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WHIRLAWAY - A THREE-DIMENSIONAL, TWO*GROUP NEUTRON DIFFUSION CODE 
FOR THE IBM 7090 COMPUTER 

' T. B. Fowler M. L. Tobias 

A B S T R A C T  

WHIRLAWAY i s  an IBM 7090 FORTRAN programmed code for the solution of  two-group 
neutron diffusion equations i n  x y z  geometry. The code was designed to run under control of 

the IBM 7090 FORTRAN Monitor System on a machine with a t  least s i x  tape units. The m a r  

imum number of  mesh points i s  l imited to 12,750. Arbitrary distr ibut ions of materials and mesh 

spacing are permitted. The boundary conditions are either zero f lux or zero current at each 
o f  the six faces of  the reactor, and the code will, i f  desired, computc thc adioint-flux and as- 

sociated flux-adioint-flux region integrals that are necessary for perturbation calculations. 
Computation time i s  approximately 0.006 sec per point iteration. Normally, running times are 
about 2 to 3 hr for a 10,000-point problem. 

I N T R O D U C T I O N  

The iterative procedure used in  WHIRLAWAY i s  the same simple approach as that. used in  the 
1 two-dimensional code, EQUIPOISE, and has proved to be even more powerful in three dimensions. 

The number of  iteration.^ required to reach the same degree of convergence in  three dimensions i s  

considerably less than that required for a l i ke  problem i n  two dimensions. As yet, no proofs exist  

that the process w i l l  converge to the desired answer, but no di f f icul t ies have been encountered. 

WHIRLAWAY uses no tapes for storage of group constants. A l l  necessary constants are com- 

puted as needed as the calculation progresses. Th is  approach has proved to be at least as fast as 

the alternative procedure of calculating a l l  the group constants at the beginning of a case and read- 

ing them from tape as they are needed. One tape i s  needed to store the flux distribution i f  the ad- 

joint calculation i s  being done; f ive tapes are needed for input, output, program, and Monitor System. 

C O M P U T A T I O N A L  M E T H O D  A N D  D I F F E R E N C E  E Q U A T I O N S  

The simple computational procedure used in  WHIRLAWAY i s  identical i n  principle to that de- 

scribed in detail in ref 1. 

With reference to Fig. 1, the three-dimensional difference equations that are solved in  the code 

are, at each mesh point: 

'M. L. Tobias and T. B. Fowler, EQUIPOISE - An IBM-704 Code or the Solution of Two-Group, Two-Di- 
mensional, Neutron Diffusion Equations in Cylindrical Geometry, ORN t -2967 (Oct. 17, 1960). 



Note.that CRo.and Z R  are, bottiizero because~there~is~no~slowing~down into~group.1,~ nor-i s tKere,-. 

any out of group 2. 

NOTATION 

AR, 

ALi 

AOi 

Al, 

AT, 

ABi 

Dk(i) 

i 

Area of quarter-face i to-the right of mesh point (l,],~), cm2 

Area of quarter-face i to the left of mesh point (I,],K), cm2 

Area of quarter-face i in the "out" direction from mesh point (l,],K), cm2 

Area of quarter-face i in.the "in" direction from mesh point (I,],K), cm2 

Area of quorter-face i above mesh point (l,],K), cm 2 

Area of quarter-face i below mesh point (l,],K), cm 2 

Group k diffusion coefficient of octant j surrounding mesh point (l,],~), cm 

Denotes quarter-face surrounding mesh point (l,],~) 

Denotes the coordinates of a mesh point 

Denotes octant surrounding mesh point (l,],~) 

Subscript denoting the group number 



Volume of octant j surrounding mesh point (I,],K), cm 3 

Distance from the origin to mesh plane I ,  cm 

Distance from the origin to mesh plane I, cm 

Distance from the origin to mesh plane K,  cm 

Group k flux at mesh point ( l , ] , ~ )  

The eigenvalue of the problem; the value by which a l l  the vZ 's must be multipl ied 
so that the difference equations w i l l  balance 

/ 

The number of neutrons produced per f ission times the macroscopi'c f ission cross sec- 
tion of group k in octant j, cm" 

Macroscopic absorption cross section of group k and octant j, cm' 1 

Macroscopic removal cross'section of group k and octant j ,  cm-' 

The fraction of neutrons produced from fission that are born in  group k 

UNCLASSIFIED 
ORNL-LR-DWG 58708 

Fig. 1. Schematic of Mesh at Point ( I , J , K ) .  



INPUT PREPARATION AND,OPERATING INSTRUCTIONS 

Input Data Cards. - Figure 8.2 shows an input data form fi l led out for the sample problem. 

Given below are the instructions for writing WHIRLAWAY input. Note that the number formats are 

described in FORTRAN nomenclature and are given in parentheses immediately following the input 

number symbol. 

Title Card. - The first column of the t i t le card is  left blank. Columns 2 through 72 may contain 

any desired information. The contents of this card are printed at the top of each page of output. 

Control Card. - Columns 1-3, IMAX(I3) 6 999: total number of mesh planes in the x  direction. 

The x  direction runs from left to right, with the left plane being number 1 and the right plane being 

number IMAX. 
Columns 4-6, JMAX(13) 2 999: total number of mesh planes in the y direction. The y  direction 

runs from "in" to "out," with the innermost plane designated as number 1 and the outermost plane 

designated as plane IIUIIIB~ JMAX. 

