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A. Makes  a n y  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s  o r  i m p l i c d ,  w i t h  r c s p c c t  
t o  . t h e  a c c u r a c y ,  c o m p . l e t e n e s 6 ,  o r  u b e f u l n e s s  o f  t h e  . i n f o r m - a t  i o n  c o n t a i . n e d  i n -  -- 
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. d i s c l o s e , d  i n  . t h i s  r e p , o r t  may n o t  i n f r i n g e  p r . i v a t e l y  owned r , i g h t s j  o.rl , 
. i '  ' . .  

0 . '  Ass 'umes a n y  1  i a b i l i t i e s  w i ' t h  r e s p e c t -  t o ' -  t h e  u s e  o f , : , o r  f o r  8ama.gek 
r e s u l t i n g  f r o m  t h e ,  u s e  o f , a n y  i n f o r . m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s ,  d . i s -  

j l .  .. . 
c l o s e d  I n  t h l s  r e p o r t .  

. 8  . , 
As u s e d  i n  t h e  a b o v e ,  " p e . r s o n s  a c t i n g  o n  b e h a l f ,  o f  t h e  C o m m i s s i o n n  . i nc l . ude ,s  
a n y  e m p l o y e  o r  c o n t r a c t o r  o f  t h e  C o m m i s s i o n  t o  t h e  e x t e n t  t h a t  s u c h  e m p l o y e  
o r  c o n t r a c t o r  p r e p a r e s ,  h a n d l e s  o r  d i s t r i b u t e s ,  o r  p r o v i d e s  a c c e s s  t o ,  a n y  
i n f o r m a t i o n  p u ' i s u a n t  t o  h i s  e m p l o y m e n t ' o r  c o n t r a c t  w i t h  t h e  U. S .  Navy  o r  t h e - -  
C o m m i s s i o n .  
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DRACO is a  t h r e e - d i m e n s i o n a l  few-group d e p l e t i o n  code programmed 
f o r  t h e  I S M - 7 0 4 .  I t  i s  used i n  s t u d y i n g  t h e  n e u t r o n  f l u x ,  t h e  
power l e v e l ,  and t h e  r e l a t e d  b u i l d u p  and d e p l e t i o n  o f  m a t e r i a l s  
a t  d i f f e r e n t  s tages  i n  t h e  l i f e t i m e  o f  a  r e a c t o r .  The th ree ,  s e c -  
t i o n s  o f  t h e  code a r e  d e s c r i b e d ,  and t h e  background documents 
a r e  re fe renced .  

DRACO-A THREE-DIMENSIONAL FEW-GROUP DEPLETION CODE 
FOR THE IBM-704 

D. S. McCarty. C .  M. King. 
J. T .  Mandel, and H. P. Henderson 

I. INTRODUCTION 

DRACO is essentially a three-dimensional version of TURBO (Ref 1) with various modifications 

and several additional features. 

It provides a means for studying the neutron flux, the power level, and the related buildup and 

depletion of materials a t  different stages in the lifetime of a reactor.  Group constants a r e  calcu- 

lated and used in solving the neutron diffusion equations. The resulting-fluxes a.re normalized to a 

specified output power. With the 'assumption that these fluxes a r e  constant for a specified period of 

time (referred to a s  a "time-step"), new isotopic densities a r e  calculated for new isotopic densities 

a r e  calculated for the time-dependent elements (U-235, U-236, U-238, Pu-239, Pu-240, Pu-241, 

Pm-149, 1-135, Sm-149, Xe-135, lumped fission products, B-10, and one unnamed poison). 

