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EXTERMINATOR -~ A MULTIGROUP CODE FOR SOLVING NEUTRON
DIFFUSION EQUATIONS IN ONE AND TWO DIMENSIONS
T. B. Fowler

M. L. Tobias
D. R. Vondy

Page 25 - Delete lines 4 through 12 and insert the following:

Columns 1%-24 SCATU(E12.8): The maximum number of groups for up-

scatter. For example if the maximum up-scatter in a problem were from
some group K to K — 5, then 5.0 would be specified. A zero for SCATU

would specify no up-scatter.
Columns 25-%6 SCATD(E12.8): The maximum number of groups for down-

scatter. If the maximum down-scatter in a problem were from a group K to
XK + 5, then 5.0 would be specified. A zero specifies no down-scatter.
If both SCATU and SCATD are input O or left blank, the code assumes

maximum up- and down-scatter.
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EXTERMINATOR — A MULTIGROUP CODE FOR SOLVING NEUTRON
DIFFUSION EQUATIONS IN ONE AND TWO DIMENSIONS
T. B. Fowler
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D. R. Vondy

Page 4 - Add the following paragraph under The Five Point Difference

Equations:

For points associated with a "rod region", the interior
fluxes are not defined, but satisfy the logarithmic derivative

condition

L1e

=-C, (14)

3
along the boundaries of the region. Cr is a positive number
and the derivative is taken normal to the boundary and in the
direction of the rod region.

Page 27 -Change C to Cr in lines 5 and 19.
Page %2 -Delete first six sentences of paragraph beginning "No provision
was made N

Page 58 -Insert the following after line b

Cr Rod group constant.
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EXTERMINATOR — A MULTIGROUP CODE FOR SOLVING NEUTRON
DIFFUSION EQUATIONS IN ONE AND TWO DIMENSIONS

T. B. Fowler
M. L. Tobias
D. R. Vondy

Abstract

The program described here solves the finite-
difference analogs of the multigroup neutron diffusion
equations in one and two dimensions, using an IBM-7090
computer. The co-ordinate systems permitted are rec-
tangular (X-Y) and cylindrical (R-Z and R-8). Scat-
tering from any group to any other group is allowed.
Outside boundary conditions are either symmetry, zero
flux, or perodic, and internal control rod boundaries
may be specified. The user may employ group-and
material -dependent transverse bucklings where appro-
priate. Input cross sections may be macroscopic,
microscopic, or both. Microscopic cross sections
may be used from a previously made tape, from cards,
or both. Figenvalue, constant source, or poison
search problems may be solved. Up to 50 groups, 500
materials, and 20,000 mesh points are allowed.

Acknowledgment
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primary responsibility for the work described rests with the second writer,
the effort has been a joint one and it is impossible to say where the

contrivution of one of us leaves off and that of another begins.



Introduction

The EXTERMINATOR code is designed to meet the need for a means of
computing neutron flux distributions in two-dimensions. The equations
upon which the program is based are finite-difference analogs of the
multigroup neutron diffusion eguations. The "Equipoise Method" is em-
ployed to solve these equaticns with certain medifications made to ac-
celerate convergence and insure stability. No mathematical proofs exist
as yet concerning the range of validity of either the original method or
the present modifications. Basically the method consists of sweeping the
mesh using over- or under-relaxation to compute new fluxes from an eigen-
value estimate and the most recently computed fluxes wherever possible.
At the end of a sweep of all mesh points and all groups, the eigenvalue
is recomputed so that the number of neutrons produced equals the number
lost. With this new eigenvalue, a new mesh sweep is started.

To accelerate convergerce, the following innovations have been made:

1. Line relaxation may be used instead of point relaxation. With
line relaxation, it 1s practical to sclve one-dimensional problems even
though the code was designed primarily for two-dimensional calculations.
(In point relaxation, the fluxes at a given mesh point and group are com-
puted from the fluxes at immediately neighboring mesh points and from
those at the same mesh point in other groups. In line relaxation, the
fluxes in a given group for an entire row or column are calculated from
those of adjacent rows or columns and from those on the same line in other
groups. In both cases the most recently obtained flux values are used
in calculating new fluxes.)

2. Group rebalancing may be used at intervals until the rebalancing
factors are within a specified range of 1.0. (Group rebalancing is a
process for ensuring that a neutron balance is imposed on each group as
well as on all the groups collectively.)

3. A search for an improved value of the "extrapolated Liebmesnn"
coefficient® is made based upon the cbserved convergence behavior of the

problem.



4. At appropriate times during the iteration process, an extrapola-
tion of the fluxes is made; the extrapolation method is similar to the
Aitken-6= process.®

All of these procedures are fully automatic. The program may be
said to "think for itself”; as will be seen, the techniques used are those
which an experienced user of the program might employ to accelerate con-
vergence if he could watch the progress of the computation.

Two new convergence criteria have been added to those which have
been used in other Equipoise codes.®?37%  ag before, the code calculates
pointwise flux convergence and eigenvalue convergence. (Experience has
shown that the former, while not foolproof, is the criterion least likely
to mislead the user into thinking the problem has converged. The cal-
culation of residues which was employed in some earlier work has been
abandoned as worthless.) The first new convergence indicator which has
been found is the calculation of eigenvalues on the basis of a neutron
balance taken over each group. The neutron balances for each group are
also reported. These eigenvalue estimates do not necessarily provide
upper and lower estimates for the multiplication constant. They could sall
be made the same as a result of group-rebalancing, and therefore all on
one side of the true answer. Nevertheless, they often bracket the answer,
and usually provide a good indicator of the reliability of the eigenvalue.
The second new criterion, which is reported at each iteration, is what is
called the "absolute convergence'. This quantity is the point-wise con-
vergence divided by 1 — 0, where ¢ is an estimate of the rate of error
decay. Clearly, ¢ must be less than 1 in absolute value if the problem
is to converge. Under certain assumptions, to be described later, the
so~called "absolute convergence' is an estimate of the deviation from the
true answer.

Besides the eigenvalue (multiplication constant) calculation, the
program will also compute the flux distribution for a given k due to an
arbitrary source distribution. Further, a direct poison search calcula-
tion can be done (in about the same amount of machine time as an eigen-
value calculation) which enables the user to determine a poison cross
section in specified regions required to produce a given muitiplication

facter, k.



Cross sections may be specified macroscopically, microscopically,
from cards and/or tapes, and material region specifications may overlay
previously specified regions. The code therefore affords the user con-
siderable flexibility and ease ir input preparation, detalls of which may
be found in the appropriate section below.

The rate of computation depends upon the problem and varies from
0.0018 to 0.00%5 sec per point per iteration per group. EXTERMINATOR is
faster than TWENTY GRAND® but not as fast as the two-group code EQUIPOISE—53

Details of the Method

The Five Point Difference Equations

The difference-equation analogs of the neutron diffusion equations
used in the present program are the same as those which have been used
in the EQUIPOISE and TWENTY GRAND, prcgram52

in detail here. It is sufficient to note for present purposes that, re-

»354 gnd will not be repeated

gardliess of the geometry employed, they take the form

a ¢ + Db b . +
1,5,k ‘141,70, T 1,0,k “1-1,0,x t C1,0,x *1,041k
, KMAX
+ d — ) o »
1,5, °1,0-1,k T 91,0,k “1,5,k T %k Z Crrpfrop
5]
+ 1 = 0 1
) %1 rpx *1,5,p T ek T (1)
P=1
P#£K
where a% JPK " 0 if P = K. In this eguation, the subscripts I and J
P Rl e

identify the mesh point in two dimensions and subscript K refers to the
neutron energy group. In constant source distribution problems the value
of A is fixed at some pre-set level. In elgenvalue problems, A 1s the
eigenvalue and the last term in Eq. (1) is zero. (See the table of

notation, page 58, for definitions of symbois. )



Basic Iterative Technique Employed

The five-point difference equations may be cast into matrix form
Ad = AMO (2)

where A 1s a matrix with positive diagonal elements and all negative or
zero off-diagonal elements. The sum of the elements of each column of

A is greater than or egual to zero. M ig a non-negative matrix. We may
assume that the eigenvalue problem represented by Eq. (2) is irreducible
and that A is non-singular. Because of the properties of A4, A"' is non-

negative. It may then be concluded that the problem

1 -
-X¢=A1M¢ (3)

has a positive value of 1/\ equal to the spectral radius of A™*M and associ-
ated with it will be a unique all-positive vector $.8 It is this value of A
and the corresponding vector which we seek. Usually, this value of A will
be the eigenvalue of largest modulus, but exceptional cases may be cited

where it is not. (For instance

A= o i and M may be i i in which case there will be two

values of A of equal modulus.) The nature of the iterative procedure

used here does not, however, depend upon the desired value of l/h being
largest and is therefore capable of dealing with even these exceptional
cases. The technique consists of partitioning the matrices so that the

iterative procedure becomes

= -1 _ ;
Oy = BV —BL —BAW)T (MM — Ao + 0 (4)

(5)



The over-relaxation procedure described by Eq. (L) is used only when
the percentage change from ¢n to ¢n+l is less than 0.1%. When the change
is greater, an important modification, which we call the "exponential - g"
method, is used to prevent negative fluxes from occurring. It is described
more fully below.

These equations express the simple idea that the values of the fluxes
most recently computed are to be used immediately for computation of new
fluxes and that estimation of A 1s done by adding up all eguations like
Eg. (1) and solving for A. The value of A will then be that which makes
the algebraic sum of the imbalances in Eg. (1) zero. In that way, at the
end of each sweep, we force the balance betwesn neutron production and
losses. We may further force a neutron balance on each group separately
by the group rebalancing technique described later.

Eq. (4) and (5) are used whether the option of point or line re-
laxation is used. If point relaxation is used V, L, and W are matrices
whose elements are point coefficients such as appear in Eq. (i). In line
relaxation, the elements are instead submatrices corresponding to lines
of points taken either horizontally or vertically at the user's option.
The convergence of the procedurs depends critically upon using an ap-

propriate over-relaxation coefficient B.
Line Relaxation Method

The iterative technigue is dmproved by the use of line relaxation.
In the present program it may be carried out either by rows or coiumns
of the mesh point network. One should choose the lines in the direction
of smallest leakage. Thus, in R-8 geometry, relaxation by columns, i.e.,
along circles rather than radii, is much preferable. If one relaxes along

columns, Eqg. {1) becomes

a. ¢ .+ b I L + O =0 6
5,d,K I+L,3,K  C1 0K %,k T 9,0,k 0r,ae T CLax (6)
where CT T ® includes the most recently computed values of the fluxes
_~’L gk
¢ and ¢ Solution of EBq. (5) involves the well-known problem

I,Jt1,K I,7,P°



of inverting a tri-diagonal matrix. The technique used is based on the
device of writing a recursion expression (the subscripts J and K are

dropped for simplicity):

I il (7)

which is substituted into Eq. (6). It follows that

(8)

e S S (9)

Values of mr and q are determined recursively, with mz and g= determined
by boundary conditions at the top-end of the column of mesh points. Eg.
(8) and (9) are used up to I = IMAX — 1. Then Eq. (7) is used to compute

the fluxes starting with ¢ the computation depending upon the

17
boundary conditions at thelgéftim-end of the column of mesh points. The
boundary conditions may be zero flux, symmetry, or elther or both ends

of the column may terminate on a rod region. The following relations will
hold according to the type of condition which exists at the ends:

Zero flux at top end (¢; = 0) or rod at top end,
qz = j m2 = == . (10)

Symmetry at top end (¢; = ¢2, symmetry axis must be midway between

points 1 and 2)

1
- Y2 = b . Ca | (11)

Zero flux at bottom end (4 = 0) or rod at bottom end,

IMAX



m
IMAX-1
¢ = ——— (12)
IMAX-1 dppay g
Symmetry at bottom (®IMAX—1 = ¢IMAX)’
. o ToMax-i (15)
IMAX -1 qIMAX—l - 1

For the periodic boundary condition, a different method of line re-
laxation is used. Instead of Eguation 7, ths formula

My * 0y F A1 Poaxon

q,

¢I =
I

is used. The constants m n and q. are determined by recursion for-
L

I/‘ T’

mulas like (8) and (19). The flux ¢IMAX-1 is found by a back substitution
process which leads to two simultaneous linear equations in ¢TMAX—1 and

*Tmax’
Group Rebalancing

At the user's option, group rebalancing may be employed at the end
of each mesh sweep. This procedure consists of finding a set of numbers
by which each group flux is multipiied (one multiplier to a group) which
insure that a neutron balance 1s achieved in each energy group as well as
over all groups. Group rebalancing is found to be useful primarily for
those cell calculations in which the groups are poorly coupled, in which
case a powerful accelerative effect may be obtained. Because of round
off errors, rebalancing is discontinued when the group rebalancing factors
are within a specified amount of unity. Further details of the group

rebalancing method may be found elsewhers.>?®

Selection of Over-Relaxation Coefficient, B

The most critical feature in the program is the over-reiaxation

coefficient 8. If it is too large or too small the iterative procedure



will either converge too slowly or not at all. There has not yet been
found any proof that an over-relaxation coefficient can be found which
will make the iterative procedure expressed by Eg. (L) and (5) converge

in every case. Further, we have not yet discovered any rational method
for obtaining an optimum value of B. Instead, the fcllowing empirical
procedure is used which has proved highly successful in the most difficult
cases which have come up in actual practice as well as for cases specially
designed to offer awkward features. (It is curious to note that, with one
or two exceptions, the most stringent tests of the method have been cases
constructed by users in the ordinary course of their work. Mcre has been
learned from realistic problems than from any the authors have been able
to devise as tests.)

