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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. Leakage in the third dimension in X-Y geometry
may be treated by a buckling which can vary with region and
group. Three types of symmetry conditions may be 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 method;1 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 transfer

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;

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

given to these conditions.

1U. 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, 0RNL-2967, Oct. 17, 1960.



4-. Normalization of fluxes to an arbitrary power level is permitted.

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

In addition to these items, the following features which have been

used in earlier Equipoise-type programs are included:

1. Zero flux, zero-derivative, and logarithmic-derivative (rod)

boundary conditions may be used.

2. Optional output includes the fission source distribution, the

adjoint fluxes, and the following associated integrals for each region

,*•

and

R c

dV

/ V(/>. 'V</>* dV
R X 3

1, 2, ... G

1, 2, G

where (/> and (jr* 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 any 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 group in the slab geometry shown in Fig. 1:

I-\,J

I,J-\

•I+\,J
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Fig. 1. Diagram of a Typical Mesh Point.



D [</>. (l-l,j) — <j).(l,j)] + similar leakage terms
1 2AZT

— j^ijB-ii ^i^^^) + similar longitudinal leakage terms[

AZ^
— ^Ali 0i(l,J) + similar absorption terms

4-

^T^
— ^dj_± ^i^^) + similar removal terms

4-

( v r ^^v^r< 2j fli—^i^Rli (MI>J) + similar "scattering-in" terms

Tv AV^R "IXX. 2j v2fi • <Ml>J) + similar source terms =0 (l)
|_j=l 1XJ J 4 J

j*i

The iterative procedure is based upon solving this equation for

0-L(!;<!); 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

B^ Square of group i buckling of area 1 at mesh point (l,J), cm"2
^>2_± Group i diffusion coefficient of area 1 at mesh point (l,J), cm.

f;n_>i The fraction of neutrons removed from group j that enter group
i from, area 1 at mesh point (l,J)

i;j Subscripts denoting group number

I,J Coordinates of mesh point (l,J)

AXj, Distance from mesh point (l,J) to mesh point (l,J+l), cm.

AZT Distance from mesh point (l,J) to mesh point (l-l,j), cm
(^(IjJ) Group i flux at mesh point (l,J)
X The eigenvalue of the problem; the value by which all vZ 's must

be multiplied so that the difference equations will balance



VZ . The number of neutrons produced per fission times the group j
J macroscopic fission cross section of area 1 at mesh point (I,J),

cm"1

EAnj Group i macroscopic absorption cross section of area 1 at mesh
point (l,J), cm-1

Group j macroscopic removal cross section of area 1 at mesh
point (l,J), cm"1

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

JAli

^Rlj

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. Single diagonal symmetry (square mesh only)

0(I,J) = <KJ,I) • (2)

2. Double diagonal symmetry (square mesh only)

<Ki,j) = 0(J,D ,

</>(l,J) = <KJMAX-nJ+l,IMAX-I+l) • (3)

3. Mirror diagonal symmetry

</>(l,J) = (/)(IMAX-I+1,JMAX-J+1) , (4)

These conditions may be understood by the sketches in Fig. 2.

Normalization of Fluxes to an Arbitrary Power Level

Unless specifically provided for in the input, all answers will be

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

that the sum of all sources v E (l,J) </>. (I, J) AV is one neutron per second.

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

4
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Fig. 2. Sketches of Various Symmetry Conditions that Can Be Handled
Automatically.

normalized to any desired power level. If the user assumes that there

are 3.3 x 10 3 fissions per kilowatt per second and that v = 2.5, the ap

propriate constant to be placed in the input for a power of 137 Mw would

be:

(137)(1000)(2.5)(3.3 X 1013) = 11.3025 X 1018

(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 just critical with a fictitious fuel for which the



number of neutrons per fission is XV, where X is the eigenvalue computed

by the program. There is, of course, no need to introduce X because it

cancels out.)

Logarithmic-Derivative or Rod Boundary Conditions

The finite-difference equivalent of the logarithmic-derivative bound

ary condition

d</>
D = -C(/> (5)

dn

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).

UNCLASSIFIED
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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:

(*
AZ,

T **B•)*(I,J) ,
where the C's may be regarded as the diffusion constants in the element



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

J V0. •V0.
J 1 l

dV

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

the following:

"0.(1-1, J) - 0(1, J)
n r ,* .*.

0.(1-1,J) - 0 (I, J)

A^ A^

"^(Ijj+l) - 0.(1, J)" ^*(I,J+1) - 0.(1, J) *W*R

^ ^

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. Columns 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.

7



CQ.
KEY PUNCHING INSTRUCTIONS:

Punch only that* cord* which hova
data in colgmni 73-

TWENTY GRAND INPUT FORM - 1 REQUEST NO.

CODE TWENTY GRAND SAMPLE PROBLEM FOR REPORT 1 1 1 IT| 1ITILIEI

ITER
1

IMAX
4

J MAX
7

NR
0

NC
5

NG Gl Bl
18 20

SI Al
22 24

Fl CI
26 28

01 LB
SO 32

TB RB
34 36

BB NORM FACTOR
58 40 50 56 T

«(R)
ez .... •??..

3|0|C 1215 MIC 1 18 1 h k -h 1 1JI IE 1 h hi PI II11 1 .P0|0|0|1 •Ploioh I.PIOICM III 1 1 1 |C|N|T|R|L

XI,
1 6

XI, xit
11

Xl.
16 21

X'» xlt
26

B'
31 '

B1
38 * 45

Bj B1
52

B1
59 '

a"
66 73 «0

lol. lei |0|.|2 lol.hl lol.hl .HE 11 ll foWdofei III EL. 11 1 1 MM M 1 1 1 1 III 1 1 IClNlTlRlL

AY
1

ROW

7
Ay

10

row AY row
1ft 19 25 28

Ay ROW

34 37
Ay ROW

43 46
Ay ROW

52 55

Ay Row
61

Ay
64

ROW

70 73 BO

|2|.|0| | 1 14 HI.Id 1 1212 121. Ol I |2|5 I I | 1 1 1 1 1 1 MElSlH

1 II 1 1 | | Mill HIE 1 1HH MM 1 1 1 1 II II 1

Mil | | Mill IEIE Ml MM 1 1 II 11 II 1

1 II II | | 1 1 M 1 TTIE | M MM 1 1 1 M II II

Ax COL Ax COL A
16 19

x c
25

OL

28
Ax COL

34 37
Ax COL

43 46
Ax COL

52 55

AX COL
61

Ax
64

COL

7°, . 73 .. .....-, . ,M

I2I.I0I 1 H hi-Id 1 1 |3 p|. 5LL |5 hi.Id 1 i|o MM III 1 1 1 1 1 1 MElSlH

II 1 1 1 1 1 Mill || | 1 MM 111 Mill

1 II 1 ~f~p 1 1 II TLTL 1 Ml III 1 l l l 1 II II II

1 1 1 1 1 1 Mill IEIE | Mil III l l II II III

COMP.
, NO.

ROW 1
4

ROW 2
7

COL 1
10

COL 2
13

COM

20NO
p- ROW 1

23
ROW 2 C

26 29
3L 1 COL 2

32

COMP.
„NO.

ROW 1

42 4
ROW 2
5

COL 1
48

COL 2
51

COMP.
„ NO. (ROW 1 ROW 2 COL 1 COL 2

64 67 170 "..,... 1"
1 12 I ~H 1 h 1 |3 III 1 1 I |4 hio ZI1 II 1 |3 1 h hio 1 |3 1 |5 I I 1 1 h 1 |4 |1|0 1 |5 1 K 1 II 1 IRIEIG

1 |2 1 [ IE 1 |5 H|o III 1 \ hio |2|2 h 117 1 12 1 K |2|2 1 |7 hio 11 1 1 12 |2|2 I2|5 1 h lip MM NEIG

1 I 11 I | III 1 1 II 1 1 | II H_ 1 1 1 II II

| | 11 | || 1 IE II 1 11 | | | | II I | 1 II 1 1 II

| | 11 1 1 III | IET1 XIE II ME II I | III III 1

| | 1 I Ml 1 [IE 1 1 1 1 | IE i 1 I | MM II 1

n 11 1 1 III 1 1 | 1 11 II 11 11 | | III 1 II 1

Fig. 4. Input for Sample Problem.
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Columns 4 through 6, IMAX(l3) ^ 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 MR ^ 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) s£ 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, Bl(l2): 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 0 or

blank specifies a constant buckling, the value of which is written in

columns 31 through 37 of control card 2.

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

+1, the source

i=l

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

the output. If SI is 0 or blank, the source calculation is skipped.

Columns 24 through 25, Al(l2): Adjoint indicator. If this number

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

flux calculation. If AI is 0 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 0 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

t+io
X

< eM (6)

where X 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:

</>J(J,J)

tfi+1(l,J)
- 1 < €(tf) (7)

max

If CI is 0 or blank, the calculation stops when both the above conditions

are met, as well as the residue condition,

i I,J

1/2
< e(R) (8)

where R is the residue per one source neutron calculated from equations

such as (l).

