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A description is given of a code for the IBK-704 computer which
solves the few-group, time-independent, neutron-diffusion equa-
tions in x,y,z geometry. The number of lethargy groups may be
one, two, three, or four, and the solution is obtained over a
rectangular parallelepiped which is symmetric with respect to
the plane x = y. A mesh of horizontal and vertical planes is
imposed on this parallelepiped,; all region interfaces must occur
on mesh planes. Input parameters are specified regionwise, and
completely variable mesh spacing is permitted. The numter of
mesh points on and to one side of the plare x = y is limited to
2675 and 4725 on 16,384-word and 32,768-word computers, respec-
tively. "Either a zero flux or a zero current boundary condition
may be applied at each boundary plane. The code has been con-
structed to provide great ease of input preparation and simpli-
city of code operation. The running time of a typical two-
group, 2600-point problem is /.5 hours.

i

TKO —A TEREE-DIMENSIONAL MEUTRON-DIFFUSION CODE FOR TEE IBM-704

W. R. Cadwell

I. INTRODUCTION

Group Equations

TKO is a three-dimensional, reactor—design code for the IBM-704 computer. It finds a discrete
solution over a rectangular parallelepiped to the few-group, time-independent, neutron-diffusion

eyualiviis for o heterogeneous reactnr. These equations are of the form

k
; XY/ .
2 a, <R R S < ¢ .
D, Vi (2142 ) om0t B e T . (-
where
1=k=4 ,
21;:#?50, A (2)
k-1 . : .
X, =1lifk=1; ¥ x,=landyx, =0ifk >1 , (3)
1 i i k
and

k
(ZED)

i

The physical interpretations of the above symbols are

D = the diffusion coefficient

=% = the absorption cross section

ZR = the removal cross section

X~ the integral of the fission spectrum over the lethargy range repre'sented by group i
v, = the average number of neutrons produced by u fission in group i ‘



Z" = the fission cross section
I» = the fission source

@ = the neutron flux

N = the eigenvalue

The re‘étangular parallelepiped is divided into a number.of diffusion regions and rod regions
with the interfaces between these regmns composed of horizontal and vertical planes only. The

R

parameters D Z: Zi , and (vZ ) are regionwise constant.

The neutron flu\ for one or more groups is “not deflned interior to a rod region but satisfies

D, 8¢, - .
-t _(el_ =-C (5)
@; on i ,
on 1ts boundary, where C is a p051t1ve constant and the derivative is taken perpendicular to the
bounclary in the dlrectlon of the rod region. For all other groups the region is treated as a diffusion

region.

A composition number. which idpnh‘ﬁés ;.\-sot of pur‘amctcrs Di’ Zia', Z?‘, and ('v‘L"F)i, 1s assigned
lu each diffusion and rod region. The same number may be assigned to several of these regions if
the parameters associated with them are identical. There is no limit to the number of diffusion and
rod regions that may be present in the rectangular parallelepiped, but no more than 511 composition

numbers may be dSblgIled to them.

To solve t1e differential equations numemcally, a mesh of horlzontal and vertlcal planes is im-
posed on the rectangular parallelepiped. Since the intervals between successive mesh planes need
not be cons_tant, this mesh construction is done in such a way that all evternal boundaries and inter-
nal interfaces lie exactly on mesh planes. The discrete problem is then defined by replacing the
differential equations with seven-point difference equations at the points of intersection of thé mesh
planes, * '

‘I'he plaﬁes are numbered x = 0; 1, 2,...,88;,y=0,1, 2,..., tt; ancl z=0,1, 2,..

., uu. Rither
a zero flux or a zero current (symmetry) condition may be applied at each external boundary. The
zero flux condition is applied at the boundary plane itself, whilc the symmetry condition is applied at
the first intcrior plane. 'Therefore, mesh points on the boundary plunes are never points nt solution,
In addition, the code is restricted to solving only problems which are symmetrio with reapeet to the
plane x =y, Hence ss = tt; the points of solution are those lying in and on the boundaries of the
isosceles-right-lriangular prism x =1, x =y, y =ss-1, z =1, and z = uu-l.; and the number of points
of solution is

N =

Nl.—

(ss-1){ss)(uu-1) . : (6)

This number is limited to 2675 and to 4725 on 16, 384-word and 32, 768-word computers, respectively.

In general, the running time of a problem dépends upon N and upon the total number of lcthargy
groups, K. If ¢, the input convergence parameter, is chosen to be 0. 05, the rinning time in minutes
can be approximated by

N
T =¥

60

Thus, a two-group, 2600-pnint problem requircs about 1.5 hours for solution.

% A statement of the matrix problem which resulis from this difference approximation is given in
Ref 1, together with a description of the techniques used in TKO to solve tlus problem These
tcchmques are also considered in‘5ome detail in Ref 2. .
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Additional Features and Restrictions

Computer Equipment Required

The code requires either 16, 384 or 32, 768 words of core storage, one drum unit of 8192 words,
an on-line card reader, an on-line printer, and seven tape units (eight if the tape input flux option
is used). The output is edited onto tape, and a simulator program must be used to .print this tape

on-line if an off-line printer is. not available.

One -Group Nonhomogeneous Source Problems
I

The one-group equation solved by the code is

. X
2 a R _ "1
-D, V ‘P1+(21+Z1)‘P1‘T , ‘ (7)
where Xy = 1 and X\ is an input parameter., The value of ¥ used at each mesh point is the numerical
average of the input flux guesses for the compositions in the eight octants about the point, multiplied
by the volume-weighted average of the values of vEZ* for these compositions. The code performs a

series of iterations to find the flux corresponding to this source.

Series of Problems

Under operator control, the converged flux values on tape at the end of one problem may be used
to provide an input flux guess for a subsequent problem or set of problems. The flux guess on ﬁhie.

input cards is ignored whenever this option is used.

The problem providing a flux guess‘and the problem using this guess must be similar in the
following respects: 1) They must have the same number of groups; 2) they must have the same
number of mesh planes in each coordinate direction; and 3) if the second problem has rod regions
with interior points, the first problem must also have rod regions with the same interior points.
The last restriction is imposed because the flux guess must be zero at the interior points of rod

regions,

Input and Qutput

Input to the code consists of a description of the mesh (the intervals between successive mesh
: R

planes and the placement of diffusion and rod regions)_ together with values of Di’ Z?, Z; s

o
~ 1 i
(vZ )i’ and a flux guess, @ for each compaosition.

The output of the code includes a complete'edit of the input, a picture of each different x-y plane
with all regions and interfaces indicated, the composition volumes, the composition-integrated flux
and suurce, and the pointwieo flux and sonree values. Under operator control, a preliminary input

edit, which includes the pictures of the mesh, may be run before beginning a problem.

II. CODE R0OUTINES

Restart Aoutine

A standard restart may be done at any time during the running of a problem, and an emergency

restart at any time during the iterations. The title card is printed on-line in each case.

Ahen a standard restart is done, the problem is continued from its most recent restart point.
There is a restart point at the beginning of each routine in the code except in the iteration routine
which has such a point at the beginning of the calculations in each group and at the beginning of the

elgenvalue calculation.

~#hen an emergency iteration restart is done, the latest flux and source tape is checked. If this
tape can be read, the problem is continued from the beginning of the current outer iteration, using

this tape as input. If this tape cannot be read, a restart is impoosible.

0]
w7
@w

083



Input Routine

The title card is read and printed on-line. If columns 6872 do not contain, "TK®C1', the routing.

stops and the remainder of the input-is ignored. L v L

The 10000, 20000, 30000, and 40000 series cards are then read, and each number is chetcked
against the restrictions listed in Section III under the heading, Card Format. In addition, thé num-
bers are tested to determine if they were properly specified for fixed- or floating-point'conirersiOn, '

and the input as a whole is checked for consistency. If an error is found, the 50000 series is not read.

The composition description given in the 40000 series is expanded, using the overlay process
described in Section III under the heading, Construction of the Mesh. The routine stops if there is

any region of the mesh for which no composition has been specified.
The 50000 series is thén read and checked for consisfency and floating-point conversion.

