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THE/TWENTY GRAND PROGRAM FOR THE NUMERICAL SOLUTION OF FEW-GROUP
NEUTRON DIFFUSION EQUATIONS IN TWO DIMENSIONS

M. L. Tobias T. B. Fowler
Abstract

-The TWENTY GRAND program for the IBM 7090 is capable of
solving neutron diffusion problems in cylindrical or slab
geometry for one.to six groups. Up to 3000 mesh points may
be used. Neutron transfer from any group to any other group
is permitted. Teakage in the third dimension in X-Y geometry
may bc treated by a buckling which can vary with region and
group. Three types of symmetry conditions may e handled
automatically. The zero flux, zero derivative, and logarith-
mic boundary conditions are available. Normalization of fluxes
to an arbitrary input power is allowed. The fission source
distribution and the adjoint fluxes and associated integrals
may be computed at the user's option. The number of mesh
sweeps permitted is stated as input. The average running time
in seconds per point per iteration per group is approximately
0.0035,

Introduction

TWENTY GRAND is a program based upon the Equipoise methoq;l it solves
the finite difference analogs of the neutron diffusion equations for one.
to six groups in R-Z and X-Y geometry. The program involves the following
special features, which will be discussed in more detail in later sections:

1. Upscattering and downscattering are provided for neutron t;ansfer
from any group to any other group.

2. In X-Y geometry, leakage in the third dimension may be taken into
account by using a buckling which varies with region and with group.

3. Three types of symmetry conditions may be handled automatically;

mnot

"single-diagonal,"” "double-diagonal," and "mirror-diagonal" are the names

[N

given to these conditions.

M. L. Tobias and T. B. Fowler, EQUIPOISE — An IBM-704 Code for the
Solution of Two-Group, Two-Dimensional, Neutron Diffusion Equations in
Cylindrical Geometry, ORNL-2967, Oct. 17, 1960.
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4. Normalization of fluxes to,aﬁ arbitrary power level is permitted.

5. The number of mesh sweeps 1is determined by the user. _

In addition to these items, the following features which have been
used in-garlier Equipoise-type programs are included:

l. Zero flux, zero-derivative, and logarithmic-derivative (rod)
boundary conditions may be‘uséd. | !

2. Oﬁtional output includes the fission source distribution, the

ad joint fluxes, and the following associated integrals for each region
. N A
Il 636 av i, §=1, 2, ...G
and,

[ v¢.- v, av i=1,2, ... G,
R i J : ,

where ¢ and ¢* refer to the neutron flux and adjoint flux, respectively.
"~ 3. Leakages, absorptions, productions, and eigenvalues are listed.

4. As many as 3000 points may be treated.

Description of Special Features ,

Scattering from any Group to ény Group and Variable Buckling - _

‘The special scattering and buckling features are enclosed in braces
in the following equation for the neutron balance around an element of

volume for the ith neutron grdup in the slab geometry shown in Fig. 1:
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Fig. 1. Diagram of a Typical Mesh Point.



+ similar leakage terms

Dll[¢i(1-l,J) - qsi(I,J)] e,

. -
D B2 ¢.(1,J) L B, similar longitudinal leakage terms
1i71i i Z v ‘

= Zp14 ¢i(I,J) ——Zf—— + similar absorption terms

N7y K
- ZR ¢ (I,J) ——— + similar removal terms
1i 4

T R similar "scattering-in" term%]}
4

G -
" { L [flj—dlej ¢5(1,9)

J#i

G A7, X . ‘
+ Xy [;Z% szlj ¢j(I,J) __ZT_—'+ similar source terms] = 0 (1)

The iterative procedure is based upon solving this equation for
¢ (I,J), except that ¢ (I,J) is left in the source term. For cylindrical
geometry, the surface and volume constants are suitably modified. The

symbols used in Eq. 1 have the following meanings:

Notation
f.§ Bii ' Square of group i buckling of area 1 at mesh point (I,J), cm™?
B :
- Dy, Group i diffusion coefficient of area 1 at mesh point (I,J), cm
’ fl.—*l The fraction of neutrons removed from group J that enter group
J i from area 1 at mesh point (I,J)
i,J Subscripts denoting group number
I,J Coordinates of mesh point (I,J)
AV _ Distance from mesh point (I,J) to mesh point (I,J+l), cm
L2, - Distance from mesh point (I,J) to mesh point (I-1,J), cm
¢i(I,J) Group i flux at mesh point (I,J)
A The eigenvalue of the problem; the value by which all vi_.'s must

be multiplied so that the difference equations will balahce
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X,
i

The number of neutrons produced per fission times the group J
'maC{oscopic fission cross section of area 1 at mesh point (I,J), —
em”

Gfoup,i macroscopic absorption cross section of area 1 at mesh
point (I,J), em~1

Group  j macroscopic removal cross section of area 1 at mesh
point (I,J), cm™1 '

The fraction of neutrons produced from fission that are born
in group i

Automatic Handling of Symmetry Conditions

By suitable specification of the input it is possible to make the

program compute in conformance with the following three types of symmetry

conditions:

1.

2.

3.

’

Single diagonal symmetry (square mesh only)
H(I,3) = $5T) | (2)
Double diagonal symmetry (sguare mesh only)
¢(1,J3) = ¢(J,I) ,
8(1,39) = ¢(JMAXﬁf+l,IMAX—I+1) . (3)
Mirror diagonal symmetry

&(I1,J) = ¢(IMAX—T+1,IMAX—J+1) |, (4)

These conditions may beﬂunderstood\by the sketches in Fig. 2.

Normalization of Fluxes to an Arbitrary Power Level

~ Unless specifically provided for in fhe'input, all answers will Dbe

normalized to one source neutron; that is; the output is computed so

that the sum of all sources Vv Zfi(I,J) ¢i(I,J) AV is one neutron per second.

By inserting an apﬁropriate constant in the input, the answers may be

N

'

A e

<

A
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Fig, 2. ©Sketches of Various Symmetry Conditions thét Can Be Handled
Automatically.

(¢) MIRROR DIAGONAL SYMMETRY

normalized to any desired power level. If the user assumes that there
are 3.3 x 102 fissions per kilowatt per second and that v = 2.5, the ap-

propriate constant to be placed 'in the input for a poweiiofv1373Mw would

he:

(137)(1000)(2.5)(3.3 x 10'3) = 11.3025 x 108

(Care must be used if only part of a reactor is being considered. If
there were one symmetry boundary, the number above would be divided by 2.
Note also that this normalization to a given power corresponds to saying

that the reactor is Jjust critical with a fictitious fuel for which the



number of neutrons per fission is Av, where A is the eigenvalue computed
by the program. There is, of course, no need to introduce )\ because it

cancels out.)

Logarithmic-Derivative or Rod Boundary Conditions

The finite-difference equivalent of the logarithmic-derivative bound-

ary condition

D— =-C¢ (5)

may be used along the surfaces of 'rod regions," which may be placed in

the mesh in the same way as any other region (see Fig. 3).
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Fig. 3. Element of Volume Bordering on a Rod Region.

The rod region is treated as though it were introducing an absorption
cross section rather than a leakage. The diffusion constant in the rod
region is made zero for the group or groups considered as rod groups. Slow-
ing down into a rod group is permitted, but there is no removal other than
absorption. Leakage into the rod region from the element of volume ABCD
of Fig. 3 is handled by introducing terms such as the following into the

neutron balance:

- (él ffz + Cp ff%) ¢(1,J)

2 2

where the C's may be regarded as the diffusion constants in the element
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ABCD divided by extrapolation distances. Different. kinds of rods may ad-

join one another along mesh lines.

Integrals'of Dot Products of Flux Gradients

The integrals
*
f v, Vo, av

are approximated by computing, over each region, the sum of terms such as

the following:

[¢i(1—1,J) ~ 4(1,] [¢§(1—1,J> - ¢"(1,5]] '
+
P | R eR—
[¢i(I,J+1)_— qSi(I,J)] [¢§(I,J+1) - d)i(I,J)] AZTAXR |

+
oy = 4

This computation is done at the user's option.

Input, Operating Instructions, Sample Problem

Instructions for Writing TWENTY GRAND Input

Figure 4 shows a TWENTY GRAND input form filled in for the sample
problem. Given below are the instructions for writing the input. Number
formats are in FORTRAN nomenclature and are given in parenthesis immediately
following each input number symbol. ' .

Title Card. Column 1 of the title card is left blank. Columns 2

through 72 may contain any desired information and are printed at the top

of each page of output.

Control Card 1. Columms 1 through 3, ITMAX(I3) < 999: Total number

of iterations a problem is to be run. If a problem has not converged be-
fore the number of iterations has reached ITMAX, it is terminated automati-
cally and all output is written. Usually problems reach convergence in

fewer than 300 iterations.
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Columns 4 through 6, IMAX(13) < 100: Total number of rows in the
mesh. The rows are numbered from top to bottom beginning with 1 and end-
ing with IMAX,

Columns 7 through 9, JMAX(I3) < 100: Total number of columns in the
mesh. The columns are numbered from left to right beginning with 1 and
ending with JMAX. Note that IMAX x JMAX < 3000.

Columns 10 through 12, NR(I3): Total number of rectangular regions
that are specified on the region-specification cards (see below). Normally
this number must be less than or equal to 100; however, for the adjoint
calculation NR < 70.

Columns 13 through 15, NC(I3) < 50: Total number of compositions
that are specified on the composition-specification cards (see below).

Columns 16 through 17, NG(I2) < 6: Total number of groups.

Columns 18 through 19, GI(I2): Geometry indicator. For cylindrical
geometry write +1; for slab geometry write —1.

Columns 20 through 21, BI(I2): Buckling indicator for slab geometry.
A —1 specifies buckling by region (or composition). The bucklings are
given on the composition-specification cards. A +1 specifies buckling by
group, in which case the bucklings are given on Control Card 2. A O or
blank specifies a constant buckling, the value of which is written in
columris 31 through 37 of control card 2.

