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EQUIPOISE-3: A TWO-DIMENSIONAL, TWO-GROUP, NEUTRON
DIFFUSION CODE FOR THE IBM-7090 COMPUTER

T. B. Fowler M. L, Toblas
Abstract

EQUIPOISE-3 is an IBM-7090 FORTRAN programmed code for
the solution of two-group, two-dimensional, neutron diffusion
equations. A maximum of 2100 mesh points may be used, and
the code will solve problems in either rectangular or cylin-
drical geometry. Logarithmic derivative boundary conditions
are allowed, and removal of neutrons from both groups is per-
mitted. Adjoint fluxes with the associated flux—adjoint flux
regional integrals may be calculated automatically 1f desired.
A constant buckling, group-dependent buckling, or region-
dependent buckling may be specified for rectangular geometry.

This program is intended to fi1ll the need for a rapid
two-dimensional calculation suitable for survey calculations.
During the iterative part of the computations, all operations
are carried out in the core memory. The magnetic tape memoxry
is used only for input, output, and program storage. The
running time for a 1000-point problem requiring 100 iterations
would be about 3 min.

Introduction

EQUIPOISE-3, the program described in this report, is an extension
of the code FQUIPOISE-2.'"2 The maximum number of mesh points has been
increased to 2100 (from 1444 ), and the code will handle rectangular ge-
ometry as well as cylindrical geometry. Removal of neutrons from the

thermal group to the fast group is permitted, and the rod (logarithmic

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.

» M. L. Tobias and T. B. Fowler, Adjoint Flux Computation and Other
Additions and Improvements to the EQUIPOISE Program; The Three-~Dimensional
Prototype Program, WHIRLAWAY, ORNL CF-60-8-10, August 10, 1960.

v 27, B. Fowler and M. L. Tobias, EQUIPOISE-2: A Two-Dimensional, Two-
Group, Neubtron-Diffusion Code for the IBM~7090 Computer, ORNL CF-60-11-67,
November 21, 1960. ’




derivative) boundary condition has been incorporated. The buckling for
rectangular‘geometry may be specified as constant, group dependent, or
région‘dependent. The adjoint flux Optioﬁ has been retained. In addi-
tion to computing the flux—adJjoint flux region integfals, the code will ~
also calculate the integrals of the dot pfoducts of the gradients of the
group fluxeé,and their adjoints. The distribution of materials and the
mésh,spacing iggarpitrary, subject to the condition that the maximum number
of meéh spaces in either direction is limited to 100. The maximum number -
of cdmpositions is limited to 50, and the maximum number of reglons is '
limited to 100. The boundary conditions of zero flux or zero current may
be applied to-each of the four boundaries. A special mesh sweep procedure
is used for problems having one or two diagonal symmetry axes or problems
having mirror image symmetry. _

The running time is about O;OQl? sec per point per itera@ion. With
the exception of input, output,band program storage, no tépes are used
‘during the calculation. The code was programmed in FORTRAN lang;age to
be run under control of the IBM-7090 FORTRAN Monitor System.4

Bagic Diffevence Equations —~ Calculational Procedure

The simple five-point-difference equations used to describe the neutron

diffusion group equations are, at each polnt:

[ a1 (1,7) [8,(1-1,9) - 8(1,)]] . .

+A2k(I,J) [@k(1+1,J) - @k(I,J)] )
, + A5, k(:E,J) o, k(I,J) -
+A3, (I,J) [ (T,3+1) — & (I,J)] B B

L+A4K(I,J) [ (T,51) - CEk(I,J)]-

—86, (1,3) & (1,3) + % ), A7, (1,3) €(1,3) =0 ,

k=12 .. (1) ‘

(A1l symbols are defined in the Notation section).

“TBM-7090 FORTRAN Monitor Reference Manual, Form C28-6065.




Given a set of positive fluxes and a set of boundary conditions,
Eags. (1) are summed for all internal points. If the resulting equation .

is solved for ), the result may be interpreted as follows:

neutrons leaked plus neutrons absorbed
neutrons produced

\ =

Thus, A can be regarded as the inverse of a static multiplicatibn constant.
This value of )\ is inserted into the equations and a new set of fluxes is
computed. With this new set of fluxes, a new ) is computed, and the pro-
cess 1s repeated until it converges. The output fluxes are normalized to
an arbitrary power, which is specified as the input. ’

1

For points associated with a "rod region, the fluxes are not defined,

but satisfy -

L o
Do =-E& . - (2)

The constants Al , A2, A3, AAK,

come zero and A6k is replaced by Aéé. In this case, with reference to

A5k’ and A7k in Egs. (1) all be-

Fig, 1, the leakage from point 1 to point 2 is expressed by
. \
AXT AYB ,
Leakage = E®(1) {u — + v —} , . (3)
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Fig. 1. Schematic of "Rod Region."



where E may be regarded as the diffusion constant divided by the extrapo-
lation distance.
The calculational procedure indicated above i1s accelerated by the

use of the "extrapolated Liebmann process:"?

T+l 4 T+l

where P 1s a nuwmber between 1 and 2 and @gzl represents the flux values
calculated by the ordinary Liebmann process. The following empirical

formula is used to estimate B:

S R RTEPIC) I

For cylindrical geometry, J is equal to 1 and is equal to O for rectangular

geometry; m and n are the number of mesh intervals in the Y (or axial)
direction and the X (or radial) direction, respectively. If either the
top or bottom boundary of the reactor is a symmetry boundary, m is doubled;
if both the top and bottom boundaries are symmetry boundaries, m is equal
to ©». The same holds true for n, considering the left and right boundaries
of the reactor. For a cell problem, i.e., four symmetry boundaries, B is
set equal to 1.9. 1If a negative flux should be calculated for some B > 1,
i1t is destroyed, and a new value is generated based upon a new £ halfway
between 1 and the original estimate. If necessary, this process is re-
peated until the flux at that point is positive. The original value of

B is restored after completion of a ten-iteration cyele. If a problem has
not converged after one-half the total number of iterations specified (see
Appendix B), a new P halfway between 1 and the original egtimate is com-
puted. The value of B is set equal to 1 at two-thirds the total number of

iterations and remains at that value for the duration of the calculation.

3. P. Frankel, Convergence Rates of Iterative Treatments of Partial
Differential Equations, Mathematical Tables and Other Aids to Computa-
tion 4, 65-75 (1950).




Convergence Criteris

There are three convergence options available. The calculation stops

when

— 1] <« s (6)

when the above condition is met as well as the flux convergence condition

.t

®
o1 L < €5 o

®
max

(7)

or when both the above conditions are met as well as the residue condition

[Z ) Rﬁ(l,J)]l/2
K I,J

A7 (1,3) @ (I,
k;I,ZJ k(B 3) &L,

<ep . (8)
Also, if a problem has not converged after the specified total number of
iterations, it is terminated automatically.

Computation of Adjoint Fluxes and Integrals
and the Source Calculation

If the "adjoint flux" option is used (see Appendix B), the problem
is first solved in the ordinary way and all output is written. The ap~
propriate interchange of group constants "across the diagounal" is then
made and the adjoint fluxes are computed with a fixed value of L equal to
the value calculated. The adjoint problem is done in about one-third the
time required by the ordinary problem. The adjoint flux distribution is

printed as well as the following integrals, calculated region by region:




Joonav k =1, 2 with fixed 1; [ = 1, 2
and o (9)

fvcbk-vd);dv 5 k=1, 2

For the adjoint calculation, only the flux convergence condition is tested.