The flrst input error causes the routine to stop after prmtmg a card number on-line. This is
either the number of the first card in the input containing an crror or a card nunber the routine
expected, but could not find. In the second case, the difficulty may he cansed hy an error on tho
preceding card, by the absence of a blank card following the 40000 series, or by the presencc of a
blank card anywhere else.

Coefficient Routine

The coefficient routine computes the following quantities in group i at each point s, t,u.* The

numerical subscripts apply as indicated in Fig. 1.

s, =) ) : m 2)

/ 1 iatan
T : /“ h5
. ' h2 / .
" - . e n (3) . (4)
(5) (6) (s I.c,n)/ 'Ts.'.u) hy n (ol,tu)
hG /

’ h
Y s rut) 3

n ®

(s,t+1u)
Figure |1
CI( B Di, 1 112115 + Di, 2 114h5 + DiL5 h2116 + Di, 6 }14116
s,t-1,u) = (8)
1 4hl
Cl (6-1:t.u) = Di, 1 h,lh5 + Di, 3 h?h,; + D hlhé |7 h3hé (9)
2V 4h2

* The derivation of the coefficients in x-y geometry is carried out explicitly in Ref 3.



, D; , hzhs +D; g hyhg +D; o hyhe +D; g hyhy (10)
C3(s,t+l,u) = ah - .
; .
' Dy phyhg # Dy g hshg + Dy hihg+ Dy g hshy (11)
C4(s+l,t,u) = Ty
4
L D, yhhy +D; ,hh, +D; shhy+D  hsh, (12)
C (SJt)u-l) = - .
5 an
4 D. .hh +D. ,hh +D. hh,+D _h.,h
C’(s,t,u+l) __i,5 172 i,6 14 i,7 7273 i,8 34 (13)
6 4h,
h, +h h, +h h_+h
1
RPN RIS N CALA N OLEN .
h
' 25 /R R. R R
Cgls. tu) = (Zl 1,10 B zh1h4 B, syt B0 4h3h4)
h
%6 (R R R R
*8 (21 1,sMbBe ¥ B0 ghyhy B Ghphy v T, ghy 4) (15)
6
' hg )
Cylsst,u) = z C+g o-l’lhlh2+<r 2y + oy ghyhg o 4h3h4)
he : . ”
+—§-(15h1h2+o— ghyhy + oy ghohy o, 8h34) . (16)
where
_ <«a R
o507 %, 0% %5y
£ 1 £ £ £
(v= )i,s,t,u "{E"{hs [("Z ) i+ () i,2Mtg * (=) i, 31203
7
) £ £
o RO BV =) B =) B
£ £
¢ (v27) | ghpng e (v2T) i,8h3h4]} (17)
If one or more of the coefficients C'l, C'Z, cees C; refers to a point on a zero flux boundary, this

coefficient is set to zero. If the point s,t,u is on a symmetry boundary, the coefficient referring to
the point outside the boundary is set to zero and the coefficient referring to the image of this point
is doubled. Similarly, 1f the point s,t,u lies on the diagonal symmetry axis (s = t}, C and C are’
set to zero and C' and C are doubled.

If the point s, t,u is on the boundary of a rod region, Di’ Ef‘, Z?, Zf{_l, ancl (vZ:f)i are set to

zero in the rod region and C, the logarithmic boundary condition value, is multiplied by the local
H

surface area of the rod interface and the product is added to CO' . A similar calculation is carried

out if the point lies on the boundary of two or more rod regions.

After all boundary conditions hd.\’C been incorporated, the coefficients Cl’
normalized by C to obtain coefficients C C

H 1
FERI C8 are
PERERY C8 used in the iteration.

Omega Routine*

The purpose of this routine is to estimate the optimum overrelaxation factors, Wi, to be used

¥ The relevant theory underlying this method of estimating overrelaxation factors is the result of
work by Dr. R. 3. Varga.

w



in the group iterations. If the matrix of coefficients in group i is-designated by M1 and ‘the spectral
norm of M, is designated by ;(Mi) , the optimum faétors are obtained from thé formila

. . 2 . ‘L
w = , .. L (18)

1 1+/ - [,I (Mi)]

, the iterative scheme used to determine ;(Mi) is defined by

(0)

. Py . . . -
Given an initial unit vector x

(m) _ <. _(n) {(n-1) ,
g ,~r§1' Mar Xp * r-’§+1 Mar ¥r 0 o (19)
. N «
- q
JMogst b 1 (20)
N
, {n) (n-1}
. q§1 Yq *q
and
(n)
y
£ -la (21)
q (n) ’
. T '

Ten iterations are usually performed in each group. If ;T(Mi) is small, however, the nature of the
iterative process is such that underflow may occur before these iterations are completed. In this
case, the résults of the last valid-iteration are used, and the values of W, and Gi’ defined below, are

set to one and two, respectively.
The following quantities are calculated at the conclusion of the iterations in each group:

1) A lower bound for the estimate. of w, denoted w, which is Eq (18) evaluated with I:;—L(M)j] 2 =7,

wherg
S0
= Min. | 3 ; (22)
' q L9
Xq ]

2) An upper bound for the estimate of w, denoted @, which is Eq (18) evaluated with [E(M):' z_ -,

) A'where.
© (10)
- yq
m = Max. ; (23)
q (9
X
q
. . . = 2 e {10).
3) The first estimate of | p(M) , which is = ;
4} Fkour additional estimates of ;(M) ¢ obtained from the general formula
2
gin-1) _ c(n)
( 2-1 £2-1
PAL : L N NP
2 2-1 (24)
6(n-l,) } 6(n) - .6(n-1) ) 6(n-Z)
2-1 7-1 £-1 £-1"
where één) = “(n); the four estimates are 6510), 6;10), 6&10)’ and 65}10). Sinece the nature of the
convergence of 6?’) is not known precisely and since the evaluation of Eq (24) may result in

(10).

great loss of significance, a check is'made to insure that the values 61 ,

.121 =4, are accept-

able. The condition for acceptance is 7 < éilo) <w. If some 6§10) is not acceptable, this and all



subsequent values are set to zero. The last nonzero value is then chosen as the final esti-
mate of [ (M) ]Z to be used in Eq (18).

5) An estimate of lower and upper bounds, N and N, on the number of inner iterations that will

be required pei‘ outer iteration,

The bounds are chosen as the smallest positive integers such that

N_ feifk=1 .
- 17 =3 Max. (0.05, ¢) ifk>1, (25)
ﬁ(w _ 1) N-1 < ¢ if k = l (26)

Max. (0,05, e) ifk>1 .,

The on-line prmtout at the end of the calculations in each group consists of the number of 1tera-

tions performed (10) 6(10) 6(10), 6:(510), 6(10)

s

, w, w, @, N, and N.

Flux Expansion Routine

The input flux values contained in the 50000 series are normally expanded to providé a pointwise
guess for each group. The value at a point is obtained by taking the numerical average of the values

corresponding to the eight compositions surrounding the point.

Under operator control, these input values may be ignored and the flux guess may be taken from
the binary output tape of a previous problem. The problem providing the flux guess and the current
problem must have the same number of groups and the same number of mesh planes in each coordin-
ate direction. In addition, if the current problem has rod regions with interior points, the problem .

providing the flux guess must also have rod regions identically placed in the mesh,

Iteration Routine.

Quter Iterations

A single outer iteration consists of (1) a set of inner iterations in each group, (2) calculation of
the source and eigenvalue, (3) extrapolation and renormalization of the source and, (4) an on-line
supervisory printout. A

At the beginning of the firsl outer iteration, the initial source is calculated using the volume-

éveraged values of vZf provided by the coefficient routine and the pointwise input flux values, Thus,

k -
YO = 3 esh (0 . : (27)

s,t,u o1 1stu(plstu

The norm of this source vector divided by the input eigenvalue,

> [<0> j
N(0) _.s.tu ‘ps,t,u

: (28)
10)

is also culeulated for subscquent renormalization purposes,
JInner Iterations

To start the iterations in group i, the group source,

X; ¥,
_Z__q,_f,1+c

5i,s,t,u" x 8 %i-1,s,t,u ’ ' (29)

is calculated, where C7 and C8 are thc normalized coefficients at the point s, t, u.

