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A d e s c r i p t i o n  i s  g i v e n  o f  a  code f o r  t h e  IBU-704 computer wh i ch  
s o l v e s  t h e  few-g roup ,  t i m e -  independent ,  n e u t r o n - d i  f  fus  i on  equa- 
t i o n s  i n  x , y , z  geomet ry .  The number o f  l e t h a r g y  groups may be 
one,  t w o ,  t h r e e ,  o r  f o u r ,  and t h e  s o l u t i o n  i s  o b t a i n e d  o v e r  a  
r e c t a n g u l a r  p a r a l  l e l e p i p e d  w h i c h  i s  symmet r i c  w i t h  r e s p e c t  t o  
t h e  p,lane x  = y .  A mesh o f  h o r i z o n t a l  and v e r t i c a l  p l anes  i s  
imposed on t h i s  p a r a l  l e l e p i p e d ;  a1 I  r eg ron  i n t e r f a c e s  must occur  
on mesh p l a n e s .  I n p u t  pa rane te rs  a r e  spec ;  f i e d  r e g i o n w i s e ,  and 
c o m p l e t e l y  v a r i a b l e  mesh s p a c i n g  i s  p e r m i t t e d .  The number o f  
mesh p o i n t s  on and t o  one s i d e  o f  t h e  p l a r e  x  = y  i s  l i m i t e d  t o  
2675 and 4725 on 16,384-word and 32,768-word compu te rs ,  r espec -  
t i v e l y .  ' E i t h e r  a  z e r o  f l u x  o r  a  z e r o  c u r r e n t  boundary c o n d i t i o n  
may be a p p l i e d  , a t  each boundary p l a n e .  The code has been c o n -  
s t r u c t e d  t o  p r o v i d e  g r e a t  ease o f  i npu t  p r e p a r a t  i o n  and s  imp1 i -  
c i t y  o f  code  o p e r a t i o n .  The r u n n i n g  t i m e  o f  a  t y p i c a l  t w o -  
g r o u p ,  2 6 0 0 - p o i n t  p r u b l r m  i s  . 1 .5  h o u r s .  

TKO - A  TE3EE-DIMENSIONAL PTEUTZON-DIFFUSION CODE FOZ T E E  IBM-704 

W .  ' R .  Cadwell 

I .  INTXODUCTION 

Group Equations 

TIC0 i s  a three-dimensional,  reactor-design code for  the IBM-704 computer.  It fincls a d iscrete  

solution over  a rectangular parallelepipecl to  the few-group, t i m e - i n d e p e n d e ~ ~ t ,  neutron-cliffusion 

c-yualioiis for a hctcrogeneot!~ reactor .  These  equations are o f  the f o r m  

where 

Ii- 1 
x1  = 1 i f  !< = 1 ;  xi = 1 ancl xk = O i f  k > 1 , 

i = l  

The  physical interpretations o f  thc above symbols are 

. . 
D = the  cliffusion coef f ic ient  

C" = the absorption c r o s s  section 

SR = the removal c r o s s  section 

xi  - the iotrgral of t l l ~  f i ss ion spectrum over the lethargy range repre'sentccl by  groui? i 

v. = t!le average number o f  neutrons procluced by a Iission in group i 
s 



zf = the fission c r o s s  section 

= the fission source  

cp = the neutron flux 

A = the eigenvalue 

The .rectangular parallelepiped is divided into a number-of diffusion regions ancl rod regions 

with the in terfaces  between these  regions  composed of horizontal and ver t ical  planes only. The 
R f p a r a m e t e r s  Di, %:, Zi , and ("I ) a r e  regionwise constant. . 

. . 1 

The neutron.flux fo r  one o r  more  groups is not defined inter ior  to a rod region but satisfies 

on i t s  boundary, where C.  is a positive constant and the derivative is taken perpendicular to the 
1 :  

bounclary in the direction,of the rod region. F o r  a l l  other groups the region i s  treated a s  a diffusion 

region. 
. . .  I?. .F A composition number.  which irlrntifiqc 3 E O ~  of P a r a i ~ ~ t ~ r ~  D. z;, Zi , ancl ("z ji, is assigned 

1' 

Lu each d1ffuSion and rod region. The s a m e  n u m b e r m a y  be assigned to severa l  of these regions if 

the p a r a m e t e r s  associated with them a r e  identical. There  i s  no l imit  to the number of dilfusion and 

roc1 regions  that may be present  in the rectangular parallelepiped, but no more  than 51 1 composition 

numbcrs  may be assigrled to  them. ,  

To  solve t!le differential equations numerically, a mesh of horizontal and ver t ical  planes i s  i m -  

posed on t!le rectangular parallelepiped. Since the intervals between successive mesh planes need 

not be constant, th is  mesh  construction is done in such a way that 21.1 ~ s t e s n a l  boundarico and inter-  

nal  in terfaces  l ie exactly on mesh  planes. The discrete  problem is then defined by replacing the 

differential  equations with seven-point difference equations a t  the points of intersection of the mesh 

planes . :: 
'I'he pla,es a r e  numbered x = 0; 1, 2 , .  . . , s s ;  y = 0, 1, 2 , .  . . , t t ;  a11d a = 0, 1 ,  7.; , . . , nu. Pi thor  

a ze ro  flux o r  a ze ro  cur ren t  ( symmet ry)  condition may be applied a t  each external boundary. The 

ze ro  flux condition is applied a t  the boundary pl'ine itself, whilc the symnletry conclitidn is applied a t  

Ll~e f i r s t  in tcr ior  plane. ~Tl~er ' e fo re ,  mesh  points on thc boundary ~ s l a ~ l u s  a r e  never points nS solution. 

In addition, the code i s  r es t r i c ted  to solving only problems which  a r e  symrnetricl with rcgpcct  to the 

plane x = y.  Hence ss = t t ;  the points of solution a r e  those ly i r~g in ancl on the boundaries of the 

isosceles-right-Lr.iangular pr ism x , =  1, x = y, y = ss -1 ,  z = 1 ,  and z = uu-1; and the number of points 

of solution i s  

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

In general,  the running t ime of a problem depends upon N and upnn t h ~  total  number of lcthargy 

groups,  K. If E ,  the input convergence parameter ,  is chosen to be 0 .  05, tlir n1nning tima In rninutr.:~ 
c a ~  be approximated by 

Thus, a t\\ro-group, 2600-pint  l~ rob lem rcqu i rcs  about 1.5 Iluu~*s fo r  solution. 

:::A s ta tement  of the matrix p r o b l e n ~  \v!~ic!~ resul ts  f rom t!lis difference a i~i~roximat ion is given in 
Ref 1,  together \vitIl a clescription of thc tec:lniques usecl in TIC0 to solve th is  p rob len~ .  These 
techniques a r e  a lso  consiclerecl in -somc detail. in Ref 2. 



Additional Features  and Zestrictions 

C o i n ~ u t e r  Equipment 3equired 

The code requires  either 16, 384. o r  32,768 words of core  storage, one drum unit of 8192 worcls, 

an on-line card reader ,  an on-line pr inter ,  and seven tape units (eight if the tape input flus ol)tion 

i s  u s e d ) .  The output is edited onto tape, and a simulator progralx illust be used to.print  t!lis tape 

on-line if an off-line printer i s  not available. 

One-Sroua Nonl~omo~eneous  Source Problems 
-- - 

The one-group equation solved by the code i s  

where x1 = 1 and X is an input parameter.  The value of + u s e d  a t  each mesh point i s  the numerical  

averaze of the input flux guesses  fo r  the compositions in the eight octants about the point, multipliecl 

by the volume-weighted average of the values of VC' f o r  these compositions. The code performs a 

s e r i e s  of i terations to find the flux corresponding to this source .  

Ser ies  of Problems 

Under operator control, the converged f lus  values on tape a t  the end of one problem may be used 
. . 

to provide an input flus guess for  a subsequent problem o r  s e t  of problems. The flus guess  on the 

input ca rds  is ignored \\lhenever this option is used. 