' 'he code requires the following quantities a s  input for each time -step: information describing 

the geometry of the problem; option control information; the length of the time-step; net power per  

time-step; initial eigenvalue guess; convergence criterion; percentage of homogeneous poison per 

group; integral of the'fission spectrum for thermal groups; the iodine yield for U-235, U-238, 

Pu-239, and Pu-241; thermal c ross  sections; flux guess; material buckling for two-group problems; 

resonance escape probability of U-238; homogeneous poison; isotopic densities; thermal self-shielding 

(optional); and logarithmic derivatives (optional). The geometry, the number of lethargy groups, the 

mesh spacing, and the time-dependent isotopic densities may not be changed between time-steps. All 

other data may be adjusted a s  desired by the problem originator. 
\ 

During a time-step calculation the most important information printed on-line pertains to the 

progress of the iteration. A binary output tape 5s generated from which various quantities may be 

edited for off-line printing. Information vital to the running of succeeding ,time-steps and the maxi- 

mum-xenon case i s  accumulated on a history tape for each problem. 
I .  ' 



DRACO-1 requires  16,384 o r  32,768 words of core storage, a t  least one drum unit, and nine 

tape units. DRACO-2, the maximum-xenon calculation, requires ten tape units. DRACO-3, the 

off-line edit routine, requires  a maximum of nine tapes. 

11. NOTATION 

F o r  convenience, the notation used throughout this report is defined herein. 

2 
B' = material buckling equivalent to the B which is input to the MUFT code 

c = composition 

D = diffusion coefficient ... . 
? .  . 

i? = thermal  self -shielding 

i = group number 

K = thermal  group 

M = element number, 1-30 (See Appendix I. ) 

N 9 i.sntnpi.c dsnai.ty 

P r = resonance escape probability of U-238 

P = net power per  time-step 

( rp)  = mesh rectangular parallelepiped - 

ti = fraction of homogeneous poison pek group 

(x, y, z)  = interior point . . 

At = length of time-step 

= convergence criterion . . ,. : . . . e:;. 

K = cnergy produced per fission 

. . 
A '  - = eigenvalue . - . * .  

' . ,  . . . . . . .  . . i . .  

v ' = number of neutrons produced per fission for 'a certain element . . 
.. , 

, .  . 
.1 .. ; . ;' 

u = microscopic absorption c ros s  section . .  . _ . l  . . .  a 
. . 

rf , '  . 
= inicroscopic fission c ros s  section . . 

, . . . . . 

u 
1' 

' = ~ i c r o s c o p i c  rdmoval c ros s  section ' . . 
. . 

0- t r  = microscopic transport c ros s  section 

. X .  = macroscopic absorption c ros s  section 
a 

. . .  . . 
vZf . = macroscopic fission c ros s  section 

Zi. = macr.oscopic removal c ros s  section , I  . , ! . . .  : . : .  , 

. . 
= 'poiiitwise, source -normalized flux. . : .  . I . .  , 

cP . . .  . 
. . .. . - 

4p = average flux for mesh rectangular parallelepiped' ' i t  . . . , -. 

iP = power-normalized flux for mesh rectangular parallelepiped . .  . 
, 5 '  

X = integral of the. fission spectrum . . . . . . . . .. 
.. . . . % 

. .  . . . 
' 8 .  . 111.: REGION O F  SOLUTION . . 

, . . . . 
A mesh is imposed on the region under 'consider=tion by defining a se t  of X, Y, and Z coordi- 

nate axes and by spacing horizontal and vertical planes along these axes. With s s ,  tt, and uu 



referring to the number of the last plane in the X, Y, and Z coordinate directions, respectively, and 

with numbering of planes beginning at zero, the following c ~ n d i t i o n ~  must be met: 
, , 

1) s s  = tt; 

2) 3 < ss < 28, 3 5 uu 5 28; - - 
3) 112 ss(ss-1)  (uu-1) < 2685 or 4750 for  machines of 16,384 or 32,768 words of core storage, 

respectively; and 

4) the plane x = y i s  always a plane of symmetry. , 

1nte.rior points a r e  defined a s  those points where planes parallel to the XY, XZ, and YZ planes 

intersect on and within the plane limits of x = 1,  y = SS, x = y, z = 1, and z = uu-1. 

A mesh rectangular parallelepiped is defined by i t s  eight vertices-(x, y, z) ,  ( x t l ,  y,  z) ,  (x, y t l ,  z ) ,  

( x t l ,  yt1,-z), (x, y, z t l ) ,  ( x t l ,  y , z t l ) ,  (x, y t l ,  i t l ) ,  and ( x t l ,  y t1 ,z t l ) -where  values of z range from 

zero to uu-1 and values of x and y fall on and within the limits of x = 0, y = ss-1,  and x = y. 