8es
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Inner ‘J':teration n + 1 then consists of solving the equation

@+l) (n+1) (n+1) m my
goi, s,t,u " “3 c1 goi, s,t-1,u + CZ (Pi, s-1,t,u + C3 (pi,s,t+1,u +'C4 (Pi, s+l,t,u
ot]) ) ' oo 1, m .
+CS (pi,s,t,u-l +C6 (pi,s,t,u+1 +Si,s,t,u i, s,t,u +(pi,s,t,u (30)
at each point, where wg is the overrelaxation factor, During the iteratidn; the residual .
(m+1) _ - Z n+l) ) .
Ri - i,s,t,u (pi,s,t,u (31)

s,t,u

is also calculated. Inner iterations are continued in group i until

g < (Z-wi)-leifk=1 o ' _ (32)
R 0.05 (Y ifk>1

In addition, -if the group source is non-negative, a negative flux check is applied, and the iterations

are continued beyond this point, if necessary, to obtain a non-negative flux.

Source and Eigenvalue Calculations

After the inngr iterations in each group have been completed, the resulting flux values are used

to compute an improved source approximation,

™ S sh, e | (33)
Yo, ,u™ 2 %)y s, ,ufs,tu . :

where m is the outer iteration index, (This and all subsequent calculations are bypassed in a one-

. group problem,)

A new eigenvalue approximation and corresponding bounds are then obtained from the followiﬁg

formulas:
(m) (m-1) Z [(m) ]2
m m-1) . s,t,;n §,t,u :
Mo z el m (34)
s,éu s,t,u Yo, t,u
' —w(ni) )
T\(m) _ )\(m-l) Max, s,t,u , (35)
: s,t,u| ,(m-1)
_ws,t,u
and
{m) ( ) o
m) _ ,(m-1) Min, s,t,u ) 4
A =\ s,t,u w(mml) ‘ (30)
s,t,u
If the inequality
. =(m) - | (m)
X -\ )
€(1'1'1) —— = < €2 30

22

is satisfied, the problem is considered converged, the source extrapolation and renormalization are
bypassed, and (he problem is edited following the supervisory printout, Otherwise, the source is

.extrapolated and renormalized, and the supervisory printout is followed By another outer iteration,



Source Extrapolation and Renormalization

If the input value of E,T the approximation to the homogeneous spectral norm of the outer itera-
tion matrix, is zero, no source extrapolation is done for the first three outer iterations, and a value

of ¢ is calculated at the end of the fourth iteration using the formula

k
M, (4
1

— 1
0 =— — = .
L R0

(38)
i=1

Here Ri(l) » (m) is the initial residual in group i for outer iteration m. If this value of ¢ is greater
than one, the extrapolation is bypassed and the calculation is repeated at the end-of the fifth iteration;
if less than one, this value is used to begin the extrapolations as indicated below. (In the case of a
nonzero input o, the source extrapolation is bypassed for the first outer iteration, and the input value

is used to begin the extrapolations at the end of the second iteration.)
Given the value of &, an index f is set to zero and
p= cosh™! <—%— l> (39)
g

is calculated. The extrapolation factors for this iteration are then

QM 2 glm)

2 -7

) ~ ‘ (40)

At the end of any subsequent outer iteration, the index £ is increased by one, and the extrapolation

factors are

(m+) _ 4 __ cosh fp '
@ - = cosh (£ + 1) p (41)
and ‘
B(m+£) _ cosh (£ -1)p

cosh ( + )p °* : - (42)

With these factors the source extrapolation at the end of iferation m + £ is given (Rof 5) hy

#(mad) _ Ok (mbd-1) , (m+g) | (mEg) FF(mee-1)
tI/s,t,u_ s,t,u ta ["l/s,t,u-‘ps,t,u ]

4 plm*) [ ﬁtﬁ-l) i ér‘ntf{;z)]‘ . (43)

The norm of this source vector divided by the current eigenvalue,

z *(m+L)
N(m+!) :s,t.u s, t,u (44)
)\(m+2)
is calculated, and the source is renormalized by
5 sk (0) =
A (m+f) . N (m+£) . (45)

s,t,u N(ml-ﬂ) g, t,u

Supervisory Printout’

At the end of each outer itcration, the initial and final residuals and number of inner iterations

performed are printed for each group. A negative sign preceding the inner iteration count indicates

T For the definition of.5 and for methods of computing estimates of ¢, see Ilef 1,

889 017 0



that extra iterations were required because of a negative flux check. In addition,.the printout intludes
the values of

p

m) g m) g g N2
N

e .
The value of T used to start the source extrapolations is also printed at the end of the second or

fourth iteration.

If the problem has converged, the number of the tape unit containing the current flux and source
values is printed before the edits are begun, Under operator control, the problem may be forced
to.edit at the end of any outer iteration. In this case, "Edit Forced" is printed in addition to the tape

number,

Input Edit Routine

All of numbers in the 10000, 26000, 30000, and 50000 input series are edited into the first file
of the output tape. This editing'is normally done at the end of a problem, in which case the edited
values of lambda and sigma are the final values calculated by the cnde. Under operatoir cuutrol, this
routine may be entered immédiately following the input routine to provide a preliminary input edit.
In this case the values of lambda and sigma are those contained on the input cards, In cither case

the picture routine is always entered following this rouline,

Picture Routinc

The expanded composition description prepared in the input routine is edited into the second file
of the output tape. The editihg results in a picture of each different x-y plane with-the composition
reflectéd about the diagonal. The compositions are identified by number, and a dotted line is placed
along-each interface and on the external boundary, The mesh spacing is not indicated.

Normally, this routine is immediately followed by the average routine, If a preliminary input
edit is being done, however, there is a stop at the end of this routine. The uperator may remove the
problem from the computer at this timc and.print the preliminary edit, A restart continues thc nor-

mal sequence of calculations, beginning with the coefficient routine,

Average Rontine

The composition-integrated volumes and compnzition-intograted aud averaged tlux and source
values are edited into the third file of the output tape.

The integrated flux for group i, composition ¢, is given by

hshthu
qpi,c:L 8 ((pi,s-ll,t-l,u-l +‘pi,s—l,t,u,-1 +‘pi,s,t-1,u—l

+ (pi,s,t,u-l + (pi,s-l,t-l,u + (pi,s—l,t,u + ‘Pi,s,t—l,u + qoi,s,t,u) , (46)

where hs' ht" and h" are the intervals associated with tho mecah enbwet iludicated. 'I'he sutn is taken
over ali mesh cubes of composition ¢, ignoring mesh cubes outside symmetry planes. The integrated

source for composition ¢ is

.
S = 3 sl (47)
C 1=1 )

* The term ""mesh cube' is used in place of the more accurate ''mesh rectangular parallelepiped, "
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Edit Routine

The final routine of the code edits into the fourth file of the output tape those flux and source

vectors called for in columns 62-66 of the title card.

The pointwise valués are edited in such a way that a picture of each x-y plane is formed, the
values being reflected about the diagonal. Each page is labeled with the problem title, group number,
plane number, final eigenvalue, page number, and row and column identification, A maximum of 12
columns and 27 rows are printed per page. The editing is done in fixed-point with three digits to the

right of the decimal point and up to four digits to the left.

The source value edited at a-point is given by

8 £
K El Iy,
s;t,u i=Zl ¢i, s, t,u 8 ’

R

(48)
=1

where £ refers to the octant about the point s, t, u; n, = 1 if octant £ contains a fuel composition

[(vzf) . # 0 for some i]; n, =0 otherwise. If the point is interior to a nonfuel composition, the
i 2

source is set to zero,
III. INPUT PREPARATION
Title Card

A title card must precede the input deck of each problem. This card is used to identify on-line

and off-line output and to provide edit control information,

Columns 1-60 of the card are for problem identification. Any combination of alphabetic and

numeric information may be used, and any of these columns may be left blank,
Column 61 must be blank,

Columns 62-66 are used to control the flux and source edits. The columns refer to @Q1s Ppr P3s
¢, and S, respectively. An "N" in a given column causes the edit of the corresponding flux or
source to be bypassed. A column is not tested if there is no corresponding flux; for example,

columns 64 and 65 are irrelevant in a two-group problem,
Column 67 must be blank,
Columns 68-72 must contain '"TKO01".