Columns 7-9, KMAX(I3) 2 999: total number of mesh planes in the z direction. The z  direction 

runs from bottom to top, with plane 1 being the bottom boundary of the reactor and plane KMAX 

being the top plane of the reactor. Note that IMAX x JMAX x KMAX 2 12,750. 

Columns 10-18, NORM FACTOR' (E9.5): normalization factor. The converged fluxes at each 

mesh point are divided by 

8 

(A. 1) 
j= 1 

the total neutron source, and multiplied by the normalization factor. Use of this factor enables the 

user to make the output fluxes correspond to any arbitrary power level. For example, let W be the 

total reactor power in megawatts, v the number of neutrons produced per fission, and p the number 

of fissions per megawatt-second. Then the normalization factor would be v x p x W x F, where F 

i s  the fraction of the whole reactor that i s  considered in the calculation. I f  the reactor had three . 

1 1 symmetry boundaries, F would be 4. For a reactor with one symmetry boundary, F would be 12. 

If this item is  omitted, the program treats the normalization factor as 1.0. 

Columns 19-20, Gl(12): geometry indicator. This number is  not used. WHIRLAWAY considers 

only x y z  geometry at present. 

Columns 21-22, Sl(12): source indicator. I f  this number is  +I, the source, 

i s  computed for output at each mesh point, where j = 1, . . . , 8. I f  SI i s  0, the source calculation 

i s  skipped. 

Columns 23-24, Al(12): adioint indicator. If this number is +I ,  the adioint-flux and the flux- 

adioint-flux region integrals are computed following the regular calculation. I f  A l  i s  0, the adioint- 

flux calculation is not done. 



.Columns 25-26, Fl(12): previous-flux indicator. If this number i s  +I, the flux distribution from 

the preceding case i s  used as the ini t ia l  f lux for the present case. Restrictions are that the pres- 

ent case must have the same number of divisions in the x ,  y, and z directions and the same bound- 

ary conditions as the previous case. I f  this number i s  0, the code supplies the ini t ia l  flux guess. 

Columns 27-28, Cl(12): convergence indicator. I f  this number i s  0, the calculation stops when 

where n i s  the iteration number and E i s  the convergence criterion (see below). The over-all eigen- 

value of the problem i s  A. 

I f  CI  i s  +I, the calculation stops when the above condition i s  met, as well as the flux conver- 

gence condition 

where iPn i s  the flux at a point at iteration n and @ n + l  i s  the flux at the same point at iteration 

n + 1. For the adioint calculation, only the f lux convergence condition i s  tested; i t  i s  given by 

where p = i P n / i P n + l .  

I f  CI i s  -1, the calculation stops when the flux condition [Eq. (A.4)] i s  met, as well as the 

poi nt-A convergence condition 

where h ~ , " '  and are the maximum and minimum values of A, respectively, calculated according 

to Eq. (1) at each mesh point (pt). I f  a problem has not reached convergence after 300 iterations, 

it i s  automatically terminated by the code. 

Columns 29-30, LB(12): left boundary indicator. I f  this number i s  0, the lef t  boundary plane 

of the reactor i s  considered as a zero-flux boundary. I f  this number i s  +I, a symmetry boundary i s  

assumed to exist midway between planes I = 1 and I = 2. 

Columns 31-32, RB(12): right boundary indicator. If this number i s  0, the right boundary plane 

of the reactor i s  considered as a zero-flux boundary; if + I ,  a symmetry boundary i s  assumed to exist 

midway between planes 1 = IMAX-1 AND 1 = IMAX. 

Columns 33-34, lB(12): "in" boundary indicator. I f  this number i s  0, the innermost boundary 

i s  a zero-flux boundary; if +I, a symmetry boundary exists midway between planes j = 1 and ] = 2: 



Columns 35-36, OB(12): "out" boundary indicator. If this number is  0, the outermost boundary 

i s  a zero-flux boundary; i f  +I, a symmetry boundary exists midway between planes ] = JMAX-1 and 

J = JMAX. 

Columns 37-38, BB(12): bottom boundary indicator. I f  BB is 0, the bottom boundary of the re- 

actor i s  a zero-flux boundary; i f  +I, a symmetry boundary exists midway between planes K = 1 and 

K = 2. 

Columns 39-40, TB(12): top boundary indicator. I f  TB is  0, the top boundary of the reactor i s  

a zero-flux boundary; i f  +I, a symmetry boundary plane is assumed to exist midway between planes 

K = KMAX-1 and K = KMAX. 

Columns 41-46, XI 1(E6.3): the fraction of neutrons produced from fission that are born in 

group 1. 

Columns 47-52, ~ l ~ ( E 6 . 3 ) :  the fraction of neutrons produced from fission that are born, in  

group 2. 

Columns 53-58, P1(E6.3): extrapolated Liebmann coefficient for gro"p 1.. If this number is  0, 

pl is  computed by the code;.if it i s  not 0, the code uses the value specified. If p is.to be calcu- 

lated by the code, the'fol lowing empirical formula is  used: 

where p, q, and r are the number of mesh increments in the x ,  y, and z directions, respectively. I f  

one of a pair of opposite surfaces is  a symmetry boundary, the corresponding number of mesh incre- 

ments i s  doubled. If both opposite surfaces are symmetry boundaries; the corresponding number of 

mesh increments is made m. 

