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A General Dimensional Neutron Diffusion
Calculation Code: ADC

Masayuki AKIMOTO*, Yoshitaka NAITO
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Tokai-mura, Naka-gun, Ibaraki-ken
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A FORTRAN computer program ADC is developed for the FACOM 230-75 computer
to be capable of solving eigenvalue problems of neutron diffusion equation in one, two and
three spatial dimensions. The available coordinate systems are orthogonal (X), (X,Y),
(X,Y,Z) and cylindrical (R,Z), (R,0), (R,6,Z). The outer boundary condition for the
neutron flux can be chosen to be symmetric, zero flux or log-derivative condition. The
present program can be used also for obtaining the adjoint flux,

Keywords: Neutron Diffusion Equation, Eigenvalue, Three-Dimensional Calculation, Neutron
Flux, Adjoint Flux, Computer Code, Boundary Conditions, Orthogonal Coordinates,
Cylindrical Coordinates

» Present Division : Division of Reactor Safety Evaluation



ii JAERT 1260

1, 2, 3 wuawEETFHEE=2—F ADC

KITIESE*, NEREE
RARTHGRAR RBHRIBI R
1978489 7 4 HXHE

1, 2R8IV 3KTEHCET 2 hETIBHBRAOBEFEMELYRLDOFET » 7/ 7 &
ADCaEE# FACOM 230-75 i & L CRAR Lic. BATEAEERZ, EXEE (X)), (X,
Y), (X, Y, Z) % X0, MREE (R, Z), (R, 8), (R, 6, Z) TH%. PHEFHRCH
TAAEERENE LT, BHhEl, BPEFREE I IHEMIEHEOV-ThrLREZ L
NTES. 207 e /7 A THEPERTERS T RHETES.

» BfE, REMTH



JAERI 1260

CONTENTS
1. INEEOQUCEION «+vvrtvrtentmerentietiitii ittt tere et eaeaevreerseesastaneanennsansansansensenesnssnnsensnn ey 1
2. Main Feature of ADC COde ««+«rereerseerseerieiuieiuinminnientessrerieaeensesseessessssssesssessesnesseesssssessssesss 1
3. Details Of the Method «oceecestrernimiimiimiiiiiiiiitiieriieiinrierreierieertertenreternreeseessnssnsssssnssnsensenses 2
3.1 Formulation of difference eQUALIONS ««+-s+eoseeseerererrerererieessaniuersresreeieesresssesseessesenessseses 3
3.2 BoUNAATY CONAILIONS serevrrervererererummmmieirerreeieeineineeeeeeseessesssessssnnsssssnnnnneeressessssesseesesesesesns 4
3.3 [Iterative procedure for finite difference diffusion eqUALION +eeeertereiiiiiiiiiiiiiiii 5
3.4 AdJOInt fIUX PIODIEIM «+veerrrreirrressneiriueeriiiesiteeaitreeeseesireeeesesesessaeneessaeessseesssesssessessess 1
4. Program Usage .................................................................................................................. 12
4.1 Variable common and program flow Dath CONLIOL - «--«-sevrrererrerreerereerrerereeeerseiressssnesesana 12
4.2 Standard program flow and required COre MEMOIY «+-seseereerrertmmmmmmiiiiieienieiiniineiecieninnaens 13
4.3 Detailed input SPECIICALION «reeeessieriiiereriirerieriireriiiesaiteeeiseeereeinereseseressssresneesnseessnes 14
4.4 Output InfOrmation seeseererrereeiriiiiimiimiiiiiiiiii e reatratee s earerre et eeseeessens seeseesaa 21
ACKNOWIEAEMENE «irttenttiinirtiiiiiiiiiiiiiii e et e ere e aeeerae e eenesernnssannessnneesnesesresessnesennons 22
R OIENICES -+ v tve e tternttit et e ettt et e e ettt as et tn e st s e e e e e e v ern e ean st 22



JAERI 1260

B ®x
Q. FF Beeeeeeseeseesseen e 1
2 AD C e I ODEEBreeeeeeeseees oo e 1
B, EPEERE reereseeree s 9
B0, BT ARSI H]veeseeerssesessessessos st ee s b s 3
I - T e LA 4
3.3, AIRPEEILETT FR OB DB LHE e eteeeeetttttasbar———aaeaesatitstertrerarnanaees 5
34 BEREFRHE T D EE wvereseseesesssreoenesssna st 11
b T8 T T AR eeeereeore st 12
4.1, FHERBEIRIS IO T B 75 A« 70— OFfl e 12
4.2 BT R 75 b 7w — kLR e 13
B3, AT T B eeeeeeeet e 14
A4 HITJT —  evoreeremeeseese et e 21
S Beeeeresesesienerns e et 29
BB eeeesereeae s 29



JAERI 1260 !

1. Introduction

A computer program for solving the multi-group neutron diffusion equation is one of the widely
used programs for reactor physics and reactor design calculations. With the development of large scale
computers, complex calculations of neutron flux distribution in a reactor core such as burn-up calculations
have become feasible by performing directly three- dlmensmnal calculatlons

The three-dimensional diffusion codes, such as CITATION and SDB have been developed in a way
that the programming depends on the inherent function of the digital cmputer system to be applied.
The CITATION code requires large fast core memories for the calculation of a large scale BWR core,
On the other hand, the 3DB code requires less fast core memories than the CITATION, but it requires
longer compution time on the FACOM 230-75 because of using scratch disk units many times for
iteration processes.

The general dimensional diffusion equation program ADC for FACOM 230-75 is therefore developed
for resolving the above drawbacks. This program permits an effective use of the available core
memory by using two step FORTRAN job. At the first step, the size of common area and the program
flow paths are arranged to be adequate for the problem to bo solved. These functions are called variable
common arrangement and flow path control. At the next step, the main program and following sub-
programs are compiled according to the generated program flow paths. If the storage required by the
problem to be solved exceeds the size of available fast memory, scratch units are used.

The finite difference diffusion equation as well as its adjoint equation is solved by either of the
following two iterative methods. One is a double loop iteration method with inner iteration and
outer iteration, where the difference equation of each energy group is solved by inner iteration using
pointwise or linewise relaxation method. After the inner iteration is converged, the eigenvalue 1s
obtained by outer iteration. The other is a one-through iteration method which is similar to EQUIPOISE
method. For achieving a rapid convergence of the above iteration process, the initial guess flux can be
constructed from a synthesis in our program.

The program ADC solves the eigenvalue problems of neutron diffusion equation and its adjoint
equation in one-, two-, or three-dimensions. Either symmetric, zero flux or log-derivative condition is
chosen at outside boundaries, Internal control rod boundary conditions are also permitted to be used.
Various options are available to print out the neutron flux distribution averaged over the specified
regions, This computer code is programed in FORTRAN IV for the FACOM 230-75 computer.

2. Main Feature of ADC Code

The main features of the general dimensional diffusion calculation code ADC are summarized as
follows;
1) Computer : The code is programmed to be effectively used on the FACOM 230-75 computer.
However it can easily be made usable on any other computers having at least 64K word storage.
2) Equation to be solved : The multi-group neutron diffusion problem may be solved to obtain the
eigenvalue in one-, two- or three-dimensional geometry using finite difference formulation of diffusion
theory.
3) Geometry : Rectangular (X), (X,Y), (X,Y,Z) or cylindrical (r), (r,2), (1,0, (r,0,2).
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4) Boundary condition : Zero flux, reflective flux or flux with logarithmic derivative,

5) Method of calculating the pointwise flux : Either successive over-relaxation, or successive line-
over-relaxation method may be selected by the user.

6) Method of fission source iteration : Either successive over-relaxation or Tchebysheff polynominal
method may be selected by the user.

7) Flux convergence criteria : Pointwise flux ratio,

8) Eigenvalue convergence criteria : Either pointwise source ratio or integral source ratio. (The latter
can be used only if one-through iteration method is selected by the user. )

9) Restrictions on the complexity of the problem : As variable common and program flow path control
are set, there are few restrictions on the complexity of the problem. The storage of data is allocated
dynamically depending on the number of energy groups and mesh intervals. If storage required by the
problem exceeds the available fast memory, this program uses scratch units automatically, Therefore,
the execution time is dependent strongly on the storage requirement of the problem.

10) Flux guess for a three-dimensional calculation : Flux guess can be synthesized in the program so
as to shorten the computation time by using the results of two-dimensional calculation in an appropriate
X-Y or R-6 plane and one-dimensional calculation in an appropriate axial direction specified by the user.
Hence, the total execution time is drastically reduced compared to that when the flat flux guess is
used as a user's option,

11) Programming language : FACOM 230-75 FORTRAN-IV language.

12) Computer system : FACOM 230-75 with FORTRAN-IV H-level compiler.

3. Details of the Method

The multi-group neutron diffusion equation is approximated to obtain a set of finite-difference
equations expressing neutron balance over a finite volume element. The diffusion approximation to
neutron transport equation at a location, 7, and in a discrete energy group, g, is expressed by the
following differential equation (1), in which a perpendicular buckling term may be allowed if required,
The fission source neutron distribution function, X, is assumed to be only energy dependent, and the
slowing-down source is assumed to come from only the next higher energy group.