Data Cards

All of the input to this ecade is in fixed-point decimal form with each data card punched according
to a definite pattern. Columns 1-7 and 11 are blank, columns 8-10 contain "DEC", and columns
12-16 contain the card number followed by a comma in column 17. The input itself begins in column
18 and may extend through column 72, Successive numbers are separated by commas, bﬁ,t no comma
is allowed following the last number on a card. The first blank column indicates the end of the infor-
mation on a card, and any number punched beyond this blank column is not used. Signs may be used

but only minue gigns are necessary.,
The card numbering system divides the input deck into five series, as follows:

10000 series: Miscellaneous parameters and control information

20000 series: Mesh intervals in the x coordinate direction
30000 series: Mesh intervals in the z coordinate direction

40000 scries: Cuwmpuosition decoription

50000 series: Material- and group-dependent parameters.

11



The input deck, preceded by the title card, must be arranged in order of increasing card number
with one blank card following the 40000 series.

Since the input is in fixed-point form, it is necessary to indicate which of the numbers are to be
converted to floating-point for use in numerical calculations, This, is accomplished by including a
decimal point in those numbers which are to be converted., (It should be noted that the number zero
need never be accompanied by a decimal point.) In partlcular the numbers on card 10002, the mesh
intervals on the 20000 and 30000 series cards, and all numbers on the 50000 ser1es cards must con-
tain decimal points; the numbers on card 10001, the plane numbers on the 20000 and 30000 series
cards, and all numbers on the 40000 series cards must not contain decimal points. To make this
distinction more evident, all numbers which must have decimal points are des’igﬁated by upper-case
or Greek letters in this section under the heading, Card Format; all numbers which must not have

decimal points are designated by lower-case letters,

The only real limitation on the range of input numbers is that contained in the IBM-704 itself.
Extreme convergence difficulties and even underflow-overflow situations may arise, however, i
values are assigned to input quantities which are well outside the normal range of nentranediffupion
paraneters,

The number of digits that may be provided in input numhers is completely arbitrary, but no more
than eight significant digits can be used by the computer. The only limitation on the amount of input
which may be used is that the total of all numbers on the 10000, 20000, 30000, and 40000 series cards,

including card numbers, must not exceed 13, 350,

Construction of the Mesh

To solve the differential equations numerically, a mesh of horizontal and vertical planes must
be imposed on the rectangular parallelepiped. The mesh planes are numbered x=0, 1, 2,..., ss;
y=0,1,2,...,ss;andz=0, 1, 2,..., uu, The point (0,0) must lie in the upper left corner of an

x-y plane, but plane z = 0 may occur at either the top or bottom of the parallelepiped.

In the first step of the mesh construction, the outer boundarica of the wmesh, ss and uu, are spe-
cified, together with the conditions to be applied at the boundary planes. Because of the diagonal
symmetry, only the boundary conditions for planes x= 0, x=8§s, z s 0, and 2 - uu nrc reguired, A
zero llux boundary condition is applied at the boundary plane, whilc a symimelry boundary condition
is applied at the first interior plane.

The second step in the mesh construction is the specification of the inlervals between successive
mesh planes, Only the intervals in the x and z coordinate directions are required because of the
diagonal symmetry. A change in the interval at the first or last interior planc is not pernitted if

this plane is a symmetry boundary,

The final step consists.of a description of the material composition of lhe mesh, l'or purpouses

of composition description, the z boundary and interface planes, designated 0, u Uy, .e., UU, eSSEN-

1'
tially divide the three-dimensional mesh into a set of two dimensivual meshes, 'lI'he composition
between planes z = 0 and z = u, is not z dependent, and thio regirm way bu considered a siugle x-y
plane of composition. The region between planes z = u, and z = u

1 2
position plane, and so forth, A z interface is not permitted at the first or last interior mesh plane

may be considered a second com-

if this plane is a symmetry boundary.

A two- d1mens1onal overlav process is used to describe these cumposition planes A particular
plane is described by successively laying recta.ngular blocks of specified composition over the x-y
mesh, Any block of composition may be laid over all or parts of blocks specified previously. For
each mesh rectangle in the plane, the last specificatii;):n which includes this rectangle determines

its composition. The mesh rectangles to the right of the symmetry diagonal may be described in
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full, described inaccurately, or not described at all as dictated by convenience, since an automatic

reflection about this diagonal is provided. . An interface at the first or last interior mesh line in the

composition plane is not permitted if this mesh line is a symmetry boundafy. After the first compo-~

sition plane has been completely described, any succeeding composition plane may be described by

overlaying changes on the previous composition plane,

Card Format

CARD NUMBER DESCRIPTION
10001 k, n, ss, uu, a, b, c, d
k: The number of groups (1 =k = 4),
n: The largest composition number for which input is provided in
the 50000 series (1 £ n =< 511)., Input must be provided in each
group for all compositions c=1, 2, 3,..., n.
ss: The last mesh planes in the x and y coordinatg directions
(3 = ss £28)., These are either zero flux boundaries or one
interval beyond symmetry boundaries.
uu: The last mesh plane in the z coordinate direction (3. uu =< 28),
This is either a zero flux boundary or one interval beyond a
symmetry boundary. The number of points of solufio'n is given
by the product h
1
—2—(ss - 1) (ss) (uu - 1) ,
and must not exceed 2675 and 4725 on 16, 384-word and 32,768~
word computers, respectively.
a: f a=0, planes x = 0 and y = 0 are zero flux boundaries., If
a=1, planes x=1 and y = 1 are symmetry boundaries.
b: If b= 0, planes x = ss and y = ss are zero flux boundaries, If
b =1, planes x = ss-1 and y = ss-1 are symmetry boundaries,
c: If c= 0, plane z = 0 is a zero flux boundary. If ¢ = '11, plane
¢z = 1 is a symmetry boundary.
d: Ifd =0, plane z = uu-is a zero flux boundary, Ifd =1, plane
z = uu-1 is a symmetry boundary. A
10002 A'OJ t, Xl) le x,3) F(')
)\0: Initial approximation to the eigenvalue,
€: Convergence parameter used to terminate the iterations. In a

one-group problem, the criterion is
R™ < -uwe ,

where R(n) is the flux residual after n inner iterations, In a

two-, three-, or four-group problem, the criterion is
R(m) _(m)
aa(m

where m is the outer iteration index,
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CARD NUMBER

20001
20002

30001
30002

40001
40002

L
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DESCRIPTION -

0'02

H, Sys

H, s

T The ihtegra.ls of the f»ission:s'f)ectrum. ’fhi‘é@ v ~»u€$ musf.

always be provided.

k-1
ul=1ﬁk=q;m95<‘z %; < 1.05 amxkﬁﬁﬁk>lJ
i=1

Approeximation to the homogéenedus spectral nofm of the iteration

- matrix. This should be zero unless a good app‘f'okimatié'h is

available from a previous problem, -

2]..0u

The sequence of mesh intervals in the x coordinaté direction. The

first value is the mesh interval between planes x = 0 and x = s

1’ the

second ‘is the interval between planes x = $) and x = "sz, and so forth.

There may be any number of sets (H, si) per card and any number

of cards in this series, but no set may overlap two cards, The

sequence s, must he strictly increasing, and the lact valuc muat

equal ss on card 10001, If a= 1 on card 10001, no'si may equal 1,

Ifb= 1 on card 10001, no s, may equal ss-1,

H, v,

H, u

2;.5.

The sequence of mesh intervals in the z coordinate direction. The

first value is the mesh interval between planes z = 0 and z = u,, the

1°

second is the interval between planes z = u, and z = Uy, and so forth.

There may be any number of sets (H, ui) .per card and any number

of cards in this series, but no set may overlap two cards. The

sequence u, must be strictly increasing, and the last value must

equal uu on card 10001, If ¢ =1 on card 10001, no u; may equal 1,

If d - 1 on card 10001, no wy méy equal uu=1;

c, So,

1 tO’ tl’ .

Decgcription of the composition between planes 2z = 0 aud z = u;.

[H

Murnbur, uf the composition whese bouidaries are described by

the following four words (1 = ¢ = n),

.. Left-hand boundary of c,

Right-hand boundary of ¢ (00 = So < S < ss).

