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PREFACE

During the conceptual design of the Advanced Test Reactor (ATR),
the difficulty of obtaining converged Sn solutions to some of the thermal
reactor neutron transport problems with the existing codes prompted the
examination of different methods of solution of the Sn difference equa-
tions. This examination led to the development of the MIST code, which
employs a direct method of solution instead of an iterative one in
certaln phases of the solutions. It thereby attains solutions to thermal
reactor problems in as little time as any other kind. The MIST code was
developed by G. E. Putnam and D. M. Shapiro of Internuclear Company,
Clayton, Missouri for Phillips Petroleum Company and it is reported in

ID0O-16856.

The MIST code was a first attempt in using a direct method to solve
for the fluxes in each group and it was applicable only to slab geometries.
The most commonly encountered neutron transport problems, however, occur
as cylindrical geometry problems. The TOPIC code is the first attempt
to use the methods proved effective in MIST to help solve the more com-

plicated cylindrical geometry problems.

D. M. Shapiro, presently employed with Washington University
Computing Facilities in .St. Louls, Missouri, performed almost all the
programming on the MIST code. Because many of the TOPIC routines are
only slight modifications of MIST routines, special acknowledgment is
due Mr. Shapiro for this significant contribution to the TOPIC program.
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1.0 TINTRODUCTION

The so-called Sn method of solution of the Boltzmann transport
equation has been used in the field of reactor design for a number of
years. The method, originally developed by Bengt G. Carlson at LASL,
has been programmed for almost all the high speed digital computers at
various installations; and the family of Sn codes has grown steadily
with a continuing major effort to speed the convergence of the iterative
processes used in the programs. The Program S codes cf B. H. Duane of

HAPO are probably the most sophisticated Sn codes presently in existence.

Unfortunately, the customary iterative methods used in solving for
the fluxes in a neutron energy group with the Sn codes make some problems
practically impossible to solve. If a problem contains a region which
is many mean free paths thick and which has a very low abscrption to
scattering cross section ratio, convergence becomes so slow that machine

time requirements negate the use of the usual Sn codes.

The MIST code (IDO-16856) for slab geometries was the first S code
to overcome these difficulties by using a feasible direct method of
solution which eliminated the troublesome iterations altogether. In
cylindrical geometries, however, the introduction of another angle
into the Boltzmann transport equation greatly complicates the solution
as compared to slab geometry cases. The direct method of solution used
in the MIST code becomes immediately infeasible from the standpoint of
machine time when applied to the much larger matrices encountered in the
cylindrical geometry Sn problems. Consequently, a method was sought
which would be partially iterative and partially direct and combine the
advantages of the two methods. The TOPIC code for cylindrical geometry
is the first Sn code to try such a combination of methods. The exsra
angular variable of cylindrical geometry is handled by Gauss quadrature,
exactly as in the Program S versions. However, instead of handling the
fluxes at each Gauss quadrature point iteratively, the fluxes at the first
Gauss point are obtained by the direct method proved effective in the
MIST code. Then given the fluxes at the first Gauss point, the other
fluxes are obtained by the usual iterative process - with one very im-

portant difference which greatly speeds convergence: the values actually



solved for at the second and higher Gauss points are the differences
between each flux value and the corresponding flux value of the first

Gauss point.

The TOPIC code is written in Fortran II and it was originally in-
tended only to try the effectiveness of the new method. It contains
many inefficient routines because of the lack of any tape input and out-
put buffering. However, it has been shown to be very much faster than
the other Sn codes on the difficult problems; and even on the problems
that run in very short times with the other Sn codes (because only a few

iterations suffice) it does not require much more time.



2.0 SUMMARY

The TOPIC codes are designed to solve the one-dimensional Boltzmann
equation in cylindrical geometry with up to six emnergy groups, two hundred

and forty space points, forty regions, and anisotropic (Pl) scattering.

The boundary conditions for each group can be independently specified
and the flexibility of the specifications permit:

a) Perfect mirror reflection or symmetry.

b) Isotropic reflection (Lambert surface reflection).

c) Anisotropic diffuse sources by means of either a Pl Legendre

series or a short table of point values for the angular flux.

Independent specification of isotropic fixed volume sources for each

group is also allowed.

As implied, both homogeneous and inhomogeneous problems are solved,

and fissions can occur in either type of problem.

A direct method of solution which was shown to be effective in the
MIST code is used to solve for some of the angular flux points in each
group and an inner iterative solution is used to solve for the others.
The result i1s that most problems converge in as few outer iterations as
diffusion theory solutions, and usually only one or two inner iterations

need be performed.

The numerical approximation to the Boltzmann equation is a linear
one with respect to variation in the space variable r and one of the
angular variables. Gauss quadrature is used to handle the second (polar)
angular variable. The difference equations solved are exactly identical
to those solved by B. H. Duane's S codes. (See GE ANP report No. XDC-
59-9-118.)

TOPIC solutions require about 50% more time than would the solution
of a comparable problem with MIST. An Sh problem with four groups of
neutrons, 75 mesh points, and 3 Gauss quadrature points took 5 outer
iterations to converge to a pointwise variation of less than the fraction
1 x 10-3. The running time was 2.93 minutes on the 7090. A comparable
MIST problem took 2.1 minutes.



Because of the automatic tape buffering which is available with the
Fortran IV monitoring system, some of the inefficiencies of the Fortran II
version of TOPIC are removed when the program is run on the 704O. Con-
sequently, TOPIC problems require less time on the IBM 70LC, even though
it is a basically slower machine. {The times required are usually from

O.4 to 0.9 of the time required on the 7090.)



3.0 The Derivation of the Difference Equations of TOPIC

3.1 The Boltzmann Equation in Cylindrical Coordinates

The basic equation solved approximately by the TOPIC code is
the Boltzmann equation which expresses the balance or conservation of
particles in a cylindrical coordinate system. It is assumed that there
is no variation of the angular distribution of the flux in either the
7z direction (parallel to the cylinder axis) or the direction perpendicu-
lar to both the z and the radial directions. The reader is referred to

A. M. Weinberg and E. P. Wigner, The Physical Theory of Neutron Chain

Reactors (Uhiversity of Chicago Press, 1958), pp. 275-276 for a deri-
vation of the monoenergetic Boltzmann equation in cylindrical coordinates.
This monoenergetic form of the equation is the form which is solved in
each energy group in order to solve the usual reactor problems. The

equation solved in each group can be written as

Viu® cos ¢ B[rf(r, u,¢)] _Vai-p2 5[sina$ £(r, u,¢)]
r

r or (3.2)
2n 1
+ 3 (r)f(r,n,0) = [f Zs(r,uo) flr,p', o) au'dd’ + S(r,u,¢).
0 -1

In Figure 1, Q is the unit vector in the direction K, ¢, where p = cos 0.
@ is the polar between the z direction and.?L and ¢ is the azimuthal
angle between the radial direction and the projection of @ onto the r-y

plane.

Fi el
A =




fr,p, ®)dQ dV is the number of particles in the volume element AV
at r with directions of travel in dQ about 0 which, per unit time cross
the area 40 (perpendicular to Q) on the unit sphere. f(r,p,¢) dQ av is
equal to the number of particles in dV and dQ multiplied by the speed

of particles.

ZXr) is the total collision cross section (area per unit volume)
at r andi:s(r,uo) is the scattering cross section (area per unit volume)
for scattering of particles from df' into dfle df' is the solid angle
dp' d¢' about the direction Q' which is defined by ' and ¢'. M, is the
cosine of the angle between Q' and Q. Only axially symmetric scattering

is assumed.

S(r,u, ®) is the fixed source for the particle energy group. 1t is
always handled in Eqg. 3.a as if it were a constant function insofar as
the f(r,u,¢) of the group is concerned; however, it can be a function of
f(r,H, ®?) obtained from a previous "outer iteration,” as defined later.
S(r,u,¢) is the sum of three terms. These are:

a) q(r), the fixed volume source of particles equal to the number
of particles emitted isotropically per unit volume per unit solid angle
per second at r. q

D) % é% E;—l VZEg,(r) @é (r), the number of particles per unit
volume per unit solid angle per second emitted at r. In a neutron re-
actor problem, Xg is the fraction of neutrons released iIn the fissioning
process which appear in the gth group, vng is the product of the neutrons
produced per fission times the fission cross section (area per unit vol-
ume) for neutronsﬂif the gEE group, and Qé (r) is the total flux defined
by the integral -[— fé(r,u,¢) dp d¢. A is 1 in inhomogeneous problems,

0]

-1
but in homogeneous problems it is the eigenvalue obtained on the latest

"outer iteration'.

The primes on ®(r) and f(r,u,?) denote the fact that the quantities
are those obEaingd on the previous "outer iteration'.
g- 1
ov) dp' ae! ber of
c) z: nglag(r’HO) fgy(?,u ,0') du' d9', the number o
g'=1J0 /1

particles per unit volume at r scattered from group g' into the solid



angle dQ in group g. ngl,g(r,uo) is the scattering cross section for

the scattering of particles from dQ' in group g' into dQ in group g.
When the gEE group is group 1l, the term c) is zero.

3.2 The Boundary Conditions

Given S(r,H,¢), Z(r), and Z5(r,uy) at every point in a system,
the definition of a particular problem is complete following a specifi-
cation of suitable boundary conditions. The boundary condition at either

boundary for each group can be expressed by the equation,

1
£(1ps 1, ¢) = AAlf(rAl’“"ﬂ"p) + fb(r’ﬂ:‘b) + Z J P (Vl—IJ-2 cos ¢)
4 %0 55 8
4=0 "7 (3.D)
1
*—Ié”j le-ug cos O' £(zayh, ¢') du a0
ror L

In this equation the subscript 4 denotes the right or left boundary

depending on whether o = 1 or 2, respectively.

The range of K is -1 to 1. However, when & =1 (right boundary) the

- 1
range of ¢ 1is =z to = and the range of ¢' is Z o 3 5 and when & =2 the

2 2
-1 1
range of ¢ is 3 to %— and the range of ¢' is'§— to >

Ay BG,and”ihz for £ = o and é are arbitrary constants and fb(r¢b¢)
is an arbitrary function. Pz(Vl-u cos?) is the ordinary Legendre
polynomial of order £ with the cosine of the angle between the radial

direction and H4,% as argument.

The constant C is defined by the formula,

K -1
»
c= (-1) hz thl-lJ-k = f fVl—IJ- cos &' du an’,
k=1 A ¢é 1

where the integral over the range of p is approximated by Gauss quadrature.
Hence the “k are the roots of PEK(u) and the hk are defined by

1
h, fj’ P (1) ap, where the P (1) 1s the polynomial of M of degree
-1
2K-1 which is zero at all roots of PEK(u) except at uk, where it is unity.

P (1)

(H-Hk)[%l%

The formula for PK(M) is Pk(u) =




Table I presents the hy values and other pertinent Gauss gquadrature

data corresponding to various values of K.

The reason for the approximate calculation of C is that in the TOPIC
code all integrals over the range of M are calculated in this manner,
including the integral which appears in the BS term of Eq. 3.b. It is
necessary to compute C in this manner in order to prevent a fictitious
source of particles. When By= 1, it would be found that C/% instead
of 1.0 times the outward current would be reflected back, thus causing a

spurious sources

The physical meanings of each of the terms on the right hand side of
Eg. 3¢b can be stated as follows:

a) A, is a "mirror albedo coefficient" such that the fraction Ay,
of any outward flux will be reflected as if by a mirror. A, is used,
therefore, to represent a symmetry boundary condition. For.a= 1 (at
the center of a cylinder), true symmetry can exist, but at the outer
boundary it is unrealistic to apply a symmetry condition - especially in
neutron reactor cell problems. The reason for this is that application
of the symmetry condition still leaves the angular flux equal to zero

for ¢ = g; i.e. f(rhvu,g) = 0.

There is an option in the TOPIC code to allow a more realistic
use of the symmetry condition at the outer boundary. When Ap # 0 and a
code word MFR > O the TOPIC code sets £{ryH, —g-)

in a manner which will be described in detail in 3.7 where the boundary

equal a non-zero value

condition difference equations are derived.

b) Buwis an "isotropic albedo coefficient" such that the fraction
BA,of the outward current is reflected isotropically. This type of re-
flection is probably the most realistic type to apply in many nuclear
reactor ceil problenms.

c) Y éiquPz( V1-u2 cos ¢) is simply a Legendre polynomial repre-

k=0
sentation of a source at a boundary. The source is axially symmetric

about the radius vector. It should be noted that the Gauss quadrature
used in performing all integrals over the range of K makes 1t impossible,
in general, to predict exactly how many particles will enter a surface in

unit time and unit area for a given set,x&zo andezyl. However, in the



TABLE T

GAUSS QUADRATURE POINT DATA

k. hk (:056k c:0529k sin ek 1 —.cgsgek % i‘- hksin Bk,
or sin Qk

1 1.0 . 57735027 »33333333 .81649658 66666667 1.03959573
1 .65214515 .33998104 .11558711 .94043229 . 88441289 1.00603591
2 34785485 .86113631 . 74155574 .50837412 . 258444 25

1 46791393 .23861919 .05693912 .97111322 .94306088

2 .36076157 .66120939 43719786 . 75020140 .56280214 1.00195292
3 17132449 .93246951 .86949939 . 36124869 .13050061

1 .36268378 .18343464 .03364827 .98303191 . 96635173

2 «31370665 .52553241 .27618431 .85077358 . 72381568 1.00086509
3 .22238103 . 79666648 63467748 60441916 .36532252

4 .10122854 . 96028986 . 92215662 . 27900427 . 07784339

1 . 29552422 .14887434L .02216357 .98885612 .97783643

2 . 26926021 .43339539 .18783156 .90120388 . 81216844

3 . 21908636 67940957 46159736 .73375925 . 53840264 1.00044938
L .14945135 .86506337 . 74833463 .50166260 . 25166537

5 . 06667134 .97390653 .94849393 . 22694949 . 05150607




0T

TABLE I (continued)

k hk cosek cos29k sin Gk 1 -.cgsgek % IE hkSin ek’
or sin ek

1 . 24914705 .12533341 .01570846 .99211468 . 98429154

2 . 23349254 .36783150 .13530001 . 92989246 . 86469999

3 .20316743 58731795 . 34494237 .80935630 65505762

L .16007833 . 76990267 .59275012 .63816133 .L0o724988 1.00026610

5 .10693933 .90411726 81742802 JLo728443 .18257198

6 LOLT717534 . 98156063 . 96346127 .19115107 .03653873

1 . 21526385 .10805495 . 01167587 . 99l14492 .98832413

2 . 20519846 .31911237 .10183271 .9L771689 .89816730

3 .18553840 .51524864 . 26548116 85704075 . 73451884

L .15720317 .68729290 47237153 . 72638039 .52762847 1.00017276

5 .12151857 .82720132 68426202 .56190566 .31573798

6 . 08015808 .92843488 .86199133 .37149519 .13800867

7 03511946 . 98628381 .97275575 .16505831 L0272hhos

1 .18945061 .09501251 .00902738 .99547608 . 99097262

2 .18260342 . 28160355 .07930056 .95953084 . 92069944

3 .16915652 45801678 . 20977937 .88894355 . 79022063

L .14959599 61787624 .38177105 78627537 .61822895 10001171k

5 12462897 .7554k0441 .57063582 .65525886 42936418

6 .09515851 .86563120 « 74931737 .50068216 . 25068263

7 .06225352 9Lk 57502 .89222197 .32829565 .10777803

8 . 02715245 .98940093 .97891L20 .14520950 .02108580




case when all other terms on the right hand side of Eq. 3.b are zero, the
current into {he surface produced by a given set,A&% o and.éiyl will be

f J/ (Jﬂ/o +J'A/l Vl-u2 cos ¢)Vl—u2 cos ¢ au a¢
1 1 / “

Ja\} -

K K

=C4,o+ﬂ/)?4zl l:él hk(l-u2k) =k§l hJAgo l'xk‘\/]:é-+%-TE 41
As X approaches a large number, the current will approach ﬁ‘ébo +'%£J£bl‘
When K = 2, the error in the 0 term is about 0.6%. ’ ’

a) The term fb(pw,¢) allows another form of boundary source speci-
fication. As is apparent, the source must be constant with respect to M.
This term facilitates the use of the output from one TOPIC problem as the
input to another. The wvalues input for fb(fﬂ,¢j) at each ¢ mesh point
are intepreted in the same manner as are all other f functions in TOPIC;
that is, all integrations are performed with the assumption that the

variation of f between ¢ mesh points is linear with respect to cos ¢.

The current due to this source (provided all other terms on the right

hand sidﬁ of Eq 3.0 are zero) is
4 Z thl-I-l2k f f(rm, ¢)cos ¢ d¢ where A%y is the interval @,-2—}
=1 )
or the interval <g, %? depending on whether = 1 or 2, respectively.

3.3 The Central Assumptions in Deriving the Difference Equations

There are three assumptions which are made in order to facili-
tate the derivation of the difference equations from the Boltzmann
equation and the boundary conditions for each group. These assumptions,
if they were rigorously correct, would permit the solution of the differ-
ence equations to be the rigorous solution of Egs. 3.a and 3.b for each
group. Conversely, the solution of the difference equations which is
obtained by the TOPIC code is only as good as the approximations inherent

in the assumptions for any given problem.

The assumptions are:

A. M1 scattering functions I (r,u,) are represented by a Legendre

series as follows.L

Xé(r,uo) = L Ai Pﬂ(uo) where L = 1 and,Ai is a constant throughout
k=0

th .
the r— "region" on the range of the radius r. A region is defined as an



interval on the range of r in which all cross section functions are con-
stant with respect to r and in which the mesh interval on r is constant.
(See B.) 1In the derivations, L will be equal to 2, but TOPIC is restricted
to L £ 1.

B. The half-range of ¢ from o to 7 is partitioned into n intervals
such that J = n + 1 points are defined on the half-range of ¢. The range
of r is also partitioned into I-l1 intervals and in each region one can
speak of ir equal interﬁals. Hence the total number of points defined on
the range of r is 1 + 2: i, =1, where R is the number of regions. Also,
one can speak of fij(u)rzlf(ri,u,¢jL'where 1=is=Tandl = j=sd. It
will be customary to define r; as the inner boundary value on r and r; as
the outer boundary value. Also, the partitioning on the half-range of ¢
is such that ¢l= 0, ¢J/2+l = g, and ¢J = 1 in all cases. (Because of the
symmetry expressed by f(r,u,¢) = f(r,u,-¢), it is necessary to work with
only the half range of ¢.)

The assumption is made in the TOPIC code that for ¢j = ¢ = ¢j+l and

r. Srsr given any 1 £ j = J-1 and any 1 =1 = I -1, the function

i i+l’
f(r,u,®) is a bilinear function of r and cos ¢ such that one can express
f(r,p1, ¢) in the form

fr,10) = a (k) + v79(0) r + cTI(n) cos ¢ +atd(u) r cos o.

It can be shown that a, b, ¢ and d are defined by

aij(u) = [ty gty Wyt v gy ()
M) = [ i+, j(H)Vj+l-f. j(u)vj+l'fi+l,j+1(“)v‘+f' ,+l(p)v. ,
M) = [Epa J0mp -ty S rg T g (Wrpery (W) ], ena
lJ(u) [ 11, g+ ()T J(u) j+l(u)+fi,j(“)} , where
Vj = cOS ¢j and vj+l = cos ¢j+l'

Ce All integrals over the range of K are evaluated by Gaussian

quadrature, i.e.,
1

" K K
j glr, L, ¢) du = kaK hkgk(r,¢) = Eiéél hkgk(r,¢) where gk(r,¢)§ g(r,uk¢).

-1 k#0
The hk and h, are as defined in 3.2 and g(r,u,¢) simply denotes any

function to be integrated. The symmetry of all functions to be integrated
about L = o enables one to compute the integrals with only half the usual
number of points.

12



3.4 Integration of the Scattering Cross Section Term

In Eqe. 3.a there occurs the scattering integral
2n 1

[ [ Btmmolrtemssen awaee (3-¢)

‘The S(r,u,¢) term also contains scattering integrals of exactly the same
form; therefore, it will suffice to show the method of integrating only

the integral 3.c. o

Y r
It is assumed that Zs(r,uo) = s 9y Pz(uo), so that from the ortho-
gonality of the %egendre polynomials
r 24+1 |
o = —;—f Z (r,0,) Pyln ) au .

However, it is customary to use as basic input data the numbers
2 1

7
zgz = Jf ‘j'ZS(r,uo) Pz(uo)duod¢ = gz+1 4%, therefore,
© 2

B(nu)= L 2T e ). (3.0)

£=0
The addition theorem for spheiical harmonics states that

Aem)! m
Pz(“o) = Pz(“)Pz(p’!)"'(l"szo) 2mz=l%7;"7}7 Pz(u]) coe m(¢"¢’)P§(u)(3'e)
where o is the cosine of the angle between M,¢ and L0, sﬂo 1s the
Kronecker delta,and P?(u) are the associated Legendre polynomials.