The technique of B selection rests upon determining whether or not
the problem appears to be converging. The problem is normally started
with a p = 1.9. At the end of 20 iterations, the ratio of the pointwise
flux convergence €(¢) at iteration 20 to that at iteration 10 is examined.
If |e10(¢)/e20(¢)| = 1.5 the iterations continue with 8 = 1.9 for another
20 iterations. If this ratio is less than 1.5 and if

€_n(§_).. [1 + | en_l(q)) [ = 1.0
€ney )
(an event we have nicknamed a "bump") 3 times or more between n = 10 and
n =19, B is reduced by O0.1l. The iterations are then continued for 20
more iterations at the end of which the same tests are applied and B is
reduced again i1f necessary. 1t is particularly to be noted that if the
overall convergence rate equals or exceeds 1.5, P is left alone regardless
of any "bumping" which may have occurred. If fewer than 3 "bumps' occur
and the convergence rate is < 1.5, the fluxes are extrapolated by a tech-
nique described in the next section. If it appears necessary B may be
reduced as low as O.1. As a general rule, it is rarely necessary to re-
duce B below 1.

The philosophy behind the empirical procedure described is as follows.
Let us suppose that Eg. (4) and (5) are linearized by writing ¢n = ¢ + En(¢)

and Xn =\ + En(x) where ¢ and A are the desired solution vector and



10

eigenvalue respectively and En(¢) and En(k) are the errors in these
quantities at step n. Neglecting second order quantities, the resulting
equations in E(¢) and E(\) as functions of ¢ and A may be written as an

eigenvalue problem by writing Ep = uEn. Assuming that the linearization

process is Justified, the p's fo;lthis eigenvalue problem are asymptotically
the decay rates for the modes of the original problem. It is easy to see
that one solution to the new problem is w = 1, B(X) = O and E(s) = 5, and
it is hoped that a £ can be found which will make all other eigenvalues
less than 1 in modulus. We have speculated that if B i1s too large the
largest eigenvalue of modulus less than 1 i1s complex, and that a lower
value of p would correspond to the point where the eigenvalue changes from
imaginary to real. "Bumping" would certainly be produced by complex eigen-
values, and by cautiously reducing B, we hope to eliminate it and arrive

at the optimum p. Regardless of the merits of these suppositions (and it
is admitted that the arguments are no more than that, and may indeed pre-
sent an erroneous picture), the basis of B selection is whether of not the
case appears to be converging on the basis of the observed behavior e(¢).
If ¢(¢) is not going down the problem is not converging, and if e(¢) is
steadily being reduced then it seems safe to assume that the calculated
fluxes are coming ever closer to the desired answer. There is more to be

sald on this point in the section on convergence criteria.
"Exponential-B" Over-Relaxation
A useful modification has been made in the over-relaxation scheme to
prevent negative fluxes from appearing and, at the same time, permit the

lterative procedure to go on in a smooth and consistent manner. The

"extrapolated-Liebmann" scheme is:

by = 0, +B(0 =6 ) (14)

or what is the same thing:

*
0
0 =0, IL+p ( $+l - 1) . (15)

n
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where ¢Z+1 is the flux at a point calculated in either the point-or line-
relaxation schemes before over-relaxation is applied. (In point relaxa-
tion, each point flux is over-relaxed as soon as it is computed; in line
relaxation, all the fluxes on a line are computed and are then over-

*
. I
relaxed together.) If (¢n+1

/¢n) — 1 is large and positive ¢n

— 1 94 7 . i
/¢n) 1 1s large and negative, ¢n+1 may be

3 o *
negative. Also, if (¢n+1 1

wildly extrapolated. The expression Eg. (15) suggested exponential forms

*
for extrapolation since 1 + X ~ eX if X is small. If ¢n+1/¢n — 1 is nega-

may be too

tive, the program calculates ¢n as

+1
¢*
Bl
¢n
ez = 0 (6)

*
- . . .
If (¢n+l/¢n) 1 is positive, ®,,, 18 calculated as

*
+
-6 2 I _q

n

= - 1
ey T 0 BT C (17)

Thus ¢n+1 can never be less than e'6 ¢n nor greater than 2¢n so that ex-
cessive extrapolation is avoided. As (¢n+1/¢n) — 1 becomes small, both

expressions tend towards the original extrapolated Liebmann formula. In

fact, the following formulas are used: Let

Then
L. If A>0.1, e_A is calculated from the exponential subroutine.
2. If 0.00L <A <0.1, o™ is calculated as (L —a/2)/(1 + a/2).
3. If A< 0.001, oA is calculated as 1 — A.

Thus if A < 0.001, Eg. (16) becomes
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= *
¢
-A n+i
= ~ -— = = —_
d>n+;i. Q>n e - q’n(:L A) ¢n - Bt ¢n
* *
= - Z ]
cbn i B(¢n+1 CDn) ’ q>n+3_ b ¢n (18)
and Eq. (17) becomes
-4
¢n+1“¢(2““ )g¢n(l+A)
X
=0, 1+ 5 1l =
n
* *
=0 7 6(¢n+1 - ¢n) ’ ¢n+1 ~ % (19)

Extrapolation of Fluxes

It must first be pointed out that flux extrapolation has not been
found necessary in the majority of cases we have tried. However, we have
found that, like group rebalancing, 1t is a valuable technique for dealing
with a minority of cases which are otherwise intractable. As has been
said, it occurs automatically when the rate of decay of c(¢) is less than
1.5 and no "bumping'" has occurrzd. After extrapolation, the calculation
proceeds for LO iterations before any attempt is made either to change P
ar to extrapolate again. Extrapolation usually produces a sudded rise
in ¢(¢) followed by a rapid decay to a point well below the level of €(¢)
before extrapolation.

The extrapolation procedure 1ls closely related to the Aitken-6%
process.9 It is assumed (admittedly incorrectly, in general) that the
decay rate of the error is a real and unidque guantity. That is, it is

supposed that
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6 =% + Ro"
n
It is easy to show that

T=0
" "n 1 -0

(o, — ¢n_l)

(20)

(21)

The decay parameter ¢ is estimated by the code from successive values of

eq(¢) as follows. We observe from Eq. (20) that
6 — o =Ro ~ (o-1) ,
and

= R"Z (o - 1)

©
|

e
|

S

5 - L Y
®he1 T %nez
Now
¢n - ¢n—l
€n(q)) - ¢
n-i max
so that
e (¢) o €
G = n n-a . n(¢) [l + €n_l(¢)]
en_l(¢) ¢n—u €n_l(¢)

(22)

(23)

(2k)

(25)



1k

Originally, Icl was used to check for "bumps", but to make doubly certain

that convergence was cccurring, the criterion was modified to

e () r
SOl

en_l(qs)l } =1 (26)

as noted previously.

The extrapolation procedure expressed by Eg. (21) is based on the
nation that o is real and unique, and significantly larger than any other
decay eigenvalue. None of these assertions is necessarily true. Extra-
polation nevertheless proves useful in certain cases; when it is used it
is used with discretion. It cannot occur more than once every forty
iterations. It cannot occur if IGI = 1, for in such a case B is cut by
0.1 instead. If a given flux should extrapolate to a negative quantity,
the original flux is used. If ¢ is positive and close to 1, o/(1 —~ g) may

bz very large indeed.

Convergence Criteria

The program reports several convergence criteria. At each step,

the following are reported

¢n - ¢n-1
O e (21)
n-i max
I
e (k) = | 222 (28)
A,_l
n

"Absolute" convergence = ln . (29)
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The latter criterion comes out of Eq. (21). Assuming that o is close to
1, we note that

(30)

Thus, if a problem is converging very slowly (1 — o small) Eq. (29) will
give a better idea of convergence that Eq. (27) even if en(¢) is small.

In addition, neutron balances are reported for each group so that
the user can check productions against losses. Estimates of k, based on
individual group balances, are also given. With these checks, pseudo-
convergence is quite unlikely. The user is advised to make the required
e(k) about 1078 ang e(¢) about 107%. Further, at the conclusion of the
calculation, the "absolute'" convergence and the neutron balances should
be checked.

In constant source and poison search calculations criterion Eq. (28)

is replaced by an equivalent criterion. (See following section).

Constant Source and Poison Search Calculations

The program can be used to calculate the flux distribution due to
an arbitrary source distribution for a given k(input). (The specified
value of k(input) is normally 1.0.) The source is specified by material
and group as a given number of neutrons per cubic centimeter per second.
The computation is accelerated by a driving factor computed at the end

of each mesh sweep.

(FA)n _ Absorptions + Leakages — [1/kx{input)] (Fission Source) . (31)

Integrated Fixed Source

The fixed source distribution at the next mesh sweep is (FA)q times the
specified source; in this way the source and flux levels move to match
one another. The converged fluxes reported are normalized to the specified

fixed source distribution. The eigenvalue convergence criterion (Eq. (28))
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is replaced by a corresponding convergence criterion on the driving

factor, namely

(FA)
o -1
(FA)
n-1
The other convergence criteria remain the same.
The poison search calculation is quite similar. The user may specify
by material and group a cross section which is to be multiplied by a
driving factor to be found, which will make the assembly Just eritical

for a given k-effective. The driving factor is calculated as

_ = [1/x(input)] (Fission Source) + Absorptions + Leakages (32)
n Integrated Poison Absorptions ’ 5

(FA)n may be positive or negative at convergence. If negative, a poiscn

has been used; if positive, a fission source has been added.

|(FR),/(FR),, | =1

is reported in the output as well as the following quantity:

k(effective) =

(Fission Source)n

(Absorp.jh - (FAjh_l (Integrated Poison Absorp.)n + (Leak.)n . (33)

As the calculation proceeds, k(effective) should approach k(input).
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Procedure for the Use of the Code

Code Limitations

Ir IMAX = maximum number of rows
JMAX = maximum number of columns
KMAX = maximum number of groups
MMAX = maximum number of different compositions
NMAX = maximum number of nuclides
Then the calculations which may be made with EXTERMINATOR are restricted

by the following limitations:

18 < JMAX * (5 + KMAX) < 2000
0 < MMAX * NMAX < 6300

Running Time

The calculation rate varies from 0.0018 to 0.0035 sec per point per
iteration per group. Using magnetic tapes with a density of 800 BPI, the

running time of some typical problems were:

Peints Groups Iter. Time (min) Rate

2500 2 100 15 0.0018
198 L 140 L 0.0022
1044 6 191 40 0.0020
1085 16 86 81 0.0032
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Input

The input required for EXTERMINATOR is described below. The number
formats are shown in FORTRAN nomenclature and are given in parentheses
immediately following the input number symbol.

Line 1: Title Card
Columns 2-72 TITLE (12A6)z The information punched in this card is

printed at the top of each page of output.
Line 2: Control Card

Columns 1-3 ITMAX (I%): The maximum number of iterations a problem
is allowed to run. If the number of iterations reaches this number before
convergence, the case is terminated automatically with all output. Nor-
mally problems will reach convergence in fewer than 300 iterations.

Columns 4-6 *IMAX (I3): Total number of rows in the mesh. The rows,
which lie along radii in RZ and RO geometry, are numbered from top to
bottom beginning with 1 and ending with |IMAX|. If IMAX is input posi-
tive, the calculation of the fluxes is done from left to right of the mesh
along each row. If IMAX is input negative, the fluxes are calculated
from top to bottom of the mesh along each column. Normally it makes no
difference in which direction the calculation is done. However, when
there is an appreciable difference in the mesh increments along the rows
ag opposed to the mesh increments along the columns, it is recommended that
the balculation of the fluxes be done in the direction in which the buckl-
ing is smallest. IMAX should always be input negative for RO geometry
problems and for problems which have a periodic boundary condition. If a
negative IMAX is specified, the code limitations (page 17) should be al-
tered by interchanging the symbols IMAX and JMAX, and a further restriction
on the size of a problem is |IMAX| * JMAX =< 10,000.

Columns 7-9 JMAX (I%): Total number of columns in the mesh. The
columns are numbered from left to right beginning with 1 and ending with
JMAX.

Columns 10-12 MMAX (I3): Total number of different compositions for

which cross sections are to be supplied.

Columns 13%-14 KMAX (12): Total number of groups.
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Columns 15-16 GI (I2): Geometry indicator. A zero for this number

specifies XY geometry, +1 specifies RZ geometry, and ~1 specifies Re
geometry.

Columns 17-18 BI (I2): Buckling indicator. A zero for BI specifies

8 constant buckling and the value is written in columns 1-9 of line 5.

If BT is +1, this specifies group dependent buckling and the group values
are given on lires 5 +. A —1 for BI specifies composition-group dependent
bucklings which are given with the macroscopic data on lines 9 +.