It is given by

(10)

where

If the source option is used, the output will include the following:

K

k;l (v @), | (11)
N

where N represents the four quadrants surrounding each mesh point.

Notation

1
Ay AT, (gDyy AXp + oDy AX)
A2 L (aD + oD )
e AT, D3 DX+ PDy, Mg
A3 —_ (rD, . AY + rD_, AY_)
k RAX k1 ~°T k4 B
A i (sD, , AY., + sD.__ AY_)
k DX k2 T k3 7B




A5

A6

A6

A7

Rk(I,J)

W (BB (s

I;ZAk L5+ (087),] [p (AXR AY ;:AXR AYB> )

. q <AXL AYT + AXi Axé)]

4

+ u
2 2 2 2

vsz [p (%XR AXT + AXR AX?) N q_<AXL AXT + AXL AX%)]

4 4

AY AY
E(pAXR+qAXL+u T B)

Group k diffusion coefficient, cm, for the Nth quadrant sur-
rounding a mesh point

Group k diffusion coefficient times perpendicular buckling
squared

Rod group constant
Denotes the Ith row and Jth column of the mesh
The number of axial and radial increments in the mesh, re-
spectively
T [2X(J) + ———] for cylindrical geometry

2

1 for rectangular geometry

T [2X(J) - ——fJ for cylindrical geometry

2

1 for rectangular geometry

7 [2X(J) + AXE] for cylindrical geometry
1 for rectangular geometry

Residue at mesh point I,J and group k calculated from Egs. (1)




X, A%

Y,AY

L,R,T,B

t,t7

=
2@ R
t

A

A A .
max’ “min

"R

Vka

7 [2%(J) —-AXL] for cylindrical geometry

1 for rectangular geometry
2m%(J) for cylindrical geometry
L for rectangular geometry

Distance from left boundary or left axis of symmetry and
mesh increment in the X direction (or radial direction for
cylindrical geometry), respectively, cm

Distance from top boundary or top axis of symmetry and mesh
increment in the Y direction (or axial direction for cylin-
drical geometry), respectively, cm

Subscripts denoting kth or Ith group
Subscripts denoting left, right, top, bottom, respectively

Superscripts denoting iteration number (sweep through all
groups )

Extrapolated Licebmann coefficient

Convergence criteria

Group k flux at mesh point (I,J) and iteration number ©

A number by which all vIf's must be multiplied so that the
difference equations balance. An over-all value can be ob-
tained by summing all the equations.

The largest and smallest values of A, respectively, calcu-
lated at particular mesh points

The number of neutrons produced per fission

Group k macroscopic absorption cross section, em™t

Group k macroscopic removal cross section, em™t

Vv times group k macroscopic fission cross section, cm™t

Fraction of neutrons produced from fission that are born
in group k




Appendix A, STRUCTURE OF THE CODE, MONITOR SYSTEM OPERATION

Program Links

EQUIPOISE-3 was programmed in FORTRAN language in a series of chain
links which are written on a program tape by the Monitor System at execu-
tion time. Table A.l below lists the program chain links and the func-
tion of each. The numbers in parentheses indicate the serial number of

the link and the tape on which it is written.

Table A.1l, Program Chain Links

Chain Link Function

CHATN (1,1) Reads input and sets up initial conditions

CHATN (2,1) Calculates group constants

CHATN (3,1) Does the flux iteration calculation

CHAIN (4,1) Calculates group and region absorptions

CHAIN (5,1) Writes flux distribution, neutron balance, source, and
flux—ad joint flux region integrals on output tape

CHAIN (6,1) Calculates source

CHAIN (7,1) Calculates flux—adjoint flux region integrals

Tape Assignment

EQUIPOISE-3 uses one input tape, one output tape, and one scratch
tape if the source option or the adjoint option is used. The Monitor
System requires one tape, and actual tape number B-1 is used to store the
program. Table A.2 gives the logical tape numbers (with the actual tape
number required for the program tape) that are referred to in the code,

with the function of each ftape.



Table A.2. Tapes Required for EQUIPOISE-3

Logical Tape Actual Tape

No. No. Function
System tape a
B-1 Program tape
8 Scratch tape, needed only for source
calculations or adjoint calculations
9 Output tape
10 Input tape

IBM-7090 FORTRAN Monitor System Operations

For the IBM-7090 FORTRAN monitor, the DSU Channel-Unit Table® relating
the logical tape numbers to the actual tape numbers must be supplied by
the user and put with each chain link as a binary deck. The machine op-
erating instructions are those given in reference 4. A "job" consists of
the program deck, with all necessary control cards, followed by the input
data decks; it is loaded on the input tape for processing by the Monitor
System. The output should be listed on l4-in. X 1l-in. paper under program

control.

6IBM-709 FORTRAN Operations Reference Manual, Form CR8-6066-1.
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Appendix B. INPUT PREPARATTION, SAMPLE PROBLEM, AND OUTPUT

Input Data Cards

Pigure B.1l shoWs the input data forms filled out for the sample prob-
lem, Columns 73-80 may be used for card identification. There are five
types of data cards required for input to EQUIPOISE-3: (1) title card,
(2) control cards, (3) mesh-specification cards, (4) region-specification
cards, (5) composition-specification cards. Given below are the instruc—
tions for writing EQUIPOISE-3 input. Note that the number formats are
described in FORTRAN nomenclature and are given in parentheses immediately
following the input number symbol.

Title Card. The first column 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 output.

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

of iterations a problem is to run., If a problem has not converged before
the number of iterations has reached ITMAX, it is automatically terminated.
Usuvally problems converge in fewer than 300 iteratiouns.

Columns 4 through 6, IMAX(I3) < 100: Total number of rows. The rows
in the mesh are numbered from top to bottom beginning with 1.

Columns 7 through 9, JMAX(I3) < 100: Total number of columns. The
colums in the mesh are numbered from left to right beginﬁing with 1. Note
that it is necessary that IMAX X JMAX < 2100.

Colums 10 through 12, NR(I3) < 100: Total number of rectangular
regions that are specified by the region-specification cards (séé below).

Columns 13 through 15, NC(I3) < 50: Number of compositions specified
by the composition-specification cards (see below).

Columns 16 through 17, GI(I2): Geometry indicator. A +1 for this
nunber specifies cylindrical geometry; a O or blank specifies rectangular
geometry. ’

Columns 18 through 19, BI(I2): K Buckling indicator. If this number
ie 0, a constant buckling is specified. If this number is +1, the buck-

ling is specified by groups; if this number is +2, the buckling is specified

11
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EQUIPOISE~3 INPUT FORM-I

REQUEST NO.

TITLE

[ rcooE EQUIPOISE-3

T3 80]
SAMPLE PROBLEM FOR REPORT [ T TTTLE]

ITER

IMAX

-NC |GI|BI

St

Al[FL|CI[DI|LB|TB|RB|BB
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T T A T T O O T T T T T T T
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L0 T T2, TLIOT T (B L6 { 16} TALIoL - T00] [T TT ] T T T T T o T T et
O T O T O T T T T T T O O O O O T LT
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T T O A O T O O A O O T T T T
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Tl T T TRl TT6] Tl T T T T Talo|_ 2l 11| T 17 1 T[T/ T 1A T2 [ T7| Jelol 1 11 T2l el B T T Tel T T T TIREs
T T T O O O T T T O T T O O OO OO T T I
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Fig. B.1.