, If a problem has not converged after 150 iterations, a new P is calculated by 

and is  set to 1 at 200 iterations. 

Columns 59-64, P2(E6.3): same as Pl except for group 2. 

Columns 65-72, ~(E8.5): convergence criterion. 

Mesh Specification Cards. - Described below are the three types of cards required to specify 

the mesh: (1) cards giving the Ax's and 1 numbers, (2) cards giving the AY's and ] numbers, and 

(3) cards specifying the AZ's and K numbers. 

1. In columns 1-6 and 7-9, 10-15 and 16-18, etc., supply a value of Ax(E6.3) and the value of 
l(13) up to which this AX applies, going from left to right of the mesh. Use as many cards as 
needed, with each card, except possibly the last, being completely f i l led through column 72. 

The last number on these cards is equal to IMAX. 

2. In columns 1-6 and 7-9, 10-15 and 16-18, etc., supply a value of Ay(E6.3) and the value of 
](13) up to which this AY applies, going from "in" to "out" of the mesh. The last number on 

these cards is equal to JMAX. 



3. In columns 1-6 and 7-9, 10-15 and 16-18, etc., supply a value of Az(E6.3) and the value of 

~ ( 1 3 )  up to which this A Z  applies, going from bottom to top of the mesh. The last number on 
these cards i s  equal to KMAX. 

Region Specification Cards. - The regions are specified as parollelopipeds, with each card 

completely specifying one region, for as many regions as are needed to f i l l  the mesh. The region- 

specification cards may be in  any order. However, the regions must be numbered.consecutively. 

One card with the number 99 punched in columns 1 and 2 must follow the last region-specification 

card. 

Columns 1-2, RG(12) 

Columns 3-5, ll(13) 

Columns 6-8, 12(13) 

Columns 9-1 1, Jl(13) 

Columns 12-14, J2(13) 

Columns 15-17, Kl(13) 

Columns 18-20, K2(13) 

Columns 21-26, D ,(E6.3) 

Columns 27-32, D,(E6.3) 

Columns 33-40, ER 1(E8.5) 

Columns 41 -48, SA , (E8.5) 

Columns 49-56, EA,(E8.5) 

Columns 57-64, US/ l(E8.5) 

Columns 65-72, ~ S f ~ ( E 8 . 5 )  

Region number 

Le f t  I coordinate of the region 

Right I coordinate of the region 

"In" ] coordinate of the region 

"Out" ] coordinate of the region 

Bottom K coordinate of the region 

Top K coordinate of the region 

Group 1 diffusion coefficient 

Group 2 diffusion coefficient , 

Group 1 macroscopic removal cross section 

Group 1 macroscopic absorption cross section 

Group 2 macroscopic absorption cross section 

Group 1, v times the macroscopic fission cross'section 

'Group 2, v. times the macroscopic fission cross section 

Operation Instructions. - WHIRLAWAY consists of nine CHAIN links which are distributed on 

two tapes by the Monitor System at execution time. The DSU Channel-Unit Table, which relates 

the logical tape numbers to the actual tape number, must be supplied to each CHAIN link by the 

user. Table A.l gives the logical tape numbers used in  the code and, in the case of the program 

tape, the actual tape numbers that must be used. 

Table  A.1. Topes Required for WHIRLAWAY 

Logical Tape Number Actual Tape Nu~uber Function 

Scratch tape for adioint calculation only 

Output tape 

Input tape 

Program tape 

Program tape 

System tape . 



The opeiating instructions are those given in ref 2; a "iob" consists of the program deck with 

a l l  necessary monitor control cards followed by the data decks for as many cases to be run as de- 

sired. Two blank cards should follow the last input data deck. The output tape should be listed 

under program control on 14- by 1 1-in. paper. 

Appendix B 

S A M P L E  P R O B L E M  

The configuration of the sample problem is  shown in Fig. B.l; the input data are given in Fig. 

B.2; Fig. 8.3 gives the output. The problem ran in 8.4 min. Note that mesh increments are speci- 

f ied as input, not total distances. The mesh increment from plane two to plane five in the X direc- 

. tion i s  2 cm, and the distance i s  6 cm. 

2 1 ~ ~ - 7 ~ 9 0  F O R T R A N  R e f e r e n c e  Manual, Form C28-6065. 

UNCLASSIFIED 
ORNL-LR- DWG 5 8 7 0 9  

SYMMETRY BOUNDARY 

Fig, B.1. Diogrom of Sample Problem. 



KEY PUNCHING INSTRUCTIONS: 

Punch w l r  h s e  d s  d l c h  hcro 

da. m colvmn. 73. m. 
W H I R L A W A Y  INPUT F O R M  REQUEST NO. 

I l l  T ITLE 177 M I  

I 1 WHIRLAWAY SAMPLE PROBLEM FO,R REPORT IIlDl I I I loll1 
IMAX JMAX KMAX MORM FACTOR G I  51 A l  F I  C I  L B  R B  I 0  0 0  0 0  T 0  X I ,  X I*  fl, 4 E 

4 7 10 1 9 1 1 n z n  1 ~ 3 1 3 3 ~ n n 4 1  41 u 59 6s 

9 

Fig. 8.2 Input Data for Sample Problem. 