Columns 19-20 MI (i2): Cross section input indicator. If MI is 0,

the code expects only macroscopic cross section data which is specified
on lines 9 + and no nuclide densities or microscopic data should be written.
If MI is +1, the code will expect macroscopic data (if any) plus micro-

scopic cross sections from tape only (see Cross Sections for the format

of this tape). Nuclide densities must be specified on lines 10 +. If

MI is -1, the code will expect macroscopic data (if any) plus microscopic
cross sections from cards only, and written on lines 11 +. Nuclide den-
sities must be given. If this option is used, no previously made cross
section tape should be used as it will be written on. If MI is +2, the
code will expect macroscopic data (if any) plus microscopic cross sections
from tape as well as cards; nuclide densities must be specified. For this
option, the cross section tape is not altered by the microscopic data
input from cards.

Columns 21-22 CS (IE): Probliem type indicator. A zero for this

number specifies an eigenvalue or k-effective problem. A +1 specifies

a constant source prcblem in which case the desired k-effective is written
on line 3 and the vaiues of the source are input on lines 9 +. The code
holds the specified k-effective constant and solves for the flux distri-
bution. A -1 for CS specifies a poison search for the specified k-
effective. TFor this calculation the code finds a factor FA with which

to multiply all of the search cross sections (specified on lines 9 +) to
obtain the specified k-effective.

For the constant source calculation, the neutron balance equation is
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E:Leakage-+}:Absorption

L s =
~ K(input) j{: Fission Source — j{: Constant Source = O . (3k4)

The k-effective reported in the ocutput is the above equation solved for
k(input). If all vof = C, then k-effective would be reported as 0. Other-
wise k-effective output should approach k(input) at convergence.

For the search calculation, the balance eguation is the sam= as shown
above except that the constant source term is replaced by FA 23[(Search z)
¢]. The reported k-effective is calculated as above. TFor a poison search
(Fa < O), the true k-effective is reported. If FA is calculated to be
positive, a fission source has been added and the k-effective reported
in the output is not a true value since it is not applied to the last term
in the above equation.

Columns 23-24 FI(I2): Previous flux indicator. If this number is

O, the code supplies a flat initial flux guess. A +1 for this number
informs the code to use the flux distribution on tape 5 as the initial
guess. This tape 5 could have been saved from a previous calculation
(for instance to continue a case from a previous run), or if this 1is not
the first case in a series of stacked cases the tape will contain the
final flux distribution from the preceeding case. To use this option
however, the case must have the same number of rows and columns and the
same boundary conditions as the previous case.

Columns 25-26 AI(I2): Microscopic cross section edit option. If

AT > 0, the microscopic cross sections from the cross section tape are
included in the output. Any microscopic data that are input from cards
are automatically edited.

Columns 27-28 SI(I2): Output source indicator. If this number is O,

the source edit is skipped. If this number if +1, the output will include

the source calculated as

}:(vzf ¢)k
K
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at the four quadrants of each mesh point. This source does not include
any specified constant source.

Columns 29-30 GI(I2): Convergence indicator. If CI is O, the cal-

culation stops when

(KEFF)n+
KEFF
1

1

-1 <e(x) (35)

where n is the iteration number. If CIL if +1, the calculation stops when

the above condition is gatisfied as well as the flux convergence condition

-1 <e(e) . (36)

max

It is recommended that +1 always be specified for CI.

As noted under Convergence Criteria it is our practice to specify

e(k) and €(¢) as about 107® and 10™* respectively. We have seen a few
problems in which the flux convergence could not be reduced beyond a
certain level because of round off error. One of these was a one-
dimensional, 2 group problem with down scatter only in which the flux
convergence "stuck" at 8.4 X 107°. The problem reached this level in 15
iterations and the flux convergence could not be made smaller no matter
how many more iterations were run. IHowever, the KEFF convergence was
zero and the groups were well balanced indicating that the problem was
well converged.

Columns 31-32 CY(T2): Rebalance cycle. The group fluxes are re-

balanced at every cYth iteration until the revalancing factors are within
EXTRA (see below) of unity, at which time the rebalancing procedure ceases.
If a cell problem is being run and CY is zero, the code will set CY to 10.
Since group rebalancing does not help most problems; we recommend a zero

be input for CY except for cases in which the groups are not well coupled.
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The code will not attempt to rebalance constant source or search
problems, or problems in which there are mixed rod and non-rod groups
specified for the same composition.

Columns 33-34, 35-36, 37-38, 39-40 LB(I2), TB(I2), RB(I2), BB(I2):

Left, top, right, bottom boundary condition indicator. A O for any of

these numbers specifies that boundary is a zero flux boundary. A +1 for
any of these number specifies that a symmetry boundary exists midway
between columns 1 and 2, rows 1 and 2, columns JMAX-1 and JMAX, or rows
IMAX-1 and IMAX. Note that in Figure 1, which is for R gecmetry, no
point J = 1 is shown, this point being a purely fictitious convenience
in R® and RZ geometry. The axis of the cylinder is supposed to lie half
way between J = 1 and J = 2. Fluxes reported in the output for column
J = 1 have merely been set equal to those at column J = 2 and may be
ignored. No fluxes are calculated for the axis of symmetry itself.

One other boundary condition, the periodic boundary condition, is
permitted. If both TB and BB are specified as -1, the code calculates
a reactor in which the fluxes along the top row are equal to the fluxes
along the bottom row. To use this boundary condition however, the re-

actor must be described in a somewhat pecular way which is best explained

Figure 1. Tllustration of Perodic Boundary Condition
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with the use of figures. (The figures are drawn assuming RO geometry;
however, this boundary condition is applicable in any geometry.)

With reference to Figure 1, suppose AOD, which repeats around the
circle, is the reactor to be caliculated. The fluxes along OA are equal
to the fluxes along OD. The input to be written must be for the reactor
C'OD; i.e., an extra row at the top, which is in the next cell and cor-
respcends to C, must be included in the mesh. C' must be row 1 and D is
row IMAX. The output for the above figure would include the fluxes for
rows 1 through 4 and the neutron balance would be for rows 1 through 4;
i.e., reactor C'0OC.

Figure 2 represents a reactor which includes a full circle.

Suppose row OB is chosen as the top and bottom rows of the reactor.
Then, to describe this reactor, OA would be rows 1 and 9 and OB would be
rows 2 and 10. The fluxes would be output for rows 1 through 9; row 2
fluxes would be for OB and the fluxeg for rows 1 and 9 wouid be the same.
The neutron balance would be for reactor AOA.

When the periodic condition is specified, there must be a Mminimum
of 5 rows in the mesh if the calculation is to be performed along columns,

i.e., IMAX < O.

Figure 2. Full Circle Reactor
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Columns 41-50 NORM. FACTOR (E10.7): Normalization factor. If this

number is positive, all fluxes are multiplied by

NORM. FACTOR

EE:VI,J 211(V2f¢)I,J,K
1,d K

(37)

for output. If this number is input negative, the fluxes are multiplied

by
| NORM. FACTOR|

A} T
2JVI,J 2;(2f¢)I,J,K

I,J K

(38)

If MI (columns 19-20) is input zero, specifying only macroscopic data,
then NORM. FACTOR should be input positive. For constant source problems,
the fluxes are normalized to the specified constant source. If NORM.
FACTOR is input O or left blank, the code will use 1.0.

Columns 51-56 e{(k)(E6.3): k-effective convergence criterion.

Columns 57-62 ¢(¢)(E6.3): flux convergence criterion.

Columns 63-68 RI(E6.%): relaxation indicator. If RI is O, the code

will use line relaxation to solve for the flux distribution. If RI is
1.0, peint relaxation is used. Even though the point relaxation calcu-
lation rate is slightly faster, it is recommended that line relaxation
be used since problems solved by line relaxation usually converge in
fewer iterstions. For one-dimensional problems, line relaxation should
always be used.

Columns 69-72 B(EL.3): extrapolated Liebmann coefficient. If this

number is O or blank, the code will start with g = 1.9 (1.0 for one-
dimensional problems using line relaxation) and adjust B during the
course of the calculation. Otherwise the code will start with the in-
put value. It is recommended that this number be input zero except for
a continuation calculaticon in which case B should be given the wvalue that

the code was last using.
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Line 3: Miscellaneous Data Card

Columns 1-12 ADDR(E12.8): A number which is added to the radius of

each column of the mesh. Normally this number is input zero.

Columns 13-24 SCATU(E12.8): The maximum number of groups for up-

scatter. For example if group K is allowed to scatter to group K-5, then
5.0 would be specified. If no microscopic data are to be used from tape
and this number is O or blank, the code assumes maximum up-scattering to
group 1 from any group.

Columns 25-%6 SCATD(E12.8): The maximum number of groups for down-

scatter. If this number is input O or left blank, and no microscopic
data is to be used from tape, the code assumes maximum down-scattering
to group KMAX from any group.

If microscopic data are to be used from tape, the numbers SCATU and
SCATD are also read from the cross section tape. The numbers from tape
will be used if both SCATU and SCATD are zero, otherwise the specified
values will be used.

Columns 37-48 NMAX(E12.8): Largest nuclide number. If MI (control

card) is not zero, NMAX must be at least as large as the largest nuclide
number on the microscopic cross section tape or the microscopic cross
section cards.

Columns 49-60 SKEFF(E12.8): k-effective for which the code is to

gsearch for a poison-search problem, or the k-effective the code is to
assume in a constant source problem. (See CS above).

Columns 61-72 EXTRA(E12.8): Rebalancing convergence criterion.

If the rebalancing option (CY control card) is being exercised, or if

a cell problem is belng run, the code stops rebalancing the groups when
all rebalancing factors are within EXTRA of 1.0. Because of possible
loss of significance in solving the KMAX by KMAX matrix for the re-
balancing factors, it is recommended that a value of 0.0l be used for
EXTRA for cases where KMAX = 10. When KMAX < 10, a number of the order
of 0.001 should suffice.

Lines 4+: Fission Spectrum Cards

Columns 1-8, 9-16, 17-2k, etc. y(k)(9E8.4): The number of neutrons

produced from fission that are born in group K; specified for groups 1,

2, 3, . . ., KMAX.
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If microscopic data are to be used from tape, these numbers may be
input as zeros in which case the fission spectrum is read from the cross
section tape.

Line 5+: Buckling Cards

Columns 1-8, 9-16, 17-2k4, etc. B(CONST), or BZ(K)(9E8.L4): The

constant buckling or the group dependent buckling. If BI (control card)

is O, the constant buckling is specified in Columns 1-8. If BI = +1,
the bucklings for groups 1, 2, 3, . . . , KMAX are specified. If BI = -1,
these cards should not be included with the input deck.
Lines 6+: Mesh Specifications

Columns 1-6, 7-9; 10-15, 16-18; etc. A, ROW (8(E6.3,I3)): Specify
a value of AY, A, or A8 for XY, RZ, or Re geometry respectively and the

row number up to which this value applies, going from the top to the
bottom of the mesh. Use cm for XY or RZ geometry and radians for RS
geometry. The last number on these cards should be IMAX.

Lines T7+: Mesh Specifications

Columns 1-6, 7-9; 10-15, 16-18; etc. A, COL (8(E6.3, I3)): Specify

a value of AX, or AR for XY or RZ-Rg geometry respectively and the column
number up to which this wvalue applies, going from the left to the right
of the mesh. The last number on these cards should be JMAX.

Lines 8+: Composition Specifications

Columns 1-3 COMP. NO.(I3): Composition number. The compositions
should be numbered from 1 to MMAX; however, they do not have to be specified
in order.

Columns 4-6, 7-9, 10-12, 13-15 ROW 1(I3), ROW 2(I3), CcOL 1 (I3),

COL 2 (I3): Top row, bottom row, left column, right column describing
the mesh boundaries enclosing the composition specified above. A com-
position specification may overlay any number of previously specified
compositions; the last one specified replacing previous specifications.
Continue this specification in Columns 20-34, 39-53, and 58-72 using as
many cards as necessary. If the last entry falls in Columns 58-72, one
blank card must follow; otherwise no blank card is necessary.

Lines 9+: Macroscopic Data

Columns 1-5 M(I5): Composition number.
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Columns 6-10 K(I5): Group number. The composition numbers and

group numbers may be specified in any order.

Columns 11-20 D(E10.6): Diffusion coefficient for the composition

and group specified above. If D is input zero, this specifies a rod
group for this composition. The rod group constant C is input in the
place of ZA (below) and R, vif, S, and B® must be input zero. There

are two restrictions which apply in specifying rod groups. 1). In a
composition with rod groups, there should be no non-rod groups which have
fissionable material, i.e., a value of vIf. 2). Except at the boundaries
of' the reactor, rod regions must have at least one internal mesh point.

Columns 21-30 ZR(E10.6): Macroscopic removal cross section. ITf

this number has a value, the scattering fractions specified below,

F(K - L), are assumed to be fractions of SR scattering from group K to
each group L. If ZR is input as zero, the code assumes the scattering
matrix below to be input as ZR(K - L), the macroscopic values of the
scattering cross sections specifying scattering from group K to each group
L and will compute ZR(total) and F(K - L).