A composition, made up of one o r  more mesh rectangular parallelepipeds, is identified by the 

material which is initially contained in that region and by the parameters which apply to that region. 

A maximum of fifty compositions is handled by the code; any of thirty elements (see Appendix I) 

which a r e  described by their isotopic densities and thermal self-shielding may be included in a com- 

position. At the beginning of each time-step, a composition number is assigned to each rectangular 

parallelepiped of the mesh. This number indicates which parameters and which time-independent 

isotopic densities apply to the rectangblar parallelepiped for that, time-step. At the beginning of 

life, the number also identifies the initial isotopic densities of the time-dependent elements which 

are  to be associated with the mesh rectangular parallelepiped. 

Zero flux or  zero current may be imposed at any of the outer boundaries. If zero  current is 

imposed at some boundary, the f i rs t  plane interior to that boundary is a plane of symmetry. 

The code will handle only two- or  four -lethargy groups. 

IV. GROUP CONSTANTS 

For use in the solution of the neutron diffusion equations, U, Xr, Za, and V Z  a r e  evaluated lo r  f 
every rectangular parallelepiped of the mesh. 

In a four-group scheme these quantities a r e  calculated (Ref 2) a s  follows: 

1) Diffusjon coefficient 

1 30 M 
D  PI = [) zZl N (rp) for i = 1, 2, 3 

and 

2) Removal cross  section 

i 30 M 
M o i  fo r  i = I ,  2 Zr(rp) = 1 N (rp) ur 

M=l 



and 

... 
3) Absorption c ross  section 

30 
3 ( p )  = 1 NM(rp)  uF*,3 

r . . . . . . . .  M=l '. P r 

c. . . . . ,  . . .  ' 
2 ,  

and 

. . .  . . . .  ..,! : . . . 2 *. 
" 4) Fission c ros s  'section'; 

. . . . . < . .  > . , . .  . 7 .  I 

. . 
and 

. . .  :. , 9  . , . . ,  

In a two-group scheme the preceding kquatidris for  the tlierrnal.c6nstimts al'e Jalid: ~ u a n t i t i e s  

for three, fast neutron energy groups a r e  calculated a s  above with the exception that- the t i (E, . ) .  , 

P = 
tpy.m.is . . omitted in the absorption.cross,section.~ These values a r e  applied in the fol10,wing editing . . : ' 

procedure to obtaiin constants for the epithermal group qf this~s,cheme. . . 
F o r  i = 1, 2,  3, a group,flux is defined a s  . . . . .  

where the x's a r e  program constants. 

The group constants than becomc 
3 

. . : . 'x D1(rp) .ri(rp) .. 

i=i' 
Di(rP) = ; 

& r i ( rp)  
i=l 



and 

The isotopic densities for elements 1-17 a r e  input for each time-step and a r e  assumed to be con- 

stant within a composition. At time-step zero this is  a lso true of the densities for elements 18-30. 

Thereafter, the time-dependent isotopic densities resulting f rom the previous flux calculations a r e  

available on the history tape. .These densities a r e  assumed to be constant within a mesh rectangular 

parallelepiped. 

Microscopic c ross  sections for the three, fast neutron energy gi-oups a r e  maintained in. a l i b r a ry  . 

record on the program tape (see Appendix 11). For  each time-step, a maximum of four sets  of ther -  

mal cross  sections may be specified to be used in designated compositions: 

The resonance escape probability .of 'u-238 is input for each composition. The thermal self- 

shielding for an element i s  constant within a composition and, unless otherwise specified, is assumed 

to equal unity. 
. . .  . ,  . . . 

V. NEUTRON-DIFFUSION EQUATIONS 

A modified version of TKO-1 provides the solution to the neutron-diffusion equations (Ref 3 )  

where K = 2 or 4 and Zk = Z: + xi. With the assumption that rp and DZ (where 2 is normal tg an 

interface) a r e  continuous within a rectangular parallelepiped and across region interfaces, a seven- 

point approximation meth0.d is used in  an iterative procedure to obtain a flux value at each interior 

point of the mesh. 