A x  
I 

141.101 1 

A  Y 
1 

I3l.lolI 

A x  
10 

121.101 1 

A Y 
10 

1 1 6 1 I I I I  

I 

7 

112 

J 
7 

13 

I 

16 

115 

J 

16 

1 1  

I 18 

91911 

A x  
19 

141.101 1 

1 4  10 

I I  

I 

x 

117 

I 11 

I I  

A x  
28 

$l.lol I 

A  Y 
IV 

I I I I I  
A  Y 

28 

I I I I I  
J 

1 1  

I 16 

I 1  
1 

I 

I 

34 

Itlo 

J 
34 

1 1  

I 1 4  

I I  
1 1  

I I  

A x  
n 

I I I I I 

A  Y 
37 

I I I I I  

14  10 

I I  
1 1  

I I  

I 

43 

I I 

J 
U 

1 1  

1 4  I. 121 I 
I I I I I  
I I I I I  

I I I I I  

A x  
a 

I I I I I 

A Y  
& 

I I I I I  

101.18171 

I I I I I  
I 1 . 1 I I  

I I I I I  

I 

12 

I I 
t 

J 
52 

1 1  

101.101016171 

I I I I I I I  
I I I I I I I  
I I ' I I I I I  

A x  
u 

I I I I I 
I I I I I  

101.101d01512 

1 1 1 1 1 1 1  
I I l l i l I  
I I I I I I I  

I 

61 

I I 
1 1  

A Y  
55 

I I I I I  

A x  
64 

I I I I I 
I I I I I  

J 

61 

1 1  
A Y  

64 

I I I I I  

101. 1010181 I 
1 1 1 1 1 1 1  
I I I I I c I I  
I I I I I I I  

I 

70 

I I 
I I  

73 80 

u l~ ls l~ l  11013 

I I I I I I I ,  
J 

m 

I I I I I I I 
1 1 1 1 1 1 1  

I I I I I I I  
I I I I I I I  

73 80 

I I M ~ E ~ s ~ H I ~ ~ o ~ ~  
J 

I I I I I I I 
I I I I I  I I 

RIEIGI I I 1018 
EINID~ I 1 1019 

I I I I I I I s l T l o l ~ l 1 ( ! 1 0  

I I I I I I I s l ~ l o l ~ l 1 1 ~ 1 ~  
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The output (Fig. 8.3) consists of  the items shown below: 

1. Tit le. 

2. Reactor specifications. 

3. Mesh specifications. 

4. Dimension specifications. 

5. Region specifications. 

6. The values of the extrapolated Liebmann coefficients. 

7. F lux convergence [Eq. (A.4)], point-h convergence [Eq. (A.6)1, total-h convergence [Eq. (A.3)1, 
total residue, and h (labeled NU-CRITICAL) at every tenth iteration. The total residue i s  cal- 

culated as the square root. of the sum of the squares of the residues (summed over a l l  points 
and groups) divided by the total source [Eq. (A.111. 

8. The normalized f lux values for each group at each mesh point. 

9. A neutron-balance l i s t  calculated from the printed-out fluxes. 

10. A summary of the region-integrated group absorptions and the region volumes. 

11. The source density [Eq. (A.2)l at each octant of each internal mesh point. 

12. A summary of convergence levels for the adioint calculation. 

13. The normalized adioint-flux values at each mesh point. 

14. The f lux times the adioint-flux region integrals and the region integrals of the dot products of 
the gradients of the flux and the adioint flux. 

For one region, the printout would be as follows: 

REG PHI(l)XPHI(K)* PH1(2)XPHI(K)* 

1 $@,@,*dv $@,@,*dv 



Fig. 8.3. WHIRLAWAY Sample Problem. 

kHlRLAWAY SAMPLE PROBLEN FOR REPORT 

REACTCR SPECIFICATIONS 

IMdX 10 JM4X 6 KHbX 10 N.F. 1.0000E 00 BNO CONDILIRII.OIB.TI 1 ~ 0 ~ 0 ~ 0 ~ 1 ~ 0  X I 1  1.000 XIZ-0. EPI  l0.000E-04 

MESH SPECIFICATIONS 

I OELX 
1 4.000 2 2.000 5 4.000 7 3.000 10 

J OELY 
1 3.000 6 

DELZ 
4.000 

DIHERSIOR SPCCIPICAI IONS 

I OIST. 
2 2.000 3 4.000 4 6.000 5 8.000 6 12.000 7 16.000 8 19.000 9 22.000 10 25.000 

J OIST. 
, 2  3.000 3 6.000 4 9.000 5 12.000 6 15.000 

K DIST. 
2 2.000 3 4.000 4 6.000 5 8.000 6 10.000 7 12.000 8 14.000 9 16.000 ID 18.000 

REG I 1  I 2  J I  J 2  K I  K2 01 0 2 SIGRl SIGAl SICA2 NUSIGFI NUSIGFZ 
I 1 6 1 6 1 10 1.500E 00 1.200E 00 3.300E-03 1.200E-03 4.700E-03 4.000E-03 6.300E-02 
2 6 8 1 6 1 10 1.700E 00 1.130E 00 5.200E-03 7.000E-04 6.300E-03 4-OOOE-04 2-500E-02 , 
3 8 10 1 6 1 10 1.200E CO 8.700E-01 6.700E-03 5.200E-04 8.000E-03 0. 0. 