Input for Sample Problem.
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KEY PUNCHING INSTRUCTIONS:
Punch anly those cards which have

dato

in columns 73 - 80.

EQUIPOISE —3 FORM =2

REQUEST NO.

RN . . ;. P .
'lﬁﬂﬁWHLHHWMM%M\VH@@MIL%MM&HLWIHLHMWHlHTHiH(uLn@MW?
IRRZRDRE0N [T T T oLo0z o602z T[T T[T LT T omeiE
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Fig. B.1l (continued)



by composition. Constant and group-dependent buckling is specified on
control card 2. Composition-dependent buckling is specified on the com-
position-specification cards. For cylindrical geometry, write O or leave
blank,

Columns 20 through 21, SI(I2): Source indicator. If this number is

+1, the source,

[Z‘/ (szq))k] ’ N=1,2, 3 2 (B.1)
k=1
N

is computed for output at each mesh point. If ST is O, the source calcu-
lation is skipped.

Columns 22 through 23, AT(I2): Adjoint indicator. If AT is +1, the
adjoint fluxes and associated flux—adjoint flux integrals will be computed
following the flux calculation. If AT is O, the adjoint flux calculation
is skipped. .

Columns 24 through 25, FI(I2): Previous-flux indicator. If this
nunber is +1L, the flux distribution from the preceding case is used as
the Initial flux guess for the present case. The present case must have
the same nurber of rows and columns and the same boundary conditions as
the preceding case, If this number is O, the Initial flux guess is sup-
plied by the code.

Columns 26 through 27, CI(I2): Convergence indicator. If CI is +1,
the problem converges only on nu-critical (i), Eq. (6). If CI is +2, the
problem converges on nu-critical and the flux, Bq. (7). If CI is +3, the
problem converges on nu-critical, flux, and the total residue, Eq. (8).

Columns 28 through 29, DI(I2): Diagonal symmetry indicator. For
problems with no diagonal symmetry, this number is O or blank. DI is +1 .
for problems having one diagonal symmetry axis passing through point (1,1).
A +2 for this nunmber indicates two diagonal symmetry axes. A +3 for DI
indicates mirror image symmetry. These diagonal symmetry conditions are
illustrated by the sketches of Fig. B.2. The points where the fluxes are

equal are indicated by O and O.

14
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Fig. B.2. Symmetry Conditions.

Columns 30 through 31, LB(I2): Left-boundary indicator. The left,
top, right, and bottom boundaries may be either zero-flux boundaries or
symmetry boundaries. If this number is +1, a symmetry boundary is as-
sumed to exist midway between columns one and two. If IB is O, column

one is assumed to be a zero-flux boundary. For cylindrical geometry, LB

must be +1.

Columns 32 through 33, TB(I2): Top boundary indicator. If this
number is +1, a symmetry boundary is assumed to exist midway between rows
one and two; if O, row one is assumed to be a zero-flux boundary.

Columns 34 through 35, RB(I2): Right boundary indicator. If this
number is +1, a symmetry boundary 1ls assumed to exist midway between col-

umns JMAX-1 and JMAX; if O, column JMAX is assumed to be a zero~flux boundary.

15




Columns 36 through 37, BB(I2): Bottom boundary indicator. If BR is
11, a symmetry boundary is agsumed to exist midway between rows IMAX-1 and
IMAX; if O, row IMAX is assumed to be a zero-flux boundary.

Colummns 38 through 47, NORM FACTOR (E10.6): Normalization factor.
The output fluxes arebnormalized by multiplying each flux by the normali-
zation factor and dividing by the total source. For example, if w is the
total reactor power in megawatts, p the nunber of fissions per megawatt-
second, and v the nunber of neutrons produced per fission, then the nor-
malization factor would be w X u X v X £, where £ is the part of the reac-
tor considered in the calculation and is either 1, 1/2, or 1/4, depending
vpon whether there were 0, 1, or 2 symmetry boundaries. If NORM FACTOR
is O or blank, the code uses 1.0 for this number.

Columng 48 through 54, 55 through 61, and 62 through 68; €1 g €x
(E7.4): The convergence criteria referred to in Egs. (6), (7), and (8).

Nunbers of the order of 107° for e , 107% for e,, and 1077 for e, will

& R

>L}
assure convergence for most problems.

Columns 69 through 72, B (F4.3): Extrapolated Liebmann coefficient.
If this number is O or blank, the code calculates £ from Eq. (5). If this
number has a value between 1 and 2, the code uses the number specified.

Control Card 2. Columns 1 through 6, XI; (F6.5): The fraction of

neutrons produced from fission that are born in group one.

Colums 7 through 12, XI, (F6.5): The fraction of neutrons produced
from fission that are born in group two. Note that XI; plus XIp must
equal 1.0,

Colums 13 through 20, B> (E8.5): If BI (control card 1) is O, the
value of the constant buckling is specified here for rectangular geometry.
If BI is +1, the group one buckling is specified. Note that B? may e
Zero.

Columns 21 through 28, Bg (B8.5): Group two buckling.

Mesh-Specification Cards., Described below are the two types of cards

required to specify the mesh: (1) cards giving the AY's and row numbers
and (2) cards gilving the AX's and the column numbers, in that ordér,

1. In colums 1 through é, 7 through 9; 10 through 15, 16 through
18; etc., supply a value of AY(E6.3) and the row number (I3) up to which

16




this AY applies, going from top to bottom in the mesh. Use as many cards
as are needed. HRach card, except possibly the last, should be completely
filled through column 72. The last number on these cards 1s equal to
IMAX.
2. In colums 1 through 6, 7 through 9; 10 through 15, 16 through

18; etc., supply a value of AX(E6.3) and the column number (I3) up to
which this AX applies, going from left to right in the mesh. Use as many
cards ag are needed. The last number on these cards is equal to JMAX,

Reglon-Specification Cards. The regions are specified as rectangles

with a composition number assigned to each region. The number of regions
specified must completely cover the mesh and must be equal to the value
of NR given on control card 1. The regions may be specified in any order
with each card, except possibly the last specifying four regions.

In colums 1 through 3, 4 through 6, 7 through 9, 10 through 12, 13
through 15; 20 through 22, 23 through 25, 26 through 28, 29 through 31,
32 through 34, etc., give, respectively, the composition number (I3) that
applies to that region (see below), the upper-row number (I3) of the
region, the bottom-row numbel (I3) of the region, the left-column number
(I3) of the region, the right-column number (I3) of the region.

Composition~-Specification Cards. The different compositions of the

reactor are numbered consecutively beginning with 1. Each composition-
specification card specifies a composition number, a group number, and the
nuclear constants and buckling for that composition'and group. The number
of composition-gpecification cards must equal 2 NC (control card 1), and
may be written in any order.

Columns 1 through 3: Composition number (I3).

Columns 4 through 6: Group number (I3).

Colunms 7 through 16,'D(ElO.7): Diffusion coefficient. If D = O,
then T = VI, = B? = 0 and £, = E. This specifies a "rod-group."

Columns 17 through 26, ZR(ElO.7): Macroscopic removal cross section.
Neutrons may be renmoved from either group to the ‘other group.