Columns 22 through 23, SI(I2): Source indicator. If this number is
+1, the source

G

iz=:l (vipo),

for each of the four quadrants surrounding each mesh point is included in

the output. If SI is O or blank, the source calculation is skipped.
Columns 24 through 25, AI(I2): Adjoint indicator. If this number

is +1, the adjoint calculation is done automatically following the ordinary

flux calculation. If AT is O or blank the adjoint calculation is skipped.
Columns 26 through 27, FI(I2): Previous flux indicator. If FI is

+1, the final flux from the previous problem is used as the initial flux

10



guess for the present problem. The present problem must have the same
mesh and boundary conditions as the previous problem. If FI is O or blank,
the code supplies an initial flux guess of 100.

Columns 28 through 29, CI(I2): Convergence indicator. If CI is -1,

the calculation stops when

Xt

N Ll<eld) (6)

where A is the eigenvalue of the problem and t is the iteration number.
If CI is +1, the calculation stops when the above condition is met and

the following flux convergence condition is satisfied:

9:(3,3) - f .
_ -1 < e(¢) . . (7)... g

t+1
¢, (1,9)

max
_ . ety
If CI is O or blank, the calculation stops when both the above conditions

are met, as well as the residue condition,

PRETE SR o LT

I 1,J

where R is the residue per one source neutron calculated from equations
such as (1).

Columns 30 through 31, DI(I2): Diagonal symmetry indicator. If this
number is +1, the code assumes that the problem has one diagonal symmetry
axis passing through mesh point (l,l). A +2 designates two diagonal sym-
metry axes. A —1 for DI specifies mirror image Symmetfy, with the symmetry
axis passing through mesh point (1,1). If DI is O or blank, then no
diagonal symmetry axis exists for. the problem.

Columns 32 through 33, LB(I2): Left boundary indicator. If LB is
0 or blank, the left boﬁndary of the reactor is a zero flux boundary. If
IB is +1, a symmetry boundary is assumed to exist midway between columns

1 and 2.

11



Columns 34 through 35, TB(I2): Top boundary indicator. If TB is O
or blank, the top boundary of the reactor is a zero flux boundary. If this
number is +1, a symmetry boundary is assumed to exist midway between rows
1 and 2.

Columns 36 through 37, RB(I2): Right boundary indicator. A O or
blank for this number specifies a zero flux boundary at the right of the
reactor. If this number is +1, a symmetry boundary exists midway between
colums JMAX-1 and JMAX.

Columns 38 through 39, BB(I2): Bottom boundary indicator. Write O
or leave blank to specify a zero flux boundary. Write +1 to specify a
symmetry boundary midway between rows IMAX-1 and IMAX.

Columns 40 through 49, NORM FACTOR (E10.6): All the fluxes are multi-
plied by this number and divided by the total source for output.

Columns’ 50 through 55, e(\) (E6.3): Convergence criterion for A\ con-
vergence condition given by Eq. (6). A value of 10™° is reasonable for
this number.

Columns 56 through 61, c(¢) (E6.3): Convergence criterion for flux
convergence condition given by Ea. (7). A value of 10™% for this number
will usually assure reasonable convergence,

Columns 62 through 67, €(R) (E6.3): Convergence criterion for residue
convergence condition given by Eq. (8). This number should be of the order
of 107° for reasonable convergence.

Columns 68 through 72, B(F5.4): Extrapolated Liebmann coefficient.

If this number is zero or blank, B is computed by the code. If this number
i1s a positive number between 1 and 2, the value given is used.

Control Card 2. Columns 1 through 5, 6 through 10, 11 through 15,

16 through 20, 21 through 25, 26 through 30; XIi(F5.4): The fraction of

neutrons produced from fission that are born in group i. Note that

K

XIi =1.0 .
i=1

Columns 31 through 37, 38 through 44, 45 through 51, 52 through 58,
59 through 65, 66 through 72; Bi(E7.4): Constant buckling value or

12



group-dependent buckling values for slab geometry. If the constant buck-
ling option was used (see above), the value is written in columms 31
through 37. The group-dependent buckling values are written in the ap-
propriate columns.

Mesh Specification Cards. In columns 1 through 6, 7 through 9; 10
through 15, 16 through 18; etc., specify AY(E6.3) and the row number (I3)

up to which this AY applies, going from top to bottom of the mesh. Use
as many cards as are needed, with each card completely filled through
colum 72, except possibly the last card. The last number on these cards
is equal to IMAX. Repeat as above, supplying values of AX(E6,3) and the
column number (I3) up to which this AX applies, going from left to right
of the mesh.

Region Specification Cards. The regions of the reactor are specified

as rectangles. For each region specify the composition number (I3), top
row number (I3), bottom row number (I3), left column number (I3), and-right
column number (I3). The compositions are numbered beginning with 1 (see,

below); however, more than one region may have the same.composition number.

Composition Specification Cards. For each different composition‘

number specified abové, K composition specification cards are written,
where K is the total number of groups. For each card the following numbers
are specified. . ot

Columns 1 through 3: Composition number (I3),

Columns 4 through 5: Group number (I2).

Columns 6 through 13, D(E8.5): Diffusion coefficient. Note that if
D = 0, then ZR = vzf = 0 and ZA = C. This specifies a rod group. .

Columns 14 through 22, ER(E9.6): Macroscopic removal cross section.

Columns 23 through 31, ZA(E9.6): Macroscopic absorption cross sec-
tion. -

Columns 32 through 40, vZf(E9.6): - v times macroscopic fission cross
section,

Columns 41 through 47, B2(E7.4): Composition-dependent buckling.

Columns 48 through 52, 53 through 57, 58 through 62, 63 through 67,
68 through 72; f%(FS.A):- The fraction of neutrons removed from group i

.(the group number specified in columns 4 through 5) that enter group I

13



(i # 1) for this cpmposition. The value of ! goes from the smallest group
number to the largest group number. Note that the number of f's specified
is one less than the total number of groups, since no f is given for the
group number specified in columns 4 through 5. Also, with reference to
Fig. 4, the f's are always specified by beginning in column 48. For
example, in specifying group one of a three-group problem, f; and f; (the
"f's are labeled f1, f5, f3, f4, £5 in Fig. 4) would designate the fraction
of removals from group one to groups two and three, respectively. For
group two, f; and f; would be the fraction of removals from group two to

groups one and three. In specifying group three, f; and f,; would be the

)

fraction of removals from group three to groups one and two.

The sum of the f's on each card must be 1.0 unless ZR = 0.

Operating Instructions

TWENTY GRAND was programmed to run under control of the IBM-7090
FORTRAN monitor system. A "job" consists of the program deck with the
associated monitor control cards followed by the input data for as many
cases to be run as desired. Two blank cards following the data deck will
stop the calculation. The logical tape numbers used in the code are the
following.

1. Tape 9: output

2. Tape 10: input

3. Tape 8: scratch tape needed only for source calculation or ad-
joint calculation.

One tape is used by the monitor for storage of the program chain

links. This tape must be actual tape number Bl.

Sample Problem

Figure 5 shows the diagram of the sample problem. It was run as a
four-group problem in slab geometry. Figure 6 gives the output.

Note that mesh increments, not total distances, are supplied as in-
put. With reference to Fig. 5, &X between columns 5 and 10 is 1 cm,

whereas the distance from column 5 to column 10 is 5 cm.

14
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CODE TWENTY GRAND - SAMPLE PROBLEM

REACTOR SPECIFICATIONS

25 ROWS 10 COLUMNS 8 REGIONS 3 COMPS 4 GROUPS XY GEOM BseCollL,TsRsBI#1,0,0,] N.F.# |,00000e 00
CHI(K) D.e6000 0,2000 0,1000 0.,1000
MESH SPECIFICATIONS
1 DELTA
| 2,000 4 1,000 22 2,000 25
J DELTA
I 2,000 2 1,000 3 0,500 s 1,000 10
DIMENSION SPECIFICATIONS
I DIST.
2 2.000 3 4.000 4 6,000 5 7.000 6 8.000 7 9,000 8 10,000 9 11,000 o 12,000
I 13.000 12 14,000 13 15,000 14 16,000 15 17,000 16 18,000 17 19,000 18 20,000 19 21.000
20 22,000 21 23,000 22 24,000 23 26.000 24 28,000 25 30,000
J DIST.
2 1,000 3 2.000 4 2,500 5 3,000 <] 4,000 7 5,000 8 6,000 9 7,000 10 8,000

L)) »

Fig. 6. Output for Sample Problem.



CODE TWENTY GRAND - SAMPLE PROBLEM

REGION SPECIFICATIONS

LT

REG 1T IB JbL JR CMP GRP §] SIGR SIGA NUSF B8SQ Fi Fe F3 Fa

| [ 4 | 3 2 [ |.210e 00 2./00F-03 2,100e=-03 =~0, 2,000e-03 0. 0.600 0,300 0,100
2 1.220F 00 2.200F-03 2.200g-03 =0, 2.000E-03-0, 0. 0.600 0.400
3 |, 2306 00 2,300E-03 2,300e-03 -0, 2,000E-03-0, 0,400 0, 0.600
4 I.240E 00 2,400€-03 2.400e-03 -0, 2.000E~03~0. 0,500 0.500 0.

2 4 10 3 ) | 1,110 00 I,I00E-03 1I,100e-03 2,100g-03 2,000e=-03 O, 0.600 0,300 0,100
2 |.120E 00 1,200E-03 |1,200E-03 2,200g-03 2.000€£-03-0. 0. 0.600 0.400
3 I1,130e 00 {,300E-03 |,.,3006-03 2,300e-03 2,000E-03-0, 0.400 0. 0.600
4 |.l40F 00 | ,400E-03 1.400E~-03 2,400g-03 2,000E=-03-0, 0,500 0,500 0.