Upper boundary of c.

Lower boundary of ¢ (00 = tO <ty < ss),

There may be any number of sets (c, s, syr by tl) per card and
any muonber of ciaeds in this sub-saries, but no sct may overlap
two cards, If a="1 on card 10001, no So> sl, t0~, or ’cl may
equal 1. If b=1 on card 10001, no s

ss-1,

0’ S1° to, or t; may equal

A3 above, giving the changes iu the composition between planes z = 0 and

z=u1

z=u2.

necessary to generate the composition between planes z = vy and



CARD NUMBER DESCRIPTION

4 u, 01 As above, giving the changes in the composition between planes z = Uy
4 u_2 02 R and z = u, necessary to generate the composition between planes z = u,
_: .and z = Ui
. The sequence Uy must be strictly increasing and is independent of the
* sequence in the 30000 series, If ¢ =1 on card 10001, no u; may equal 1,
If d = 1 on card 10001, no u; may equal uu-1,

4 uu 01 : A control card signaling the end of the composition description., This
card must contain only the card number and must be followed by a blank
card, The comma following the card number is optional.

a R f
51001 D~l’ Zl,zl, (vZ‘)l,q)l
The values of the above parameters for group 1, composition I,
where ¢ is the input flux guess, If D =0, ZR, vzf, and @ must be
zero and =2 must be replaced by C. In this case the logarithmic
derivative boundary condition.is applied at the boundaries of this
corhposition in this group.

51002 As above for group 1, compositions 2 through n. ’

Sl.g

52001 As above for group 2, compositions 1 through n.

52 n

5001 D _, =2, (v=h

= ke T (VED e &
Sk n As above for the last group with 211} = 0 omitted. If k = 1, this

format, rather than the one above for group 1, is to be us'ed.
IV. OPERATING INSTRUCTIONS
Card Reader
Use the 72-72 card reader-board,

On-line Printer

Use the SHARE-2 hoard and 120~-column paper,

Off-line Printer

Use 120-column paper with the carriage control switch set to PROGRAM, If an off-line pfinter

is not available, a simulator program must be used,
Tapes

At the beginning ol a problem, mount the ingtruction tape on logical unit 1 and mount blanks on
units 2-7, If an input flux guess from tape is to be used, mount this tape on unit 8 unless a prelimi-

nary input edit is being done, In this case the flux tape is not mounted until the problem is restarted.

All tapes except the instruction tape are rewound by the code at the beginning of each problem

and each restart, and all tapes including the instruction tape are rewound at the end of each problem,
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Sense Switches

1) Up: Normal, cd
Down: Computer will stop at 2174 at end of current iteration. " Problem may be removed for

later restart or operator may START to force an edit of this iteration,
2y Up: Normal.
Down: Restart.
3) Up: Normal. . .
Down: Binary output of previous problem, mounted on tape.unit 8, used as input flux guess,
4) Up: Normal.
Down: Preliminary input edit,
5) Up: Normal,
Down: Emergency iteration restart (in conjunction with sense switch 2} .

6) Not used,

Slartlug Procedure

Mount the necessary ta;;es, ready the input deck followed by three blank cards in the card
reader ready the printer with the SHARE-2 board, set the necessary sense sw1tches and tape selec-
tor switches, CLEAR, and T.0OAD TAPE,

Standard Restart Procedure

A restart may be done at any time during the running of a problem, Without changing any tapes,
rewind tape 1, depress sense switch 2, CLEAR, and LOAD TAPF. START when tho computcr 3tops
at 0151, (Sense switch 2 may be released at this time,)

An attempt to restart a problem which has not reached the first restart point in the code results
in a stop at 0143, Ready the input deck in the card reader and START to begiu the problem again,

If a problem is restarted with sense switch 2 not depresscd, the compuier stops with a select
<
on the card reader. CLEAR_, press the start key on the card reader to clear the select, rewind
tape 1, depress sense switch 2, and LOAD TAPE to restart again,

1
Emergency Itcration Restari

An emergency restart r;'lay be done at any time during the iterations of a problem, It should
never be done unless a standard restart has been attempted and has failed, In no case will an emer-

gency restart succeed if the difficulty is the result of an crror on tape 2 or tape 4.

For an emergency restart, follow the standard restart procedure with sense switch b depressed
in addition to sense switch 2, If a restart is impossible because the last complete flux tape cannot
be read, the computer stop§ at 0324 after printing the number of the unit in error, 'If this tape can
be read, the number of the alternate flux tape is printed and the computer stops at 0312, The opera-
tor may change the reel on this alternate unit or may change to a different unit before continuing,
(Sense switchh 5 may be released at this time.)

An attempted emergency restart when a problem is not being iterated results in a stop at 0234,
START for a standard restart.

Removing a Problem

To remove a problem from the computer on short notice, rewind, remove, and label tapes 2-6.
Tape 7 must also be saved if it is not in rewound position. If an input flux guess from tape 8 is being
used and the first iteration ilas not been completed, tape 8 must be saved. To restarj: the problem,
remount these tapes, mount a blank on unit 7 if this tape was not saved; and follow> the standard
restart procedure.
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If more time is available for removing the problem, depress sense switch 1, This causes the
computer to stop at 2174 at the end of the current iteration., (Sense switch 1 must not be released
until the computer stops.) Remove and label tapes 2-6 (tape 7 is blank and tape 8 has been used).

To restart, remount these tapes, mount a blank on unit 7, and follow the standard restart procedure,

Instead of removing the problem when the computer stops at 2174, the operator may START to
force an edit of the current iteration. At the end of the problem, remove and label tapes 2-6 and
print tape 7. If further iterations are desired, remount tapes 2-6, mount a blank on unit 7, and

follow the standard restart procedure,

Preliminary Input Edit

The first two files, containing the input edit and pict\ir'és of the mesh, are normallyv\vritten' on
tape 7 at the end of a problem, - However, if sense switch 4 is depressed at the beginning of the prob-
lem, these files are written immediately after the input is read. At the end of the picture edit, all
tapes are rewound and the computer stops at 1667, (Sense switch 4 must not be released until the
computer stops.) Remove and label tapes 2 and 3 and print tape 7. This alloWs the problem origi-
nator to examine these edits before proceeding with the problem, To restart, remount tapes 2 and

3, mount blanks on units 4-7, and follow the standard restart procedure.

If an input flux guess from tape 8 is to be used, do not depress sense switch 3 and mount this

flux tape until the restart which follows the preliminary input edit.
Decimal Output

The title card is used to identify the first page of on-line output and each page of off-liné output.
This title is also printed on-line at every restart. Additional on-line printing consists of the results
of the omega calculation, condensed results of each iteration, and the number of the tape unit con-

taining the binary output at the end of the problem,

All output for off-line printing is written on tape 7. Four files are generated during the running
of a problem, The first file contains an edit of the input; the second contains a series of pictures of
the mesh; the third contains the composition-averaged flux and source; and the fourth contains a

series nf picture edits of the flux and source values,

If a preliminary input edit is done, tape 7 contains only the first and second of these’files, ‘At
the end of the problem, only the third and fourth files are present.

Decimal output of several problems cannot be accumulated on tape 7, since this tape is rewound

at the end of each problem.

Binatry Input and Output

Near the end of two-, three-, and four-group problems, the number of the tape unit containing
the latest flux values in binary form is printed on-line., (The binary output of a one-group problem
is always on unit 6,) This tape may be saved and used to provide a pointwise input flux guess for a
subsequent problem. The two problems must be similar in that they must have the same number of
groups and the same number of mesh planes in each coordinate direction, and any rod regions with

interior points must be similarly placed iu lhe mesh,

Ta make use of lhis tape input option, mount the binary flux tape on unit 8 and depress sense
switch 3 at the beginning of the problem. (If a preliminary input edit is being done, do not mount
tape 8 or depress sense switch 3 until the restart following this edit.) At the end of the first itera-
tion, tape 8 may be removed and sense switch 3 released, The information on tape 8 is not destroyed
in this process. Hence, the binary output of one problem may be used to provide an input flux guess

for a series of subsequent problems.
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Instruction Tape Preparation

To write an instruction tape, ready a blank tape 1, ready the TKO-1 deck (WBTKIOOO - WBTK1707)
in the card reader, CLEAR and LOAD CARDS. After the tape is written, it is rewound and the com-

puter stops ‘at 0343, The mqtructlon tape contains one file of 28 records.
Program Stops

The following stops are in octal Words in parentheses mdlcate the routine in whlch the stop

occurs. Unless otherwise indicated, a standard restart should be done at each of these stops
0006: Error loading binary tape loader from tape 1. LOAD TAPE to try again.