The following equation may be applied at the boundaries of a region or  regions in which the flux 

i s  not defined. 

where c is a positive constant and $ is taken perpendicular to the interface in the direction of the 

parallelepiped in which the group flux is not defined. 

The initial, flux guess required in the solution of the above equations may be supplied in any of 

three ways. At time-step zero, a flux guess may be specified for each composition, o r  a tape con- 

taining f l w  values from some problem with identical geometry may be used. For  succeeding time - 
steps these options, a s  well a s  the option to use the fluxes from the previous time-step calculation, 

a r e  available. Under the f i rs t  flux option, i f  the logarithmic derivative condition is to be applied a t  

the boundary of a composition, the flux guess supplied for that composition must be zero. For  the 

other two options, fluxes interior to such regions a r e  automatically set to zero by the code. 



VI. DEPLETION EQUATIONS . . . . . .  .I . . . .  . . ., . 
An average flux, .- . - -  , , .  . 

-i 
(p (rp) = V=l 8 , 

i 
is calculated for  each rectangular parallelepiped of the mesh where (p (v) refers  to the point flux a t  

the vertex v of the parallelepiped. . . . . .  . . . . 

The total power contribution of each-paralle1epipe'd.i~ then evaluated by 
. . 

. . . . .  ;. . , . . . . . .  . . . . .  0 ,  From. the relation 
. : .  . . 1 I : :  

. . a .  I . . .  , . .  : I '  , . :  . 
. . . . . .  P = S P ( ~ P )  dv* , . . . .  

/3 is determined and,used to  obtain,the p0we.r-normalized fluxes,. . . .  . . 

With . these. . - flyxes, the various ,parameters,  and the isotopic densities used in calculating the . . 

group constants for, ~a time -step, new isotopic . . . . .  ,densities .are evaluated for the time-dependent elements. . . 
The following coupled f i rs t -order  differential equations a r e  solved with a trapezoidal rule.scheme, . 

applied in approximating the difference equations for the U-235 and U-238 chains and with a semi- 
I : ,  

analytic method employed in solving the equations for the fission product chains ( ~ k f  '4). 
; . . .  . .  . . 

i. . , . , .  . . . . .  Ur-arii--21 ' ' . ' . .  

+The integration is performed over the region bounded by the planes x = 0, x = s s ,  y = 0, y = SS, 
z = 0,  and z = uu. 

+*Number in parentheses indicates element number (see Appendix I). 



J 
where A refers  to elements 18, 20, 21. 23; *24 is the decay constant of Pm-149; and yf4. a program 

constant is the Pm-i49 yield for  elemellls A. 

Samarium-149 (26) 1 



. . . ,, . . .  . 
A . .. 

where y14, an input quantity, is the 1-135 yield for elements A and y25 is the decayconstant of 

1-135. 

A where y17, a program constant, i s  the Xe-135 yield for  elements A and kz7 is the decay constant 
. . . . . . 

of Xe-135. . .  . . , 

Lumped Fission Products ( 2 8 )  

. . 
A - . . s  :..: 

where y28, a program constant, is the fission product yield for elements A. 

~ u r n a h l e  Poisons , , , 

; Unnamed poison (30) 

VII. MAXIMUM-XENON CALCULATION (DRACO-2) 

A maximum-xenon calculation may be done ,at any time-step except zero. . The power-normal- 

ized fluxes of the requested time'-step a r e  reduced by a specifikd percent and ;re used to calculate 

new isotopic densities for  a specified interval of time. With the group constants corresponding to 

these new densities, the neutron-diffusion equations a re  solved a t  each interior point. The resulting 

source-normalized fluxes,,are averaged for each mesh rectangular parallelepiped and a r e  normalized 
. , ,  

The calculation ends here,  and selective editing may be done from>the binary output tape. 
. . . . .. 

Non-zero power may not be specified unless the requested time-step has been completed on 

DRACO-1 sfiice the source-normalized fluxes corresponding to this time-step a r e  read  from- the 
/ .  ..I 

h istory tape and a r e  used to obtain the power-normalized fluxes required in the depletion. When 

zero  power is specified, the requested time-step need not be completed a s  the f111xes i ~ s e d  i n  the 

depletion a r e  se t  to zero. ,and the necessary isotopic densities are-already available'on the history 
: i ta PI?. 