Columns 27 through 36, ZA(ElO.7): Macroscopic absorption cross sec-

tion.

17
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Columns 37 through 46, VZf(ElO.7): v times macroscopic fission cross
section.

Columns 47 through 56, B?(E10.7): Composition-dependent buckling.
Deck Makeup
EQUIPOISE-3 will run as many cases as desired, with no stops between
cases, simply by stacking the input data decks; however, two blank cards

should follow the last input deck.

Sample Problem

Figure B.3 shows the diagram of the reactor. It was run in rectangu-
lar geometry with constant buckling. There is an axis of symmetry midway
between columns 1 and 2. The reactor is broken up into 8 regions and there

are 3 different material compositions which are cited in Table B.l.

Table B.1l. Properties of Compositions in Sample Problem

Composition Group D ;R ZA VZf
1 1 1.51 0.0051L 0.001LL 0.0021
2 1.31 Q] 0.0012 (0.0022
2 1 1.52 0.0052 0.0021 0
2 1.32 0.0032 0.0022 0
3 1 1.53 0,0053 0.003L 0
2 g 0

Q 0.5

Note that mesh increments, not total distances, are‘supplied as in-
put. With reference to Fig. B.3, AX between columms 5 and 10 is 1 cm,
whereas the distance from column 5 to columm 10 is 5 cm.

Figure B.1l shows the standard EQUIPOISE-3 input forms filled out

according to the instructions given in previous paragraphs.

18



UNCLASSIFIED
ORNL-LR-DWG 64818

COMP \
i COMP 2 AY=2
*
1
a .
s I coMp_} |
I
o |
, Lcomp comP_|
‘1 1
Al
o
10
W4 —1— '
12 | ﬁLA—
| COMP 2 | Ar=1
il |
- T |
5447_4_ |
|
16 —— CcOMP  ——| —
17
18 ‘
19 ]
20 —-—
24
22 -
|
23 |+4— 4L47
COMP 2 AY=2
24 i
25 ~

L P B V2
AXx=2 k AX=0,5
AX =1

Fig., B.3. Diagram of Reactor in Sample Problem.
Output

Figure B.4 shows the output for the sample problem, This output con-
sists of the items shown below.
1. Title.
2. Reactor specifications.
3, Mesh specifications.
4

. Reactor dimensions.
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CODE EQUIPOISE ~ 3 SAMPLE PROBLEM FOR REPORT

REACTCR SPECIFICATIONS
25 RCHS 10 COLUMNS 8 REGIONS 3 CoMpPsS 2 GROUPS

CHIY# 1.00CD CHI2#-0.

MESH SPECIRICATICNS

I LCELTA
1 . 2.000 4 1.000 22 2,000 25

J CELTA
1 2.000 2 1.000 3 0.500 5 1.000 110

DLMENSICN SPECIFICATIONS

—_—

I DIST.

2 2.080 3 4.000 by 6.000 5 7.000 6
113,000 12 14.000 13 15.000 14 16,000 15
20 22.000 2V 23,000 22 24.000 23 26.000 24

J DIST.

2 1.000 3 2.000 L 2.500 5 3.000 6

Fig. B.4. Output for Sample Problem.

XY GEOM BaColLsT,RyB)#1,0,0,0

8.080 7 9.000
17.000 16 18.000
28.000 25 30.000

4.000 7 5.000

8
17

10.000
19,0600

6.000

N.F.#10.00000¢t

9 11.000
18 20.000
9 7.000

10
19

10

[RD)

12.003
21.303

8.300
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CODE EQUIPQISE ~ 3

SAMPLE PROBLEM FOR REPORT

REGION SPECIFICATIONS

REG
i

10

22

22

22

25

10

10

10

comp
2

GROUP
i
2

1
2

N = — N — [, —

[ L I

D
1.520€ 00
1.320E 0O

1.500€ 00
1.310e 00

1,530 0O

"Do

1.500e 00O
1.310E 00

1.520€ 00
1.320€ 0O

1.500€ QOO0
l.310e 00

1.520E 00O
1.320€ 40

1.520€ GO
1.320€ 0O

SIGR
5.200E-03
3.200e-03

5.100E-03

‘Do

5.300E-03

‘Do

5.100E-03

"Do

5.200E~03
3.200E~03

5. 100E-C3

-Dc

5.200E~03
3.200e~-03

5.200E-C3
3.200E-03

Fig. B.4 (continued)

SIGA
2.100€e-03
2.200e-03

1. 100E-03
1.200€E-03

3.100€-03
5. 000€e-01

1.100E-03
i.200E-03

2. 100E-03
2.200e-03

1.1 00E-03
1.208E-03

2.100E-03
2.200e-03

2. 10DE-D3
2.200E-03

2.100E-03
2.,200£-03

-C.
-D.

2.100E-D3
2.200E-03

"'Do
-0.

2.100e-03
2.200€E-~-03

B SQ
3.000E-03
2.000€e-03

3.000E-03
2.000E-33

3.000E-03
2.000E-03

3.000E-03
2.000CE-D3

3.000e-03
2.000e-03

3.000E-03
2.000E-03

3.000e-03
2.000E-D3

3.000e-03
2.000e~-03



ce

CODE EQUIPOISE - 3

FLUX CALCULATION BEGINS

LT NC
10
20
30
4Q
50
60
70
80
20

FLUX CCNVR
5.5502E~-02
1.5938E-02
1.3660E-D2
6.938T7TE-D3
|« 6092E-D3
3.6079E-Dy
7. 1724E-D5
1. 6630E-05
3.4422E-06

SAMPLE PROBLEM FOR REPORT

BETA# 1.6915¢ 00

NU-CRIT CONVR

1.00C0E Q0
2.5630e-01
1.2589E~03
5.9832E-03
2.2308E-03
5.2705E-04
Je 1655E~04
2.5146E-05
5.4389E~-06

TOT RESIDUE
4.3874E-02
3.8263E-D2
1.5107E-02
h,6234E-03
1. 0696E-03
2. 3556E-0k
5.0884E-05
1.1011E-05
2.5277E-0%

Fig. B.4 (continued)

MAX RESIDUE
7.9872€E-03
5.8997£-03
2.5143£-03
9.5961E-04
2.2549E-0U4
5.0159E-05
1« 08O5E-05
2.2829€-06
4.2u98E-07

NU-CRITICAL

5.93048E
4, 72060
b TIWb66E
L, 74304E
4, 75365E
4,75615E
L, 75671E
L.75683E
L4, 75685E

o1
iy
o1
01
g1
b1
o1
01
(13 ]
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CODE EQUIPOISE - 3

NO.IT.# 9O
GROUP 1 FLUX
!
1 0.
2 7.166E
3 1.573¢
L 2.TUQE
5 3.488E
& 4.205E
7 4,903€E
8 5.580E
9 b.230E
10 6.8B41E
11 T+3TUE
12 T.787TE
13 8.058E
14 8.179E
15 Bl 143E
16 T.951E
17 7.604E
18 7.109E
19 6 uTUHE
24 5.709E
21 4.B28E
22 3.845E
23 2.209E
24 1.007€
25 O.

NU-CRIT# u.,75685E 0!

0.

T.166E
1.573E
2.TU9E
3.488¢E
4.205€
4.903E
5.580E
6.230E
6.841E
7T.3TUE
7.787E
8.058E
8.179E
8.1u3E
T.951E
7.604UE
7-.109E
b.HTUE
5.709E
4.828¢
3.845E
2.209€
1.007E

O.