—Dy(Hpr0,(r) +(Z,, (N + 2., o(r)+Dy(r)B2)g,(r)

2,5, L&_L’g.m 3, 0t (D oor (15 g=1,2, wereveee G, )
eff
where
p? =Laplacian differential operator : —";2~4—£—+£2~ in slab geometry, (cm~2)
perator - 5xT Ty T ozt g : ’

dg (1) =Neutron flux at location, », and in energy group, g, (n/sec-cm?),

Y., ¢(¥) =Macroscopic absorption cross section. (cm™!),

2., ¢(r) =Macroscopic slowing down cross section from energy group g to (g+ 1), (cm™!),

D,(r =Diffusion coefficient,

B,? =Buckling term to account for the effect of the neutron leakage to the perpendicular
direction, if necessary, (cm~2),

vY, o () =Macroscopic emission cross section (v is the number of neutrons emitted by a
fission and X; is the fission cross section), (cm™!),

Xy =Fission neutron energy spectrum (3 X,=1.0),

korr =Effective multiplication factor, or vthe largest eigenvalue of the equation.
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3.1 Formulation of difference equations

To obtain the spatial difference equations, the spatial mesh points are assigned in the center of
three-dimensional mesh volumes, For fewer dimensions, the mesh interval in the undefined dimen-
sions is treated as infinite and the associated terms to the undefined dimensions cancel out of the
difference equations,

Equation (1) is integrated over a single mesh volume. For the (I,]J,K) mesh point at the position

X=X, Y=Y,and Z=Z,, the X integration is performed from X,— 4X, to Xi+—A-§(f, the Y integration

2
4Y; to Y, +1A—2Y—’ and the Z integration from Z,,—A—Z’f— to Z,c+iZJ‘—. Figure 1 presents a

2 2
three-dimensional sketch showing the location of mesh point (I, ]J,K) and the surrounding six locations

from Y, —

in the slab geometry.
The leakage terms are modified first by transforming the volume integral of the Laplacian to a

surface integral by using the Green’s theorem:
[ Dpgdv=[Dpg-dA . (2)

The neutron leakage from (I,J,K) to (I,J,K-1) through the top surface of an areaof |dA| =4X,4Y;
is approximated as follows, Let ¢, be the flux at the surface of the mesh (I, J,K). Then, we have

4X.4Y 4X,4Y
Dy, 5, (b4 5, —Ps) —az. =D, -1 (o= b4, 5, Ic-—l]_AZik_l—j
2 2

where D,, ;, . and D, ;, ,_, are the diffusion coefficients at (I,]J,K) and (I, J,K—1), respectively. Elim-
inating ¢, from the above equations, we get

[JDV¢-dA]z_= AZZ,.AX_:_AZé,._l (¢i) kAl k—¢i’ 5 k—l)

D -1 Dy
Disrr s Ai s (be, 50 6= P1s 4y k-1) . 8}

L 4, 51

where 1y, 5, 41 18 (AZ,/Dy, j, 1 +4Z, /Dy, 4,1) + Dy, 5, 1-1/2
Since the factors which are multiplied to the flux difference are simply constructed by material

and geometrical constants, Eq. (3) can be reduced to the form
L(Z)=Ci, 5,0 e_(Bi, 56— P, 5, 6-1) . 4)
The leakage from the whole element is then given by
LZHY+LZ)+LX)+LX)+LYH+LI L)
=¢u1:Corus +C0usns TCsn e +Cisn 2 tCosny +Chnny)
~Cigre $use-1=Cosne i1 =Cosne $o1s 6= Cogns b s x
—Copmy b s-1,—Co s, RS (5)

The destruction and production terms of Eq. (1) are obtained by performing simply the integration over
the mesh volume, The destruction term is given by

Et; [ 2R TN kVt, I k¢i. e - (6)
The production (source) term is given by
Sn. i 4y kVt, Ik (7)

where
AX4Y ,4Z,=V, 5, ,
2, N=3, N+, (N+D,B? ,
Sutry=1, 33 Y20 s DD 15 o (ryg, 1 ()
elf

9/=1 4
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Thus, the volume integration of equation (1) arround mesh point 0 (see Fig. 1) leads to the expression

(8) where, for simplicity, the group indices are omitted.

z Y
6
" 14, —
s o :
7 I
t AZL
1 1 0, |
o | -
: ) 2 ,J.
| s
: 3 Ve /‘
S /
SAYL
s 2

LﬂAXL—J

Fig. 1. Three dimensional mesh description in X-Y-Z geometry,

,;::‘cht(‘;ﬁk—‘ﬁo)—zt, o¢oVo=SoVo . (8)

The neutron balance equation (8) forms the simultaneous finite difference equations for each energy
group.

Finally, equation (8) is modified into a convenient form for performing the flux iteration
(]
—'C7¢0+kz:}lck¢k=SOV0 , 9)
where

8
C,=(2,, Vo +k§ Co

3.2 Boundary conditions

For the zero gradient boundary condition, the associated constant, C,, ;, ., . is set to zero. For the
logarithmic derivative boundary condition at an external or internal boundary,_ the tlux slope within the
finite difference volume element is assumed to be constant. The boundary condition to be satisfied at
the element surface is therefore

_Dag
¢‘ X ] s S 1 (10)

where C, is a specified constant

Let ¢; be the internal flux, ¢, be the boundary flux and 4 be the interval from the internal point
to the boundary. A linear approximation of flux within the element gives

a¢ | = ¢ _¢s or
_Qiai =C
b, | i ¢ (¢z by s

Denoting the surface area as A,, the boundary leakage from one surface of a volume element is given
by

A,
naX ! v = 1_2_ ’ (11)

G+

LSvN_ Dt
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which gives the required constant for Eq. (5). The external leakage is considered to be the net loss from

the system, but the leakage into an internal black absorber is accounted for as absorption in the
region,

For the periodic boundary condition, the flux values at the mesh points on the edges in symmetry
are set equal. On the other hand, for the zero-flux boundary condition, the flux values at the mesh
points on the boundary are set zero (see Fig. 2).

- BOUNDARIES
\

-

_io ™~

|axo| x| | A%y 1.4?:Mr|

Uik

Fig. 2. Schematic diagram of one dimensional mesh points
3.3 Iterative procedure for finite difference equations

The multi-group diffusion equation (1) can be written in the following matrix form:
(M-5)p=7 1 Fp (12
eff
by defining the flux vector as

$1(1)
62 (1)
-

ox(®

and the operator matrices as follows:

N

-—\7-D1V+ZTl 0 0

0 -V 'DZV;I-ZTz 0

\
N .
\
M = . \ .
\
\
N\
. N 0
\

L 0 —V-DNV+ZTN R
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( 0, Oy enveennnnnns ,0 h
I Oyenen e ,0
0, L, .
2 = . . \\ .
\
\
. . N .
\
. . \ .
\
\
N
0, 0srvnnrnns 0 150 R
’ N
lezfl, lezfz, ....... ’Xl\)sz
Xz\)zfl’ szzfz, ....... ,szZfN
F = . . .
X Vi, e
L a3l X\Viggs XV ey )

In the finite difference approximation shown in the preceding section, Eq. (12) is converted to a
set of algebraic equations:

A= kl Fp , (13)
ef 1
where A is the algebraic matrix operator, which contains the diffusion, scattering and loss operators,
As the largest eigenvalue of Eq. (13) is physically significant, the solution to Eq. (13) is expressed as

kys9=A"'F¢ . (14)

For obtaining the solution of Fq. (13), it is necessary to invert the matrix A. For most problems of
interest, however A is too large to invert. In a case which involve for instance, 10,000 space-energy
points, the matrix 4 contains 100, 000, 000 elements, which are far too many numbers to handle efficiently
with present generation computers, Thus in the ADC program, two matrix iterative techniques, either

of which may be selected by user’s option, are prepared for solving Eq. (13).

Inner and outer iteration

The values of neutron flux as for all energy groups are initially guessed and the fission neutron
source for the first iteration is calculated using this flux guess. The fission neutron source for the
m-th iteration is defined by

m N m—
S ( )k=g§ v2g, 4, 5, 19 b Vi.l,k ) (15)

i, 4, ﬂ,i,j,,k

where ¢;":_,1,), is the (m—1)-st iteration flux of the g-th group at mesh point (I,J,K). With this fission

neutron source, X, S,-‘,'}',),c, one can obtain a set of multi-group fluxes, beginning at the first group and
carrying on down to the thermal (N-th) group. As the slowing-down source in Eq. (7) dependson the
fluxes, it is updated every time of iterations by using the newest flux values. This iterative process
is called as the inner iteration and is performed by the subroutine INNER1 or INNER2.

The finite difference equation (9) is rewritten in the matrix form:

Aa¢o = Sw ) (16)
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where flux and source vectors are defined by

(B, 11,1 ’[/ Sov 14141

Lo Bae, 1,1 So, 2,101

‘ . L

L . .

]

!’ . .

| Do vz 11 Sg, nzi 101

I

D Bg1, 2,1 So. 1,201

i . .

|

‘

H . .
¢U= . ’ Sﬂz -

: Pg, Nz 2.1 i Sv, Nz, 2,1

| . : .

| . .

| : .

|

i bo, 1, wv, 1 So, 1, wus 1

‘ . .

i

! . .

! . : .

i\ ¢g, Nxy NYs, Nz ' Sg, Nxs NY» Nz

The pointwise neutron source Sy, ;, ;,;, Which consists of fission and slowing-down source at the mesh
point (I,J,K) in the g-th group, is the m-th element of the vector S, with
m=i+(G—-1N.+(E-1DN.N, ,
where N,, N, and N, are the maximum numbers of mesh points along X, Y and Z axes, respectively,
In a similar fashion, the matrix A, is constructed with elements A;, ; defined by
Am, m —C-r, ik s
Am. m+l=CZy ik
Ay min==Cs, 4, e

A

Am, m+N.rNII=C5y Lk

=C4. LIk

my m— NI

Am, m—zvxzvv:cs, i Jr k
The inner iteration process is accelerated by successive over-relaxation (SOR) or successive line over-
relaxation (SLOR) method, The iterative scheme of SOR is represened as

(m) (m—1) [ (m) (m=-1) (m)
¢i, 7, k_(l CI)) ¢i, ik +C7’ i g k{Cl’ iy Jy k¢l—l) i, k+CZy iy J» k¢i+l, 7, k+c3y iy Js k¢i, -1, k

(m—1) (m—1)

+Cy, s 1, P, Hl',c+cs,i, i k¢:;m;, ey TCoa nid, o1 —Su ik} (18)
which is rewritten in the matrix form:
8" =(I=oL)  {(1-a)[+0U} ¢ " +o(I—wL)™'S, , (19)

where Ly=D, 'Fy, Uy=D,'F;, A;=D,—E,—F, The D, is a diagonal matrix, and E, and F, are
strictly lower and upper triangular matrices, respectively. Futhermore, I is a unit matrix and w is a
relaxation factor (1<Cw<(2). On the other hand, applying simultaneous extrapolation to all points on

the line as follows;

(m—1)

A A EDRR (20)

i, i,k 1, j, k

the iteration scheme of SLOR is represented as

(m) (m) (m)
Clvi; Js k¢, +C2!iv I k¢/ _C7vi'1yk¢,

i1, J, k i+1, 4, & i, 7, k
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(m—1)