The initial flux guess for the DRACO-2 iteration may be supplied by expanding a flat flux guess, 

by using a flux tape from a problem with the same number of points and groups, o r  by requesting 

that fluxes be copied from the DRACO-1 history tape (for zero power the f l w e s  of the previous time- 

s tep a r e  used, and for percent power the fluxes of the specified time-step a r e  used). 



In submitting a DRACO-2 problem the requestor must specify to which history tape. generated 

by DRACO-I the,problem refers .  This tape must be identified by the DRACO-1 problem number and 

the number of the time-step which must be complete for a problem of zero or  non-zero power. 

VIII. OUTPUT 

During a time-step calculation the following information is edited on-line: 

1) At time-step zero only, the composition values of D, Za, vZf, and Cr. 

2) The omegas, the eigenvalues, and other information pertaining to the progress of the i te ra -  

tion. 

3) The composition integrated volume and the composition integrated and averaged fluxes for  

each group. 

4) The percentage of power for each fissionable element in each composition, and the percent- 

age of power contributed by each composition. 

5) The normalization factor used to obtain the power normalized fluxes. 

Under option, a picture of the composition arrangement may be obtained for off-line printing. 

If desire'd a t  all ,  this may be requested immediately after the input has been processed, in which 
1 

case the program stops and tapes a r e  saved for a res ta r t ,  o r  at the'end of a time-step calculation. 

The binary output tape generated during a time-step calculation contains the restar t  record and 

the composition.description; the initial isotopic densities of elements 18-30, the group constants, 

and values of ( K ~ Z ~ ) ~ ~  for each mesh rectangular parallelepiped; the power normalized fluxes and 

the source te rms  for each interior point; the element power, the total power, and the group power 

for each mesh rectangular parallelepiped; the power normalized fluxes; and the final isotopic .den- 

sities of elements 18-30 (DRACO-1 only) for  each rectangular parallelepiped. From this tape, ce r -  

tain data can be processed upon request for off-line editing. The editing procedure and the informa- 

tion available a r e  described in Section XI. 

IX. CODE ROUTINES-DRACO-1 AND DRACO-2 

A. Input Routine 

~ e c i m a l ' d a t a  is read by means of the subroutine WH001, and information is checked against 

input restrictions wherever possible. The sequence of cards is always checked. In the event of 

any e r ro r ,  the nature of the e r r o r  is printed on-line and the program stops. A res ta r t  at such a 

point is impossible; the data deck must be re-read. 

A t  time-step zero, the image of the title card, the dimensions of the problem, the number of 

groups, the boundary conditions, and the mesh spacing a r e  recorded at the beginning of the history 

tape. At future time-steps, corresponding information is checked against this identification to . 
insure that the proper history tape is used and that the requestor has not made any prohibited 

changes. 

For  each time-step the composition description is expanded so  that a composition number is 

assigned to each rectangular parallelepiped of the mesh. The library of the fast cross  sections is 

merged with the thermal cross sections, The routine always processes cards containing the flat 

flux guess, the MUFT buckling (for two-group problems only), the resonance escape probability of 

U-238, and the homogeneous poison. The flat flux guess, however, is ignored i f  the requestor does 

not ask for the expansion of a flat flux guess. Isotopic densities which a r e  not specified a r e  auto- 

matically set to zero, and after time-step zero, any cards containing densities for elements 18-30 

a r e  processed, but the information is ignored. Unless otherwise specified, thermal self-shielding 

io a l w a y ~  Eet equal to one. 



B. Restart and Positioner . .. . . .  . . . .  . , . . , . . . . 

Normally this routine searches through the history tape (tape 7 for DRACO'~ and tape'10 for ' 

DRACO-2) and positions it correctly for  the specified time-step calculation.' If resuesteb, the flux 

values of the previous time -step a r e  t ransferred to another tape to supply the initial flux guess for 

the iteration. In DRACO-2, if a non-zero power level is ,indicated, the fluxes for the requested 

time-step a r e  copied for use in the percentage flux routine,and the depletion calculation. 