0077: Error loading record of instructions fro:mx tape 1, START to try again,

0143: Restart attempted before reaching first restart point. Ready input deck in card reader
and START to begin problem again, ’
0151: Normal restart 'stop: START.

e

0234: Emergency 1terat10n restart attempted wh11e not in iteration routine. START to do a
standard restart.

s

0245: Error determining memory assignments. (Iteration)

0312: Latest flux tape can be read and emergericy iferation restart is possible, -Number of

alternate flux tape has been printed, This tape or unit may be changed before continuing.

0324: Latest flux tape cannot be read and emergency iteration restart is impossible. Number

_ .of tape in error has been print_ed.
0355: Tape 2 error. : .(Flux Expansion) . e - T
0371: Tape 8 error, (Flux Expansion)
"0377: Tape 5'error. (Flux Expansion)
‘0446: .'Tape._3‘ er;c'or. A(ﬁ‘,lux.]-:'“:,-;q‘)erllsion)
0565: Error positioning tape 1. (Restart)
0566, Tape 2 error, (Restart)
0567; Error positioning tape 7." (Restart)

0675: Computer error, (Coefficient)

}g?i} Error positioning tape 1. (Input)

1317: Input error, Columns 68-72 of title card do not contain!'"TKQ01'", or card number of card
- containing error has been printed,

1320: Entire mesh not filled with cofnpbsition. Problem cannot be run,

1326: Tape Z.errqr. (Input Edit) ‘

1321: Tape 2 error. (Input)

1322: Tape 3 error. (Input)

1323: Card reader EOF error. (Input)

1343: Computer error, (dmega)

1346: Tape 3 error. (Input Edit)

1565: Square root error, (Iteration)
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1570:
1621:
1625:
1625:
1634;:
1667:
1706:
1707:
2004:
2006:
2007:
2172:
2173:
2174:

2174:

2175:
2176:
2177:
2201}
2203
2263:
2322;
2335:
2350:
2351:
2352:
2353:
2414:
2517:
2520:
2521;
2522;
2603:
3627:
3630:;
3631:

3632;

Log error. (Iteration)

Hyperbolic cosine error. (Iteration)
Tape 4 error, (Omega)

Computer error. (Input Edit)

Drum error. (Omega)

Preliminary input edit completed.
Tape EOF error. (Omega)

Tape 2 error. (Omega)

Inpﬁt card does not contain "DEC" in columns 8-10,
Tape 2 error, (Picture)

Tape 3 error, (Picture)

Overflow or underflow, (Coetticient)

Check sums of first pass do not agree with those of second pass.
Incorrect number of records written on tape. (Coefficient)

Iteration during which sense switch 1 depressed is now completed.

later restart or START to force an edit of this iteration.
Tape 2 error, (Coefficient)
Tape 3 error. (Coefficient)

Tape 4 error. {(Coefficient)
Tape error. Number of tape in AC. (Coefficient)

Compqter error. {Coefficient)
Input number out of range,
Problem completed.

Tape 2 error, (Edit)

Tape 3 error. (Edit)

Tape 5 error. (Edit)

Tape 6 error, (Edit)
Compuler error., (Omcega)
Tape 2 error, (Average)
Tape 3 error, (Average)
Tape 5 error. (Average)
Tape 6 error, (Average)
Illegal punch on input card.
‘I'ape 2 error. (Iteration)
Tape 4 error. (Iteration)
Tape 5 error, (Iteration)

‘ape 6 error, (Ileiation)

669

(Coefficient)
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Remove problem for
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3633:

3634:

3635:

3636:

3637:

3640:

-~
"

Drum error, (Iteration)

Overflow or underflow during initial group calculation. (Iterjatio_ﬁ)

Overflow or underflow during current inner iteration. (Iteration)
Overflow or undertlow during source calculation. (Iteration)
Overflow or underflow during source extrapolation, (Iteration)
Overflow or underflow during source renormalization, (Iteration)
§3 022
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SAMPLE PRORLEM FOR TNCLUSION [N WABD-TM-1413 Tenn?

DEC

nEC

DEC
NEC
nEC
nec
DEC
DEC

DEC

DEC

DEC

DEC
DEC
DEC
DEC
DEC
nEC

DFEC

DEC

10001+2+651735514045140

10002514340541490,0,0

200015140929 1439732.03,642,5,R53,0,41N0

3000157489284 98364545

400015150510 ,0510434D38300BeA2N00A N 08348 0433 b sbe™ el N5
4000245,0,2,03844560042,042

4020132+058903837 3055403655303 3a04b4084MN N2
4060151490,510,M,10

40501

5100141.15.00715,031,,0000,100,
51002,1.25.0022,,032,,0042,200,
51003,1.3,.0073,.033,,0043,3G0,
51004,1.64.0078,5,038,,0064,600,
51005,51.455,M0025,,035,.0045,500,
S100651.46+4N026,5,M036,.0066,600,
52N01454154051.,000,10,
52002542,.05745.062,20,
52003,.3,.053,,062,20,
52008y .44 4,084y 068440,
52005,.,5,4.055%5,,065,50,

52006546540565.066,60,




2

SAMPLE -PROBLEM FOR INCLUSION IN WePN=TM~343

SHK X SHK2

TkOO1

SHK3 SHK4

WMIN OMEGA wMax

0093929455 0434141793 0494250779 0,94199800 0094192897 1442565C6% 1461163079 1,72986846
0484152813 0.%467223275 0483990558 O,

GFOUP 1ITs NOe PI
: 10
2 16
GRIUP "INITIAL RES,
Sl 709646651
2 72048295
OUTER IT. MAX. LAMBDA
o +839090
ALPHA
4000090
GRCUP INITIAL PES.
1 20945590
.2 57.£757
GUTER 1T, MAXe LAMEDA
“2 «585473
ALPHA
+000000
GROLP INITIAL RESe
1 3245421
2 3845807 °
OUTER 1Te NAX. LAMBDA
.3 +550304
ALPHA
+000000
GROUP INTTIAL 258,
B 72289
2 884867
“OUTER 1Te M&X3 LAMBDA
4 +562705
ALPHA- -
14123919

8Gs INNER 1T

13

6
LaM3D2 " MIN. LAMADA
2261136 0245103
ZETA . RENORM,
" 000CC 1009672

ND. INNER IT,
9

a'
LAMECA MINe LAMBDA
.£18251 +458828
EXTA RENORM,
43000 +986788

NOe INNER 1T,

13
2
LA%RDA MINe LAMBDA
2535422 +524617
BITA RENORM,
a0-0n0c 1996524

MCe TINNER 1T,

13

6 . .
LAMBCA MINg LAMRDA
«5E2469 «538041
BETA 7 "RENORM,
«0CI000 «9981387

[+

FINAL-RES.
26512511
?74282%

EPSILOM S0,
529234

FINAL RES,
626149
148824

EXSILON S0,
¢122185

T'FINAL RES.

144608
147269

EPSTLON..S06
20246772

FINAL RES..

+2898
5142

ERPSILON SQ.
004323

STGMA
«220512

1421897873 1442845103 1450023520

NMTA NMAX
7 17
4 7
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YAV

€2

GROUP
1
2

QUTER ITe
5

SINARY QUTPUT

INITIAL RES,
145156
13597

MAXs LAMBDA
«54D6135

ALPHA
«Q000NC

ON TAPE &

NO.