(m) {m—1
=5, 5, :=CG, 44, k¢l -1, +C4,1.;,k¢, i+, +TCs. i, b, ;o tCois k¢i’mj’,:) . (21)

The solution of Eq. (21) involves the well-known problem of inverting a tri-diagonal matrix by Gauss
reduction technique,

The convergence rate of an iterative process depends on the relaxation factor. In the case of SOR
of SLOR method, the spectral radius, p, of the point or block Jacobian matrix (e.g. for SOR, the
point Jacobian matrix is L+U) is needed to determine the optimum relaxation factor;

-2
CT1 VIS (22)

For estimating p by using the m-th iteration flux, ¢;"" which is in dependent on the source

e
vector S,, the source vector is set to zero and the power 1'tf;rjz;t10n for finding the largest eigenvalue of
Jacobian matrix is performed in advance of the inner iteration process. However, since fairly time
consuming iterations are required for estimating p, the total running time is not always reduced with
the use of the calculated optimum relaxation factor., Thus, in ADC program, choice is permitted whether
the constant relaxation factor is given by user’s experience or the optimum factor is computed from
the simplified spectral radius, p, of the Jacobian matrix. In the case of SOR, this spectral radius is

given* by
p= }vLcos(, H) , (23)

where N is the number of dimensions and I, is the number of mesh intervals in the n-th direction. In

the case of SLOR, we omit, from the summation in Eq. (23), the dimension along which the line
relaxation is done to give

N—-1

p=NL Zeos(ED (24)

(1 +1

The inner iteration is repeated until the following convergence criterion is satisfied.

(m)

¢
Mj"; ik | ey (25)
@i Ik

where ¢, is an input parameter,

After the inner iteration is converged, the fission source is updated with the converged neutron
flux. This process is called as the outer iteration and is performed by the subroutine OUTER. This
iteration process can be accelerated by either Tchebysheff extrapolation or over-relaxation method. An
operation on Eq. (14) with the matrix F gives

K, ,S=PS |, (26)
where S is the fission source vector and P is the matrix FA™!, The fission source vector for the m-th
iteration is given by

Sm = pSm-1 (27)
where S™~1 is the (m—1)-st iteration fission source. The eigenvalue, and its upper and lower bounds

at the m-th iteration are defined respectively as follows® :

(m) (m)
(m) tm 2 S ; ) ;
N\ i ok i ok 4y dik
K~ =S LI (28)

ers i,j”‘z S .S

iy vk G ek iy Jr k
(m)

K" =Max{-*, f"‘} Z s , (29)
erf VI, k 4 dk

i Jy k
iy S k
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(m)

S
Keff—Mln{ B o &

(m~1)

m-n St T gk (30)
iy Jr k X
i Iy k
If the convergence criterion (with an input parameter ¢;)
k(m) _K(m)
off - I e, (31)
2.K
eff

is not satisfied, the extrapolated neutron source S:(;.’"k after the m-th iteration is calculated by either

of the following two formulae, Egs. (32) and (35). If a Tchebysheff polynominal extrapolation is sel-

. * . .
ected by user’s option, S, (;.")k is given by
m) (m—1)

{m>
*omd Si'mj' v St, irk Si, Jr &
5 ik e o o - e (32)

23S > S 2 S
irJo k i o k dvk vk tdik G Jrk

in which « is given by

[ {11 +2N + (11 )COS2 2—; 1 } (33)
a = -,
L@ —A—Ay— —1N>cos2’2;1n}

where 2,, 4, and 2, are the largest, the second and thé least eigenvalues of the matrix P. The eig-

envalue 1, is assumed to be zero and the dominant ratio, 1,/2,, is approximated by

where the residual &, is defined by

(m) (m) m—~1> \2
Rv =A2 <¢a i, § k_¢a i, § k)
i, 7 e\ 9t g, A

If an over-relaxation method is selected by user’s option, Si*(;")k is given by

(m—1j) (m)

_(1 w) iy Js k +w- i Iy k , (35)

(m=1) (m)

”’ 2 Ss S

i dy k i Jrk sty k iy Sr k

*(m)

where w is a relaxation factor calculated by the formula
0={2, tw,}/2 , (36)
where @, and ,, are defined respectively by
2 — 2

W, = ‘ y @ 7 ’
e A
1+ {S J k} 1+ { iy § }

1 —Max -4 /0 ¥
‘L J,
iy §y k ik

or @ may be specified by input data.

One-through-iteration

The iterative technique described below is similar to that used in the EQUIPOISE program. In
this method the convergence of neutron fluxes at all space-energy points is tested at the end of one-
through iterative step. This iterative process may be described as

¢(m) =B(m>¢(m—l) , (37)

where ¢™ is the flux vector for m-th iteration and defined by
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¢1(m)
¢2(7")

#y™

o™ =

B

where ¢,™ is the subvector shown in Eq. (16), and B is the iteration matrix which is varied with

iteration because the fission source is re-normalized at the end of a sweep through all mesh points
and all groups. The matrix form of Eq. (37) is applicable in both cases of point and line relaxation
method. For example, if point relaxation is used according to Eq. (18), the subvector of any g-th group
for the m-th iteration ¢, is given by

¢v(m)= (I_‘"La>_l {(l_w)l+va}¢v(m_l) “|'Cl)(I“—0)Lg)—l

1 , ,m=1 omy
{Faé‘lFW 'ﬁg, +2,, 01 ¢a—1} , (38)
ef/

m) .
where KJ , is given by

m ¥ & (m=1>
K Z E Fw’¢ . (39)
g=1 0/=1

2ff= g’

Equation (38) can also be written in the matrix form as shown' in Eq. (37). The most straight-
foward method for solving Eq, (38) is basically the power method, which is applicable to any matrix
whose largest eigenvalue is unique. For B™ with such a form as the discrete approximation matrix to
neutron diffusion operator, its spectral radius is bounded‘®’> by

(m) (m)

¢ ¢
Min % j,_k<p(B(m>)< gIV{a;{ . i Sk (40)

Y (m—=1) (m—1)
9,4, 4, k

O ik ih bk

where ¢:’": ik is the m-th iteration flux of the g-th group at the mesh point (I,J],K) and p(B"™) is
the spectral radius of B™, The p(B™) must tend to unity as the iteration proceeds because of the
fission source renormalization, When the flux convergence criterion (with an input parameter e,;)

/o (m) (m)

Max | Zidrk| —1 l ey \ Min 95 iy o k
0,1, 4, k| ("0 ’ 00, 5, k| D
(g dv ke 0 iy s k)

is satisfied, the iterative process is terminated. The eigenvalue at the m-th iteration is estimated by

~1 | < (41)

Eq. (39). For accelerating this process, an extrapolation factor is applied to all of the space-energy
pointwise flux values individually. It is convenient for obtaining the extrapolation factor to use the
eigenvalues, 1, and eigen-functions, ¢,™ defined by the equation

2,0, ™ =B(m)¢"(m> (m=1,2,..... ), (42)
where the 2, are ordered such that 2,™ >4, >eeeeeees .
Equation (42) leads to the extrapolation form®’:

¢<m)=¢(m+a<m)(¢(m_¢(7n—1>) ,

a™=2,"/(1=2,") , (43)

the a™ being called an extrapolation factor. The 2, is estimated by

m> (m)

m) 1 ¢V, i Jy k 1 ¢V» iv Jo k
2, = { Max |2+ Min | —gss } : (44)
9,4, 4, k 9,1, 4, k
0> iy Jo K O is Sr k

This extrapolation is not applied to the first I, iterations and after [,-th iteration, the change
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of the extrapolation factor is tested every L, iterations, The I, and L, are specified as input data

and the extrapolation criterion is given by
a(m)

\———1 |<e2 . (45)

a(m-—l)

3.4 Adjoint flux problem

The multi-group diffusion equation (12) can be rewritten as
M¢—3¢—-Fp=Lg=0 , (46)
eSS
where the matrix elements of the operator L are
Y4

Lw=“VDvV+Em_K—;f'VSM ,

4
Lyg1y=—24,4, o—Kif”Ef, g-1
e

Lyy==gvZsy (g #g 0r g=D, (g,g'=1,2,N)

The adjoint operator L* to Eq. (46) and its solution, i.e., the adjoint flux ¢+ must satisfy the

following relation:

(¢* - Lg)=(¢ - L*¢*] . (47)
Therefore, we get
—PDopde*+ T s = Zo,giditors +P2 LT, (g=1,2,N) (48)

or in the matrix representation,
L*¢*= 0 ,
where L*is the transposed operator of L.
The calculation of the adjoint flux distribution is perfo rmed by the user’s option in desending

order of g (g=N,N—1,...... 2,1).
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4. Program Usage

4.1 Variable common and program flow path control

The required core memories are depend sensitively on the problem to be solved, since the ADC
program solves either one- two- or three-dimensional problem, optionally, Ordinarily, by the use of
variable dimensioning, the program permits the optimum use of available storage. However, the
compilers do not allow variable dimensions in the main program, and hence a fixed common length
must be occupied prior to the program loading,

Since the program flow path depends on the problem to be solved, for an effective use of the core
storage, the subroutines which are unnecessary for solving the problem should be unloaded and the
“CALL” statement calling such subroutines in the main program should also be deleted. Formelly, in these
cases, the overlay structure was changed, but for multi-process computers, the occupation of unneces-
sary core memory or loading of unnecessary subroutines is not economical.