When a res ta r t  i s  initiated. "DRACO RESTART OF,  " the problem identification and the time- 

step number a r e  printed on-line. The history tape and the binary output tape a r e  positioned cbr-  

rectly, and the calculation is continued at the best res ta r t  point which may occur a t  the beginning 

of any routine (except the input routine) and, in the iteration, at the beginning of a group calculation 

o r  the source calculation. 

C. Part ial  Sums 

In preparation for the computation of the group parameters ,  the following quantities a r e  cal- 

culated. 

for i = 1, 2, 3 , 

17 nm om" for  i .= I, L, 3 2) ( )  = 1 tr . m=l  

and 

and 

The isotopic densities, the c ross  sections, and the thermal self-shielding factors which per- 

tain to the time-independent elements a r e  discarded. 

At time-step zero, isotopic densities for elements 18-30 a r e  assigned to each mesh rectangular 

parallelepiped according to the composition number of the rectangular parallelepiped. These values 

a r e  recorded on the history tape a s  the initial isotopic densities for time-step zero. 

D. Flux Expansion 

When the option to expand a flat flux guess is used, this routine calculates a flux value for each 

inter ior  point for each iethargy group by averaging the composition flux values of the eight rectan- 

gular parallelepipeds surrounding the point. 

If a flux tape is used, the tape is copied and the program stops s o  that the original tape may be 

saved; instructions to the machine operator a r e  printed on-line. 

When either a flux tape or  the fluxes of the previous time-step a r e  used, the appropriate group 

fluxes a r e  se t  to zero for points interior to a boundary a t  which a logarithmic derivative condition 

is to be applied. 



E. Percentage Flux Routine (DRACO-2 only) 

6 In a maximum-xenon calculation fo r  a given t ime-s tep,  this routine reduces  the flux level (or  

power level) by the specified fraction. If a z e r o  power level is requested, a l l  fluxes t o  be used in 

the depletion equations a r e  se t  equal to  zero.  Otherwise, the averaged, power-normalized fluxes 

a r e  multiplied by the specified percentage for  use  in the depletion equations. 

F. Macroscopic Data Calculation 

The group constants a r e  calculated a s  indicated in Section IV. 

In preparation for  the power calculation. the following quantities a r e  evaluated: 

f o r  i = 1, 2, 3 and M = 18, 20, 21, 23; 

and 

M M M  
K p =' K v r f C  gc N ( rp )  lK . 

F o r  a two-group scheme, these quantities a r e  edited using the s a m e  procedure applied to the group 

constants. 

The isotopic, densities, r ead  for  this calculation f r o m  the history tape, the macroscopic data, 
M i  and (KM vZf(rp) ) a r e  recorded on the binary output tape. 

At t ime-s tep zero,  the composition values of D, Za, .Cf, and Z i r e  edited on-line; r 

G. Coefficient Routine (Ref 3) 

The group constants a r e  combined according to the difference equations used in solving the 

neutron-diffusion equations. 

H. Omega Routine (Ref 3) 

i 
This routine es t imates  the optimum overrelaxation factors ,  o , t o  be used in the group i t e ra -  

tions. Under option, this routine may be skipped, and the omegas of the previous t ime-s tep used. 

I. Iteration Routine (Ref 3 )  
. .. 

A group source  is calculated to s t a r t  the inner i terations which resul t  in group fluxes. These 

flukes a r e  used to evaluate a new source app;'oximation f rom which a new eigenvalue approximation 

is determined. Under cer ta in  conditions ,the source  is extrapolated and renormalized before repeat-  

ing the above s e r i e s  of source ,  flux, and eigenvalue calculations re fe r red  to  a s  an outer iteration. 

If F (the approximation to  the homogeneous spec t ra l  norm of the outer i teration matr ix)  is non-zero, 

the source  extraPolalions a r e  begun at  the end of the second outer iteration. I f 7  is ze ro ,  a value of - 
u is calculated a t  the end of the fourth i teration, and depending on i t s  value the extrapolation may  o r  

may not be performed. Under option, a f r o m  the previous t ime-s tep inay be used initially in'stead 

of a z e r o  value. . . 

A problem is considered converged when 

A max - x min < E2 
2 A - 

F o r  each i teration, the number of inner i terations,  the init ial  and final res idues ,  and the eigen- 

value a r e  printed on-line. 