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 (1,1). A +2 designates two diagonal sym

metry axes. A -1 for DI specifies mirror image symmetry, with the symmetry

axis passing through mesh point (1,1). If DI is 0 or blank, then no

diagonal symmetry axis exists for the problem..

Columns 32 through 33, LB(l2): Left boundary indicator. If LB is

0 or blank, the left boundary of the reactor is a zero flux boundary. If

LB 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 0

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 0 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

columns JMAX-1 and JMAX.

Columns 38 through 39, BB(I2): Bottom boundary indicator. Write 0

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(X.) (E6.3): Convergence criterion for X con

vergence condition given by Eq. (6). A value of 10"5 is reasonable for

this number.

Columns 56 through 61, e((/>) (E6.3): Convergence criterion for flux

convergence condition given by Eq. (7). A value of 10"4 for this number
will usually assure reasonable convergence.

Columns 62 through 67, e(R) (E6.3): Convergence criterion for residue

convergence condition given by Eq. (8). This number should be of the order

of 10"5 for reasonable convergence.

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

If this number is zero or blank, p is computed by the code. If this number

is 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; XI±(F5.4): The fraction of
neutrons produced from fission that are born in group i. Note that

K

Y. xi. = 1.0 .
i=i x

Columns 31 through 37, 38 through 44, 45 through 51, 52 through 58,

59 through 65, 66 through 72; B?(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 columns 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 (13)

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

column 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 (13) 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 (13), top

row number (13), bottom row number (13), left column number (13), and right

column number (13). 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 above, K composition specification cards are written,

where K is the total number of groups. For each card the following numbers

are specified.

Columns 1 through 3: Composition number (13).

Columns 4 through 5: Group number (12).

Columns 6 through 13, D(E8.5): Diffusion coefficient. Note that if

D = 0, then L^ = vZ = 0 and L, = C. This specifies a rod group.

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

Columns 23 through 31, Z (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.(F5.4): The fraction of neutrons removed from group i

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

13



(i / l) for this composition. The value of I 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, fi and f2 (the
f's are labeled fx, f2, f3, f^, fs in Fig. 4) would designate the fraction

of removals from group one to groups two and three, respectively. For

group two, fi and f2 would be the fraction of removals from group two to

groups one and three. In specifying group three, fi and f2 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 ZL = 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, AX 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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-
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C OMP 2 -=1
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ArC OMP 2 = 2

25 1
X =

" \ j

A* = 2- -A^=0.5

XA^= 1

Fig. 5. Diagram of Sample Problem.
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CODE TWENTY GRAND - SAMPLE PROBLEM

REACTOR SPECIFICATIONS

25 ROWS 10 COLUMNS 8 REGIONS 3 COMPS 4 GROUPS XY GEOM B.C.(L.Tj R,B)#I,0,0,1 N. f.n i.oooooe 00

CHI(K) 0.6000 0.2000 0. 1000 0.1000

MESH SPECIFICATIONS

I DELTA

1 2.000 4 1.000 22 2.000 25

J DELTA

1 2.000 2 1.000 3 0,500 5 1.000 10

DIMENSION SPECIFICATIONS

I DIST.

2 2.000 3 4.000

11 13.000 12 14.000

4 6.000 5

13 15.000 14

7

16

000

000

6

15

8.000 7

17.000 16

9.000
18,000

8 10.000

17 19.000
9

18

11.000 10

20.000 19

12.000

21.000

20 2?.(100 21 23.0U0 22 24.000 23 36 000 24 28,000 25 30.000

J DIST.
2 1.000 3 2.0UO 4 2.500 5 3 000 6 4.000 7 5.000 8 6.000 9 7.000 10 8.000

Fig. 6. Output for Sample Problem.



CODE TWENTY GRAND - SAMPLE PROBLEM

REGION SPECIFICATIONS

REG

1

IT

1

IB

4

JL

1

JR

3

CMP

2

GRP

1

0

1.2 1OE 00

SIGH

2.100E-03
SIGA

2.IOOE-03 -0

NUSF BSQ FI

2.000E-03 0.

F2

0.600

F3

0.300

F4

0.100
2

3
1.220E

1.230E

00

00

2.2O0E-03

2.300E-03

2.200E-03
2.300E-03

-0 2.000E-03-0.
2.Q0QE-O3-O.

0.
0.400

0.600
0.

0.400

0.600
4 1.240E 00 2.400E-03 2.400E-03 -0. 2.000E-03-0. 0.500 0.500 0.

2 4 10 1 3 1 1

2

1. 1 IDE

1. 120E

00

00

1.100E-03

1.200E-03

1.100E-03

1.200E-03
2.

2.

2.

2.

1OOE-03
200E-03

300E-03
400E-03

2.0O0E-O3 0,
2.000E-03-0.

2.000E-03-0,
2.000E-03-0.

0.600

0.

0.400

0.500

0.300

0.600

0.

0.500

0.100

0.400
3

4

1. I30E
1. 140 E

00

00

1.300E-03

1.400E-Q3

1.3006-03

1.400E-03
0.600

0.

3 1 10 3 5 3 1 1.3I0E 00 3.1OUE-03 3.1OOE-03 -0. 2.000E-03 0. 0.600 0.300 0. 100
2

3

0 . -0.

-0.

5.0006-02

5.000E-02

-0.

-o.

2.0U0E-03-0.

2.0006-03-0.
0.

-0.

-0.

0.

-0.

-0.
4 1.340E 00 3.4006-03 4.1OOE-03 -o. 2.000E-03-0. 0.500 0.500 0.

4 4 1 0 5 7 1 1

2

I.IIOE

1 . I20E

00

ao

I.IOOE-03

1.200E-03

1.1OOE-03

1.2006-03
2.
?.

1006-

200E-

•03

•03

•03

•03

2.0006-03 0.

2.000E-03-0.

2.000E-03-0,
2.0O0E-03-0.

2.000E-03 0.

0.600

0.

0.400

0.500

0.600

0.300

0.600

0.

0.500

0.300

0. 100

0.400
3

4

1. I30E

1. I40E

00

00

1.300E-03

1.4O0E-03

1.300E-03

1.400E-03
2.

2.

-0.

3006-
4006-

0.600

0.

5 1 4 5 Ia 2 1 1.21OE 00 2.100E-03 2.1006-03 0.100
2

3

1.22UE

1.23UE

00

00

2.20 06-03

2 . 3 0 0 E - 0 3

2.200E-03

2.300E-03
-0.

-0.

-o.

2.0UQE-03-Q.

2.000E-03-0.

2.000E-03-0.

0.

0.400

0.500

0.600

0.

0.500

0.400

0.600
4 1.240E 00 2.40 0E-03 2.400E-03 0.

6 1 U 22 1 7 I 1

2

I.IIOE

1. I20E

00

00

1 . 100E-03

1.2006-03
1.1OOE-03
1.2006-03

2.

2.
10OE-

200E-

•03

03

2.0U0E-03 0.
2.0006-03-0.

0.600

0.
0.300

0.600
0.100

0.400
3

4

1. 13 OE

1. 140E

no

00

1.3006-03

1.4006-03

1.300E-03
1.400E-03

2.

2.
300E-
4006-

03

03

2.000E-03-0.
2.000E-03-0.

0.400
0.500

0.
0.500

0.600
0.

7 4 22 ; 10 ? 1 1.21OE 00 2. 1OUE-03 2.1006-03 -0.

-0.

-0.

-o.

2.0006-03 0.

2.0006-03-0.
2.0006-03-0.

2.000E-03-0,

0.600

0.

0.400

0.500

0.300
0.600

0.

0.500

0.100
2

3

1.2206

1.230E

0 0

00

2.20 0E-03

2.300E-03

2.2006-03

2.3006-03
0.400

0.600
4 1.240E 00 2.400E-03 2.4006-03 0.

6 22 25 i 1 1.1 2 1

2

1.2106

1.220E

00

00

2.100E-03

2.2006-03

2.1006-03

2.2006-03

-a.

-o.

-o.

-o.

2.0006-03 0.

2.0006-03-0.

2.OOOE-03-0.

2.000E-Q3-0.

0.600

0.

0.400

0.500

0.300

0.600

0.

0.500

0.100

0.400

-<3

3

4

1.230E

1.24QE

00

00

2.3006-03

2.4006-03

2.3006-U3

2.4006-03
0.600

0.