The ADC program has eliminated these demerits by using two-step Fortran job. A common area
and program flow path required for solving a particular problem are generated every time before the
execution starts, This improved flowchart is shown in Fig. 3.

l emri '
COMMON LENGTH CONTROL l
l READ {FLOW PATH CONTROL }DATA CARD
Library
WRITE STANDARD
FLOW B TREE READ STANDARD FLOW PATH
STRUCTURE on & TREE STRUCTURE from TAPE 1
TAPE 1

UPDATING FLOW PATH L pRE- ADC
& TREE STRUCTURE

|

WRITE NEW MAIN PROGRAM on DISK 1
WRITE NEW TREE STRUCTURE on DISK 2

| PRE-ADC END I J

other routine COMPILE | I NEW MAIN COMPILE JI

& standard routine compile
“’ READ Relocatable COMPILE
[ WRITE R.B. DISK 3 k———-L Binary from DISK 3 I La LIED

READ NEW TREE
STRUCTURE from DISK 2

8 LINKAGE EDIT J
l-EXECUTION START | h
> EXECUTION
[ END_| J

Fig. 3. Flow for variable common and path control.
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In pre-ADC, the input data are read in with INPUT CARD O to INPUT GARD 7 (see Section
4,3, A) for the determination of COMMON length and flow path control. The standard main program
of ADC is read from a library tape and updated according to the input data from pre-ADC, and hence
the tree structure is generated for the linkage edit corresponding to the new flow path, The BCD image
of the new main program and tree structure are saved in DISK 1 and DISK 2, respectively, Next,
the new main program and other subroutines are compiled and the linkage edit is made according to new
tree structure, After reading the remaining input data (see Section 4.3.B), the execution starts. The
ADC program can be used also with a fixed common length for a 64K words machine as usual,

4.2 Standard program flow and required core memory

The standard ADC code, the main program of which has a fixed common length, is divided into
five segments as shown in Fig. 4, Table 1 lists the functions of ADC subroutines. Each stage of the
program fits in a computer having at least 64K words core storage, and uses 5 scratch tapes depending
on the problem to be solved. Table 2 gives the logical tape numbers that are referred to in the program

and the functions of the tapes,

MAIN
MAP
OouT
COEF Level 1
SOURS
INNER 1 Mailn 3 FGE}AL MAIIN 4 ‘AIDCED
INNER 2 OVERIN FGWR REDIT
Outer  E— , EDIT
INPUT 3 MAIN 1 MAIN 2 POUT
REAC INPUT 1 INPUT 2
ADJO
REAG
PACK
UNPACK
IBCD
Fig. 4. Overlay structure for general dimensional code ADC,
Table 1 ADC subroutines
Name Function Called From
MAIN Allocated total core storage and control all problem input
MAP Writes material map MAIN 4, MAIN 3
MAIN 2, REDIT
ouT Writes pointwise flux and pointwise power distribution MAIN 4, MAIN 3
MAIN 2
COEF Calculates coefficient for difference equation MAIN 4, MAIN 3
MAIN 2
SOURS Calculates fission source and slowing down sources MAIN 3, MAIN 2

INNER 1  Calculates flux distribution by point over-relaxation method MAIN 3, MAIN 2
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INNER 2  Calculates flux distribution by line over-relaxation method

Outer Calculates new fission source distribution MAIN 3, MAIN 4

INPUT 1 Input data for one dimensional calculation MAIN 1

INPUT 2 Input data for two dimensional calculation MAIN 2

INPUT 3 Input data for three dimensional calculation MAIN 3, MAIN 4

REAC Calculates gross neutron balance MAIN 4, MAIN 2

ADJO Inter change cross section for adjoint flux calculation MAIN 1, MAIN 2,
MAIN 3, MAIN 4

MAIN 1 Control for one dimensional calculation MAIN FGCAL

MAIN 2 Control for two dimensional calculation MAIN FGCAL

MAIN 3 Control for three dimensional calculation by inner and outer iteration MAIN

MAIN ¢4 Control for three dimensional calculatron by one loop iteration MAIN

OVERIN Calculates optimum over relaxation factor MAIN 3

ADCED Control for editing and allocating core storage MAIN

REDIT Region editing ADCED

EDIT Calculates regionwise neutron balance ADCED

POUT Writes pointwise quantities ADCED

REAG INPUT 3

5‘%1%11%(:1{ Subroutines for reading input data in free format %ﬁgg% %

IBCD REDIT

FGCAL Synthesized flux guess for three dimensional calculation MAIN

FGWR writes flux guess on tape of unit 3 FGCAL

Table 2 Tape and disk required for ADC,

Logical Number Use
1 Disk-scratch
2 Disk-scratch
3 Tape or Disk. + . Flux dump
4 Disk-scratch
8 Disk-scratch

The execution time required to solve a problem is very dependent on the problem itself. The use
of a large capacity storage without using scratch units is best to achieve the minimum execution time,
However, as the core capacity is limited, an efficient use of auxiliary hardware with sophisticated
software is necessary to reduce the required core memory. Ina sample problem shown in the appendix
with X-Y-Z geometry of 3840 mesh points and three energy groups, the amount of the required core
memory for the ADC code is 108K words, on the other hand for the CITATION code, is 207K words.
This result shows that the way of the selection of common area and program flow path of the ADC
code is effective to reduce the required core memory. In this case, the execution time for the ADC is
79 sec and that for the CITATION is 77sec.

4.3 Detailed input specification

Except for the control parameters, the cross sections, spatial flux guess and all other floating point
numbers are read into the ADC program in the free format via generalized subroutine REAG. The



JAERI 1260 4. Program Usage 15

subroutine REAG for FACOM 230-75 converts BCD information to integer or floating point binary
information, Three conversion types of reading N floating numbers, N integer numbers, and 4+N,
characters, N, integers and N; floating point numbers are allowed by corresponding subroutines, 8

A typical example of the function of this subroutine is described for the following three punched

cards;

105, 318, —14, 1.5E—3 3.12E—3/ THIS IS A COMMENT

2(1.0,1.5) 3(0)/

1.0, 5x0.1, 2+«—0.2/
The subroutine will convert BCD number 105 and 318 to their binary integer equivalents, In a similar
fashion —14 will be converted to a negative binary integer, and 1.5E —3 will be converted to 0. 0015,
Data punched on a card may be delimited by blank column or comma. The slash (/) indicates the end
of the BCD field to be converted, and the remainder of the card can be used for comments, If no slash
is present, 72 columns of a card are scanned and the next card is read.

The second card indicates that the data 1.0 and 1.5 in the first parentheses and ( in the second
are repeated twice and three times, respectively, and therefore it is equivalent with a card punched
as 1.0, 1.5, 1.0, 1.5, 0,0,0/. The last card indicates that the first word is 1. 0, the second word 0. 1
Is successively accumulated five times to the previous word and the last word —0, 2, twice, Therelore
it is equivalent with a card punched as 1.0, 1.1, 1.2, 1.3, 1. 4, 1.5, 1.3, 1.1/.

The format for the control parameters (CARD 0 ~CARD 7) must be 12I6 for integer, 6E12.5 for
floating point data and 18A4 for job title and comments. The input data from CARD 0 to CARD 7
are used for determination of COMMON length and flow path control,

4.3.A. Input of control information for ADC

Word Name of
Number on Card Variable . Comments
JOB TITLE CARD -etreeeemtrttitttettitinitt it e e e e ettt sttt e e s e e s e s et tbne e e e s e e neneeeeeean CARD ¢
TITL User must punch an asterisk sign (%) in the first column, which
is used to identify a title card. The information punched in the
remaining columns will be printed at the top of page of output,
CONTROL INTEGERS crettrtuetuttutiuiiitiiiete ettt raseties s teeeeemseeaeesssress s CARD 1
1 IDISN Problem dimension 1/2/3 one dimension,/two dimension/three di-
mension,
2 IGEOM Geometry 1/2/3/4/5 slab X~Y-Z, X-Y, X/cylinder R-Z-6/cylinder
R-Z/cylinder R-#/cylinder R,
3 NGMAX Number of energy groups.
4 MAT Total number of materials for which cross sections are to be
supplied.
5 IADJ Adjoint calculation option —1/0/1 adjont only/regular calculation
only/regular and adjoint calculaton.
6 NFGES1 Input option of regular flux guess read from card.
= (Q Flat

=—1 From logical unit 3 tape
=—2 If IDISN=2 or 1, flux calculation in previous case is used.
If IDISN =3, the flux guess is synthesized from one and two dimen-
sional calculation in the code,

7 NEGES?2 Input option of adjoint flux guess same as NFGESI,

8 IFOUT Flux output option of IFOUT=1, out put to logical unit 3 tape,
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9 NCASE Option for running a series of case 3/2/1/0/—1/—2 more case with
fine edit/end of batch with fine edit/more case/end of batch/a
series output in tape are re-edited/out-put of selected case in tape
are re-edited. If NCASE < (0, CARD (, CARD 1 and edit input
are required.

CONTROL INTEGER  ::sreseesseeseseasesstastettemtantesioniis st astassassas sttt CARD 2
IX1 Number of intervals in the X or R direction.
¢ IY1l Number of intervals in the Y, Z or 6 direction,
1Z1 Number of intervals in the Z direction
CONTROL INTEGER ---cceevecerens Required only if IDISN =3 +erreeerarereracennecatanenmataiisinroneinees CARD 3
1 MZL Number of X-Y or R-4 layer for different material map identi-
fication.
2 MZC Number of X-Y or R-¢ layers with fission source,
3 NFLUX Number of X-Y or R-6 layers for flux value in core storage
NFLUX < IZi, usually equal to IZL
4 NCOEF Number of X-Y or R-¢ layers for difference equation coefficients
value in core storage. 0/1/N coefficients value of all layers are
in core/coefficients are calculated at each iteration step/coeffi-
cients of N layers are in core, other coefficients are in tape at
each iteration step, those are read from tape.
CONTROL INTEGERS +++++tcsssettsuremuunttemssniittintans ittt sttt CARD 4
1 IOUTSC Outer iteration option 0/1/3 over-relaxation/Tchebysheff extra-
polation/One-loop iteration, this option is used only if IDISN=3.
2 ITOMAX Maximum number of outer iteration counts. If IOUTSC=3,
maximum number of one-loop iteration counts,
CONTROL FLOATING POINT DATA «eoreesrerssrestrssestimntnsasissis ittt e CARD 5
1 OMEGA1 Used only if IOUTSC=0,outer loop over relaxation factor.
EPS3 Quter Loop Convergence Criteria Recommended if IOUTSC= 0,
or 1 EPS3=10"* and if IOUTSC=3, EPS=10"%.
CONTROL INTEGER «eeeeeeeeseenne Required only if IDISN=2, OF 3 «werereeresreercemeeiesisniniinnininnns CARD 6
1 INITSC Inner iteration option 0/1/2/3/4/5/ point relaxation/ X-line
relaxation/Y-line relaxation/point relaxation factor is calculated
in code/X-line relaxation factor is calculated in code/ Y-line
relaxation factor is calculated in code/.
Recommended that if IDISN=2, INITSC=1, if IDISN=3, IOUTSC
=0, INITSC=4or 5, and if IDISN=3, IOUTSC=1, INITSC=1or 4.
2 ITIN1 Used only if IDISN=2, or if IDISN=3, IOUTSC=1 or 0. Maximum
number of X-Y or R-# layers inner iteration counts.
3 ITIN2 Used only if IDISN=3, IOUTSC=1 or 0. Maximum number of
XYZ inner iteration counts,
4 LCMX Used only if IOUTSC=3.
Number of one-loop iteration for testing extrapolation factor.
5 ITDM Used only if IOUTSC=3. Minimum delay between extrapolation.
CONTROL FLOATING POINT DATA--- Required only if IDISN-2 Or 3 ceceereerrreesceenemmrereananan CARD 7
1 OMEGAZ2 Used only if INITSC=0, 1, 6. Inner loop over relaxation factor

1 < OMEGA2 < 2.
2 EPS1 Used only if IDISN=2. Convergence criteria of X-Y, R-6, or
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3 EPS2

4 EPS4
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R-Z layers. Recommended value 107¢,

Used only if IDISN=3. Convergence criteria of X-Y-Z or R-6-Z
inner loop. Recommended value 1074,

Used only if IOUTSC=3.