15

15

SAMPLE PROBLEM

0.

6.T24UE
1.u72E
2.545E

3.198E

3.8L5E 1

4.480E
5.101€

5.711E

6.,318E )

6.863E
7.26LE
7T.522E
T.636E
7.604E
T.425E
7.101E
6.840E
6.048E
5.335E
4.514E
3.598E
2.07T1E
9LUSTE

0.

FOR REPORT
i
0.
14 6.407E
15 1.400E
15 2.410E
15 3.014E
15 3.619E
15 4.215E
15  4.800E
15 5.376E
15 5.965E
15  6.500E
15  6.8BLE
15 7.130E
15 T7.239E
15 7.208E
15 7.038€
15 6.732E
15 6.295E
15 5.73SE
15 5.061E
15 4.284E
15 3.418E
15 1.9T1E
14 9.008€
0.

Fig. B.4 (continued)

15
14

O.

6.029E
1.316E
2.263E
2.836E
3. 404E
3.963E
4.511E
5.050E
5.589E
6.074E
6.430E
6.660E
6.T61E
6.T33E
6.5TUE
6.289E
5.881¢€
5.359E
4.731E
4.008E
3.201€
1.851E
8.UTIE

0.

Q.

5.097E
1. 110E
1.907E
2.397¢
2.875¢E
3.343¢
3.800E
4. 243E
L, 663
5.032E
5. 315E
5.501E
5.583E
5.559E
5.428E
5.193€
4.858E
4. 429E
3.915E
3.325F
2.668E
1.556E
7.150E
0.

gd.

3.979E
8.629E
1.466E
|+ B2UE
2.180E
2.530E
2.871E
3.197E
3.499E
3.760E
3.963E
4,098
L. I5TE
4.138€
4. 0u0E
3.865E
3.617E
3.300E
2.923E
2.495E
2.030E
1.205E
5.570E

O.

0.

2.725E
5.882E
9.858E
1.212E
1.842F
1.6T1E
1.892E
2.103E
2.295E
2.461E
2.590E
2.675E
2.T12€E
2.699E
2+635E
2.521E
2.360E
2. 155E
I.913E
1.641E
1.354E
8. 180E
3.806E

g.

NeF./{TOT PRODI#

0.

1.383E
2.977¢€
4 .9u48E
6.050¢
7.181E
8.30LE
9.395E
1.0u3E
ta136E
1.217E
1.279E
1.321E
t.339E
1.332E
1.300E
1« 2LUE
I+165E
1.065E
Phb61E
8.143E
6.766E
4.129E
1.930E
d.

1.69855E 13
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CODE EQUIPOISE ~ 3

GROUP 2 FLUX

20
21
22
23
24

25

!

o.

2.371€
5.095E
8.528E
1.06LE
1.303E
1.579€
1.908€E
2.311€
2.807E
3.359E
3.8u45E
4,223
b UBI1E
4L.619€
L.6U2E
4.556E
4.371E
4,099E
3.750€
3.341F
2.884E
1.919E
9.525E

o.

13

1

14

1

P

T
L

IR

0.

2.371E
5.095E
8.528E
1.064E
1.303E
1.579E
1.908E
2.311E
2.807E
3.559E
3.8Bu5E
4.223E
b.U81E
h.619E
4 6U2E
4. 556E
4.371E
4.099€
3.750%
3.341E
2.B86E
1.919E
9.525E

0.

SAMPLE

13

14

14

14

14

PROBLEM FOR REPORT

O.

1.836E
3.946E
6.599E
8.220€
1.007E
1.221E
1. 48DE
1.817E
2.336E
3.042E
3.569¢€
3.951E
4.203E
k.337E
4.360E
4.28B1E
4.108E
3.852E
3.525E
3.141E
2.TI14E
1.805E
B.966E

O.

13

13

14
14
1
1
1y
1y
ih
1
1

1y

D.
ad.
0.
O.
0.
O.
O.
D
o.
2.115€
2.853E
3.383¢
3.757E
4.002€
4.131E
4. 154E
4.079E
3.914E
3.671E
3.360E
2.994E
2.588E
1.722E
8.555E

0.

14

o.

8.789E
1.90u4E
3.241E
4.110E
5.166E
6.530¢€
8.UTHE
1.173E
1.873E
2.656E
3.172€
3.530€
3.762E
3.885¢
3.907E
3.837E
3.682E
3.454E
3.162E
2.818E
2.437E
1.622E
8.062E

0.

12
13
13
13

13

0.

1.078E
2.333€
3.970E
5.038E
6.330E
T.97T0E
1.019E
1.337¢
1.796E
2.289¢€
2.688E
2.981E
3.176E
3.280€
3.299E
3.240E
3.111E
2.919E
2.673E
2.384E
2.063E
1.376E
6.842E

D.

Fig. B.4 (continued)

0.

1.037E
2.214E
3.811E
4.825E
6.043€
7.555¢€E
9.488E
1. 199E
1.507E
1.829E
2.109E
2.326E
2.473E
2.552€
2.567E
2.522E
2.421E
2.273E
2.083E
1.859E
1.612E
1.078E
5.365E

0.

m
i

14

0.

8.045E
1.738BE
2.945E
3.720¢
L4.6U5E
5.768E
7.153€
8.838E
1.078E
1.276E
l.U54E
1.59u4E
1.692E
1. T45E
1.755E
1.724E
1+656F
|« 554E
1. 425E
1.273¢
t.105E
7T.402E
3.688E

0.

O

k.368E
F.U3E
1.595E
2.012E
2.506€
3.099E
3.81LE
4.659E
5.601E
6.554E
T.413E
8. 104E
8.588E
B8.B852¢
8.901E
8. TULE
B8.398E
7.88TE
7.233€
6.466E
S«.617TE
3.7T66E
1.878E

0.

13
13
13
i3
13
13
13
13
13
13
13
13
13

i3




Ge

CODE EQUIPCISE - 3
GROUP ABSORPTIONS
GROUP-ONE
9.49781E 14
GROUP PRODUCTIONS
GROUP-ONE
9.48612E 14
BOUNDARY LEAKAGES
GROUP-ONE
LFT C.
TOP 2.T9252E 15
RIT 3.36uU55E 16
BOT 3.91505E 15
AXI AL LEAKAGES
GROUP—-ONE
2.9u4827E 15

REGION ABSORPTIONS

REG GROUP-ONE
1 3.02610E 13
2 6.29035E 13
3 9.82679E 13
4 4.32629E 13
5 3.41410F 13
6 3.90726E 14
7 ].80872E 14
8 1.09347E 14

SAMPLE PROBLEM FOR REPORT

GROUP~-TWO

1.08588E

15

GROUP-TWO

5.13876E

13

TOoTAL
2.03566E

TOTAL

10.00000€

TOTAL# U.24966E 16

GROUP-TWO

D.