T!le problem providing a flux guess  and the problem using this guess  must  be s imi la r  in the 

following respects :  1 )  They must have the same  number of groups; 2 )  t!ley must  have the same  

number of mes!l planes in each coordinate direction; and 3) if the seconcl problem has  roc1 regions 

witn in ter ior  points, the f i r s t  problem must  also have rod regions with the same  inter ior  points. 

las t  restriction i s  imposed because tile flux guess  must be zero a t  the in ter ior  points of rod 

regions.  

Input and Output 

Input to the code consists of a description of the mesh (the in tervals  between successive mesh  
2 planes a n d  the placement of diffusion and rod regions) together with values of Di, c:, C; , 

( V Z ' ) ~ ,  and a flux gucss,  q., for  each comlmsitinn. 

The output of the code includes a complete edit  of the input, a picture of each different x-y plane 

\vit!l al l  regions and interfaces indicated, the composition volumes, the composition-integrated f lus  

a ~ c l  su~i l 'ce,  and thc i~ointwieo flux and solirr-P va111es. Under operator  control, a preliminary input 

eclit, whic!~ inclucles the pictures of the mesh, may be run before beginning a problem. 

11. CODE lZOUTIMES 

Bestar t  Zoutine 

A stanclard r e s t a r t  may be clone a t  any t ime cluring the running of a problem, and an emergency 

r e s t a r t  a t  an?; t ime cluring the i terations.  The title card i s  printed on-line in each case .  

idhen a sta1irlr7rrI restarl ;  is done, the problcm i s  continued f r o m  i t s  most recent  r e s t a r t  point. 

There  i s  a r e s t a r t  point a t  t!le beginning of each routine in the code except in the i teration routine 

\vhich has such a point a t  the beginning of the calculations in each group and a t  the beginning of the 

eigenvaluu calculation. 

,i/llen an emergency iteration r e s t a r t  is done, the 1a.test f lus  and source  tape i s  checked. If th is  

tape can be read, the problem i s  continued f r o m  the beginning of the cur ren t  outer i teration, using 

this tapc a s  input. If this tape cannot be read, a ~ . e s l d s t  is ii11p03oiblc. 



. . . . , . '  . Input Eloutine .. . . . . - . . . 

The ti t le c a r d  is read  and printed on-line. If columns 68-72 do not co~\~q.&c~ ' , ' ~ ~ { , Q q l ' ~ ,  the.routin,e 

s tops  and the remainder  of the input.is ignored. . . . . . . . . .  a 

The 10000, 20000, 30000, and 40000 s e r i e s  ca rds  a r e  then read, and each number is che'cked 

against  the res t r ic t ions  l isted in Section I11 under the heading, Card Format .  In addition, the num- 

b e r s  a r e  tes ted t o  determine if they were  properly specified fo r  fixed- o r  floating-point~conversion, ' 

and the input as a whole is checked fo r  consistency. If an e r r o r  is found, the 50000 s e r i e s  is not read. 

The composition description given in the 40000 s e r i e s  is expanded, using the overlay process  

descr ibed in Section I11 under the heading, Construction of the Mesh. The routine stops if there  is 

any region of the mesh , fo r  which no composition has been specified. 

The 50000 s e r i e s  is then read and checked for  consistency and floating-point conversion. 

The first input e r r o r  causes  the routine to stop after printing a card number on-line. This  is 

e i the r  the number of the f i r s t  card i n  t h e  input containing an c r r o r  o r  a card I I L L I I I ~ J ~ L *  the routine 
expected, but could not find. In the second case,  the difficulty may he C R I I S P ~  hy 2n err5rr Qn tho 

pr-eceding card,  by the absence of a blank card following the 40000 se r ies ,  o r  by the presence of a 

blank ca rd  anywhere e lse .  

Coefficient Routine 
' 

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

numerical  subscr ipts  apply a s  indicated in Fig. 1. 
: .  . .  . . . . 

:::The clerivation of the coefficients in s - y  geometry i s  car,riecl out explicitly in Ref 3 .  



where 

I I 
J J 

I 
If one o r  m o r e  of the coefficients C1, C 2 ,  . . . , C6 r e f e r s  to  a point on a ' z e r o  flux boundary, t h i s  

coefficient is se t  to zero.  If the point s ,  t , u  is ,on a symmet ry  boundary, the coefficient r e fe r r ing  to 

the point outside the boundary is s e t  to ze ro  and the coefficient r e fe r r ing  to the image of this  point 
I I 

is doubled. Similarly,  i f  tlie point s, t., u l i e s  on the diagonal symmet ry  axis  ( s  = t ) ,  C1 and C4 a r e  

s e t  to ze ro  and C; and C; a r e  doubled. 

R f If the point s, t, u i s  on the boundary of a r u d  region. Di. ~ 4 ,  I?, T i - y  and  (vZ ) i  are se t  to 

ze ro  in the rod region and C, the logari thmic boundary condition value, is multiplied by the local  
I 

surface  a r e a  of the rod interface and the product i s  added to Co. . A s i m i l a r  calculation i s  carriecl 

out if the point l i e s  on the boundary of two o r  inore rod regions.  
I I 

Aiter a l l  boundary condiliorls' have been incorporated.  the corffir ients C l .  C 2 , .  . . . C i  a r e  

normalized by C ;  to obtain coefficients C1, C2. . . . . C user1 in t!le i teration.  
8 

Omega Routine::: 

The purpose of this  routine i s  to es t imate  the optimum overre lasa t ion fac tors ,  w .  to be used 
1' 

'r Thc rclcvant theory  nnrlprlying th i s  methocl of est imating overrelaxation f ac to r s  is the r e su l t  of 
work by Dr .  3. 3. Val'ga. 



i n  the .group i terations.  I f  the ma t r ix  of coefficients in group i is.de~i~nated;by:@;~';biia:the spec t ra l  - 
n o r m  of .Mi is designated by r ( M i ) , t h e  opfimum fadtors  a i e  obtained f rom $lY6 ! ~ b ~ E i k ~ l %  

Given a n  init ial  unit vector ;lo), the i terative scheme used to  determine ; ( M ~ )  is defined by 

and 

T e n  i tera t ions  a r e  usually performed in each group. If ;(Mi) is smal l ,  however, the nature of the 

i tera t ive  p rocess  is such that underflow m a y  occur  before these i terations a r e  completed. In this 

c a s e ,  the resu1t.s of the..last' valid,iterati.on a r e  used,  and the values of w _ i  and w defined below, a r e  
i' 

s e t  to  one and two, respectively.  

The following quanti t ies a r e  calculated a t  the conclusion of the i terations in  each group: 

1)  A lower bound f o r  the es t imate ,  of w, denoted w, which is Eq (18) evaluated with p(M) = a ,  
where 

[- l 2  
- - 

21 An upper bound f o r  the gstimate of u, denoted;, which is Eq (18) evaluated with [p(Md = n. 
w h e r e .  

L 

3 )  The f i r s t  es t imate  df [ i (~) l  which is .(lo); 

41 haour additional e s t ima tes  o'f [ i (Md ' obtained f rom the general  formula 

2 

(n) + 6 P - l '  P = I ,  2 ,  3 ,  4, 

6(n)].  + [6in-;l) - 6(n-2)  I (24) 
p - 1  P -1 

. . .  

where 6 p )  = aln) ;  the 'four e s t ims tes  a r e  6j1°), b y 0 ) ,  b y 0 ) ,  and b y 0 ) .  Since the nature of the 

convergence of 6:") is not known precisely and s ince  the evaluation of Eq (24) may resul t  i n  . 

great  loss  of significance, a check i s .made  to insure  that the values 6(1°);. 1 5  P 5 .4 ,  i r e  accept-  
P 

able. The condition for  acceptance is < 6:1°) < F. If some 6:") is not acceptable. this and a l l  



subsequent values a r e  s e t  to zero. The last  nonzero value i s  then chosen as  the final esti-  
2 

mate of [;(M) ] to be used in Eq  (18) . 

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

be required outer iteration. 

The bounds a re  chosen a s  the smallest positive integers such that 

~ i f k = l  
Max. (0.05, E) i f  k > 1 , 

- 
N(w - 1) Max. (0.05, E) if k > 1 . 