Fig. 6 (continued)



CODE TWENTY GRAND - SAMPLE PROBLEM

FLUX CALCULATION BEGINS BETA* I./364E 00

IT NO FLUX CONVR

10 1. 14046-0 1

NU-CRIT CONVR

1.0000E 00

TOT RESIDUE

3.I558E-02

MAX RESIDUE

4.9995E-03
NU-CRITICAL

4.09722E 01

20 2.357IE-0I

30 1.21566-02

2.2999E-0 1

1.48416-03

3. I345E-02

8.98516-03

4.0834E-03
1.5777E-03

3.331 I2E 0 1

3.33607E 01

40 4.8044E-03

50 6.19906-04

4. 1302E-03

7.9259E-04

1.92106-03
2.3835E-04

4.4730E-04

5.6I23E-05

3.34990E 01

3.35256E 01

60 fl.051 IE-05

70 8.76196-06

1. 1065E-04

1.4238E-05
2.9666E-05

3.2847E-06

7. 1 I94E-06

7.4762E-07

3.35293E 01

3.35298E 01

80 7.30I6E-07 I.6242E-06 7.3943E-07 I.I27IE-07 3.35298E 01

Fig. 6 (continued)



vO

CODE TWEMTY GRAND - SAMPLE PROBLEM

NO.IT.* 80 NU-CRIT* 3. 352986 0 1 N.F /(TOT PROD)# H.2554IF-03

GROUP 1 FLUX

1 2 3 4 5 6 7 8 9 10

1 0. 0. 0. 0. 0. 0. 0. 0. o. o.

2 4. I34E-0 1 4. I34E-01 3.873E-01 3.699E-0I 3.4916-01 2.940E-0I 2.287E-01 1.5626-0 1 7.92IE-02 0.

9.05IE-0I 9.05IE-0I a.446E-Ol 8.049E-0I 7.579E-0I 6.35IE-UI 4.9I3E-0I 3.34IE-0I •6896-01 0.

1.5786 00 I.578E 00 1.4546 00 I.378E DO 1.2946 00 I.075E 0U 8.1626-01 5.5126-01 2.770E-OI 0.

5 2 0276 00 2 0276 00 1.838E 00 1 7326 00 1 .6296 0 0 1 .353E 00 .0126 00 b.749E -01 3.3766-01 0.

6 2 453F 00 2 4536 00 2.2I5E 00 2 0856 00 1.9606 00 1.625E 00 .209E 00 J.D26E -01 4.003E-0I 0.

7 2 8596 00 2 859E 00 2.5826 00 2 4306 DO 2 .2856 00 1 893E 00 .405E 00 J.304E -0 1 4.632E-01 0.

8 3 24RE 00 3 248E 00 2.937E 00 2 7666 DO 2 .6026 00 2 I55E DO .597E 00 .055E 0 0 5.248E-01 0.

9 3 620E 00 3 620E 00 3.284E oo 3 0966 00 2 9I2E 00 2 409E 00 .782E 00 . I75E 00 5.8356-01 0.

10 3 972E 00 3 9726 00 3.635E 00 3 4276 00 3 2I2E 00 2 650E 00 .954E 00 •285E 00 6.3756-01 0.

1 1 4 2876 00 4 2876 DO 3.971E oo 3 752E 00 3 495E 00 2 867E 00 2 . I06E 00 .3826 00 6.8476-01 0.

12 4 5396 00 4 539E 0 0 4.2I9E 00 3 9886 00 3 7136 00 3 040E 00 2 2Z8E 00 .4616 00 7.2296-01 0.

13 4 71 56 00 4 7I5E 110 4.3886 00 4 1496 00 3 864E 00 3 I62E 00 2 3166 00 .5176 00 7.504E-0I 0.

14 4 8136 00 4 RI3E 00 4.48IE 00 4 2386 00 3 9476 00 3 2296 00 2 .365E 00 .5486 00 7.659E-01 0.

15 4 829E 00 4 829E 00 4.4976 00 4 2546 DO 3 9626 00 3 2426 00 2 .3746 00 .5556 00 7.6886-01 0.

16 4 763E 00 4 763E UO 4.437E 00 4 1976 00 3 91 06 00 3 2006 00 2 3446 00 .5356 00 7.5926-01 0.

17 4 6I7E 00 4 6I7E 00 4.301E 00 4 0706 00 3 7926 00 3 1056 00 2 275E 00 .4906 00 7.3736-01 0.

18 4 392E 00 4 3926 00 4.093E 00 3 8736 00 3 609E 00 2 958E 00 2 1696 00 .4226 00 7.0376-01 0.

19 4 092E 00 4 092E 00 3.8I4E 00 3 61 IE 00 3 367E 00 2 7626 00 2 0296 00 .3316 00 6.5976-01 0.

20 3 71 9E 00 3 7I9E 00 3.470E 00 3 2866 00 3 0666 00 2 52IE 00 1 858E 00 .2236 00 6.0736-0 1 0.

21 3 ?79E 00 3 279E 00 3.062E Oo 2 904E 00 2 7136 0 0 2 240E 00 1 664E 00 . 1036 00 5.496E-01 0.

22 2.776E 00 2.776E 00 2.5976 00 2.4666 00 2.3096 00 I.922E 00 I.460E 00 9.799E-0I 4.9156-01

23 2.0726 00 2.072E 00 I.944E 00 I.85IE 00 1.7396 00 I.465E 00 I.I38E 00 7.7546-01 3.926E-0I 0.

24 I.753E 00 I.753E UP I.648E 00 I.572E 00 I.479E 00 1.2526 00 9.7696-01 6.7I2E-0I 3.4IIE-0I

25 I.753E 00 1.7536 00 I.648E 00 1.5726 00 I.479E 00 I.252E 00 9.769E-0I 6.7I2E-0I 3.4IIE-0I

Fig. 6 (continued}
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CODE TyEMTY GRAND - SAMPLE PROBLEM

GROUP 2 FLUX

1 2 3 4 5 6 7 8 9 10

1 0. 0 0. 0 0 0 0 0 0 0.

2 2.5896-01 2 .589E--0 1 2.51IE-01 0 3 1606-•02 3 1006-02 2 677E-02 1 958E-02 1 032E-02 0.

3 5.42IE-01 5 .42 tE-01 5.257E--01 0 7 740E--02 7 5706-02 6 489E-02 4 7106-02 2 469E-02 0.

4 8.759E-01 8 .7596-01 8.484E-•01 0 1 602E-0I 1 5536-01 1 300E-01 9 244E-02 4 789E-02 0.

5 1.0706 00 .0706 00 1.035E 00 0 2 297E-01 2 2I2E-0I 1 799E-01 1 254E-0I 6 437E-02 0.

6 1.239E 00 .2396 00 1.1976 uo 0 3 073E-0I 2 9SIE-0I 2 38IE-01 1 6476-01 8 4136-02 0.

7 1.376E 00 .3766 00 1.329E 00 0 4 .0126-•01 3 8346-01 3 07 tE-01 2 1I2E-0I 1 .074E-0I 0.

8 1.478E 00 .4786 00 1.424E uo 0 5 .240E--0 1 4 9426-01 3 90IE-01 2 656E-0I 1 .34IE-0I 0.

9 1.541E 00 .5416 00 1.469E 00 0 7 .039E--01 6 3756-01 4 884E-0I 3 270E-0I 1 .6366-01 0.

1 0 1.5696 00 .569E 00 1.428E on .2446 00 .022E 00 8 1546-01 5 954E-0I 3 905E-0I 1 .936E-0I 0.

1 1 1.603E 00 .603E 00 1.454E 00 337E 00 .205E 00 9 5186-0 1 6 864E-0I 4 4676-01 2 .204E-0I 0.

12 1.6446 00 .6446 00 1.508E uo 41 OE 00 2976 00 040E 00 7 529E-0 1 4 9006-0 1 2 4I6E-01 0.

13 1.677E 00 .6776 00 1.550E oo 4596 00 3516 00 095E 00 7 964E-01 5 1966-01 2 5656-01 0.

14 1.695E 00 .6956 00 1.572E 00 484E 00 379E 00 I23E OO 8 202E-01 5 3656-0 1 2 65IE-0I 0.

15 1.690E 00 6906 uo 1.572E 00 4856 00 3826 00 I29E 00 8 2696-01 5 4186-0 I 2 68IE-0I 0.

16 1.662E 00 6626 00 1.547E 00 463E DO 362E 00 II56 00 8 I6IE-0I 5 3686-0 1 2 6586-01 0.

17 1.609E 00 609£ 00 1.499E 00 4I8E DO 32IE OO 083E 00 7 953E-01 5 2236-01 2 5886-01 0.

18 I.530E 00 5306 00 1.426E 00 3506 00 258E 00 0326 00 7 594E-0I 4 9936-01 2 476E-0I 0.

19 1.4286 00 4286 00 1.33IE uo 26 1E OD I76E 00 9 6606-01 7 1I9E-0I 4 6896-01 2 328E-01 0.

20 1.302E 00 302E 00 1.2I5E uo I5IE 00 074E 00 8 849E-01 6 544E-0I 4 324E-0I 2 I5IE-0I 0.

21 1.154E 00 . I54E ou 1.078E 00 023E 00 9 558E-•01 7 9076-0 1 5 S94E-0I 3 9166-01 .9576-01 o.

22 9.8636-0 1 9 •863E-•0 1 9.230E-•01 8 767E-01 8 2ME-•01 6 8446-01 5 2 1IE-01 3 506E-0 1 761E-01 0.

23 7.505E-0I 7 5056- 01 7.044E-•01 6 708E-•01 6 305E--01 5 3146-01 4 I30E-OI 2 8186-01 .4286-01 0.