Columns 31-40 ZA(E10.6): Macroscopic absorption cross section, or

C if D above is zero.

Columns 41-50 vZf(E10.6): v times the macroscopic fission cross

section.

Columns 51-60 S(E10.6): Constant source, input as neutrons per em®

per sec, for a constant source problem or a value of the macroscopic
poison or fuel cross section for a search calculation. If CS (see control
card) is 0, S may be ignored.

Columns 61-70 B=(E10.6): Composition-group dependent buckling. BZ

may be ignored unless BI (see control card) is —1.

Following the above card, the scattering matrix for the composition
and group specified in Columns 1-5 and 6-10 above is written.

Colums 1-10, 11-20, 21-30, etc. F(K - L) or ZR(K - L) (7E10.0):

The fractions of the ZR specified above designating the scattering from

group K (given above) to each group L, L = 1, 2, 3, . . ., KMAX; or the
macroscopic removal cross section specifying the scattering from group K
to each group L. There must be KMAX entries on these cards, and 1f the

fractions are specified then sum must be 1.0.
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Repeat the above set of cards (beginning with a new card specifying
a composition number, group number, and macroscopic cross sections,
followed by the scattering matrix) for as many compositions and groups
as are to be input here. If less than MMAX and KMAX compositions and
groups are to be specified, then a blank card must follow these data.

Otherwise noc blank card is included. If no macroscopic data ars written,

one blank card is needed.

Lines 10+: Nuclide Concentrations

If MI (see control card) is zero, these cards should not be in-
cluded with the input deck.

For each composition for which nuclide concentrations are to be
specified, the composition number is given on the first card followed
by the nuclide numbers and concentrations on additional cards.

Columns 1-3 (first card) M(I%): Composition number.

Columns 1-3, 4-12; 13-15, 16-24, etc. (next cards) N, CONC.

(6(13, B9.5)): Nuclide number and concentration. A nuclide number and
its concentration are specified for as many nuclides as are required for
tais composition. No nuclide number may exceed NMAX (see Miscellaneous
Data Card).

A blank nuclide number signals the end of the concentrations for
that composition and the code loops to find the next composition number.
If the last concentration for a composition falls in Columns 64-72, a

blank card must be inserted. A zero composition number (blank card)

signals the end of the concentration specifications.

Tines 1l+: Microscopic Data

These cards are present only if MI (control card) is -1 or +2.

For each nuclide and group for which microscopic cross sections are
to be specified, the nuclide number and group number are given on the
first card, oa, of, otr, and v are given on the second card and the micro-
scopic removal cross sections are given on additional cards.

Columns 1-3, 4-6 (first card) N, K(2I3): Nuclide number and group

number. The nuclide number specified here must not be the same as any

nuclide number that i1s on the microscopic cross section tape.
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Columns 1-9, 10-18, 19-27, 28-36 (second card) oa, of, otr, v(LE9.5):

The microscopic absorption, fission, and transport cross sections, and v
for nuclide N and group K.

Columns 1-9, 10-18, etc. (next cards) or(K - L), L = 1, KMAX)(8E9.5):

The microscopic scattering cross sections designating the scattering from
group K to each group L. KMAX entries must be made.

A zero nuclide number (blank card) signals the end of this series of

It should be noted that if TR (Input Form 3) is specified for a
composition, then the F(K - L) values must be specified and no micro-
scopic scattering cross section data will be used from tape or cards.
The same holds true if SR = O and the ZR(K - L) values are specified on
Input Form 3. If SR is zero and the F(K - L) or ZR(K - L) values are

zero, then the scattering data are taken from tape and/or cards.
Output

The output for a problem consists of the following:
1. Reactor description
2. Material picture
3. Nuclide concentrations if input
4. Edit of microscopic cross section tape (optional) if micro-
scopic data are specified
5. Macroscoplc cross sections
6. Convergence levels at each iteration
7. Reaction rates for each nuclide, if microscopic data are speci-
fied
Complete neutron balance
9. Source (optional)
10. Group flux distributions
In the output of the convergence levels, the column of numbers headed
by REL FLUX CONVR gives the pointwise flux convergence (Eq. (27)). The
column of numbers headed by ABS FLUX CONVR is calculated from Eq. (29).
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Cross Sections

Macroscopic Cross Sections

The macroscopic cross sections that EXTERMINATOR uses are calculated
as follows, where M is the composition index, K is the group index, and

N is the nuclide index.

L1

D(M,K) = — (39)
DM,K) + E: 30tr(N,K) CONC(W)

N

SR(M,K) = ZR'(M,K) +§z CONC(N)}Z or(N,K » L) . (40)
N L

sA(M,K) = 5A'(M,K) +z{: oa(N,K) CONC(N) . (L)

N
vif(M,K) = vif'(M,K) +z{: v(N,K) of(W,K) conc(mw) . (L2)

N
F(M,K » L) = 5R(M,K -~ L)/ZR(M,K) . (43)

The primes indicate input macroscopic values.

Microscopic Cross Section Tape Format

The code TONG’ produces a microscopic cross section tape for
EXTERMINATOR. However, any tape written with the following format may
be used:

Record 1 Tape title (72 Hollerith)

Record 2 KMAX, NONUC, SCATD, SCATU
The next two records are repeated for NONUC nuclides.

Record 1 NUCNO, EXTA
((oa(K), of(x), otr(K), v(K)), K = 1L, KMAX),
((or(K » L), T, = 1, KMAX), K = 1, KMAX)

Record 2
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Next to last record NEG, EXTA
Last record (x(K), K = 1, KMAX)
where KMAX in the total number of groups (columns 13-1L4 above )

NONUC is the number of nuclides for which cross sections are
written on the tape
SCATD is the maximum number of groups for down scatter
SCATU is the maximum number of groups for up scatter
NUCNO is the nuclide number
EXTA is any number (Not used but must be written on tape)
NEG is a negative number (integer)
The cross sections and x(K) are defined elsewhere.
If SCATD and SCATY are zero on the tape, values for these numbers
are taken from the Miscellaneous Data Card (Line 3). Also if the x(K)
are zero on the tape, values are taken from the Fission Spectrum Cards
(Lines 4+).
This tape is logical tape 153.

Code Operation

Data Transmission

T0 Subroutines

EXTERMINATOR was programmed mostly in FORTRAN. However, FAP coded

sub-routines are used to permit buffered tape operations during the
iterative part of the calculation. To gain efficient use of tape opera-
tion and to be able to recover from tape errors, the tapes containin
constants are duplicated. During the flux calculations, two tapes (one
from each of two channels) are being read into core buffer regions, two
tapes are being rewound, and calculations are being done with previously
read data, all simultaneously. Since the "compute time' is approximately
equal to the 'tape time'", EXTERMINATOR runs at computer speed plus a small
fraction of the time required to read and write the fluxes. (An additional

I0 channel would eliminate this time).
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Tape Errors

When tape errors are detected by the code, on-line comments to the
operator are printed and the machine stops. These comments have the
general form

LOGICAL TAPE I WILL NOT READ (WRITE), OPERATOR DO THE FOLLOWING - -

1. DETERMINE ACTUAL TAPE NO. OF LOGICAL TAPE T
2. CHANGE TAPE AND PUSH START
where I 1is a logical tape number.

No provision was made in the FAP coded IO sub-routines to skip bad
spots on magnetic tape, or to skip noise records. To avoid having to
change tapes excessively after a problem has been started, it is ad-
vantageous to start with a set of tapes that are free from bad spots.
Our practice is to have the machine operator '"scan" the tapes on units
AW, A6, AT, Bl, B3, and B7 (see Tapes below) from the console prior to
running a problem. This is done by using t e data channel console in
manual and writing one continuous record with the "stop on error" switch
down. In this way tapes with bad spots can be replaced. The amount of
tape that should be scanned depends upon the size of the problem, however
scanning each tape for approximately 30 seconds should suffice for most
problems. The error recovery procedure programmed into EXTERMINATOR is
such that after a problem has run at least 10 iterations, theoretically
the worst that can happen is that the problem is terminated with tape 5
saved for a restart. However, we have had a few, as yet unexplained,
tape errors that have caused the calculation to stop in such a way that

no recovery was possible.

FORTRAN Monitor System

Chain Links

EXTERMINATOR is a 'chain job" and runs under the FORTRAN-2 monitor
system. The code consists of 6 chain links that are written on actual
tape B2 at execution time. After an initial execute run, tape B2 may
be saved and thereafter the code can be run with this tape mounted and

a previously compiled two word program
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CALL CHAIN (4, 2)
END
together with the case data.

The chain links comprising the code are:

INPT(M, 2) reads input and calculates cross sections
CNST(5, 2) generates group constants on tapes

FLUX(6, 2) line relaxation filux and eigenvalue calculation
FLUX(66, 2) point relaxation flux and eigenvalue calculation
BALN(?, 2) computes and writes out neutron balance

POUT(8, 2) writes out flux distribution

In order to make the most efficient use of IO operations, an IOU
sub-routine is included with each chain link which relates the actual

and logical tape numbers as shown below. This correspondence should not

be changed.
Logical No. Actual No. Use

1 Al System

2 B2 Program

3 B3 Group constants

4 Al Group constants

5 A5 Flux save tape

6 B6 Scratch

7 BY Group constants

8 Bl Scratch

9 A3 Output

10 A2 Input

11 A6 Group constants

12 A7 Scratch

13 BS Previously written micro-
scopic cross section tape
(optional)

Sense Switches

If sense switch 1 is depressed, the case will end normally as if
convergence had been met. If sense switch 6 is depresssd, the conver-

gence and k-effective at each iteration are printed on line.
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Restart
If logical tape 5 is saved from a run, a problem may be restarted by
mounting this tape and specifying +1 for FI (columns 23-24 of the control

card), all other data remaining the same.

Sample Problem

Figure 3 shows the diagram of the sample problem. Four groups were
considered in RZ geometry. Figure 4 shows the input sheets filled out
for the problem and Figure 5 gives the output. The problem requires

sbout 7 minutes to run.
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KEY PUNCHING INSTRUCTIONS:

Punch onty those cards which have
a

data in columns 73-80.

Figure L.

EXTERMINATOR INPUT FORM- |

Request

&l TITLE 73 0]
{ [EXTERMINATOR SAMPLE PROBLEM i1 Tito]
jitmaxf4imax [ jmax jgimaxJumd BT [ BT || STTSY 5B Iglﬁsm lat Norm . Factor s (k) by ) [y RI Fg_'B

13[ofo] T2]s] [ilo[ T [3] [&]l 1] JokIt] Tol o] Tel 1] [ [ o] TT [+ 1J2[ Jololofo[ [ Jololoen ] 1 i VT TR LTI it tloe
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Key punenmg msTaucnions - Figure L. EXTERMINATOR INPUT FORM-2 REQUEST NO.

data in columay 73 - 80, (Conta)

I ROW ROW Ay ROW Ay ROW
1’ 2

SEBCRNACCRNNRRNRRNNRNBNUARNNRANNRR RNARRARRBRNRRARNS %ﬁ%IWJllHrﬁlﬁlnlmé
T T T T T L L O L LT T T T T T
T O O O T O T T T T T T T T T
T O T T T T L O T T T T

ROW Av ROW ROW ar ROW

Ax coL Ax cot Ax couL Ax cor Ax coL coL cot Ax cot
64

ERTE e T T e e T T TP T T T T e T T e P T et
T O L T L O T L T
O L O T T T T T T
NERRSNNNRSNERNNEERIRNRENENRN0NNNnANANnNENRA A RRAREARNRARANANRARNANRERRRNAN

COMP- | ROW 1 | ROw 2 coL 1 | cot 2 COmP-1 Row 1 | Row2 | coL 1 | coL 2 COMP. | pow 1 | ROW 2| CoL 1| coL 2 COMP. | pow 1 [ ROW2{ COL 1| coL 2
1N 1y 7 10 3 3 2% 2 32 39N0- 142 s N0 ia1 ) &7 0

T3] T3] o] [T To0e| T 0] I Ts] fle] LI T T T T L2l L0 ] T3] LI LT L LT LT LT LT T T Tl
T T T L D O T T T T O L LTI
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Figure

b, (contd)

EXTERMINATOR INPUT FORM-3 Macroscopic Data

KEYPUNCHING INSTRUCTIONS!
Punch only those cords having in-
formation in columns 73— 80

REQUEST NO.