5.4580kE
1.76482E
3.24118¢

i3
15
)

GROUP-TWO

8.8012U4E

i3

GROUP-THWO

9.73973E
2.269LTE
1.03550¢€
1.22425¢€
8.3500uE
2.45359E
1.07660E
9.77050€

11
12
15
12
11
13
13
12

TOTAL
D.
2.84710E
3.54103€
4,23917E

TOTAL
3.03629E

TOTAL
3.12349E
6.51730€
1.13377E
L.UuBTIE
3.49760E
L.15262E
1.91638E
1.19118E

Fig. B.4 (continued)

15

T4

15
16
15

13
13
15
13
13
R

14

REG.VOLUME

1.20000¢€
1.2000CE
1.20000€
1.20000€
3.00000E
6.00000¢
5.40000E
4.80000E

0t
01
01
01
01
01
o1
01
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CODE EQUIPCISE -~ 3

SOURCEII,4)

10

i)

Ce.
D.

0.
0.

U.
C.

c.

0.
0.

0.
0.

0.
0.

0.
D.

0.
B.

SAMPLE PROBLEM

-0.
5.961E

74559E
7.559E

9.117E
9.117E

1.064E
1.06LE

1.214E
1.214E

1 .359E
1.359E

1 .L498E
1.498E

1.623E
1.623€

1.720E
1.720E

1.785E
1.785E

1.816E
1.816E

12

12
12

12
13
13

13
13

13
13

13
13

13
13

13
13

13
13

13
13

FOR REPORT

2 3
0. G. 0.

0. 0. 0.

~0. -0. -0.

-0. -0. ~-0.

-0. -0. ~0.

bt -0. -0.

-0. -0. -0.
5.961E 12 5.u490E 12-0.
7.559€ 12 6.897¢ 12-0.
T.559€ 12 6.897E 12-0.
9.117€E 12 8.296E 12-0.
9.117E 12 8.296E 12-0.
1.064E 13 9.677E 12-0.
1.064LE 13 9.677E 12~-0.
l1.214E 13 1.104€ 13-0.
1.214E 13 1.104E 13-0.
1.359E 13 1.239E 13-0.
1.359€ 13 1.239E 13-0.
1.498E 13 1.378E 13-0.
1.498E 13 1.378E 13 1.378E
1.623€ 13 1.508e 13 1.508E
1.623E 13 1.508E 13 1.508E
1.720E 13 1.604E 13 1.604E
1.720€ 13 1.604E 13 1.604E
1.785E 13 1.667E 13 1.667E
1.785€ 13 14667E 13 14667
1.816E 13 1.696E 13 1.696E
l+816E 13 Jo696E 13 1.696E

Fig. B.4 (continued)

13
13

13
13

i3
13

~0.
1.299E

1.428E
1.428E

1.520E
1.520€

1.580¢€
1.580E

1.608E
1.608E

1.299E

1.U28E
1. 428E

1.520€
1.520€E

1.580¢€
1.580E

1.608E
1.608E

I3
13

13
13

13
13

13
13

-a.
-0.

-0.
-0

-0

-

-GC.
l1.215¢

1.334E
1+334E

1.420E
l.420E

I UT76E
Lo UT6E

1.503E
1.503€

13
13

5

U.
J.

-0.
-0.
0.

~0.
h.B824E

6.0u46E
6.0u6E

T.261E
T.261E

B.U4b65E
8.465E

9.659E
9.659E

1.086E
1.086€E

1.215E
1.215€E

| .33LE
l«33L4E

1.420E
f.420E

l.LT6E
U T6E

1.503€E
1.503€

12
12

12
12
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CODE EQUIPOISE ~ 3 SAMPLE PROBLEM FOR REPORT

SCURCEI(I,J)

) 2
15 G. 0. 1.812E 13 1.812E 13
O. 0. 1.812E 13 1.812E 13
1& g. g. 1o772E 13 1.772€E 13
C. 0. 1.772E 13 1.772E 13
17 0. 0. 1.697E 13 1.,697E 13
0. 0. 1.697E 13 1.697E 13
i8 g. C. 1.589E 13 1.589E 13
O. 0. 1.589E 13 1.589E 13
19 g. 0. j.450E 13 1.450€ I3
0. 0. }.450E 13 1.450€ 13
20 c. O. 1.28B1E 13 1.281E 13
g. oO. 1.281E 13 1.284E 13
21 o. G. 1.087€ 13 1.087E 13
c. 0. 1.087E 13 1.087E 13
22 0. C. B.709C 12 8.,709E 12
Oe O. ~0. -0.
23 gd. 0. -0. -0
D. 0. -0. -0.
2k g. 0. ~0. -0.
0. 0. -0. -0.
25 0. 0. 0. g.
a. 0. 0. O.

Fig. B.4 (continued)

1.692E
1.692E

1.655E
1.655E

1.585¢E
1« 585E

1.485E
1. 485E

1.355E
1.355E

1.198E
1.198E

1.017E
J.017E

8.153E
-D.

-0.
-0.

-0.
-0.

Q.
0.

| «692E
1.692E

1.655E
1 .655E

1.585E
1.585E

1.485E
1 «4B5E

1.355E
1.355€

1.198E
i.198E

1.017E
1.O017E

8.153¢

i3
13

i3
13

1« 60SE
1.605E

1.569E
1« 569E

1. 50UE
t«50UE

I.408E
1. 408E

1.285E
1 .285E

1.
e

137E
137E

9.656E

9. 656E

u

13 1.605E
13 1.605E

13 1.569E
13 1.569E

13 1.50LE
13 1.50u4E

13 1.408E
13 1.408E

13 1.285E
13 1.285¢

13 1.137E
13 1.137¢€E

12 9.656E
12 9.656E

12 7.7h6E

13
13

12
12

1.U99E
| 499

1.467E
LoU6TE

1. 405E
t.u405E

1e316E
1.316E

1.201E
1.201E

1.063E
1.063E

9.037E
%.037E

7.258E
~D.

-0.
~0.

-0.
~0.

0.
0.

5

13 1.499E
13 1.Lu99E

13 1.467E
13 10678

i3 1.405€
13 1.405€E

13 1.316E
13 1.316E

13 1.201E
13 1.201€

13 1.063¢E
t3 1.063E

12 9.037E
12 9.037¢c

12 7.258E
-0.
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CODE EQUIPOISE - 3

SQURCEI(T,J)

4.092E

S5.14LE
5.144E

6.1 T6E
b.176E

T.196E
7.196E

8.20SE
B8.205E

9.20LE
9.204E

1.019E
1.019E

1.107E
1.107€

14175E
1.175E

1.221€
1.221E

J1.242E
1.242¢

12

12
12

12
12

12
12

12
12

12
12

13
13

13
13

13
13

13

13
13

L4.092E

5.1h4E
S.iLUE

6. 176E
6.176E

T.196€
T.196E

8.205E
8.205€

9.204E
?.204E

1.019E
1.019E

1.107E
1.107E

1.175E
1.175E

1.221E
1.221E

1.242E

1.242E 3

SAMPLE PROBLEM FOR

12

12
12

12
12

12
12

12
12

i2
12

13
13

13
13

13
13

7
0. O.
0. O.
-0. -0
-0 -0.
-0. -0.
-0. -0
-0 -0.

3.163E 12-0.

3.936E 12-C.
3.936E 12-0.
«7T11E 12-0a
«TI1E 12-0.

6.238E 12-0.
6.238E 12-0.

6.977TE 12~-0.
6.977€ 12~-0.

T.679E 12-0.
7T.679€ 12-0.

8.299E 12-0.
8.299E 12-0.

B.787E 12-0.
8.787E 12-0.

P.117E 12-0.
9.117E 12-0.

