L=5, M=1, NC=2 for the second card.

# 8 (13, 5(13, E12.5), I1, Al)
NO, (MCODE(M,K), AN(M,K), M=1+L, Min(5+L,MM(K)), K, NC
° NO Col., 1-3 Identification of # 8 cards
=8

° (MCODE (M,K), AN(M,K), M=1+L, Min(5+L,MM(K)))
MCODE(M,K) : Nuclide code number for the M-th nuclide in
region K. Nuclide code number is given in
Table 1.
AN (M, K) ¢ Number density of nuclide M in region K in

1024 5 unit.

atoms/cm
The same nuclides in different plates are treated as
different nuclides. Therefore the same nuclide code
number may appear several times in a region. It is not
allowed, however, to define the same nuclide twice in the
same plate. MCODE and AN are put successively from the
first nuclide in the first plate (M=1) to the last nuclide
in the last plate (M=MM(K)). The assignment of nuclides
to each plate is specified in # H2 card. The # 8 cards
are repeated for each region.

Table 1. Nuclide Code Number

Nuclide | Code Number || Nuclide | Code Number
Pu-239 949 Na 11
Pu-240 940 Al 13
Pu-241 941 Cr 24

U-234 924 Mn 25
U-235 925 Fe 26
U-238 928 Ni 28
B-10 105 Cu 29
B-11 115 Mo 42

C 6 FP (Pu-239) 999
0] 8 FP(U-235) 995

° K Col. 79 (I1) Region number

K=0 for the 10th region.
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° NC Col. 80 (Al) Sequential number for each region
The relation between NC and L is given as:
NC L NC L NC L NC L
1 0 6 25 B 50 G 75
2 5 7 30 C 55 H 80
3 10 8 35 D 60 1 85
4 15 9 40 E 65 J 90
5 20 A 45 F 70 K 95

The following cards (# HO~# H3) are for heterogeneity
calculation. The blank check system is not applied for them.
Therefore they must be put for each case.

# HO (1216) NZETA,(NCHK(I), I=1, 10)

° NZETA Col. 1-6
Number of iteration for ZEETA. If NZETA=0, all the regions
are calculated as homogeneous.

° (NCHK(I), I=1, 10) Option for check print
=1 : The following quantities are printed out
=0 : deleted

NCHK(1) : Collision densities and fluxes near 2.85 keV
sodium resonance, calculated in COLLIS.

Necessary pages = 7 x KMAX x (NZETA + 1)

NCHK(2) : Coefficient matrix of Eq.(7) for obtaining L;
in ZEETA.
KMAX
Necessary lines = NZETA x Sum [70x(NRX(K)+2) + 5]
K=1

NCHK(3) : x&, ¢f, D8, 1§, 5

g g ¢ :
DI Z?m Zsi and Pi. in ZEETA.
KMAX
Necessary lines = NZETA x Sum [70x(NRX(K)+3) + 2]

NCHK(4) : Macroscopic cross sections for each plate, when
MICRO is called at the first time. They are
printed out from MPMIN group to MPMAX group
(defined in # A card)

Necessary pages = KMAX x (MPMAX-MPMIN+1)

NCHK(S) : Macroscopic cross sections, when MICRO is called
at the second time.

NCHK(6) : Macroscopic cross sections, when MICRO is called
at the third time.
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NCHK(7) : Effective microscopic cross sections for each
nuclide from MPMIN group to MPMAX group, when
MICRO is called at the first time.

KMAX
Necessary lines = 11 + Sum [11+NRX(K) + 2 x MM(K)]
K=1
NCHK(8) : Effective microscopic cross sections, when MICRO

is called at the second time.

NCHK(9) : Effective microscopic cross sections, when MICRO
is called at the third time.

Note : When MICRO is called at the last time, print out
of the effective microscopic cross sections are
controlled only by MPMIN and MPMAX in spite of
the values of NCHK(7) to NCHK(9).

Sets of the following cards (# Hl~# H3) must be repeated
for each region.

# Hl (216) IPERIO(K), NRX(K)
°® IPERIO(K) Col. 1-6 Cell pattern

=0 : symmetric cell

=] : periodic cell
° NRX(K) Col. 7-12

Number of plates composing the unit cell in region K.
If NRX(K)=1, # H2 and # H3 cards are omitted.
»

¥ H2 (1016) (MMM(J,K), J=1, NRX(K))
° MMM(J,K)

Number of nuclides contained in the plate J of the unit cell
in region K. Sum MMM(J,K)=MM(K).
J

# H3 (6E12.5) (RX(J,K), J=1, JMAX)

° RX(J,K)
Thickness of the plate J of the unit cell in region K in
cm unit.