The on-line printout at the end of the calculations in each group consists of the number of i tera-  

tions performed, ,(lo), 6!1°), 6 p 0 ) ,  (to), (yo) ,  o, W .  ii. E, a n d 8 .  

Flux Expansion Routine 

The input flux values contained in the 50000 ser ies  a r e  normally expanded to provide a pointwise 

guess for each group. The value at a point i s  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 f rom 

thebinary 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 plane& in each coordin- 

ate direction. In addition, i f  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 

Outer Iterations 

A single outer iteration consists of (1) a se t  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. 

At the begi~ming'of the f i r s 1  outer iteration, the initial source i s  calculated using the volume- 
f averaged values of vC provided by the coefficient routine and the pointwise input ,flux values. Thus, 

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

i s  also calculated for subocquent renormali7.ation purposes, 

To s ta r t  the iterations in group i, the group source, 

i s  calculated, where C a i d  C are  the normalized coeffj.cionts at the point s, t, u. 
7 8 
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Inner iteration n + 1 then consists of solving the equation . . 

- . 
at each point, where mi is the overrelaxation factor. During the iteration, thb r'esidual . 

R,l) = 1 I 
S., t, U 

is also calculated. Inner iterations a re  continued in group i until 
fl 

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

a r e  continued beyond this point, i f  necessary, to obtain a non-negative flux. 

Source and Eigenvalue' Calculations 

After the inner iterations in each group have been cokpleted, the resulting flux values a re  used 

to c6mpute an improved source approximation, 

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

group problem. ) 

A new eigenvalue approximation and corresponding bounds a r e  then obtained from the following 

formulas : 

and 

If the inequality 

1 [ (m) ] 
k(m) - k(rn-l) s,+.u ?s , t ,n  - (111-1) (m) 8 

s;t n $6, t, u @ $0, t, u 

is satisfied, the problem is considered converged, the source extrapolation and renormalizatioll a re  

bypassed, and the problem is edited following the supervisory printout., Otherwise, thc source i s  

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



Source Extrapolation and Renormalization 

If the input value of F ,  t the approximation to the homogeneous spectra l  norm of the outer i t e ra -  

tion matrix, i s  zero, no source  extrapolation i s  done for  the f i r s t  three  outer i terations,  and a value 

of F is calculated a t  the end of the fourth i teration using the formula 

Here R!" (m) is the initial residual in group i for  outer i teration m. If this value of is g rea te r  

than one, the extrapolation is bypassed and the calculation is repeated a t  the end of the fifth iteration; 

if l e s s  than one, this value is used to begin the extrapolations a s  indicated below. (In the case  of a 

nonzero input 7, the source  extrapolation i s  bypassed for  the f i r s t  outer iteration, and the input value 

is used to begin the extrapolations at the end of the second iteration.)  

Given the value of Z, an index 1! is s e t  to ze ro  and 

is calculated. The extrapolation factors for  this iteration a r e  then 

2 ,(m) = ,  p(m) = 0 . (40) 
2 -a 

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

factors  a r e  

CY (mt1) = 4 cosh Ip 

- T cosh (8 t 1) p 

B ( m t l )  - cosh (P - 1) p 
- cosh (1 t 1) p ' 

With these factors  the source  extrapolation a t  the end of i teration m t P is givcn (Rof 5) by 

'l'he norm of this source  vector divided by the current  eigenvalue, 

X(mfP) 
is calculated, and the source  is renormalized by 

Supervisory Printout' 

At the end of each outer itcration, the initial and final res iduals  and number of inner i terations 

pel-l'ormed a r e  printed for each group. A negative sign preceding the inner i teration count indicates 

t F o r  the definition of. L? and for methods of computing estimates ul' F , see ncf 1. 



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

the values of 

The value of F used to s t a r t  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 a re  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, 20000, 30000, and 50000 input se r ies  a r e  edited into the f i rs t  file 

of the output tape. This editing is normally done at the end of a problem, in which case the edited 

values of lambda culd sigma are the final values calculated by the! rnrle. Undcr opcratrs~,' cu1rtr.01, this 

routine may be entered immediately following the in$ut routine to provide a preliminary input edit. 

In this case the values of lambda, and sigma are those coritalned on the inpllt cards. In either case 

tho picture routine is always entered following this rouline. 

Picture R011tj.n~ 

The expanded composition description prepared iii the input routine i s  edited into the second file 

of the output tape. The editing results in a picture of each different x-y plane with.the composition 

reflected about the diagonal. The compositions a re  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 prel.iminary input 

edit i~ being done, however, there is a stop at the s r ~ d  of this routine. The uperator may remove the 

problem from the computer at this timc and.prii1t the preliminary edit. A restar t  continues thc nor- 

mal sequence of calculations, beginning with the doefficient routine. 

Average H niltine 

The compositiur~-integrated volumeg a61 nompnpition-i~ltog~-atcd ~ I J .  averagea rlux and source 

values a r e  edited into the third file of the output tape. 

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

where hs, ht ,. and hll a re  the intervals associat~rl  with t h ~  mcnh rillwlli ir~dicatcd. 'l'l~t: ~ U L I I  Is raken 

over all mesh cubes of composition c, ignoring mesh cubes outside symmetry planes. The integrated 

source for composition c is 

:> The t e rm "mesh cube" i s  used in place of the more accurate "mesh rectangular parallelepiped. " 

10 



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 t i t le card. 

, The pointwise values a r e  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 a r e  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 

where P r e f e r s  to  the octant about the point s, t, u; nP = 1 if octant P contains a fuel composition 
f [ ( v Z  ) . # 0 for  some i ] ;  nl = 0 otherwise. If the point is interior to a nonfuel composition, the 

source  is se t  to  zero. 

111. INPUT PREPARATION 

Title Card 

A ti t le 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 a r e  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 b 1 . d .  

Columns 62-66 a r e  used to control the flux and source edits. The columns r e f e r  to ql, q2, q3, 
q4, and S, respectiveiy. Ari "E<" ill a givcn column causcts the edit of the corresponding flux o r  

source  to be bypassed. A column i s  not tested if there  is no corresponding flux; for  example, 

columns 64 and 65 a r e  irrelevant in a two-group problem. 

Column 67 must be blank. 

Columns 68-72 must contain " ~ ~ 0 0 1 " .  

Data Cards 

All of the input to this corle is in fixed-point decimal form with each data card punched according 

to  a definite pattern. Columns 1-7 and 11 a r e  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 a r e  separated by commas, but no comma 

is allowed following the l a s t  number on a card.  The f i r s t  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 minus ~igns are necessary. 

The card numbering system divides the input deck into five se r i es ,  a s  follows: 

10000 s e r i e s :  Miscellaneous pa ramete r s  and control information 

20000 se r ies :  Mesh intervals in the x coordinate direction 

30000 s e r i e s :  Mesh intervals in the z coordinate direction 

4VUUU s c r i e s :  Cul~ri:~usition dccoription 

50000 se r ies :  Material- and group-dependent pa ramete r s .  



The input deck, preceded by the title card, must be arranged in order of increasing card number 

with one blank card following the 40000 ser ies .  
' . .  , 

Since the input i s  in fixed-point form, it i s  necessary to indicate which-of the numbers a re  to be 

converted to floating-point for use in numerical calculations. Thisl.is accomplished by. including a 
, . 

decimal point in those numbers which a r e  to be converted. (It should be .noted that the number zero 
. . 

need never be accompanied by a decimal point.) In particular, the numbers on card 10002, the mesh 

intervals on the 20000 and 30000 ser ies  cards, and all numbers on the 50000 se r i e s  cards must con- 

tain decimal points; the numbers on card 10001, the plane numbers on the 20000 and 30000 ser ies  

cards,  and all numbers on the 40000 se r i e s  cards must not contain decimal points. To make this 

distinction more evident, all numbers which must have decimal points a r e  designated by upper-case 

o r  Greek let ters  in this section under the heading, Card Format; all numbers which must not have 

decimal points a r e  designated by lower-case letters.  

The only rea l  limitation on the range of input numbers i s  that contained in the IBM-704 itself. 