9.273¢ 12-0.
9.273E 12-0.

REPORT

8

C. 0.

g. 0.
-0. -0.
-0 -0.
-0 ~-0.
-0. -0.
~-0. -0.
-0 -0.
-0. -0.
-0 -0
-O. -0.
-0. -0.
~-0. -0.
-0. -0
-0 -0.
-0 -0.
-0 -0.
-Q. -0.
-0. -0.
-0. -0.
-0. -0«
-0. -0.
-0. -0.
-0. -0.
-0 -0.
-0 -0.
~Ce. -0.
-0. ~0.

Fig. B.4 (continued)

0.
0.

-0.

-0.

-0.

-0.

-0

-0.

~0.
=0.

-0.
-0.

~0.
-0.

-0.
-0.

~0.
-0.

-0.
~-0.

0.
C.

-0.
-0.

0.
O.

O
0.

0.
0.

e
0.

0.

0.
0.

0.
0.

a.
0.

0.
0.

O.
a.
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CODE EQUIPOISE - 3

SCURCEI(T 4 J)

15

20

21

22

23

24

25

1.239€
1.239¢

1.2)2E
1.212E

1.162E
1.162E

1.089E
1.089E

9.943E
9.9U3E

8.809E
8.809E

7.507E
7.507E

6.057E
-0.

1.239E
1.239€E

1.212E
1.212E

1.162E
1.162E

1.089E
1.089¢E

9.9U3E
9.9u43E

8.809E
8.809E

7.507¢
7.507E

6.057E
-0.

-0.
-0.

"'Do
‘D.

0.
0.

13 9.251E
13 9.251E
13 9.049E
13 9.049E
13 8.672E
13 8.672E
13 8.129E
13 8.129¢E
12 T.431E
12 T431E
12 6.596F
12 6.596E
12 5.648E
12 5.648E
12 4.619E
~0.
-Do
-Do
-0.
‘Dc
O
0.

SAMPLE PROBLEM FOR

7

12-0.
IZ—D-

’2’0.
12~-0.

12-0.
12-0.

12-0.
12-0.

12-0.
12_0-

’2-00
]2_00

12-0.
12-8.

REPORT

8

-0. -0.
-0. ~-0.
‘Do -0,
-0 -0
-0. -0.
~0. -0.
-0, -0.
~0. -0.
~0. -0.
~0. -0.
“Do ~0e.
~0. -0.
~0. -0.
~D. -0.
~0. -0.
-0. -0.
~0. -0.
~0. -0.
_Do ‘G.
~0. -0.

0. 0.
C. 0.

Fig. B.4 (continued)

-0.
-0.

-0
-0.
-0.
~-0.
-0.
-0.

“Do
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-Do

.
0.

0.
D‘

O.
0.

0.

D.
a.

D'

0.
0.

0.
0.

D'
0.

D.
0.

0.
D.

8.
0.

a.
0.

D.
0.

0.
0.



o¢

CODE EQUIPOISE - 3

ADJOINT FLUX CALCULATION BEGINS

LT NC
10
20
30
4g
50
60
70
80

FLUX CONVR
3.3829E-03
2.1898E-03
1.1016E-03
3.5192E-04
9.9968E-05
2. 7664E-05
7T.5326E-D6
2.1383E-06

SAMPLE PROBLEM FOR

NU-CRIT CONVR

C.
Ce.
0.
O.
c.
O.
0.
C.

REPORT

TOT RESIDUE
2.5833E 00
2.7080€-01
3.1843E-02
6.7548E-03
1.7539€-03
h.7483E-04
1.3808E-0u4
6.6721E-D5

Fig. B.4 (continued)

MAX RESIDUE
L. 4539E-01
L,B8712E-02
b.4510E-03
1.1612E-03
3.2758E-04
9. 1866E-05
2.7187e-05
9. 4108E-06

NU~CRITICAL

1. 00000k
1. 0000CE
1.00000c
1.00000€
} . 000C0E
1. 00080k
1.00000¢€
1.00000E
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CODE EQUIPOISE -~ 3 SAMPLE PROBLEM FOR REPORT
NO.1T.# 8D NU-CRIT# 1.00000& QO NeFo/(TOT PRODI# 5.56LT7THE-DI
GROUP 1 ADJCINT FLUX
! 2 3 by 5 6 7 8 9 ia
1 o. 0. d. C. o. 0. 0. 0. a. C.
2 3.843E 14 3,843F 14 3.604E 14 3.433E 14 3.230F 14 2.731E 1% 2.132E 14 1.460E 14 T.UI6E 13 O.
3 BJU2TE 14 B.42TE 14  T.879FE 14 T 493E 14 T.OLIE 14 S.9u0E 14 W.620E 14 3.151E 14  1.595E 14 Q.
1 1.469E 15 1.U69FE !5 1.360E 15 1.287E 15 1,209E 15 1.019€ 15 7.8u0F 14 5.276E 1% 2.650E 14 OC.
5 1.861F 15 1.861E 15 1.707E 15 1.609E 15 1.514E 15 1.280FE 15 9.746E 14 6.483E 14 3.239FE 14 O.
6 2.242E 15 2,242E 15 2.051E 45 1.931E )5 1.816E 15 1.534E 15 1.465E 15 7.715€ '4% 3.8uLE 14 O.
7 2.633E 15 2.613E 15 2.388E 15 2.24BE 15 2.113E 15 1.784E 15 1.352E 15 8.937E {4 U 4LOE I4 D.
8 2.973E 15 2.973E 15 2.719€ 15 2.559E 15 2.405€ 15 2.027€ 15 1.534F 15 1.012E 15 5.032F lﬁ D.
9 3.319E 15 3.319E 15 3.Du3t 15 2.865E 15 2.692E 15 2.263E 15 1.708E 5 1.125E 15 5.587E. 14 0.
i0 3L6ULE 15 3,6L4E 15 3.366E 35 3.17BE 15 2.979E 15 2.487E 15 1.870E 15 1.229E 15 6.093E 14 0.
11 3.927E 15 3.927E 15 3.656E 15 3.463E 15 3.237E 15 2.684E 15 2.010£ 15 1.318E 15 6.527E 14 D.
12 Ho1H6E 15 L, 146E 15 3.869E 15 3.667E 15 3.427E 15 2.836E 15 2.119E 15 1.38BE 15 6.866E 14 0.
i3 H.291E 15 U4.291E IS5 LU.007E 15 3.799E 15 3.5L49E 15 2.935E 15 2.191E 15 1.43LE 15 7.092E 4 OG.
s 4,355E |15 U4,355E 15 4.068E 15 3.857E 15 3.604E 15 2.979E 15 2.223E 15 1,455k i5 T.192E 4 O,
t5 4.337€ 15 UL,337E 15 U4.051E 15 3.841E 15 3.589E 15 2.967E 15 2.21u4E 15 1.448E 15 7.160E 14 O.
16 4,236E 15 4,236 15 3.957E 15 3.752E 15 3.506E 15 2.898F 15 2,163FE 15 J.415E 15 6.995E 14 0.
17 4.053E IS 4.053E 15 3.787E 15 3.591E 15 3.356E $5 2.774E 15 2.071E 15 1.355E 15 6.699E 14 0.
18 3.792E 15 3.792E 15 3.543E 15 3.360F 15 3.14IE 15 2.597E 15 1.939E 15 1.269E 15 6.278E 14 O
19 3.USTE 15 3.45TE 15 3.,231E 15 3.065E 15 2.865E 15 2.371E 15 1.772E 15 1.161E §5 S.7TWLE 14 Q.
20 3.054E 15 3,.054E 15 2.855E 15 2.709€ 35 2.534E 15 2.100 15 1.572E 15 1.032€ 15 5.114E 14 0.
21 2.591E 15 2.591E 15 2.423€ 15 2.301E 15 2.153E 15 1.788E 15 1.345E 15 B.876E 14 u.ui3g tu O,
22 2.074E 15 2.074E 15 1.942FE J5 1.BM5E 15 1.729E 15 1.uW3E 15 1.100& 15 7.352E 14 3.,678E 14 DO
23 1.205E 15 1.205E 15 1.130E J5 1.075E 15 1.000E 15 8.497E 14 6.585E 14  L.uT76E 14 2.261€ 14 0.
24 5.532E 14 5.532E 14 S5.196E I4  4.950E 14 L4.655E 14 3.931E 14 3.064E 14 2.095E 14 1.063E 14 0.