If more than one cases are run in one job, sets of the cards
0 to # H3 are repeated. After all the cases are processed,
END card is put.

= =

# END  (I1) LAST

° LAST Col. 1 Identification of # END card
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7. Output

The output formats are nearly the same as those of EXPANDA-
70D. In this section, o denotes the microscopic cross section
in an infinitely dilute system, o the effective cross section,
T the effective admixture cross sectiqn and f the self-
shielding factor. Many suffices used in this section are

tabulated below:

m : nuclide
i, j ¢ energy group in 70 group structure
n, 1 : energy group in the collapsed group structure
k : region number ‘
P plate number in the unit cell
f : fission
c capture
e elastic scattering
in : 1nelastic scattering
t : total '
er : elastic removal
T :  total removal
absorption
tr : transport.

7.1 Print-out '
# 0 Description of Input Data
# 1 Heterogeneity calculation

The followings are printed out for each heterogeneous
region. They are repeated for NZETA times.

° OUTPUT FROM ZEETA FOR REGION K
° BSQM : Material buckling obtained from Eq.(12).
° PHI : Fundamental mode spectrum obtained from Eq.(12).

® Q(J) : Fission source for each plate,
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° ZETA IN REGION K

i, @icc;, p=1, NRX(K))
(t,/Vys P=1, NRX(K)),

where ;; and @i are obtained by solving Eq.(7), Vp the volume
of plate.

° AVERAGE : Sum o* z}/Sume?’
i Py

Necessary Pages = 3 x Number of heterogeneous region x NZETA

# 2 Effective microscopic cross sections

m

. . -m - - m - m .
The effective cross sections (of, O Og and Oer) are printed

out with a table of the self-shielding factors from MPMIN group
to MPMAX group.

Necessary Pages = (Sum MM(K))/ZS x (MPMAX-MPMIN)
k

ef## 3 Macroscopic cross sections

The effective macroscopic cross sections are printed out for
each region, if ISW21 in # 1 card.

° D : Diffusion Coefficient
1

= o .m _m
D= Sum N on

m

op 7 1647 (5,750)1 (10 # (3,6,

- _ i-»i
Op =03 % Ogr ¥ %in ~ %in
© TRANSPORT
- m - m
Ztr S;m N Oty
9¢r = ¢ T HeY%
° ABSORPTION
_ m ,-m -m
Za Sum N (of + oc)

m
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® SCATTERING

= m ,-m m
Zs S;m N (oe + oin)

° TOTAL REMOVAL

B2 D + Sum N &

m

m
t b

where BE is the transverse buckling in the region.

]
YIESDZf = S;m(vm Bfm) Nm
° FISSION n -
Zf = S;m N Of
® SCATTERING TRANSFER

m

251*1*3 = Sum N" 5 ™ 121%) 520, ---29,
m

ioi+i . . . .
where Gs 1%J is the elastic and inelastic transfer cross

section from the group i to i+j. j=0 means the transfer
to the same energy group.

Necessary pages = 70

# 4 Flux (printed out, when ISW>0 in # 1 card)
° FLUX CALCULATION

° LAMDA : the eigen value for each inner iteration.
A = keff =“JS?m (vzf)l(r)¢1(r) dv

° CONTROLLED DELTA R:
spatial mesh size of the adjusted region after the
criticality is attained.

° SOURCE : source at each spatial mesh

S(r) =5 Sum(vig) (et (r)
1

® INTEGRATED SOURCE

SR = S(r) dv
Region
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° REGION VOLUME

v - J' ay
Region

33

The following three quantities are given for every energy

group.

° FLUX : ¢1(r) at each spatial mesh, the solution of

. : . : . i1 .. :
Dhr)viet(r) + 2Le () = x* s(r) + sum 217 (r) o7 (n).
j=1
° INTEGRATED FLUX : 0%, o}
ot =J ot (r) dv
Reactor
or =J _ o (r) dv
Region
° REGION CHECKS : RcH2l(x), pcH1l ()
S . i-1 . . . .
RCH21 =J o s(r) + sum 232t oI () -zl av
Region 7 j=1
rcH1l = -j piryviel(r) av

Region

The accuracy of difference approximation in solving the
diffusion equation can be checked by comparing RCH1 and
RCH2. 1If they do not agree with each other, the mesh size

of that region must be decreased.