LAMRDA
540001

BETA
«00C000

INNER 1T,
12
6

MINs LAMBDA
0539722

RENORM,
1.000000

FINAL RES.
0627
00486

EPSILON S0
«000845
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SAMPLE PROBLEM FOR INCLJSION IN WAPD-TM~-143

MESH XX

MESH XX

1.0000 2 145000 3

MES-

7z

345020 2 4

ComMP

WS WN -

D1

1100000
14200000
1L+300000
Le400000
Le500000
16600000

MESH 2Z

20000 & 445000 '

SI1G A 1

+002100
+002200
2002300
« 002400
«002500
«002600

2

LAMBDA

540001

MESH X

240000 3

MESH

~
r

n

SIGR L

«03100C
»032000
+033000
« 034000 °
+035000
«036000

TKOO1 PAGE

3ROUPS 6 COMPS $5=:0 Uus 5 BeCa=1909140
EPSILON CHI 1 CHI 2 CHI 3 S5 GMA
+050000 14000000 + 000000 « 000000 0220512 .
MESH XX MESH XX
245000 € 3.0000 10
N SIG F 1 0 2 SIG A 2 N SIGF 2
+000000 »100000 +051¢00 «+000000
+004200 200000 0052€00 ¢062000
£ CCG4200 »300000 #053C00 +063C00
«COR400 +»400000 «054C00 « 064000
«G04500 4500200 «055C00 «0650C0
«004600 2600000 +056G00 «0660C0

e l
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SAMPLE PROBLEM FOR INCLUSION IN WAPD-TM=-143

CCLUMN 1

0 1 2 3 4 5 [) 7 8 9 0
ROW

O sevetsesevrecssnccsssntnsssssocsscsssosne

«006 006.005 005.004 204,003 003.C01 001,

1.

2 s ¢ 0 .

. . . . .
#0035 005 005 005.004 0C4.003 0034001 001,

. I ¢ a0 . .
+005 005 005,004 C0440C3 003 0034001 001,
. .0

“ s s 0 ) 0 .
004 004 004.003 0034001 001 001 001,

« oo
«004
. ] . .
«0G4 004 004,003 003 003.001 001 001 001,
a8 8 8 o+ 0 l-. “« e 9 *
+0C3 003 003 003-q01 001 001 001 D01 001.
[ . .
«003 003 003 003.001 001 001 001 001 001l
8 & « o

. . LI ] . . .
20061 001 001 001 901 €21 001 001 D01 OO1l..

. .
«001 001 001 001 D01 0D1 001 001 00X 001l

10 cesecssecssvscscccsoorcnscsscssscsssasessna

. . . e . ..
+ 006 006.005 005.004 D044003 0024C01 001

TKOO1

PLANE O

PAGE

2
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SAMPLE PROBLEM FOR INCLUSION IN WAPD-TM=143

coL

ROW
0

1

UtH
0 1 2 3 4 5

2048080000000 r00000000

«0C6 0264005 0054002

. . .
«036 026,005 0054002
« v

2005 005 005 005,002
:005 005 005:052.002
2002 062 002 002 002
2002 0C2 002 002 002
+002 0C2 002 002+001
<0C2 002 002 0024001
e e .

[ L
+003 001 001 D01 001

L]
«002 001 001 901 001

s00asssssvnsssonsones

1
& 7 € ¢ 0

268800c000000snass00

002 002 002.00! 001,
. .
002 002 002,00% 001,
. [
202 002 002,002 001,

L] Ll
002 002 D0Z4001 D01

« & ¢ 0

L4
0024001 201-003 2014 °

002:001 001 o001 001:
061.001 00X GOl 001:
€01 001 001 OC1A001:
001 00l 001 CCl 001:
001 001 €Ol 0Ol {01:

2060000000000 000 RS0

TKOO1

PLANE

2

PAGE 3
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SAMPLE PROBLEM FOR INCLUSION IN WAPD=~TM-143

COLUMN . 1

0 1 2 3 4 5 ] 7 8 9 0
ROW

0 S r8 0080020800080t 8NS80000000000¢000080s

+001 001 001 001 001 J01 001 001 001 001,

1 L] . .

+001 001 €Ol 001 001 201 001 001 001 00l

:001 001 001 001 001 901 001 001 0Ol 001:
:001 001 €01 001 001 0C1 001 001 0Ol 001:
:001 001 ©¢O1 001 001 001 001 001 001 OOI:
:301 001 001 001 001 001 001 001 001 OO]:
:301 001 001 001 001 :001 OOl 001 001 OO]:
:301‘001 001 001 001 CCl1l 001 00) 021 OOE:
:001 001 001 0C1 001 001 001 001 021 003:
.

L]
+001 001 001 0OCl 001 001 001 001 OOl 0O..

10 soeesstcenccssaiessnsssecsscsscscsccscsons

TK001

PLANE 4

PAGE &
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SAMPLE PROBLEM FOR: INCLUSION [N WsPD=T4-143 TKOO1 PAGE

1 4
1 5
1 1
1 5
1 1
1

1

.516863

292097

565134

. 189439

266316

€00<o0

000000

w

952000

371810

3Lv027

176727

185637

122247

128410

w

w

~N

+

COMPOSITION=INTEGRATED VOLUMZI
28002C 3 136500 3 175375 2 115000

COMPOSITION~INTEGRATED FLUX = GROUP 1
106859 4 810222 4 984075 3 572337

COMPOSITION=AVERAGED FLUX =~ GROUP 1
381538 2 5935693 2 561126 2 584641

ZOMPOSITION-INTEGRATED FLUX = GROUP 2
©28766 4 4438289 4 550879 3 373802

COMPOSITION-AVERAGED FLUX - GROUP 2
243€5 2 323417 2 314115 2 325046

ry

COMPOSITION-INTEGRATED SOURCE
2420E4 3 322555 3 402355 2 277637

COAPOSITION-AVERAGED SOURCE
1578€7 1 235304 1 22942% 1 241424

5
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SAMPLE PROBLEM FOR INCLUSION IN WAPD-TM=143

1

1
744980
744740
734354
694590
614238
494999
364505
224674

8489¢

2
74,0740
74,485

73089 .

694298
624927
494636
354162
224433

B.812

3
736354
73,089
714698
674758
594316
474715
34.318
214173

B4366

4
654590
654298
674758
634573
5&,4787
424487
29.164
174760

74260

5
614238

604,927

594316
544787
454571
33.585
214316
124860

54542

6
494999
494636
474715
424487
334585
234941
154124

94130
44017

TKOO1
T

364509
360162
344318
294164
214316
iS.le
104004

6el64

24758

GROUP 1 PLANE 1 LAMBDA 540001 PAGE

224674

224435
214173
174760
124860
94130
6¢164
34864

le752

9
84899
84812
80366
Te260
54582
44017
24758
14752

803

-]

A



SAMFPLE FROBLEM FOR IMCLUSION IN "APC-TM-143

1
1 704726
2 704515
3 694297
4 662014
5 58,049
-] 47,113
7 344283
8 21.055
9 8,277

2
704515
704292
694067
654740
57739
464760
33,950
20.832

84197

3
694297
694067
67.879
644297

564113

6644892

326181
194655

7e783

4
664716
655740
644297
69,200
51.668
33,809
27215
154483

64756

5
£84049
574739
564113
514663
424964
314336
134833
124982

59168

6

474113
464760
444892
394809
314336
224254
144098

84518

34751

TKO01
1
344283
334950
324181
274215
19+883
144098
94335
5758
24578

GROUP 1
8
214055
204832
194655
164483
11.992
8e¢518
54758
34612

14639

PLANE 2 LAMBDA
9
34277
34197
74783
62756
50168
30751

20578

14639

0752

+540001

PAGE

7
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SAMPLE PROBLEM FOR- INCLUSION IN WAPD-TM-143

1
1 544835
2 544663
3 534674
4  51.061
5 444435
6  35.662
T 25.825
8  15.689
9 64211

2
544663
544481
534489
504811
444178
35.%88
254571
15.524

62152

3
534674
534489
524538
494602
424830
334942
244223
144655

50846

4
51s041
504811
494602
4641493
394271
294999
204432
12,328

54088

5
444435
444178
424830
394271
324501
234542
144987

94046
3,927

6
354662
354388
334942
294999
234542

164695

104655

6eb67
24858

TKOO1
7

254825
254571
244223
204432
144987
104655

74091

49393

14974

GROUP 1
8
154689
154524
144655
124328
94046
60467
44393
26767
14259

PLANE
9

60211
60152
54846
54088
30917
24858
14974
1259

579

3

LAMBDA

540001

PAGE

8
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SAMPLS PROBLEM FOR INCLUSION IN WA20-TM-143