3 110 3 5 3 + i,310e 00 3,I00E-03 J3,100e-03 =0, 2,000E-03 0, 0.600 0,300 0,100
2 0. -0, 5.000e=-02 -0, 2.000e~03-0, 0. -0. -0,
3 0, -0, 5.000E-02 =0, 2.000E-03-0, =0. 0. -0.
4 1,340 00 3,400E-03 4.100E=-03 -0, 2,000e~03-0, 0,500 0,500 0,

4 4 0 5 7 | [ L.110E 0O 1, 100E-03 |, 100E-03 2,100g-03 2,000e-03 0. 0.600 0,300 0,100
2 1,120e 00 1,200E-03 1.200£-03 2,200f-03 2.000E-03-0. 0. 0.600 0,400
K) I.130E 00 1 ,300E-03 1., 300e-03 2,300g~-03 2,000e-03-0. 0,400 0. 0.600
4 | .140E 0O 1,400E-03 ! . 400E-03 2,400g~03 2,000E-03-0, 0.500 0.500 0.

S [ 4 5 10 2 } 1,210 00 2,100E-03 2,100=-03 =0, 2,000E-03 0, 0.600 0,300 0,100
2 | 220 00 2,200E-n3 2,200e~-03 -0, 2,000E=-03=-0. 0, 0.600 0.400
3 |.230e 00 2,300E-03 2.300E~03 ~-0. 2.000E-03~0, 0.400 0. 0.600
4 l.240E 00 2.400E-D3 2.400E-03 -0, 2.000E-03-0, 0.500 0.500 Q.

5 10 22 | 7 | | 1.1 10E 0O 1,100E-03 l.100E-03 2,100g~-03 2,0006-03 O, 0.600 0,300 0.100
2 I, 120 00 1 ,200E-03 | ,200g-03 2,200g-03 2,000€=-03-0. 0, 0.600 0.400
$ 1,130 00 1,300E-H3 1,300e-03 2,300g-03 2,000E=-03-0. 0,400 0. 0.600
4 t,140g 00 1,400E~03 |,400e=-03 2,400¢~03 2,000E-03-0, 0.500 0.500 0O,

7 422 710 ? [ l.210e U0 2,I00E-03 2,100e-03 -0, 2.000e-03 0, U.600 0,300 0,100
2 1,220 00 2.,200E-03 2.200E-03 =0, 2.000E-=03-0, 0. 0.600 0.400
3 | ,230E 00 2,300E-D03 2.300E-03 =0, 2,000E-03~0. 0,400 0. 0.600
4 |,240e 00 2.400E-D3 2.400F-03 -0, 2,000E~-03-0, 0,500 0,500 O.

8 22 25 11N ] | l.210E 00 2,100e-D3 2,100e-03 =0, 2.000e-03 0, 0,600 0,300 0,100
2 |,220E 00 2,200E=-03 2,200E=-03 =0, 2,000E=-03~0. 0. D.600 0,400
S 1,230E U0 2,300E-03 2,300F=U3 -0, 2.000e=-03-0, 0,400 0. 0.600
q 1,240 00 2,400E~-03 2,400E=-03 -0, 2,000g-03-0, 0.500 0.500 O,

Fig. 6 (continued)
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CODE TWENTY GRAND - SAMPLE PROBI.EM

FLUX CALCULATION BEGINS

BETA# |,7364E 00

IT NO FLUX CONVR NU-CRIT CONVR TOT RESIDUE MAX RESIDUE NU=-CRITICAL
10 |.1404E-01 |, 0000E 0C 3,1558E=02 4.9995E=03 4,09722€ 01}
20 2.3571€e-0) 2,2999€~-01 3.1345E~02 4,0834E-03 3.33112€E 0O
30 |.,2156E£-02 |.484|E~03 8,9851E=-03 1,6777€E-03 3,33607E 01
40 4,8044E~03 4,1302E-03 l,9210E=03 4,4730€E~04 3.34990€ 01
50 6., 1990E-04 7.9259E-04 2,3835E=-04 5.,6123E-05 3.35256F 01
60 8.0511g-08% . 1065€E~04 2,9666E-05 7.1194E-06 3.35293E 0|
70 8.7619€E-06 | .4238E~05 3,2847E-0¢ 7,4762E-07 3.35298€ 01
80 7.3016E=-07 | s 6242E=06 7,3943€~-07 I .1271E-07 3.,35298E 01

L+

Fig. 6 (continued)

v
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CODE TWENTY GRAND - SAMFLE PROBLEM

NO.IT.# 80 NU=CRITH# 3.35298E 01 N,F,/¢T0T PROD)K¥ E,25541E-03
GROUP 1 FLUX -
[ 2 3 4 5 6 7 8 9 10

| 0, 0. 0. 0. 0, 0, 0, 0, 0 0.

2 4,134E-01 4,134E-01 3.873€E=01 3,699E-01 3,491E~01 2,940E~01 2,287€-01 |,562E=01 7,921E-02 0,

3 9.051E-01 9.051E=01 8.446E-UI- 8.049€=01_ 7,579€-C1 6.351E-01 4.913F-01 3,.341E-0f_ |,689E-01 0,

4 1,578 00 1.578E 30 1.454FE B0 1.378F 00 +,294E€ 00 1.075€ 00 8,182E~0t 5,512€-0] 2,770E-0( 0,

5 2,027 00 2.p27€e OO 1,838 90 (.732E 00 1,629 00 |.353E 00 1,012 00 6,749E=01 3,376E-01 0,

6 é,453E‘00 2.453E 00 2.215€ 0n 2.085e 00 1,960 00 1,625€ 00 |,209¢ 00 8.026E~01 4,003E-8t 0,

7 2,859 00 2,859 90 2,.582¢ 0) 2,430E 00 2,285E 00 |,893FE 00 ',405E 00 9,304E-01 4,632E-01 0,

8 3,248E 00 3,248 00 2,937 0N 2.766E 00 2,602E 00 2,155 00 11,5976 00 I,0355E 00 5,248E-01 0.

9 3.620E 00 3,420E €O 3.284FE 00 3.096E 00 2,912 00 2.409€ 00 (,782¢ 00 I1.175E 00 5,8356-01 D0,
10 3,972 00 3,972 00 3.635¢ GO 3.427¢ 00 3.212€ U) 2,650 00  1,954€ 00 1,285E 00 6,375€-01 0,
1 4,287E 00 4,287E 0D 3,971 00 3,752 00 3,495E 00 2.,867E 00 2,106 0C. 1,382FE 0D 6.847E-01 0,
12 4,539 00 4,539 00 4,219 0¢ 3.988E 00 }.7I3E 00 3,D40£ 00 2,228 00 I,461E 00 7.229E-01 "0,
13 4,715 00 44,7156 UD 4,388¢ 00 4.’4;& B0 3,864E D8 3,162 00 2,316 00U (,517€ 00 7,504g-01 0.
14 4,813E 00 4,RI3FE UO 4,481E DO 4.23BE 00 3,947€ 00 3,229 00 2,365 00 1,548 00  7,659E-01 0.
15 4,829 00 4,829 00 4,497 00 4,254E DO 3,962 00 3,242 00 2,374 00 1,555k 00 7,688E-01 0,
16 4,763 00 4.763E UD 4,437E 0D 4.197€ 00 3,910 0C 3,200E 00 2,344 00 «,5356 00 7,592€-01 0,
17 4,617 00 4.617E 01 4.301€ 0D 4,070€ DO 3,792 00 3,105E 00 2.2756 00 ).490€ 00 7,373E-0) 0.
18 4,392 00 4,392¢ 00 4,093 00 3.873E 00 3,600F 00 2,958E Ou 2,169 00 1,422€ 00 7,037E-01 0.
19 4,092€ 00 4,092 08 3,814 00 -3.611F 00 3,367E 00 2,762 00 2,029¢ 00 1,331E OO 6,597E~01 D,
20 3.719E 00 3,719 00 3.470E 00 3.286E 00 3,066E UO 2,521E 00 1.858E 00 |.223E;00 6.073E-01 0.
21 3,279€ 00 3.279€ U0 3.062c 00 2.904E 00 2,713E 00 2,240E 00 1.664E 00 1, 103E 00 5,496E=-01 0.
22 2,776 00 2,776 006 2,597 0C 2.466E 00 2,309E 00 11,9226 00 |.460E 00 9,799E~01 4,915E-0]1 0,
23 2.072€ 00 2,072E 00 1,944E 00 I,BSIE 00 1,739 U0 1,465 00 |.138E 00 7.754E~01 3,926E«01 0.
24 | ,753E 00 1,753E UU 1,648 00 1,572 00 1,479 00 |.252§ U0 9.789E-01 6.712E=-01  3.411E~D1 0.
25 1 ,753E 00 11,7536 06 1,648E U0 1.572€ 00 I1,479E 00 1,252 00 9,789e-01 6,712E-01 3.411E-0! O,

Fig. 6 (continued)