If one makes use of assumption C of 3.3 to carry out the integration

over the range of W' and also uses 3.d and 3.e, the integral 3.c becomes

2041 s X 2n
T A L mPye) ffk(r,¢') as

E=o 0K¥0 5 (3.£)
i
Z 2“1 Z (.@-m)' PIE(u) Z hkPm(uk f £, (r;9)cos m(¢-01)aer.
=1 k#o) o)

The symmetry properties of f(r,n,¢) and cos m(9-¢') lead to the result
that

2 7T
ffk(r:q")dq" = 2ffk(r;¢')d¢' and
o

o

13



on T
ffk(r,¢‘) cos m(¢-¢')d¢' =2cos m ¢f fk(r,¢‘) cos m ¢'de’.
o o
Furth;rmore, since fk(r,¢) = gk(r,¢), Pl(uk) = -Pl(u_k), and Pﬁ(uk)=
(-1)Py(w_, ) when f-m is an odd number, it follows that the terms involv-
X 1 .
ing Pl(uk) and Pg(uk) in 3.f are zero.

Assumption B of 3.3 is next used to express the integrals over the

half-range of ¢. The integrals can be expressed in the form

1 J
1 m
1 1 |=
(3.8) f £(r,01) cos moraer =f T & (x),
°n F1

where the Eﬁ are the coefficients which result from the assumption of

linearity of fk(r,¢) between the mesh points on 9.

The detailed definitions of the a? are stipulated in appendix A,
Formulae A.3 and A.k.

In expanded form, the cross section integral 3.c can now be written,
2n 1

(3oh) jj Zs(r’p'o) f(I';P-',-q”)dp.'dW =
k go -t
1 o] 1 1 1
L .;;l {:520 byag, + 3% cos ¢ P (W) By Pylhy Jaj,
kl.__._.lJ -
o 5 2 52 2
+ 52£2P2(H)hk,P2(Hk,)aj, + 55 222 cos 2¢ PQ(u)hk'PQ(“k‘)ajz}fk‘,j'(r)

where P (k) = %(3u2-1), Pi (1) =Vl-ug, and Pg(u) = 3(2-u9).

By the definitions of the scalar flux, ¥(r), the current, J(r) and
2 . .
the second moment fluxes Gg (r) and Gg(r) (see pppendix B), it follows

that Eq. 3.h can be expressed,
2n 1

(3.1) Zs(r,u Yy £r,ut,¢') du'de'=
[ ] st
—%; {%EOQ(r) + 3Z£l cos® Pi (w)a(r) + 5Z£2P2(H)G2°(r)

2
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3.5 Development of the Equations for Each Gauss Quadrsture Point

From the Boltzmann equation 3.a, one can develope K equations
(one for each point in the Gauss Quadrature) by simply setting B in
Eq. 3.a equal to Wy, B «+eby. That is, the equation for fk(r,¢) is

obtained from Eq. 3.a by simply setting p = M, . If the result of Eq. 3.h

k
is used, the following equation is obtained for the k—J?--I-1 Gauss point.

Vl':k {OSq’ 9 rfai;(r,‘v} - 3[Sin“>§g(rﬂ)]}+ Erfk(r,q’) (3.3)

K J
= s(rd + iz L L@, beS, + 35 cos Prlm ) By (i )ay,
k=1 j'=1

2
+ szgng(uk)hk,Pg(uk,)ag, + 25 5 cos 2¢P2(uk)hk,1°§(uk.)a§} flr, 30(¥)

One now has, for each group, K equations which happen to be coupled
through the scattering integral terme. It is easy to show that this
coupling can lead to very slow convergence if the fk values are solved
iteratively; i.e. if one solves for fl in terms of assumed values of

£y for k22, then for f2 in terms of the new value of fl and old values
for f, for k23, etc. To show this, postulate a system in which the flux

is isgtropic and constant with respect to r. (This situation would be a
rare case in actuality, but it is approached, physically, when, in a
group, there is present in the system a reglon which is a large number

of mean free paths in thickness and which is characterized by a very small
value for (1-220/2?). Also, let S(r,u,?) be constant with respect to

r,M, and 9. fk(r,¢) can be called simply f,_ and S(r,uk¢) can be called

Se

In this case the first part of Eq. 3. within braces is zero, and

if one integrates Egq. 3.] with respect to ¢ one obtains

J
2ﬂ2f—2ns+h—2 z tha fie But Za3,=)+n, S0
k'=1 j'=1 Kj'::]_
one can write this equation as simply X fk = 84+ X o z:
k'=1
simplicity let £ = 1 and denote ZSO/Z by X« Then the set of equations
for the system becomes

k,f k,o For

15



(1-Xh1)f - Xbf, = Xhf, oo X £o= 8

(3.%) 2 33
-X + (1-X =X ceeees = =8
h, £, (1 h2) h3f3 Xh_KfK
"Xhlfl - Xh2f2 + (l-Xh3 )f3 ae e -XhKfK = S
- -~ X - X s 08000 "'X
Xh £y hf, h3f3 + (1 h_K)f
K
Now, because z: hk=l, the solution to this set of eguations is
=1 5
obviously Jjust fl = f2 = ...fK = Tx However, if the set is solved

by the usual Gauss Seidel iterative technigue, the number of iterations
required to attain this solution to within, say, an error of a few per

cent will approach infinity as X approaches one. For example, take

K = 2, then - Xgh b N
1__5 2+ =
= X, 5 + ¥h Z [(1 ¥h ) (1-Xn )} } and

. J-rxanh n
L } where iZ2 denotes the

- S
2 Tl_Xhl)(l-Xhe) ngo[(l Xhl)(l-th)

f

value obtained on the iEE iteration, given that the initial value of

f2 = 0. The change in fl and fg, denoted Afi and Afz,in going from the
ith iteration to the i + 1B iteration is therefore

ael o 5 " X%hyho i
1 (l-Xh )(Xh ) (l-Xh )(1 Xh T

X2h1h2

T-Xh )(l-Xh )[ﬁ: 1-Xb, )

As X approaches unity'Afl and Afl both approach = i . This is to

and

172
say that since h, = .652 and h, = .348, = 4.4 so that the change in
1 2 hlh2
f. and f, per iteration is only about 4.4 times S. Hence if, say,

1 2
X = .9999 and the solution is fl = f2 = 10,000 S, it will clearly take

many more than 2000 iterations for the iterative solutions to approach

the true solutions.

16



With present day computer speeds, quickly convergent iterative solu-
tions are the only kinds known to be feasible for this problem. Therefore,
it would be clearly infeasible to solve Egs. 3.J by iterative technigques
whenever circumstances caused the equations to display the properties of
Egse 3.ke

The trouble can be eliminated by a simple transformation of variables;
nemely,

yl(r,¢) = fl(r,¢) and

yk(r,¢) = fk(r,¢) -fl(r,¢) for 2 = k S X.

If this transformation is made in Egs. 3.J, the equation for yl(r,¢)

becomes [ ( i a[ ( i
,/_ 2 ry. (r, ¢ sin ¢ y. (r,¢
= s(r,ul, )+E— { HK ao + ZT cos¢P(|J. )Hka
ji=1
+ 52’; (k) Hioag, + % ng cos 29 Pg ) H§2 2}3’1{‘ (r);
and the equation for yk(r,¢) for k22 becomes
VE-H Olry, (r, o) O lsin¢ y, (r,¢)
k 4 4 .
- { il L . = ]}+ =y, (x,9) (3.n)

Vl-i.l.k . d ryl(r,¢)] d [sin ¢ yl(r,¢)] o
—— Los " o p - 5 + Yl(r;¢)
= S(r,uk,¢) + %E Y Y ZZOH;,aE' + 3Z£lcos ¢ Pi(uk)Hi,aE,
k'=1 j'=1
2 2 22 2
+ 5 Z?2P2(u )Hkoao __ Zzgcos 2¢ P2(uk)Hk,aé} yk,’j,(r).
In Egs. 3.m and 3.n
K
Z hk’ H - th“l' 0= [ Byliy),
k=1
K
I-I]2_2= thP (uk ; and, for k 2 2, HK by, Hi thl-
k=1

HEO = b Py(w), and H]§2 = hkpg(“k)‘

17



With the same transformation Eqs. 3.k become
- —X —X R "X =
(1=X )y -Xh,y ,-¥hay by, = 8
(l-X)yl+(l-Xh2)y2-Xh3y3. . Xy, =S

(l-X)yl—Xhzyg-Xh?)y?)- R +(l—XhK)yK = S.

. . ; . - 5 = -
The solution to this set is obviously yl = 1% and Yo = y3 = e TFE o,
and it is easy to demonstrate that the solution is obtained with only one

Gauss Seidel iteration.

Finally, much redundant effort is saved if one uses, instead of
Eg. 3.n to solve for Vi for k 2 2, the difference between Eq. 3.m and

and Eg. 3.n. Therefore, the equation which will be used to solve for Vi

will be
(3.0) m{” . B[ry%](rr,d ) B[Sin Z¢yk(r,¢3}+ =y, (r,0) =
(\ﬁ:—_—_‘\/—;?){os . ryl(r;‘l’)] 3 [31n6:; yl(r;‘l’)b" [S(r, p’k’(b) s(r, Lll,‘b)]

1
+~H— k;; jz:l Ly cos ¢ [Pl(uk)-Pl(ul] Hi,ajl
v 5 5, ) - Byley) Hoa], + 25 2, cos 26 [P )-Ple Firm Q}y C

It can be noted that the isotropic part of S(r,uk,¢) is subtracted
by the 1sotroplc part of S(r,ul,¢) so that S(r,u ¢)- S(r,ul,¢)—

g—
1
"I 3 3221%’-)%

g'=1
0 5 2 2 2
+ 5zggg,_,g[1>2(uk)-1:2(ul] Cpp (7) + 25 zgzg,_)gcos 20 [P2(n, ) - Pg(ul]G2g,(x}.

cos @ [PH(u, )-P(u, ) 31 (x)

That is,the fission source, the fixed volume source, and all isotropic

down-scatter source terms have been eliminated from the equations for

yk(r,¢) for k 2

18



3.6 The Difference Equations for FEach Gauss Quadrature Point

It is apparent that since there are J mesh points on the half
range of ¢, I mesh points on the range of r, and XK Gauss quadrature points
on the half range of K, there are J.K.I flux values (fk,i,j) for which to
solve. The J.K.I equations needed to solve for all of these flux values

are obtained as follows.

a) Each of the X equations for each of the Gauss gquadrature points
(Egs. 3.m and 3.0) are multiplied by r and integrated with respect to r
in the interval éﬁ?ri+i}" There are I-1 such intervals on r, so that
one now has K.(I-1) equations. Assumption B of 3.3 is used to facilitate
the integration.
b) In each of the equations obtained in a), ¢ is set equal to 7.
This results in a set of final difference equations, each of which will
be used to solve for the value of fk,i,J for 1 =k £Kand for 1 1 = I-1.
c) Assumption B of 3.3 is again employed to integrate each of the
equations obtained in a) with respect to ¢ in the interval<§j,¢j+l> for

1= j= J-1. This results in g set of final difference equations, each

of which will be used to solve for the value of fk 1,3 for any k
— 2 =) 4

i.e. 12k=SK), but for 25i=I when l§j§£—£ and for 1=i=I-1 when I £j5J-1.
2 2

By this means a total of (I-1).K.J difference equations for each
group are obtained from the Boltzmann equation. [(I-l).K are obtained
in b) and (I-1).K.(J-1) are obtained in cﬂ. The other K.J necessary
difference equations for each group are obtained from the boundary con-

dition equations.

The final difference equations obtained from the Boltzmann equation
as outlined above are given on the following pages. In equations 3.p.l,

3epe2, 3ep.3, and 3.p.4, the coefficients not already defined are defined
in Appendix A.
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For k=1land 1= j=Jd-1
V{-ug T . . Z, ﬂaOl] T.. . Z, ﬂaC?Q
1 711, 3 i 2i, J i J
+ I1,1, j * V1,4, 541
t. . D, NS . i A¢ A s L
1i J J J
L“v‘l-ug T.. . 2. naOlt \E-u Tu 2., naogt ‘]
+ 1 3,3 .1 2 1, Sk > ;
. Ao A0t yl, i+1, 3 ro 1. Ll g
11 73 j 11 J j C1i
" N W24,
2i 0 2}&M‘ 1 20 0 22/4cy
- - +5% s
L (yl, 1,3 I1, i+l,j')€s®iaj'+ ZoiH o 3 2 seiPe(“l)Hl 25 12 Zoo1 2(“1)}11
j=1 1i 3
K J
t
2i 0o 0 V aﬂi ﬁ 20,0
== + Z - ,+ 5% P
Z Z ) i,,j'+ t yk') i"'l:j‘) ésoin'aj' 3 l a Z s2i Q(Hl)HK'aj'
kK'42 j'=1 11

o B4y
a1 2(“1)H1i

¥ 541 t
2 bt ( o1
b 21 o)) ad .
A f [Sl,i(¢) 5 8,4l )] d}
J \q) 1i
J

=i

(3.p.1)



e

For k=1and j= J

5 5
1- T 1~ Z‘.lmt
Ht 14,0 , 5 4y el ”lt 31,J . Y1 a1 (3.p.2)
11 + > Ly 11 1i » AT

d

t
21 \/ 0,0, Hie 2
- L Y,1,50 1 T, L i+l,j)€ oi® ‘32 - “eHla *55 01 Polby) 12 oot 2(“1

j'=1
K Jd

t
o1 Wé }‘12{0 0
+ L Ve, 1,50 £, k', 14, 3 {soﬁ{ a3 “ﬁi a5t 5 I o Polky)

K1=2 J'=1
%
L5 2 Hiz 2 | o4
N —_— .
+ 95 Ty Ppll JE yayy + b gsy () + T, Sy 341, (%)

For k 2 2and 1 = j = J.l

FVl 2 z araOl ! Vl—ugT X nac.)? Vl—ugT .. Z, ﬂac.)l,t2

"”leij Nk ! k21, J i 4 k 31,5 . 1

* Y%, 4,5 * Yk, 1, i+ 0 AT | Tk, (3-p:3)
i tlimj mj K, i, ]_ tilmj mj k, i, j+1 tliAj 5P > 1+, J
Vane 02 K J
- t
e T I S L= _ _2i 2, V12 Vi?)
+ + N s = Z Z Y1 s st Vet s 3 - K 1 4)
b, AP, A‘P .t k, i+1, j+1 k',i,J' t., 'k ,1+l,J A
- TliT g jo1id S 1i
k=1 j'=1
JAVi'd]
200 , 5 2 2 22 j 2
+ P o )-Bo (1 % Hoas * 55 I [g(uk)-Pg(ul% B s 85
t J
- J+1 - ¢
+ {Fk’ (¢)-s, (¢)] + T, [ 542(®) Sl,i+l(¢)Dd

f—— . T T .

NATFE Vq & s R . Y . .
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For k 22and j=J

Vl-uET . Vl-U-gT R Z hnt, K J t
kll’J+Z‘,Lm v + k3i,d i 21§= Z ZY + 2iy ( L
tli - k1,d tli tj|_:|'_ J =1 k',1,3" t]_j_ k; 1+1, J ') 3-p-4)

V2 2 1 200 .5 2 20, 222
: {"32:511( e Vi) By 52, [PE(“k)'Pz(“l)_ Bty * 12 Tz [Pg(“k) - PE('U'l)] 2y

\ toy ]
+ L= {Sk,i(ﬂ)-sl,i,(ﬂ)i + t—ll- [Sk,i+l(n)-sl,i+l(ﬂ)}

T T
5 : .
o Mof .Vl_u’J ALd o L3I
k T . 1,i,d t, . |Y1,i+1,d
1i 1i



15

For detailed reference, the source terms in Egs. 3.p.l, 3.p-2, 3.p.3, and 3.p.4 are:

13

b [ 32 Co “2i i E .
N 8 i(<1>)+t .Sl’i_l_l(&b) @ = o, g gy ) * —% VEpoig ¢g,,i+
J ¢ ? L,i
J

iy Ty 5 A4 21
+ z + — z - + —

X s0ig'ag [(Dg,i tli (Dg', i+l] +3 slig'sg L ul A¢j [Jg', i tli Jg', i+
g'=

t
0 21 0 5 2 2 o1 2
+ — 2 4 ==L
5Zenigisg ACY FEg',i * T, GEg',i+l] * (5% 0ighe EACY i FQg',i €, Cogr, 141

G
% £ X %
21 21 gi o4
—— = —t—— + ———
b [Sl,i(“) T 1+1(“)l h * 3 qi+l} ) szfg'iFg',i T (Dg',i+l]
11 11 - 11
g'=1
g-1 .
%
21 Vo2 t
+ h +o— -3 - +
Z sOig'9g [d’g',i L2 q’g',iﬂ} 3 slig'9g 1By [Jg';i 2Ly ' ]
g'=1 ' = tp 8hir

0 21 0 5 2 2 21 2
== 2 + L=
*t 52 1g13gb (M) [ng',»i * €, GEg',i+l] = Zszig'-;gpa(“l) [GEg',i €, Cogri41] 5

|,



o, -1
b [T (0)-8, (%) +12—is (¢)- s (¢);\d¢—~ ) s
&y ([t 1,4 P EIE SO AR P T Ja L 43
3 <
AL %, 1 %,
. —d + é. + 5% - 0 é 0
[Jg',i T, Tor 141 |7 5Zsnigrye Falti)Poliy )| jGog. 3 + 5= G 1

s
14 28l it
eile s N
A¢j ogt,i | T, 2g',i+ll ’
g-

1i
t,.. 1 o
v {[sk’i(ﬂ)-sl’i(ﬂ)]Jr o [Sk’ 1 (-5, i+l(ﬂ)]} i -3ZSlig")€(Vl—u§ -V l'“l)
g'=1

%, t
21 0 21 .0
. + -
Pg‘,i €, Igt 141 ]+ 2 pig'se [Pz(“k) Pz(“l)} [G * G }

V2 i .2
slig'sel Mk - l'“l)
g'=1

5 o 2
+ 13 Zseig'-»g[Pz(“k) - Poliy)

2e1 " Ty, 2g,i+l

2

t
2 2 2 21 2
+ 12 Z:s2j_g‘-;g [P2(p'k)-P2(p'l)] [GQg',i * tli G2g', i+lD.

The definitions of ¢, J, Gg, and Gg are stated in Appendix B.



It 1s important for later purposes to define a unique one-to-one
correspondence between each of the difference equations and a specific

flux value y 1,7 of a group. Hence, one can speak of the polint (k, 1, 3),

21, J
the (k,i,j)E— equation associated with the point, and the f . flux

k,1,J
value associated with the point. In a sense, it can be said the (k,i,j)EE

equation is used to solve for fk i,3° In this manner, Egs. 3+.p.l, 3.p.2,
)+

3.p.3, and 3.p.4 are associated with the specific flux values in the

following way.

When k= 1 and 1 £ j = 92%5 Eq. 3.p.l determines the flux values

V1,141, 5 (for 251 +1 = I).

+
and £§£ s j=J-1, Eq. 3.p.1 determines the flux values

i=s1-1).

When k
. (for 1
J

I
I+

1,1,
When k= 1 and j= J, Eq. 3.» 2 determines the flux values ¥y
2

i,J
(for 1L£1s1I-1).

When 2 =k =Kand 1= j= 2%%5 Bq. 3.p.3 determines the flux values
2

S1+15s1).
Vi, 141, 3 (FOr 251 1)
I+l _

When 2 = k = K and —- = J & J-1, Eq. 3+Dp.3 determines the flux
values ., . (for1=s1is=s71I-1).
Vi, 1, ; ( )

When 2 Sk =K and j= J, Eq. 3.p.4t determines the flux values

€4 2 1-1).
Y, 1,3 (for 1 =i = I-1)
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3.7 The Boundary Condition Difference Equations

For a given group and a given Gauss point the difference equa-

tions so far derived determine all of the flux values except y . for
J-1 I kL J
1=js > and Y, 1, 3 for == £ j £ J. These flux values are determined
et

by difference equations derived from the boundary condition equations of
3.2.