SR M, KD, 3R, A nt ePe s, 6E 10.6) Cards2+- {;(;&E)L).Lﬂ,KMAX,--(;IE 10.6)
IEERINNNAN NS NRSN S ANNSAEANNA BONARRRAR AR NE AN SRR NRNNEN AN SERRRRRN RN NN
JOECEESNENESEEENNNN NN ESEANINRSNERRENNSUNRANANER NN NN A RSN DA RANNREDC
NENCANSNCNENERENNENNINNNENEENCHC NN AN NERN AN AR NN N NSN NARNARNNOT
CECHNNNREENSRNNENNNNEEENENANSNNNSNEN SN NRN NN NNEuERRNNIRANN SARNRNRNNT
NESCAENEC SN ENNN RN NN RO AC AN N A NN RN AN RN SN N NN N AN RN RET
SHCENEANS NSNS EE NS NNAENNN N RERN AN ANE NSNS AN NNANN NN N RN NEEN NN AN NEAN)
ENCESENIROACENESNESOAOERENENACHCCCNNNNNENARARNNN NN RNN NN RN EE AN NAREEOC
ORCENNNEEANNSNNNEAE RN AN NN NN ENENEN NN SN NN AR NN R RASE N RNE SRR
SESCARENNANACANERRNECACCIEEAONC0UNREEREEINRE NN R NNRRRNNN AR R RN
ORCERNEENRCACEESNSNNCNCENS SN ECADEN NSRRI ARNNARNANN RN SRR E NN AN RN RET
ENEEESRCNNACHSENSECACCaNRNE 0RO CENENSANANE RSN RN RRE NN N S ENENEAD
CRONEEESNACACANEEENECHONSENNNION NN AN AENN IR SAR NN NN NN RAE SN SN RRRRRREY:
ERSC SRS A IRCERNENNACAOCANAE ECACDENE NN INNENE RSN SRANR NSNS NN RN RN RCY
CEINANANNCSCEERERERCAD NN ECECARE SN IS RENASANS NN EN NN IR N NN
JEREC SRR NDACERERNNNCACENENNNRCACCOS NS SA NN NN NS AR N NSNS RERRRNNNEARNRRNERATE
o Tololelel T T Lo lelel T T ol olol T Jel ol T LT T T T T T L T T O O T T T s
JOECANSNNNNSNNEENENNEANN NN ENAENNNNNEARRANSANNN RS NRENNNNNEAN NN RNNRNNNNOG
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Figure 4.

KEYPUNCHING INSTRUCYIONS
Punch only those cards havi nq n-
tormation in columns 73— 80

(contd)

EXTERMINATOR INPUT FORM - 4 Nuclide Concentrations

REQUEST NO.

Specify Cards ) and 2+ for Each Comp
Card | — Comp. No -(13)
Cord 2+ Nuc. No. ,

onc. -6 (I3, E95)
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KEY PUNCHING INSTRUGTIONS:
unch only thase cards which have
ate in tn(wﬂn\l 73.80.

Figure 4.

£~ Y
{Contd)

EXTERMINATOR INPUT FORM -5 Microscopic Data

Regquest

Specify card [, card2, and card 3+ for sach nuc-group
Card ! — Nuc.no., grp.no.,, — (2I3)
Card 2 —~ oy, of, otr, v — (4E9.5)
Card3+ —=(oscat({ K~L), L.=1, KMAX) —(8E9.5)
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KEY PUNCHING INSTRUCTIONS:
Punch only those cards which have
data in ;J..mn- 73-80.

Figure 4.

(Contad)

EXTERMINATOR INPUT FORM-5 Microscopic Data

Reguest

Specify card |, card2, and card 3+ for aach nuc-group
Card{ - Nuc.no., grp.no., — (213}
Card 2 ~ oy, of, otr, v — (4E9.5)
Card3+ ~~(oscat( K~-L), L=i, KMAX)} —(8E9.5)
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Figure 5

EXTERMINATOR SAMPLE PROBLEM

REACTQOR SPECIFICATIONS

25 ROWS 10 COLUMNS 4 GROUPS 3 comp RZ GEOM BaCullsToR9B) 1y O, Oy 1 NORM FACTOR 10.00000CE

FISSION~SQURCE CHI(K)
0.6000 0.2000 0.1000 0.1000

MESH SPECIFICATIONS

I DELTA
1 2.000 25
J  DELTA

! 4.000 3 2.000 5 4.000 110

DIMENSICN SPECIFICATIONS

1 DIST.

2 2.000 3 4.000 y 6.000 5 8.000 6 10,000 7 12.000 8 14.000 9 16.000
11 20.000 12 22.000 13 24,000 14 26.000 t5 28.000 16 30.000 17 32.000 18 34.000
20 38.000 2t 40.000 22 42,000 23 84.000 24 46,000 25 u8.000

J DIST.
2 2.000 3 4.000 L 8.000 5 10.000 6 14,000 7 18.000D 8 22.000 9 26.000

It

10 18.000
19 36.000
10 30.000

(4



Figure 5. (Contd)
EXTERMINATOR SAMPLE PROBy EnM
REACTOR MATERIAL PICTURE

1

J- 2 3 4

1

3 3 2 2
2

3 3 2 2
3

3 3 2 2
u

3 3 2 2
5

H H 2 2
6

1 1 2 2
7

1 1 2 2
8

1 1 2 2
9

L 1 2 2
10

! 1 2 2
1

1 1 2 2
12

1 1 1 i
13

i ! 1 1
1y

1 1 i 1
15

1 1 i 1
16

H 1 1 1
17

1 ! 1 |
18

] 1 1 i
19

t } 1 1
20

i 1 H H
21

1 1 i i
22

t t 1 1
23

1 1 } H
24

4



EXTERMINATOR SAMPLE PROBLEM

NUCLIDE CONCENTRATIONS FOR EACH COMPOSITION
COMPOSITION 1

NUC CONCENTRATICN

t 10.00000g~05 2 10.00000€~04 -0 -

COMPOSITION 3

NUC COUNCENTRATICN

2 1.00000€-0¢6 -0 -0. -0 -

MICROSCOPIC CROSS SECTICNS LISTED AS

SIG ABs S1G FISSy SIG TR, NU, SIG SCATIGRP K
NUCL 1DE 1
GRP CROSS SECTIONS
! 3.00000€ 01 2.00000€ 1 3.33330€
NUCLIDE t
GRP  CROSS SECTIONS
2 6.00000€ 0} 4.00000€ 01 3.33330€F
NUCLIDE i
GRP CROSS SECTIONS
3 } .00000E 02 5.00000E O 3.33330¢
NUCLIDE |
GRP  CROSS SECTIONS
4 3.00000€ 02 2.00000€ G2 3.33330€
NUCL IDE 2
GRP  CROSS SECTIONS
1 2.50000€ O) 0. 3.33300E
NUCLIDE 2
GRP CROSS SECTIONS
2 3.00000€ 01 o. 3.33300¢
NUCLIDE 2
GRP CROSS SECTIONS
3 5.D0000E D1 0. 3.33300€

NUCLIDE 2

0.

0.

TO

03

03

03

03

02

02

02

-0 -0.

-0 -0.

GRP KK, KK#1,KMAX)

2.00000€ BO

2.00000E 00

2.0D0DCE 0O

2.0000CE 0O

~-0.

2.00000€ 00

1.00000€ 00

-0 -0.
-0 -0.
1 .00000€ 01

0.

2.00000& GO

1.00000€e O)

~0 -0.

5.00000€ 0O

1 .Q0000E Oy

1.50000e O)

2.50000€ 0O

5.00000E 0O

2.00000€E 3!

0.

-0.

2.00000€ Ot

va4



Figure 5.

GRP
[

(Contd)

CROSS SECTIONS
6.00000E 01

0.

3.33300€ 02

O.

Gy



Figure

.

(Contad)

eXTgRMINATOGR SAMPLE PROBLEM

COMPOSITTON SPECIFICATIONS

COMP
i

GRP

2
3
y
1
2
3
L

1
2
3
y

0
5.00028E~0!
5.00028€-01
5.00028€-01
5.00028E-0!

-0.
-0.
~-0.

SIGR
t+17500e-02
1.67000€-02
2.23000E-02
C.

-0.
~0.
-0.

1.00000€ 00 O.

9.99001E-D1
9.99001€E-01
9.99003€e-01
9.99001€-01

FRACTION REMOQVALS

COMP G
1

R

£ N - EWN -

BN -

P

TO GRP ¥
Q.
0.012
0.004
-0.

-0
-0.
~0.
-0.

Q.

0.200
0. 100
0.100

10.00000E-04
2.00000€-03
3.00000e-03
2.00000€-03

2 3
0.936 0.043
0. 0.958
0.cco Q0.

-0. -0.
~0. -0.
~0. -0.
-~0. -0
~0. -0.
0.500 0.300
0. 0. 600
0.200 Q0.

0.400 0.500

SIGA
2.80000E-02
3.60000€-02
6.00000E-02
9.002300€-02

2.00000E-01
2.00000€-Qi
2.00000e-01
10.00000E-05

1.25200e-04
2.30000E-04
3.05000e-03
4.06000E-03

4
0.021
0.030
0.987

-0.

-0.

a.
-0.
-0

0.200
0.200
B.700
0.

NUSIGF
4,000006-03
8.00000E-03

10.00000€6-03
4.00000€e-02

0.
O
D.
0.

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

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

SQURCE

BsQ
10.00000E-04
10.00000€-04
10.00000€-08
10.00000€-04

t0.00000€-0u
10.00000¢-08
10.00000€-0u
10.00000€-04

10.0000DE-0u
10,00000€-0u
10.00000€~08
10.000300€-04

o7



Figure 5.

(contd)

EXTERMINATOR SAMPLE PROBLEM

CONVERGENCE DATA AND K~EFFECTIVE EVERY ITERATION - BETA IS

IT NO

N ot e e b o o= me mm aw
RRENPNEWUN~TOC~NOUHEWN -

54

REL FLUX CONVR
—7.2773247€-0)
B.8U56U6TE-DI
6.6917846E-0!
~5.5436568€E-0)
T.2444394€6-01
~4.7031817€-01
~4.9804958E-01
-3.5809656E-01
-3.3004976€E-0)
—3.2283138E-0)
-3.15339246E-D1
-3.2541 44 E-0O1
3.6825080€E-01
%.6581537E-01
5.3701046E-01
3.6759676€-01
~3.3055102E-01
-3.8509609€~-01
2.1573913E-01
2.8275827€~-0)

2.5562230€-01
—2.7395623E-01
-3.2418867€-0!
—4.3914D62E-01
6.5691754E-0)
6.5063207E-01
3.6893468€-01
1.50864822€-0!
-1.3682268E-01
—8.7297976E-02
—1.3281754€-01
~1.0771368e~01
=1.1865617E-01
-7.3700987€-02
~6.5346643E-02
3.1503439€-02
—3.4654833€E-02
2.3396850€~02
3.8757697€~02
2.5749058€~-02
2.4303809€~02
~2,3028836E~02
2.4391919€-02
2.8716192€-02
-5.7105161E-02
4,5019999€E-02
-2.8201506E-02
2.7774155€-02
1.5246987€6~02
~1.9245632€-02
—1.9346826E£-02
~-9.7837448€-03
7.4732006€-03
k,7078580£-03

ABS FLUX CONVR
-2.9637258€~01

6.6461481E~D1
-1.5720060E 0O
-2.3265374€-01

4.5782672E~-01
~2.2189730e-01
-1.1342857E 00
-5.6031491E-0t
-8.0820926€E-01
-9.3655223€-01
-9.3144948E-O1
~1.1088725€ 00

2.0883169€~-01
~6.3784319E-01
-7.78u44507E~01
-7.0527393¢ 40
~1.4824426E-01
-1.7497725€ 0O

1.6046259€-01
-4,7649955E-0)

~1.6011067E OO
~-1.1679187E~01
-2.3019970€ 0OC
~5.1934187E 00
3.5721 481E-DI
-1.0149254€ 00
5.7623601€ 00
3.4270450€~-31
~6.69446940E-02
-1.9431476E-01
3 485354 E-0)
-3.6603198E-01
-6.9521618E 00
-1.6284979E-01}
-3.6567543E-01
2.1717645E-02
-1.6234143€-02
1.4164948E-02
-5.5743008E-02
8.3090663€-02
7.6368432€-01
-1.1686389€~-02
1.1987389€-02
~1.3939956€E-01
~1.8749375€-02
2.5823843E-02
-1.7044065€6-02
1.4191685€6-02
3.4987015€6-02
-8.4355035E-03
-1.3732044¢€ 00
-1.9409076E-02
4.2549239€-03
1.2886706€-02

KEFF CONVERGENCE

6.4915666€E 00
1.3548557€-01
4.3237805€-02
4.0754706€-02
2.5050148€-02
t.9060664E~02
2.1624990€E-02
{.4453u4)€-02
9.2912688€-03
5.94391545€-03
3.6426336€-03
2.4450421€-03
1.62185736-03
1.7010048€-03
6.5877289€-04
h.86642128-04
1.153081 7e-03
1.6908348E-03
2.0375848€e~03
2.0104498€-03

1.1218786€-03
7.0275366E~-04
1.1807680£-01
3.69,8919E-04
3.2085180€-04
4.2502582E-04
2.1649897€~04
3.5858899t-Du
Bobhilu2yE-04
4,6352297€-04
5.2678585E-04
5.2923709E-04
2.6980788E-0u
8.0913305€-06
1.7306209E-04
2.0846725E-04
1.3355911€-04
6.7964196E-05
6.5252185€E-05
T.2777271E-05
7.1227551€-05
5.2526593€-05
5.02169¢3€-05
2.8759241E-05
2.2813678E-05
4.9278140&-05
3.6209822E-05
3.3207238€e-05
5.8710575€-06
2.65985736-06
1.8648803E-05
1.5489757£-05
8.2477927E-06
4,3585896€-06