The followings are printed out, if ISW=+2 in # 1 card.

° POINT WISE EDITING
° FLUX SUMMED OVER GROUPS

®(r) = ng@i(r)
i

° NORMALIZED FLUXES
o (r) = ot (x)/e(r)
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° NORMALIZED SPECTRUM

ot (r) /a0,

where AUi is the lethargy width of the group 1i.
°® REGION INTEGRATED FLUX SUMMED OVER GROUPS

J@(r) dv
Necessary pages ~36 for ISW=+1

~72 for ISW=+2

# 5 Adjoint flux (printed our when NADJ=+1 in # 1 card)
° ADJOINT FLUX CALCULATION |
° LAMDA : the eigenvalue X*

AR =J Sum y1o*1 (r) av
Reactor i

.
° SOURCE : S*(r) == Sum x'¢ '
1

(r)
° INTEGRATED SOQURCE : SR i[ S*(r) dv
Reactor

° ADJOINT FLUX : ¢*(r) at each spatial mesh, the solution of

. . i . . 70 .. .
-DE )V () ¢ IEe T(r) = (v I () + sum 21T (r) 67 (n)
j=i+l
® INTEGRATED ADJOINT FLUXES : &%, @*k
. .
ot =j 6"t (r) @V
Reactor
. *j
ot = 6"t (r) dv
k Region

Necessary pages ~36

# 6 Reaction rates (printed out when IBR=+1 in # 1 card)

REACTION-RATE GROUP I
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° REGION K

° CAPTURE FOR EACH NUCLIDE
The capture rates are tabulated for each plate and for the
region with the nuclide code numbers.

m,i ;i i _ .m,i i i

I 0 T, = I S $7(r) AV x
Region

mi _i

Zc ®k

° ABSORPTION FOR EACH NUCLIDE

i mi ;i
¢k Cp and Za ¢k
° TOTAL ABSORPTION, TOTAL FISSION, TOTAL CAPTURE
Sum Zmi @i, Sum Zmi ¢i, Sum Zml 1
n a k n f k m k

They are repeated for all the energies and flnally the
values summed over energy groups are given.

® MASS FOR EACH NUCLIDE

masses of each nuclide are given in gram unit for each
plate of all the regions.

Necessary lines = 71 x Sum(12 + 2 x NRX(KX))
k

# 7 Collapsed macroscopic cross sections (printed out when
LAPSE=0 in # 1 card) ,

The macroscopic cross sections are collapsed to LAPSE
group structure (LAPSE<70), using the calculated fluxes as
weights. The group structure is defined in # 4 cards. The

flux of the n-th collapsed group is defined as

o' = Sum _J ¢ (r) dV = Sum ¢k ,
ien Region ien

where Sum means summation over i corresponding to the n-th
ien
collapsed group. The collapsed cross sections (and diffusion
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coefficient) are defined except for the scattering transfer

cross section a
n

Zx k= Sum

’ ien

S

Zl

’

JRegion

i n
ot (r) av/ey

The scattering transfer cross section is difined as

Zn+£ = sum

s,k ién

o1 (r) (Sum zi”f{) av/ey.
Region jed ’

The maximum number of energy groups into which down scattering

is allowed is limitted to be less than 30.

° DIFFUSION :

° SIGMA-TR

° SIGMA-A

° SIGMA-S

° SIGMA-T

° NU-SIGMA-F:

° SIGMAS TO N+0

S

Necessary Pages

7.2 Card Outpu

D

™
o]

g ™
Iadi=TT - R = Al =

N+MINO(LAPSE-1, 29)

-3 x LAPSE

3

t

g n+l (L=0,1---min(LAPSE-1, 29))

° Macroscopic cross sections, if I7#0 in # A card.

FORMAT (6E

(Xls i=1,

r—DO i=1

. — CONTINUE

12.5)
70)

, 70

i i i
L Le ke La,xe VIf ke

—— DO k=1, KMAX

z

i
t,k’

i
(zg>*7, j=0, 29)
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° Fluxes and adjoint fluxes, if NP#0 in # A card
FORMAT (5E 15.8)

DO i=1, 70
DO k=1, KMAX

(64 (), N=NI(k), N2(k))
—CONTINUE,

where N1(k) and N2(k) are the boundary mesh of region k.