The first steps in deriving the difference equations from boundary
equation 3.b are to set W = Hys carry out the integration of the Bag term,
and make the transformation yl(ny,¢) = fl(roe¢) and yk(nw,¢) = fk(ny,¢)-
fl(gy,¢). If this is done, one obtains:

For k=1 1 \/____
2
(3er.1) yl(ny,¢) = Axyyl(:bbﬂ-¢) + yb(gy,¢) + z:‘égﬂsz( 1-p cos o)
=0
Ba
+ -C-!— JUB-
For k 2 2

(3.r.2) yk(rb,¢)=A%yyk(na,ﬂ-¢) +-¢£’ cos ¢ (V1

In these equa%ions,

- 11 12 i
JA’B = Z Z }il[ajl yk.,l,j,+ aj, yk}l,.j‘+l] fora= 1

J-1
K =
11 L2 _
and Jyp = L L Hllc {aj' Yk, 1,50 T FiYk, 1, j'+1] for 4= 2.
k'=1 j'=1

Next, the equations for J = J are derived from Egs. 3.r.l and 3.r.2
by simply setting ¢ = n. Then, in order to force the boundary conditions
to balance particle currents, Egs. 3.r.l and 3.r.2 are multiplied by
4 cos ¢ before integrating from ¢j to ¢j+l to derive the equations for

£ Ar for 1 £ j & J-1.
k,J( W) J
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The result of these last operations are the boundary difference

equations.:
For k= 1 and 1 = j=(J-1)/2
11 12 l
+ L] L]
aj yl)l;J aj yl’l’ J+l AlaJ yl,l’ J—J+l l J yl, l, J— (3 /yl)
J-1
11 12 11 12
+g, +
+ BlA/J). ZJ+1 (a.,yl’ 1, 57850, j'+l) 8 Vpi*e5 Va1
2
X J-1
B.AY
_ 17 Hi 11 12
Hl Z Z I(a‘ lykl’ l, J '+aj 'yk',l;j"*'l) + ll'Xl’ OAA/
i dt+l
1 k'=2 J =—§-
2
+ afi, [ ¢j+Ach) Vi-u2
FPor k = 1 and "%]' =
11 l 11 J+l 12
a5 V1,1, 5785 Y1, 1, j41780%5 Y, 1, J—j+l(l 85" TR AT N 5
J-1
11 J+l -5 11 12
+ Aja, - BAA - .t WA
2aJ ( ) EA z (aJ yl) LJ' aj 'yl: LJ '+l) (3 2)
baq
X
T B fni(ll )
5 Yo" be+2 Hi k1,1, 5 "yk 'T, 341
kl_ jl=
2
+ 48 A+ 2,32 Ad DD ) V-
2,0 7] ,l( J J) M
For k=1and j=J J-
ll 12
- + + = » (3
J-lhyl, I,J )+A2yl, I,1 B2 Z (a ]_ I, jlyl’ I,j"i'l) (3 2.3)
I ] J'=
B2 12
- hybm-% Z ) H]l( (<} "yk’ 1,525 e, 1, 50
k'=2 j'=1

- M&e’ o+ hﬁé’ lVl-uJQ_
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For 2=k =Kand1l=js= Q%i

11 12 11 12
n/Alu)“l" a . .+a. s -A - -
(3 ) 3k,1, 5725 Yk, 1, 4171 %5 Yk, 1, J- 3411 Alaj Yk, 1,J-j

= 2%’1(A¢j+A4cj)(vl-u§ -\Epf )

J+1

For 2 £k 2 K and - = j s J-1
11 12 11 J+1 12
-/‘/}o a ., ta. . -A . - —_— -
(3-25) a3, 1, 5785 Vi, 1, g1 Ry Vi1, 5o (385, ) <A 1o

= 2Jé’l(A¢j+Ach)(V1-u§ -\A-uf )

For 2 =k =Kand j=J

| ) MLE VL2
(34%6) -y 1 sV 11 _jE,l “Hy =V~ ) -

In these equations, 6J,J;l is the Kronecker delta such that

§.,J+ = O for j ¢ L=t
J — 2
2
8.,dtL = 1 for j = Cha .
I 2
The reascn for the use of the Kroneckerdelta is that when j = £%£ P
J+1 J+1
= . ¢ J=(—=) + 1 = — i = =
Vi1, = Vi, 1, 0o 41 [Note F-(55F) + 1= 2 ], s0 that 1f A1 and B=0
the equation is indeterminate for Ve 1 3° This 1s clearly unacceptable
2 =2
because it 1s desired that this equation be the one used to solve for
J+l L]
oL,

The situation is assoclated with the fact that at the outer boundary
of a cylinder a symmetry condition is not a natural physical occurrence.
With mirror reflection, an albedo (AE) other than unity leads to a con-
tradiction of the continuity of angular flux about ¢ = z which is assumed

2
(unless the flux at ¢ = n/2 is zero).

The TOPIC program handles the trouble in two ways:
2) J+1

By the use of the Kronecker ddiaéj,—ﬁ— in the difference

equations, mirror reflection or symmetry at the outer boundary of the

cylinder is normally applied as if the flux being reflected were zero at

¢ = .. That is, the outgoing angular flux is assumed to vary from zero

2
to whatever it is at the next j mesh point at j = géi . The incoming flux
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+, which is the flux solved for by the code, can be non-

A

value at ¢ =

zero, however.

b) On a special option; namely, when the input code word
MFR is set # 0, ¥, in Bq. 3.442 is set to a non-zero value. y_ is nor-
mally zero, but when MER # 0, ¥e 1s calculated as follows:
Zo(r

v, = 3 S(ry L3) +——Ohil—) (3.27)
where %, S, ZsO’ and the scalar flux ¢(rI) are, as implied, evaluated at
the outer boundary. This special option is equivalent to specifying that
the outgoing flux 1s y, at ¢ = g: instead of zero as in a), above. It is a
more realistic condition to specify than is the condition of a) in re-

actor cell problems.

In actual application in the code, the part of Y. which depends on
V1,1 j(k=l) remains on the left hand side in Eq. 3.4.2 and all other
2 =)
terms (the S(r ,l,E) plus the parts of ¢(r.) dependent on y . for
I 2 I k, 1, J
2 £ k) are placed on the right hand side.

The formula for Yo follows directly from Eq. 3.a of 3.1 1f one
integrates the cross section term, keeps only the isotropic part of the

cross section term, and sets W= 1 and ¢ = z . In this case f(r,u,¢) = Y,

2
The option placing Yo # O sets the outgoing angular flux at ¢ = g:

and for all W equal to the angular flux value which would exist in the
direction parallel to the z axis of the cylinder if there were not a

boundary at ry or if continuity of the flux at ¢ = z were not assumed.

2
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4.0 The Solution of the Difference Equations

4.1 The Expression of the Difference Equations in Matrix Form

The one-to-one correspondence of each flux value yk,i,j to its
difference equation is defined in 3.6. If, for a given group, one takes
the difference equations for a given value of k and then orders the I.J
equations in a particular manner, the set of equations can be represented
by a matrix equation of ﬁhe form,

Ak Yk = Sk + Z: Bkk'Yk" where Yk is a column vector the

k'=1
elements of which are yk,i,jf Ak is a matrix of coefficients which repre-
sents the coefficients in the difference equations which originated from
the divergence terms and the total collision term of Eq. 3.a. That is,
the coefficients of Ak originate from the difference equation expression
of the left hand side of Egq. 3.a. S,_1is a column vector the elements of

k

which originate from S(r,u,¢) in Eg. 3.a. Each matrix, B is composed

kkx)
of the coefficients in the difference equations (for a given k) which
result from the scattering integral term of Eq. 3.a and which are the

coefficients of the k‘EE flux values.

The particular ordering of the difference equations for each group

and for each k is as follows:

The first equation is the equation for Vi 1,1° (This equation
P
comes from the boundary condition Eq. 3.41 if k = 1 and from Eg. 384
. S . . 3
if 2 £ k.) The next equation is for yk,l,E’ and the next is for yk,l,S
ete, until the equation for Vi, 1. T is included. Then the ordering
) -
proceeds with the equation for yk,E,l’ yk,g,g’ "‘yk,g,J’ etc. Finally
the last equation is the equation for Ve 7,7 (which is a boundary con-
) 2

dition equation - either 343 or 3.446).

ho2 The Solution of the Matrix Equation for k = 1

The solution for all the K.I.J values of yk,i,j for a given
group begins with the solution for the I.J values of yl,i,j' It can be
noted that Sk is a constant in so far as the solution for yk,i,j within
a group is concerned because it is a function of the fission source re-

sulting from the previous outer iteration, the scattering down from groups
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above the group in question, and the fixed volume and boundary sources.
When k = 1 the matrixKequation is written in the implicit form,

(Al-Bll) Y, =8 + z: B, Y, + This equation can be rewritten as
k'=2

K
MY, = Q where Q= 5, + 5: B, ¥ . can be considered (4ea)
k'=2 K
a constant source vector because the Yk' values in E: Bkk'Yk' are
k'=2
always those obtained on the previous outer iteration. (On the first

iteration, Y, =0.)

k!
The solution to the set of equations represented by the matrix
Eq. 4.a is accomplished in three steps.
a) By simple Gaussian elimination, the subdiagonal elements of
M are reduced to zero in the first column, then the second, the third,

etce This is most conveniently accomplished in the following manner:

Let Li be a unit I.J by I.Jd matrix except for non-zero elements in

. 1 . 1 —_ 1 1 -
the first column, &nd Ll is such that LlM = N&? where Ml has zero sub

diagonal elements in the first columm.

Next, let Lé be a unit I.J by I.J matrix except for non-zero elements

1 1 1 = 1 i
5 be such that I, Mi M where M2 has

zero subdiagonal elements in the first and second columns.

in the second column, and let L

. tT 1 1 M =M1
Similarly, define L3, Lh’ "'Ln""LEFl such that LHMDrl Mnewhere

Mé has zero subdiagonal elements in the first n colummns. (N = I*J.)

It is an easy matter to find L Mi, then L2, Mé, eteceuntil finally

Mﬁ-l has no non-zero elements below the diagonal.

— 1
b) At this point one can define L = (ITLl 1\.[_2...L3.L2.Ll) and

U=1IM= Mﬁ#l The second step consists simply of multiplying the vector
Q by Le This is accomplished by performing Li Q = Qi, Ql Q2, etce
until LQ = L! N1 ! o= is obtained.

c) The third step solves the matrix equation UYl = LQ by simple

backward solution. That is, ¥y can be solved for directly,
>

I,J ¥1,1,3-1
can be solved for in terms of Y11, etce until the first row equation
) =)

is finally solved for ¥1,1.1
) =2
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It can be noted that U contains no more non-zero elements than did
the diagonal and upper diagonal part of M, and each L' contains no more
non-zero elements than did the nEE subdiagonal columnnof M (except for
the elements of Lﬁ which are known to be unity). Therefore the U and
the L matrix (L in factor form) can be stored over the elements of the
original M matrix, with the result that storage is conserved and the
generation of L and U need be done only once per problem in the TOPIC

program.

4.3 The Solution of the Matrix Equations for 2 £ k

After solving for ¥y i, in a given group, the TOPIC code
> =)
proceeds to compute the Yy, 4 3 values for each of the other values of k,
D =

starting with k = 2, then k = 3, etc.

The method of solution for Yk for 2 = k can be represented by the

matrix equation, k-1 K
t t t-1
(4.D) AY = (Sk + Blel) + L B A ZBkk,Yk, , where the
k'=1 k'=k

superscript t denotes the inner iteration index. This is to say that

3) .‘.YK to

is then computed using the most

Y2 is computed using previously obtained values for Y2, Y

calculate the Bkk'Yk products. Y3

recent value of Y2 in the product Bk2Y2’ but the old values for Y YM"

3)
YK in the other Bkk‘Yk' products. Each Yk is computed in turn in this

manner until YK is calculated.

At this point, there 1s an option which permits one to specify that
this set of computations be repeated for a given number of times. The
code input word "IG" specifies the number of inner iterations which
will be performed. On each inner iteration, only the values Y2, Y3, etc.,
through YK

throughout the entire inner iteration process.

are computed againe. SK and Yl remain at their original values

In the TOPIC code, the Bkk‘ for k'& 2 are zero if there is no aniso-
tropic scattering in a group; that is, if Zgl = 0 in all regions. There-
fore, if there is no anisotropic scattering, more than one inner iteration

is superfluous and wasteful.

The detailed solution of Eq. 4.b for Vi, 1 3 for a given k proceeds
> =)

as follows:

32



With the right hand side of Eq. L4.b considered constant, one solves

first for Vi then for Yy etc. until the value for Yy J+1
2 >4 2

I, J, I, J"l, I’-é'_'

is obtained. Then one skips to the equation for Vi and solves for
>4

1-1,J
1-1,J-1, Yk, 1-1,J-2,°"""

s then yk,I-E,J} yk,I-E,J;l, --*Yk,I-l,Q%L, etce., until one

1,J, Yk,1,J-1,°" Yk, 1,-‘3'2*—1 . Next, the order of solution

J-1
- J- s e 5 e'tC H
2 B4 yk’g’ 3 5 yk,g’l} 2
until one has finally solved for J-1 J- oo .
v yk: I, _2": yk: I:"Ei > yk: L1
Throughout the entire solution, the most recent values of the Yy, 1 3
2 =)

that flux value. Thereafter one solves for Yy
>4

J+1

. oyk, I-l,T

has solved for Yy
4

i J—l J- LI
S yk: l:T ’ yk: 19—23' ’ yk: 1,1; yk: 2,

are used in computing the new values. Therefore, the solution is by the
ordinary Gauss Seidel technigue except that the order of solution of the

individual equations within a given matrix equation is not the usual one.
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5.0 The Outer Iterations

5.1 The Calculation Procedure

There are problems which can be run on TOPIC which require only
one outer iteration. The first requirement of such problems is that there
be no fission in any region (no non-zero vZ?g). In addition to this, if
there is only one Gauss point (K=l),or if there is no anisotropic
scattering within any group (all Zsr=0) and no mirror reflection (all
A, = 0), the correct solution is obtained on the first iteration. (Note:
ZSlg'-g for g'3g can be non-zero.) The TOPIC code actually performs two
outer iterations, even in these cases. However, it will be assumed in
the explanations to follow that two or more outer iterations are required

in order to obtain a reasonably well-converged solution.

Before starting any calculation, the TOPIC code analyzes the input
data to determine whether or not the problem is

A. Homogeneous or

B. Inhomogeneous.
If there is a non-zero boundary source or fixed volume source, the

problem is inhomogeneous. All others are homogeneous.

At the beginning of the first outer iteration, if and only if the
problem is homogeneous, the TOPIC code obtains a fission source distribu-
tione This is a guess for the actual fission source distribution defined
as G

Ro(r) = 5 L v 5 () ().

g=1
The guess is a flat distribution if no distribution (POWRL(M)) is

supplied from the input data or from a previous problem.
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In either case, the fission source guess Fo(r) is normalized such

that r

I
ET[‘ Fo(r) rdr = T,

T

I' is an input data word called "FAC", and if no such word is supplied

I' 1s automatically set equal to unity.

In inhomogeneous problems, the TOPIC code begins the first outer
iteration with either F(r) = O everywhere or with an unnormalized F(r)

supplied from input data or from a previous problem.

The outer iteration then begins with the solution for all flux values
in the first group using the methods outlined in 4.0. The code then solves
for all flux values in the second group using the recently obtained values
of the first group flux to compute the scattering down source from that
group into the second. The code proceeds to each succeeding group, each
time using the most recent flux values in the previous groups to compute

the scattering down source distribution. Finally the last (GEE) group

G
fluxes are computed. At this point, new values for 2: vng(r)¢g(r)=§; (r)
g1
are computed and the code can then calculate:
1
_ "
P = 2:{ Fm(r)rdr (5.a)
1 th
where n denotes the result of the n— outer iteration
A = Pn/P for homogeneous problems (5.v)
)n= 1 for inhomogeneous problems
1 = t
F!(r) = Fo(r)/N (5.c)
By = Meximm value of Fﬁ(r)/Fn_l(r) (5.4)
E in = minimum value of FA(r)/Fn_l(r) (5.e)
5 = (hh-%h_l)/%h for homogeneous problems (5.f)
5 = (Pn-Pn_l)/Pn for inhomogeneous problems
7, = (EMAX - EMIN)/EMAX (5.8)
Ogmax = maximum value of ¢g,n(r)/¢g,n-l(r) in each group.
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l. O}l = i i .
(501) % i = Winimum value of ¢g,n(r)/¢g,n-l(r) in each group
n
o] = (X - (04
(5e3) B = (om0 )%
On the first outer iteration, %h-l and ¢g,n-l(r) do not exist;
therefore the TOPIC code sets
%O =1,
0
[0 =1,
g max
0
a . =1, and
g min
0
= O.
Bg

During the first two outer iterations the TOPIC code sets Fn(r) =
Fﬁ(r); thereafter it computes

(5.k) Fn(r) = Fﬁ(r)(l+9) - an_l(r), where 6 is an extrapolation
factor which is supplied as the input data word, "THETA".

At this point, the program is ready to begin another outer iteration
using the new fission source distribution Fn(r), and, of course using the
better flux values in each group. (As noted before, several outer iter-
ations will usually be required to obtain reasonably converged flux values

in each group if more than one Gauss quadrature point is used.)

5.2 The Convergence Criteria on the Outer Iterations

Before beginning another outer iteration with the new fission
source and fluxes, the TCPIC program checks to see if the convergence
criteria are satisfied. (The only exception is that at the end of the
first iteration another iteration is begun, regardless of any convergence

criteria. )

The convergence criteria are determined by the values of five input
date words and by the setting of Sense Switch 1. Upon finding that the
convergence criteria are satisfied, the TOPIC code checks the value of
the output data option word "NOT" to determine whether any detailed
angular flux data is desired as output. If it is, one more iteration is
performed; if it is not, the code proceeds directly to perform the output
edits.

The five input data words which determine the convergence criteria are:
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MIK = the number of Gauss quadrature points,

LCO = the fission source convergence option,

EPSl = the fission source convergence specification,

EPS2 = the group scalar flux convergence specification, and

ITOUT = the maximum number of outer iterations specification. The
exact conditions for satisfaction of the convergence criteria in the non-
trivial case are best given in a table such as Table 2, given the specific
condition on each of the five input data words and the setting of Sence
Switch 1.

In Table 2, the normal status of each of the input data words or
the Sense Switch is on the left. (For example, the normal status of
Sense Switch 1 is up.) Also the most commonly occurring cases are listed
first in the table.
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TABLE 2

Conditions for Convergence Test Satisfaction Versus Status of Input Control Words

8¢

Status of Status of || Status of || Status of | Status of PConditions Which Must Exist For the Convergence
Sense Switchj| EPS1 LCO EPS2 ITOUT and MIK Criteria to be Satisfied
UP DOWN €1>01€1=0} LCO LCO|| €2>0| =0 | ITOUT> ITOUT=OP
=0 | >0 & &
MIK>1 | MIK=4
Tn=c] and Bg§€2 (for all g) or n £ ITOUT
7n=€1 or n 2 ITOUT
8pSe; and Py=€, (for all g) or n = ITOUT
6n§€l orn £ ITouT
ngt not < ( .
relevant || releyant Bg=€p (for all g) or n 2 ITOUT
not not not >
releyant relevant releyant ns2
not not ngt not >
releyant j relevant relevyant relevant nz

(See 5.1 for definitions of 7p, B, and Bgy where n is the number of outer iterations which have been
completed. )




6.0 Program Summary

The TOPIC program is a package of four codes written in Fortran and
assembled with the IBM Fortran Monltor System, The four programs allow
different maximum numbers of intervals on the ¢ halfspace with corres-
ponding restrictions on the maximum number of mesh points allowed on the
cylinder radius r. The number of mesh polnts allowed in the Fortran IT
and Fortran IV versions TOPIC are listed below:

Maximum Number Maximum Number of
Code of Intervals, N, on the Mesh Polnts on the
¢ Halfspace Cylinder Radius r

Fortran II Fortran IV
TOPIC k4 L 240 185
TOPIC 6 6 140 108
TOPIC 8 8 90 70
TOPIC 10 10 62 48

Fach code 1ncludes the capabllity of handiing all lower numbers of
angular intervals; for exsmple, TOPIC 8 can handle 8, 6, 4, or 2 angular
intervals. The 1nput data and the input data formats are the same for
each code with the single exceptlon that the fixed volume source, hﬂq(r),
called SVM in the data descriptlon, 1s stored in a different location in
the Fortran IV version. (See 7.0 TOPIC Input.)

Because of core storage limitations, each code is divided logically
into four chains. (The chain feature of the Fortran Monitor allows parts
of a program to be stored on magnetic tape and to be subsequently called
off the tape into core storage when needed. The data in "common" storage
remains available in the core for use by any chain as it is brought in.)
The general logical function of each chain and its subroutines can be

briefly outlined as follows.
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Chain 1

This chaln reads, checks and prints the input data; it initializes
angular and geometric data; mixes cross secticns; and initializes the

flsslon source.

Subroutines
INPR prints input data
SCHECK Initiallizes the fission source
MIXX forms the cross sectlon mixtures
Chain 2

This chain computes the coefficlents of the matrix M (see Egs. L.a)
for each group, computes the U mgtrix elements, computes the L matrix,
and stores L and U in binary on duplicate tapes. (The L matrix 1s stored
in factor form.)