1.9000€ 0aQ

K - EFFECTIVE
1.3348343E-01
1 .5440277€~-01
1.6138051E-01
1.6823696E-01
1.72559460€-~01
1.7591261€-01
1.7980080€~0!
1.8243766€E-01
t.8414863E-01
t.8525071€-01
1.8592798E-01
1.8638370€-01
1.8668647E-01
1.8700457TE-O!
1.8712784E-01
1.8703682€-01
1.8682140€e-01
1.8650604€-01
1.8612680E-01
1.8575335€-01

BETA ADJUSTED TO

[.8554519€-01
1.8541488E-01
1.8543678€-0!
1.8550532E-01
1.8544582€-01
1.8536703€E-01
1.8540717E-D1
1.8547368E-D!
1.8555609€-01
t «856L4214E-O1
1.8573998E-01
1.8583833e-01
1.8588849€-01
1 .8588698E-01
1.8585481E-01
1.8581607E~01
1.8579126€-01
1.8577863E-01
1.8576651E-01
1.8575299€-0)
1.8573976€-01
1.8573000E-01
1.8572067€-01
1.8571533€~0!
1.8571957€e-0t
{.8572872E-01
1.8573544E-01
1.8574161E-01
1.857u270€-01
1.8574319€E-01
1.8574665E~01
1.8574953€~01
1.8575106E-01
1.8575187TE-O1

1 .800000€ 0O

L7



Figure 5. (Contd)

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
8i
82
83
84
85
86
a7
88
89
90
91
92
93
9
95
26
97

~9.72719496-03
-5.21986196-03
4,0428787€-03
4.2843968E-03
2.05u8552€-03
~1.9376203e-03
-~2.11655356-03
1.51719156-03
1.51450936~03
1.2048781E-03
~5.T467818E-04
~8.36901376-0%
7.71194706-04
-4,5631826E-01
~7.0053339E-04
~4.7957152E-04
3.29211356-04
2.2986531E-04
3,2976270E-04
~6.1295927E-0u4
~5.1734596E-04
2.55644326-0x
3.0942261E-04
1.1077523€-04
-1.64203356-04
1.2214482€-0n
2.1798909E-04
1.5240908E-04
-7.0802867€-05
-8.5167587E-05
-4, TO42966E-05
8.2135201€-05
6.44028196-05
-3.0383468E-05
-3.6031008E-05
-2.6218593E-05
1.2770295€-05
-1.3686717€-05
-2.25827ID€E-05
1.1608005€-05
1.3768673£-05
1.1608005E-05
-9.2089176E-06

~3.1624014€E-03
~1.1139406E-02
2.283u4989€-03
~6.6919133£-02
3.9643650€~03
~9.9626472E-04
2.3457240E-02
8.8450272€~04
5.9772u406€ 00
5.9283978E-03
~3.8894406E-04
1.8374908€-03
4.0151397E-04
~2.8660338€-04
1.3106688€~03
~1.5181164E-03
$.9524550E6~04
T7.6230L4T)1E-04
~7.5821341E-04
-2.16436625€-04
~3.3056461€-03
1.7H12659E-0D4
-1.46873326-03
1.7257855E-04
-6.6145009E-05
7.0047568E-05
-2.7773015E-08
5.0686716E-04
-4.8341849E~05
L4.1996242E-04
-1.0507947e-0u
2.991216BE-05
2.9839853E-0u
-2.0643710€E-05
1.9388252€~04
-9.6264925€-05
8.5876274E~D6
-6.6062735E-06
3.4745293E-05
T.6670585€-06
-7.3965544E-05
T.39764756-05
-5.1350823€e-06

2.0861626g-07
3.1143427€-06
9.9539757€-06
1.3425946€-05
1.0386109€-05
5.2005053€E-06
2.2351742€-08
1.8700957€-06
7.3760748-07
1.7881393€E-07
1.3411045€-07
7.2270632E-07
1.0579824E-06
1.5795231€-06
2.3394823€-06
1.9371510e-06
5.3644180E-D7
2.0861626E~07
6.55654109e~-07
5.3644180e-07
8. 1956387€-08
5.960ub45E-08
3.1292u39€~07
2.9802322€-07
3.8743019€-07
2.9802322€-07
2.6822090€e-07
1.6391277€-07
7.4505806E-08
2.2351T42e-07
2.1606684€-07
2.0116568€-07
o.

4.4703484E-D8
1.u901161€-08
2.23517u2€-08
8.1956387€-08
2.235i17428-08
0.

1.4901161€E-08
2.9802322€-08
5.,96046u5€-08
2.9802322€-08

1.8575183E-01
1.8575125€6-01
1 .8574940E-01
1.8574691€-01
1.8574498E-01
1.8574401E-01}
t.8574401£E-01
1.8574436E-01
1.85T4450€-01
i.85T4blb6E-O1
1.85TubLU9E~DI
1.85T4L62E-01
1.857uu82€-01t
1.B57T4511€-0}
1.857T4554€-01
1.8574590€-014
1.857u600E-01
1.857T4596€E-0D1
1 .85TU584E-0]
1. 857TuS7LE-O
1. B5TUSTSE-DI
1.857u574E-01
1.8574568€-01
1.8574562€-01
1.8574555€~01
1.857u549€-01
1.857uSk4E-D1
1.857uS41€E-01
1.8574543€E-D)
1857454 TE-O1
| .B5TUS50€E-~01
185TUS5LE~O1
1.B574554€E-01
1.85T4555€~01
{.857T4555E-01
1 «B5TUS55E~0)
1.857T4557€~01

§.8574557€-01

1.8574557€~01
1.857455TE~O1
1.857T4556E~01
1.8574555E~01
1.85T455uE-01

87



Figure 5. (Contd)
EXTERMINATOR SAMPLE PRGBLEM
REACTIGN RATES FOR EACH NUCLIDE

NUC ABS/TOT.LOSSES FIS/TOT.LOSSES CAP/TOT.LOSSES PROD/TOT.PROD.
t 1.4490923E-0! 9.2872770€~02 S«2036465€6-02 9.9999999E-01
2 7.0777402€~01 0. 7.0777402E-01 o.

TOTAL 8.5268325€-01 9.2872770E-02 7.5981048E-01 9.9999999E-01

SUM{REGV*#CONC)
2.2594303€ Ot
2.2623095E 02

oY



Figure 5.

(contd)

EXTERMINATOR SAMPLE

NEUTRON BALANCE

GROUP
1

2

3

IS
TOTAL

GROUP
1

2
3
M

ABSORPTICNS
2.039960€ 12
1.159519€ 12
T.829414E 1)
7.940945E 14

4.736514E 12

PRODUCTIONS
2.T93496E 1Y
2.493020€ N
1.205968€ 14

3.507515€ 11

TOTAL 10.00000QE 11

PROBLEM

0UT SCATTER

8.301109€E 11
5.289370€ 11
2.738854E ||
2.408963€ 09

1.635342€ 12

FISS SOURCE
3.230226E 12
1.076742€ 12
5.383709€ 1)
5.383709€ 1!

5.383709E 12

COMPOSITION ABSORPTIONS

comMp

GRP
I

2
3
4

comp

! VOLUME

ABSORPTIONS
1.9554L5E §2
1.12186E 12
7.23581E 11
7.89191E 1t

2 VOLUME

ABSORPTIONS
8.33225€ 10
3.66801E 10
1.43234E 10
1.32999€ 07

3 VOLUME

ABSORPTIONS
1.19018€E £9
9.79681E 08
5.03710€ C9
4.89019€E C9

5.64858E 04

AVERAGE PHI
1.23637€E D9
5.51692€ 08
2.13500€ 08
1.55239€ 08

4.42336€ 03

AVERAGE PHI
0.
a.
0.
3.00675E 07

7.19801€ O

AVERAGE PHI
1.32279€ 08
5.91758€ 07
2.29439E 07
1.67335€ 07

LFT LEAKAGE
0.
0.
O
0.

a.

CONST SOURCE
0.
0.
0.
G.

De

TOP LEAKAGE

1.011313€E 10
4.5D8508€E 09
1.758495E 09
1.925640€ 09

1.830577€ 10

IN SCATTER
9.878656E 09
7.773383E 11
5.426949E 11
3.054298E 11

1.635342E 12

RIT LEAKAGE

3.154882E 11
1.412785€ 11
5.48C0S1E 10
3.965086€ 10

5.512181E 1}

KEFFECTIVE
1.857455E-01
1.B857455€-01
1.857455E-01
1.857455€8-01

BOT LEAKAGE
0.
0.
0.
0.

0.

AXIAL LEAK
L.443256E 10
1.983746€ 10
7.680030€ 09
5.720913€ 09

7.767097e 10

TOTAL LOSSES
3.24D105€ 12

1.854080€ 12
1.081066E 12
8.438008€e 11

7.019051E 12

TOTAL GAINS
3.240104E 12

1.854080e 12
1.081066E 12
8.438007E 11

T.319051E 12

0g



Figure 5. (Contd)
EXTERMINATOR SAMPLE PROBLEM

POINT SOQURCE AT EACH QUADRANT

I, 3 T0P RIT TOP LFY BOT LFT 807 RIT
5, 2} a. g. 6.88601E 05 6.88601E 05
5y 3 0. 0. 5.93u481€ Q5 a.

Ss 5) G. 0. 0. 7.75777€ 05
Sy 6) O. a. 9.84925€E 0S5 9.84925€ 05
5¢ T 0. 0. 8.95273E 05 8.95273€ 05
5, 8) 0. c. 6. 16495 05 0.

6y 2) 1.21620E 06 1.21620E 06 I«21620E 06 1.21620€E 06
6y, 33 O. 9.27965€ 05 2.27965€ 05 .

6y 5) 1.19920€ 06 C. a. 1.19920€ 06
-T2 1.69009E 06 1.69009€ 06 1.69009€ 06 1.69009€ 06
6y T) 1.51255€ 06 1.51255€ 06 1.51255¢ 06 1.51255€ D6
6, 8) c. 8.87653E 05 B8.87653E 0S5 G.

Ty 2} 1.91794E 06 .91794E 06 t.91794E D& 1.91794E D6
Ty 3 0. 1.37616E 06 1.37616E 06 a.

7y 51 1.73579€ 06 D. 0. 1.7T3579€ 06

Ty 6) 2.50056€ Q6 2.50056E 06 2.50056E 06 2.50056E 06
Ty T 2.20034E Q6 2.20034E 06 2.20034€ 06 2.20034E 06

7, 8} 0. 1.21195€ 06 14211956 06 a.
8y 2} 2.90872E 06 2.90872€ Q6 2.90872€ 06 2.90872€ 06
8, 31 0. 2.D00D3E D6 2.00003E 06 .
8y 5) 2.42779€ Q6 0. 0. 2.42779€ 06

8, 6) 3.u788u€ 06 3.47884E 06 3.47884E 06 3.47884E 06
8, 7 3.00047€ 06 3.0004TE 06 3.00087€ O6 3.00047€ 06
8, 8) O. t.59395E 06 1.59395€ 06 0.

9s  2) 4.35483E 06 4.35483€ 06 4,354B83F 06 4.35483€ 06
9y 3} . 2.90134€ 06 2.9013u4E 06 B

5) 3.35199€ 06 0. Q. 3.35199€ D6
9. 6) 4,70120€E 06 4.70120€ 06 4,70120e 06 4,70120€ D6
9y T) 3.95223€ 06 3.95323€ 06 3.95323€ 06 3.95323€ 06
9, 8) O. 2.04058€ 06 2.04058E 06 0.

t0y 2} 6.49291E Q6 6.49291E 06 6.49291E 06 6.49291E 06
10y 3) . 4.26895€ 06 4.26895€ 06 -

10, 5} 4.465279€ 06 0. 0. 4.65279€ 06
10y 6) 6.26265€ 06 6.26265€ 06 6.,26265€ 06 6.26265E 06
10, 7) 5.09603€ G6 5.09603E 06 5.09603F 06 5.09603E O6

10, 8) 0. 2.55793€ 06 2.55793€ 06 0.
tie 2) 9.63280F D6 9.63280€ 06 9.63280E 06 9.63280E D6
11, 3} 0. 6.51013€ 06 6.51013€ 06 a.
1ty S) 6.64199€ 06 0. Ce 6.64199€ 06

11, &) 8.27501E Q6 8.27501€ 06 B.27501E 06 8.27501E D6
1, 7 6.45689E 06 6.45689€ 06 6.45689E 06 6.45689€ 06

it, 8} 0. 3.14B30E 06 3414830 06 0.

12, 2) 1.40753€ 07 1.40753€ 07 1.40753€ 07 1.40753€ 07
12, 3) 0. 1.06u91€E O7 1.06u91E 07 1.06491E O7
12, 1) 0. 0. 1.01438c 07 t.01438€ 07
12y 5} 1.009u1€ 07 0. 1.00941E Q7 1.00941E O7
12y &) t.08362E 07 1.08362E O7 1.08362€ 07 1.08362€ 07
12, T 8.0407IE D6 8.0u071E 06 8,0u07IE Q6 8.0407VE 06
12, 8) 0. 3.80730€ 06 3.80730e 06 0.