The format for the adjoint fluxes is the same.

7.3 Output on Tape

The collapsed cross sections are stored on tape of logical

unit number 1 in the binary form, if ISIGP=0 in # A card.

— DO k=1, KMAX
n n n n n n nyn+{ -
s Zep,xe Za,ke Te,ke Vie,i0 Iexe (Bgyo 5 £20,--0),
n=1, LAPSE)

-CONTINUE
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8. Job Control

8.1 Overlay structure
EXPANDA-75 needs core memories of 85K words with overlay
and of 173K words without overlay. The overlay structure is

shown in Fig 4. The names in the parenthesis are those of

the labled common.

8.2 Auxiliary memories

EXPANDA-75 uses a lot of scratch disks in order to save
the core memories. The logical unit numbers and their specifi-
cations are given in Table 2. The library tape is common for

EXPANDA-70D.

Table 2. Auxiliary Memories Used in EXPANDA-75

Logical Write-in | Read-out |Number of Comments
Number Subroutine | Subroutine tracks
1 EDIT 100 collapsed cross
sections
2 MICRO ONEDIM, ® effective micro-
ZEEIA» scopic cross sections
EDIT
4 READTP MICRO 500 temporary library
18 ONEDIM | ONEDIM 30 scratch
24 READTP library tape
*%
31 ZEETA ZEETA, 75 scratch
! MICRO
! " " " "
: 1" " " "
40 " " '75 "
KMAX
* Sum [ 70 x N(K) ]
K=1

where N(K) = 40 x MM(K)/Buffer length.

*% Each disk of logical unit number 31 to 40 corre-
sponds to each heterogeneous region. If 5 hetero-
genius regions are calculated, then only the disks
of unit number 31 to 35 are required.
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9. Example

The criticality of two region reactor is calculated as an
example. The core region is composed of four-plates lattice
heterogeneous system whose specification is given in Table 3,
and the reflector is homogeneous system composed of iron. The
calculation was carried out as follows: First the core was
homogenized and the core volume was adjusted so as to attain
keff=1' Then fixing the core volume thus obtained, the effective
multiplication factor (keff) was calculated by taking account of
the heterogeneity of the core. The heterogeneity calculation
was performed for two times, i.e., without fission source iter-
tion (NZETA=1) and with one time iteration (NZETA=2), so as to
know the effect of fission source iteration. Input data of
this job are given in Appendix 1. Samples of output format are
given in Appendix 2.

The effective multiplication factors (keff) are 1.00000 for
homogeneous approximation, 1.01152 for NZETA=1 and 1.01161 for
NZETA=2. This means that the heterogeneity effect on keff is
1.15 ~1.16% for this reactor. It is proved that the iteration
of fission source term little affects keff'

The 4§ values of each plate are shown in Fig. 5. The
difference due to fission source iteration is negligible.

They are compared with the results calculated with ESELEM—411)
a fine group spectrum code of 0.008 lethargy interval The
agreement is excellent, and the errors are 2% at most. This is
indebted to the correction of elastic removal cross sections

near the 2.85 keV resonance of sodim, since the agreement was
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rather poor without correction.4’12).

The effective microscopic cross sections are compared in
Fig. 6 with the exact ones obtained with SDR13’14), an ultra-fine
group spectrum code of 200,000 group structure. The agreement

238U below

is also good except for the capture cross section of
465 eV. This drawback is common for EXPANDA-70D and is caused
by the interpolation of self-shielding factor with the quadratic

function, since the self-shielding factor of 238

U depends strongly

on the admixture cross section in this energy range. More

precise interpolation using hyperbolic tangent function was

proposedls). However, this method requires considerable comput-

ing time, as the iteration is required. Taking it into account
that the energy range below 500 eV is not very important for
most of fast reactors, we decided not to change the present
interpolation method at this moment.

The collapsed macroscopic cross sections to 11 group struc-
ture are tabulated as well as the diffusion coefficients in
Table 4. It can be said from this table:

1) Fission cross sections and capture cross sections are
changed by 15% at most when heterogeneity is taken into
account. The collapsed fission cross sections are
illustrated in Fig. 7.

2) Diffusion coefficients and scattering cross sections are
less affected.

3) The results with NZETA=2 are little different from those
with NZETA=1.