24 6.431E-01 6 4316- 01 6.047E-•01 5 765E-•01 5 428E-0 1 4 597E-0I 3 595E-0I 2 4666-01 2536-01 0.

25 6.43IE-01 6 4316- Ul 6.0476-01 5 7656-•01 5 428E-D1 4 5976-0 1 3 595E-0I 2 4666-01 2536-01 0.

Fig. 6 (continued)



CODE TWENTY GRAND - SAMPLE PR0BL6M

GROUP 3 FI nx

0. 0. 0. JLl JL^

I.34OE-0I I.3406-01 1.3006-Ql 0. .6346-02 I.603E-Q2 I .384F-02 I.0126-02 5.3356.03 0.

2.7956-01 2.7956-UI 2.7116-01 3.9846-02 3.8966-02 3.340E-02 2.425E-02 I.272F-02 0.

4.4696-0 I 4.4696-01 4.350E-0I 8.1866-02 7.9426-02 6.6516-02 4.7376-02 2.456F-02 0.

5.467E-0I 5.467E-UI 5.288E-0I 1.1706-01 I.1276-01 9.1846-02 6.4136-02 3.2956-02 0.

6.3156-01 6.3156-UI 6.1056-UI .5636-UI .50 IE-0I I.2I4E-0I 8.4I2E-02 4.30IE-02 0.

7.0066-01 7.0066-01 6.7696-01 0. 2.039E-0I •949E-0I 1.5646-01 1.0786-01 5.4B4E-02 0.

2.6636-01 2.5126-01 1.9866-01 1.3546-01 6.8476-02 0.8 7.5I4E-0I 7.5146-01 7.243E-0I 0.

9 7.825E-0I 7.8256-01 7.465E-0I 0. 3.5756-01 3.2396-01 2.4866-01 1.6676-01 6.3506-02 0.

7.9626-01 7.9626-01 7.2466-01 6.3126-01 5.1896-01 4.I42E-0I 3.U29E-0I I.990E-0I 9.B75E-02 0.

M 8.1326-01 8.1326-01 7.376E-0I 6.783E-0I 6.II3E-0I 4.833E-0I 3.492E-0I 2.2766-01

12 B.3366-01 8.3366-01 7.647E-0I 7.I52E-0I 6.581E-0I 5.282E-0I 3.829E-0I 2.496E-0I

13 6.505E-0I 8.5056-UI 7.861E-0I 7.3996-01 6.856E-0I 5.557E-0I 4.05IE-0I 2.647E-0I

14 8.5936-01 8.5936-01 7.974E-0I 7.527E-0I 6.9956-01 5.7026-01 4.I73E-0I 2.7346-01

15 6.5736-01 8.5736-01 7.9736-01 7.5366-01 7.0146-01 5.735E-0I 4.208E-0I 2.7626-01

16 8.434E-0I 8.4346-01 7.852E-UI 7.4276-01 6.9186-01 5.6676-JI 4.I66E-0I 2.738E-0I

17 6.I69E-0I 8.I69E-UI 7.6I0E-0I 7.202E-0I 6.7126-01 5.506E-0I 4.052E-0I 2.666E-0I

18 7.778E-0I 7.7786-01 7.2516-01 6.8646-01 6.40IE-0I 5.256E-0I 3.874E-0I 2.552E-0I

19 7.2676-01 7.2676-01 6.7786-01 6.420E-0I 5.989E-0I 4.925E-0I 3.637E-0I 2.400E-0I

20 6.639E-0I 6.6396-01 6.I96E-0I 5.6746-01 5.485E-0I 4.5216-01 3.350E-OI 2.2I7E-0I

21 5.905E-0I 5.905E-OI 5.5196-01 5.2356-01 4.895E-0I 4.Q53E-0I 3.026E-OI 2.QI5E-0I

22 5.074E-OI 5.0746-01 4.7496-01 4.5IIE-0I 4.226E-0I 3.525E-0I 2.687E-0I I.8I0E-0I 9.0976-02 0.

•1246-01 0.

.232E-0I 0.

.308E-0I 0.

•353E-CI 0.

.3686-01 0.

•357E-0I

.3236-01 0.

.267E-0I 0.

•I93E-0I

I04E-0I 0.

, Q07E-0I

23 3.900E-0I 3.900E-QI 3.661E-0I 3.486E-0I 3.2776-01 2.763E-0I 2.I49E-0I I.467E-0I 7.433E-02 0.

24 3.3636-01 3.3636-01 3.I62E-0I 3.0 16E-PI 2.839E-0I 2.405E-0I I .881E-0I I .291E-0I 6.56IE-02 0.

25 3.3636-01 3.3636-01 3.I62E-UI 3.0I6E-OI 2.839E-0I 2.405E-0I I .681E-0I 1.2916-01 6.56IE-02 0.

Fig. 6 (continued)



C0D6 TWENTY GRANL - SAMPL6 PROBLEM

GROUP 4 FLUX

1 2 3 4 5 6 7 8 9 10

1 0. 0. 0. 0 0. 0. 0 0 0. 0,

2 7.1596-02 7. 1596-02 6.6896-02 6 377E-02 •0I0E-02 5.0546-02 3 929E-02 2 683E-02 1.3606-02 0.

3 1.558E-01 1.558E-01 1.450E-UI 1 3806-01 1.2986-UI 1.0876-01 8 406E-02 5 7I6E-02 2.890E-02 0,

4 2.6696-01 2.6896-01 2.474E-0I 2 3446-01 2.1996-01 1.8266-01 1 392E-0I 9 364E-02 4.7I9E-02 0,

5 3 433E-01 3 4336-01 3 1 136-01 2 933E-0I 2.756E-0I 2 290E-01 1 7I6E-0I .1476-01 5 7406-02 0.

6 4 141E-01 4 I4IE-0I 3 7416-01 3 5216-01 3.31QE-01 2 7456-01 2 047E-0I .3616-01 6 7976-02 0.

7 4 8I8E-0 1 4 RI86-0I 4 353E-0I 4 0976-01 3.8526-UI 3 1936-01 2 376E-UI .576E-0I 7 6586-02 0.

8 5 466E-0 1 5 4666-01 4 945E-0I 4 6586-01 4.3816-01 3 6326-D 1 2 698E-0I .7876-01 8 8976-02 0.

9 6 086E-0 1 6 0866-01 5 525E-0I 5 2086-01 4.8996-01 4 0576-01 3 0086-01 .9886-01 9 8896-02 0.

10 6 672E-UI 6 6726-01 6 1 IOE-01 5 7616-01 5 4016-01 4 4616-01 3.298E-0I 2.1756-01 .0806-01 0.

1 1 7 1986-01 7 1986-01 6 67UE-0I 6 3036-01 5 874E-0I 4 8256-01 3.5546-01 2.3396-01 . I60E-0I 0.

12 7 6I8E-01 7 6166-01 7 083E-OI 6 6986-01 6 2396-01 5 1156-01 3.7616-01 2.4726-01 .2256-01 0.

13 7 9I4E-01 7 9146-01 7 3676-01 6 969E-01 6 4926-01 5 3216-01 3.9I0E-0I 2.5686-01 .272E-0I 0.

14 8 079E-0I 8 0796-01 ; 524E-0I 7 1I9E-0I 6 633E-0I 5 4366-01 3.994E-01 2.6226-01 .2996-01 0,

15 8 1106-01 8 1106-01 7 555E-0I 7 1496-01 6 6626-01 5 4616-UI 4.0I2E-0I 2.6346-01 .3056-01 0.

16 8 006E-0 1 8 0066-01 7 460E-0I 7 0606-01 6 5796-01 5 3956-01 3.965E-01 2.6046-01 .290E-0I 0.

17 7 7696-01 7 7696-UI 7 241E-0I 6 8536-01 6 3886-01 5 2406-01 3.853E-0I 2.53 1E-01 .254E-0I 0.

18 7 4036-01 7 4036-UI 6 902E-OI 6 5346-01 6 0926-01 5 0006-01 3.6796-01 2.4196-01 .2006-01 0.

19 6 9136-01 6 9I3E-0I 6 448E-0I 6 1066-01 5 6966-01 4 6816-01 3.450E-0I 2.2716-0 1 . I28E-0I 0.

20 6 3076-01 6 3076-01 5 866E-0I 5 5786-01 5 2076-01 4 2886-01 3.I7IE-0I 2.0946-0 1 .042E-0I 0.

21 5 59IE-0I 5 5916-01 5 224E-0I 4 9556-01 4 6326-01 3.83 •E-0 1 2.855E-0I .8976-01 9.472E-02 0.

22 4 7766-01 4 7766-01 4 470E-0I 4 2456-01 3 976E-0I 3.3H6-0I 2.5236-01 .697E-OI 8.5216-02 0.

23 3 6286-01 3 628E-0I 3 405E-0I 3 2426-01 3 0476-01 2.5686-01 1.9966-0 1 .362E-0I 6.899E-02 0.

24 3 105E-0 1 3 1056-01 2 9206-01 2 7846-0 1 2 62IE-0I 2.2196-01 1.7356-01 . I90E-OI 6.O5IE-02 0.