J. Average Routine 

This routine calculates and prints on-line the composition integrated volumes and the composi- 

tion integrated and averaged fluxes for  each group. 



K. Flux Normalization , . ~  
. . . . . . .  

As described in Section VI, an average flux is  calculated for each mesh rectangular parallele- 

piped for each'lethargy group. . . . . . . .  

The following power quantities a r e  calculated and recdrded on the binary output tape. (All 
' 

integration is performed over the region boun'ded by the planes x = 0, x = s s ,  y = 0, y = s s ,  z = 0, 

and z = uu. ) 

1) Fo r  each mesh rectangular parallelepiped . 

a)  the power contribution-of each fissionable element.(M = 1.8, 20, 21, 23) 

b) the power for  each lethargy group 

. . 
c)  the total power 

2 )  For  each composition 

a )  the integrated power for each fissionable isotope . . 

b) the total power 

. . 
3) For the entire region under consideration 

a j  the< integrated power for each fissionable isotope 
. . .  . I . 

b) the total integrated power 

The average fluxes .are  normalized and recorded on the. binary output tape.. ..< . . . . 

In UHACU-1 the normalization factor i s  given by 

where P is the net power per time-step. . . .  

In DRACO-2 this factor is given by 



Information printed on-line includes: 

M 1) percentage of power for  each fissionable element pe r  composition ( P C  /.PC), 

2) the percentage of power per  composition with respect  to the total power ( P c / P R ) ,  

3) the normalization factor ,  0. 

L. Depletion 

The depletion equations l isted in  Section VI a r e  solved for  each rectangular parallelepiped of 

the mesh  and a r e  recorded on the binary  output tape and the his tory  tape. 

In DRACO-2 this routine follows the Percentage Flux Routine. The init ial  isotopic densi t ies  

used in the depletion equations a r e  the densit ies recorded on the history tape for the requested 

t ime-step.  The new isotopic densit ies a r e  recorded on the binary output tape a s  the init ial  isotopic 

densit ies for the xenon calculation. There  a r e  no final isotopic densit ies recorded fo r  a maximum- 

xenon calculation. 

M. Pic ture  Edit 

When requested,  this routine p r e p a r e s  a BCD output tape containing a picture representa t ion 

of the composition numbering for the region under consideration; This  picture,  i f  des i red a t  a l l ,  

may be obtained immediately af ter  the input has  been processed o r  a t  the end of a t ime;step ca'lcu- 

lation. If the edit is performed, the number of the tape (4 o r  9) containing the BCD picture is 

printed on-line. When the edit follows the input, the program s tops ,  and tapes  a r e  saved for  a 

r e s t a r t .  

At the end of a t ime-s tep calculation, the number of the flux tape ( 5  o r  6 )  is indicated s o  that 

i t  can be saved if requested.  

N. Continuation of History Tape (DRACO-0) 

When the end of tape 7 is sensed during the running of a DRACO-1 problem, a six-word r e c o r d  

of z e r o s  and /o r  three  end-of-files a r e  writ ten on 7 a s  end-of-tape identification. Tapes  1, 7 ,  and 

9 a r e  rewound, and the following statement is printed on-line. 

"End of tape 7 has  been reached. Load routine to write new tape 7. ': 

DRACO-0, the routine which continues the history tape, copies onto tape 4 the problem identi-  

fication record  and a l l  information available for  the t ime-s tep during which the end-of-tape was 

sensed. The t ime-s tep identification on tape 7 is rewri t ten  with an  impossible t ime-s tep number s o  

that no future r e fe rence  may  be made to this tape fo r  the incomplete t ime-s tep.  Operating ins t ruc -  

tions and information pertinent to labeling the his tory  tapes  a r e  printed on-line a s  follows: 

' 'Remove tape 7 and save . .  . where 'T  equals  number of t ime - 
s t ep  being run ,  this tape includes t ime-s tep  T-1. Turn tape 

indicator to * blank *. 
Continuation of h is tory  tape is on logical 4. Set tape indica- 

tor  to 7. This  tape begins with t ime-s tep T. 