HHIRLAWAY SAMPLE PROBLEM FOR REPORT 

FLUX CALCUL&TION BEGINS BETAF# 1.0376E 00 BETAS# 1.037bE 00 

LT NC FLUX CCNVR PT LAMOA CONVR TOT LAHDA CONVR TOT RESIDUE 
10 1.6257E-01 7.3534E-02 I .OOOOE 00 5.2357E-03 
20 6.4815E-02 3.5451E-02 3.0469E-01 I, 94 15E-03 
30  2.0239E-02 I- 1715E-02 1.0127E-01 4.9873E-04 
4 0  5.5618E-03 3.4427E-03 2.4268E-02 1.1213E-04 
5 0  I -4763E-03 9.6896E-04 5.1891E-03 2.4159E-05 
60  3.9160E-04 2.7550E-04 1.0501E-03 5.0984E-06 

NU-CRIl ICAL 
8.137153E 00 
1.170291E 01 
1.302157E 01 
1.334544E 01. 
1.34150bE 0 1  
1.342916E 0 1  

FAST FLUXI I ,  6.K) 

K I  I 2 3 4 5 6 7 8 9 10 

10 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

9 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
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Fig. 8.3 (continued). 

HHlRL4WAY S A W L E  PROBLEM FOR REPORT 

FAST F L U X I I .  5 v K l  

WIRLAWAY S A W L E  PROBLEM FOR REPORT 

FAST F L U X I I .  4 t K I  

K I  I 2 

1 0  0. 0. 

9 2 .143E-02 '  2.143E-02 

8 4 .221E-02  4.221E-02. 

7 6.170E-02 6.170E-02 

6 7.931E-02 7 -931E-02  

5 9.4516-02 9.451E-02 

4 1.068E-01 1.068E-01 

3 1.159E-01 1.159E-01 

2 1.214E-01. 1.214E-01 

I 1.214E-01 1.214E-01 

'WLRLAUAY SAMPLE PROOLEM FOR REPORT 

FAST F L U X I I I  3 1 K )  

K I  I 2 

1 0  0. 0. 

9 2.143E-02 2.143E-02 

8 4.2216-02 4.221E-02 

7 6.170E-02 6.170E-02 

6 . 7.931E-02 7.931E-02 

5 9.451E-02 9.451E-02 

4 1.068E-01 1.068E-01 

3 1.159E-01 1.159E-01 

2 1.214E-01 1.214E-01 

I 1.214E-01 1.214E-01 
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Fig. B.3 (continued). 

YHIRLOYAY SAWLE PROBLEM FOR REPORT 

FAST FLUXI I .  2 r K I  

K I  1 2 

10 0. 0. 

9 1 -324E-02 1.324E-02 

8 2.609E-02 2.609E-02 

7 3.813E-02 3.81 3E-02 

6 4.902E-02 4.902E-02 

5 5.841E-02 5.04IE-02 

4 6.602E-02 6.602E-02 

3 7.163E-02 7.163E-02 

2 7.505E-02 7.505E-02 

1 7.505E-02 7.505E-02 

WHIRLPWAY SAMPLE PROBLEM FOR REPORT 

HHIRLBW4Y SAMPLE PROBLEM FOR REPORT 

SLOW FLUXI I ,  

K I  I 

10 0. 

9 0. 

8 0. 

7 0. 

6 0. 

5 0. 

4 0. 

3 0. 

2 0. 

1 0. 



Fig. 8.3 (continued). 

UHIRLAWAY SAMPLE PROELEM FDR REPORT 

YHIRLbYbY SAMPLE PROBLEW FOR REPORT 

SLOW F L U X I I .  4.K) 

K I  I 2 

10  0. 0. 

9 9.715E-04 9.715E-04 
. . 

8 I . 9 I4E-03  1.914E-03 

7 2.797E-03 2.797E-03 

6 3.596E-03 3.596E-03 

5 4.285E-03 4.285E-03 - 

4 4.B44E-03 4.8411E-03 

3 5 -255E-03  5.255E-03 

2 5.506E-03 5.506E-03 

1 5.506E-03 5.506E-03 

HHIRLPYAY SAHPLE PROELEM FOR REPORl 

SLOH F L U X I I .  3 . K )  

R I  I 2 

10  0. 0. 

9 9.716E-01 9.716C-04 

8 1.914E-03 I . 9 I4E-03  

7 2.798E-03 2.790E-03 

6 3.596E-03 3.596E-03 

5 4.286E-03 4.286E-03 

4 4.844E-03 4.844E-03 

3 5.255E-03 5 -255E-03  

2 5.507E-03 5.507E-03 

1 5.507E-03 5.507E-03 
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Fig. 8.3 (continued). 

hWIRL1MY SPHPLE PROBLEM FOR REPORT 

SLOW F L U X ( l r  2.K) 

K I  I 2 

I 0  0. 0. 

, 9  6.005E-04 b.OO5E-04 

8 1.183E-03 1.183E-03 

7 1.729E-03 1.729E-03 

6 2.223E-03 2.223E-03 

5 2-649E-03 2.649E-03 

4 2.994E-03 2.994E-03 

3 3.248E-03 3.248E-03 

2 3-404E-03 3-404E-03 

1 3-404E-03 3.404E-C3 

HHIRLMAY SAMPLE PROBLEM FOR REPORT, 

SLOW F L U X ( I 1  l * K l  

K I  I 2 3 

10 0. 0. 0. 0. 