CODE TWENTY GRAND - SAMPLE PROBLEM
N ' GROUP 2 F)UX
| 2 3 4 5 6 7 8 9 10

0. 0. 0. 0. 0, 0. 0, 0. 0, 0.
2 2,589E-0! 2.589E-01 2,51lE=Qt 0. 3,160E-02 3,100E-02 2,677€E-02 |,958E-02 |,032E-02 0,
3 5,421E-01 5,421E-01 5,257E=01 O, 7,740E-02 7.570E-02 6,4B9E-02 4,710E~02 2,469E-02 0,
4 8,759E-0! B8,759E-01 8,484E-04 0. l.bﬂ?E-U] | .553E-01 | .300E=-01 9,244E=-02 4,789E~02 0.
5 1.0706 00 1.070E 00 11,0356 00 O, 2,2976-01 2.212E-01 1.799E-0) 1,254E=01 6,437g-02 0,
6 1,239 00 1,239 00 1,197 00 0. 3,073E-01 2,95le-01 2,381g=-01 ) ,647E=0| 8,413E-02 0,
7 1,376 00 1,376 00 1,329 00 O, 4,012E-01 J,834€E~01 3,071E-01 2,112E=01 1 ,074£~-01 0,
8 1,478E 00 (.478E 00 1,424 U0 _ 0. 5,2406-01 4,942F-0)1 3,9016-0) 2,656E=01 |,341Ea0F 0,
9 1,541 00 1.5641E 00 1,469€ U0 0. 7,039E-01 6.375E-01 4.,884€E-01 3,270E-0i | . 636E-01 0.
10 1.569E 00 1 .569E 09 1,428 @0 |.244F 00 |,022E 00 B,I54E~0] 5,954E~01 3,905E=01I |, 936E=-01 0,
11 1,603 00 1,603 00 |,454E 00 1,337 00 | 2056 00 9.518E-0! 6,864E-01 4,467Ee0) 2,204E~01 0,
12 1 .644E 00 1,644E 00 1,508 uD I.410E 00 1,297€ 00 |.640E 00 7,529E-01I 4,900€E=-0] 2,.416E-01 0,
(3 1.6776 00 t.s77E 00 1.550E 00 1,459E 00 1,35/E 00 1,095E 00 7,964E-01 5,196E-01 2,565E-01 O,
14 1.695E 00 1,695 00 | ,572€ 00 1.484E 00 1,379 00 1,123 00 B.202E-01 5,365E=-01 2,65I1E-01 0.,
15  1.690E 00 I.690E U0 (.572€ 00 1.485E 00 |,382E 00 |.129€ 00 8.269E-01 5.418E=01 2,68IE-01 0,
le  1,662E 00 |,662E U0 1.5476 00 1,463E 00 1,362€ U0 |, tI56 00 8,.18(E-0I 5.368E=01 2,658E~01 0,
17 1,609 00 I,609E 00 1, 499E 01 |.418E DO |1,321E 00 |, 083 00 7.953E-0I 5,223E-01 2,588E-01I 0,
18 1,530 00 1,530E 00 (,426E 00 1.350€ 00 1,258 00 |,032E 00 7.594E-01 4.993E=0| 2,476E-01 O,
l9 1,428E 00 1,428E 00 1.33/¢ 00 1.261€ 00 |,176E 00 9,650E-0t 7,119E-0) 4,689E-01 2,328E-0! 0,
20 ), 302 00 1,302€ 00 1,215 00 |L|5IE 00 1,074 00 8,849E-01 6,544E=-01 4,324E-01 2,151E-01 0,
21 1,i54F DU I,154€ 00 (,078¢ 00 1,023 00 9,558E-01 7,907E-01 5,894E-01 3,.918E«01 |,957E-01 0,
22 9.863E-01 9,863E=01 9,2306-01 p8.7676=-01 8,211E-D01 6.844E~01 5,211E-01 3,506E=01 1,76 1 E-01 0,
23 7.505E-01 7.5056=01 7,044E-01 6,708€E=-01 6,305E-01 5,314E-01 4,.130E-01 2.818E=0] | ,428E=~-01 0,
24 6,631E-01 6,431€E-01 6,047E-01 5.765E=Bi 5,428E-01 4.597E-0) 3,595€-01 2,466E=01 |,253€-01 0,
25 6,431E-01 6.431E-01 6.047€=C1 5.765E=DI 5,428E«01 4,597E~0) 3.595E-01 2,466E=0] | ,253E=01 g,

Fig. 6 (continued)
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CODE TWENTY GRAND =~ SAMPLE PROBLEM
GROUP 3 FluX
t 2 3 4 5 6 A 8 9 10
| 0, 0. 0. 0. 0, 0, 0, 0, D, 0.
2 |,3406-01 |,340%-01 1,300g=-01 0, 1,6346-02 1,603E-02 | ,384F-D2 1,012E=-02 5,335F-03. 0
3 2,795€-C1 2,795€=U1 2.711E=-01 0O, 3,984E-02 3.896E-02 3,340F-02 2,425E-02 |,272F-02 0,
4 4,489€-01 4,489€-01 4,350€=-01_ 0. 8,186E-02 7,942E-02 6,651E~02 4,737FE-02 2,456E=-02 0,
5 5,467£-01  5,467E-01 5,288E-01 0, _1,170€E=-04 {,|27E~0t 9,184E~02 6,413E=-02 3,295FE-02 0,
6 6,3156-01 6,315€-0! 6.105E-01__ 0. 1,563E=-01 l.SUlE-UI. 1,214€40) B8.412E=-92 4,301£-02 0,
7 7.006E-0! 7.006E-01 6.769c~01 0. 2,036E-01 1.949E-01 |,564E-04 1.078E=01 5,484E-02 0,
8 7,514E-01  7.514€E=01  7,243E-01_ 0. 2,663E-01 2,512€-01 |,986FE~«C1 |,354E=01 6,847¢-02 0,
9 7.825E-0t 7,825E=-01 7.465E;OI 0. 3,575€E-01 3.239E-01 2.486E-01 |.667€-01 8,350g-02 O,
10 7.962E-01  7.962€=01 7.246E-01 6.312E~-01 5,189E~01 4.142E-01 3,0U29E-01 1,990E=-0i 9,875E-02 0,
Kl 8.!32E-ﬁl 8,132E-0t 7,376E-01 6.7836-01 6,113E-01 4.8336-01 3,492E-01 2,276E-0}4 I.Ié4E-0l 0,
12 8,336E-01 8,336E-01 7,647E-01 7,152E-01 6.581E-01 5,282E-01 3.829E-01 2,496E=CI 1,232E-01 0.,
13 8.505e-0i 8,505E-U1 7.86lE-01 7,399€E~01 6,856=-01 65.557E-01 4,05(E-01 2,647E-0( i,308E<04 G,
'4 8.593k-01 8.593E~01 7,974E=-0! 7,.527€-01 6,995€E=0]1 5,702E-01 4,173E-0) 2,734€-0] 1,353€~01 0,
15 8.573€-01 8,573€-01 7,973€-01 7,.536E-01 7,014E-01 5,735E~01 4.,206E~01 2.762E=-01 |,368E~01 0,
16 8.434E-01 8,434E-01 7,852€-01 7,427E-01 6,918E-~-01 5.667E-01 4,166E-01 2,738E-01 1,357E«01 D,
17 B, 169E-01 B8,169E~U1 7.610E-01 7,202E=01 6,712E-01 5,506E=-01 4,052E~01 2,666E=01 |,323E+01 0,
18 7.778E=01 7,778E-01 7.251E~01 6.B64E=-01 6,401E-01 5,256E=-01 3I,874E-11 2,552E~01 1,267E«01 O,
19 7.267E-01  7.267E-01 6,778E=-01 6.420E-01 5,989E-01 4,925€~01 3,637E-01 2,400E~01 1,193E-0! 0,
20 6.639E-01 6,.63GE~Ul  6.198E=01 5,874E=01 5,485€-01 4,521€E=-0! 3.350E-Ul. 2,217E-01 1,104E=01 0,
21 5.9056-01 5,905€=01 5.519€6=-01 5,235g=01 4,895E-01 4,053E~01 3,026E-01 2,0)15E«01 (,007E=-01 O,
22 5,074g-01 5,074€-01 4,749e-01 4,511E-01 4,226E-01 3,525E-01 2,687:5-01 I,810E-0! 9,097€-02 0,
23 3.900E-01 3,900E=-0) 3.661E~-0! 3,486E-01 3,277E-01 2,763E=-01 2,149E~01 1,467E«0| 7,433E-02 0,
24 3,363E=-01 3,363E-01 3,162€-91 3.016E=01 2,839E-01 2,405e-01 1,88lE-Ct 1,29/E-0) 6,561E-02 0,
25 3,363E-01 3,3636-01 3.162E-01 3.P|6E-UI 2,839€-01" 2,405€-01 1.881E~01 1,291E-01 6,561E-02 0.

Fig.

6 (continued)