Extreme convergence difficulties and even underflow-nv~rflow situations may a15ise, however, ii 

values a r e  assigned to input quantities which a re  well outside the n o r m 4  range nf n~ii t rn~-diffuoion 

paranlerers.  

The number of digits that may be provided in input numbers i s  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 ser ies  cards, 

including card numbers, must not exceed 13,350. 

Construction of the Mesh 

To solve the differential equations ni.~merically, a mesh of horizontal and vertical planes must 

be imposed on the rectangular parallelepiped. The mesh planes a r e  numbered x = 0, 1, 2, .  . . , s s ;  

y = 0, 1, 2,.  . . , s s ;  and z = 0; 1, 2,. . . , uu. The point (0,O) must l ie in the upper left corner of an 

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

In the f i r s t  step of the mesh construction, t , h ~  o1.1trl.r boundarics of tlie IIIC;'S~I, ss gnd UU, a re  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 = ss, 7. = 0, and z, - uu n.rc r~quil .ad.  A 

zero  Ilux boundary condition i s  applied at the boundary plane, whilc a symmehy Louridary condition 

i s  applied at the f i r s t  interior plane. 

The second step in the mesh construction i s  the specification of the inlervals between successive 

mesh planes. Only the intervals in the x and z coordinate directions a r e  required because of the 

diagonal symmetry. A change in the interval at the f i r s t  oi- last interior planc i s  not pel-lr~itted if 

this plane is a symmetry boundary. 

The final step consists.of a description of t h ~  material oomposition of Ll~e rrlcsh. il'or pulyoses 

of composition description, the z boundary and interface planes, designated 0, ul ,  u2 , .  . . , UU, essen- 

tially divide the three-dimensional mesh into a se t  of two d i~~ l t l l s i v l~a l  laeshes. 'l'he composition, 

between planes z = 0 and z = u, is not z d ~ p ~ n r l e n t ,  and thin rc.git-111 A L L ~ J ~  Lo conbidcl-ed ;I sillgle x-jr 

plane of composition. The region between planes z = ul and z = u may be considered a second cnm- 2 
position plane, aid s o  forth. A z interface i s  not permitted at th.e f i rs t  o r  lost interior mesh plane 

i f  this plane i s  a symmetry boundary. 

A two-dimensional overlay process is 1.1.sed to dcccribe these curr~position planes. A particular 

plane i s  described by successively laying rectangular blocks of specified composition over the x-y 

mesh. Any block of composition may be laid over a l l  d r  par ts  of blocks specified previously. For  

each mesh rectangle in the plane, the last specificati$n which includes this rectangle determines 

i ts  composition. The mesh rectangles to the right of the symmetry diagonal may be described in 
. . , .  . 



full, described inaccurately, or not described at all as  dictated by convenience, since aq automatic 

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

composition plane is not ?ermitted if  this mesh line is  a symmetry boundary. After the f i rs t  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 DESC'RIPTION 

.k: The number of groups (1 9 k 9 4) .  

n: The largest composition number for which input i s  provided in 

the 50000 series  (1 5 n 5 511) . Input must be provided in each 

group for  all compositions c = 1, 2, 3,. . . , n. 

s s :  The last mesh planes in the x and y coordinate directions 

(3 5 ss 9 28). These- a re  either zero flux boundaries or one 

interval beyond symmetry boundaries. 

uu: The last mesh plane in the z coordinate direction (3.9 uu 5 28) . 
This i s  either a zero flux boundary or  one interval beyond a 

symmetry boundary. The number of points of sol.ution is  given 

by the product 

1 - (ss - 1) (ss) (UU - 1) , 2 

and must not exceed 2675 and 4725 on 16,384-word and 32,768- 

word computers, respectively. 

a: If 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 = s s  and y = ss are  zero flux boundaries. If 

b = 1, planes x = ss -1  and y = ss-1 a r e  symmetry boundaries. 

c: If c = 0, plane z = 0 is a zero flux boundary. If c = 1, plane 

z = 1 i s  a symil~etry boundary. 

d: If d = 0, plane z = uu is a zero fl.ux boundary. If d = 1, plane 

z = uu-1 i s  a symmetry boundary. 

- 
X0' t' X1' X2' X3'  u . 0  

x,,: Initial. approxjma.t.ion to the eigenvalue. 

E :  Convergence parameter used to terminate the iterations. In a 

one-group problem, the criterion is 

R(") 5 (2 - w) € , 

where R(") i s  the flux residual after n inner iterations. In a 

two-, three-, o r  foi~r-group problem, the criterion is  

where m is the outer iteration index. 



CARD ~ J M B E R  
- .  . . 

DESCRIPTION 8 .  

. . - .  P . - 
-.. . .  . 

xi:  he integrals of the fission spectrum. TBPOI Ydiiek must  

always be pr0vide.d. I 

- 
uo: Apprdximation to  the homogeneous spectra l  noFm of the i teration 

matrix.  This should be ze ro  unless a good applokimation is 

available f rom a previous problem; 

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

fir'st value is the' mesh interval between planes x = b and Y = s l ,  the 

second is the interval between planes x = sl  and x 5 s2, a i ~ d  s o  forth. 

There  may be any number Of s e t s  (H, si) per  card and any number 

of ca rds  in this se r i es ,  but no s e t  may overlap two eards .  The 

sequence si rnllst  hp s t r ic t ly  increasing, and the lact  Vnluc muat 

eQual ss on card 10001. If a = 1 on c a r d  10001, no 's i  may equal 1. 

If b = 1 on card 10001, no si may equal ss-1 .  

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

f i r s t  value is the mesh interval between planes z = 0 and z = ul ,  the 

second is the interval between planes z = ul  and z = u2, and s o  forth. 

There  may.be any number of s e t s  (H, u.) p e r  card and any number 

of ca rds  in this se r i es ,  but no s e t  may overlap two cards.  The 

sequence ui must be s t r ic t ly  increasing, and the l a s t  value must 

equal uu on card 10001. If c = 1 on card 10001, no ui liiay equal 1. 

If d - 1 on card 10001, no u. nAY e q u d  UU-1; 

Description of thc composition between plalrrs z = 0 arid z = u 1' 

c ;  NulllLu~:. uT 1 1 1 ~  cu~nlpooielon whest b o u l ~ s l a r ~ r ~  a1.r described by 

. -  . . the following four words (1 5 c 5 n) . 
s o : .  Left-hand boundary of c. 

to: Upper boundary of c. 

t l :  Lower boundary of c (00 5 t < t l  5 s s ) .  
0 

There  ~r iay be any number Of s e t s  ( c ,  s o ,  s l ,  to ,  t ) per card and 1 
any  1111in1i~r t . arc l s  111 l l u b  ~ u b - ~ v r l e ~ ,  but no 3ct may ovcrlap 

two cards .  Lf a = 1 on card 10001, no so, s l ,  to, o r  t may 1 
equal 1. If b = 1 on card 10001, no so, s l ,  to, o r  t l  may equal 

ss-1. 

A3 above, giving the cllauges ill tlie composition between planes z = 0 and 

z = u1 necessary to generate the composition between planes z = ul  and 

z = u  2' 



CARD NUMBER DESCRIP.TION 

4 u2 01 As above, giving the c l~anges  in the composition between planes z = u 1 

4 <  02 . . . .. . , and z = u necessary to  generate the composition between planes z = u 
- 2 2 

. . , .  . .  . a n d z = u  3' 

The sequence u; must be s t r ic t ly  increasing and is independent of the 

sequence in the 30000 se r ies .  Lf c = 1 on card 10001, no u .  may equal 1. 
1 

If d = 1 on card 10001, no ui may equal uu-1. 

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. 

The values of the above paramete r s  for  group 1, compbsition 1, 
f 

where cp is the input flux guess. If D = 0, C R ,  v C , and cp must be 

zero and Ca must be replaced by C. In this case  the logarithmic 

deriyative boundary condition. is applied at the boundaries of this 

composition in this group. 
. ., . .:> . . . ,> ,. 

As above for  group 1, compositions 2 through n. . .. - . . ; .: s:. 