1
1 294414
2 29.262
3 284396
4 260220
5 2241201
6 74496
7 l2.629
8 ‘7eT81
9 34227

2
294242
294075
284235
264057
214962
174363
12.512

72706

3.198

3
284396
284235
274389
254186
214234
164653
114895

74312

3050

4
264220
25,057
254185
23.062
19.381
144806
104223

6628E

2468¢€

5
22101
214962
211234
19,381
16.009
11763

T4766
4a784

24110

&
174496
174353
164663
144806
114763

84525
54638

34490

14563

TKOO1
7
124629
124512
114895
104221
76766
54638
34829
24405

14091

GROUP 1
8
Te781
Te706
Ta312
60288
44784
3e49G
24405
14531

2702

PLANE &4 LAMBDA

9

34227

34198

34050

24686
24110

14563

1,291

$702

0324

¢540001

PAGE

9




ha

69

CL

€¢

SAMPLE PROBLEM FOR

2

1
404221
404113
39.484
374779
334539
284033
204976
15,042

5809

2
40,113
40.C05
394268
374545
334412
274881
204828
144905

54755

3
394484
39368
384769
364937
32,775
274093
20,077
14,183

54477

INCLUSION IN WAPD=~TM~143

4
37.779
374645
364937
34,989
30,739
254383
184339
124212

40776

5
334539
334412
32,775
304739
264261
214324
13674

Be404

34604

-]
284033
274881
274093
250383
214324
164283

94873
54926

24601

TKOO1
7
204976
204828
204077
184339
134674
9873
60492
34990

le784

GROUP 2 PLANE 1 LAMBDA 4540001 PAGE 10

8
154042
140905
144183
124212

84404
54926
34990
24498

14132

9
54809
56755
5477
4¢776
3,604
20602
le784
16132

519
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SAMPLZ PROBLEX FOR INCLUSION IN WKPD=TM~143

1
4

1 384148
2 384067
3 374555
4 364282
5 324189
6 264596 -
7 194773
8 13,840
9 54337

2
384067
374977
374478
364162
324050
260440
194626
13,710

54337

3
374565
374478
374056
354527
314333
25,634
18,370
13,026

54077

4
364232
364152
35,527
354509
264206
27,853
17.072
114143

be32b

5
324189
324050
314332
29,206
244803
194823
124733

74804

24355

6
26459¢
26s44C
250634
234853
19.823
14,4935

94174
54522

24028

TKOO1
7

194773
194626
184870
174072
126733

96174,

64050

34725

14667

GROUP 2 PLANE 2 LAMBDA 540001 PAGE 11

8
134840
134710
134026
114163

Te804
54522
34725
20333
10059

9
56387
56337
50077
4e42€
34355

- 2u428

20667
14059

486

13

N
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SAMPLZ PROBLEM FOR INCLUSION IN WAPD-TM=-143

1

1
304357
304282
294842
284760
244914
204114
144858
10,103

44016

2
304282
30,201
294766
2346646
244782
19,988
144741
10,006

34979

3
294842
294766
294402
284036
244090
19353
14,138

9.501

3.787

4
284760
284546

284036

254977

224256
17,899
12,687

84150

34310

5
244914
244782
244090
224256
184756
144714

94555
54859

24536

6
204114
19.988
19,4353
174899
14,714
104961

64895
40183

14848

TKOO1
7

144858
14v741
144138
12,687
94555
64895
44586
24839

12275

GROUP 2
8
104103
104006
94501
84150
54859
44183
24839
14788,

o814

PLANE
9

44016
34979
34787
34310
24536
le848
14275

*814

0374

3

LAMBDA

540001

PAGE

12
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SANPLI PROBLEM FOR INCLUSION IN WAPD-TM-143 TKOO1 GROUP 2 PLANE 4 LAMBDA 540001 PAGE 13
b 2 3 .6 5 6 7 8 2

1 19,998 19,867 194238 174659 124193 11,160 84118 5e242 Za112 ’ o ’
2 19,867 19,740 19.123 174521 14,100 114082 84049 54192 2.:094

3 19,238 19,123 184521 164751 124620 104678 74686 44929 1997

4 174659 174521 164751 144912 124416 94668 64727 40216 14756

5 144193 144100 134620 124416 104304 74790 54058 34118 14369

6 114160 114082 10.678 94568, Te790 54704 34675. 24263 1a011

? 84118 84049 74686 60727 54058 34675 24482 14555 w705 ,

8 50242 54192 44929 64216 34118 24263 1556 0990 w54

9 2,312 24094 14597 1,755 18369 1.011 +705 0454 210
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‘SAHPLE PROBLEM FOR INCLUSION IN WAPL-TY4-143

1
1 24999
2 24968
3 24897
4 26746
5 28416
& 14998
7 14478
8 1sC45
9 «0C0

Z
24958
2.947
2.888
24726
245406
14986
let58
14235

«Q00

4
24746

24736

24673

24509
24181
14782
14281

«B4E

+000

26416
20406
20349
20181
14851
ls438
« 020
«000

« 000

14998
14986
14920
l.782
1le488
1e129

«000

+000

000

TK001
7

1478
le468
14412
14281
+ 000
000
+ 000
«000

2000

SOURCE
8

14045

14035
0985
2846
«000
000
+000
+000

+000

PLANE
9
#2000
+000
2000
+000
+000
+000
2000
+000

+000

1 LAMBDA +540001

PAGE

14
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SAMPLE PROBLEM FOR INCLUSION IN WAPD-TM-143

24843
24814
24754
24613
24278
14870
1.382

0955

«000

2
24814
24796
26747
24604
24267
14859
14371

4945

«000

3
24754
24747
24692
24536
24212
14797
14316

«89¢

¢ 00C

(S

24278
24267
20211
24045

14733

Je372-

+0CO
0060

000

1.87C
1.85%
12797
14660
1e372
1028

«000

+000

«000

TKOOL

7
14382
14371
14316
1+183
+000
+000
» 000
«000

+000

SOURCE
8
955
0965
+898
s 768
+0CO
+000
000
#000

2000

PLANE 2 ULAMBDA

9

2000
#2000
+000
«00C
+00C
«00C
s00C
»000

»000

540001

PAGE

15
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SAMPLE PROBLZIM FOR INCLUSION IN WAPC~=TM=143

1 2 3 4

1 24256 24232 24181 24248
2 24232 24217 24175 24040
3 24181 24175 20122 14971
4 24048 24040 1eSTL 14804
5 1731 1e722 14673 14545
6 14397 1388 14362 1,236
7 14030 1.021 .978 €72
3 0692 1686 651 0557
9 4000 000 «000 +000

14731
le722
14673
14565
1+299
le011
+ 000
+ 000

+000

(-]
14397
14388
1e342
14236
1,011

¢ 750

0000

+ 000

+000

TKOO1
7

14030
14021
0978
872
+ 000
«000
000
+ 000

+ 000

SOURCE
8

0692
0686
0651
557
« 000
«000
+000
000

+000

PLANE 3 LAMBDA

9

4000
+000
4000
2000
+000
+000
«000
+000

+000

540001

PAGE

16
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SAMPLE PROBLEM IFOR INCLUSION IN WAPD-T4-143

&owN

-~ o

-
14455
14434
14378
14235
*373
765
556
358

00

2
1.434
14420
14370
le226

0966

+760

552

0354

000

'3
14378
14370
143112
14159
0934
07132
0526
2336

" 4000

4
14235
1226
1289
149221

0973
0966
4934
851
2706
0532
2000
»000
4000

0765
2760
2732
0662
0532
+389
+000
+000

+000

TKOO01
7
556
+552
526
2460
+000
4000,
¢ 000
#2000

+000

SOURCE

8

+358
‘0354
336
288
4000
#0000
000
000

000

PLANE 4 LAMBDA 540001 PAGE 17
.9 '
+000
«000
000
-doa
»000
»000:-
»000
.0 000
»000
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