25 3 105E-01 3 1056-01 2 9206-01 2 7846-01 2 62IE-0I 2.2196-01 1.735E-0I .1906-01 6.05IE-02 o,

Fig. 6 (continued)



CODE TWENTY GRAND - SAMPLE PROBLEM

GROUP ABSORPTIONS

GROUP-ONE GROUP-TWO GROUP-THREE GROUP-FOUR TOTAL
6.073686-01 9.6354UE-0I 5.009766-01 I.2640IE-0I 2.I9828E 00

GROUP PRODUCTIONS

GROUP-ONE GROUP-TWO GROUP-THREE GROUP-FOUR TOTAL
5.67242E-0I 2. III47E-0 I I.I2267E-0I I.09344E-0I IO.OOOOOE-0

BOUNDARY LEAKAGES TOTAL* 2.97494E 0

GROUP-ONE GROUP-TWO GROUP-THREE GROUP-FOUR TOTAL
LFT0. 0. 0. 0. 0.
TOP I.29829E 00 3.76649E-0I 1.964706-01 2.29348E-0I 2.I0Q76E 00
RIT I.6665IE 0 I 5.3I529E 00 2.74834F 00 2.9I989E 00 2.76486E 01
BOT 0. 0_. p_; 0_, 0_.

AXIAL LEAKAGES

GROUP-ONE GROUP-TWO GROUP-THREE GROUP-FOUR TOTAL
9.39804E-0I 3.I5877E-0I I.6274 IE-0 I I.63779E-0I I.56220E 00

REGION ABSORPTIONS

REG GROUP-ONE GROUP-TWO GROUP-THREE GROUP-FOUR TOTAL REG.VOLUME
1 I.73908E-02 I.08I93E-02 5.824296-03 3.4I023E-03 3.74447E-02 1,200006 01
2 3.64899E-02 I.882316-02 I.038I9E-02 7.82888E-03 7.35238E-02 I.20000E 01
3 5.653I7E-02 7.5740IE-0I 3.88504E-0I I.26460E-02 I.2I508E 00 I.20000E 01

~4 2.45458E-02 5.854406-03 3.22564E-03 5.27187E-03 3.88977E-02 I.20 00 0E UI
5 I.94245E-02 2.67255E-03 1.435836-03 3.79407E-03 2.73269E-02 3.00000E 01
6 2.360916-01 9.04936E-02 4.984746-02 5.06833E-U2 4,271 I6E-0I 6.00000E 01
7 I.0544IE-0I 3.5I70IE-02 I.877076-U2 2.04572E-Q2 I.79839E-0I 5.40000E 01
8 I.II453E-0I 4.23053E-02 2.2986IE-02 2.23089E-02 I.99053E-OI 4.00000E 01

(vi Fig. 6 (continued)



CODE TWENTY GRAND -- SAMPLE PR OBL6M

SOURCE* I J)

1 2 3 4 5

1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

2 0.

0.

0.

0.

-0.

-0.

-0.

-0.

-0.

-0.

-u.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-D.

3 0. o. -0. -0. -0. -0. -0. -0. -0. -0.

0. 0. -0. -0. -0. -0. -o, -o. -0. -u.

4 0.

0.

0.

0.

-o.

6. 9196- 03

-0.

6. 9 196--03

-0.

6. 5136-

-0.
-03-0.

-0.

-o,

-0,
-o,

-0.

-0.

-0,

3.785E-03

5 0. 0. 8. 6936- 03 8. 6936-.03 8. 0996-•03-0. -0. -0. -0. 4.858E-03

8.6936-03 8.6936-03 8.099E-03-0. -0. •0. -0. 4.858E-03-

6 0.

0.

0.

o.

.0326-02

.0326-02
.0326-02 9.5886-03-

.0326-02 9.588E-03.
0

•0

-0.

-0.

•0.

•0.

-0

-0

5.9476-03

5.9476-03

7 0. 0. .1806-02 . 1806-02 .0956-02- 0 -0. •0. -0 7.0746-03

0. 0. .I80E-02 . 1806-02 .095E-02- 0 -0. •0. -0 7.074E-03

8 0.

0.

0.

0.

.3116-02

.31 IE-02

.3116-02

.3116-02

.2156-02-

.2156-02-
0

0

-0.
-0.

•U.

•0.

-0

-0

8.28IE-03

8.28IE-03

9 0. 0. .425E-02 .4256-02 .3176-02- 0 -0. •0. -0 9.66IE-03

0. 0. .4256-02 .4256-02 .3176-02- 0 -0. •0. -0 9.6616-03

10 0.

0.

0.

0.

.5226-02

.5226-02
.5226-02

.5226-02

.3916-02.

.3916-02
0

1 39IE--02

-0.

1.2776-•02
•0.

1.277E--02

-0

1 1486-02

1.1486-02

1. I48E-02

1 1 0. 0. .6136-02 .6136-02 .4846-02 484E-•02 1.389E-•02 1,3896-02 2616-•02 1.28 1E-02

0. 0. .6136-02 .6136-02 .4846-02 4846-•02 1.389E-•02 1.389E-•02 28IE-•02 1.2816-02

12 0.

0.

o.

0.

.689E-02

.689E-02

.6896-02

.6896-02

.5646-02

.5646-02

5646-02

564E-02

1.4736-02

1.4736-02

1.4736-

1.4736-

•02

-02

.3666-

3666-

•02

•02

1.3666-02

1.3666-02

13 0. o. .745E-02 .745E-02 .6206-02 620E-•02 1.530E-•02 1,5306--02 .4226-•02 1.4226-02

0. 0. .7456-02 .745E-02 .6206-02 620E--02 1.5306--02 1,5306-02 4226-•02 1.4226-02

14 0.

0.

0.

0.

.775E-02

.775E-02

.7756-02

.7756-02

.6516-02

.6516-02

6516-

6516-

•02

•02

1.5606-

1.560E-

•02
-02

1.560E-

1.5606-

-02

•02

.4526-02

.4526«02

1.4526-02

1.4526-02

Fig. 6 (continued)



01

C0D6 TWENTY GRAND SAMPL6 PROBLEM

S0URC6U.J)

15 0. 0. .778E-02 .7786-02 .6556-02 .6556-02 .5656-02 .5656-02 .4576-02 .457E-02
0. 0 . .776E-02 .7786-02 .655E-02 .6556-02 .565E-02 .565E-02 .4576-02 •457E-02

16 0.

0.

0.

0.

.752E-02

.752E-02

.7526-02

.7526-02

•632E-02

.632E-Q2
.6326-02

.6326-02

.5446-02

.5446-02

.544E-02

.5446-02

.4386-02

.4386-02

.4386-02

.4386-02

17 0. 0. .698E-02 .6986-02 .5826-02 .5826-02 .497E-02 ,4976-02 .3956-02 .3956-02
0. 0. .698E-02 .6986-02 .5826-02 .582E-02 .497E-02 .4976-02 .3956-02 .395E-02

18 0.

0.

0.

0.

.6I6E-02

.6I6E-02

.6166-02

.6166-02

.5066-02

.5066-02
.506E-02

.506E-02
.4256-02

.4256-02
.4256-02

.4256-02

.3286-02

.3286-02

.3286-02

.3286-02

19 0. 0. .506E-02 .5U66-02 .4056-02 .4056-02 .3306-02 .3306-02 .2406-02 .2406-02
0. 0 . .506E-02 .5066-02 .405E-02 .4056-02 .3306-02 .3306-02 .2406-02 .240E-02

20 0.

0.

0 .

0.

.37IE-02

.3716-02
.3716-02

.3716-02

.2806-02

.2806-02

.2806-02

.2806-02
.2126-02

.-2126-02

.2I2E-02

.2126-02
. 1316-02

.1316-02
. I3IE-02

. I3IE-02

21 0. 0. .2126-02 .2126-02 . 133E-02 .1336-02 ,0746-02 .0746-02 .0046-02 .004E-02
0. 0. .2I2E-02 .2126-02 . I33E-02 .1336-02 .0746-02 .0746-02 .0046-02 .004E-02

22

23

24

25 0.

0.

0.

0.

0 .

0.

0.

I.03IE-02 I.03IE-02

•0. -0.

-0.

-0.

-o.

-0.
-0.

-0.

0.

9.6506-03 9.650E-03

•A- HL

-0.

-0.

0.

•0.

•o.
•0.

0. 0. 0.

Fig. 6 (continued)

9. I63E-03 9. I 636-03

•0. -0.

-0.
-0.

0.

•0.

-0,

-0.

0.

6.58 16-03 8.5816-03
-0 • -0.

-0,

•0.

-u.

•0.

•0.



ro
CODE TW6NTY GRAND - SAMPLE PROBLEM

S0URC6II.J)

6 7 8 9 10

1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

2 -0,

-0.

-0.

-0.

-0 . -0 .

-0. -0.

-0.

-0.

-Q.
-0.

-0.

-0.

-o,

-Q.

0.

0.

0.

0.