. .. . 

As above for  group 2, compositions 1 through n. 

5 u  As above for  the l a s t  group with C F  = 0 omitted. If k = 1, this ' 

format,  r a the r  than the one above for  group 1, is to be used. 

IV. OPERATING INSTRUCTIONS 

Card Reader 

Use the 72-72 card reader.board.  

On-line Pr in te r  

Use the SNARE-2 hoard arid 120-column papcr. 

Off-line Pr in te r  

Use 120-column paper with the ca r r i age  control switch se t  to  PROGRAiVI. If an off-line pr inter  

is not available, a simulator program must be used. 

Tapes 

At the beginning or a pr.oble1-11, mount thc inetruction tape on. I.ogica1. unit 1 and r ~ ~ c j u r ~ l :  blanks on 

units 2-7. If an  input flux guess f rom tape is to be used, mount this tape on unit S unless a prel imi-  

nary input edit  is being done. In this case  the flux tape is not mounted until the problem is res tar ted.  

All tapes escept the instruction tape a r e  rewound by the code at the beginning of each problem 

and each res ta r t ,  and all  tapes including the instruction.tape a r e  rewound at  the end of each problem. 



Sense Switches . 
. . . -. . . .- . 

1) Up: Normal. , [  

Down: computer  will stop at 2174 at end of current i terat ion. .  Problem may be removed for 

l a te r  r e s t a r t  o r  operator may START to force edit of this iteration. 

2) 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 r e s t a r t  (in conjunction with sense switch 2).  

6) Not uccd. . 

31al.1111g Prucedufe 

Mount the necessary tapes, ready the input deck followed by three blank cards in the card 

reader ,  ready the printer with the SHARE-2 board, se t  the necessary sense switches and tape selec- 

'tor switches, CLEAR, and TOAD TAPE. 

Standard Restar t  Procedure 

A r e s t a r t  may be done at any time during the running of a problem. Without changing any tapes, 

rewind tape 1, depress  sens'e switch 2, CLEAR, and LOAD TAPE. S T A R T  nrhon tho oomputcr 3tops 

at 0151. (Sense switch 2 may be released at this t ime.) 

An attempt to res ta r t  a problem which has not reached the f i rs t  res ta r t  point in the code results 

in a stop at 0143. Ready the input deck in the card reader and START to begirl the problem ag3i.n.. 

If a problem i s  restar ted with sense switch 2 not depresscd, the cornpuler stops with a select 
* 

on the card reader.  CLEAR, press  the s t a r t  key on the card reader to clear the select, rewind 

tape 1, depress  sense switch 2, and LOAD TAPE to res ta r t  again. 
1 

Emergency Itcrntion Restar t  

An emergency res ta r t  may be done at any time during the iterations of a problem. It should 

never be done unless a standard res ta r t  has been attempted and has failed. In no case will an emer-  

gency r e s t a r t  succeed if the difficulty i s  the result  of an c r r o r  on tape 2 o r  tape 4. 

FOT an emergency restar t ,  follow the standard res ta r t  procedure wjth sense s\vitch 5 xlcprcsscd 

in addition to sense switch 2. If a res ta r t  i s  impossible because the last  complete flux tape cannot 

be read, the computer stops at 0324 after printi.ng the number of the unit in e r ror .  'If lllis tape can 

be read, the number of the alternate flux tape i s  printed and the computer stops at 0312. The opera- 

to r  may change the ree l  on this alternate unit o r  may change to a different unit before continuing. 

(Sense swi tc l~  5 may be released at this t ime.) 

An attempted emergency res ta r t  when a problem i s  not being iterated results in a stop at 0234. 

START for  a standard rest&. 

Removing a Problem 

To remove a problem f rom the computer on short notice, rewind, remove, and label tapes 2-6. 

Tape 7 must also be saved if it i s  not in rewound position. If an input flux guess from tape 8 is being 

used and the f i r s t  iteration llas not been completed, tape 8 must be saved. To res ta r t  the problem, 

remount these tapes, mount a bladc on unit 7 if this tape was not saved, and follow thc standard 

r e s t a r t  procedure. 



If more t ime is available for  removing the problem, depress  sense  s~v i tch  1. This causes the 

computer to stop a t  2174 at  the end of the current  iteration. (Sense switcl! 1 must not be re leased 

until the computer stops.) Remove and label tapes 2-6 (tape 7 is blank and tape 8 has  been used) .  

To res ta r t ,  remount these tapes,  mount a blank on unit 7, and follow the standard r e s t a r t  procedure. 

Instead of removing the problem when the computer stops a t  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 fur ther  i terations a r e  desired,  remount tapes 2;6, mount a'blanli on unit 7, and 
. . ,  

follow the standard r e s t a r t  procedure. 

Prel iminary Input Edit 

The f i r s t  two fiies, containing the input edit and of the mesh, aye normally written on 

tape 7 a t  the end of a problem. However, if sense  switch 4 is depressed a t  the beginning of the prob- 

lem, these fi les a r e  written immediately after the input is read. At the end of the picture edit, all 

tapes a r e  rewound and the computer stops a t  1667. (Sense switch 4 must not be re leased until the 

computer s tops . )  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 res ta r t ,  remount tapes 2 and 

3, mount blanks on units 4-7, and follow the standard res ta r t  procedure. 

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

flux tape until the r e s t a r t  which follows the preliminary input edit. 

Decimal Output 

The title card is used to identify the f i r s t  page of on-line output and each page of off-line output. 

This title is a lso  printed on-line at every res ta r t .  Additional on-line printing consists of the resu l t s  

of the omega calculation, condensed resu l t s  of each iteration, and the number of the tape unit con- 

taining the binary output a t  the end of the problem. 

All output for  off-line printing i s  written on tape 7. Four fi les a r e  generated during the running 

of a problem. The f i r s t  file contains an edit of the input; the second contains a s e r i e s  of pictures of 

the mesh; the third contains the composition-averaged flux and source;  and the fourth contains a 

? ? r i p s  nf picture edlts of the flux and source  values. 

If a preliminary input edit is done, tape 7 contains only the f i r s t  and second of these'f i les.  At 

the end of the problem, only the third and fourth fi les a r e  present. 

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

at the end of each problem. 

Bi1idl.y Illput and Output 

N e a r  the end of two-, three-,  and four-group problems, the number of the tape unit containing 

the la tes t  flux values in binary fo rm is printed on-line. (The binary output of a one-group problem 

i s  always on unit 6.) This tape may be saved and used to provide a pointwise input flus guess for  a 

subsequent problem. The two problems must be s imilar  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 ill l l ~ e  iilcsh. 

Tn make  use  u l  Ihis tape input option, mount the hina.ry flus tape on unit 8 and depress  sense  

switch 3 at the beginning of the problem. (If a preliminary input edit i s  being done, do not mount 

tape 8 o r  depress  sense  switch 3 until the r e s t a r t  following this edit.) At the end of the f i rs t  i t e ra -  

tion, tape 8 may be removed and sense  switch 3 released. The information on tape 8 i s  not destroyed 

in this process.  I-lence, the binary output of one problem may be used to provide an input flus guess  

for  a s e r i e s  of subsequent problems. 



Instruction Tape Preparat ion . . 

To write an instruction tape, ready a blank t a p e l ,  ready the TKO-1 deck ( ~ ~ ~ ~ 1 0 0 0  - ~ B T K l 7 0 7 )  

in  the ca rd ' r eader ,  CLEAR, and LOAD CARDS. After the. tape is.writ teh,  i t  is rewound and the com- 

puter  stops 'at 0343. The instruction tap@ contains one file of'28 records: 

P r o g r a m  Stops 
. . 

The following stops a r e  in octal. Words in parentheses indicate the routine in which the stop 

occurs .  Unless otherwise indicated, a standard r e s t a r t  should be done a t  each of these stops. 

0006: E r r o r  loading binary tape loader  f r o m  tape 1. LOAD TAPE to  t r y  again. 
I - .  

0077: E r r o r  loading record  of instr.ucti0n.s f rom,tape 1. START to t ry  again. 