13, 2) 1.97133€ 07 1.97133€ 07 197133 O7 1.97133€ 07
13, 3 t.73381E Q7 1.73381€ 07 1.73381E Q7 1.73381€ 07
13, &) f.b6uu65E O7 1.64485E 07 1.68465E 07 1.64465€E 07
13, 51 1.56388E 07 1.56388E Q7 1.56388¢ 07 1.56388€ 07

13, 6] 1.38%988E 07 1.38988E 07 1.38988E 07 1.38988€E 07
13, N 9.81037E 06 9.81037€ 06 9.81037€ Q6 9.81037€ 06
13, 8) 0. 4,521 89€ 06 4,52189€ 06 O.

o - o o o~ v o o B o o o o . m o - -y i om o o o r m o o o ms o R o - .. " A o o~ P~
)

g



Figure 5.
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4,y

'
1y,
fh,
1,
T4,
fh,y
15,
15y
15,
15,
15,
15,
15,
16+
1.7}
16,
16,
16y
16,
16,
17,
t7y
17
17,
17
17,
17,
18,
18,
18,
184
’B'
18,y
184
194
19,
19,
19y
19,
19,
1924
20y
20y
20y
20y
20+
2[]'
20,
25y
210
21y
21,
21
20
21y
22y
22y
22y
22,

(Contﬁ)

23
3)
4)
5)
61
7}
8)
2)
31
4)
51
6)
71
8)
2)
3y
43
5)
6)
7
8)
2)
3)
4)
5}
6)
7
8)
2)
3
4)
S)
6}
7)
8)
2)
3
4)
5}
6)
7)
8}
2)
3)
4)
5)
6)
7)
83
2)
3)
4}
5)
6)
7
8)
2}
3)
43
5)

1.16850€
D.

3.15765€E
2.92816€
2.75880€
2.55377€
2.03499¢€
1.358uU1E
0.

3.71380€
3.L5449E
3.24749¢
2.99189E
2.34361E
1.54395E
0.

4e22525€
3.93168E
3.69037¢€
3.39060E
2.63156€
1.7T1968E
0.

4.6BUY3E
4.35730€
4.08557€
3.74750¢
2.89334¢€
1.88129€
0.

5.08618E
4,72865€
4, 43063E
4.05982E
3.12L76€
2.02537€
a.

S.42663E
5.04301E
4. 72294€
4. 32487E
3.32245¢€
2.14920€
0.

5.70269¢F
5.29785E
4.96008E
4. 54014€E
3.48374€
2.25068¢E
0.

5.921191E
S.4Q10tE
5.13990¢€
4.70353€

2.35442E
2.22497€
2.07779E
1a71327€
1.16850E
5.27135¢
3.15765¢E
2.92816E
2.75880€
2.55377€
2.03499€
1.35841E
6.03187E
3.71380¢
3.45449¢8
3.24749¢
2.99189E
2.34361E
1.54395€
6.77998E
%,22525E
3.93168E
3.69037¢€
3.39060€
2.63156€
1.71968E
7.49432¢
b.68443E
4.35730E
4.08557€
3.74750¢
2.89334F
1.88129E
8.15636E
5.086 1 B€
4.72865E
h.u3063E
4.05982E
3.124T76E
2.02537€
8.75053¢
S.42663E
5.043CtE
4,72294E
4.32487€
3.32245E
2.14920E
9.26LDE
5.70269E
5.29785E
4.96008E
4.540DI4E
3.48374E
2.25068E
9.68654E
5.91191E
5.49101€
5.13990¢
4,70353¢

2.56926E

24 354%42E
2.22497E
2.077T79¢
1.71327¢
1.16850€
5.27135¢
3.15765¢€
2.92816E
2.75880¢
2.55377€
2.03u499€
1.35841€
6.03187E
3.71380¢
3. L5449
3.24TY49€
2.99189E
2.34361E
1.54395¢
6. 77998
4422525E
3.93168¢
3.69037¢
3.39060€
2.63156E
1.71968E
7.u9432¢€
4, b68443E
4.35730€E
4.08557€
3.74750¢
2.89334¢E
1.88129€
B8.15636E
5.08618€
4.72865E
4a43063E
4.05982€
3.12476E
2.02537¢€
8.75053¢€
5.42663€
5.04301E
4.T72294E
3.32245E
2.14920€
9.26401E
5.70269€
5. 29785E
4.,96008E
45401 4E
3.483T4E
2.25068€
9. 68654E
5.91191E
5.49101E
5« 13990
L.70353€¢

2.56926E

2.35u42E
2.22497€
2.07779¢€
1.71327€
1.16850€
0.

3.15765E
2.92816E
2.75880¢
2.55377€
2.03499E
1.35841E
g.

3.71380¢€
3.45449F
3.24749E
2.99189E
2.34361E
1.54395E
0.

4.22525E
3.93168€
3.69037€
3.39060€
2.63156€
1.71968E
4.684U3E
4435730€
4.08557€
3.74750E
2.89334E
1.88129€¢
a.

5.08618E
4.72865€
4.43063€
4.05982€
3.12476E
2.02537€
0.

5.42663E
5.0u301€
4.72294E
3.32245¢€
2.14920€
0.

5.70269€
5.29785E
4.96008€
4.54014E
3.4837LE
2.25068€
0.

5.91191E
5.49103€
5.13990€
4.70353E
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Figure 5. (Contd)
EXTERMIN,TOR SAMPLE PROBLEM

NO.IT.# 97 K-EFF # 1.85746E-01 No.F./{TOT PROD)# 4.51341F 06

GRQUP 1 FLUX

1 2 3 4 5 6 7 8 9 10
1 a. 0. a. 0. 0. a. 0. 0. 0. 0.
2 5.193E 06 5.193E 06 2.983E 06 O. B.2B6E 06 1.291€ OT7 1.271E 37 9.365E D6 4.872F D6 0.
3 1.1536 07 1.153c 07 6,537E 06 O. 1.713€ 07 2.696E 07 2.640€ 07 1.927¢ 07 1.006€ 07 Q.
L 2.0u5€ 07 2.0u45e 07 1.128E O7 O. 2.697€ 07 4.348F 07 4.214E O7 3.020€E D7 1.590e 07 O.
5 3.409€ 07 3.409€ 07 1.785€E 07 Q. 3.782E OT 6.u424E 07 6.121E 37 4,255 07 2.283 07 0.
6 T7T.036€ 07 7.036E 07 3.372eE 07 O. 6. 1T5E 07 1,136 08 1.0u8E 08 &6.162E O7 3.154€ D7 0.
7 1.16t 08 1.161E D8 5.415E D7 D. 9.116E 07 1.693E 08 1.530€ 08 8.u433¢ 07 u.203€ 07 0.
8 1.806€ 08 1.806E 08 8.359E 07 O. 1.287E 08 2.362E 08 2.089€E 08 |.110E 08 5.u39e 07 0.
9 2.765 U8 2.765E 08 1.296E 08 Q. 1.796E 08 3.199€ 08 2.754€ 08 1.423E 08 6.87ue G7 0.
10 4.220¢ 08 4.220E 08 2.080E 08 O. 2.558E 08 4.277t 08 3.554E 08 1.784E 08 B8.513E 07 0.
bt 6.423c 08 6.423F 08 3.570€ 08 0. 3.B62E 08 5.686E 08 u.508& 08 2.198& 08 1.035¢ 08 O.

12 9.625€ 08 9.625E 08 6.809€ 08 6.494€ 08 6.502E 08 7,.509€ 08 5.623FE D8 2.659E 08 1.238E 08 0.
13 1.369E 09 1.369€ C9 1.190E 09 1.128E 09 1.074E 09 9.697E 08 6.869E 08 3.160€ 08 1.455€ D8 O.
4 1.795E 09 1.795E £9 1.641E€ 09 1.550€ 09 t.u449E 09 1.1996 09 8.188E 08 3.685t 08 1.682E 08 L.
t5 2.2128 89 2.212e 09 2.0506 D9 1.931f D9 1.788E 09 1.426€ 09 ©9.523€ 08 L4.218E 08 1.911E 08 0.
16 2.604E 09 2,604E 09 2.422E 09 2.276E 09 2.097E 09 t.6u43€ 09 1.083 09 u.74iE 08 2.137¢ 08 O.
17 2.963E D9 2.963E C9 2.757¢ 09 2.5888 09 2.378E 09 1.8u46E 09 1.206E 09 S.2ulE 08 2.353t 08 0.

18 3.286E 09 3.286E 09 3.0S6E 09 2.866E 09 2.629E 09 2.030E 09 1.319€ 09 S5.705€ 08 2.554€ 08 0.

o
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<
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©3
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i9 3.568E .
20 3.807e 09 3.807E C9 3.538FE 09 3.3136 09 3.034€ 09 2.331£ 09 1.507€ 09 6.u480e 08 2.892E 08 Q.
21 4.001E 09 u4.001€ 09 3.747¢ 09 3.480F 09 3.185E 09 2.4u4E 09 1.578E 09 6.775& 08 3.022¢ 08 O.
22 L.IUWTE 09 4.I47E L9 3.852FE 09 3.6N6E 09 3.300€ 09 2.533e 09 1.633€ 09 7.002e 08 3.121€E 08 0.
23 4,286E 09 4.2u6E [P 3.943¢ 09 3.690€ D9 3,377¢ 09 2.588E 09 1.669E 09 T.155E 08 3.188E 08 0.
24 4,295 09 4.295E 09 3.989€ (09 3.733E 09 3.u415E 09 2.617e 09 1.688E 09 7.232e 08 3.222t 48 Q.

25 4.295E 09 4.295E 09 3.989€ 09 3.733£ 09 3.415 09 2.617E 09 1.488E 09 7.232€ 08 3.222¢ 08 Q.
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Figure 5. {Contd)
EXTERMINATOR SAMPLE PROBLEM

NO.IT.¥ 97 K-EFF # 1.85746E-O1 NoF./{TOT PROD}# 4.51341E D6

GROUP 2 FLUX

1 2 3 U 5 6 7 8 9 10
! 0. G. 0. 0. 0. G. a. 0. a. O.
2 2.229€ 06 2.229E 06 1.277€ 06 0. 3.67T9E 06 5.T42E 06 5.669E 06 4.187E 06 2.181E 06 O.
3 4.,943E 06 4.943E 06 2.788E 06 O. T.591E 06 1.198€ O7 |1.177€ O7 B8.611E 06 4.502€E 06 GC.
4 8.795E 06 8.755E 06 4.78l€ 06 O. I.491E 07 1.930€ 07 1.878E DT 1.349E 07 T.i1156 06 OC.
5 1.459E 07 1.459E 07 7.491E 06 Q. 1.660E 07 2.848E 07 2.726€ 07 1.9001€ 07 1.022e 07 Q.
[ 3.030e 07 3.030E O7 .411e O7 0. 2.692E 07 S5.031E 07 W4.665€ 07 2.751€ 07 1.411€ O7 O.
7 5.030e 07 S5.030€ 07 2.283E 07 Q. 3.975€ 07 7T.504€ O7 4.811€ 07 3.766E 07 1.884£ 07 0.
8 7.867E 07 7.867E 07 3.555e 07 Q. 5.617E O7 1.047€ 08 9.302€ 37 4.959E U7 2.434E 07 OC.
9 1.21te 08 1.211E Q8 5.567E 07 O. T.858E 07 1.420€ 08 1.227€ 08 6.35s€ Q7 3.076E 07 O.
i0 1.858E 08 1.858€ 08 9.032¢ 07 0. 1.123€E 08 1.90J€E 08 1.584E 08 7.971t 07 3.810e 07 O.
i 2.8u2€ 08 2.832E 08 1.568E 08 0. 1.704E 08 2.529€ 08 2.010€E 08 9.819E 07 u.635€ 07 O.

12 4.276E 08 4.276E D8 3.D19E 08 2.834€ 08 2.885F 08 3.3u4E 08 2.508E 08 1.188E 08 5.543c 07 O.
13 6.096E 08 6.096E 08 65.293E 08 S.020F 08 4.782E 08 L4.323€ 08 3.065F 08 1.412€ 08 6.515€ 07 0.
14 8.004E 08 B8.004E 08 7.313€ 08 6.911€ 08 6.4STE 08 5.349F 08 3.654E 08 1.647E 08 7.530€ 07 O.
15 9.868E 08 9.868E 08 9.143E 08 B8.614E 08 7.976FE 08 6.364E 08 4.251F 08 1.886E 08 8.558E 07 0.
16 te162E 09 1.162E L9 1.081€ 09 1.016E 09 9.360E 08 7.335 08 L.833E 08 2.120E 08 9.570€ 07 Q.
i7 1.3236 09 1.323E 09 t.231E 09 1.155E 09 1.061E 09 8.239c 08 5.384E 08 2.343E 08 1.054E 08 Q.
18 1.48TE 09 1.4867€ 09 1.364E 09 1.279E 09 1173 09 9.059€ 08 5.890F 08 2.55(€ 08 t.l144E 08 Q.
19 1.5936 09 1.593€ 09 1.481E 09 1.387E 09 1.271E 09 ©9.785E 08 6.341E 08 2.737£ 08 1.225¢ 08 UO.
20 1.699E 09 1.699E 09 1.579€ 09 1.u479€ 09 1.354€ 09 V.040€ 09 6,.729€ 08 2.897E 08 1.295E 08 (0.
21 1.786E C9 1.786E C9 1.659e 09 1.553E 09 1,422 09 1.091E 09 7.047E 08 3.029€ 08 1.353¢ 08 0.
22 1.851€ 09 1.851€ 09 .720FE 09 1.6108 09 1.473E 09 1.129€ 09 7.290E 08 3.131E 08 1.398E 08 O.
23 1.895E 09 1.895E 09 1.760E 09 1.6u7€E 09 1.507€E 09 1.155€ 09 7.453E 08 3.199€ 08B 1.u428E 38 0.
2y FoQITE 09 1.917E 09 1.781E 09 1.666E 09 1.525€ 09 1.168E 09 7.536E 08 3.234E U8 1.uu3c 08 UO.