9 0. 0. 0. 0. 

8 0. 0. 0. 0. 

7 0. ' 0. 0. 0. 

6 0. 0. 0. 0. 

5 0. 0. . o .  0. 

4 0. 0. 0. 0. 

3 0. 0. 0. 0. 

2 .o. 0. 0. 0. 

1 0. 0. 0. 0. 

UHIRLAUAY SAMPLE PROBLEM FOR REPORT 

TOTAL NEUTRON BALANCE 

FAST PBSORPTICN SLOW ABSORPTION , FAST PRODUCTION SLOW PRODUCTION FAST LEAKAGE SLOW LEAKAGE 
1.7965e5E-01 4.739558E-02 5.434502E-01 4.565498C-01 1.265026E 0 1  5.518459E-01 

REGION PBSCRPTIONS bN0 VOLUMES 

REG FIST ABSORPTION SLOW b8SORPTION VOLUME 
1 1.600868E-01 3 .033664~-n2 3-2U0000E 03 
2 1.719823E-02 1 -257728E-02 I. 89OOOOE 03 
3 2-373498E-03 4.481678E-03 1.620000E 03 



Fig. 8.3 (continued). 

LIHLRLAVAY SAMPLE PRIlBLEM FOR REPORT 



Fig. B.3 (continued). 

W I R L A U A Y  SAMPLE PROBLEM FOR REPORT 



Fig. 8.3 (continued). 

HHIRLAWPY SAMPLE PROPLEH FOR REPORT 



Fig. 8.3 (continued). 

UHJRLdYAY SAMPLE PROBLEU FOR REPORl  



Fig. 8.3 (continued). 

CMIRLAWAY SAMPLE PROBLEM FOR REPORT 

YHIRLA.YAY SAMPLE PROBLEM FOR REPORT 



Fig. 8.3 (continued). 

WIRLAYAY SAMPLE PROBLEM FOR REPORT 

ADJOINT FLUX CALCULATION BEGINS 

I T  NC FLUX CONVR PT LAMOA CONVR TOT LANOA CONVR TOT RESIDUE 
10 1.080.9E-01 0. 0. 1.8625E-03 
20  1.9828E-02 0 -  0. 2.1774E-04 
30  4.7228E-03 0. 0. 3.4804E-05 
40 1.4036E-03 0. 0 -  8.9807E-06 
50  4- 1608E-04 0. 0. 3.0375E-06 

WHIRLb.hbY SAhPLE PHOULEM FOR REPORl 

NU-CRIT ICAL 
I.OOOOOOE 00 
I .OOOOOOE 00 
I .OOOOOOE 00 
I.OOOOOOE 00 
I.OOOOOOE 00 

WIRLAWbY SAMPLE PRODLEM FOR REPORI 

AOJOINT FAST FLUX( I1  5.K) 

K I  I 2 3 

10 0. 0. 0. 

9 1.252E-Oh 1-252E-04 1.193C-04 

8 2.465E-04 2.465E-04 2.34PE-04 

7 3.604E-04 3-604E-04 3.434E-04 

6 4.633E-04 4.633E-04 4.414E-04 

5 5.521 E-Old 5.521 E-04 5,260E-011 

4 6.24lE-04 h.24IE-U4 5.946E-04 

3 6.771E-04 6.771E-04 6.451E-04 

2 7.094E-04 7.094E-04 6.760E-04 

1 7.094E-04 7.094E-04 6.760E-04 
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Fig. 8.3 (continued). 

YlIRLPHbY SAMPLE PROBLEM FOR REPORT 

AOJOINT FAST F L U X l l t  4.K) 

K I  I 2 3 

I 0  0. 0. 0. 

9 2.025E-04 ' 2.025E-04 1 -930E-04 

8 3.989E-04 3.989E-04 3.801E-04 

7 5.831E-04 5.83lE-04 5.556E-04 

6 7.496E-04 7.496E-04 7.143E-04 

5 8.933E-04 8.933E-04 8.512E-04 

4 I ..010E-03 I .OIOE-03 9.622E-04 

3 1.096E-03 1.096E-03 1 -044E-03 

2 1.148E-03 1.148E-03 1 -094E-03 

1 1.148E-03 1.148E-03 l.094E-03 

MiIRLAYAY SAMPLE PROBLEM FOR REPORT 

AOJOINT FAST FLUXl l .  3.K) 

K I  I 2 3 

10  0. 0. 0. 

9 2.025E-04 2.025E-04 1 -930E-04 

8 3.989E-04 3.989E-04 3.801E-04 

7 5.831 E-04 5.831 E-04 5.557E-04 

6 7.497E-U4 f.4VfE-U4 1.145t-OU 

5 8.933E-04 8.933E-04 8.5 12E-04 

4 I -OIOE-03 I .OIOE-03 9.622E-04 

3 1.096E-03 1.096E-03 I -044E-03. 

2 I . I ~ ~ E - o ~  I . I ~ ~ E - o ~  1 .09w-03 

1 1.148E-03 I. l4OE-03 1 .094E-03 

YHIRLAWbY SAMPLE PROBLEM FOR REPORT 

AOdOINT F A S T  FLUXI I ,  Z t K l  

K I  I 2 3 

10 0. 0 .  0. 