Subroutines

SSET calculates various data needed for the Gauss
quadrature

BUNDRY calculates the elements of M and the source vector
S (see 4.2)(for each group)which depend on the
boundary condition equations

MIXSET calculates the elements of M(for each grouﬁ which
depend on the baslc balance equation

MTXSEL calculates and stores on tape the intermedilate
coefficlents which are used to solve for the Gauss
point fluxes fk,i,j for 2 £ k in each group

FACTOR operates on the matrix M to produce the matrices
L and U such that L7 U = M

Chaln 3

This chain performs the iterative solution for all the fluxes
of each group, obtains the new fission source on each outer lteratlon,

and checks for satisfaction of the convergence criteria.
Subroutines

SOURCE multiplles the source vector for Y11 j of each
) L
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group by the L matrix

FLUX uses the U matrix and the result from the SOURCE
subroutine to backsolve and obtailn yl,i,j for each
group

HIMODE uses yl,i,j obtailned in the FLUX subroutine to

obtaln ¥ , for 2 2k
k,1,J
CONV calculates a new fisslon source and checks 1t for
satlsfactlon of the convergence criterla; wriltes

the fisslon source on the output tape 1f NOT = k4

Note: This chain calls a library subroutine TIMEB which sets a glven
word equal to the time in hrse., mins., and secs. at the time TIMEB 1s
called. If thls subroutine i1s not avallable at an installation all
reference to it in the main of Chaln 3 will have to be deleted or a dummy
subroutine substilituted.

Chain L

This chaln performs the edits for almost all of the output. (See
8.0 Output Descriptions )

This chaln also calls TIMEB. See the note under Chain 3 above.

The loglcal tape deslgnations as explicltly used in Fortran input -

output statements are:

All BCD output Tepe 6
All binary and BCD input Tape 5
Intermediate binary Tape 2
Intermediate binary Tape 4
Intermediate binary Tape 8
Intermediate binary Tape 9
Intermediate binary Tape 10

In addition, the chaln links are stacked on logical Tape 3
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7.0 TOPIC Input

The input to each TOPIC problem or "change case" consists of three

parts:
1. Alphanumeric card
2 Fixed polnt data
3 Floatlng polnt data

A "change case" is a problem which is the same as the one preceding
it (except for a few input dats changes)-

Tel The Alphanumeric Card

This card may contaln any desired alphanumeric information in
colums 1-~72. A "1" punch in column 1 will start all on-line and off-line
printouts at the top of a new page. Thils card must always be physically

the filrst card in every case.

Tv2 The Fixed Polnt Data

The card format for the fixed point data 1s as follows:

Card Column 1-2 Number of pleces of data on this card* (right
adjusted) 1= No. £ 21

Card Column 3 1~ means thils 1s the last fixed polnt data card.
0 (or blank) means this is not the last fixed
polnt data card.

Card Columns 4-7 Address of flrst plece of data on the card
(right adjusted)
Card Columns 8-10 Up to 21 pleces of 1nteger data (each right ad-
11~13 justed)
1h-16
17-19
20-22
68-70
* "Right adjusted'means the lastsignificant digit of a number is at

the extreme right of a fleld.
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Fixed Point

Mnemonic

Addresses Name
1 MAX
2 JMAX
3 NGR
L NDS
5 NMIX
é NOT
T IG
§ ITOUT
9 LCO

10 MUTEST

Méaning

Number of space points, I (number of intervals
on r plus one) See 6.0 Program for the maxi-
mum number of space points. 3 = MAX
Number of regions
1S JMAX = 4O
Number of groups
1 =NGR =6
Number of downscatter groups
0 = NDS = NGR-1
Number of words needed to specify mixtures
0= WMMIX = 20
Output control word
0 - eigenvalue, scalar fluxes, fission
neutron density
1l - and particle balance by regions
2 - and average angular fluxes, &(r, ) for
each ry and ¢j
3 - and angular fluxes for each Gauss points
f(r,u, ), for each Ty Hks and ¢j
4 ~ and the fission neutron source distribu-
tion for each outer iteration
No. of inner iterations desired for the Gauss
points of k index greater than 1 (Leave
blank or zero if there is no anisotropic
scattering within each group.)
Maximum no. of outer iterations (This word
1s set to 50 unless a different value is
supplied as input.)
Fission source convergence option
0 - pointwise
1l - eigenvalue or total fisslon source pro-
duction
Angular interval option

1 - Equal intervals on cos ¢

k3



Fixed Point Mnemonilc

Addresses Name Meaning
10 MUTEST 2 - Equal intervals on ¢
= (Continued)

3 - Input (This word is set to 1 if not

read in as input.)

v%é IDP Input data print option
O - Print input data
1l - Do not print input data
12 LPG Fission source guess option
_— 0 - Automatically computed flat fission
source guess for homogeneous problems;
zero for inhomogeneous problems
1 - Guess 1s supplied by input data (See
PPWRL in 7.3)
2 - Use guess from the previous problem
13-52 *TT(L0) The upper index point of each region from
¥(Region no.) reglon 1 to reglon JMAX, in turn;
3 £ II(J) £ MAX and II(J) < II(J+1)
53-92 MIR(40) Material number used in each region from
(Region no.) region 1 to region JMAX, in turn;1l = MIR(J) £ Lo
93-112 MIX(20) Material numbers listed such as to specify the
- (Position in mixtures
mixture
vector)
113 N The number of angular intervals on the ¢ half-
T space; N must be less than or equal to 4 in
TOPIC 4, 8 in TOPIC 8, etc.
ll& MIK The number of Gauss quadrature points on the
T M helfspace;l = MIK = 7
115 MFR Outer boundary optlon for mirror reflection

I

0 - Standard mirror reflection
1 - f(r,u, %) is set non zero according to
formula 3.4-7 in 3.7
* The numbers in parentheses indicate the maximum number (dimensions) of
input data words which can be specified.
* The notes in parentheses indicate the meaning of the subscript (or in-

dex no.) on subscripted variables.
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Fixed Point Mnemonic

Addresses Name Meaning
116-121  MCELL(6) The region number, for each group from 1

(Group no.) through 6 in that order, of the region in
which a fixed volume source of unity (particles/
sec cm3) is desired (This source is added to
whatever SVM source values may be specified in

a region.) (See 7.3)

T.3 Floating Point Data

The card format for the floating point data is as follows:

Card Columns 1-2 Number of pieces of data on this card (right
adjusted)
Card Column 3 1l - Means this 1s the last floating point data
card
Card Columns 4-7 Address of first piece of data on the card
(right adjusted)
Card Columns 8-17 Up to siX pleces of floating point data
18-27
28-37
3847
48-57
58-67

Note: ©Some valid ways of writing a floating point word in the ten column

field are as follows for the number 3.141510. (The format is FORTRAN E10.5)

Card Columns

1 2 3 L4 5 6 7 8 9 10
+ 3 1 4 1 5 1 + 0 0

3 . 1 4 1 5 1 + 0 0

3 . 1 4 1 5 E + 0 0

3 . 1 4 1 5 1 0 + o0

31 . 4 1 5 1 o0 - 1

. O 3 1 4 1 5 1 + 2
() 3 . 1 4 1 5 1 + o0

31 4 1 5 1 E + 0 O

3 1 4 1 5 1 0 (v) (v)

(b) indicates a blank.
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Floating Point Mnemonic

Addresses Name
1 EPS1
2 EPS2
3 XIN
E THETA
5. FAC
6-U45 DELR(40)

Meening
The fission source convergence specification,
€l
The group scalar flux convergence specifi-
cation, €5
The value of the radius at the left boundary,
0 & XIN

The fission source extrapolation factor, 6

I‘l;

6 = 0 (or blank) is no extrapolation;

6 > 1 can cause divergence

Total fission source normalization constant,
r

The total no. of fission neutrons produced
per cm. of axial length is equal to I' (It
is set equal to 1.0 unless it is supplied
as input.)

The value of the interval spacing Ar in

(Region no. Jeach region from region 1 to region JMAX,

in turn

Note: On the double and triple subscripted variables which follow, the

data in each block must be listed such that all the values corres-

ponding to the first subscript are given first. Then further

values are listed until all the values corresponding to both the

first and second subscript are given, etc.

Floating Point Mnemonic

Addresses Name
46-285 SIGT(6,L40) Total Cross section £, by group
—_— (Group, Material) no. and material no.

L6-51 Groups 1-6 for material 1
52-57 Groups 1-6 for material 2
58-63 Groups 1-6 for material 3

280-285 Groups 1-6 for material 4O
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Mnemonic
Name

S1GS(6, 40)
(Group, Material)

Floating Point
Addresses

286-525

286-291
292 297
298-303

Groups 1-6 for material
Groups 1-6 for material
Groups 1-6 for material

520-525

Groups 1-6 for material

526-765 s16s(6, 40)

_— (Group, Material)
1-6 for material
1-6 for material
1-6 for material

526-531
532-537
538-543

Groups
Groups
Groups

Groups

1-6 for material

760:765

VUSIG(6, 40)

T766-1005
_— (Group, Material)

Groups 1-6 for material
Groups 1-6 for material
Groups 1-6 for material

766~7T1
T72-777
778-783

Meaning

z the zeroth moment cross section
for’ scattering within a group

1
2

3

Lo

2., the first moment cross section
for scattering within a group

1
2
3
Lo

vI_, the number of neutrons per
fission times the fission cross
section

1
2
3

1000-1005 Groups 1-6 for material 40O

1006-1011 CHI (6)

(Group)

b7

X, the fraction of fission neutrons
released in each group



Floating Point Mnemonic

Addresses Name Meaning
1012-1611 STR(15, 40) L0142 ZETOth moment cross section
-_— (Position in forgszéétering from group g' to
transfer vector, group g
material)

1012-1026 Positions 1-15 for material 1
1027-1041 Positions 1-15 for material 2
1042-1056 Positions 1-15 for material 3

® .

1597-1611 Positions 1-15 for material 4O

The relative position of each cross section in the transfer vector
is indicated below.

Position z

S50g')g

L 230142
2 ZSOE-»3
3 2SO3-)L+
b Zsou-)S
2 50596
6 ZSOJ.-)?,
7 0244
8 *50395
9 Z50k6
10 5oLk
11 Zg0y5
12 Za0346
13 50145
14 Zs026
15 Zo0146
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Floating Point  Mneomic

Addresses Name Meaning
1612-2211 STRJ(lS,hO) ZSl e the first moment cross
—_— (Position in sec%ion for scattering from group
transfer g' to g
vector,
Material) The positions of the cross sections

in the transfer vector are exactly
as given for zSOg'-g’ above.

1612-1626 Positions 1-15 for material 1
1627-1641 Positions 1-15 for material 2
16L2-1656 Positions 1-15 for material 3

2197-2211 Positions 1-15 for material 4O

2212-2223 ATPHA(2,6) A, the mirror reflection {or

- (Boundary symmetry) coefficients or albedos,
index, by boundary index and group no.
Group)

2212-2213 Left boundary value and right boundary value for group 1
2214.2215 Left boundary value and right boundary value for group 2
2216-2217 Left boundary value and right boundary value for group 3

2222-2223 Left boundary value and right boundary value for group 6

22242235 BETA(2,6) By, the isotropic reflection co-
-_— (Boundary, efficients or slbedos
index, Group)
2224-2225 Left value and right value for group 1
2226-2227 Left value and right value for group 2
2228-2229 Left value and right value for group 3

. . . 3 .

2234-2235 Left value and right value for group 6

2236-2259 GAMMA(2, 2,6) ‘j;’L’ the Legendre polynomial co-
ER—— (L, Boundary index, efficients for a diffuse boundary
Group) source; by polynomial order, boundary
index, and group no.
2236-2237 L = O value and L = 1 value for left boundary, group 1
2238-2239 L = 0 value and L = 1 value for right boundary, group 1
2240-2241 L = O value and L = 1 value for left boundary, group 2
22h2-2243 L = 0 value and L = 1 value for right boundary, group 2
ete. ) e%c. )
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Floating Point  Mnemonic

Address Name Meaning
2260-2331 DELTA(12,6) (e ¢.), the fixed boundary source
- (Position in fluxes; by position in source vector
source vector, and by group no.
Group )

The order of the input data is given below for an Sh problem (four
angular intervals on the ¢ halfspace).

Address DELTA Value Boundary ¢ Value Group No.

2260 DELTA(1,1) Right ¢f¢;n 1

2261 DELTA(2,1) Right o, 1

2062 DELTA(3,1) Right b3 = n/2 1

2263 DELTA(L,1) Left ¢3 = /2 1

2264 DELTA(S,1) Left 0, 1

2265 DELTA(6,1) Left ¢ = 0 1

2072 DELTA(1, 2) Right ¢ = ¢5= 7t 2

2273 DELTA(2, 2) Right o, 2

2274 DELTA(3, 2) Right o3 2

2275 DELTA(L, 2) Left ¢3 2

2276 DELTA(S, 2) Left ¢, 2

2277 DELTA(6, 2) Left ¢ = O 2

etc. etc. etc. etc. etc.
2332-2351 coNc(20) A list of atomic densities, volume
- (Position in fractions, or weighting factors to
weighting be used in conjunction with the MIX(20)
vector) mixture vector to form mixtures of cross
sections (See explanation in 7.4.2 under
MIX. )
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Floating Point  Mnemonic

Addresses Name Meaning
2352-2363 EMU(12) Values for optional specification of
- (Position in the cos ¢j points directly, given in
angular interval reverse J order (i.e. from FdJ to 1)
specification
vector)

The following example 1s for an Sg problem (six angular intervals on
the ¢ halfspace)

Address EMU cos ¢ Value J dndex
2352 EMU(1) cos &5 = cos ¢7=-1.0 7
2353 EMU(2) cos ¢g = -.8 6
2354 EMU(3) cos ¢5 = =.h 5
2355 EMU(L ) cos ¢, = 0.0 L
2356 EMU(5) cos 03 = +.bt 3
2357 EMU(6) cos 9o = +.8 2
2358 EMU(T) cos ¢ =+.0 1
G
*2364- 2612 €22§i§§79) For) = % T vZe(r)eg(r), the fission
point index) g=1

density source guess; by source point;
345 MAX + JMAX-1 (There are two source
points at each interface between regions.
The source point index is £ = i4m-1, where
1 is the mesh index on r and m is the no.
of region interfaces which have been
crossed. )

* In the Fortran IV version the addresses are 236L4-2587 and 3s4s 224
instead of 279.
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Floating Point Mnemonic

Addresses Name Meaning
Fo6k3-4316 svM(279,6) bng(r), the fixed volume source; by
- (Source, source point index and by group no.
point index, The dimensions on SVM (or Mﬂq(r))are
Group) articles emitted
unit volume*unit time i

{See POWRl, above, for the definition
of the source point index, £.)

2643-2921 Source points 1 through MAX + JMAX-1 for group 1
2922-3200 Source points 1 through MAX + JMAX-1 for group 2
3201-3479 Source points 1 through MAX + JMAX-1 for group 3

4038-4316 Source points 1 through MAX + JMAX-1 for group 6

7.4 Explanation of Input Data

7.4.1 Card Formats and Addressing

The fixed or floating point data may be entered in any
order and on as many cards as desired, so long as all the fixed point data
cards precede all the floating point cards. Zero values need not be read
in except for ITOUT, which the program sets to 50 unless a value is read
in. A given piece of data can be entered more than once, in which case
the last value read in is used. If more than one data word is entered on
a card, the words following the first are stored in consecutive addresses.
Blanks are considered zeros; hence, care must be taken to assure that the
specified number of pieces of data in cols. 1-2 is the desired quantity;

otherwise, zeros may be stored in locations where they are not wanted.

In order to run change cases, just those data words which are differ-
ent from the preceding case need be entered. Caution should be exercised
when running change cases because unwanted data from the preceding cases
may be carried over. Every problem or case must have at least 3 cards; 1.e.,
one Alphanumeric card, one fixed point data card, and one floating point

data card.

¥ All addresses and dimensions shown are those of the Fortran IT version
for the 7090. In the Fortran IV version for the 7040, the addresses are
0588-3931 and the dimensions of SVM are (224,6). Therefore group 1 values
occupy 2588-2811, group 2 occupies 2812-3035, etc.
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NMIX

7.4.2 Explanation of Fixed Point Data

This 1s the total number of mesh points on the range of r.

In the text, 3.6, this number is referred to as I. It is

equal to the number of intervals on r plus one. If a value

of MAX read in is too largs an error indication is printed
off-line.

This is the total number of regions. If 1= JMAX £ 40 is not
satisfied an error indication is printed. Different regions
can have different materials in them or different intervals
spacings on r.

This is the total number of groups, G; and if 1 = NGR = 6 is
not satisfied an error indication is printed.

The number of downscatter groups can be defined as one plus
the maximum number of groups which can be skipped in scattering
down from any group. It ranges from zero (no downscatter) to
a maximum of 5 in TOPIC (When group 1 can scatter to group 6).
If O = NDS £ 5 is not satisfied, an error indication is printed.
There is a limited amount of cross section mixing allowed in
TOPIC. NMIX specifies the number of data words in the MIX
vector needed to define the mixtures. If NMIX is zero or
blank, no mlxtures are formed; and if O = NMIX = 20 is not
satisfied an error indication is printed. Also, if NMIX is
not zero it must be two or greater or an error indication is
printed.

This word controls the amount of output data from each problem.
The higher the value of NOT, the more output data will be given
in accordance with the explanation under NOT in T.2.

After solving for yl,i,j (k=1) in a given group, TOPIC always
solves for Yk, 1, for all k 2 2. If IG 2 2, the code repeats
the solution for Yk, 1, j for all k 2 2, using the same values
of Y1,1, 5 until IG inner iterations have been performed. If
all Zgy values are zero; i.e., if there is no anisotropic
scattering within any group, then any Yk, 1, j for k 2 2 depends
only on the yl,i,j values and inner iterations are unnecessary.
Therefore, IG should be left blank, zero or 1, in this case,

to avoid wasteful calculation.
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MUTEST

I

This word specifies the maximum number of outer iterations
which will be performed, with the exceptions that at least
two iterations are always performed and when NOT Z 2 then
ITOUT + 1 outer iterations (as a maximum) are done to store
extra data needed for the output edits.

LCO has meaning only if there are fissions. If there are
fissions, then an LCO = O requires that AN = €}, or pointwise
convergence for satisfaction of the convergence criteria.
(See formula 5.g.) When LCO Z 1,3 = € sor total fission
source convergence for satisfaction of the convergence
criteria.

The TOPIC code allows three options with regard to the speci-
fication of the intervals on the ¢ halfspace. If MUTEST = 1,
the code automatically chooses the intervals such that

(cos ¢341-cos ¢j) = a constant for 1=jsJ-1. If MUTEST = 2,
the code automatically chooses the intervals such that
¢j+l‘¢j=a constant for 1=j=J-1. If MUTEST = 3, the code will
compute the interval spacing from the input values given for
EMU in the floating point data.

In all three cases, the code makes sure that ¢l =0, ¢

B J+1/2
= 5 and ¢j = . In addition, it checks to see if cos ¢.+

< cos {j and if cos ¢35 = -cos 9j_j+1- If these conditiois
are not met, an error indication is printed.

If this word is given a value greater than zero, no off line
printing of the input data will occur.

This word has no meaning if there are no fissioning regions
in a problem. The following table outlines how the various
values supplied for ILPG will affect the choice of the initial

fission source spectrum.

PG Meaning in Meaning in
Value Homogeneous Problem Inhomogeneous Problem

0 ¥A flat fission source The initial fission
guess in each fissioning source guess is set
region is generated by equal to zero every-
the code. where.

* Any fission source guess distribution is first normalized such that
the total fission neutron production is FAC, I, before it is used in a
homogeneous problem.
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LPG
(Continued)

1 *The fission source The fission source
guess distribution is guess distribution is
taken from the POWRL taken from the POWRL
input data. input data.

2 *The fission source The fission source .
guess distribution is guess distribution is
taken from the previous taken from the previous
problem. problem.

This word specifies the value of the i index on r at the upper
(right) boundary of each region: Each region must have at least
one interval therefore II(l) 2 2y Also, an error indication is
printed if II(J) = II(I) for 3> I or if II(JMAX) # MAX.

These data words specify the material number of the material
which is to be used in each region. BIach region must have a
material number specified. If a region 1s void, a material
with zero cross sections should be used. The maximum material
number is 40. (The material placement and numbering is arbi-
trary and many regions can have the same material number
specified)

These data words specify the cross section mixtures to be
formed. Each word of the MIX list can be regarded as an
element of the mixture vector. Each element of the mixture
vector is a material number which corresponds either to a
material for which cross sections have been read in or to a
material to be formed by mixing cther materials. There is a
one to one correspondence, in order, of the words in the mixture
vector MIX to the words in the weighting vector CONC. If the
corresponding word in CONC is zero, the material named in MIX

is formed by mixing all the materials named by the succeeding
words until a material is reached which corresponds to another
zero in CONC.

The example to follow demonstrates the proper usage of MIX, CONC,
and NMIX.

* Any fission source guess distribution is first normalized such that
the total fission neutron production is FAC, I', before it is used in a
homogeneous problem.
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Example
Cross sections are given in the input data for materiels 2, 3, 10,
15, 20, and 5.

It is desired that material 7 be such that for any cross section of

material T, Z? = 22 w? +Z§w$, where ZF = cross section for material i and
w% is the proper wieghting factor for material i to use in forming material
je Similarly, let it be desired that for material 6,

Zé = Z}O wlO+ Z;5w15+ ZQOWEO, and for material 40, Z&o = Z?w7 + 25 >

6 6 40 Yho*
Then the proper mixture vector and weighting vector elements are as

follows:

Element

Number 1 2 3 & 5 6 7 8 9 10
MIX

Word 7 2 3 6 15 10 20 4 5 7
CONC 2 3 15 10 20 5 7
Word O Wy wp O wWT oW Wt O Wy W,

There are 10 elements in the mixture vector, so NMIX = 10.