25 1«917€ 09 1.917E B2 1.781E 09 1.666E 09 1.525E 09 1.168E 09 7T.536FE 08 3.234E (08 1.443E 08 U.
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Figure 5. (Contd)

XT

e*TerMiNaTOR 5pMPLe PROBLEM

NC.1T.# 97 K-EFF # 1.85746E-01 N.F,/{TOT PRODI# 4.51341E 06

GROUP 3 FLUX

| 2 3 u S 6 7 8 9 13
i a. a. g. a. 0. 0. 3. 0. a. a.
2 9.022e 05 9.022E 05 5.215€ 05 0. 1.442E 06 2.2u2E 06 2.208E 06 1.629E D6 8.489E 05 0.
3 1.998E D6 1.994E 06 1.136€ D6 0. 2.975E 06 4.67T6E D6 4.581E 06 3.350E 06 1.751€ 06 0.
4 3.513E 06 3.513c 06 1.944E 06 O. 4.6T0E 06 T7.525€ 06 T7.3028 06 5.2u6F 06 2.767TE 06 0.
5 5.820€E 06 5.820t 06 3.0u44E 06 Q. 6.520E 06 1.109€ 07 1.059E O7 7.382E U6 3.971E 06 4.
-] 1.197€ O7 1.i97e 07 5.702€ 06 O. 1.0599E 07 1.955€ 07 1.8088 O7 1.068E 07 5.482€ 06 U.
7 1.978E 07 1.978E 07 9.167€ 06 O. 1.562E 07 2.914E 07 2.639€ 07 1.461E 07 7.303€ 06 O.
8 3.084€E 07 3.084c 07 1.439€E 07 Q. 2.205E O7 4.066E 07 3.6038 07 1.923c 07 9.4u9e 06 O.
9 w.7328 07 u4.7326 07 2.209e 07 O. 3.081E 07 5.5t0E O7 4.752E 07 2.463E 07 1.194E 07 O.
10 T.2u26 07  7.2u2E 07 3.559E 07 0. B.393E 07 T7.369€ 07 6.133e 37 3.090€ 07 1.479€ 07 Q.
i 1.105e 08 1.105€ 08 6.130€ 07 0. 6.6U2E 07 9.80t€ 07 7.782€ 37 3.805E 07 1.799€ 07 0.
12 1.658E 08 1.658E 0B 1,173 08 1.119E 08 1.120€ G8 1.295€ 08 9.707€ 07 u.6D5e 07 2.150e 07 O.

13 2.361€E D8 2.361E 08 2.05/E 08 1.945E 08 1.853€ 08 1.673c 08 1.186E 08 5.472E 07 2.528E 07 OC.
fh 3.098E 08 3.098E 08 2.831c 08 2.675E D8 2.500F 08 2.070€ 08 {.4lu€ 08 6.382€ 07 2.921€ 07 0.
15 3.818E 08 3.818E 08 3.538¢ 08 3,333 08 3.086E 08 2.462€ 08 1.645€ 08 7.305€ 07 3.319€ 07 O.
16 L U9SE 08 L4.495E 08 u4.i81E 08 3.930£ 08 3.621& 08 2.838E 08 1.870¢ 08 B8.212€ O7 3.742¢ 07 4O.
17 S.117E 08 S.117E 08 u4.761E 08 4.469E 08 &4.ID6E D8 3.187¢ 08 2.083c 08 9.078E 07 &.08BE 07 Q.

18 5.67HE 08 S.674E 08 5.277€ 08 L.9u8F 08 4.539E 08 3.505E 08 2.279E 08 9.88)E D7 u4.437e D7 Q.

=
<
[=
b

19 6,161E 08 &4.161E 08 5.728E 0B 5.367E 08 4.918€ 08 3.785€ 08 2.453¢ D8 1.060E 08 4.7S5iE
20 6.573E 08 6.573E 08 6.109€ 08 5.721E 08 5.239E U8 4.025E 08 2.603FE 08 1.122£ 08 5.D24%€ 07 OC.
21 6.908¢ 08 6.908E 08 6.417E 03 6.008E 08 5.500€ 08 4.220€ 08 2.726€ 08 1.174€ 08 5.248E 07 0.
22 T.161E D8 7.161E D8 6.651FE 08 6.226E 08 5.698E 08 4.369FE 08 2.820E 08 1.213€ 08 5.421€ 07 OC.
23 7.3326 08 7.332E 08 6.809E 08 6.373E 08 5.831E 08 &.469E 08 2.884E 08 1.239e 08 5.537€ 07 Q.
24 T.4I1TE D8  7.u417E 08 6.888E 08 6.446F 08 S.898E 08 4.519E 08 2.916E 08 1.253€ 08 5.596€ 07 O.

25 T.ul7€ 08 7.417E 08 6,888E 08 6.446E 08 5.898E 08 u4.519€ 08 2.916E 08 1.253E 08 5.596E 07 0.

9¢g



Figure 5. {(Contd)
EXTERMINATQR SAMPLE PROgLEM
NO. IT.¥ 97 K~EFF # 1.85746E-01 N.F./{TOT PRODI# u.5134I1E 06
GROUP 4 FLUX
1 2 3 N 5 6 7 8 9 10
1 0. 0. 0. 0. 0. a. c. 0. J. 0.
2 2.%30E 06 2.430€ 06 2.544E 06 2,545E 06 2.u69E 06 2.221E 06 1.82E 06 |1.262E 06 6.u24E 05 Q.
3 y4,BSTE 06 L4.B5TE 06 5.157€ 06 5.189E 06 5.023FE 06 L.527€ 06 3.730€ 06 2.572€ 06 1.319 06 0.
4 T7.238E 06 7.238E 06 7.901€ 06 B8.069E D6 7.7u2€ 06 7.003€ 06 5.806E 06 3.978E 06 2.068E (6 0.
5 9.u32E 06 9.432E 06 1,079 07 1.150E 07 1.D66E 07 9.731E D6 B.163E 06 5.5106 06 2.9u3€ 06 O.
6 1.u32E O7 1.432E 07 1.558€ 07 1.654€ OF 1.577€ G7 1.594€ 07 1.3%8€ 07 7.858E 06 4.035E D6 0.
7 2.133E 07 24133 O7 2.243€ 07 2.336€ 07 2.242E 07 2.329E 07 1.949E D7 1.068E 07 5.350€ 06 O.
8  3.121f 07 3.121E O7 3.C98F 07 3.242E 07 3.108£ 07 3.223E D7 2.651E 07 1.402E 07 6.90i€ O& 0.
9 u.5IBE 07 4.518E 07 4.292€ 07 4.437€ O7 4.242€ 07 4.337€ 07 3.487E 07 1.792E 07 8.700E 06 O.

10 6. 486E D7 6.486E O7 5.896 07 6.000 D7 5.730€ 07 S.737€ 07 4.486€ 07 2.2u4E 07 1.076 O7 Q.

il 9.214E 07 9,214E 07 8.038€ O7 7.983E 07 T7T.676E O7 T.495E 07 S5.668€ 07 2.758E O7 1.306€ O7 Q.
12 1,287¢ 08 1,287€E 08 .084E D8 1.030€E D8 1.016E 08 9.657€ 07 7.037€ 07 3.331€ 07 1.559€ 07 Q.
13 1.750E 08 1.7506 08 1.574€ 08 1.493€ 08 1.416E 08 1.222€ 08 B.562E 07 3.952E 07 1.830€ 07 0.
4 2.252E 08 2.252E 08 2.075E 08 1.96IE 08 1.830€ 08 1.497E 08 1.018f 08 u.603c 07 2.113E O7 0.
15 2.754E 0B 2.754E 08 2.558e 08 2.u410€ 08 2.230E 08 1.773E D8 1.182E 08 5.265€ 07 2.400€ 07 O.
16 3.233€ 08 3.233¢ 08 3,008t 08 2.828E 08 2.60Se 08 2.039€ 08 1.343€ 08 5.9168 07 2.682E 07 Q.
17 3.67S5E 08 3.675€ D8 3.u420€ 0B 3.210F 08 2.949€E 08 2.289E 08 1.496E 08 6.538E 07 2.953€ 07 O.
18 4.073¢ 08 4,073 08 3.789€ (08 3.553E 08 3.259E 08 2.516E 08 1.636E 08 7.115€ 07 3.205E O7 Q.
19 B.422€ D8 4,422 08 4.111€ 08 3,852 08 3.530€ 08 2.717E 08 1.761€ 08 7.632E 07 3.u33e 07 O.
20 L.TI8E 08 u.718€ 08 4.384E 0B Wu.106E 08 3.760FE 08 2.889€ 08 1.869€ 08 B8.080E 07 3.628€ G7 O.
21 4.958E 08 u.958E 08 4.606E 08 4,312€ 08 3.947E 08 3.029 08 1.957€ 08 B8.448E 07 3.790€ 07 O.
22 5.139€ 08 5.139c 08 u4.774€ 08 4,468E 08 u4.089€ 08 3.136E 08 2.025€ 08 8.731€ 07 3.914€ 07 0.
23 5.262E 08 5.262E 08 4.886€ 08 4,573E 08 4.185e 08 3.207¢ 08 2.070E 08 B8.921E 07 3.998E 07 0.
24 5.323€ 08 5.3238 08 4.,943€ 08 4,6264F 08 4.233€ 08 3.244E 08 2.093€ 08 09.0188 07 4.041€ 07 O.

25 5.323E D8 5.323E 08 L4.9u3E 08 L,626E 08 4.233E 08 3.244E 08 2.093€ (08 9.018€ O7 4.QulE 07 0.

LG
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Notation

In Eq. (2) the matrix whose elements are comnstants involving
absorption, leakage, and group-to-group scattering properties.
In Eq. (6) a quantity involving the properties of lines and
groups other than the one considered.

6, ~ ¢

Kn -~ A

In Eq. (5), a row matrix all of whose elements are 1 and having
as many elements as there are fluxes to be calculated.

A driving factor defined by Eq. (31) or Eq. (32).

In Eq. (1), the product of the volume of a mesh quadrant and
the vZf appropriate to the group and the quadrant.

The effective multiplication constant = 1/\.

In Eq. (M), a matrix whose elements are zero except for those
below the diagonal which are the negative of the corresponding
elements of A.

In Eg. (2), the matrix whose elements are constants involving
fission properties.

In Eq. (7), calculated constants used to determine fluxes by
the line relaxation method.

In Bq. (14), an arbitrary constant.

A diagonal matrix composed of the diagonal elements of M.

A matrix whose elements are zero except for those below the
diagonal which are the same as the corresponding elements of M.
In Eq. (1), & number equal to the input source strength in
neutrons per cubic centimeter per second times the appropriate
quadrant volume.

In Eqg. (l), constants involving diffusion properties and
quadrant surface areas; subscripted I,J,K.

In BEq. (1), a constant involving quadrant volumes and absorp-
tion and removal cross sections; subscripted I,J,K.

In Bg (1), a constant involving quadrant volumes and in-
scattering cross sections from groups other than the one

considered; subscripted I,J,P,K.
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B In Eq. (4), the over-relaxation coefficient. In point re-
laxation, it is applied to the computation of each new flux
as soon as it is calculated. In line relaxation, all the
fluxes on a line are calculated, and then the fluxes of that
line are all over-relaxed simultaneously.

A The eigenvalue of the problem, equal to l/k; Ap 1s the estimate

of M at iteration n.

>

The exact eigenvalue of the problem, the smallest positive
eigenvalue of Eq. (2).

v In the linearized form of the iteration problem, the decay
rate of the error (o — o) or (X = xy) -

6, 6, ¢F

Neutron flux; ¢ is the neutron flux associated with N 6F is
the calculated neutron flux before over-relaxation.
o The estimated largest error decay rate.

xK The fraction of fission neutrons which appear in group XK.

Subscripts

I, Jg Integers denoting row and column positions respectively of a
mesh point.
K  Group number
A dummy index in Eg. (1), denoting group number.
n Iteration number; this appears also as an exponent in Egs. (1k4),

(16), and (17).
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