CODE TWENTY GRAND ~ SAMPLE PROBLEM

ce

GROUP 4 FLUX

! 2 3 4 5 6 7 8 9 10

! 0, 0. 0. 0. 0, 0. 0. G, 0, 0,
. 2 7,159E-02 7,(59E-02 6{689E~ﬂ2 6,377E=-02 L010E-02 5,054F-02 3,929E-02 2,683E-02 1,360E-02 0,
3 |.558E-01 |,558E-01 1,450€-01 |.380FE~01 |,298€E-01 |,087E-0! 8.,406E-02 5,7i16E=-02 2,890E-02 0,
a4 2.689E-01 2.689E-01 2,474E-01 2.344E-01 2,199E-01 |.826€-0! 1.392E-01 9.364E-02 4,719E-02 0,
5 3,4336-01  3,4336-01 3,1136-D1 2,933E=-01 2,758E-01 2,290E-01 1,716E-0) |,147E-0] 5,740€-92 0,
6 4,141E-0) 4,141E-0F 3,741E=-01  3.521E-0] 3,3106-01 2.745E-01 2.047€-0! I.3§IE;Dl 6,797€-062 0,
7 4,8186-01 4.818E=-0! 4,353E~01 4.097€-01 3,852E-01- 3,193E-01 2,376E-01 1.576E-01 7,858£-02 0.
8 5,466E-01 5.466E-01 4,945E-01 4.658E=01 4,38|E-OI 3.632E-0D1 2,698E-~01 !,787E-01 8,897E-02 0,
9 6.,N86E-01 6,086E-01 5.5256~01 5,20BE~01 4.899€E=01 4.557E-0l 3,008€E-01 |.988E-0! 9,889€-02 Q.
10 6.672E-01 6.672E-01 6.I|dE-0l 5.761E-01 5,401E-01 4,461E-01 3.298€-01 2.|i5E-0| 1,0806-01 0,
1l 7.198E-0t 7,198E=01 6,670E-01 6.303E=-01 .5.874E-0I 4.825E-0| 3.554€-01 2,339E-01 1,160E-01 0,
12 _7.618E-01 7.61BE=-01 7.0835-6! 6.698E~01 6,239E-0t 5,115€E~-01 3,761E-01 2,472E=-01 1,225E-01 O,
13 7.914E-01  7.914E-01 7.367€-01 6,969€E=-01 6.492E-01 5,321F-01 '3,910E-01 2,568E-01 1,272E-01 0.
14 8,079g-01 8.079E=-01 7,524€<01 7.119E=01 6,633E-01 5,436E~-0! 3,994E-01 2,622E-01 1,299E-01 0,
15 8./10E-01 B8,I10€E-01 7,555E=0) 7,149€E-01 6,662E-01 5,46!E-U1 4,012€-01 2,634E-0i |1,305E-0! 0.
16 8,006E-01 B8.006E-01 7.460E-01 f.ﬂbOE-UI 6,579€-01 5,395e-01 3.965E-01 2,604E-01 |1,290E-01 0O,
17 7.769€-01 7,769E-01 7.241E~01 6.853E-0! 6,388E-01 5.240E~01 3,853€-01 2,.531E-01 1,254g«01 0,
18 : 7.4036-01 7.403E-0) 6,902E-0} 6.534E-01 6,092€-01 5,000E-01 3,679€-01 2:4I9E-0I 1,200E-01 0.
19 6,9136-01 6.913E=01 6.448BE=01 6,106E~0t 5,696E£-01 4,681E-01 3,450€-01 2,271E-01 1,128E=-01 O,
20. 6.3076-01 6.307E-01 5.886E=-01 5,578E-01 5,207E£=01 4.288E-0i S.17(g-01 2,094E-01 (,042€-01 0,
21 5,591E-01 5.591E=01 5.221E-DI 4.955€~01 4.63?E-Ul 3.831E-01 2,855€E-U1 1,897E-01 9,472€E-02 0,
22 4,.776E-01  4.776E-01 4,470E-01 4.245-01 3,976E-01 I, 314E-01 2.523E-OI 1.,697E-01 B,521€E<02 0,
23 3.628E~-01 3,628E~01 3,.405€e-01 3,242€-01 3,047€E-0) 2.568Ef0l 1.996E-01 1,362E=-01 6,899E-02 0,
24 3.105e-01 3.I05F-U[ 2,920€-01 2,784€E-01 2,621E-01 2,219E=01 1,735€-01 |,I90E~0] 6,05!5-?2 0.
-25 3.1056-0t 3,.105€-01 2,920€-01 2,784E-01 2,621E~01 2,219E~-01 1,735€-01 I, 190E-01 6,051g-02 0,

. Fig. 6 (continued)
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' CODE TWENTY GRAND ~ SAMPLE PROBLEM

GROUP ABSORPTIQNS

. om e I P

-Fig. 6 (continued)

GROUP=-ONE GROQUP=-TWO GROUP=-THREE GROUP-FOUR TOTAL
6.07368E=-01 9.63540E~01 5.,00976E-01! 1.26401E=D) 2,19828€ 00
GROUP_PRODUCTIONS
GROUP-ONE GROUP=-TWO GROUP-THREE GROUP=-FOUR TOTAL
5.67242E~01 2.111437g=-01 1, 12267e-01 I,09344e-01 10,00000€=-01
BOUNDARY LEAKAGES TOTAL#® 2.97494E 0
GROUP~-ONE GROUP-TWO GROUP-THREE GROUP=-FOUR TOTAL
LFT U. Un 0. U. 0.
ToP .29629E 00  3.76649E=-01 1.96470E-0! 2,29348E-01 2,10076E 080
RIT l.66651E 01 5,31529€E 00 2.74834¢ 080 2,91989€E 00 2,76486€ 01
B80T 0. . 0. 0, 0.
AXTAL LEAKAGES
GROUP-ONE GROUP~-TWO GROUP-THREE GROUP=FOUR TOTAL
9.39804F-0! 3.15877€E~1D1 |.62741E-01 | . 63779€E-~01 |, 58220 00
-REGION ABSORPTIONS
REG GROUP-ONE GROUP-TWO GROUP-THREE GROUP=-FOUR - TOTAL REG.VOLUME
! l.73908E-02 I,0819%E=-02 5.82429g-03 3.41023E-03 3.74447E=-02 | 20000 Ot
2 3.64899€-02 I 88231E=-02 1,03819g=-02 7.82888E~03 7.35238E-02 }+20000E 01
3 5.65317e-02 7.57401E~-01 3.,88504e~0! | ,26460E-02 l.21508 00 |,20000E 01
4 2,45458£-02 5.,85440E=-03 3,22564£~03 5,27187E~03 2.88977e=-02 1.20000€E 0
5 | ,94245¢£-02 2,67255g-03 |.43583g-03 3,79407€E-03 2,73269€=-02 3.,00000 NI
5 2.36091E-01 9.04936E=02 4,98474E-02 5,06833E-U2 4,271 16€=-01 6.00000 0!
7 |, 05441E-01 3.51701€E-02 1 .87707g-02 2,04572E-02 1,79839e~-01 5.40000E DO/
8 I.11453€E-01 4,23053E=-02 2,29861F=-02 2,23089€E-02 1,99053e-01 4.00000€ 0!



" CODE TWENTY GRAND

- SAMPLE PROBLEM

SOURCE¢I,J)

) 3 4 5
I 0. 0. 0. 0. 0. 0, 0. 0, 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. -o. -0, -0, -0, -0, -0, -0. -0,
0. 0. -0, -0, -0. -0, -0, -0. -0, D,
3 0. 0, -0, -0, -0, -0, -0, -0, = -0,
D- Oc ’00 '-'0. 0. "0. ‘-0. '00 '0.‘ -0,
T 0, 0. 1. -0, =0, -0, -0, <0, 0. -0,
0. 0. 6.919€-03 6.919E-03  §.513E-03-0, -0, -0, -0. 3.7856-03
5 0, 0, 8.693E-03 8,6936-03  8,099E=03-0, -0, -0, -0, 4,858E-03
0. u. 8.693E-03 8.693E-03 8.099E-03-0, -0, -0, -0.. 4,858E~03
6 4. 0. T.032€-02 1.032€-02  9.58BE-03-0. =0, =0, -0. 5.947E-03
0. 0. |, 032E-02 |,032E-02 9,588E=03~0, -0, -0, -0, 5.947E-03
7 0, 0. {.I80E=02 |,1802-02 |.,095E-02-0, -0, 0. -0. 7.074E-03
0. 0. T.180E-02 1.180:-02  1.,095€-02-0, =0, =0, -a. 7.074€E-03
8 0. 0. T.STTE~02 1.311E-02 1.2156-02-0, -0, -0, 0. 8.281E-03
0. 0. 1 311E=02 1.311E=02 |,2156~02=0, =0. -0, -0. 8.281E-03
9 o0, 0. 1,425E=02 |,425E-02 | .317E-02~0, -0, -0. -0. 9.661E-03
0. 0. T.425E-02 1.425E-02  1.317E-02-0. -o. -0, -0. 9.661E-03
0 0. v, T 522€-02 1.522E-02 1.391E-02-0, -0, 0. -0, T.148E-02
0, 0. | ,522E=02 |,522E-02 . 1,391E=02 | .39 E=02 |.277€~02 |.277E-02 |.148E=02 |.|48E=02
0. 0. 1 6136=02 1,613E-02 |.484E=02 | ,484E-02 | ,3896-02 |,389E=02 |.281E-02 |.281E=02
0. 0. T.613E~02 T1.613E<~02  1.484E-02 |,.484E-02  1.389E<02 [.389E~02 [.281E~02 1.281E-02
2 0. 0, T TBBIE-02 T.689E-02  T.564€-02 T.564E=02 T.473E-02 1.473E<02 T.366E-02 T.366E-02
0. 0. | 6B9E=02 |,6B9E=02 | ,564E=02 | .564E~02 | ,473FE=02 | ,473E=02 | ,366E=02 |.366E=02
I3 0. 0. |, 745E-02 |,745€-02 | .620E=02 |.6206-02 |1,530E-02 |,530E-02 | ,422E-02 |,422E-02
0. 0. T.745E=02 1.745E-02  1.620E-02 1,620E-02  T1.530E~02 [.530E=02 |.422E~02 |1.422E~02
T4 0. 7. T 775E-02 1.775E-02  T.651E-02 1.651E-02 T.56UE-02 1.560E-02  1.452E~02 1.452E-02
0. 0. | 775E=02 |.775F=02 | .651E=02 |,65)E=02 - |,560E~02 |.560E=02 | 452E-02

Fig. 6 (continued)

| .452E«02
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CODE TWENTY GRAND

~ SAMPLE PROBLEM

Dl

SOURCE€],J)