3 -0. -0. -0. -0. -0. -o. -0. -0. 0. 0.

-0. -0. -0. -0. -0. -o. -0. -0. 0. 0.

4 -0.

3.2196--03

•0.

3.21 96-03
-0. -0.

2.49IE-03-0.
-0.

-0.
-o.
-o.

-0.

-0.

-0.

-0.

0.

0.

u.

u.

5 4.1366-•03 4. 1366-03 3.I44E-03-0. -0. -o. -0. -0. 0. 0.

4.1366-•03 4.I36E-03 3.I44E-03-0. -0. -0. -0. -0. 0. 0.

6 5.066E-

5.0666-

•03

•03

5.0666-03

5.0666-03

3.834E-03-0.

3.834E-03-0.

-0.

-0.

-0.
-o.

-0.

-0.

-0,

-0.

0.

0.

0.

0.

7 6.0346-•03 6.034E-03 4.5576-03-0. -0. -0. -0. -0. 0. u.

6.0346-•03 6.034E-03 4.5576-03-0. -0. -0. -0. -0. 0. 0.

8 7.0636-03

7.063E-03

7.063E-03
7.0636-03

5.3176-03-0.
5.3I7E-03-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

0.

0.

0.

0.

9 8.18 16-•03 8.1816-03 6.1I0E-03-0. -0. -0. -0. -o, 0. 0.

a. ieie--03 8.1816-03 6.1106-03-0. -0. -0. -0. -0. 0. 0.

10 9.383E-

9.3836-

•03

•03

9.383E-03
9.3836-03

6.9016-03-0.

6.90IE-03-0.
-0.

-0.

-o.

-0.

-0.

-0.

-0.

-0.

0.

0.

0.

CI.

1 1 1.0386-•02 1.038E-02 7.5886-03-0. -0. -o. -0. -0. 0. 0.

1.0386--02 1.038E-02 7.588E-03-0. -0. -o. -0. -0. 0. 0.

12 1. 1 116-02

1. 1 1 16-02

1. 1 1 16-02

1. 1 116-02

8.120E-03-0.
8.120E-03-0.

-0.

-0.

-0.
-o.

-0.

-0.

-o,

-0,

0.

0.

0.

0.

13 1.1606-•02 1.1606-02 8.485E-U3-0. -0. -o. -0. -o. 0. 0.

1.1606-•02 1.1606-02 8.4856-03-0. -0. -o. -0. -0. 0. 0.

1 4 1.1876-

1.1876-

•02

•02

1.1876-02

1.1876-02
8.689E-03-0.

8.6896-0 3-0.

-0.

-0.

-o.

-o.

-0.

-0.

-o.

-0.

0.

0.

0.

0.

Fig. 6 (continued)



ro

C0D6 TW6NTY GRAND - SAMPL6 PRQ8L6M

SOURCE(I.J)'

6 7 8 9 10

15 1.1926-02 1.1926-02 8. 7366-03-0. -0. -0. -0. -0. 0. 0.
1.192E-02 1.192E-U2 8.7366-03-0. -0. -0. -0. -o. 0. Q.

16 1. 1776-02

1. 1776-02
1. 1776-02

1. 1776-02
8.6326-03-0.

8.632E-03-0.
-0.

-0.
-Q.
-o.

-0.

-0.

-o.

-o.
0.

0.

0.

0.

17 1.1436-02 1. 1436-02 8.3846-03-0. -0. -0. -0. -0. 0. 0.
1.1436-02 1.1436-02 6.3846-03-0. -0. -o. -0. -0. 0. 0.

18 1.0896-02

1.0896-02

1.089E-02

1.0896-02
7.9996-03-0.

7.9996-03-0.
-0.

-0.
-o.
-0.

-0.

-0.

-0.

-0.

0.

0.

0.

0.

19 1.0186-02 1.0186-02 7.49Q6-03-0. -0. -0. -0. -0. 0. 0 .
1.0 186-02 1.0I8E-02 7.4906-03-0. -0. -o. -0. -0. 0. 0.

20 9.31 16-03

9.3 116-03

9.31 16-03

9.3116-03

6.8736-03-0.

6.8736-03-0.
-0.

-0.
-o.
-0.

-0.
-0.

-0.

-0.

0.

0.

0.

0.

0 .

21 8.2966-03 8.2966-03 6. 1736-03-0. -o. -o. -0. -0. 0 .
8.296E-03 8.2966-03 6. 1736-03-0. -0. -o. -0, -0. 0. 0.

22 7. 1476-03

-0.

7. 1475-03

0.

5.4366-03-0.

-0. -0.

-0.

-0.

-1).
-o.

-0.

-0.

-0.

-0.

-o.

-0.

0.

0.

0.

0.

0 .

23 -0. 0. -0. -0. -0. -0. 0.
-0. 0. -0. -0. -0. -u. -0. -Q, 0. 0.

24 -0.

-0.

0.

0.

-0. -0.

-0. -0.

-0.

-o.
-o.
-o.

-0.

-0.

0.

-0.

-0,

0.

0.

0.

0.

0.
0 .

25 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0.

Fig. 6 (continued)



to

CODE TWENTY GRAND - SAMPLE PROBLEM

ADJOINT FLUX CALCULATION BEGINS

IT NO

10

FLUX CONVR

1.4093E-01

NU-CRIT CONVR

0.

TOT RESIDUE

1.8226E 00

MAX RESIDUE NU-CRITICAL
1.CS782E-0I 1.00O0OE 00

20

30

3.951IE-02

5.544IE-03

0.
0.

2.7536E-0I

2.9506E-02

3.5659E-02
3.3I40E-03

.OOOOOE 00

.00000E 00

40

50
6.6382E-04

1.0085E-04

0.

o.

3.5094E-03
6.53I6E-04

6.2329E-04

1. I430E-04

.OOOOOE 00

.00000E 00

60

70
1.9238E-05
3.9488E-06

0.

0.

1.4470E-04

4.0099E-05

2.2833E-05
5. 1 1I8E-06

CDCD CDCD CDCD CDCD CDCD mm
CDCD CDCD

Fig. 6 (continued)



ro

CODE TWENTY GRAND - SAMPLE PROBLEM

NO.IT.H 70 NU-CRIT" I.OOOOOE 00 N.F./(TOT PRODIS 5.7I744E-0I

GROUP I ADJOINT FLUX

U. -Ll. 0.

2 1 61OE-01 1.6106-01 1.506E-01 1 437E-0I 1 .355E-0 1 1 I40E-01 8 866E-02 6 0556-02 3.069E-02 0.

3 3 5I3E-0I 3.5136-UI 3.273E-01 3 1I7E-0I 2 933E-0I 2 457E-0I 1 900E-0I 1 292E-0I 6.532E-02 0.

4 6 088E-0I 6.088E-01 5.605E-0 1 5 3I2E-0I 4 986E-0I 4 I4IE-0 1 3 I54E-DI 2 I26E-0I 1.0696-U 1 0.

5 7 795E-0I 7.7956-UI 7.068E-01 6 66 1E-01 6 266E-0I 5 203E-01 3 896E-0I 2 600E-0 1 1.301E-01 0.

6 9 415E-01 9.4156-01 8.506E-01 8 0086-01 7 530E-0I 6 244E-0I 4 6516-01 3 090E-01 1.542E-0I 0.

7 .097E 00 .097E 00 9.905E-0I 9.325E-0I 8.769E-0I 7 .2686-01 5 4016-01 3 58UE-01 I 7846-01 0.

8 .245E 00 .245E 00 . I26E 00 .06 1E 00 9.9806-01 8 •27IE-U1 6 136E-01 4 059E-OI 2 0206-01 0.

9 .387E 00 .387E 00 .259E 00 . I87E 00 . 1166 00 9 .2436-0 1 6 842E-01 4 5186-01 2 246E-0I 0.

10 .5216 00 .52 1E 00 .393E 00 .3136 00 .2316 UO .0166 UO 7 502E-0I 4 943E-0 1 2 454E-0I 0.

1 1 .64?E 00 .642E 00 .5216 UO .4376 00 .3396 00 .0996 00 8 086E-01 5 3I5E-01 2 6356-01 0.

12 .738E 00 .738E 00 .6I6E 00 .5286 00 .423E 00 .1666 00 8 5586-01 5 6176-0 1 2 7836-0 1 0.

13 .806E 00 .8066 00 .68 1E UO .5906 00 .4816 00 .2126 00 a 8946-01 5 8346-01 2 8896-01 0.

14 .8446 00 .844E 00 .7176 uo .624E 00 .5136 00 .239E 00 9 0856-01 5 958E-0I 2 9506-01 0.

15 .8506 00 .8506 00 .723E on .6306 00 .5I9E 00 244E 00 9 1246-01 5 9B3E-0 1 2 962E-0I 0.

16 .826E 00 .8266 uo .7016 uo .6106 00 .500E uo 2296 00 9 0136-01 5 9116-0 1 2 9276-0 1 0.

17 .77 1E 00 .7716 00 .650E uo .5626 00 .455E 00 1936 00 8 753E-UI 5 743E-01 2 8446-01 0.