0143: Res ta r t  attempted before reaching f i r s t  r e s t a r t  point. Ready input deck in card reader  

and START to  begin problem again. 
. , 

0151: Normal r e s f a r t  'stop/ START. ' . 

0234: Emergency i tera t ion r e s t a r t  attempted while not i n  i teration routine. S T A R T  tn rlo a 
. . 

s tandard res ta r t .  

0245: E r r o r  determining memory assignments.  (Iteration) 
. . 

0312: Lates t  flux tape can be read  and emergency iteration r e s t a r t . i s  possible. -Number of 

alternate flux tape has been, printed. T h i ~  tape o r  unit may be changed before continuing. 
.. - . . 

0324: Lates t  flux tape cannot be read and emergency iteration r e s t a r t  is impossible. Number 

of tape in e r r o r  has, b,een printed. 

., '. ,. 0355: Tape 2 e r r o r .  . .(Flux Expansion) 7 .  

0371: Tape 8 e r r o r .  (Flux Expansion) 

0377: Tape'5 ,er ror .  (Flux ~ x p a n s i d n )  ' ' 

... ' ,.. , . , 

0446: Tape 3, e r r o r .  (F1ux.Expansion) , , 
. . 

0565: E r r o r  positioning tape 1. (Restart)  

0561:n. Tdpe i e r ~ ~ o r .  (Restar t )  

0567: E r r o r  positioning tape 7. (Restart)  

0675: Computer e r r o r .  ' (Coefficient) 

, 27,3 E r r o r  positioning tape 1. (Input) 
l 222) 

1317: Input e r r o r .  Columns 68-72 of title card do not contain ."TKoo~",  or card number of card 

' ,  containing e r r o r  has been printed. 

1320: En t i re  mesh not filled with coinpbsition. P rob lem cannot be run. 

1320: Tape 2 e r r o r .  (Input Edit) 

1321: Tape 2 e r r o r .  (Input) 

1322: Tape 3 e r r o r .  (Input) 

1323: Card r e a d e r  EOF e r r o r .  (Input) 

1343: Computer e r r o r .  (Omega) 

1346: Tape 3 e r r o r .  (Input Edit) 

1565: Square root e r r o r .  (Iteration) 



1570: Log e r r o r .  (Iteration) 

1621: Hyperbolic cosine e r r o r .  (Iteration) 

1625: Tape 4 e r r o r .  (Omega) 

1625: Computer e r r o r .  (Input Edit) 

1634: Drum e r r o r .  (Omega) 

1667: Pre l iminary input edit completed. 

1706: Tape EOF e r r o r .  (Omega) 

1707: Tape 2 e r r o r .  (Omega) 

2004: Input card  does not contain "DEC" in columns 8-10. 

2006: Tape 2 e r r o r .  (Picture) 

2007: Tape 3 e r r o r .  (Picture) 

2172: Overflow o r  underflow. (Coefficient) 

2173: Check sums  of f i r s t  pass  do not agree  with those of second pass.  (Coefficient) 

2174: Incorrect  number of r ecords  writ ten on tape. (Coefficient) 

2174: I teration during which sense  switch 1 depressed is now completed. Remove problem for  

l a t e r  r e s t a r t  o r  START to force  an edit of this iteration. 

2175: Tape 2 e r r o r .  (Coefficient) 

2176: Tape 3 e r r o r .  (Coefficient) 

2177: Tape 4 e r r o r .  (Coefficient) 

2203 Tape e r r o r .  Number of tape in  AC. (Coefficient) 
2201) 

2263: Computer e r r o r .  (Coefficient) 

2322: Input number out of range. 

2335: Problem completed. 

2350: Tape 2 e r r o r .  (Edit) 

2351: Tape 3 e r r o r .  (Edit) 

2352: Tape 5 e r r o r .  (Edit) 

2353: Tape 6 e r ro r .  (Edit) 

Compule~. e r r o r .  (Omcga) 

Tape 2 e r r o r ,  (Average) 

Tape 3 e r r o r .  (Average) 

Tape 5 e r r o r .  (Average) 

Tape 6 e r r o r .  (Average) 

Illegal punch on input card.  

'l'ape 2 e r r o r .  (Iteration) 

Tape 4 e r r o r .  (Iteration) 

Tape 5 e r r o r .  (Iteration) 



3633: Drum er ror .  (Iteration) 
, .  

3634: Overflow or underflow during initial group calculatiqn. (Iteration) 

3635: Overflow or underflow during current inner iteration. (Iteration) . . . . 

3636: Overflow or underflow during source calculation. (Iteration) 

3637: Overflow or underflow during source extrapolation. (Iteration) , . .  ,-. . 

3640: Overflow or  underflow during source renor malization. (Iteration) 





SAMPLr.PROBLEM FOR INCLUSION I N  Wa.Pn-1M-i43 TKOOI 

GFOUP IT. NO. P I  SHK L SHK2 SHK3 SHK4 W.Y I N OMEGA WMAX N M l M  MMAX 

.I@ ' 0 0 9 3 9 2 9 4 5 6  ,0.94161.7?3 6.94250779 0.94199800 0.941\9789? le l r7565C65 1.61.161079 1;77986840 7 1 3  

1C 0.84152918 O.R471?.31-5. 0.839'90558 Oa 0 I l a ? l 8 9 7 8 7 . ?  3.42945101 I .SO073520 4 7 

GROUP '~NIT IAL  RES. " act INNER IT. FINAL.R~S. , 

L 7096e6651 13  . .. 26542511 
> 720.9395 . ' ' 6 7742J25 

OUT.ER IT. MAX. LAMBDA L.M~DF ' MIV. L A M ~ O A  EPSILON SO. 
. - ,839090 .46,Yl;6 0 2 4 5 1 0 3  . 0529234 

ALPHA :,ETA RENORM. 
a000030 .<040CC . 1.009672 

GRCUP INITIAL PES. MD.. INNER IT. , . FINAL RES. 
II 209.5590 9 6 ~ 6 1 4 9  

. t  57.C757 8.  l a 8 8 2 4  
. .  . 

CUTER IT* .'4AX. LAHF!nA L:.%ECA M I N .  LAgRDA E'SILON 50. 
' 2: .595473 . ? I 8 2 5 8  o45RRZR .122 lR5 

ALPHA CPTA 4ENORU. 
.000000 .C73rr?l7 , , 9 8 6 7 8 ~ '  

, . 
GROW ZNITIAL RE51 VO. iNNER IT .  - 'F lNAC RES. 

1 32.5421 . 13 l a 4 6 0 8  
2 3 8 r 5 9 0 7  7 1.7269 

. . .  
OUTER IT. unx. LAMBDA LP*RO.~  MIN. L ~ ~ ~ I D A  EPSTLON..SO. 

. 3  0550304 ..53511?2 0 5 7 4 4 1 7  0 0 7 4 t 7 2  

ALPHA RKTA RENORP. 
.oooooo ,o,.:onor ,996574 

GROUP I N I T I A L  ?FS. KO. TNNER ?Ta F INAL RES. 
,I 7. ? 2 8 9  1 3  ' a2898 
. 2  8. h 4 6 7  & .  . . .  a4142 

.',OUT.FR IT.  . M4X; LAMRDA LAICSDP MINa LAMRDA E P j I L O N  SO. 
. 4  0542705 a559469 ~ 5 3 8 0 4 1  000432'1 

.. . . . . .  . 
ALPHA-' . ' BETA " 'RENORV. SICM'A .. 

l o 1 2 3 9 1 9  .OCL)OOO a99R397 022051'2 





. ... 

SAMPI-E PROBLEM FOR INCL2SION I N  KAPD-TM- 143 TKO01 PAGE 1 

2 dROUPS 6 COMPS SS=:O UUn 5 B.C.=ltO*l10 

LAMB04 EPSILON CHI 1 CHI 2 CHI 3 S :GMA 

.540001 .050000 la000000 a000000 *000000 ~ 2 2 0 5 1 2  . 