2 4 5'
15 0. 0. |,778€E=-02 | ,778E-D2 | ,655E=02 |,655E=02 | ,565E-02 |,565E=02 |,457E-02 1,4%7E-02
0. 0, |, 778E=02 | ,778E-02 | ,655E=02 | ,655E~02 | .565E-02 |,565€6~02 | .457E-02 | .457E-02
16 0. 0. . 752E-02 |.752E-02 l.632e-02 |,632E-02 | ,544E-02 |,544E=-02 | . 438E-02 |,438E-02
0. 0. | ,752E=02 1,752E=-02 | .632E-02 | ,632E=02 | ,544E-02 |.544E-02 1. 438E-02 |,438E-02
17 0. 0, | ,698E=02 1.69BE=02 | . 582E~-02 |,582E-02 |,497E-02 1,497€E~02 i . 395E-02 |.395E-02
0. 0. | ,698E=-02 |,698E-02 | .582E~02 1,582E=02 1,497E=02 |,497E=02 | .395E=-02 |.395€E-02
18 . 0. 1,616E=92 |.616E-02 1.506E-02 |,506E=02 1.,425€E~02 |.425E=-02 | . 328E~02 |,328E-02
0. 0. |.bl6E=-02 1,616E=-02 | .506E=02 | 506E=-02 | ,425E=02 |,425E=-02 ! L 328E~02 | ,328E=-02
19 0. 0, ) ,506E=02 1.506E-02 | 405E-02 | 405E=02 | .330E-02 |.330g-02 | .240E-02 1.,240E£-02
0. 0, I ,506E~02 |,506E~02 | ,405-02 | ,6405€-02 | ,330€-02 1.330E=02 | .240E-02 |.,240E-02
20 0. 0, I, 371E=02 1,371E-02 | ,280E=-02 1,280E-02 1,212E-12 1,212e-02 l.131E=-02 I.131E-02
0. 0. |, 371E=02 1,371€=-02 | ,280E=-02 |,280£E=02 | 221202 1.212€=-02 | I31E=02 1.,t31E-02
2 0. 0, !, 212E-02 -1 ,212E-02 | I33E=-02 |,133E=-02 | ,074g=-02 1,074E-02 1.004E-02 |.004E-02
0. 0. 1,212E-02 |,212E-02 1. 133E-02 1,133E-02 1,074E-02 1,074E=02 1 .004E~-02 |.004E-02
22 0. 0. 1., 031E=02 1,031E-02 9.650E-03 9,650E-03 9, 63E~03 9,163E=-03 8.581E=-03 B8.581E~03
0. 0, -0. -0. : ~0. -0, -0, -0, -0. ~0.
23 0. 0. -0, _=0. -0. -0, -0, -0, -0. -0,
o. 0. -0. -0, -0. -0, -0, -0. -0. -0,
24 0. 0. -0, -0. -0, -0, -0, -0, -0, -0,
0. 0. -0, -0, -0. -0, -0, -0, -0. '
25 0. 0. 0. 0. 0. 0. 0. 0, 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

Fig. 6 (continued)

5.
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CODE TWENTY GRAND

~ SAMPLE PROBLEM

SOURCE(I,J)

6 7 8 9 10

I 0. 0. 0. 0. 0. 0. 0. 0, 0. 0.,

0. 0. i 0. 0. 0, 0. 0. 0. 0.

2 <0, -0, 0. -0, 0. 3. -0, <0, 0. u.

-0, -0, -0, -0, -0, -0, -0, -0, 0. 0.

M 'D. -0, ‘0- '0: "0. --0. '00 =0, 0. ‘00

‘0‘0 "0. '0. 'Un '0. 'U. ‘00 -Ul 0' 0'

3 -0. -0, -0, -0, 0. -0, -0, g, 0. U,

3.2196-03 3.219E-03  2,491E=-03-0, -0, -0, -0, -0, 0. U,

5  4,136E=03 4,136E-03 3,144E-03-0, -0, -0, -0, -0, 0. 0.

4, 136E-03 4, 136E~03  3.144E-03-0. -0, -0, -0, -0, 0. 0.

6 5.066E~03 5.066E~03 3.834E=-03-0, - =0, -0, -0, -0, 0. 0.

5.066E-03 5.066E-03  3.834E~03-0, -0, -0, -0, -0, 0. 0.

7  6.034-03 6,034E-03  4,557E=03-0, -0, -0, -0, -0. 0. 0.

6.034E-03 6,034E-03  4.557E~03-0, =0, 0. -0, -0. 0. U,

8 7.063E-03 7.063E-03  5.317E~03-0, 7. -0, -0, 0. 0. a.

7.063E-03 7,063E=03  5,317E-03-0, -0. -0, -0, -0. 0. 0.

9 8.18l1E-03 8.181E-03  6,110E-03-0, -0. -0, -0, -0, 0. 0.

8.181E~03 8.181E~03  6.110E-03=0. -0. -0, -0, 0. 0. 0.

10 9.383E-03 9,383E-03  6,90(E-03-0., -0, -0, ~0. -0, 0. 0.
. 9.383E-03 9.3836-03 6,901E~-03-0. -0, -0, -0, -0, 0. 0,

Il 1.038E-02 |,038E-02 7.5886=-03-0. -0, -0, -0, -0, 0. 0.
T.03BE-02 1.038€-02  7.58BE-03<G., 0. -0, =0, =0, 0. 0.

12 I, {TE=02 T,1T1g=-02 8,120E=-03-0, -0, ~U, -0, -0, 0. 0.
bol1lE=02 1.,111E=02 8,120E=03<0. -0, -0, -0, -0, 0. 0.

I3 1,160E-02 |,160E~02 8,485E-03-0, -0, -0, -0, -0, 0. 0.,
T.1606-02 1.1606-02 B8.4856-03=0, -0. -0, =0, 0. 0. 0.

T4 T1.1876-02 T.187E-02  8.689E-03-0, -0. -0, 0, =g, a. v,
|.187E=-02 1,1876=-02 B8.,689E=-08-0, -0, -0, -0. -0. 0, 0.

Fig. 6 (continued)
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CODE TWENTY GRAND - SAMPLE PROBLEM

SOURCE(],J)

6 y) 8 )
15 |, 1g2E-02 1,192E=02 8,736E-03-0, =0 -0, -0, -0, 0. 0,
l.192E-02 1,192E-02 8,736E-03-0, -0, -0, -0, -0, 0. 0.
16 t.177e~02 1,177e-02 8,632E-03-0, -0, -0, -0, -G, 0. 0.
|.177E-02 1, 177E=-02  8,632-03-0. -0. -0, -0, -0, 0. 0,
17  1.143g-02 1,1436-02  8,334E=0(3~0, -0. -0, -0, -0, 0. 0.,
l.1436-02 1,143=02 8,384E=03-0, -0, -0, ~0. -0, 0. 0.
18 {.089g~02 | ,089E-02  7,999£~03-0, -0, -0, -0, -0, 0. 0.
| .089E-02 1 ,089E~-02 7.999€=~03-0. -0, -0, -0, -0, 0., 0,
19 |.0I8E=-02 1,018E-02  7,490E-03-0., -0, ~0, -0, -0, 0. 0.
|.018e~02 (,0186=-02 7,490-03-0, -0, -0, -0, -0, 0. a.
20 9.311g~03 9,311E=03  6,873E=03-0, -0. -0, -0, -0. 0. 0.
9,.311E-03 9,31 1E-03 6.,873E-03-0, -0, -0, -0, -0, 0. 0.
21  8.296FE-U3 8,296E-03  6,173E=03-0. -0, -0, -0. -0, 0. 0.
8.296E-03 8,296FE-03 6,173E-03-0, -0, -0, -0, -0, 0. 0.
22  7.147€-08 7,147E-03  5,436E-03-0, -0. -0, -0, -0. 0. 0.
-0. -0, -0, -0. -0. -0, -0, -0, 0. 0.
23 -0. -0, -0, ~0. -0. -0, -0. -0, 0. 0.
'Uq 'U. -Do -0. -00 'U. -Ul -aq Uo Uc
24 -0. "D. '0. -0- "0. '0. '0. -0' 0- 0'
-0. -0. '0. ‘Un -0. "0. -Ol =0, 0. Uo
25 0. 0, 0. 0. 0. 0, 0, 0. 0. 0.
0. 0. 0. 0. 0. 0, 0, 0. 0. 0.

Fig. 6 (continued)

[
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CODE TWENTY GRAND - SAMPLE PROBLEM

ADJOINT FLUX CALCULATION BEGINS

NU=CRITICAL

IT NO FLUX CONVR NU~CRIT CONVR TOT RESIDUE MAX RESIDUE
10 | ,4093E=~01 0. 1 ,8226E 00 | ,6782E=01 i,00000€ Q0
20 3.9511E~02 o, 2.7536E=01 3.5659E~02 1,00000€ 00
30 5.5441E-03 0. 2,9506E-02 3,3140E=-03 |,00000e 0O
40 6.6382E~04 0, 3.5094E~03 6.2329E-04 {,00000g OO
50 | ,0085E~04 0, 6.5316E=-04 | ,1430E=-04 |,00000 00
60 | ,9238E=-05 0. 1.,4470E=-04 2,2833E~05 I,00000e 00
70 3.9488E-~06 0. 4,0099€E-05 5,11 18E=06 |,00000€ 00

Fig. 6 (continued)
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CODE TWENTY GRAND ~ SAMPLE PROBLEM

N.F,/¢(TOT PROD)# 5,71744E=(Q!