A material formed earlier in the mixture vector can be used to form
another material, as with material 7 in the above example. It can be used

to form material 40 because it was specified earlier in the mixture vector.

The maximum length of the mixture vector is 20; therefore, NMIX = 20.
Also, no mixed material can have a material number greater than 40. Error
indications are printed if these criteris are not met, if two consecutive
words 1in the CONC vector are zero, if NMIX = 1, if cone(1) # 0, or if
CONC(NMIX) = O.

N This word specifies the number of intervals on the angle ¢

- in the halfspace @, ﬂ}. N must always be even and it must be
no higher than indicated on the table under 6.0 Program for
each version of TOPIC. N is always set to 4 if no value is
read in. Error indications are printed if N is too high.

MIK This word specifies the number of Gauss quadrature points, K,
which will be,used in TOPIC to perform all integrations on the
@ halfspace {éyg}. One indication of how the probable error
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MCELL

in the integration is reduced as K incregses is glven in the

table below. If one computes the current due to an isotropic
7 7

flux of unity in, say, the hemisphere, - 5 = ¢ = 5 0=0 =g,

the value obtained is

T
x =d[§ ‘FDsinz @ cos ¢d6d¢. However, an isotropic flux of
2 0

unity using Gauss quadrature will result in a current of C,

K
where C = E: hk\/l-uk as in 3.2.
k=1

MIK Value of % Frror=
() c lOdr?C/ﬂ)-l]
1 3.2659647 3.960
2 3.1605551 0.6036
3 3.1477279 0.1953
L 3.1443104 0.08651
5 3.143004k4 0.044ol
6 3.1424286 0.02661
7 3.1421354 0.01728

The word MFR (in location or address 115) specifies whether
normal mirror reflection 1s desired at the outer boundary of

a problem or whether the flux at ¢=g should be altered such
that a cell problem is more realistically handled. MFR should
be made greater than zero if the latter is the case. The
option has meaning only for those groups in which the mirror
reflection coefficlent A is non-zero at the outer boundary.
(See 3.7 and formula 3.4.7 for a detailed description of the
result of applying the option MFR> O.)

The six words in the MCELL vector specify a region number for
each of the six groups. In the specified reglon, a fixed
volume source, 4w q(r), equal to 1.0 is added to whatever
fixed volume source 1s specified by the SVM data. For example
if the third word in MCELL (location 118) is equal to 5, then
the T@PIC program will place a uniform fixed source of one
particle per second per cm3 at every source point in Reglon 5
in Group 3.

Only one region can be specified in each group and if MCELL is
zero (or blank) for a group no fixed source is added and the

fixed volume sources for the group are specified by the
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THETA

original SVM data.

The flxed sources added by the MCELL specifications become
part of SVM and are listed as such 1n the input data edits.
Therefore, care should be taken when running change cases,
for if an MCELL value is left noh=zerc from one problem to
the next then another set of unit fixed volume sources will
be added to all previously specified fixed volume sources in

the regions named.

7.4.3 Explanation of Floating Point Data

This is €3, the fission source convergence specification. It
has no meaning if there are no fissions, and in Table 2, 5.2

€1 is interpreted as belng equal to zero in this case. In any
problem, 1f €] is zero or left blank, the convergence of a
fission source is evaluated and printed out as if €] were
greater than zero, but the convergence criteria normally
depending on €; need not be satisfied and control of the con-
vergence process automatically passes to €p. The convergence
criterion dependent on €] 1s on the pointwise fission source
distribution or on the total fission source according to
whether LCO is zero or non zero, respectively.

This is €p, the group scalar flux convergence specification.
The convergence criteria are such that if €5 > 0, the pointwise
flux distribution in each group must be converged to the degree
specified by the value of €5. (See Table 2, 5.2 and the defi-
nitions in 5.1.) The convergence criterion on €o must be
satisfied unless €] > O and €p = O, in which case only the
fission source convergence specification is in control.

This word specifies the value of the cylinder radius at the
left or (inner) boundary. It need not be zero, but it cannot
be negative.

This is the fisslon source density extrapolation factor 6.

(See 5.k in 5.1.) 6 = O (or blank) corresponds to no ex-
trapolation. A 6 > O linearly extrapolates the value of the
fission source distribution at each point a distance G(Fﬂ-Fn-l)

beyond the unextrapolated value Fﬁ. (Fn_l is the value at a
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SIGT

point which was used on the previous outer iteration.) @
should be between zero and one to avoid possible divergence
when & > 1.

This is the constant, I, referred to in 5.1. The total fission
neutron source 1s always set equal to thils value in homogeneous
problems. FAC has no meaning in either an inhomogeneous
problem or one without fissions. If no value for FAC is read
in, 1t is set equal to 1.0, automatically.

The values read in the DELR 1list are the interval widths Ar
which are used in each region. Each Ar must be greater than
zero or an error indication will be printed.

Choosing a Ar too large in a region can be one cause of nega-
tive flux wvalues. Although not much experience exists, there
is some indication that a Ar choice is a "safe" one if, in any
group and region, the following lnequality 1s satlsfied.

1+Zan/Z
=
FANEDY 8T

Zgo is the isotropic cross section for scattering within the

, Where X is the total cross section,

group, and N is the number of intervals on the ¢ halfspace.
This criterion can be greatly relaxed in many instances in
which 1t is known beforehand that most of the particles at

any point in the region are produced by sources or scattering
down from higher groups rather than direct transport from
neighboring points.

This is the total neutron collision cross section, X, entered
by group no. and material no.. Either macroscoplc or micro-
scoplc cross sections may be read in, of course; but since
only macroscopic values are used by the program, any microscopic
cross sections should be multiplied by the proper atomic
densities (by use of the cross section mixing option).

Cross sections for a glven material can be read in without
being used in any region of a given problem. This permits one
to read in all the cross sections for a series of problems in
one block with the first problem. Then one need only refer

to the proper material numbers in the succeeding change cases.
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SIGS The cross sections, Zgp, for isotropic {zeroth moment )

scattering within all groups for all materials are given in
the SIGS list. These values are only those for non-degrading

(no scattering down) scattering.

[@p]

LGS This cross section list gives the first moment scattering

cross sections, ZSl’ for scattering within a group for all
groups and materials.

VUSIG This 1list is the number of neutrons per fission times the

fission cross section, VvZr, for each group and material.

This is the X list which defines the fraction of fission

&

neutrons released in each group.

15

This list of Zgog'dg values gives, for each material, the
cross sections for isotropic (zeroth moment) transfer of
particles from each group to. the others.

Note: These zeroth moment cross sections govern the actual
quantities of particles which are transferred by scattering
from one group to any other. The ZSlg'jg values given in the
STRJ 1list alter angular distributions but they do not alter
quantities transferred.

This list of ZSlg')g values gives, for each material, the

2

first moment scattering cross section for scatterings from
each group to the others.
ALPHA These are the mirror reflection (or symmetry) boundary condi-

tion coefficients, Aar If, for a given group at a given
boundary, the coefficient is Ay, the fraction Apof all out-
bound particles are reflected back as if by a mirror.

These are the isotropic reflection boundary condition coefficients,

[

Ba. If, for a given group at a given boundary, the coefficient
is Ba, the fraction Baof all outbound particles is reflected
back in an isotropic (constant) angular distribution.

Note: If Agt Bp> 1.0 at a boundary, there will be multipli-
cation of particles at the boundary.

GAMMA These are the boundary source coefficients,JAb and AL& which

are given for each boundary for each group. See the explanation

under c¢) in 3.2.
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CONC

e |

POWRL

These are the fixed boundary source fluxes fb(na,Qj) which

are glven for the relevant ¢j points at each boundary for

each group. For elther a right or a left boundary (in a

given group) there must be (J+l)/2 values given. Hence, for

an Sh case, 3 values of fb are required at either boundary for
a group.

These are the concentrations or weighting factors corresponding
to the materials listed in the MIX data. (See MIX under T.4.2.)
These data are for the optional specification of the points

¢j on the ¢ halfspace. If equal intervals on cos ¢ or ¢ is

not desired, one sets MUTEST = 3 and enters the desired values
for each cos ¢j in the EMU list. The value cos ¢; is given
first, then cos ¢ etc. until cos ¢ is given. No matter
 cos ¢J§l » and cos Ol, TOPIC

automatically sets these values tob-l, 0, and 1, respectively.

J-1’
what is read in for cos ¢

In addition, if cos ¢j # cos ¢ or if cos ¢j+l # cos ¢, an

J=j+1 d

error indication is printed.

If there is fissioning in a problem, these input data can be
read in as the optional fission source distribution guess,
provided LPG aas been set equal to 1. The data are entered

1
= = vy, ,¢ £ = itm- i
as FO,Z X E: AR where i+tm-1, 1 is the usual r
g=1

point index and m is the number of region interfaces which

have been crossed. A source guess obtained either from POWRL
input data or from the previous problem is accepted by TOPIC
regardless of what composes the FO,Z list. However, in homogen-
eous problems it is necessary that at least one point in at
least one fissioning region have a non-zero value of FO,Z'
Otherwise, trivial (zero) values will result for all fluxes

and sources.

These values are the fixed volume sources read in by source

point index, £ = i+m-1 (see POWRL, above), for each group.

The units on this source should be particles per unit volume
per unit time. TIf the SVM value for point £ and group g

is ng; then, since these sources are assumed isotropic,
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Qg = gﬁg > where g, 1s the q referred to in a) of 3.1. In a
given group, there must be one value of Q (SVM) given at each
mesh point i not on a region interface and two values at re-

gion interfaces (as with POWRL).

7.5 Explanation of Input Error Indicators

When an error is detected in the input data of a problem
by the TOPIC program an error indication is printed off-line and the
problem and all succeeding change cases are skipped (i.e., the job is

terminated).

In the list to follow, the underlined words are the error indication
statements which are printed off-line. The explanation of the error then

followse.

1. Error, Address Format For Fixed Point Data

a) Number of data words on card (cols. 1-2) is zero,
negative, or greater than twenty-one (21).
b) Fixed point address (cols. 4-T) is zero, negative, or
greater than 130.

2 Error, Address Format For Floating Point Data

a) Number of data words on card (cols. 1-2) is zero, neg-
ative, or greater than 6.

b) Floating point address (cols. 4-T7) is zero, negative,
or greater than 4316 (3826 for the TOLO version).

3.  Error, Number of Points Too large

The number of mesh points I = MAX, on the range of r has
been set too large for whatever version of TOPIC is being
run.

L. Error, Number of Points Too Small
I = MAX has been set too small, i.e., less than three.

5e Error, Number of Regions Too Large
JMAX has been set greater than forty.

6. Error, Number of Regions Is Zero
JMAX has been set = O,
Te Error, Number of Groups Too large
G = NGR has been set greater than six.
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8.

10.

ll.

1a.

13.

1k,

15.

16.

17.

Error, Number of Groups Is Zero

G = NGR has been set = 0.

Error, Number of Downscatter Groups Too Large

NDS has been set greater than NGR-1.

Error, Zero or Negative Material Number

A material number, MIR, for some region has been set £ 0
or left out.
Error, Material Number Greater Than 40

A material number, MIR, for some region has been set greater
than forty.
Error, Upper Region Boundary Point Non-Increasing Or

TI(1) Is Less Than Or Equal To 1

Either II(J) is & II(J-1) for some 1 = J £ JMAX or IT(1) = 1;
that 1s, some region has less than one mesh interval in it.
Error, Zero Delta R

The interval width, Ar = DELR, has been set = 0 for some
region.

Mixing Vector Must Have At Least Two Elements

NMIX has been set equal to l. It must be at least two if
it is not zero.

Inconsistent Concentration Vector

One or more of the followlng erroneous specifications have
been made:

a) CoNc(1) # o,

b) Either CONC(NMIX) = O or NMIX is too large, or

c¢) Two successive CONC values are zero.

Material Number Greater Than 40 In Mixture Vector

Some number in the MIX list is greater than forty.

Error, Inconsistent Angular Input

One or more of the following has occurred:

a) N, the number of intervals on the ¢ halfspace is too
large for the version of TOPIC belng run.

b) N is odd.

c) cos ¢j # cos ¢ for some 2 =

741 j = (J3-1)/2
d) cos ¢j+l = cos ¢, for some 2 = j = (3-1)/2
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18.

19.

Error, No Fission Cross Sections or Sources

There are no non-zero values for vZf in any group for any
region and there are no fixed sources, either volume sources
or boundary sources; therefore, no non-trivial solution
exists. The MIR list may be wrong; l.e., a fissioning
material may have been left off the list.

Error, No Non-Zero Chi

There are fissions (i.e., some non-zero vZf in some group)
in some region but X, the fission spectrum, is zero for all

groups.
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8.0 Output Description

The amount of output data normally obtained off-line from a given
TOPIC problem is controlled by the two fixed point input words NOT and
iDP.

If sense switch 3 is down or if the inner iteration control word IG
is negative, a large amount of unlabeled data is obtained which is useful
for checkout or debugging purposes. The use of these debugging options
will require a problem to consume much more machine time than is normally

required.

The first line of the output data always consists of whatever was
on the Alphanumeric card of the problem; the next line tells which version

of TOPIC is being run (i.e., whether it is TOPIC 4, TOPIC 10, etc.).

8.1 The Input Data Edit

If IDP is less than 1, the next data listed consists of an edit
of the problem input data. The input data listed are:

a) the fixed point data consisting of IG, MAX, JMAX, NGR, NDS,
MUTEST, N, LPG, LCO, NOT, NMIX, IDP, ITOUT, and MIK

b)  the floating point data consisting of EPS1, EPS2, XIN, THETA,
and FAC

c) the basic reglon data consisting of (for each region) the region
no. the material used in the region, the upper r mesh point value of
the region, the Ar of the region, and the upper value of r for the
region (i.e., J, MIR(J), II(J), DELR(J), and the value of ry for

i= 11(J))

a) the angular interval data consisting of the cos ¢j value for
each value of the index j on the ¢ halfspace

e) the cross section mixture data (if any) consisting of the wvalues
of CONC and MIX corresponding to each numbered position in the mix-
ture vector

f) the fixed volume source data (if any) consisting of the value

of SVM at every source point for each group (There are MAX + JMAX-1
source points listed for each group.)

g) the boundary condition specification data for each group |The
data for each group and for each boundary, right and left, includes
the values for AIPHA (A), BETA (Ba), the GAMMA's (aj for £ = O and 1),
and the DEL '4'(fb(r”4¢J) at j=1 through J and with two values at

3 =(J+1)/2)TT

h) the cross section data for each region consisting, first, of the
values of %, Zgy, Xgy, and vIp for each group and, second, of the
values of the transfer or scattering down cross sections (The
latter data are listed in the order, X for g=1-5, %

for g=1-5, ZsogagJ,g for g=1-k, leg_,gJ,So%B’%{é:l-u, ctc. untit Pinally
ZS1geG 1s listed for g=1.)

i§ finally, the fissilon spectrum data consisting of the value of
CHI (X) for each group
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8.2 The Outer Iteration Monitor

At the end of each outer iteration, a set of data is printed
out which summarizes the rate and degree of convergence of various quan-
tities. These data are in two sections:

a) If and only if NOT 2 4 and there are fissions, the fission

source distribution, Fﬁ(r), is printed. Fﬁ(r) is the fission source
distribution normalized such that

J; F\(r) 2nrdr = I' (FAC) if the problem is homogeneous and unnormalized

in an inhomogeneous problem. It is the source computed from the fluxes
computed on the nth cuter iteration; and, except for extrapolation,

it is the source which will be used to begin the n+1t8 iteration. As
stated, Fi(r) is not the extrapolated source Fy(r). (See 5.k in 5.1
and THETA in 7.4.3.)

For each iteration MAX + JMAX-1 values are printed, one for each
mesh point on 1 except at region interfaces where two are given.
b) Various data showing the state of the convergence process are
always printed out at the end of each outer iteration.

The first line of data gives the fission source convergence
summary. It consists of the iteration number (n), the eigenvalue
M in homogeneous problems or the value of P, in inhomogeneous probvlems,
Epax(EMAX), By, (EMIN), the value of 7p if LCO = O or the value of
dn 1f LCO > O, and the value of the input word €1 (EPS1l). (See 5.1
for the definitions of these terms.)

The next G+1 (NGR+l) lines of data give the scalar flux conver-
gence summary for each group. The iteration number n is printed
first. This is followed by G lines which give, for each group, the
following data: the group number g, the maximum value of QR max
(called PHIMAX), the point i at which this maximum occurs, e mini-
mun value of Q@ min (called PHIMIN), the point i at which this
minimum occurs, the value of B (called CALC. EPS2), and the input
word ¢p (EPS2). &

In addition there can be in some versions of TOPIC a line listing
various times. These times which are printed out are intended simply
for use by one familiar with the TOPIC program and FORTRAN to determine
the amount of time the machine spends in various parts of the outer
iterative cycle.

8.3 The Problem Solution Output

The first line printed as output for the converged problem
simply states the final outer iteration number n and either Ay Or Pps
depending on whether the problem is homogneous or inhomogeneous. If
there are no fissions, this line is replaced one by which states "No Fission

Problem - No Eigenvalue'.
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Next, MAX + JMAX-1 (the number of source points) lines are printed.
On each line there is listed the mesh point number i on r, the value of

r., the material number MIR at the point, the fission source distribution

i)
Fn(ri) (right and left hand values are given at each region interface for

MIR and Fn(ri))’ and the value of the scalar flux Q(ri) for each of the

groups.

The data described above are always obtained. In addition, if
NOT22, the next data printed for each group are: For each mesh point r;
there is printed the value of 1, the value of Tes the current J(r ),
the left hemispherical current jTr ), the right hemispherical current
S(r ), and the values of the average angular flux ¢(r ¢j) for j=1
through J. (See Appendix B for the definitions of these quantities.)

If NOT 2 1, the next data listed are the balance characteristics
for each group. These data for each group consists of JMAX + 1 lines of
data - one for each regilon and one for the total of all the regions.
For each region there 1s listed the region number, the integrated flux
of the region (EV)J, the integrated fixed volume source (@V)J, the total
absorptions (¥VZ,), the total fissions divided by A [(Eszf) J/7\[1] , the
net leakage (LJ), the average flux (E)J, and the average fission source
(Evzf/%n)J. (See Appendix B for the definitions of these quantities.)
These data are followed by a line of data giving the sum over all reglons
for each of the above quantities except for the average quantities.
The average flux and average fission source values printed on the "Total"

line for each group are, respectively,

EJ:(EV) 5/ ZJ:(V) 5 and

E: (3VVZf)J,/%h _/ Z:(V)J,, where the sum over J' denotes
_J' J‘l
that only regions with fissions are included in the sum.

After all these data for each group are listed, a line is printed
which totals the quantities (3V)J, (QV)J, etc. for all groups as well as
all reglons. In this case, the average flux and average fission source

values printed are simply the sums of the values printed on the "Total"
line for each group.
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If NOT 2 3 the last data output are the detailed angular flux values
fk,i,j for 15k=K, 1=i=I, and 15j=J for each group. For each group and
Gauss point k there are listed a total of I = MAX lines, and on each
line are the following data: the mesh point index i, the value Tys the

values of f for j= 1 through J.

k,1,J
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Appendix A

Definitions of the Difference Equation Coefficients

Define for all 1 £ i < I and a1l 1 £ j< J:

Ar, = r, .-T
i i+l i’

A¢.=¢. -¢ 3}

J Jtl
A,aj = sin ¢J.+l-31n ¢j ;
ANc, = cos ¢, _-cos o, and
J J+l 3’
Adc, = cos ¢, sin ¢, .- cos ¢, sin ¢..
J J+l J+l J J
Then under the assumption B of 3.3 it follows that
r
+ . .
A.l 1+l f(r, ¢)dr = arj ¢ (¢) + arg f. . (%), where the u variable
2 i 2 i+l
T

i
has been omitted for the sake of simplification.

r
141 _

A.2 J’ rf(r, ¢)dr = tlifi(d)) + t21f1+l(¢), where
Tr

i
_ Arjy (ri+] + 2ry _ Ary (2rigy try
by = % ( 3 ) and t21 = ( 3 )-
b3+1
A.3 j décosmof(r, ¢) = —ﬁ— i (r) + 23 J.+l(r), where 1 £ j < J and

¢,

J
0L _ Mcos? 341n05-04)) , 202 4(Adi-cos A0 5) ,

J Ac J ch

11 2

;= —— pos ¢, . Ad-gino =AY,

J  Acy [: LT 578 ]’

12 2
a, = — lsin ¢. . Ac.- cos ¢ A4 + Ad.