ME94 X X  MESH XX MESH :X MESH XX MESH XX 

1.0DD0 2 1.5000 3 2.0000 4 2.5000 E 3.0000 10 

MES- ZZ MESH Zi MESH LZ 

3 . 5 0 3  2 4 r0000  4 4,5000 ' 5 

COMP D 1 SIG A 1 SIG R L M S I G  F 1 0 2 SIC A 2 N SIG F 2 

1 1.100000 .0'02100 e03100C- ~ 0 0 0 0 0 0  .100000 a051000 .000000 
2 1.200000 e002200 .032030 .004200 a205000 a052C00 a062000 
3 1.300000 moo2300 e0330.30 .CaG4300 ~ 3 0 0 0 0 0  a053C00 .063C00 
4 L.400000 .002400 .03400'3 eC04400 ,400000 .054C00 .064060 
5 L.5P0000 .002500 .035000 .GO4500 *500!?00 .055C00 ,065000 
6 1.6C*OOOO .002600 .036000 a004600 .m600000 aO56Cd)O aO66OC.O 

i 



SAMPLE PROBLEM FOR INCLUSl9N IN  WAPO-TM-143 TKO01 PLANE 0 PAGE 2 

C C LUI4N 1 
0 1 2 3 4 5 6 7 8 9 0  

FOW 
0 ......................................... 

-006 006.005 005.004 0W.003 003.C01 001. 
1. . . 0 .  

,006 006.005 005.004 004.003 00?.C01 001. 
2..... 

,005 005 005 005.C04 OC4.003 003.001 001. 
3 .  . . . . . a  I . 

,005 005 005.004 C04.OC3 003 003.001 001. 
q . . . . . . .  . . . . . . . .  

. O h  004 004 004.003 OC03.001 001 001 001. 
5 .  . . a  

eOG4 004 000.003 003 003.001 001 001  001. 
j . . . . . . .  . . . . .  . 

.OC3 003 003 003.0,01 001 001 001 1001 001. 
7 .  

.0Cq3 003 003 003.001 091  001 001 001 001. 
8 . 4 . . . . . . .  • 

,001 001 001 001 ,301 031  001 001 001  001. 
9 .  

.001 001 001 001 301 031  001 001 0 0 1  001. 
10 ........................................a 

- 

. . . . . .  . . 

C 







*' 

SAMPLE PROBLEM FOR INCLUSION I N  Wr.W-T4-143 TKO0 1 PAGE 5 

COPPOSITION-INTEGRATED VOLUNZ 
1 4 5 1 6 8 6 3  3 9 5 2 0 0 0  3 28003C 3 1 3 6 5 0 0  3 1 7 5 3 7 5  2 1 1 5 0 0 0  

COMPOSITION-INTEGRATED FLUX - GROUP 1 
1 5 2 9 2 3 9 7  5 3 3 1 8 1 0  5 1 0 6 8 5 9  4 8 1 0 2 2 2  4 9 8 4 0 7 5  3 5 7 2 3 3 7  

COMPOSI T I  3N-AVERAGED FLUX GROUP 1 
1 1 5 6 5 L 3 4  2 3 1 7 0 2 7  2 3 8 1 5 3 8  2 5 5 9 5 6 9  2 5 6 1 1 2 6  2 5 8 4 6 4 1  

ZOMPOSITIOY-INTEGRATED FLUX - GROUP 2 
1 5 1 8 9 5 3 9  5 1 7 6 7 2 7  4 6 2 9 7 E 6  4 4 4 9 2 8 3  4 5 5 0 8 7 9  3 3 7 3 8 0 3  

C OMP3SZ T I  Oft-AVERAGED FLUX - GROUP 2 
1 1 S 6 6 5 1 6  2 1 8 5 6 3 7  2 Z245ES 2 3 2 3 4 1 7  2 3 1 4 1 1 5  2 3 2 5 0 4 6  

C.3M"OSITION-INTEGRATED SOURCE 
1 COOCOO 4 1 2 2 2 4 7  3 c 4 2 0 E 4  3 3 2 ? 5 5 5  3 4 0 2 3 5 5  2 2 7 7 6 3 7  

COXPOSITION-AVERAGED SOURCE 
1 0 0 0 0 0 0  1 1 2 8 4 1 0  1 8 5 7 8 E 7  1 2 3 6 3 0 4  1 2 2 9 4 2 5  1 2 4 1 4 2 4  



SAMPLE PROBLEM FOR INCLUSION I N  WAPD-TM-143 

1 7 3 4 5 

1 74.980 74.740 73.354 69.590 61.238 

2 74.740 74.485 73.089 65.298 60,927 

3 73.354 73.089 . 71.698 67.758 59.316 

4 69.590 69.298 67.758 65.573 54.787 

5 61.238 63.927 59.316 56.787 45.571 

6 49.999 49.636 47.715 42.487 33.585 

GROUP 1 

8 

22 r 674 

221435 

21 r 173 

17b760 

12.860 

9* l '30 

PLANE 1 LAMBDA a540001 PAGE 6 

9 

8.899 

8.812 

8 r366  

7.260 

5.542 

4.017 



SAFIFLE FROBLEC FOR INCLUSION I N  '?APE-Tt?-143 TKO01 GROUP 1 PLANE 2 LAMBDA 0540001 PAGE 7 

1 2 3 G 5 6 7 8 9 

1 70.726 70.515 69.297 06.314 58.049 47.113 34.283 21.055 3 . 2 n  

2 70.515 70.292 69.067 65n i45  57.739 46.760 33.950 20.832 3.197 

3 69.297 69.06; 67.879 64,;97 56.113 44.892 32.181 19.655 7.783 

4 66.014 65.740 64.297 63,200 51.669 39.809 27.215 16.493 6.756 

5 58.049 57.739 56.113 51,668 42.944 31.336 19,883 11.992 5.168 

6 47,113 46.766 44.892 33eW9 31.936 22.254 144098 8.518 3.751 

7 348283 33.950 32.161 2J.215 13.893 14.098 94335 5.758 2.578 

8 21.055 20.832 19.655 1-5-49? 18.982 8.518 5.758 3.612 1.639 

9 8,277 8.197 1.783 0.756 5.168 3.751 2.578 1.639 r752  



- 
SAMPLE PROaLEM FOR INCLUSION I N  WAPD-TH-143 TKO01 GROUP 1 PLANE 3 LAMBDA 6540001 PAGE 8 

1 2 3 4 5 6 7 8 9 

1 54.835 5r.663 53.674 51.041 44.435 35.662 25.825 15.689 6a211 

2 54.663 54.431 53.489 50.811 44.178 35.388 25.571 15.514 6.152 

3 53.674 53.499 52.538 49.602 42.830 33.942 24.223 14.655 5.846 

4 51.041 50.811 49.602 46,143 39.271 29.999 20.432 128328 5.088 

5 44.435 44.178 42.830 39.271 320501 23.542 140987 9.046 3.917 

6 35.662 35.?88 33.942 29.999 23.542 16.695 10.655 6e467 20858 

7 25.825 25.571 24.223 20.432 14.937 10.655 7 r 0 9 1  4e393 10914 

8 15.689 15.524 140655 12.328 9.046 6.467 4.393 2.767 l a 2 5 9  

9 6.211 6.-52 5.846 5.388 3 -91?  2.858 1.974 1.259 6 579 



. .  . 