18 .6866 00 .686E 00 .572E 00 .488E no .387E 00 1376 00 8 353E-0I 5 4B5E-01 2 7186-01 0.

19 .5736 00 .5736 00 .467E 00 .389E 00 .2956 00 063E 00 7 823E-0I 5 144E-01 2 5516-01 0.

20 .433E 00 .4336 oo .337E 00 .267E 00 . I82E 00 9 727E-0I 7 I80E-0I 4 735E-0I 2 3536-01 0.

21 .?67E 00 .267E 00 . I84E 00 . 1226 00 .049E 00 8 6696-01 6 450E-0I 4 2816-0 1 2 1366-01 0.

22 .0786 DO .078E uo .009E UO t(.577E-0I i1.9686-01 7 4706-01 5 681E-01 3 8176-0 1 1 9166-01 0.

23 8. 1246-01 6.1246-UI 7.625E-0I 7.2606-01 6.6226-01 5.7486-01 4.466E-0I 3.046E-0I 1.5426-01

24 6.920E-0I 6.920E-UI 6.506E-0I 6.2036-01 5.839E-0I 4.944E-UI 3.8656-01 2.6516-01 1.3476-01

25 6.9206-01 6.920E-OI 6.506E-0I 6.203E-0I 5.839E-0I 4.944E-0I 3.865E-0I 2.65IE-0I 1.3476-01 0.

Fig. 6 (continued)



o

CODE TWENTY GRAND - SAMPLE PROBLEM

GROUP 2 ADJOINT FLUX

1 2 3 4 5 6 7 8 9 10

1 0. 0. 0. 0 0 0. 0. 0 0 0.

2 2.977E-01 2.977E-•01 2.887E-0I 0 3 .4746-02 3.409E-02 2.947E-02 2 I56E-02 1 1366-02 0.

3 6.24IE-01 6.2416-01 6.052E-0I 0 ft .6226-02 B.435E-02 7.23IE-02 5 247E-02 2 .750E-02 0.

4 1.01 IE 00 1.01 IE 00 9.79IE-0I 0 1 .BI6E -01 1.760E-0I 1.4706-01 1 044E-0I 5 .403E-02 0.

5 I.237E 00 1.237E 00 1.1966 00 0 2 .6256-01 2.526E-0I 2.049E-0I 1 424E-01 7 3006-02 0.

6 1.433E 00 1.433E uo 1.385E 00 0 3 5256-.01 3.382E-01 2.722E-0I 1 878E-01 9 578E-02 0.

7 1.592E 00 1.592E uo 1.538E 00 0 4 6126--01 4.4O5E-01 3.5216-01 2 4I5E-0I 1 2266-01 0.

8 1.71OE 00 1.7106 uo 1.648E UO 0 6 0356-01 5.688E-DI 4.48IE-0I 3 043E-01 1 .535E-0I 0.

9 1.783E 00 1.783E 00 1.700E 00 0 8 1 196-•01 7.3486--01 5.6186-01 3 753E-0I 1 876E-0I 0.

10 t.8I5E 00 1.8156 00 1.6516 00 4386 00 1816 00 9.408E-0I 6.8566-01 4 488E-0I 2 2226-01 0.

1 1 I.854E 00 1.854E 00 1.68 >E 00 545E 00 3926 00 1.099E 00 7.9086-01 5 1366-0 I 2 5316-01 0.

12 1.90IE 00 I.9016 00 1.743E UO 630E 00 4996 00 1.201E 00 6.676E-01 5 636E-01 2 776fc.O 1 0.

13 I.939E 00 I.939E 00 1.792E 00 686E 00 56 16 00 1.263E 00 9.1776-01 5 977E-0I 2 9476-01 0.

14 1.9596 00 1.959E 00 1.817E 00 7I4E 00 592E 00 1.296E 00 9.450E-OI 6 1706-01 3 D466-0I 0.

15 I.953E 00 1.953E oo 1.8156 00 7 15E 00 5956 00 1.302E 00 9.5236-01 6 229E-0I 3 079E-0I 0.

16 1.9I9E 00 1.9196 00 1.736E UO 689-E 00 5726 00 1.286E 00 9.4186-01 6 1686-01 3 .0516-01 0.

17 1.856E 00 1.856E uo 1.729E UO 635E 00 5236 00 1.247E 00 9.I47E-0I 5 997E-0I 2 9696-01 0.

18 I.764E 00 1.764E UO 1.644E UO 556E 00 4506 00 1.I8SE 00 8.726E-0I 5 7276-0! 2 8376-01 0.

19 I.643E 00 1.643E 00 1.5326 UO 45IE 00 3536 00 I.I IDE 00 8.1686-01 5 370E-QI 2 6636-01 0.

20 I.495E 00 1.495E UO 1.395E UO 322E 00 233E 00 1.015E 00 7.493E-0I 4 9426-01 2 4566-01 0.

21 1.322E 00 1.322E 00 1.234E 00 1716 00 0946 00 9.042E-0I 6.729E-0I 4 4666-01 2 2286-01 0.

22 1.I24E 00 1.1246 uo 1.0526 00 9 987E-0I 9 352E-0I 7.789E-0I 5.9246-01 3 98IE-0I 1 9986-01 0.

23 8.468E-0 1 8.466E- 01 7.9476-01 7 566E-0I 7 1116-01 5.99IE-•01 4.654E-0I 3 1746-01 1 6086-01 0.

24 7.2 1OE-0 1 7.21oe- 01 6.7796-01 6 463E-0I 6 0846--01 5.I5IE-0I 4.0276-01 2 7626-01 1 4046-01 0.

25 7.2IOE-01 7.2 10E- 01 6.779E-0I 6 463E-0I 6 084E-OI 5. I5IE-0I 4.027E-0I 2 762E-0I 1 4046-01 0.

Fig. 6 (continued)



C0D6 TWENTY 3RAND - SAMPLE PR08L6M

GROUP 3 ADJOINT F LUX.

1 2 3 4 5 6 7 8 9 10

1 0. 0 0 0 0 0 0 0 n 0.

2 3.079E -0 1 3 .079E-•0 1 2 .967E •01 0 3 .6226-02 3 .5546-02 3 07IE-U2 2 246E-02 1 IB4F-02 0.

3 6.456E -0 1 6 .456E--0 1 6 .2636 •0 1 0 8 .9786-02 8 .7806-02 7 525E-02 5 4596-02 2 6606-02 0.

4 1.0466 00 .046E 00 .0 146 00 0 1 .8876-01 1.8296-01 1 528E-01 1 0856-01 5 612E-02 0.

5 1.2806 00 .280E 00 .238E 00 0 2 .7256-01 2 .6226-01 2 I27E-0I 1 4786-01 7 577E-02 0.

6 1.483E 00 .483E 00 .4346 00 0 3 .6586-01 3 .5096-01 2 8246-01 1 9486-0 1 9 9356-02 0.

7 1.64RE 00 .648E 00 .5936 00 0 4 .7846-01 4 .5686-0 1 3 650E-0I 2 504E-0I 1 2716-01 0.

8 1.770E 00 .7706 00 . 706E 00 0 6 .2566-01 5 .8956-01 4 644E-01 3 I54E-0I 1 5906-01 0.

9 1.R45E 00 .8456 00 . 760E 00 0 6 .4116-01 7 .6116-0 1 5 82DE-U1 3 887E-0I 1 9436-01 0.

10 1.878E 00 .878E oo .709E 00 488E 00 .2226 00 9 .7416-01 7 099E-01 4 6466-01 2 3006-01 0.

1 1 1.9196 00 .9196 00 .740E 00 599E 00 .4416 00 .1376 00 8 1876-01 6 3166-01 2 6206-01 0.

12 1.967E 00 .967E 00 .8046 00 686E 00 .5516 00 .2436 00 8 9796-01 5 832E-0I 2 8736-01 0.

13 2.006E DO 2 .006E 00 •854E 00 7446 00 615E 00 3076 OD 9 4966-01 6 1B4E-01 3 0496-01 0.

14 2.H266 00 2 .026E 00 .8796 00 7736 00 .6475 00 3416 00 9 7786-01 6 3836-01 3 1516-01 0.

15 2.0206 00 2 .020E 00 .8786 00 7746 00 .650E 00 3476 00 9 8536-0 1 6 4446-01 3 1856-01 0.

16 1.965E 00 .985E OU .8476 00 747E 00 6266 00 3306 00 9 7436-01 6 3806-01 3 I56E-0I 0.

17 1.9206 00 .920E OU .7886 uo 6916 00 5766 00 29U6 00 9 4626-01 6 203E-01 3 0706-01 0.

18 1.8256 00 .825E 00 .700E 00 6096 00 ,4996 00 2296 00 9 0266-01 5 923E-01 2 9346-01 0.

19 1.6996 00 .699E OU .584E 00 5006 00 .3996 00 I486 00 8 448E-0I 5 5536-01 2 7546-01 0.

20 1.5466 00 .546E oo .443E 00 3676 00 275E 00 050E 00 7 7496-01 5 1096-01 2 5396-01 0.