9 1.252E-04 1 -252E-04 I. 193E-04 

8 2.465E-04 2.465E-04 2.349E-04 

7 3.604E-04 3.604E-04 3.434E-04 

6 4.633E-04 4.633E-U4 4.41 5E-04 

5 5.521E-04 5.521E-04 5.261E-04 

4 6.241E-04 6.241E-04 5.947E-04 

3 6.771E-04 6-771E-04 6.452E-04 

2 7.095E-04 7.095E-04 6.761E-04 

1 7.095E-04 7.095E-04 d.761E-04 
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Fig. 8.3 (continued). 

WIRLPWPY SANPLE PROBLEM FOR REPORT 

FPST FLUXII .  I t K l  

I 2 3 4 5 

0. 0. 0. 0. 

0. 0. 0. 0. 

0. 0 .  0. 0. 

0. 0. 0. 0. 

0. 0. 0. 0. 

0. 0. 0. 0. 

0. 0. 0. 0. 

0. 0 .  a. 0. 

POJOINT SLOU FLUXII .  6,KI 

K I  I 2 3 4 

10 0. 0. 0. 0. 

9 0. 0. 0. 0. 

8 0. 0. 0. 0. 

7 0. u. 0. 0. 

6 0. 0. 0. ' 0. 

5 0. 0. 0. 0. 

4 0. 0. 0 -  0. 

3 0. 0. 0. . 0. 

2 0. 0. 0. 0. 

1 0. 0.  0.  0. 

HHIRLPH,AY SAMPLE PROELEM FOR REPORT 

POJOLNT SLOW F L U X l l r  5.K) 

K I  I 2 3 

I 0  0. n. 0 .  

9 l.426E-03 1 -426E-03 1 -358E-03 

8 2.808E-03 2.808E-03 2.675E-03 

7 4.106E-03 b.106E-03 3.910E-03 

6 5.278E-03 5.270E-03 5.026E-03 

5 6.289E-03 6.289E-03 5.989E-03 

4 7. In9E-ll3 7.IO9E-03 b.770E-03 

3 7.713E-03 7.713E-03 7.345E-03 

2 8.082E-03 8.082E-03 7.697E-03 

1 8.082E-03 8.082~-03 7.697E-03 
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Fig. 8.3 (continued). 

WIIRLIUAY SAMPLE PROBLEM FOR REPORT 

AOJOINT SLOW FLUXI I1  4.K1 

K I  I 2 3 

10  0. 0. 0. 

9 2.307E-03 2.307E-03 2.I97E-03 

8 4-544E-03 4.544E-03 4.328E-03 

7 , 6-643E-03 6.643E-03 6.326E-03 

6 8.51:OE-03 8.540E-03 8.133E-03 

5 1.018E-02 I.OIOE-02 9-691E-03 

4 1.150E-02 1.150E-02 1 -096E-02 

3 1.248E-U2 1.2405-82 1,189E-02 

2 1.308E-02 1.308E-02 1 -245E-02 

1 1 -308E-02 1.308E-02 1 -245E-02 

WHLRLPYAY SAMPLE PROBLEM FOR REPORT 

AOJOINT SLOW FLUXII I  3 ,K l  

K l  I 2 3 

10 0. n. 0. 

9 2.307E-03 2.307E-03 2.197E-03 

8 4.544E-03 4.544E-03 4-328E-03 

7 6.643E-03 6.643E-03 6.327E-03 

6 8.540E-03 8.540E-03 8.133E-03 

5 1.018E-02 1 -018E-02 9.692E-03 

4 1.150E-02 1.150E-02 1.096E-02 

3 1.248E-02 1.248E-02 1.189E-02 

2 1.308E-02 1.308E-02 1.245E-02 

1 1.308E-02 1 -308E-02 1 -245E-02 

hHIRLbYAY SAMPLE PROBLEM FOR REPORT 

AOJ0lPIl' SLOW FLUXI I ,  2 ,K l  

K I  I 2 3 4 5 6 7 8 9 10 
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Fig. 8.3 (continued). 

WHLRLbWAY SAMPLE PROBLEM FOR REPORT 

ADJOINT SLOW FLUXI 1, I t K l  

K 1  I 2 3 

10 0. 0. 0. 0. 

9 0. 0. 0. 0. 

8 0. 0. 0. 0. 

7 0. 0. 0. 0. 

6 0. 0. 0. 0. 

5 0. 0. 0. 0. 

4 0. 0. 0. 0. 

3 0. 0. 0. 0. 

2 0. 0. 0. 0. 

I 0 -  0. 0. 0. 

WHIRLAWAY SAMPLE PROOLEH FOR REPORT 

IFLUXIX IADJOINT FLUX) REGION INTEGRALS 

REG PHI11 I X P H I I K I *  P H I I 2 I X P H I I K ) *  OELPHI lK lXDELPHI lK)* .  KUI .2 
1 9.090635E-02 4.3 173YYE-U3 7.0781 19E-03 

1.033031 E 0 0  4.903036C-02 3.70001 3E-03 
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ORNL-3150 - ADDENDUM 

WHIRLAWAY - A THREE-DIMENSIONAL, TWO-GROUP NEUTRON DIFFUSION CODE 

FOR THE IBM-7090 COMPUTER 

T. B. Fowler M. L. Tobias 

A B S T R A C T  

By  making certoin changes i n  two o f  the  chain l i n k s  o f  the  WHIRLAWAY code, i t  may be 

used to  calculate the f lux  distr ibut ion w i t h  a f ixed source i n  one region. The  eigenvolue i s  

kept  a t  unity. While regions w i th  f lux-dependent sources are permitted, they must not be 

adjacent to the  one fixed-source region. Corrected values for the sornple problem given i n  

ORNL-3150 are olso included. 