It is concluded that the heterogeneity effect of multi-

region plate lattice system can be calculated accurately enough
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without fission source iteration, i.e., with NZETA=1.
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Table 3. Number Density of the System
Core Reflector
Plate 1 2 3 4 Homogeneous
Component UO2 Pu UO2 Na Fe
No. Density| 23%u: 0.016 | Pu: 0.016 |?38u: 0.016] 0.017 0.071
(x10%3/cm®) 0: 0.032 0: 0.032
Thickness 0.6279 0.3256 0.6279| 1.8555
(cm)
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Table 4. Collapsed Cross Sections

-2 -
Lower «| D 4 S (0 %en™ %
Group NZETA cm
Boundary Capture Scattering Fission
4 0 6.62 0.121 7.95 0.674
1 (MeV) 1 6.54 0.124 8.06 0.711
2 6.54 0.124 8.06 0.711
1.4 0 5.31 0.0268 8.94 0.590
2 (MeV) 1 5.27 0.0271 8.99 0.614
2 5.27 0.0271 8.99 0.614
400 2.94 0.0934 14.4 0.260
3 (keV) 1 2.94 0.0939 14.4 0.268
2 2.94 0.0939 14.4 0.268
100 0 2.27 0.124 15.3 0.247
4 (keV) 1 2.27 0.124 15.3 0.247
2 2.27 0.124 15.3 0.247
21.5 0 1.97 0.276 17.2 0.264
5 (keV) 1 1.98 0.259 17.2 0.261
2 1.98 0.259 17.2 0.261
4.65 0 1.80 0.523 19.1 0.302
6 (keV) 1 1.81 0.518 19.0 0.296
2 1.81 0.518 19.0 0.296
1.0 0 1.26 0.979 37.8 0.541
7 (keV) 1 1.30 0.900 36.9 0.491
2 1.29 0.901 36.9 0.492
215 0 2.01 1.110 16.1 1.032
8 (eV) 1 2.07 1.007 15.8 0.914
2 2.06 1.008 15.8 0.916
46 .5 0 1.75 1.73 16.1 2.29
9 (eV) 1 1.82 1.52 15.8 1.89
2 1.82 1.52 15.8 1.90
10 0 2.02 3.55 15.4 1.87
10 (eV) 1 2.09 3.06 15.1 1.49
2 2.09 3.07 15.1 1.49
0.215 0 2.02 2.00 13.7 2.31
11 (eV) 1 2.05 1.88 13.5 2.02
2 2.05 1.83 13.5 2.02

* NZETA=0 means homogeneous approximation.



44

§

EXPANDA-75

JAERI 1239

Vi I T :- ""' T T T Al IIIIr T T 1 lll'll Ll T T T rTT
11t UOz A
1.0 = == e ]
09| -
l i 1 llllLl A il lAlLl 1 L i A]l A O S | .l A Lok 4
il T T TTTITI v ng LIRS ll"[ T ¥ T IIIT] T T LB 'lll] Al T U7
p1b Pu = ]
1.0 == — ==
09 === :: 4
: L aaaul Ll 1 Lol . ol " N
T T T 'lll]l T T T |7TYI T T R "III T T T T IIVTI Ll v Al LR
Na — EXPANDA - 75
117 _ ESELEM - 4
- =
1.0 T — =T e
09} . .
A i A A lllll A |llll L A A AllLll i A A Illlll A " n It
2 3 4 5 6 7
10 10 10 10 10 En(eV) 10
Fig. 5 Flux heterogeneity of UO,, Pu and Na plates
~1
10 o 1 I 1 Ll T L]
S it Homogeneous
Xt ———  Heterogeneous ]
107 i =
1 i 1 1 1 1
110 10 10 10 10° 10° 107

Fig. 7 Collapsed macroscopic cross sections



JAERI 1239 9. Example

50
O\f of 23%py
J— ——— EXPANDA-75
10 ;_—___._ —— SDR
5 B - —
1 | | 'l. L1 1 III 1 1 ] i1 11
0.1 1 En(kev) 10
5
P Gt of 238
1 -": L == e L
0.5 1 1 " P S 1 nnl 1 N N PR SR N ¥
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Appendix 1 Sample of Input Data

Appendix 2 Samples of Output Format

#0
#1
. #2
#3
#4
#5
#6

List of input data for the first case (homogeneous)
Heterogeneity for the second case (NDETA = 1)
Effective microscopic cross sections of the first case
Macroscopic cross sections of the first case

Flux calculation of the first case

Reaction rates of the first case

Collapsed cross sections of the first case
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