21 1.366E 00 .366E 00 .276E 00 21 DE 00 1316 00 9 3486-01 6 9576-01 4 6166-0 1 2 3036-01 0.

22 1.1626 00 I62E 00 .087E uo 032E 00 9 6656-0 1 8 0516-01 6 1236-01 4 1146-01 2 0656-01 0.

23 8.7456-•0 1 8 745E-01 8 .2076-01 7 8146-•0 1 7 344E-01 6 1876-01 4 8076-01 3 2786-01 1 660E-0 1 0.

24 7.443E-•0 1 7 443E-0I 6 .9976-•01 6 6716-•01 6 2806-01 5 3176-01 4 1576-01 2 8516-01 I 4496-01 0.

25 7.443E-•01 7 4436- 01 6 .9976-•0 1 6 6716-01 6 2806-01 5 3176-01 4 I57E-01 2 8516-01 1 4496-01 0.

Fig. 6 (continued)



ro

CODE TWENTY GRAND - SAMPLE PROBLEM

GROUP 4 ADJOINT FLUX

1 2 3 4 5 6 7 8 9 10

1 o. 0. 0 0 0 0 0. 0 0 0.

2 I.774E-0I 1.7746-01 1 6586-01 1 582E-01 1 491E-0 1 1 2556-01 9.7556-02 6 662E-02 3 3776-02 0.

3 3.873E-0I 3.873E-UI 3 607E-01 3 434E-0I 3 2316-01 2 7066-01 2.093E-01 1 4236-01 7 1936-02 0.

4 6.7236-01 6.723E-UI 6 I85E-0I 5 860E-01 5 4996-0 1 4 5686-01 3.479E-UI 2 3446-0 1 1 1786-01 0,

5 8.6116-01 8.61IE-01 7 8046-01 7 3516-01 b 9136-0 1 5 7426-01 4.300E-0I 2 8696-01 1 4366-01 o.

6 1.0406 00 .0406 00 9.3956-•01 8.840E-0I 8.31 16-•01 6 .8946-•0 1 5 1366-01 3 4116-01 1 7026-01 0.

7 1.2126 00 .2126 oo .0946 00 .030E 00 9.6826--Ul 8 .0276-•0 1 5 9676-01 3 9536-01 1 9696-01 0.

8 1.3776 00 .3776 00 .2456 UO . 1726 00 . 1026 00 9 . 1386-•01 6 78 1E-01 4 4856-0 1 2 2326-01 0.

9 1.5346 00 .5346 00 .3926 OO .3116 00 .2346 00 .0226 00 7 5666-01 4 9946-01 2 4826-01 0.

10 1.6836 00 .6836 0D .5406 UO .4526 00 .3616 00 . 1246 00 8 2996-01 5 4656-01 2 7136-01 0.

1 1 1.8176 00 .8176 00 .6836 00 .5906 00 .4826 00 .2166 00 8 9476-01 5 8796-01 2 9146-0 1 0.

12 1.9236 00 .923E 0D .7886 00 .6906 00 .5746 00 .290E 00 9 4716-01 6 2156-01 3 0786-01 0.

13 1.9986 00 .9986 00 .8606 00 .7596 00 .6396 00 •342E 00 9 8466-01 6 4566-0 1 3 1966-01 0.

14 2.0406 oo ;!.0406 00 .900E OO .797E DO .6746 DO .37 1E 00 1 0066 00 6 5936-01 3 2636-01 0.

15 2.0486 oo ;2.0486 00 •9U7E 00 .804E 00 .6816 00 .3776 00 1 0 106 00 6 6226-01 3 2786-01 0.

16 2.0216 oo ;'.0216 00 .8836 00 .7816 00 .6606 00 .3606 00 9 9786-01 6 5426-01 3 2386-01 0.

17 1.9606 00 .9606 uo .8266 UO .728E 00 .6106 00 .3206 OD 9 6906-01 6 3556-01 3 1476-01 0.

18 1.8666 00 .8666 00 .7396 oo .6466 00 .5346 00 .2586 00 9 2466-01 6 0686-01 3 0066-01 0.

19 1.7406 00 .7406 00 .6236 uo .536E 00 .4336 00 . I77E 00 8 6576-01 5 69D6-0I 2 8226-01 0.

20 1.5846 00 .5846 00 .4796 QO .4016 00 .3076 00 .D76E 00 7 9436-01 5 2366-01 2 6026-01 0.

21 1.401E 00 .4016 00 .3086 00 .2416 00 . 1596 00 9 .5846-01 7 1326-01 4 7316-0 1 2 3606-01 0.

22 1.1916 00 .1916 00 . 1146 UO .0586 00 <>.9086 •0 1 8 .252E--0 1 6 276F-0I 4 2166-01 2 1166-01 0.

23 8 9586-01 8.9586-01 8.4076-01 8 0046-01 7.5226-0 1 6.3386-01 4.9236-01 3 3576-0 1 1.700E-01 0.

24 7 620E-0 1 7.6206-01 7.1646-U1 6 8306-01 6.4306-01 5.444E-01 4.2566-01 2 9196-01 1.4846-01 0.

25 7 620E-01 7.6206-01 7. 1645-U 1 6 8306-0 1 6.430E-01 5.444E-0 1 4.2566-01 2 9196-0 1 1.4846-01 0.

Fig. 6 (continued)



CODE TWENTY GRAND - SAMPLE PROBLEM

(FLUX)X(ADJOINT-FLUX) REGION INTEGRALS

REG F ( I)F(K) *

3.33684E

5.79I28E

00

00

5.99292E 00

3.66I52E 00

F(2)F(K)»

I.94382E

3.380I9E
3.49785E
2.I4452E

00

00

00

00

F(3)F(K) ♦

9.99404E-0 I
I.73813E 00

I.79863E 00

I.I0259F- 00

F(4)F(K)

,71119E-0 I

,914Q8E-0I

I.02592E 00

6.301 09E-Q I

3.74469E 01 I.72962E 01 8.80068E 00 6.30799E 00
<5.2I609E

5.39945E

0

0 I

2.4335IE

2.5I9Q8E
01

0 I

I.23849E 0 I

I.28203E 0 I
3959E 0 I

.56865E 01

I.73269E 0 I

.911 936 01

0.

0.

8.78886E 00

9.09781E 00

9.7283IE 00 6.97320E 00

0.

D.

2.64646E 00
0.

2.92320E 00

I.73859E 01 3.9572IE 00 2.0M9IE 00 2.93I9IE UO
I8622E 01

I.22938E 0 I

2.83744E 00
2.940I6E 00

I.44236E 00
I.49458E 00

I.99970E 00

2.07244E 00
I.92065E 01 4.37229E 00 2.22294E 00 3.23894E 00

2.I8055E 00 2.8908UE-0I I.48297E-0I 3.72047E-0I
8.4I492E-0I I.I4229E-0I 5.85786E-02 I.435I3E-UI
8.75084E-0I

2.40317E 0 0
I.I8774E-0I
3. I86206-0 I

6.09098E-02
I.63450E-0I

I.49242E-0I

4. I0029E-0I

3.II027E 02 I.0944IE 02 5.56200E 01 5.24I83E 01
3.28764E 02

3.40IOOE 02

I.I5779E 02

I. 197656 02
5.88398F
6.0865UE

01

01

540816

731516

01

01

3.44M9E 02 I.2I085E 02 6.I5376E 01 5.79953E 01

.68257E

,61 IDIE

2.70I75E

2.96743E

3.55723E 0!

3.70787E 01
3.82982E 01

a.756366 00

8.67073E 00

8.97I35E 00

9.686996 00

I.285726 01

I.340176 0 1

1.384246 01

4.46734E U0
4.42384E 00

4.57722E 00
4.942I3E UP

4.54999E 00
4.42922E 00
4.583I5E 00

5.033I5E 00

6.67362E 00 6.2I639E 00
6.956I9E 00
7. 1849 IE 0 0

6.47961E 00

6.69268E 00
3.92322E 01 I.4I798E 01 7.36006E 00 6.85586E 00

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

(DEL^FLUX).(ADJOINT DEL-FLUX) REGION INTEGRALS

REG DF(1)DF(I)» DF(2,DF(2)» DF(3)DF(3)» DF(4)DF(4)«
1 3.29840E-OI 2.9559IE-0I I.56692E-0I 6.I9644E-02
2 8.70550E-0I 2.54768E-0I I.32525E-01 I.60746S-0I
3 6.2I464E-0I U. 0. I.I5769E-0I
4 I.26783E 00 3.25657E-0I I.70887E-0I 2.34595S»Ql
5 4.39605E-0I 2.&2982E-02 I.34438E-02 8.25224E-02
6 7.37338E 00 2.9M84E 00 I.52I5IE 00 I.36D26E 00
7 8.76698E 00 2.86636E 00 I,5II27E 00 I.642I3E 00
8 1.79821E 00 6.66097E-OI 3.5409QE-0I 3.4I77IE-01

Fig. 6 (continued)
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