I N T R O D U C T I O N  

Since the code WHIRLAWAY was written, the problem arose of using the code for calculating 

the f lux distr ibution in a reactor, assuming a constant source i n  one region. Th is  calculation may 

be done by making some changes in the f i rst  two chain l inks of WHIRLAWAY. The original code 

should continue to  be used for ordinary calculations. 

The changes described here permit a constant source in one region of the reactor t o  be speci- 

f ied as input. The f lux distr ibution i s  then computed for a c r i t i ca l  reactor (k = 1). A variable 

source may appear i n  other regions. 

The running time for th is calculation may be longer than the time required for the ordinary cal- 

culation since i t  appears thot more iterations are required to  resolve the flux. 

C H A N G E S  I N  T H E  C O D E  

In the f i rs t  chain l ink of WHIRLAWAY, FORTRAN statement number 157 should be replaced by 

the fol lowing statements: 

WRITE OUTPUT TAPE 9, 1019, NGEM 

1019 F ~ R M A T  (8HO ~ ~ ~ 1 6 ~ 1 3 . 2 6 ~  IS A C$NST. S$URCE REG$N) 

WRITE @UTPUT T A P E  9, 1004 



Assuming that the second chain-l ink deck i s  l is ted w i th  58 l ines per page (beginning wi th  the 

comment card), the fo l lowing FORTRAN changes should be made in the second chain l ink: 
. . 

1. The f i f t h  statement from the bottom pf  page 1 of the code (NTAMI ='JMAX*KMAX) should be 

replaced by the fo l lowing FORTRAN statements: 

. . 

2. Statement number 901 (page 2 of the code) and the three statements' immediately fo l lowing (up 

t o  but not including statement number 902) should be replaced by the fol lowing FORTRAN 

statements: 

901 TEMRI -'XI1. . 

I F(I ~ ~ ~ ~ ) 3 0 0 6 , 3 0 0 6 , 3 0 0 5  

3005' TMF3 = A9  

TMF4 = A10 

G$ TP( 3007 

3006 TMF3 = P I  (N)*A9 

TMF4. .  = P2(N)*AlO 

3007 TEMR2 = 0.0 , 

3. Statement number 904 and the two statements immediately fol lowing (up to but not including 

statement number 905) should be replaced by the f ~ l l o w i n ' ~  statements: 



4. The two statements (GR2P = GR2P + TMSF*AlO, and GR2A = GR2A + TMSF*B8) which are 

the eleventh and twelfth statements from the bottom of page 2 of the code should be replaced 

by: 

5. The eleven FORTRAN statements on page 3 of the code, beginning with the statement iust 

preceding statement number 909 (IF(NADJJ)910,910,909) and ending with the statement fol- 

lowing statement number 910 (T22 = TMFF*(TMF2 + A8)), should be replaced by: 

6. The twelve statements beginning with the statement iust preceding statement number 999 

(IF(DENF + DENS)999,911,999) and ending with 911 (including the continuation card) should 

be replaced by the fol lowing statement (note that the second l ine is  the continuation card): 

91 1 R S T ~ T  = R S T ~ T  + (TMFI  + DENF + T44 - T22 + 
lTMSl  + T55 + DENS - T33)**2 

7. The seventh statement from the bottom of page 3 of the code (IF(NADJJ)l25,125,129) should 

be removed. 

8. The fourth statement from the bottom of page 3 of the code should be replaced by: 

9. The six statements on page 4 of the code, beginning with statement number 129 and ending 

with the statement following statement number 130, should be replaced by: 

130 RST$T = SQRTF(RST$T)/(XLAMDA*(GRI P + GR2P)) 

PHIN,@R = GRl  P + GR2P 

I N P U T  AND OUTPUT CHANGES AND RESTRICTIONS 

The region number for which the constant source is  to be specified is  written in  columns 19-20 
3 

of the control card. The constant source (specified as neutrons produced/cm -set) i s  given in  



place of vEfl (fast) and vCf2 (thermal) on the region-specification card describing the constant- 

source region. A l l  other input remains unchanged. ' 

The point X convergence condition is not calculated and w i l l  be reported as zero on output. 

The value of X (reported a; NU-CRITICAL) i s  calculated but not used in  solving for the flux. At 

convergence, X should be close to 1 .O. The fluxes are not normalized for output in this calcula- 

tion. If the source output option i s  used, the source reported for the points in the constant-source 

region w i l l  be incorrect. The input source (vZfl and vZf2) w i l l  have been multiplied by the point 

fluxes in  th is  region. 

Only one constant-source region may be specified, and this region must not be adiacent to  a 

variable-source region. Also, the adioint calculation should not be specified. 

C O R R E C T E D  V A L U E S  FOR.SAMPLE P R O B L E M  G I V E N  IN OHNL-3190 

The last column of numbers in the sample problem (see Fig. B.3 on p 25) are incorrect. The 

correct values are: 