J  bey { L7 3 J ]’

21 _ 4 )
a‘j 3ACJ- [;3sin ¢j cos ¢j cos ¢j+l + 2 sin ¢J. cos ¢j
+ sin ¢ 2¢ YAV Y ol

541 COS j41 = 844 |5 an

22 Ly )
a, = —o— - ¢

P e . [3 sin 341 cos ¢j+l cos ¢j + 2 sin ¢j+l cos ¢j+l

+ sin ¢, cos2<l>, + Aa? .
J J J
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1t J
1 m
A.h[ cos m¢ f(r, ¢)do = I E 5 fj(r), where
0 1

m ml m ml, m2 . m m2
= .
a]"-a],aJ aj+ajlforl<J<J, anda.J—a.J:L

r
o oo ] gl
rj

T T
11,7 31, J
= TIm %i,57% I fie, g vHeTe
- T[ + - — 3
on(ry g try) and Ty = -2n(ry o +r,)

G fi+ J+l{ rf(r,J 3 0 [sina::f(r, ¢i} dodr

= T, .f, .+ T J. . + . A .
H{ i, J "1,J 2i, Jfl, J+l T3i: J fi"'l) J Tu'i: J fi"'l: J+l

for 1 £ j < J, where

11
= - + i
Tli,j ﬂaj ry 21 sin ¢J.Ari 3
T =-ﬂa12r-21tsin¢ Ar
2i, g i JHI— i’
11
= T + 2
TSi,j aj ri+l T sin ¢.Ari s and
12
= - . . é . .
Thi,j Eis aj T 2n sin ¢j+l Ari, forl =2 j<J
P 341
A.7j cosd>dd>=AAfj for 1 =2 j< J.
¢,
J
d>j+l
A.8f cos 26d¢ = Aléj for 1 £ j< J.
¢,
J
o

A.9 Jtl cosg¢d¢ = w .
0 2
J

A.10 C = (- 1) hHl where 4=1 or 2 and

5: h;dlrgé .
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Appendix B

Definitlon of Some Basic Physical Quantities

The following definitions apply regardless of the group.index.

B.1 Scalar flux (or simply "flu.x") G?

(D(r)=fff(r,u, )apde = E }_ hka £y .r,

k=1 j=1
B.2 Current,

21f 1
J(r) jj Vl- cos ¢ f(r,u, ¢) duds

(This represents the net number of particles per unit time crossing
a unit area of the cylinder surface perpendicular to r.)

&~
B.3 Left Hemispherical Current, J, and Right Hemispherical Current, .?

= 1
2 - r"' )
=j f l-u2 cos ¢ £(r,u, ¢) dpdd, and
7t
LR

7
=f2lel-u2 cos ¢ f£(r,u, ¢) dudé.
T -

(Note that J(r) = ‘:I-(r) + 3’(1‘).)

&\ - V 11 12

) = I | §+1 By V- [ Ty g (7 * e Ay j+1(r)]
=l R
I J-l

By LT mhon, [aj 40 + 50 g j+l(r)]
=1 j=1 ’ .
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B.4L Second Moment Fluxes, Go(r) and Gz(r)

2n 1
G(r ij(u £(r, 1, ¢) duds = ): th—(su -Lasf, (),
=1 j=1
2n 1
Gg(r) =Jf J[ Pg(“) cos 2¢ f(r,p, ¢)dudd
0 -1

K J 5 5
Yoo 3(1-1,) ) fk’j(r).

=1 =1
B.5 Integrated Flux (for a Region)

Let the lower bound of a region be r, and the upper bound be

i
r, , then - r )/ i -1
= 1“ iy [
(<1>v)J —J' o(r)av =f o(r) 2nrdr = QnZ (t 1% +t21¢i+l) 5
r r i=ip
ey ey
r,
i
where V i[. H 2nrdr.
T,
L
B.6 Total Absorptions (for a Region)
. th .
Define, for the J— region, on 1
. g [ ol where &3 = 5 (r,1 )an do
a SOl E: SOg'9g ’ S0g ‘g Sg'3gt 0O
g=g'+l 0o =1

in the rEE region. Then the total absorption of the region is

@) = @ V), z:J

B.7 Net Leakage from a Region

. th
LJ = Ji“TJiz, for the J— region.

B.8 Average Angular Flux

/1 £r, 1, ¢)dp K
o(r, o) = 'Jl_l =L nr(re),

dp. k=1
1
(This 1is called simply "Angular Flux" on the output data sheets.)
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B.9 Integrated Fixed Volume Source (for a Region)
(Q V)J =Jriu onrQ(r)dr, where Q(r) = Lng(r).
rig
B.10 Integrated (or Total) Fissions (for a Region)
TV vZf)J = VZEJ;iMQKrQ(r)dr_
Y14

B.11 Average Flux (for a Region)
T .

r
(@), = (ov), /v, = iu2ﬂr®(r)dr B onrar
J JJ .
il T14
B.12 Average Fission Source (for a Region)

r r
(¢vzf/xn)J_= J’i“ 2nrv2%¢(r)d€/6&i[iu2nrdr where N 1is the
r

i 18

eigenvalue obtained on the last outer iteration.
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Appendix C
D.1 Input Data Listing
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D.2

Output Data Listing

SANPY

€ PROBLEM FOR TOPIC 4

PROGRAY TOPIC 4

INPUT DATA sssvnnspsunsss

INMER ITERATION INDEX =

1

NUMBER OF POINTS wsunse 40

NUVBER OF REGIONS wssss
NUMBER OF GROUPS #sdusss
COWNSCATTER GROUPS wsss
ANRULAR APPROXIMATION =
ANTULAR [INTERVALS #siss
POWER GUESS OPTICN sss«s
CONVERGENCE OPTICON ssss
CUTPUT OPTION sasunnssusn
ELTMS. IN MIX. VECT. #s»
INPUT PRINT OPTICN ssns
ITFRATION MAXIMUM sssss
NO. CF GAUSS POINTSw#xus

N
NUO~NHEOOSIN=ND

EP<[LONlssagmessnssnnnsnl0.00000E-05
EPSILON2#%snesnnnunnnns]0.00000E-05

INTTIAL RADIUS wssssunu—

0.

EXTRAPOLATION FACTCR =+ 5,00000E-01
NOPMALIZATION FACTOR =+ 1.00000E 00

REGION DATA

PEGION REGION
NC. MATERIAL
1 2
2 7
3 7
4 7

ANGUL AR DATA

J= S#-1,00000E 00
J= 4#-7.071076-01
J= 3« 0.

J= 2# T.07107€-01
J= 1= 1.00000E 00

FIXTHRE DATA

-0.
2.00000€E-05
1.33000€E 00

-0.

10.C00CCE-03
2.0000CE 0C
4.000CCE-03

I I N
DO W NE =N

MA XTMUM
POINT INDEX
11
13
33
40

DELTA
R
7.50000E-01
1.25000E 00
1.00000E 01
1.00000€E 00

OUTER

RADIUS
7.50000E
1.00000€E
2.10000€
2.17000E

00

02
02



gL

GRPUP 1 wsssss

Al PHA sussasn
BETA sasuails
GAMMA sssays
L=0 seexms
L=] snenns
CFLTA saanas
J=( 1)¢ 5)s
J=( 21 4)s
Je( 3)( )=

GRTUP 2 wdaws

Al PFA ssasas
BFETA senunhs
GANMA sssage
L=0 vsensgs
L=] #enses
DTLTA ssanesn
=0 1){ 5)=
Je( 2)( 4)»
Jr( 3)( 3)e

BOUNTARY CCNDITION SPECIFICATION

2| EFTes

0.10000E 01
0.

0.
0.

0.
O.
0.

#u| EFTa=

0.10000E O1
0.

0.
0.

0.
0.
0.

##RIGHT#e

-0.
0.

z2RIGHT ##

0.
0.

0.
0.

0.
0.
0.



6L

CROST SECTION DATA

SRENATRBRER

#RECICN 1¥ *SIGMA #SIGMA S» #SIGMA S aNU-SIGMA=
AREARRNERAS =TOTAL= » ZERQ = = ONE - #FISSION»
CROCUP 1 1.19701E-01 6.38406E~-02 2.66000-02 1.43641£-01
CRCUP 2 1.59602E-01 3.99004E-02 1.330007-02 4.46B884E-01
TRANSFER MATRIX
COWN#wan ] 7.98008E~04 0. 0. 0.
COWNeaaw | 1.59600E-04 0. 0. O.

GHENERBRR AN

4REGION 2+ «SIGMA» #5IGMA S» #SIGMA S+ #NU-SIGMA#
[T TR 22 X1 *TOTAL» « ZERO = = ONE +» =FISSION#
FROUP 1 5.01300E-02 3.00780E-02 1.60000F-05 O.
fROUP 2 1.002606-01 1.00250E-01 4.80000F-06 O.
TRANSFER MATRIX
COWN=sww 1 2.00520E-02 0. 0. 0.
COWN®use |1 2.00000E—-04 0. 0. 0.

dununanagan

sREFION 2» *SIGMAs #SIGMA Se #SIGMA S= #NU-SIGMA#»
suarespnnan »FOTAL® * ZERO & ONE # #FISSTON=
GROUP 1 5.013006~02 3.00780E-02 1.60000F-05 O.
TROUP 2 1.00260E-01 1.00250E-01 4.80000F-06 O.
TRAMSFER MATRIX
COWNEsss I  2.00520£-02 0. 0. 0.
DOWN=s#x 1  2.00000E-04 O. 0. 0.

(2RISR Y

eREGEON 4» *J1GMA» «STGMA S #STGMA S+« =NU-SIGMA=
ansraARRENRE #TOTAL» = IERO = = ONE = #FISSION®
CROUP 1 5.01300E-02 3.00780E~02 1.60000%-05 O.
fROUP 2 1.00260t-01 1.00250E-01 4.800007-06 O.

TRANSFER MATRIX
" 'DOWN#«#in 1 2.00520E-02 0. 0. 0.
COWNssus | 2.00000£-04 0. 0. 0.

0.

0.

0.

0.
0.
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FISSION SPECTRUMN

GPOUPenss
GPOLPrxese

1 0.10000€ 01

2 0.

END OF INPUT PRINT
TTERATTON BEGUN AT TIME =

FISSTON DENSITY-ITERATION

0.55772E-02

0.56721E-02

0.55209E-02
0.5T476E-02

0. O,

0. 0.

0. 0.

0. 0.

ITER. EIGSENVALUE EMAX
1 0.18149€ 0Ol

014622

0.55267E~02

0.599056-02 0.

0.
0.
0.
0.

0.10586E 01

0.
0.
0.

EMIN

0.97562E 00

FLUX CCNVERGENCE SUMMARY,ITERATION 1

YROUP
1
2

FISSTON DENSITY-ITERATION

0.54078E-02
0.56970E-02

PHIMAX
C.10000E 01
C.10000E 01

0454114E-02
0i58233€E-02

0. C.

0. 0.

0. O.

0. C.

ITER. EIGENVALUE EMAX
2 0.19718E Ol

POINT

PHIMIN

1 0.10000E 01
1 0.10000€ 01
TIMEL="14628 TIME2=014629 TIME3=014630 TIME4=014630 TIMES=014631 TIME6=014632

0.54201£-02

0.61414E-02 0.

0.
0.
0.
0.

0.10252£ 0l

0.
0.
0.

EMIN

0.96963E 0OC

FLUX CCNVERGENCE SUMMARY,ITERATION 2

CROUP
1
2

PHIMAX
C.10491E 01
C.11769E Ol

POINT

PHIMIN
10-0.62234E 00
15 0.10000E 01

0.55323E-02

POINT

0.54356E-02

POINT

0.
0.
0.
0.

CAL.-EPS.

0.7838%E~-01

0.
0.

O.
0.
0.
0.

CAL.-EPS.

0.54197£-01

0.55418E-02

crLC.

0.54591€-02

crLc.
0.15932E 01
0.15031E-00

0.55573E-02
0.
0.
0.
0.

INP.-EPS.
1.00000E-04

INPUT EPS2

1.00000€-04
1.00000E-04

0.54929€E-D2
0.
0.
0.
0.

INP.~EPS.
1.00000E-04

INPUT EPS2

1.00000E-04
1.00000E~-04

TIME1=N14640 TIME2=014641 TIME3=014642 TIME4=014642 TIMES5=014643 TIME6=014644

FISSTON DENSITY-ITERATION

0.52676£-02
0.57113€E-02

0.53685E-02
0.58494E~02

0. C.

0. 0.

0. 0.

0. 0.

ITER. EIGENVALUE EMAX
3 0.19922E 01

FLUX CONVERGENCE

0.53806E-02

0.61807E-02 O.

0.
0.
0.
0.

0.10064L 01

0.
0.
0.

EMIN
0.99164F 00

SUMMARY, ITERATION 3

0.54007E-02

0.
0.
0.
0.

CAL.-E™S.

0.14674E£-01

0.54303E-02

0.54720E~-02
0.
0.
0.
0.

INP,.—-EPS.
1.0C000E-04

0.558176-02 0.56187€-02

0. 0.
0. 0.
0. C.
0. 0.

TIMET7=014633 TIME8=014633 TIME9=000000

0.55408E-02 0.56075E-02
. 0.

0. o.

0. 0.

0. 0.

TIME7=014645 TIMEB8=014646 TIM[L9=000000

0.55294E-02 0.56072E~02

0. 0.
0. 0.
0. 0.
0. G.



3

FRCUP  PHIMAX POINT PHIMIN POINT CrLC. EPS2 INPUT EPS2
1 C.17794E 01 31-0.11102E 01 3z 0.16239€ 01 1.00000E-04
2 C.10297€E 01 15 0.10000E 01 1 0.78861E£-01 1.00000E-04

TIMEL1=r14652 TIME2=014653 TIME3=014654 TIME4=014655 TIME5=014655 TIME6=014656 TIMET=014657 TIMES8=Cl4658 TIMI 9=000009

FISSTON DENSITY-ITERATION 4
0.53452E-02 0.53506E-02 0.53641E-02 0.53864E-02 0.54190E-02 0.54644E-02

0.57170E-02 0.58594E-02 0.61929E-02 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. C. 0. 0. 0. 0.
0. C. 0.
ITER. EIGENVALUE EMAX EMIN CAL.—-E"S. INP.—-EPS.
4 0.199¢7E 01 C.10008E 01 0.99878E 00 0.2002E-02 1.00000E-04
FLUX CCNVERGENCE SUMMARY, LTERATION 4
FROUP  PHIMAX POINT PHIMIN POINT CALC. EPS2 INPUT EPS2
1 C.13046E O1 36 0.99528E 00 1 0.7?3708E-00 1.00000E-04
2 C.10065E 01 15 0.10000E O1 1 0./,4597E-02 1.00000E-04

0.55259£-02
0.
0.
0.
0.

0.56082E-02

TIMEL=r14704 TIME2=014705 TIME3=014706 TIME4=014707 TIMES=014708 TIME6=014709 TIME7=014709 TIMEB=014710

FISSTCN DENSITY-ITERATION 5
0.53442E-02 G.53506E-02 0.53641E-02 0.53864E-02 0.54190E-02 0.54644E-02

0.57169E-02 0.58592E-02 0.61935E-02 O. [V 0.
0. C. 0. 0. 0. 0.
0. 0a 0. 0. 0. 0.
0. [+19 0. 0. 0. 0.
0. 0. 0.

ITER. EIGENVALUE EMAX EMIN CAL.-EPS. INP.-EPS.

5 0.19976E 01 0.10007E 01 0.99960E 00 0.1110°E-02 1.00000E-04

FLUX CONVERGENCE BUMMARY,ITERATICN s

TRCUP PHIMAX POINT PHIMIN POINT CALC. EPS2 INPUT F£PS2
1 C«l0101E 01 36 0.99850E 00 30 0.11480€E-01 1.00000E-04
2 C.10C14E 01 16 0.10000E 01 . 1 0.13579€-02 1.00000E-04

0.55259E-02
0.
0.
0.
0.

0.56082£-02
O
0.
0.
0.

TIMEL1="14717 TIME2=014718 TIME3=014718 TIME4=014T719 TIME5=014720 TIME6=014721 TIMET7=014722 TIMEB=014722

FISSTON DENSITY-ITERATION 6
0.53474E-02 0.53498E-02 0.53634E-02 0.53857£-02 0.54185E-02 0.54640E-02

"0.5717IE-02 U.58598E-02 0.61941E-02 O. 0. 0.
0. [/ 0. 0. 0. 0.
0. LU 0. 0. 0. 0.
0. O 0. 0. 0. 0.
0. Ca» 0.

ITER. EIGENVALUE EMAX EMIN CAL.—-E™S. INP.—~EPS.

6 0.19977E 01 0.10001E 01 0.99975E 00 0.30754E-03 1.00000E-04

FLUX CCNVERGENCE SUMMARY,ITERATION 6
TROUP PHIMAX POINT PHIMIN POINT CALC. EPS2 INPUT EPS2
1 C.10007E 01 36 0.99978E 00 1 0.°91671£-03 1.00000E-04

0.55257£-02

0.
0.
0.
0.

0.56982E-02
0.
O.
0.
0.

TIMFY=Q03000

TIM{9=000000
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2 CJ10003€ 01 16 0.10000€ 01 1 0.22559E-03 1.00000€-04
TIMEL="14729 TFIME2=014730 TIME3=014731 TIME4=014731 YIMES=014732 TIME6=014733 TIME7=014734 TIMES8=014734

FISSYON DENSITY-ITERATION 7
0.5347%E-02 0.53498E~02 0.53634E-02 0.53857E-02 0.54185E-02 0.54640E-02 0.55257E-02 0.56082E-02

0.57171E-02 0.585976-02 0.61941E-02 O. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. o. 0. 0. 0. 0.
0. 0 o. 0. 0. 0. 0. 0.
0. 0. 0.
ITER, EIGENVALUE EMAX EMIN CAL.-€E°S. INP.—EPS.
7 0.19978E C1 O0.10001E Ol 0.99998E 00 0.14529E-03 1.00000E~-04
FLUX CONVERGENCE SUMMARY,ITERATION 7
TROUP  PHIMAX POINT  PHIMIN POINT  CALC. EPS2 INPUT EPS2
1 C.10C00E Ol 6 0.99996E 00 30 0.41347E~04 1.00000E~04
2 C.10001E Ol 16 0.10000E 01 1 0.67751E-04 1.00000E-04

TIMEL="14741 TIME2=014742 TIME3=014743 TIME4=014743 TIMES5=014744 TIME6=014745 TIMET=014T746 TIMEB=014747

FISSTON OENSITY-ITERATION 8
0.534%4E-02 0.534986-02 0.53634E-02 0.53857E-02 0.54185E-02 0.54640E-02 0.55257E~02 O0.56082E-02

0.57171E-02 0.58597E~-02 0.61941E~02 O, 0. 0. 0. 0.
0. Cis 0. 0. O. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. U. 0. 0. O. 0. 0. 0.
Q. [+18 0.
ITER. EIGENVALUE EMAX EMIN CAL.—-EPS. INP.-EPS.
8 0.19976€ 01 0.10000E 01 0.99995E 00 0.63001€-04 1.00000E-04
FLUX CONVERGENCE SUMMARY,ITERATION 8
CROUP PHIMAX POINT PHIMIN POINT CrLC. EPS2 INPUT EPS2
1 CJ410000€ 01 36 0.99999E 00 1 0.76099E-~04 1.00000E-04
2 C.10000E 01 16 0.10000E 01 1 0.V7374E-04 1.00000E-04

TIMEL1="14753 TIME2=014754 TIME3=014755 TIME4=014756 TIMES=01475%6 TIME6=014757 TIMET=014758 TIMES=014759

FISSION DENSITY-ITERATION 9
0.53434E~-02 C.53498E-02 0.53634E-02 0.53857E~-02 0.54185E-02 0.54640E-02 0.55257E-02 0D.5608B2E-02

0.57171E-02 C.58597E~-02 0.61941E-02 0. 0. 0. 0. 0.
0. C. 0. 0. 0. 0. 0. 0.
0. Ua 0. 0. 0. 0. d. U.
0. 0. 0. 0. 0. 0. 0. 0.
0. 04 0.
ITER. EIGENVALUE EMAX EMIN CAL.~E™S. INP.~-EPS.
9 0.1997BE 01 0.10000E O1 1.00000E 00 0.1765°E-05 1.00000E-04
FLUX CONVERGENCE SUMMARY,ITERATION 9
GROUP PHIMAX POINTY PHIMIN POINT CALC. EPS2 INPUT EPS2
1 C.10000E Cl 8 1.00000E 00 38 0.%5954E~-05 1.00000E-04
2 (.10CO0E 01 17 0.10000E 01 1 0.75912€-05 1.0G6000E-04

TIME9=000000

TIME9=000000

T1¥:9=000000

TIMEL1=C14805 TIME2=014806 TIME3=014807 TIME4=014808 TIMES=0143808 TIMES6=014809 TIMET=014810 TIMES8=014811 TIML9=00000D



tg

w2usQUTPUT DATAs=us

FINAL ITERATION= 9

FINAL MULTIPLICATION FATTOR=

1.99778E 00



(X2 XX XRIZE ST RIS 2SR RS R YRR RS2SRSS R -RSZE RS2 RS R EE R R R Y R Yy Y N R Y s R SIS

Ei“""“l‘l‘l".‘l""i".'l"l!‘llICIlll‘ill'll!il!i"lll..‘.!!G.ll‘.*ﬂlii!igi!ﬂ LEE SRR TS LRI EER-EERLAEEEEEREESEYEXE XYY