Extrapolation criteria, Recommended value 0. 05.

4.3.B. Input of remaining data for ADC
All the following data are read by the subroutione REAG. We denote these format by I for integer

and E for floating-point number,

Block Name Number
and Format of
Dimension Entries

Comments

XAID E NGMAX
IBOUND() I IDISN#2

BOM) I

MZID{ZI) I IZ1

MZCDJUZD) I I1Z1

Material number

Fission spectrum,
Boundary condition 1/0/—1 reflective/Vacuum/by derivative
D¢’ /¢.
IBOUND(1); if IGEOM=1 left boundary,

if IGEOM-2,3,4 or 5 center boundary of R,
IBOUND(2); if IGEOM=1 right bounbary,

if IGEOM—2,3,4 or 5 outer boundary of R.
IBOUND(3); if IGEOM=1 back boundary,

if IGEOM=2, 4 6-direction boundary.
If full circular or periodic boundary,
IBOUND(3)=-2;

if IGEOM=3 top boundary of Z,
IBOUND(4); if IGEOM=1 front boundary,

if IGEOM=2, 4 f#-direction boundary,

if IGEOM=3 bottom boundary of Z.
IBOUND(5); top boundary of Z.
IBOUND(6); bottom boundary of Z.
Log derivative data. Number of entries is summation of
numbers of IBOUND()=—1 boundary.
Required only if IDISN=3,
Material layer map number of first X-Y or R-6 plane.
Material layer map number of second X-Y or R-6 plane,

Material layer map number of IZIth X-Y or R-8 plane,
(e.g. if MZL=2, 1Zl=4,MZID(@) are 1,1,2,2/two layers
of all may have the same material map specification as
1, remaining layers are specified as 2).

Required only if IDISN=3.

0/1 layer with no fission source/layer with fission source,
(e.g. if MZC=2, 1Z1=4, MZCD() are 0,0,1,1/two layers
have no fission source specifications as 0).

Material identification number,
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NREG(IXI, IY1, MZL) I

NREG{IXI1, IYD

NREGIXID)
DXIX1)

DY YD)
DZZ1)

Cross Section

HoHE -

A General Dimensional Neutron Diffusion Calculation Code: ADC JAERI 1260

IXIsIY1

IX1
IX1
IYO
1Z1

Number of entries depends on IDISN.,

If IDISN=3, MZL blocks data are required and each block
has IXIxIY1 entries,

The first block is material number for first material layer,
the first data read in is the first X or R-line, as follow
second X-line, X line number must be ascending order.
The second block is material number for second material

layer.

The MZL the block is material number for MZLth material
layer,
(e.g. if IX1=4, IYl=4, IZI=4, MZL =2 first and second plane

material map

1 1 1 1 —X
111 1|

2 2 2 2 Y

2 2 2 2

third and forth plane material map.

1 1 1 1 —X
111 1|

2 2 1 1 Y

2 2 1 1

In this example map, two block data are required, the first
8(1), 8 (2)/and the second 8(1), 2(2,2,1,1)/).

If IDIZN=2,IXIxIY!] entries the first datareadinis first X
or R line, as follow second line, line number must be
ascending order. The scheme for these data read in is same
as one layer of three dimension,

If IDISN=1 material number around each mesh point.

X or R direction mesh interval.

Y, Z or ¢ direction mesh interval required only if IDISN = 2.
Z direction mesh inteval required only if IDISN=3.

If IDISN=1 or 2, NGMAX+MAT blocks data are required and
each block has six entries.

First material, 1st energy group,

(1) m n W (n p2in
D1 , X, % v2 v B

ay Ri’ ¥ 2 S W 1

first material 2nd energy group,

{1) 1) 1) {1) (1) 2(2)
D z 2z vy v B

2’ az’ R2’ r2? 2 !’ 2

.

first material NGMAXth energy group, second material 1st
energy group,
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NR(NFGESI) or I NFGES]1 or
NF(NFGES2) NFGES?2

Input Flux Guess E

FLUX(IX1, IYl, NGMAX, NFGESD
or FLUX (IXl, IYl, NGMAX, NEGES2)

FLUX X1, IY], E
NGMAX)

FLUX (IX1l, NGMAX)

IA (3 I 3
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D; diffusion coefficient, X,; absorption, Xj; removal,
3, fission, v; nue value, B?; transverse buckling, If
IDISN=3, NGMAX=*MAT blocks data are required. Each
block has five entries. (no buckling data)

(1) 1) ()
Xy v X v

R1’ F2 BN

( (1)
D X

1 ! a1’

If D,'v is input zero, this specifies a rod group for this
material. The rod group constant C,=Dg¢’/¢ is input in the
place of J,, and ¥, v 3,, v and B? must be input zero.
Input flux guess option.

Required only if IDISN=3, NFGESI or NFGES2 > 0.
NF(1); from Ist X-Y or R-6 plane to NF(1)th plane, group
dependent same flux guess is used,

NF(2);from NF(1)+1th plane to NF(2)th plane, group depen-
dent same flux guess is used.

.
.

NF(NFGES]) : from NF(NFGESI—1)+1th plane to NF
(NFGES]) {=1Z1}th plane, group dependent same flux guess
is used,
Number of entries depends on IDISN. Required only if NFGESI
or NFGES2 > 0.
If IDISN=3, NFGESI+*NGMAX blocks data are required. Each
block has [X1+IY!] entries.
First block, first group, first X-line

second group, second X-line
2nd block, first group, first X-line

second group, second X-line

If IDISN=2, NFGESI1 or 2 > 0, NGMAX blocks data are
required. Each block has IXI1#IY] entries,

The order of flux guess read in is same as case of IDISN=3.
If IDISN=1, NFGESl or 2 > 0, NGMAX blocks, data are
required. Each block has IXI«IY] entries.

If IDISN=3 and NFGES! or NFGES2=—2 following three
integers data are required for flux guess synthesized.

IA (1): X or R direction mesh point number for appropriate
Z-axis one dimensional calculation,

IA (2): Y or 6 direction mesh point number for appropriate
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Z-axis one dimensional calculation.
IA (3): X-Y or R-6 plane number for appropriate two di-

mensijonal calculation.

4.3.C. Input of control number for ADC-Edit

Following data are required only if NCASE=x( or =1 and IDISN=x-1

Number Name of
Word on Card Variable Comment
EDIT TITLE CARD:::ccoevveeeee Required only if NCASE=3, =2, or=—2:tcrreereerrrreereeneiininins CARD 0

TINPUT  The job title of previous case selected to re-edit.
This card must be completely same as the JOB TITLE CARD.
CONTROL INTEGER -reeecntettuttuueeunserasensernosecsseanssnsssenseensessssrasssrrasenssnssasiasnassensssenessensmnnsmnns CARD 1
NRMAX  Number of edit region,
NFR Number of flux ratio edit ( ¢y/¢,-). if NFR=0, no edit.
NBETA Number of groups of edit regionwise flux to be normalized.
If NBETA=0, normalization factor is total power.

4 NPO Option of point power normalization factor to be read. 0/1 specified
by code/edit regionwise specified by input.
5 MZE Used only if IDISN=3.
Number of X-Y or R-6 layers with different edit region layer map.
CONTROL FLOATING POINT DATA «+ceeseeeeeeessuseeruaaaetnesessieeeessrecersnssernessnnesssionsessasssosaeess CARD 2
1 PT Total power (watt), if PT=1.0, point power normalization factor

is average power.
2 PCONV Power conversion factor (Watt/fission/SEC).

4.3.D. Input of remaining data for ADC-Edit

The following data are read by the subroutine REAG. The formats denoted by I and E mean
integer and floating point number, respectively.

Block Name and Number of
Dimension Format Entries Comment
NFR(NFR=2) I NFR=*2 Required only if NFR > 0. Energy group number for flux ratio

calculation (e.g. if NGMAX=4, NFR=2).
1, 4, 2, 4/ In this example, &,/d,, ¢./$, pointwise two ratios
are calculated)
IGI(NBETA) I NBETA Required only if NBETA > (. Energy group number to be
normalized (e.g. if NBETA=2, NGMAX=4).
3,4/ In this example, 3rd group, 4th group fluxes are normalized
by input specifications. (Other group fluxes are normalized by
total power. )
BETAF(NBETA, E Required only if NBETA > (. NBETA blocks data are required.
NRMAX) Each block has NRMAX entries,
1st block; IGI(1)th group flux normalization factor,
2nd block; IG1(2)th group flux normalization factor,

.
.
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NBETAth block IGl (NBETA) th group flux normalizationfactor,

Flux would be normalized pointwise and edit regionwise,

BETAP E NRMAX Edit region wise power density normalization factor. Required
only if NPOs0.

MZEDZI) 1 1Z1 Required only if IDISN=3. Edit layer map number of each X-Y
or R-plane,
These data are read in same scheme as ADC input MZID (IZD).

Edit region number Edit region identification number. Number of entries depends on
IDISN.