NO,.1T.# 70 NU-CRIT# |,00000€ 00D
GROUP | ADJOINT FLUX
! 2 3 4 5 6 7 8 9 10

[ 0, 0, 0. 0. 0, 0, 0, 0, 0 0,
2 1.610E-01 F.610E=CI 1.506E=01_1,437E-01 |,355E=01 |.I140E-01 8,866E-02 6,0556=02 3, 069E~-02 0,
3 3.513e-01 3.513€-U1 3,273g-0!_3,1176~01_  2,933E-00 2,457E-01 |1.900€-Ui 1.292€E-01 6,532E~02 0,
4 6,088E-01 6.088E=01 5,6056=01 5,.3126-01 4,986E-01 4.141E-01 3,154E-01 _ 2.126E-01  1,069E-U1 0,
5 7.795E-01 7.795E-~Ul 7.068E=01 6.661E=-01 6,266E-01 5.203€-01 3,896E-01 2,600E=0) t,30/E-01 @,
& 9.,415E-0! 9.41%E~0) 8,506€-01 B.008E~0I 7.5306-01 6,2446-01 4.651E-01 3.090E-01 i,542E-01 0,
? 1.,097E 00 1.097E 00 9.905£~01 9,.325E-0! 8,769E=-01 7.268E=01 5,401E-01 3.580E=01 1, ,784E-01 0,
8 |.245€ 00 | ,245E 00 1,126 00 1,061E 00 9,980E-U) 8,271E-U) 6,136E~-01 «,059E-01 2,020E~0) 0O,
9 1.387E 00 1.387E 09  (.259F 00 [.I87E 00 1.116E 00 9,243E-0i 6,842E-01 4.5(8E=-0) 2,246E-01 0,
10 |,521€ 00 .521€ 83 1.393z 00 1.313€ 00 ,231E 00 1.016E 00 7.502¢-01 4,943E-01 2,454€-01 0,
1 1,642 00 1,642 00 1,521F 00 11,4376 00 1,339 00 |,099E 00 8,086E~0f 5.315€E-01 2,635E-01 0,
2 1,738 00 1.7386 0C t,616E 00 1,528E 00 {,423E 00 [,166E 00 8.558€-01 5,56176=01 ¢,783E-01 0,
13 | .806E 00 1,806E 00 1,681 UG t,590E 00 (,481E 00 [,212E 00. 8.894E-0! 5,334E=01 2,889E-01 0,
14 1.B44E D0 1,844E OC 1,717 U0  1.,624E 00 1,513E 00 1,239 00 9,0856-0) 5.958E=-01 2,950E-01 0,
15 |,850E 00 t,850€ 00 1,723 00 1,630€ 00 I,519E 00 (,244E 00 9,124e-01 5,983E=-01 2,962E-01 @,
16 | .B26E 00 1.826E 00 1,701E 00 1.610€ 00 1,500 00 1,229 00 9.0136~01 5,91i€-01 2,927E~01 0,
17 1,771 00 t.771E 00 1,650 U0 1,562€E 00 1,455E 00 1,193 00 8,753E-01 5,743E=-01 2,844E-01 0,
8 |.686E D0 |.,686E 00 1,572 00 |,488E 00 [,387E 00 I,1376 00 8,353E-01 5,485E=0i 2,718E~01 0,
19 1,573€ 00" 1,573€ 00 1,467 00 1.389E 00 |,295E 00 1,063 00 7,.823E-01 5,144E=01 2,551€-01 D,
20 1,433E 00 11,4336 00 1.337E 00 1.267E 00 |,182E 00 9,727E-01 7,180€E-0( 4,735E-01 2,353e-01 0,
21 1,267 00 I.267é 00 1,184 00 1.122E 0D 1,049E 00 8.669E-01 6.450E-01 4.281E=D 2,136€-01 0,
22 |,078E 00 )1.078E 00 1,009 UGB 9.577E=~01 8,968E-0( 7.470E~01 5.681E=01 3I.8I17E=01 1,916E-01 0,
23  B.124E-01 B8,124E-Ul  7,625E-01 7.260E=-0) 6,822E-01 5,748E-01 4.466E-01 3,046E-01 1,342E-01 0,
24  6.920£-01 6.920E-U1  6,506E-01 6.203E-01 5,839E-~01 4,944E-0) 3,8656-01 2,65(E-01 1,347E-01 0.
25  6.920E-01 6.920€-U1 . 6,506E~01 6.203E-01 5,839E~0! 4,944E-01 3,8656-01 2,651E-01 1,347€E-01 0,

Fig. 6 (continued)



CODE TWENTY GRAND - SAMPLE

PROBLEM
S
GROUP 2 ADJOINT FLUX
| 2 3 4 5 6 7 8 § 10
| 0. g. 0. 0. 0, 0. g, 0, o, 0.
2 2,977g-01 2,977E-01 2,887E~-01 O, 3,474E-02 3,409E-02 2,947F-02 2,156E-02 |,136€E-02 0,
3 6.241E-01 6.241E=-01 6,052E~01 0. 8,622€6-02 8,435€-02 7,231E-02 5,247E-02 2,750€E-02 0,
4 |, 011f 00 1,011E 00 9,791E=-01 0. |,Bl6E=-01 (,760E-0I 1,470E-0t 1,044E=-0] S5,403€-02 0,
5 1,237 00 1.237E 00 l.l96E_00 0. 2,625€-01 2,526E-01 2,049E-01 1,424E-0f 7,300g-02 0,
[} 1,433 00 1,433 UD 1,385€E 00 O, 3,525E-01 3,382E-01 2,722e-61 |,878€E-01 9,578E-02 O,
7 1.592E 00 1,.592€ 0D I.ESBE'ﬁU 0. 4,612E-01 4,405€-01 3,521E-01 2,415€-0] 1,226E«01 0,
8 1,710 00 1,710 00 1,648FE 00 O. 6,0356-01 5,688Ee01 4,48I1E-01 3,043€-01 1,535g=-01 0O,
9 '.783€ 00 1,783€ 00 1,700 00 O, 8,l19e-0t 7,348E-01 S5,618E-01 3,753€~01 t,876E=01 O,
10 !.8/56 00 1,pISE 00 4.651E 00 1,438 00 I,181E 00 9.408&-0I 6.856E-01 4,488E=01 2,222E-0t O,
(] 1,854 00 1.854E 00 |.681F 00 1.545€ 00 1,392¢ 00 |,099€ 00 7,908E-01 5,136E-0| 2,531g=01 0,
12 1.901€ 00 |.901E 00 1,743 U0 1.630E 00 1,499E 00 1,20l 00 B8,.676E-01 5,636E=D1 2,776E«01 0.
13 | .939€ 00 1.939€ 00 1,792E 00 1.6B6E 00 t,561E 00 |,263E 00 9,177€-01 5,977E=01 2,947E-0! 0,
14 V1,959 00 1.959E 00 M.B!7E 00 1.714€ 00 1,592€ 00 5.?96E 60 9.450E-01 6,170E~0) 3,046E~01 0,
15 |.953€ 00 |.9§3E UU- 1.8156 00 t.7156 680 1,595€ 00 I.SU?E 00 9.523E-0i 6,229€E=-01 3,079g-01 0,
16 1.919 00 1,919€ 60 l;?aéE 90 1.689F 00 |,572E 00 1,286E 00 9,418E~-0t 6,168E=-0] 3,05(E-01 O,
1?2 | ,856E 00 1 ,856E U0 1,729E U0 1,.635E 0O 1 ,523€ 00 1.,247E 00 9,147E-01 5,997E-0| 2,969E-01 @,
18 t,764E 00 1.764E 00 1,644E U0 1.556E 00 1,450E 00 |,I88E 00 B8,726E-01 5,727€E-0| 2,837e~01 0,
19 1,643E.OD |.643E U0 1.532€ Ub .45(€ 00 1,353E 00 |.110E 00 8.168E-0f 5.370E-01 2,663£-01 0,
20 |,495E 00 1,4956 00 1,395 00 1,322 00 1,233E 00 i,01SE 00 7.493é-0| 4,942E-0t 2,456E-01 0,
21 |.322¢ 00 1,322 00 1,234 OG I1,171E 00 1,094 00 9,042E-01 6,729E~01 4.566E—0l 2,228e-01 0,
22 1,124 00 1,124E U0 1,052 00 9.987E~01 9,352E-01 7,789E-0[ 5,924E-01 3.?8!E-Ul | ,998E~-01 D,
23 8.468E-01 8.46§E-U| 7.9476-01  7.566E~01 7,111E-01 5,991E-01 4,654E-0] 3,174€=01 1,608E-01 0.
24 7.2106-01  7,210€=-01 6,779€-0*% 6,463E€-01 6.084E-01 5,I15IE=D1 4,027E-01 2,762E=01 1,404€-01 0,
25 7.2t0g-01 7,210€E-01 6.779E-01 6.463E~01 6,084E-01 5,I151En0i 4,0276-01 2,762E=-01 1,404E-01 0,

Fig. 6 (continued)
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CODE TWENTY GRAND - SAMPLE PROBLEM

GROUP' 3 ADJOINT FLUX

] 2 3 4 5 6 7 8 9 10
[ 0, 0. 0. 0. 0, g. 0, 0, 0, 0.
2 _3,n79g-01 3,0793-01 2,987g-01 0, 3,622E-02 3,554E-02 3,071E£-02 '2}246E-02 1, 184E-02 0,
3 6.456E-01 6.4565-01 6,263€E=01 0. 8,978E-02 8.780E-02 7,525E-32 5,459E-02 2,860E-02 0.
4 1,046FE GO 1.046E 00 1.014F 00 0. 1,887€-01 |.829E-01 1,528E-01 1,085E=-0( 5,612E-02 0,
5. I,280F 00 |,280E 00 I.23éE 00 0. 2,725€-01 2,622E-01 2,127E=-01 1,478E=-01 7.577E~02 0,
6 1,483 00 1.483E 00 1,434 00 0. 3,658E-01  3,509-01 2,824E-01 1,948E-0f 9,9356-02 0,
7 I.,64BE 00 1.648E 00 1.593€ 00 0. 4,784E-01 4.568E-0! 3,650E-01 2,504E=0] |.é7|s-u| 0,
8 1,770 00 1,770€ 00 1,706E 00 0. 6,256E-01 5,895€=01 4,644E-01 3,154E=01 1,590E-01 @,
9 1,845€ 00 +.845€ 00 1,760 00 0. B,411E-01 7,611E-01 5,820E-~01_ 3,887E~01 1,943E=01 0.
10 1.878€ 00 1.p78€ 00 1,709€ 00 |.488E 00 1,222 00 9,741E=0f 7,099E-01 4,646E=0] 2,300E-01 0,
i 1.919€ 00 1.,9i9€ 00 1.740€ 00 1.599€ 00 !,44tE 00 |,1376 00 8,!876-C01 5,316E=01 2,620¢-01_ 0,
12 11,9676 D0 1,967E 00 1.804E 00 1.686E 00 I,55!/E 00 1,243 00 8.979€-01 5,832E-01 2,873E«01 0,
I3 2,006E 90 2.006E B0 1,854E 00 (.744E 0C_ |.6I56 00 1.307E 00 9,496E-DI 6,184E=01 3,049E-01 Q.
t4 2,N26E 03 2.026E 00 1.879€ 00 1.773E 00 |,647E 00 1,341E 00 9,778E-0!" 6,383E-0] 3,151E-01 O,
5 2,020€ 00 2,020E 00 1,878E 00 1,774 00 |.650E 00 1.347E 00 9,853E-01 6.444E-01 3,(85E-01 Q.
6 1,985 00 1,985E 00 1,847 00 |I,747E 00 }.626€E 00 I,330€ 00 9.743E-01 6,380E-~01 3,I56E=01 0.
t7 1.920E 00 1.920E 00 1.788E 00O 1.691€ 00 |,576€E 00 1,29UE 00 9,462€-0) 6,2036-01 3,070E-0) 0,
18 1.825¢ B0 1,82%E 00 1,700 00 1,609 00 1,499E 00 |,229€ 00 9.026E-01 5,923E-01 2,934E=-0i 0,
19 l.eoqé 00 1,699E 00 1,584 00 1.500€ 00 |,399E U0 l.labe 00 8,448E-~01 5,553€-01 2,754E-01 0,
20 |.546E 00 1,546 00 1,443 00 .3676 00 1,275 00 |.050E 00 7,749E-01 5,I109E«0) 2,539E-01 0,
21 |, 366E GG | ,366E 00 1,276E 00 t.210€ 00 1,131E 00 9,348E-0i 6,957E-01 4,616E=01 2,303-05 0.
22 1,162¢ 00 1.162E 00 11,0876 00 1.032F 00 9,665E-01 8,05/E-01 6,1236-0t 4,114E=-01_ 2,0656=-01 0,
23 8.745E-01 8.745€E-01 8.,207E-01 7.814E-01 7,344€E-01 6,187e~01 4,807E-01! 3.278E;0| 1,660E-01 0,
24  7.443€-0! 7.4QJE-U| 6.997€-0) 6.671E-01 6,280E~01 5.317€~01 4.I1576-01 2.851E-01 1,449€-0! 0.
25  7,443E-01 7,443E-01 6,997E-0! 6.671E=-01 6,280E~01 5,3176-01 4,1576-0i 2.,851E=01 1,449€-01 0,