(X 2RSS RS SRS RS RS S R R RS R R E R S R R RS RS2 22 R R RS SEES ARSI E RS SRR FESE RS ESY YR YR WYEFE R PR PRI R U R R A g grgegey

POINT RADIUS MATERIAL FISSIDN GROUP 1 GROUP 2
NUMBER DENSITY FLUX FLUX

1 -0, 2 5.3434E-03 4.B1547-02 8.4091E-03
2 7.5000E-01 2 5.3498E-03 4.8005F-02 B8.4859E-03
3 1.5C00E 00 2 5.3634E-03 4.7656-02 8.6587E-03
4 2.2500E GC 2 5.3857E-03 4.7065-02 8.9484E-03
5 3.0000E 00 2 5.41B5E-03 4.6204%-02 9.3716E-03
6 3.7500E GC 2 5.4640E~-03 4.5036F-02 9.9505E-03
7 4,5000E CC 2 5.5257E-03  4.35157-02 1.0715E-02
8 5.2500E 0C 2 5.6082E-03 4.1575%-02 1.1708E-02
9 6.0C00E CC 2 S.717T1E-03 3.90877-02 1.2994E-02
L0 6.7500E 00 2 5.859TE-03 3.55637-02 1.4765E-02
11 7.5000E 00 2 6.1941E-03 2.7902%-02 1.8722E-02
11 7.5000E 0C 7 0. 2.7902~02 1.B722E-02
12 8.7500E CC 7 0. 2.12957-02 2.2446E-02
i3 1.0CO0E 01 7 0. 1.73117-02 2.4553E-02
13 1.0000E 01 7 0. 1.73115-02 2.4553E-02
14 2.0000E 01 7 0. 5.1716%-03 2.9338E-02
15 3.0CO00E 01 7 0. 2.4510%-03 2.7781E-02
16 4.0C00E 01 7 0. 1.1825%-03 2.5460E~02
17 5.0000E 01 7 0. 6.2700F-04 2.2965€-02
18 6.0000E 01 7 0. 3.4153%-04 2.059%E-02
19 1.0000E 01 7 0. 1.9102F-04 1.8404E-02
20 8.0C00E 01 7 0. 1.0859F-04 1.6406E-02
21 9.0000E Ol 7 0. 6.2521°-05 1.4587E-02
22 1.0G00E 02 7 0. 3.6342F-05 1.2929E-02
23 1.1C00E 02 7 0. 2.1286°-05 1.1412E-02
24 1.2000E 02 7 0. 1.2545"-05 1.0019E-02
25 1.3000E 02 7 0. 7.4309F-06 8.7339E-03
26 1.4CQ0E 02 7 0. 4.4206T-06 1.5423E-03
27 1.5C00F C2 7 0. 2.6392-06 6.4328€-03
23 1.6000E 02 7 0. 1.5804F-06 5.3954E-03
29 1. 7000E 02 7 0. 9.48327-07 4.4215E-03
30 1.8000E 02 7 0. 5.69487-07 3,5044E-03
31 1.90Q0E G2 7 0. 3.4107F-07 2.6368E-03
32 2.0C00E 02 7 0. 2.02037-07 1.8154E-03
23 2.1000E 02 7 0. 1.1367%~07 1.0187E-03
13 2.1C00E G2 7 0. 1.13675-07 1.0187€E-03
34 2.11008 G2 7 0. 1.06655-07 9.3B846E-04
3s 2.1200€ 02 7 0. 9.97837-08 8.5812E-04
36 2.1300E 02 7 0. 9.3021F-08 1.7591E-04
37 2.1400E 02 7 0. 8.6299%-08 6.9132E-04
38 2.1500E 02 7 0. 7.9534F-08 6.0276E-04
g 2.1600E G2 7 0. 7.26167-08 5.0743E-04
40 2.1700E 02 7 0. 6.5394%-08 3.9993E-04

!..'.‘.I'l"l..'.l'f‘l'l..’l’i"I.i’.ICII{I{.'I{I{'{.l’.'i"...l'll.l’l..llll.l"ll".lll'....'l’..l’i’llllll..lll..l

GROUP 3
FLUX

GRUUP 4
FLUX

GROUP 5
FLUX

GROUP 6
FLUX



oY
1

AUXILTARY CQUTPUT FOR GROUP 1

3.C000CDE €0 4.122168E~03 -9.110133£-03

PT. RADIUS
1 -0,
2 7.5000COE-01
3 1.5000C0E QO
.
5
& 3.T7S500GC0E 00
.
8
9 ¢.CO000COE €O

10  6.7500COGE 00 1-079141E~02 ~3.474072E-03

11

12

7:5000C0€ 00

84 7500Q0E Q0

13

14

15

16 4.0G000COE 01 5.780374E-04 —9.801004E-05

17

1.0000C0E 01
2iC000€0E 01

3.C000COE 01

5. 0000COE 01

18

6.C000COE 01

NET CURRENT

9.987349E-04 -1.110387E-02

2.C10573€E-03 -1.051300E-02

5.251789E-03 -8.271684E-03

1.274824E-02 —1.403973E-03

1.035651E-02 —1.194213E-03

1.188659E-03 -1.917148E-04

1<626239E-04

19

_20 8.0000CO0E 01 5.091003E-05 -9.624305E-06

T:C000QC0E 01

21

9.0000COE 01

22

23 1.1000C0€ 02 9.825666E-06 -1.925352E-06

24

15 0000€OE 02

1.2000C0E 02

25

1.3000COE 02

1.5000C0E 02

HEMI SPHERE-

) CURRENT-LEFT
-2.045554E-10 ~1.163928E-02

"2.2800C0E 00 3.047128E-03 -9.852472E-03

4.,5000C0E 00 6.455349E-03 —-7.319559€-03
_ %12500C0E 00 7.756711E-03 -6,231343E-03

9.186528E-03 -4.974013E-03

8.609397E-03 -1.042078E-03

2.715555E-03 =3.911356E-04

3.010097E~04 -5.317573E-05

9.017148£-05 ~1.675187E~05

2.913594E-05 ~5.586814E-06

1.684971E-05-3,.269181£-06

5.768510E-06 —1.139908E-06
3.405631E-06 —-6.778346E-07
1.4000CCE 02 2.020169E-06 -4.045121E-07

1.203250E-06 —2.420652E~07

~2.955011E-05

HEMISPHERE-
CURREMT—-RIGHT
1.161928E-02
1.21"M260E-02
1.257357E-02
1.289960E-02
1.3272230E-02
1.35?347E~-02
1.377491E-02
1.3978056-02
1.414054E-02
1.42¢549E~-02
1.415222E-02
1.155073E-02
9.651476E-03
3,108691E-03
1.380374E-03
6.76M4T4E-04
3.541854E-04
1.92V740E~-04
1.069234E-04
6.052433E-05
3.472275E-05
2.011889E-05
1.17%102€-05
6.907418E-06
4.082466E-06
2.424681E-06

1.44%315E-06

§.731997€-03

ANGULAR FLUXES
FROM MuU=]1.

3.832236E-03
3.832236€E-03
4.0164T74E-03
3.622652E-03
4.186183E-03
3.393756E-03
4.341445E-03
3.141477€E-03
4.483373E-03
2.862823€E-03
4.613198£E-03
2.554564E-03

106 -1.

3.831977E-03
3.959365E-03
4.074092E-03
4.175252€-03
4.263968E-03

4.3414T1E-03

"3.831694E-03

3.820805E-03

3.794820E-03

3.67956B8E-03

3.581188E-03

2.213034E-03
4.840628E-03
1.834019E-03
4.938779E-03
1.412811E-03
5.016848E-03
9.45255TE~04
4.978214E-03
4.298117E-04
5.383255E-03
3.6494T6E-04
4.954530E-03
3.165615E-04
1.805458E-03
1.180816E-04
6.580079E-04
5.737881E-05
3.322736E-04
2.925208E-05
1.685246E-04
1.582118E-05
9.051824E-05
8.7T3T73E-06

4.981733E-05

4.965233€E~06
2.798868E-05
2.848693E-06
1.595254E-05
1.651735E-06

4.409367E-03
4.469955E-03

4.528452E-03

3044TTT1IE-03
3.269816E-03

3.018268E-03

4.611320E-03

4.966533E-03

2.461139E-03

1.134343E-04

1.958243E-04

2.532484E-03

6.299480E-04

5.326115E-04

"1.47T6G0E-03 4.743826E-04

1.754827E-04

8. 790954E-05

7.755651E~05

4.558131E-05

2.516292E-05

4.4870T6E-05
2-447811E-05

1.363745E-05

1.44%3048E-05 7. 151T04E-06

8.348732E-06 4.462962E-06

4.877471E-06

2.595472E-06

3.831977€-03
3.680963L-03
3.511405E-03
3.317218E-03
3.092372€-03
2.8292160-03
2.517772E£~03
2.144927€~03
1.693636E-03
1.143297€-03
4.712545£-04
4,006117C-04
3.4B6645E-04
1.302025E~04
6.366993E-05
3.249977E-05
1.761510E-05
9.781720£-05
5.542176E-06
3.182727E-06

1.8469010-06

9.194832E-06
9.655922E-07
5.346T45E-06
5.682032E-07
3.131406E-06
3.361615E-07
1.844B14E-06
1.997642E-07
1.092237E-06
1.191386£-07
6.493962E-07
7.124482E-08

2.869738E-06
1.698313E-06

1.009827E-06

6.028234E-D7 ~

3.610642E-07

2.168791€-07

I.52T167E-06
8.971129€E~07
5.317901E-07
JL165853E-07
1.891517E-07

1.133583E-07

I.0B0%25E-06"
6.361563E-07
3.765653:-07
2.238884E-07
1.336008E~07

7.995432E-08



28

30
31
32
33
34
35
36
37
38
39

40

1.6000COE

1.8000C0OE
1. 9000COE
2.C000COE
2+.1000C0E
2% 1100COE
2:1200C0E
2. 1300C0E
2. 1400COE
2.1500C0E
2. 1600C0E

2. 1700COE

02

"1.7000COE 02

02

02

02

02

02

02

02

02

02

02

02

7.193159€E-07
4.,315555€E-07
2.599836E-07
1.576112€-07
9.675634£-08
6.132057E-08
5.882634E-08
5.648411E-08
5.429047E-08
5.224317€-08
5.034146E-08
4.858651E-08

4.698216E-08

—-1.450755€E-07

-8.686393E-08

—-5.164649E-08

-2.998734E-08

~1.614813E-08

—6.271487€-09

—5.400663E-09

-4.532032€E-09

-3.660508E-09

—-2.780028E-09

-1.883159E-09

-9.605291t-10

0.

8.647914E-07
5.184195E-07
3.11A301E-07
1.87S986E-07
1.129045E-07
6.759206E-08
6.427T00E-08
6.101615E-08
5.795098E-08
5.507320E-08
5.227462E~08
4.954704E-08

4.697216E-08

3.874985E-07
4.265817€E-08
2.319387€E-07
2.549876E-08
1.391889E-07
1.510628€-08
8.368867E-08
8.696389E-09
5.037851€E-08
4.566181E-09
3.014982E-08
1.64T7058E-09
2.863312E~-08
1.397303E-09
2.717600E-08
1.152256E-09
2.57T7096E-08
9.117573€E-10
2.440903€E-08
6.758265€E-10
2.307906E~08
4.44T314E-10
2.176654E-08
2.190868E-10
2.045200E-08
O.

1.305872E-07

7.878361E-08

4.7538060-08

2.874637£-08

1.725770t-08

1.04265310-08

9.956614E-09

9.530611E-09

9.155066C-09

8.839832£-09

8.599538(-09

8.455813E-09

8.440597E-09

6.810574E-08
4.,098896E-08
2.468471E-08
1.481265€E-08
8.873572E-09
4,612798E£-09
4.187401E-U09
3.727507E-09
3.215863E-09
2.628563E-09
1.932049€-09
1.078662E-09

0.

4.793726E-08
2.873423C-08
1.712938:-08
1.000183C-08
5.418516C-09
2.073512E~09
1.774411E-09
1.476841£-03
1.180205€-09
8.840938L-10
5.883843E-10
2.933773E-10

~0.



8

AUXTILIARY CUTPUT

PT. RADIUS
1 -0.
2 7.5000C0E-01
3 1.5000COE 00
4 2,2500C0E 00
5 3.C000COE 00
6 3.7500C0E 00
7 4.5000C0E 00
8 5.2500C0E 00
9 ¢&.C000COE 00
10 6.,7500C0E 00
11  7.5000C0E 00
12 8.7500C0E €0
13 1.C000COE 01
14 2.CO0QCOE €1
15 3.C000€C0E ¢l
16 4.CO00COE 01
17 5.C000COE 01
18 &.CO0QCOE C1
19 7.0000C0OE 01
20 8.CO00COE Gl
21 9.CO00COE Ol
22 1.0000COE 02
23 1.,1000COE 02
24 1.2000COE 02
25 1.3000C0E 02
26 1.4000C0E 02
27 1.5000C0E 02

FOR GROUP 2

NET CURRENT
2.573367TE-12

=3.653846E-04
-7.390670E-04
-1.128447E-03
—1.542271E-03
-1.990718E-03
~2.485954E~-03
-3.042884£-03
—-3.680639%9E-03
~4.428889E-03
-5.398944E-03
~4.057354E~-03
~3.097908E-03
3.814398E-05
6.44T7581E~04
7.946938E-04
7.949940E-04
7.487138E-04
6.891623E-04
6.293731E~04
5.74C945E-04
5.257487E-04
4.813729E-04
4.434682E-04
4,103713E-04
3.814152€-04

3.559932E-04

HEMI SPHERE-
CURRENT-LEFT
-2.271817€-03
-2.474051€E-03
~2.705675E-03
~2.975009E-03
-3.2896B7E-03
-3.659047E-03
~4.094840E-03
—4.612089E-03
-5.231412E-03
-5.991863E-03
-7.080212E-03
-1.226932E-03
~7.306751E-03
-7.234629£-03
-6.649294E-03
-6.010171E-03
-5.391239€-03
-4.819319E-03
—4.297432E-03
-3.823272€-03
-3.391911E-03
-2.998209E-03
-2.637297E-03
-2.304887€-03
-1.997279€-03
-1.711326E-03

-1.444362E-03

HEMISPHERE~-
CURREMT-RIGHT
2.27T1817€-03
2.108%666E-03
1.96A60BE-03
1.84Fr562E-03
1.747416E-03
1.667328E-03
1.60R886E-03
1.567°206E-03
1.557772E-03
1.562974£-03
1.681268E-03
3.169578BE-03
4.207843E-03
T.27?773E~-03
7.294052E-03
6.804865E~03
6.185233E-03
5.56%033E-03
4.98R594E-03
4.457645E-03
3.96A006E-03
3.527958E-03
3.11%670E-03
2.747356E-03
2.407650E-03
2.092741E-03

1.80"355£~03

ANGULAR FLUXES

FROM MuU=1. TO
6.689762E-04
6.689762E-04
6.054188£-04
7.460603E-04
5.494055E-04
8.337860E-04
5.007661E-04
9.348122E-04
4.588772E~-04
1.051394E-03
4.231429E-04
1.186094E-03
3.931701E~04
1.341902€-03
3.688048E~04
1.522322€E-03
3.504558E-04
1.731440E-03
3.418417E-04
1.973806E-03
4.,081623E-04
2.251561E-03
3.426032E-04
2.293753E~-03
6.548684E~-04
2.316669E-03
2.173350E-03
2.278098E-03
2.332440E-03
2.088486E-03
2.183701E-03
1.884874E-~03
1.996322E-03
1.689196E-03
1.797370E-03
1.508949£-03

-1l.

6.691FITE-D%  6.6941B7E-U4

6.255534E-04 6.T747262E-04

5.876136E-04 6.861585E-04

5.557351E-04 7T.057472E-04%

5.2928B3E-04 7.354298E-04

5.077244E-04

7.777848E~-04

4.904351€~04 8.362453E-04

4.766T11E-04 9.155750E-04

4.647592E-04

1.026327E-03

4.453785E-04
2.604201E-04

1.499824E-03

1.221016E-03

2.156230E-03

2.242109E-03

5. 69191 TE-DG

1.249383E-04

7.897T127€E-04

B.66T10JE-0%

9.592719E-04
1.071821E-03
1.210361E-03 ~
1.383101E-03

1.601311E-03

"1.880267E-03

2.236670E-03

2.287494E-03

1. 940232E-03 Z.2B7069E-03 Z.316412E-03

2.487022E-03

2.301492E-03

2.374136E-03

2.210098E-03

2.304982E-03

2.12127BE-03

2.I38TT5E-03 2.011608E-03  T.91B61%E-03

1.927794E-03

1.733720E-03

1.811163E-03

1.623356E-03

1.721676E-03

1.539482E-03

T 810231603 1.551410E-03 L.35072%E=03 T1.37315%E-03

1.344765E-03
1.437570E-03
1.195720E-03
1.280368E~03
1.060183E-03
1.137351E-03
9.364905E-04
1.007038€~-03
8.230939E-04
8.878401E-04
T.186364E-04
1.7832456-04
6.219528BE-04
6.7TT72299E-04
5.320545E-04
5.834721E-04
4.481063E-04

1.385272€E-03
1.233810E-03
1. =

9.699888E-04
8.545081E-04
7.481407E-0%
6.497207E-04

5.582535E-04

1.293507E-03
1.150418E-03
9.004B85E-04

T.906744E-04

1 6.892455E-04

5.951427E-04

5. 074454E~04

1.222030E-03

1.084567E-03

8.441823E-04
7.383395E-04
6.404233E-04"
5.494265E-04

4.64496TE-04



88

28

~29

30

31

32

33

34

35

36

37

38

39

40

1. 6000COE
1.7000C0E
1.8000C0OE
1. 9000C0OE
2.0000C0E
2.1000C0E
2+ 1100C0E
2.1200QC0OE
2.1300C0E
2. 1400C0E
2.1500C0E
24 1600C0OE

2. 1T700COE

02

02

02

02

02

02

02

a2

02

c2

02

02

02

3.335784E-04
3.137244E-04
2.960570E-04
2.802644E-04
2.660869E-04
2.533086E-04
2.521006E-04
2.509045E-04
2.497203E-04
2.485478E-04
2.473870E-04
2.462377€-04

2.450998E-04

~1.194131E-03

-9.587104E-04

~7.364752E-04

—-5.259651E-04

~3.259845E-04

~14339936E-U4

-1.150970E-04

~9.620029E-05

—T.727478E-05

~5.827892E-05

-3.914911E-05

-1.978225€-05

0.

1.527709E-03
1.277435€E-03
1.037532E-03
8.067295E-04
5.92"T14E-04
3.87°022E-04
3.671976E-04
3.471048E~04
3.26°951E-04
3.06°268BE-04
2.86%361E-04
2.66N199E-04

2.45NP998E-04

4.961402E-04
3.693997E-04
4,144369E-04
2.953425E-04
3.377510€E~04
2.254211E-04
2.653913E-04
1.592832C-04
1.972177E-04
9.653027€E-05
1.315749E-04
3.727179€E-05
1.250050E-04
3.156796E-05
1.183387E-04
2.592997E-05
1.115041E-04
2.037675E-05
1.043799E-04
1.493846E-05
9.675381E-05
9.664251C-06
8.823583€E-05
4.636717€E-06
7.807617€E-05
C.

4,728752E-04
3.928964E-04
3.176119E£-04
2+.46T035E-04
1.790575E-04
1.154342E-04
1.094496E-04
1.036725E-04
9.822068E-05
9.329865E-05
8.927501E~05
8.684169-05

8.735340E-05

4.254142E-04
3.483212E-04
2.757993E-04
2.068819E~04
1.425097E-04
7.802257E-05
7.108169E-05
6.370673E-05
5.563144E-05
4, 640699€E~-05
3.524583E-05
2.070264E-05

Q.

3.849074L-006

3.120491C-04

2.393581-04

1.7235851-04

1.083249E-04

4.491297C-05

3.849573t-05

3.204012{-05

2.554943E-05

1.903829E-0%

1.254324C-05

6.143123E-06

-0.



68

REGEON
REGION
REGION
REGEICN

TOTALw#as

1

2

E]

4

INTEGRATED
FLUX

1.147316E CO
2.96823718 00
2.697305E 01
8.404493E-04

3.710357€ G}

BALANCE CHARACTERISTITS

INTEGRATED
FIXED SOURCE

0.