NREGE(XI, IY], I If IDISN=3, MZE blocks data are required. Each block has IXlI+

MZE) IY1 entries,

NREGE (IX1, IYD) 1 If IDISN=2, IX1«Yl entries,

These data are read in same scheme as ADC input NREG.

4.4 Output information

Output data of “ADC” consist of two parts, normal edit quantities and optional regionwise edit
quantities. Varieties of integrated and averaged values for specified mesh-regions, which are not always
identical with material regions, are edited by the edit segment ADCED,

The follwing is the list of normal output quantities. All pointwise edit data are normalized so
that total fission source equals to unity.
(1) All the input is printed immediately after read-in.
(2) The two dimensional material map by integer numbers. (for three dimensional problem, multiple
maps corresponding to all X-Y or R-¢ planes)
(3) Eigenvalue convergence status at each iteration,
(4) Gross neutron balance,
(5) Pointwise group flux.
(6) Pointwise power density.
The following quantities are edited optionally if the user requires the integrated and averaged
values in edit-regions or the re-editing of the result saved in tape,
(1) All the input of “ADCED” is printed immediately after the reading,
(2) The two dimensional edit-region by integer numbers (for three dimensional problem, multiple
maps corresponding to all X-Y or R-6 planes).
(3) Pointwise edit
(a) Pointwise flux @y, 4, 5, &
Renormalized by the formula
boto k= 8s(NR)YP g, 4, 1, &

if NBETA=0, §-* =2f ?C_(B.&’», 3,,6,dv/PT is constant,
gJv (]

If NBETA > 0, B, (INR) is specified by input for the edit-region for each energy group
where NR : edit-region number
PCONV : conversion factor to power
PT : total power
(b) Pointwise flux ratio ayrg, 1, 5, &
Cyrr,t 5o k=0 00101, 6/D 0% 00 1k
where neutron group number g is specified by input.
(c¢) Pointwise power Py, 4, ;
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P, ;. =3, FCONV BETAP (NR) %05 108’0, 0, 1,

44
where if NPO=0, BETAP (NR)=1 constant
if NPO=1 BETAP (NR) : edit-regionwise power
Normalization factors are specified by input.

if PT=10, Posx=S10, 21080/ 8 LooS st v
g

Vyg

(4) Integral edit
Integrals are calculated only for edit-regions specified by input. The following quantities are
edited for each group and for the sum over the groups.
(a) Neutron leakage
Lyg, o=~ J-SNR Dy, i, 1, k79’ 0, 4. 1, xdS
Rod leakage and DB? leakage are also edited.
(b) Neutron absorption
Ay, o =J”mez'“' o 1s 5 6970, 1, 4, 24V

(c) Neutron removal

Ryp, o =J‘0NR2R. 0 ir s k970, 1, 4, 240

(d) Neutron source
Fyg, 0=X020'J”02fa'. 6 50 kD70 1, 3, 10

These quantities are renormalized so that total neutron source; ; 3 Fyr, ¢ €quals to unity.
— R ¢
(e) Region averaged flux ¢yz, ¢

Onr, 0= S UNR¢G’ 4 4, k4V/Vyp
All of the flux integrals and averages are multiplied by the normalization factor.
(f) Region averaged power, Pyr
Pyr= S UNRPi’ 1, K80/ Vx5

P, ,, . are pointwise power as shown previously.
(g) Regionwise kyz>

kyr>™ =¥ Fyr, a/Zﬂ]ANR, ]
(h) Edit-region volume

Uyr= S .vNRZEV Vi, gy k
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Appendix: Sample Input and Output

The following pages show the input data and computer output for 3-group, 2-material, eigenvalue
problem in X-Y-Z geometry (see Figure A-1). The problem requires about 79 seconds to run,

M l
|
|
|
|
!
—h MATERAL 2
//‘ ydl
s )J— ______ A
s v |//| a
(0, 667, 0) )l | ya
A / |
I (533, 53.3,0)
RN
| )'_ (0,0, fl036) b L
l R YZ T
(0,0,736)7 — | — AL
// v // /
// s/
7 MATERAL 1 v
X
(0,0,0) (667,0,0) (1076,0,0)

Fig. A-1. Diagram of sample problem,



JAERI 1260

Appendix : Sample input and output

Sample Input and Sample Output

25



[
S
! ¢ 4 4 I4 2
2 2 4 H 2 Z T 1 1 1 T
& ar lvw 7
- T 0 1 0 0 T
ANYANNOY
00 0*'0 TO+30000T*0
410345 4
3
g Sh 91 cTNgoT NIMLI¥  ¢TOROT (35N 340D
m T0=300006°0 . VIMILTUD NOIivICAwHLXT #S43
g 90-3000C6*0 CowIN3iud 3ONIOYIANOD dCCT HILINO €541
= €0=30000T'0 vINILIED ADMIONIANOD d0O0Tt HINN| TAX 2541
= £0=-300007°0 wIHTLIND IDNIONIAMCD doo AN H3AYT AX TSd7
2 10+300621°0 HOLDY 4 KOTLYXYIIN H4AO d0CT ¥3NNI YOO
o 0'0 HALOV4 NCTIVXYI3N MAAL dCNT ¥ILNO TvO3W0
5 0§ NOTLYIODYHLYT NIIMLIY AVTIA WiNWINTH WAL
g S MOLdyd NOTLYXVIIY HIAO ONTIG3L HO4 NOILWHIALD 4C ¥FaWnN X
= 1 7oy IHLYY HO ZAX M) SLINNOD NOLAWHILD HINN] 40 8394NN WWI XV aNTLL
Q 1 SHIAYT] 7H/YLIHICH NO SHIAYT AX N1 SINAOD NOTLYHTILTD H3NNT 40 HIFWON WOWT YV INT LT
g 00T SLNNNY NOTLyHILD H3LNO 40 ¥AHANN ~OWIXYH Y011
= 1 L7976G/87€/27T70 3WAHDS NCLLIwdTLT HINNI DSLINT
= € 7090V LONZWRNAZ*YHLXT 443HSAHTHIL/NOLLYXYIAY ¥IA0=/€/4/T/0 3HIHDS NOLLvdI Ll NALNU 251n0l
- n JH0DNT S 1w nu37 41
m IOVNOLS MO N1 INIDU44303 B3 IINFUTALIAQ 403 SHIAVT AX 40 HIGWAN VLIOL 4309
"z ST FOYNCLS JEH0D M1 XN4 HN4 SHIAYT AX A0 d39WNN Civlel YN 4N
m cT FINNOS NOISST4 HLIA SHIAYT AX 40 MIGWN viOl D71
= 4 i dyWw NOTL1SOdWDD 1M3uI4410 HLTe SHIAYT Ax 40 H3IGWAN V0L 7w
[ 1 SIM10d HSIW IYHCT1D3H1a 7 40 N38WNN VL0l 171
] T SINTOd MS3W TwNQTIYTIHIAQ VLIIHL HO A 40 HI8WNN VLol TAL
m 91 SINTCA 4SS IWNOTLDTIE1d 8 HC X 40 MI8WN VLoL X!
& o ISYD NI/ 3ISVYD IHOW=0/T ASVON
< 1 € L1N0 NO LNdLIN0 XNTT4 3p1Hm 0H37 LON 41 1N041
n GSIND ¥YNT4 LN1OFAY ZavEd ON/ELINA QuIn/Ly14/SAHYD ay3u=¢=/T-/0/0°19° 2S39 4N
c §SINO N4 MOMINAN ZQv3d ONJELINN QvIN/LY14/50Y8YD dvaM=g=/T-/0/0"19" 15394y
¢ - ZAINO X4 LNTOFAY/ZATING XNA4 NOYLNANSYNT4 INTORGY ONY XNT4 NOWLIN3N=T-/0/1 ravr
2 . NOTLTSOdWOD - 4C HAa9WNN Lol 1YW
Y SYNONYD AG¥INT 40 HISWIN VL0L XY IO
T JulyldHLVH/ 78827891 AHL MY HIANTIAD/ZAX A X AVAS=/G/9/€/2/1 W0391
€ AyD TYNOISHNIWIQ IINHL/OMLZIND=/E12/ nstag

WIT90Ud  3FdkVS 7-A=X  DQV * xx2nDYD) DQvusts

26




JAERI 1260 Appendix : Sample input and output

- L B B B e B I e B B B I IR IR e g G i e kR L ] At A A A A A A A AN AN~ AN
- L I e B A e B I I B e IR SR v g e e e e L ) e e R I I I R IR I AP I VAP R VY
- rj!HHHHHﬂH-—OMP'Hrdv—';—lc-l—-lﬁ'iv‘ﬂv—lriv—lh-lvi et ed mt e e N e e N D
- A A A A A A A A et A A A et o e ot el e A N e o N - NN
4 R B I B e B e B B B e B B I e e B o Mo Han A B IR S B R I B B B e B B B B B B IR R VI o VAR I VY
) I R i B e B R e B R B e B e B e i o I o R B R A e T R I BT I B e e VI S U I e

T AA A A A A A A A A At et e A A A A A e A wd ! ed ] o of o N O o N

0
1

LB e B B B A e B B e T B Bl Bt B o S B B e B B B e I B e I P B | Lt B B e B B e B B B B e VR e M I AR ]

<~ L B I I B B B e e A I I I e R R R S e B I B B el e e vl e e e e e e N N

[ L e I B B B e I e R e e R B I B I S B I S TR RS riviviededetrd g = id el AN AN DN

L COREID
XY MATID
xy MaTID



JAERI 1260

ion Calculation Code: ADC

1 Neutron Diffus

1lmensiona

A General Di

28

10+300¢H2°0
T0+300€42°0
16+300062°0

00
0'o
o0

INIYA NN

TO+300L4) 0 10+3004%L'0

1G=3902¢0°0
¢C=38H016°0
20=3T9¢de D

7
kS

0°
0°*¢
OO

20

4918N

TO+30C.LHL*0 TO+300L4L°0 TO+300L42*0

. T0+300£89°C
TO+300€89°0 TO+H0NCRY*Q TO+200€H9°0 TO+3INOEKY*C TO+300E8Q° 0

104300€89°0 T0+300£89°0
TO+300€69°0 TC+300€89°0 TO+IGNEEI 'O TO+I00ERI'C TC+300€89°0 TN+300€8a°0

TN+3
T0+73

*T 1T 1 T Yy v T ¢v i ©t T 1 1 1T T T«
» * €
*»T T 1Y T ©Y 1T T VY T U 1T 1T T T 1 71 =
» * Z
*T 1T T T 1 T T v U 1T T ¢ T T T 1 %
* * 1
*T 1T TU r U T T T 1T T 1T T T 1T 1T
L T e R T T T T T T TR ey S v}
A
9T ¢T #T €T 2T TT 0T 4 R L 9 & % € ¢ 1 00X 0
00ERA'0 TO+300EE9*0 TO+30NERY*D TO+3IN0ELYC TN+300€89°0
00€89'0 TN+32N0ERI*0 TO+3INNERI’ D TO+INNERYIO TO+300€89°0