Fig. 6 (continued)



CODE TWENTY GRAND - SAMPLE PROBLEM
kg GROUP 4 ADJOINT FLUX
| 2 3 4 5 6 7 8 9 10

| 0, 0. 0. 0. 0, 0, 0. 0, 0, 0,
2 |, 774E-0} 1,774E~01 1,658E=01 i.582E-0I 1,491E-01 1,255€-01 9,755€-02 6,662E~02 3,377E«02 0,
3 3.873€-0) 3.873E-0t 3.607E~01 3.434€-01 3,231E-0) 2.706E-01 2.093€~01 1,423€-01 7,193€E-02 0,
4 6,723€-0t 6,723E-U01 6.185€E~01 5.860£-01 5,499E-01 4,568E~-01 3,479E-~-U! 2,344E~04 I,178E-01 0,
5 8.611E~-0l 8.611E=-01 7.804E-01 7.351€-0t 6,913E-01 5.742€-01 4,300E-01 2,869E-01 1,436E€-0! O,
6 |.040€ 00 11,0406 00 9,395e-0! 8.840E-0f 8,311E-01 6,894€E=-0F1 5,136E-01 3,411E-0t 1,702e-01 0,
7 1,212 00 (1,212 00 1.094€ 00 1,03DFE 00 9.682E~0! B8.027E~01 5.,967E-01 3,953E-0t 1,969E=01 0,
8 '.377€ 00 [.377e 00 1.245¢ 0D I.l72¢ 00 I,102€ 00O 9,138E-0F 6,781E-0) 4,485E-01 2,232E~01 O,
9 I, 534 00 1,534 00 1,392¢ 00 I,311E 00 1,234 00 |,022E 00 7,566E-01 4,994E-01 2,482E~0! O,
10 1.6836 00 ,683E 00 1.540€ 00 1.452€ 00 1,36/E 00 |,.124E 00 B8,299e-01 5,465E-0) 2,713E~01 O,
Il |,8l7E 00 1,gl7e UD 11,6836 00 1,590 00 1,482F 00 1,216E 00 8,947E-01 5,879E-01 2,.9(4€<01 0.
12 1,923 00 |,923E 00 J.7886 00 I.690E 00 |,574E 00 1,290E 00 9,471E-01 6,215E~01 3,078£~01 O,
13 |,998E 00 1,998 00 t,860€ 00 1,759€ 00 1,639€ 00 ,342E 00 9.846E-01 6,456E=01 3,196E-01 0,
14 2,040¢ 00 2,040F 00 +,900E 00 1,797€ DO _1,674E 00 1,371E 00 1,006 D0 6.593E-01 3,263E=01 0,
] 2,048 00 2,p48E 00 1,907 On 1,804 00 |,68!E 00 |,377E 00 1.010€E 00 6.622E=-01 3,278E-0[ O,
6 2,021 00 2,021 00 1,883 00 !,78lE 00 1,66DE 0O 1,360E 00 9,978E~0! 6,542E-01 3,238€«01 0,
17 1,960 00 |,960E 00 1,826E 00 I,.728€ 00 |1,6I10E DO 1,320E 00 9,.6906~01 6.355E-01 3,147E-01 O,
18 | . B66E 00 1,866E 00 1,739 00 1,646E DO 1,534 00 |,258E 00 9.246E-01 6,068E-01 3,006E«01 O,
19 1,740 00 1.740E UD 1,623 U0  1,536E 00 1,433 (O l.|77EI00 8.657€-01 5,690E-01 2,822g-01 0,
20 1,584 00 1.584€ U0 1,479 00 !,401E 00 1,307€ 00 1,076E 00 7.943E-01 5,236E-01 2,602E-01 0,
21 1,401E 00 1,401k 00 +,308c 00 1,241E DO |,!59E 00 9,584E-01 7,132E-01 4,731€-01 2,360e-01 0.
22 |,191E 00 1,i91€ 00 t,114€ 00 1.,058E 00 9,90BE-0I B8,252E-01 6.276F~01 4,216E~01 2,1 16E=01 0,
23 8.958E-0! 8,958E~-01 B8.407E-0| 8,004E-01 7,522E-01 6.338E«01 4,923€~01 3,357€~01 |,700E~01 O.
24 7.620€-01  7,620€E-01 7.164E-01 6,830E~01 6,430E-01 5,444E-01 4,256E-01 2,919E~01 1,4B4E-01 0,
25 7.620E-01  7,620E=01 7,164E-01 6.830E=-01 6;4305-UI 5.,444E~-01 4,256E-01 2,919E=01 i,484E-01 0O,

Fig.

6 (continued)
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CODE TWENTY GRAND - SAMPLE PROBLEM

(FLUX) % (ADJOINT=FLUX)

REGION INTEGRALS

REG FOLIF(K)® FL2)F(K)* F(3)F(K)* F(4)FuIK)* K#l,4
| 3.33684€ 00 1,94382F 00 9,99404g~0t 5,711 19E~D]
5.79128F 00 3.38019€ 00 1,73813F 00 9,91406E-D]
5.99292E 00 3.49785E 00 l,79863€ 00 1 ,02592E 00
3.68152E 00 2.14452€ 00 1, 10259 00 6,30105E=01
2 3.74469E 01 1.72962¢ 01 8.80068F U0 6,30799E G0
5,21609g 0! 2,433%51¢ Of 1,23849¢ 01 8,78886E (0
5,.39945E 01 2.51908€ U1 }.28203F 0t 9,09781E G0
4,13959E 21 1.91193€ 01 9,72831E 00 6.97320E 00
3 1.56865E 0! 0, 0. 2,64646E 00 -
0. a. 0. 0.
9. . 0. 0. 0,
| ,73269E 01 0, n, 2.92320€ 00
4 - 1.73859€ 01 3,95721 00 2,01i91F 08 2,93191E 0p
1, 18622E U1 2.83744€ 00 1,44236 00 1.99970E 00
1,22938E 01 2.94016€ 00 1,49458¢ 00 2.07244€ 00
1.,92065E 01 4,37229E 00 2,22294 0N 3.23894E 0D
5 2,18055E 00 2,89080E-01 [,48297g-01 3.72047E~01
8.41492-01 1.14229€E-01 5,85786E-02 1,43513E-01
8.75084E-01 1, 18774€=01 6.,09098¢~02 1 ,49242E~01
2,40317e 00 3.18620E-01 1 .63450g=0) 4,10029E-01
6 3.11027g 02 1,09441E 02 5,56200 01 5,24183E 0Oi
3.28784EF 02 1.15779€ N2 5,88398F 0 5,54081E 0!
3.40100 02 t. 19765 02 6.08650 01 5,73I51E 01
3.441 19 02 1.21085€ D2 6,15376 01 5,79953€ 01
7 2.68257E 0| 8.75636E 00 4,46734c 0D 4.54999E 00
2,61101E 0 8.67073E 00D 4,42384F 00 4,42922E 00
2.70175€ Of 8.,97135€ 00 4,57722 00 4,58315E Op
2.96743F 04 9.,68699E 00 4,94213€ 00 5.03315E 00
8 3.55723€ 0| 1.28572€ 01 6,67362 00 6.21639E Do
3.70787€ 0! 1.34017€E 01 6,95619¢ 00 6.47961E 00
3.82982€ Ot 1,38424E 01 7.18491E 00 6,69268E 00
3.92322E 01 1,41798E U1 6,85584E 00

7.36006g 00

Fig. 6 (cbﬂtinuédj
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CODE TWENTY GRAND - SAMPLE PROBLEM

(DEL-FLUX),(ADJOINT DEL=-FLUX) REGION INTEGRALS

REG DF(IIDF¢t)* DF(2)DF(2)* DF(3)DF(3)* DF(4)DF(4)*
| 3.29840E-01 2,95591€E~01 1.56692E=01 6.19644E-12
2 8.,70550€~01 2,54768€-01 | ,32525E-01 | ,60746E-01
3 6.21464E-01 0. 0. 1. 15769E=01
4 |.26783€ 00 3.25857€E=-101 |.70887€-01 2,34595E~-01
5 4,39605€=-01 2,52982E=-02 | ,34438E-02 8.25224E-02
6 7.37338E 00 2,91184E 00 1.52151g 08 | ,36026E 00
7 8.76698E 00 2,86636E 00 1 ,51127¢ 0O I ,64213E 00
8 |.79821E 00 6,66097E=-01 3.54090E~01 3,41771E=01

Fig. 6 (continued)
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