25 0. Q. 0. 0. 0. 0. 0. D« 0. 0.

Fig. B.4 (continued)
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CODE EQUIPOISE -~ 3

GROUP 2 ADJOCINT

21}
22
23
24

25

1

0.

1.191E
3.107€
6.931E
9.881E
1.287E
1.604E
1.960E
2.377E
2.878E
3.429E
3.912€
4.281E
4.525E
4. 64D
k. 630E
4,502E
4.263E
3.920€
3.485E
2.969E
2.382E
1.383E
be34BE

O

i

15
ts

{5

FLUX
2

0.
1.191E
3.107E
6.931E
9.881E
1.287E
1.604E
1.960E
2.377E
2.878E
3.429E
3.912€
4,281E
4.525€E
4, 6u40E
4.630E
L4.502E
4.263€
3.920E
3.u85E
2.969E
2.382E
1.383E
64348E

0.

SAMPLE

Ty

1

PROBLEM

0.

9.154E
2.390E
5.346F
T.641E
9.9L9E
1.241E
1.520E
1.866E
2.376E
3.077€
3.601E
3.976E
4 214E
4.327E
b,321E
L4.203E
3.981E
3.662E
3.258E
2.776E
2.229E
1.297E
5.961E

0.

FOR REPORT

13

15

0.
D.
0.
0.
O.
0.
0.
G.
0.
2.120E
2.862E
3.390E
3.758E
3.990E
4,099E
4.095E
3.984E
3.7T4E
3.473E
3.090E
2.635E
2.118E
1e234E
5.678E

0.

15
15
15
15
15
15
15
15

15

0.

2.723E
T.762E
2.033E
3.190€
4.368E
5. 7BM4E
T.767E
1.110€E
1.836E
2.633E
3.149E
3.500E
3.721E
3.826E
3.823E
3.721E
3.525E
3.245E
2.889E
2.466E
1.984E
1+159E
5.3u40E

0.

15
15
15
15
15
15
15
15
15
15
15
15
I5
15

U

O.

3.434E
9.698E
2.46TE
3.797E
5.196E
6.873E
9. 106E
1.232E
1.698E
2.196E
2.592E
2.879E
3.063E
3.152€
3.153€
3.071E
2.912E
2+683E
2.392€
2. 047E
1.654E
9o TULE
4.508E

1

Fig. B.4 (continued)

0.

3.392E
9.3Tu4E
2.244E
3.324E
4.537E
6.001E
T.87I1E
1.031E
1.335E
1.652E
1.925€
2.133E
2.2T1E
2.340E
2.343E
2.285E
2.169E
2.00tE
l.788E
I« 538E
1.260E
7.548E
3.513E

0.

O.

2.672E
7.223E
1.634E
2.337€
3.179€
4.206E
5.487¢
7.071E
8.919E
1.082E
1.250€
f.383E
T.473¢
1.520€
1.524¢
1.u87E
1.4 3E
I.306E
1.170E
1.012E
B.UOb6E
5.127E
2.401E

0.

15
15
15
ih

m

0.

1 U62E
3.898¢
8.568E

1.208BE

. 1.637E

2.162€
2.807E
3.583E
U,U61E
5.356E
6161 E
6.804UE
7.248E
T.481E
7.505E
7.330E
6.971E
6 4UBE
5.786E
5.020E
4.200E
2.588E
1.217E

0.

14

Iy

tu

L

Iy



CODE EQUIPOISE - 3 SAMPLE PROBLEM FOR REPORT

{FLUX)X{ADJOINT-FLUX) REGION INTEGRALS

29

REG FIIIF(K)» FI2)F(K)* K# 1,2
} 1.39940E 31 4,26649E 29
5.67431E 30  1.73379€ 29
2 1.5455JE 32 5.23193¢ 30 CODE EQUIPOISE -~ 3  SAMPLE PROBLEM FOR REPORT
9.91092E 31! 3.41075€ 30
IDEL—FLUX). (ADJOINT DEL-FLUX) REGION INTEGRALS
3 6.5B044E 31 0.
0. 0. REG  OF{1)DF(1)%  DF{2)DF{2)«
! 1.38866E 30  2.404D0E 28
" 7.47342€ 31 1.97519€ 30 2 3.42164E 30  2.27018E 29
3.27T466E 3) 9.39936E 29 3 2.62689E 30 0.
n L.917TU3E 30  1.06940E 29
5 9.36288E 30 2.01666E 29 5 1.89056E 30  1.03182€ 28
1.91736E 30  4.35185E 28 6 2.87822E 31 1.85524E 30
7 3.64382E 31 1.99386E 30
6 1.19541E 33 6.77T7TB4E 31 8 7T.73585E 30  6.73992E 29
1.23498E 33  7.09558E 31
Fig. B.4 (continued)
7 1. 10450 32 6.33752E 30
1.01655E 32 6.1u494TE 30
8 5.T9UT6E 31 4, 7T4692E 30
6. 6493UE 3] S.Lu681E 30

Fig. B.4 (continued)



5. Region and composition specifications.
The value of the extrapolated Liebmann coefficient.

7. Convergence levels at every tenth iteration consisting of flux con-
vergence [Eq. (7)], nu-critical convergence [Eq. (6)], and residue
convergence [Eq. (8)]. Also reported at every tenth iteration are
the maximum residue and the value of nu-critical (\).

8. The normalized group flux values at every point.
A neutron balance list calculated from the printed-out fluxes.
10. A summary of the group absorptions by region, and the region volumes.
11. The source density (B.l) at each quadrant of each mesh point.
12. A summary of convergence levels for the adjolnt calculation.
13. The group adjoint-flux values at each point.

14. The flux times adjoint-flux region integrals, calculated region by
region. For two regions, the print-out would be as follows:

Region F(L)F(K)* F(2)F(K)* K =1,2
*
1 [ ® av [ &8 av
* *
[ @2; av [ @8, av
* *
2 11¢1@1 av j,¢2¢1 dv
*
f‘blq)?, dv f@z‘b—: dv

15. The region integrals of the dot products of the gradieénts of the flux
and the adjoint flux. For two regions, the print-out would be as

follows:
Region DF(1)DF(1)* DF(2)DF(2)*
1 [vevel av [ ve,-ve; av
2 fve-ve av [ ve,r va, av

34
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