HLQT* HS3W NOTLD3INIA A0
T0+400€R9°0 TO+300€89°0
T0+300€89°0 TN+300€89°0

TN+3ANNELI*"0 TN+3INNERT*O
TO+300€89°0 TO+300¢RQ*0

TO+300€89°0 TO+300€95°0 T0+300¢99°0 TO+300€R9°0 10+300€89°0

TO+300€89°0 T0+300€89°'0 T0+300€89°0 T0+300¢ky*C TO+3I00EE9°0

H1GI% HSIW NOTLDIMIa X0
S v ¢ 2 1
ON INIOd HSIW 7 0L dyw SIHLT
0°0 T0=30€209'0 00N+3GTZoH"0 €
10=3I7R%CGC°0  T0=36CTLT*n 00+3LT6.8°'0 2z
T0=-3T¢6H€°0 20=3NT942°0 TO+3I9T6,1°0 T
2 *ANNN Ly
~0°0 10=3T9T0T*n  00+320i€2°0 €
GO+39)2TT°0 €0=30002.'0 0O+32H2LL°0 z
IN=J688H6°0 €0=30049¢*n TO+32€42<°0 T
T CEWNN LW
M Hi91S YOS 30D Ni214¢ dNoYyo "H3 NO1iD3S Ss0¥>
1
TO+300L9L°0 TO+30004L°0 TO+300L02L%0 TO+300/HL°0 TO+300L4L%0
TO+300008°0 TO+30000%*0 T0+3006CF*0 Y0O+I00008°0 TO+300008*0
OMHSIAW 7 0
TO+300€89°0 10+300€89°0 TO+INOECRS*C TO+300UEEY* N TO+IWOCHY*D TO+A0NERI*O
T0+300€R9°'C TO+300€R9°*N TO+3IN0E89*D TO+I00CRY 0 TO+I00ENI N
AMHSIN A 0
TO+300€8%°0 Y0+H00€RQ O TO+300€89°0 TO+300€CR9'0 TU+I00€29*0 TO+300€09°'0
T0+300€R9°C T0+300€89°M TO+300€89'n TO+300CS9°0 TO+IN0EHI D
QMHSIW ¥ 0
1 T T T T
2 2 4 Z Z
1 4 4 4 4
4 T T 1 1
Z 4 Z Z 4
T T 1 T T
Z 4 4 T 1
1 4 2 b4 4

NN ANAN
- NN = NN
NN o NN
AN H NN
NN NN




29

Sample input and output

Appendix

JAERI 1260

»T
*
*T
*
*1
%
#T
*
*T
»
»T
*
*T

L2 RS2 LS d T IET TSR REL S LT TNR LY 2N AR RS

9T 6T #T €T 2T 1T 0T 6
TO+300€89°0 TN+300€89°0
TO+300€89*0 TL+I00EBL*0

. T0+30C€89°0 TN+300¢88°0
TO+300€29°0 TO+309€809°0 TO+3I0NERY*C TO+ICOEEI*C TO+300€89°0 TO+I00689°0

TO+300€89°0 TO+300€89°0
TO4300¢89°0 TO+300€80°0 TO+400€89C TO+3N0EH9°C TO+3INQELQ*0 TN+300ELQ" 0

#T
»
*T
»
%71
#*
*T
*
*T
#
»T
»
*T
»
*T
»
*T
»*
*T
»
»T
»
»T
»

T

T

T

T

- - -t

1
T

v

.

T

T
T

T0+3CHERIC TO+300€89°0
TO+300€89°C TO+300€89°0

T

T

-

T

T

1

-

~ — -

T

T

T

T

1

1
T

T

T

~—t

-t

T
T

1

T

-~

T
T

ot

T

T

.

-4

1

T

T T T #2 2=
LE 2 2T 22 9

T 1T T 1T T »
* G

T 1T T 1T 1+
* b

T 7T 1T 1T 1T %
* €

T T T T T #
* 2

T T T T T %
* 1

T T T T T #
*» 0
A

S % € ¢ T oX 0
T0+300€69°0 T0+300€89°0
TO+3NOEB9*'0 TO+300€89°0
HiQl» HSIW NOTLD3H1a - AD
TO+300€89°0 TO+300€89°0
TO+300€89°0 T0+300€89°0
HLQT#» HS3W NOILD3dIQ X0

¢T #T €7 2T IT 0T 6 8

. 9
ON LNICd HSIW 7 Ol dvW SIHLT

LA 2 2L e SR T s TR T LRSS L R LT R TRBFRDE FE Ry ST

1

T

4

Lo

-~ ~t L

1

T

T

T

La) Lo B |

T T T 1T T =
*» GT
T T T T T »
* 4T
T T T T T »
* €7
T 1T T 1T T =
* 2T
T T T T T =
* TIT
T T T T T %
* 0T
T T T 1T 1 =
* &
T T T T T »
+ 8
T 1T 7T T 1T #
* L
T 7T 1T 1T T =
* 9
T T T T T &
* S
T T T T 1T =
* %



JAERI 1260

ADC

A General Dimensional Neutron Diffusion Calculation Code

10=3€906€848°0
00+3499.G0€0T*0
00+43.2686TET*O
00+3/.80G0€.T*0
00+3.98407192°C
00+32682.TTH°0
¢0+3€ZCeerho
00+36H%066h026°0
T0+308L80RT1°C
T0+3€0L6SHETC
TO+3€GG60ZHTC
T0+380%T626T*C
T0+35690428T1°0
T0+368.01902*0
T0+390L€02€2°C
T0+3L¢8€6692°0
1043.898206¢€°0
TO+39T8€296.°0
¢0+3¢€82008GT°0
T0+366626L0T°0
T0+354988.TT*0
T0+326L8HL.€7°0
T0+3Hh¢RTZGLTO
T0+362€188.2*0
TO+38012T€CL 0
JONYHD XNT4

TO+3669LC00T 0
T0+3L1€6900T"'n
T0+39z64L00T°0
T0+3L0€9800T QO
T0+3€¢TOOTINT O
T0O+3T9ZLTTIOT'N
To+3¢EHLETOT G
T0+36n2T9T0T°0
TC+396T1T6I0T0
T0+3€66L220T°0
T0+3%€9TL201°0
To+30egH2EQT"0
T0+3262T6€EN0T°0
10+309099%01°0
T0+34T8H960T°0
T0+3¢¢0080TT 0
T0+46THEQTETO
T0+39¢a8262%°'0
TO+3€Z92ZL9TT*0
T0+39¢98T60T* N
TO+380TE€TTITQ
T0+392,06€TT 0
TO+38N98EOTT D
T0+3006LT82T*0
TO+3¢,06L0TED
XyWY 4

00+3TL66LT26°0
00+3€60.5906°0
00+321€04€8E6°0
C0+3Z%6€T8ByB*0
00+35£606626L°0
00+3L2T6€RNL"O
00+3T¢826L09°0
00+360€8H6TS*0
00+3260€48¢H* 0O
00+39929292+H°'0
00+3gC090ETH'0
00+32¢LT16%¢E*0
00+3696607GE°0
00+30228992¢°0
00+3T2T.TT0%0
00+30€671€0,2°0
00+3$%080222°0
00+38%L26TTT* 0
T0=390822666°0
00+39€0he0RH*0
0C+3.96¢686Y* 0
00+340%)0T24°0
00+329LHE9E 0
0C+3%T8L6€9C*0
00+3999T2LTT'0
R

10+300000627°0
TO+30000062T0
10+30000046271°0
T0+300000621°*0
10+300000¢2T1T40
T0+30000Q0621T'0
1043000006210
T0+30000067T°0
T0+30006062T°0
To+300000627°0
TO+30N00062T°N
T0+30000062T'0
T0+30000062T°'0
T0+300000621'0
T0+300000621°0
10+30000062T°0
TO+30000062T*0
TO+300000621°0
T0+30000062T°*0
10+300000001°0
TO+30000000T0
1043000000010
1043000000070
TO+30000000T°*0
TC+30000000T°0
HILINWYNY A4 DDV

TO+37T24600TT0
TO+4659666071°0
TO+3€ERZE60T 0
TO+308,.48607°0
10+300€G160T40
TN+39€TH#960T0
TO+30660660G:T*N
TO+3CEHECHOT N
TO+3+02LT601°0
TO+326C66R0T° 0
TO+39266980T°0
T0+3T806EE0T*0
TO+3¢*020801°0C
T0+34G665GL01C
10+32827T040T°0
1T0+322€T€907°0
T0+3€2TTH50QY*0
T0+3922¢€2407%0
T0+392REG2OT*O
C0+3CEi29626°0
OC+349LLT¢296°0
00+3.T20b026'0
0C+3¢6T00€RB*0
C0+396CEZHHR0
00+368€€€268°0
INTIWANIO I

€0=46.29vL26'0
€0-388+%987129°0
€0=4ERH60ECL D
€0=342¢99L€98'0
20=4,9.28T0T'0
20=3EH6€002T 0
Z0=399669T¥1'0
Z0=~3LLTHGL9TD
Z20-30902L.06T*%0
20-34T€L99€2'0
20=36h,G9€RE'Q
20=39GTLHCPE" D
20=39673T6TH'0
20=3.9TH2026°0
Z0=-32H50608G69 D
20~36818956¢8°'0
TO=369T90¢TT 0
T0=-371.€92%91°0
TO=38CTTELOE O
T0=-39T68L€42"°0
TO=300689L8€"'0
T0=3€€ZTSTEH 0
T0=3296LT66%%0
20=35T680066°0
00+3TT999i%T1°0