TOTAL
ABSORPTIONST

3.935494E-"1
6.943874E-10
6.280151E-"9
1.956823E-13

3.935494E~0]

GROUP 1

TOTAL
FISSIONS/K

5.138968E-01

5.138968E-01

NET
LEAKAGE

6.00T7469E-01
-5.980249E-02
-5.408635€E-01
-1.685270E-05

6.406061E-05

AVERAGE
FLUX

4.044553€-02
2.169870E~02
1.951315E-04
8.950261E~-08

2.508109E-04

AVERAGE

FISSION SOURCE

2.908061E-03

2.908U61E-03



06

INTEGRATED
FLUX

‘REGION " 1
REGION 2
REGICN 3
REGION 4
TOTALw=s
TOTAL#wa

2. 173102 00
3.048616E GO
1.195168E 03
€.804003E CO

1.207193E 03

1.244297E 03

INTEGRATED
FIXED SOURCE

CHARACTERISTIFS

TOTAL
ABSORPTIONS

2.601229E-"1
3.056731E-"5
1.198349E-"2
6.822114E~-N5

2.722052E-"1

TOTAL BALANCE

6.657546E-"1

GROUP 2

TOTAL
FISSTONS/K

4.861033E-01

4.861033E-01

1.000000E 00

NET
LEAKAGE

—2.544192E-01
5.97T7T197E-02
5.288802&-01

~5.130470E-05

3.341816E-01

3.342456E-01

AVERAGE
FLUX

1.229724E-02
2.21B068E-02
8.646220E-03
7.245839E-04

8.160325E-03

8.411136E-03

AVERAGE

FISSION SOURCE

2.750782E-03

2.750782E-03

5.658843L-03
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ANGUY AR FLUXES FOR GROUP 1,

[

T
1
2
3
4
5
6
7
8

0

10
11
12
13
15
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

3%

40

. RADIUS
_f‘.
r.T7500CE 00
fL1500CE 01
n,2250CE 01
".3000CE 01
n.3750CE Ol
£.4500CE 01
£.5250CE 01
", 600068 01
f.6T50CE Q1
£.7500CE 01
n.8750CE 01
£.1000CE 02
~,2000CE 02
r1300008 02
f.4000CE 02
".5000CE 02
©.6000CE 02
~.7000CE 02
r.8000CE 02
".9000CE 02
".1000CE 03
".1100CE 03
".1200CE 03
~.1300CE 03
r.1400CE 03
¢.1500CE 03
©,1600CE 03
~.1700CE 03
r.1800CE 03
r.1900CE 03
~.2000CE 03
f12100CE 03
r.2110CE 03
n.2120CE 03
7L2130CE 03
~.2140CE 03
~.2150CE 03
P 2160CE 03
n.2170CE 03

0.34131E-02
0.36119E-02
0.37985E-02
0.39727€-02
0.41353€E-02
0.42870E-02
0.44288E-02
0.45615€E~02
0.46845E-02
0.47893E~02
0.48241E-02
0.52102E-02
0.48661E-02
0.20289E~-02
0.81633E-03
0.41539€-C3
0.21699E-03
0.11744E~-03
0.65110E-04
0.36T723E-04
0.20986E-04
0.12117€-04
0.70543E-05
0.41349E-05
0.24375E-05
0.14438E-05
0.85874E-06
0.51256E-06
0.30687E-C6
0.18421E-06
0.11080E~06
0.66T44E-07
0.40022E-07
0.38026E-07
0.36114E-07
0.34278E-07
0.32512E-07
0.30807E~-07
0.29154€E-07
0.27545E-07

GAUSS POINT 1

ANGULAR DATA FROM MU=1. TO

0.34131E-02
0.35508E-02
0.36759E-02
0.37875E-02
0.38862E-02
0.39729E-02
0.4048T7E~02
0.41152E-02
0.417T76E-02
0.42602E-02
0.44995E-02
0.23115E-02
0.14145€E-02
0.12093E-03
0.18426E-03
0.83301E-04
0.46423E~04
0.2644TE-04
0.15220E-04
0.88663E-05
0.52064E-05%
0.30769E-05
0.18278E-05
0.10903E-05
0.65268BE-06
0.39188E~06
0.23590E~-06
0.14231E-06
0.86008€-07
0.52040E~-07
0.31488E-07
0.18966E-07
0.11591€E-07
0.11089E-07
0.10630E-07
0.10220€E-07
0.98622E~08
0.95623E-08
0.93272E-08
0.91654E-08

MU=-1.
0.341317-02
0.34031%-02
0.33771F-02
0.33305%-02
0.32596%-02
0.31601F-02
0.30270%-02
0.28523-02
0.26036%-02
0.21136%-02
0.55473F-03
0.47339%-03
0.424627-03
0.161977-03
0.82076%-04
0.423367-04
0.23238"-04
0.130107-04
0.742267-05
0.42862%-05
0.24987%-05
0.14674%-05
0.86685%-06
0.51459%-06
0.30673%-06
0.18347%-06
0.11006%-06
0.66180%-07
0.39863F-07
0.24021%-07
0.14430%-07
0.86290°-08
0.42903F~08
0.38452%-08
0.3346827-08
0.28476%-08
0.22695%-08
0.16166%-08
0.86828%-09
0.

0.34131E-02
0.32554E-02
0.30810E-02
0.28853E~-02
0.26636E-02
0.24107€E~02
0.21201E-02
0.17842E-02
0.13937E-02
0.93869E~03
0.41095E-03
0.35124€-03
0.30680E-03
0.11696E-03
0.57550E~04
0.29560E-04
0.16075E-04
0.89499E-05
0.50806E-05
0.29221E-05
0.16977TE-05
0.99415E-06
0.58584E-06
0.34T703E-06
0.20645E-06
0.12325E-06
0.73781E-07
0.44231E-07
0.26485E-07
0.15733E-07
0.90927€E-08
0.47946E-08
0.17327€-08
0.14695E~08
0.12113E-08
0.95800E-09
0.70961E-09
0.46655E-09
0.22959E-09
0.

0.34131E-02
0.31941E~-02
0.29603E-02
0.27094E-02
0.24401E-02
0.21510E-02
0.18410E-02
0.15088E-02
0.11531E-02
0.77387E~-03
0.37347E-03
0.31855€E-03
0.277T14E~-03
0.10521E-03
0.5136BE-04
0.26319€E~-04
0.14270E-04
0.79292E-05
0.44936E-05
0.25809€E-05
0.14978E-05
0.87619E-06
0.51589E-06
0.30536E-06
0.18153E-06
0.10828E-06
0.64T49E-07
0.38741E-07
0.23107E-07
0.13613€-07
0.77360E-08
0.39507E-08
0.13535€E-08
0.11398E-08
0.93253E-09
0.73175E-09
0.53759E-09
0.35042E-09
0.17089E-09
0.
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ANGUY AR FLUXES FOR GROUP

p

T
1
2
3
4
5
&
7
8

Nel

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

RADIUS

~
-

r.7500CE
. 1500CE
n.L2250CE
"+ 3000CE
r.3750CE
r.4500CE
r.5250CE
#,6000€E
r.£750CE
n.7500CE
r.8750CE
~.1000CE
r.2000CE
A, 3000CE
", 4000CE
. 5000CE
. €000CE
~.7000CE
r.8000CE
r.S000CE
f.1000CE
r.1100CE
".1200CE
r.1300CE
r.1400CE
. 1500CE
. 1600CE
. 1700CE
r.1800CE
".1900CE
r.2000CE
r.2100CE
r.2110CE
r.2120€E
r.2130CE
~.2140CE
~.2150CE
r.2160CEH
n.2170CE

1,y

ANGULAR DATA FROM MU=1.

0.46180E-02
0.47750E-C2
0.49130E-02
0.50327€E-C2
0.51360E-02
0.52247E-02
0.53004E-02
0.53640E-02
0.54156E-02
0.54434E-02
0.52672E-02
0.57077TE-C2
0.51204E-02
0.13865E-02
0.36120E-03
0.17644E-03
0.7T7663E-04
0.4C054E-04
0.21147E-04
0.11614E-04
0.65158€E-05
0.37165E-C5
0.21455€E-05
0.12500E-05
0.73363E-06
0.43311€-06
0.25693€E-06
0.15304E-06
0.91452E~C7
0.547T89E-C7
0.32854E-07
0.19697E-07
0.11642€~07
0.11024E~-07
0.10420£-07
0.98217€E-08
0.92179E-08
0.85911€E-C8
0.79159£-08
0.71538E~-08

GAUSS POINT 2

TO
0.46173E-02
0.47254E-02
0.48207€E-02
0.49022E~02
0.49722E-02
0.50325€E-02
0.50856E-02
0.51350E-02
0.51862E~02
0.52697E~02
0.58421E-02
0.27416E-02
0.15959E-02
0.G9388E-04
0.21750E-03
0.6678TE-04
0.44004E~04
0.22756E~04
0.12979E-04
0.73783E-05
0.42608E-05
0.24813€E-05
0.14556E-05
0.85894E-06
0.50935€E-06
0.30329E-06
0.18122E-06
0.10860E-06
0.65240E-07
0.392416-07
0.23606E~-07
0.14054€-07
0.82426E-08
0.78343E-08
0.74686E-08
0.71582E-08
0.69231E-08
0.67946E-08
0.68221E-08
0.70817€E-08

MU=-1.
0.46165%-02
0.46038F-02
0.457797°-02
0.45339%-02
0.44670F-02
0.437077-02
0.42365"-02
0.405267-02
0.37957%-02
0.33178F-02
0.77096%-03
0.643647-03
0.56768%-03
0.20082%-03
0.98846%-04
0.496247-04
0.268037-04
0.148137-04
0.83687%~05
0.47944%-05
0.27770%-05
0.16220%-05
0.95385-06
0.56403%-06
0.33505%-06
0.19981%-06
0.119547-06
0.71716¥-07
0.431067-07
0.259307-07
0.155307-07
0.93322%-08
0.521747-08
0.482897-08
0.44011%-08
0.39062%-08
0.33018¥-08
0.25235%-08
0.147317-08
0.

0.46173€E-02
0.44789E-02
0.43182E-02
0.41270E-02
0.38963ct-02
0.36139E-02
0.32633E-02
0.28212E-02
0.22560E-02
0.15269E-02
0.58432E-03
0.49317€E~-03
0.42714E-03
0.15503€E-03
0.75144E-04
0.38011E-04
0.20503E-04
0.11341E-04
0.64075E-05
0.36714E-05
0.21266E-05
0.12422E-05
0.73048E-06
0.43194E-06
0.25658E-06
0.15300E-06
0.91528E~-07
0.54885€E-07
0.32950E-07
0.19747E-07
0.11706E-07
0.65882E-08
0.27125€E-08
0.23460E~-08
0.19746E-08
0.15968E-08
0.12112E-08
0.81679E-09
0.41296E-09
-0.

0.46180€E-02
0.44261E-02
0.42063E-02
0.39514E-02
0.36554E-02
0.33111E-02
0.29105€E-02
0.24438E-02
0.18997E-02
0.12666E~02
0.53544E-03
0.45194E-03
0.39048E-03
0.14221€E-03
0.68647E~04
0.34750€E-04
0.18729E-04
0.10357€-04
0.58495E~-05
0.33507£-05
0.19404E-095
0.11332€E-05
0.66627c-06
0.39391E-06
0.23396€£-06
0.13949E~-06
0.83424E~-07
0.50002E-07
0.29983E-07
0.17905E-07
0.10497E-07
0.57200E-08
0.21975€~08
0.18801C-08
0.15642E-08
0.12492E-08
0.93499£-09
0.62154C-09
0.30945E-09
O.



€6

ANGUI AR FLUXES FOR GROLP

PT
1
2
3
4
5
[}
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

RADIUS
—_n

".7500CE
M. 1500Ce
".2250CE
. 3000CE
"«375CCE
. 4500CE
fs5250CE
M. €000CE
C.€T750CE
".7500CE
".8750CE
"+1000CE
"+ 2000CE
":3000CE
"L4000CE
~.5000CE
f.€000CE
f.7000CE
".8000CE
. 9000CE
. 1000CE
n.1100CE
f.1200CE
".1300CE
M. 1400CE
~.1500CE
", 1600CE
©.1700CE
"+ 1800CE
" «1900CE
M2 2000CE
M+ 2100CE
f.2110CE
".2120CE
"«2130CE
f.2140CE
f.2150CE
n.2160CE
N.2170CE

2,

ANGULAR DATA FROM Mu=1.

0.80838E-C3
0.735C3E-03
0.66892E-03
0.61006E-03
0.55735E-03
0.51206E-C3
0.47T199E-03
0.43750E-03
0.4C892E-03
0.39118E-03
0.41984E-03
0.33473E-03
0.58833E-03
0.20471E-02
0.23242E-02
0.22050E~02
0.20239€~02
0.18270E-C2
0.16383E-C2
0.14637€-02
0.13042E-02
0.11591E-02
0.10269E~02
0.65C5598E-03
0.79499E-03
0.69261€E-C3
0.59773E-03
0.50941E~-C3
0.,42684E-03
0.34940E-03
0.27635E-03
0.20766E-03
0.14118E-03
0.13448E-03
0.12765E-G3
0.12063E-03
0.11332E-03
0.1C559E-03
0.97250E-04
0.88057E~04

GAUSS POINT 1

TO
0.80852E-03
0.75801E-03
0.71363E-03
0.67574E-03
0.64385E-03
0.61749E-03
0.59622E-03
0.57948E-03
0.56565E-03
0.54170£-03
0.42073E-03
0.15015E-02
0.19238E-02
0.24841E~02
0.23109E-02
0.21464E-02
0.19427E-02
0.1747TE-02
0.1565TE-02
0.13987€E-02
0.12466E-02
0.11079E-02
0.98113E-03
0.86491E-03
0.75788E-03
0.65885E-03
0.56683E~-03
0.48096E~03
0.40054E-03
0.32484E-03
0.25359E-03
0.18543E-03
0.12234E-03
0.11656E-03
0.i1107E-03
0.10597E-03
0.10142E~03
0.97658E-04
0.94953E~-04
0.93596E-04

MU=~-1.
0.808677-03
0.813917-03
0.82610%-03
0.84735F-03
0.87960F-03
0.92523<-03
0.987247-03
0.10697%-02
0.11838F-02
0.14022%-02
0.21788%-02
0.22525F-02
0.229087-02
0.23607%-02
0.21980%-02
0.20016F-02
0.18032%-02
0.16169F-02
0.14455F-02
0.12893%-02
0.114697-02
0.10170v-02
0.89799F-03
0.78853F-03
0.687407-03
0.593537-03
0.50603%-03
0.42416%-03
0.34720%-03
0.27481%-03
0.205967-03
0.141997-03
0.76311%-04
0.690037-04
0.61151%-04
0.52495%-04
0.426617-04
0.311297-04
0.171977-04
0.

0.80852E-03
0.87049E-03
0.94118E-03
0.10234E-02
0.11198E~-02
0.12338E-02
0.13695E-02
0.15320E-02
0.17277E-02
0.19642E-02
0.22476E-02
0.22890€E-02
0.23118E-02
0.22803E-02
0.20955E-02
0.18943E-02
0.16996E-02
0.15197E-02
0.13553E-02
0.12060E-02
0.10700£-02
0.94589E-03
0.83206E-03
0.72718E-03
0.63009E-03
0.53982E-03
0.45553E-03
0.37649E-03
0.30213€E-03
0.23187E-03
0.16521E-03
0.10119E-03
0.39405€E-04
0.33375E-04
0.27406E-04
0.21521E-04
0.15758CG-04
0.10175E~-04
0.48693E-05
0.

0.80838£-~03
0.89413E-03
0.98919€-03
0.10954E-92
0.12141E-902
0.13464E-02
0.14939E-02
0.16577TE-02
0.18394E~-02
0.20401E-02
0.22585E-02
0.22916E-02
0.23084E-02
0.22493E-02
0.20581E-02
0.18558E-02
0.16625E=-02
0.14846E-02
0.13227€-02
0.11757E-02
0.10419€-02
0.91969E-03
0.80761E-03
0.70429E-03
0.60861E-03
0.51959E-03
0.43641E-03
0.35839E-03
0.28495E-03
0.21559E-03
0.15001E-03
0.88118E-04
0.31939E-04
0.26766E-04
0.21725€-04
0.16855E-04
0.12180E-04
0.77539E-05
0.36534E-05
0.



16

ANGUY AR FLUXES FOR GROUP

p

VRNV D WN P~

40

- RADIUS
[al

".7500CE
M. 1500CE
n.2250CE
".2000CE
M. 3750CE
€.4500CE
~.5250CE
™. 6000CE
"L €T50CE
.+ 7500CE
"+ 8750CE
€.1000CC
™.2000CE
n23000CE
£.4000CE
M. 5000CE
M. €000CE
"+ T000CE
r.8000CE
"+ 9000CE
™. 1000CE
"+ 1100CE
".1200CE
"« 1300CE
. 1400CE
T4150CCE
ni1600CE
€. 1700CE
n.1800CE
"« 1900CE
".2000CE
".2100CE
f.2110CE
£.2120¢CE
".2130CE
m.2140CE
r.2150CE
".2160CE
f«217CCE

CUTPUT ECIT BEGUN

2y

ANGULAR DATA FROM Mu=l.

0.4C762E-03
0.36242E-C3
0.32535E-03
0.295B7E-03
0.27314E-03
0.25645E-03
0.24540E-03
0.24002E-03
0.24085E-03
0.24935E-03
0.38627E-03
0.35735E-03
0.77961E-03
0.24101E-02
0.23478E~02
0.21437E-02
0.19446E-02
0.17418E~C2
0.15576€-02
0.13886E-02
0.12357€E-02
0.1C966E-02
0.96987E-C3
0.85383E-03
0.74708E-C3
0.64840E-03
0.55675E-03
0.47126E-03
0.39118E-03
0.31592E-03
0.24484E-03
0.17764E-C3
0.11356E-03
0.10725E-03
0.1C089E-03
0.94398E-04
0.87613E-C4
0.80181E-04
0.71336E-C4
0.59365E-C4

AT TIME=014812,

GAUSS POINT 2

To
0.40798E-03
0.37722€E-03
0.35136E-03
0.33075E£-03
0.31452E-03
0.30193E-03
0.29212E-04
0.28393E-03
0.27562E-03
0.26480E-03

~0.40131E-04
0.14967E-02
0.19710E-02
0.24924E~-02
0.22839E-02
0.21188E-02
0.18999E-02
0.17075E-02
0.15246E-02
0.13600E-02
0.12099E~-02
0.10736E-02
0.94910€-03
0.83500E-03
0.72989E-03
0.63261E-03
0.54217€-03
0.45772E-03
0.37857E-03
0.30406E-03
0.23379E-03
0.16711E-03
0.10249E-03
0.96110E~04
0.89807E-04
0.83700E-04
0.78071E-04
0.73560E-04
0.71634E-04
0.75649E-04%4

MU=-1.
0.40836%-03
0.413797-03
0.423807-03
0.440277-03
0.46514%-03
0.501357-03
0.55316%-03
0.626707-03
0.73113F-03
0.88140-03
0.21139%-02
0.222267-02
0.228007-02
0.23992°-02
0.22328%-02
0.20305%-02
0.182627-02
0.16354%-02
0.146057-02
0.13015%-02
0.11570%-02
0.10255-02
0.90518%-03
0.79469%-03
0.692717-03
0.59817%-03
0.51010%-03
0.42777%-03
0.35042%-03
0.277647-03
0.208627-03
0.143487-03
0.81231%-04
0.74979%-04
0.68498°-04
0.615127-04
0.53429%-04
0.429647-04
0.272757-04
0.

0.40798E-03
0.45207E-03
0.50575E-03
0.57297t-03
0.65825E-03
0.76812E-03
0.91206E-03
0.11040E-02
0.13644E-02
0.1722BE-02
0.22161E-02
0.22847E-02
0.23251E-02
0.23513E~-02
0.21696E-02
0.19642E-02
0.17630E-02
0.15767E-02
0.14066E-02
0.12521E-02
0.11118E-02
0.98396E-03
0.86691E-~03
0.75927E-03
0.65979E-03
0.56743C-03
0.48132E-03
0.40068E-03
0.32430E-03
0.25340E-03
0.18577E-03
0.12169E-03
0.55239E-04
0.48095E-04
0.40729€E-04
0.33102E-04
0.25189[(-04
0.16982E-04
0.85312E-05
-0.

EDIT FINISHED AT TTME=014818

0.40762E-03
0.46846E-03
0.54244E-03
0.63372E-03
0.74641E-03
0.88547E-03
0.10570E~-02
0.12684E-02
0.15290E-02
0.18495E-02
0.22386E-02
0.22978E-02
0.23321E-02
0.23320€E-02
0.21455E-02
0.19393E-02
0.17392E-02
0.15545E-02
0.13861E-02
0.12333E£-02
0.10945€E-02
0.96799€E-03
0.85213E-03
0.745536£-03
0.64697€-03
0.55543C0-03
0.47003E-03
0.39004E-03
0.31483E-03
0.24385E-03
0.17667E-03
0.11230E-0u3
0.47269C-04
0.40571C-04
0.33806E-04
0.26979E-04
0.20110C-vu4
0.13246E-u4
0.64801E-05
0.
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