SAMPL! P R X L E I I  FO2 INCLUSION I N  WI(.>D-T.+103 TKO01 GROUP 1 .PLANE 4 LAMBDA ~ 5 4 0 0 0 1  PAGE 9 I 



SAFIPLE PROSLE'I F3R !NCLUSIOI.I I N  d4PD-TM-143 TKO01 GROUP 2 PLANE 1 LAMBDA e 5 4 0 0 0 1  PAGE 1 0  

1 7 3 4 5 6 7 8 9 

1 40.221 40.113 39r/s84 37.779 33.539 28.033 20.976 15.042 5.809 

2 49.118 40.C05 39.363 37.645 33,412 27.881 20.@28 14.905 5.755 

3 39.484 39.368 38.769 36,937 32.775 27.093 20,077 14.183 5.477 

4 37.779 37.545 36,937 34.999 30.739 25.383 18.339 12.212 4.776 

5 33.539 33.412 32,775 30.739 26.261 21.324 13.674 8.404 3.604 

6 28.033 2 7 * 8 3 1  2 7 0 0 9 3  25.393 21.324 16.283 91873 5.926 2.60: 

7 20.976 20.828 20.077 18.339 13.674 9.873 6.492 3.990 1.784 

9 15.042 14.905 14.183 12.212 8.404 5.926 3.990 2,498 l a 1 3 2  

9 5.809 5.755 5,477 4.776 3.604 2.601 1.784 1.132 a519 



SAMPLE PROBLES FOR INCLUSION I N  VLPO-TH-143 TKO01 GROUP 2 PLANE 2 LAMBOA r540001  PACE 11 

2 3 L 5 6 7 8 9 

1 38.148 38.067 37.565 3b.232 32.189 26.596 194773 13.8LO 5.387 

2 38.067 370977 37.478 36.162 32.050 26r44C 19.626 13r710 5.33i 

3 37.565 37.478 37.056 35.527 31.333 25.634 18.870 13.026 5.077 

4 36.282 36.162 35.527 33-509 29.2CtE 23.853 17.072 11.163 4.426 

5 32.189 32.050 31.333 29.206 24.8C3 19.823 12e733 7.804 3.355 

6 26.596 26.440 25.634 22.833 19.823 14.935 9.17.4 5.522 21428 

7 19.773 19.626 18.d70 17.3,2 12.733 90174 66050 3.725 11667 
1 

8 13.840 13r710 13.026 11elf3 7.804 5.522 3 r725  2.339 11059 

9 5.387 5.337 5.077 4.+;6 2.355 2 r428  1.667 1.059 b486 

+ 



! SAMPLE PROBLEM FOR INCLUSION I N  WAPD-TM-143 TKO01 GROUP 2 PLANE 3 LAMBDA * 5 4 0 0 0 1  PAGE 1 2  

1 2 3 4 5 6 7 8 9 

1 30.357 30.282 29.842 28.760 24.914 20.114 14.858 10.103 4.016 

2 30.282 30.201 29.766 28.646 24,782 19.988 1 4 \ 7 4 1  10.006 3.979 

3 29.842 29.766 29.402 28.036 24.090 1 9 r 3 5 3  14.138 9.501 3.787 

4 28.760 29a646 28.036 25.977 22.256 17.899 12.687 8.150 3.310 

5 24.914 24.792 24.090 22.256 18.756 1 4 r 7 1 4  9.555 5.859 2.536 

6 20.114 19.988 19.353 17.899 14.714 10.961 6.895 4.183 l a 8 4 8  

7 14.858 14.741 1 4 0 1 3 8  L2e637 90555 64895 40586 2.839 l o 2 7 5  

8 10.103 10.006 9.501 8.150 5.859 4.183 2.839 10788, r 8 1 4  

9 4.016 3.979 3.787 3.310 2.536 1.848 1.275 a814 e374 



SAE:PL PFOBLEH FOR INCLlfSIOEI IN WSPO-TK-143 TKO01 GROUP 2 PL4NE 4 LAMBDA r540001 PAGE 1 3  

1 2 3 4 5 6 7 8 > 

1 19.998 19.867 19.238 17.659 1L.193 11.160 8.118 5.242 21112 

2 19.867 19.740 19.123 17.521 l'rlOO 11.082 8.049 5.192 i . 0 9 4  

3 19.238 19.123 18.521 16.7'1 12.620 10.678 7.686 4.929 11997 

4 17.659 17.521 16.751 14r912 1Eb416 9.668 6.727 4.216 h756 

5 14.193 14.100 13.620 12.416 10.304 7.790 5.058 3.118 1.369 

6 11.160 11.082 10.678 9,668 14790 5.704 3.675 2.263 1.011 

7 8rL18 8.049 7.686 6.727 5.058 3.675 2.482 1.556 m705 

8 5.242 5.192 4.929 4.216 3.118 2.263 1.556 a990 r454 

9 2.I12 2.034 1.597 1m755 1.369 1.011 0705 a454 &?lo 



.SA:iPLE PROBLE!I FOR INCLUZION I N  WAP'i-14-143 TKO01 SOURCE PLANE 1 LAMBDA 0 5 4 0 0 0 1  PAGE 1 4  

1 i 3 4 5 6 7 8 9 

1 2.999 2.958 2.897 2*7 ' t6  2.416 l o 9 9 8  1.478 1.045 0000 

2 2.968 2.947 2.888 2.736 2.406 1.986 1 0 4 6 8  1.035 0 0 0 0  

3 2.897 2.888 2.831 .2.673 2 0 3 4 9  1.920 1.412 8985 0 0 0 0  

4 2.745 2.7?6 2.673 2.509 2.181 1.782 1.281 0 8 4 6  0 0 0 0  

5 2.416 2.406 2.349 2.181 l e e 5 1  1.488 * 0 0 0  .000 a000 

6 1.998 1.986 1.920 1.182 1.La8 1.129 .000 0 0 0 0  ,000 

7 10478 1.458 1.412 1 ,291 .000 ,000 1000 0000 0 0 0 0  

8 1.045 1.335 a985 , 8 4 6  ,000 ,000 0 0 0 0  ,000 ,000 

9 0 0 0 0  ,000 ,000 .000 .000 0 0 0 0  ,000 0 0 0 0  6000 

. . : .  



S A M P L E  PROBLEM FOR INCLIJSION I N  WiPD-TM--43 

2 3 L 

1 24843 2.814 2.754 2.615 

2 2.814 2.796 2.747 2.60' 

3 2.754 2.747 2.692 2.53E 

4 2.613 2.604 2.536 2.369 

. 5  2.278 2.267 2.21? 2.049 

6 1.870 1.859 1.797 3.660 

7 1.,392 1.371 1.316 1.153 

8 a955 a945 e89E ,768 

9 ,000 .000 ' .OOG .>oo 

SOURCE 

8 

a955 

a945 

0898 

e768 

0 000 

a000 

0000 

r 000 

* 000 

PLANE 2 LAMBDA 540001 PAGE 15 

9 

a000 

*ooo 

a000 

rOOO 

sOOC' 

.OOC 

BOOC 

moo0 

,000 



SAMPLE 

1 

2 

3 

4 

5 

6 

7 

a 

PROBLfM FOR INCLUSION I N  WAPD-TM-143 

1 2 3 4 

2.256 2.232 2.181 2.348 

2.232 2.217 2.175 2.040 

2.181 2.175 2.122 1.971 

2.048 2.040 1.971 1.804 

1.731 1.722 1,673 1.545 

1.397 1.388 1.342 1.236 

1.030 1.021 ,978 e f 7 2  

,692 .686 ,651 ,557 

SOURCE 

8 

,692 

,686 

a651 

,557 

a 000 

,000 

b000 

b000 

PLANE 3 LAMBOA 0 5 4 0 0 0 1  PAGE 1 6  

9 

,000 

,000 

,000 

a000 

0 0 0 0  

,000 

,000 

,000 



# 

SAMPLE PROBLEM [FOR INCLCSION I N  WAPD-1'4-143 TKO01 SOURCE IWAWE 4 LAMBDA e540001 PAGE 17 

1 2 3 4 5 6 7 8 9 

1 1.455 1.434 1.378 1.235 0973 a765 a556 a358 rOOO 

2 1.434 1.420 10370  1 r Z i 6  o 966 r 7 6 0  6552 r354  a000 

3 11378 l r 3 7 0  1.311 l e l E 9  r 934 a732 0526 r336  rOOO 

4 1.235 1.226 1.159 1.011 r 891 1662 e460 r2BB so00 

5 a373 r 966 a934 r3!l a706 a532 a000 4000 0000 

6 r 765 $760 6732 r.5122 r 532 a389 roo;, a000 m000 

7 r 556 ~ 5 5 2  0526 .rbO r 000 1000 a000 rOOO 0000  

8 0358 a354 1336 .-Dm r 000 a000 .DO0 r 000 no00 

9 a900 1000 a000 m a 0  a000 rOOO rOOO r 000 ~ 0 0 0  

I 
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