CANOD  N3OI3 INNOD*LT T

20363036 363 3 36 I 35 S IC 220 9F 36 36 36 30 2 3 36 30 36 3 30 I 96 JH 3036 38 3 34 30 6 96 3 04 I 9636 36 36 ¢ 4 3

«T T
*
#T T
i
#T T
L
+1T T
»
#T T
3
*T T
»
#T T
»
*T T
W
*T T
*

T

T

T

T

I T #»2 2 2
*
T T2 2 ¢
R
T T T T »¢
*
T T T 1T 2
3+

T T 1T 1T %2

*
T T 1T T %2

*
T T 1T 1T #2

*
T T T T #2

4

Z

(o}

4

2 ¢ 2 ¥ 2

¢ 2 2 T 2

2 2 7 2 2

2 ¢z 2 ¢ 2

I3 369 T A W I 2 I 3N R

T T 17T 1T 1

T

T »2
*

T 1T 1

4
4

* ok k% K & ok K Kk ok K %k Kk ok & K kK K

91
¢t
LAt
€T
43
1T

0T




31

Appendix : Sample input and output

JAERT 1260

€0=2702€5G4T0

T0+3608€9938°0C =x010vd ¥yX3

¢0=34T08TLRT 'O
€c0=36028,.0T20
£0=36€0HTREZ D
C0=2016K€E9667"
£N=32652640¢"
€0=3ITLEEZZHE"
€0=380063¢€RE "
€0=3TH6290€H"*
€0=328789¢AH"
€0=386E26EHC"
€0=320807127T9"*
€0=310662689"*
€0=380860R.L"
€=, Theer) 8"
€E0=3€F69%066"
¢0=30029727T1"
2h=36TG0ERZT"
C0=3TLHHL9%T"
20=3¢H562060T"
20=3.€66¢¢12"
CN=AdH HLl9hH 2"
Z0=3695912R02"
2N=3T29L4HG2€"
20=3TEA8HGLC "
20=ATHLlbhTCEH"
Z0=396HEG66H"
20=7E99Y8GLG "
20=36200H¢99"
Z0=328219¢9.*
Z0=399/ €048
TO=3402€€R00T"
I0=3C5I4%94TT
IN=264C6¢2CT

DO O00DIODDODTDCIIODTODDDTIIDIOD!

2

lo)

Ho IGC06G7, T
TC=3T7€80594T
T3=3¢9¢ccece”
T0=3.€E8%¢GL "
10-30%0L€282°
T2=3€9TE]¢2¢ "
i0=3ECEv6R9E”
T0=1TCLLH8TH O
L0=3LELERILHD
10=3.9%9T2446*0
10=36Z2wi929°0

10=-30,68202L0

DD QODODDODDOT D

T043272300001°0

TO+3€TR0000T

T0+Id4600000T°0
TN+3CRALONOT G
TN4Z0enTON0T 0
TO+S6ATINN0T D
TO+30TCTON0OT N
TO+3¢HHTONOT'O
TO+366GTO00T 0
T0+3¢) /100010
TO+3R96TOONT N
T0+36422000T°'0
T0+32662000TN
TO+3€9820N0T N
TOo+360T€0NNT*D
TOo+3€TCC0N0T 'O
TO+30460€000T7°0
TO+3IAETEHQOOT N
TN+360.4000T0
T0+309€6000T 0
TN+3,€/.90001°0

T0+36r4L000T° 0

Tn+3¢6000nT0
TC+39666000T°0
T0+32400T00T° 0
TO+3B¢STINOT 'O
TN+30662TONT D
T0+399¢4T00T'0
TO+3TCAGTOOT O
T0+394QLTO0T 0
T0+30L%6T00T*N
T0+3879TZN0T*0
Tn+32a4€200T°'0
Ta+3TH36200T°0
T0+3690.200T°N
Tn+322T0¢0CT*0
T0+329G2€00T*N
TN+3866H€00T°0
TO0+3HTCLEQOT N
T0+3€nHvec001° 0
In+3L6nTHnNnlco
To+3T022%001'0
T0+3¢,7¢500740
TO+30¢G6H+00T*Q
T0+3848¢H0O0T D
TN+38RTLH0OOT 0

T0+436921600T

00+3TLGH9868°0 =01 1VvY

0N+3e€veR666°0

00+308ZTR666°0
00+3.76K166H6°0
00+3TAT91666°0
O0*2660¢6 L ARG 0
00+3,CGHGEAEE6D
D0+38R1.¢49/6660
00+3GGY9TGhREE"D
00+366695666°0
D0+3CG9T6H66° 0
00+38€96H666°0
00+39204¢666°0
00+32L0TC666°0
00+3CCZLe666°D
ON+36KT2THEED
0ON+*3ZE90N6EE*D
00+366€i 7966
00+3658T1R66"
0N+3TLHES %6 "
00+39CZTC966"
00+30069u 66"
00+322655,6¢"
NC+367%0T/66"
00+36LG6G, 966"
0N+3GTAGZ966"°
06+302.89G66"
00+384620G46°
00+38+H ) 20KE"
00+32/606€66"
00+36) TZH266°
00+300962THE "
NN+3¢¢) 10066
00+3€T89G8R¢*
00+3CAECEING"
00+30R260G86*
NO+39.€€0ERE"
00+38842,086
00+384%G619,6
0C+3Z€ERLZGL6
00+301.6902.,6°0
00+39L€96896°0
0N+3948TH%96°0
0C+39TECBEG60
00+3ITCTICHGHD
0C+3.6.20896°0
00+34%930TH6°0
00+3090T%2€6°0

DO CODTOoOTOOITILDDDO D

SO C

TI0+30000000T°0

INOA ST NOTLIYIOAYH L X3

TQ+3062L99TT"0
T0+3062.94TT*0
TN+3069L94T 40

TO+Z06RLG9HTT N

TO+H065LanTT0
TO+306QL99TT 0
TO+30692LaHTT"0
TO+3063L9+4TT*N
T0+3069L94T1'N
T0+3060L94TT°0
TO+306a,99TT N
TO+3062)94TT"N
T0+3068L94TT*N
TO+306P/94T1*n
IN+3069L99TY*N
TO+50AQL94TT*N
TIN+3060L94TT*n
1T0+4HGESLYHTV O
TO+3CERL9HTT N
T0+3¢C%6.62T°0
I0+30000062T*N
TO+300000G2T0
TO+30000062T0
T0+30000062T*N
T0+3C000062T*N
ﬂO+moasoanH.o

TO+30000062T 0

T0+30000062T7°0
T0+30000n627°0
10430000062y N
TN+36000052T°0
10+430000062T*N
T0+300000n6ZT*N
T0+30000062T N
043000006210
T0+30000062T 0
TN+300000¢Z7T*n
Tn+3000006270
TN+300000627T0
TnN+300n0nG2T 0
TO+30N000627T0
T0+300170062T*0
T0+300000627T°*0
T0+30000062T*0
T0+30000062T%0
T0+300000¢62t*n

TN+3066L€0TT*0

T0+3vh6l€OTT' O
TO+I%€61€0TT 0
TO+3026L€0TTN
Tn+20TgL€0T I 0
TO+3ARERLENTT O
ﬂo+mﬂma~mouﬂ.c
TN+3TLHLENTTO
TO+3564.€0TT 0
T0+39€Hi€0TI N
TO+345TR€0OTT 0
TN+3¢64L60TT0N
TO+3TLLIENTT D
TO+3CHLLENTT O
Tn+3cTLicoil 0
To+3CR9/€0TT O
TO+2CHGL€O0TTD
T0+37109/€07T0
TO+3E€GCLenTT 0
TO+3T06L€0TT 0
TO+35bH,€0TT N
TO+3ICOECLEQTT D
TO+3892L€0TT 0
TO+3ICSTLEDTI D
TN+26€0,€0TTN
TO+IB6EROCOHTT
TO+3TELecnT !
TO0+3THCICOTT
TO+36TEOC0TT"
T0+30909¢0TT"
TO+30GLGE0TT 0
TO+3TCRCENTT D
TN+3GCREHENTT 0
TN+366vHEQTTN
TO+3926€60TT0
10+3¢462€€0NTT0
TN+4LGH2€0TT 0
TO+3926TI€0TT*N
TN+3TZH0C0TT 0
T0+312T62077T
T0+3CRG/ 20T 0
IN+3.9,6201T*D
TN+3TZY€20TT0
T0+38007TZOTT0
T0+3960%TNTT*N
T0+329¢64TNTT
TO+3%KEOTNTITN

lD:)J

3

90=399400L496°0

Q0N=3TH 006460
G0=34.600GT21°0
90=3€9T00RT6*D
GO=3EHTOORNT* O
$0=36900T9TT'0
GO=3L%N0€2€T*0
GO=3TGTOLTIGT* D
$0=369T0€66T 0
G0=3TH20866T°0
S0=30T208661°0
G0=3€220n76TN
$0~39640TT62"0
G0=ACEC0809C 0
CN=3€190€6d )
G0=36Z29020kE'N
GO=3AEGHTESLE D
GO=3veEnTLivew*n
GN=3.2)T62L%*'0
GN=I6TZZ29L.06°0
GO=ARZLE2GHL D)
GN=32C6H6GCE D
GO=ITLECILLI N6

»0=3T8RZECT1 0
H0O=38GT2LLZT N
$0=34T984%1¢T*0
#0=322TRZZLT 0
#0=3Te8LTI0NZ*'0
#0=32066E7€L°0
H0=369¢€L0LLE N
#0=3TH22002€%n
H0=3G66682LLE" 0
40=3L45966CH N
#0=38NLE66TSD
#0=3€R9RT0TI*N
H0=ATEGTLOZL

H0=-39982T%48°n
70=30€L 966660
€0-3690%8LTT*0
EN=3LEHOGEET' D
€0=3706TLH9T 0
€0=321 4299610
€0=370068622°0
€0=39420LTL20
€0=396TRINZE" N
€0=36609THIE'D
E0=3LETCL99% N

LYy

Gh
by

h
T4
Ch
6€
8€
LE
9¢

ve
(29
4%
1€

&
82
I%4
92



JAERI 1260

ADC

A General Dimensional Neutron Diffusion Calculation Code
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Appendix : Sample input and output
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