Mount blank tape and s e t  to  logical 4. 

Res ta r t  problem. " 

X. 1NPl.JT-DRACO-1 AND DRACO-2 

F o r  convenience, the input data is divided into the following c a r d  number s e r i e s .  

1000 general  information 

2000 mesh  spacing i n  the X coordinate direction 



: . 3000 mesh  spacing 60 the Z coordinate di rect ion '  
, . 1 .  

. . .  - .. 
: ,  . . . . 4000 composition description ' i ;  

5000 the rmal  microscopic  c r o s s  sec t ions ,  . . , . a .  

6000 composition flux guess  
% .  . . "  

7000 MUFT buckling, included only for  two-group problems 
. .  . I  . . .  

8000 resonance escape proba'bility of U-238 
- .  

. . . .  . , . . -  ' . .  ,,. _ .,.(.. . . . . . . 
9000 homogeneous poison , ,. . . . . .  . .  . , _ .  I :  . . 

10000 isotopic densit ies , . 
. . .  , 11000 . ther'mal self-shielding.. . . . . .  . . 

8 
, -  . . . 

, :  . , ,: I . . . . . . . .  : .. :.. . . .  . . . .  , 

1 2000 'logarithmik derivafi&s 
. . .  . . . . .  . . ., - , . .  " ,  . .  . . ' .  ,.. . . . ,  : '>  

T h e r e  a r e  eight input f o r m s  which apply to a DRACO problem. At least  one of each of these .  . < 

f o r m s  is necessa ry  to specify a problem. These f o r m s  must  be completed a s  described below. .. : 
. - . a ,  . . . . .  

C a r d  numbers  a r e  always in fixed decimal form.  In general,  a l l  control information is in 
. . . . . . . . . .  

f&d de=it+i'foini whil'e values fo r  specific buintit 'ies a r e  indicated in floating'de&nal fo&. If 
' .  . , . . .  - ,  

N = *O. xxxx loiry,  ' the  flbating decimal: equivalent is *ccxxxx where cc  =' 50 'y. "A floatirig point 
8 '  . . .  . , .;,>::. 
z e r o  is indicated a s  a l l  ze ros .  . . 

. . 4 :  . . . . I I  I , '  ' 
'. ' ..*. ., . - .  

F o r m  1 , .  . .  . . ...: :, , .  0 . . . . .  . . I , .  . 

Identification Card . . 

'This c a r d  must  r emain  the s a m e  f o r  a l l  t ime-s teps  of one-problem. Columns 1-49 a r e  avail-  

able to  the requestor  for  identification. Column 72 must  contain a 1 o r  a Z,.,where . . 

1 = normal  t ime-s tep 

2 = maximum-xenon calculation 
.( ' . . . .  , . ,  . . . . .  

' ~ a r ' d o i o ~ l  . . . .  
. . . . . .  . % . . . . . . . .  

This  c a r d  must  contain the following information; unless otherwise indicated. numbers a r e  nf 
. . .  . . .  . . , . . , .  : .. fixed decimal  forhi.  , ' 

. . . . . . . . .  . & . ~uniber '6T '  gr'oups '= 2 dr 4 . . . .  
. . . .  . . .  

0 I .  

. . . . 
Number of , c o m p o s i t i o n s . ~  50 .... . . .  - .  * .  

ss ,i number of 1ast.plane i n  the x coordinate direction where numbering of planes begins at 

v :  . . . . . . .  zero .  ss must  be 5 28: . . ..:. 

uu number of l a s t  plane in  the z coordinate direction wherenumber ing  of planes begins at 
zero.  uu must  be 5 28 and 1 /2(ss-1)  (ss) (uu-1) 5 2685 o r  5 4750 fo r  machines with 

16,384 and 32.768 words of core  s torage,  r ~ s p ~ c t i v e l y .  

a = fl z+i'n r 1 1 . 1 ~  .+I .a. - n ; , ~ t  A 0 c - U z e r o  flux at z 0 

a = 1 plane of symmet ry  a t  x - '1,  y = 1 c = 1 plane of symmet ry  a t  z = I 

b = 0 z e r o  flux a t  x = s s ,  y = ss d = 0 z e r o  flux a t  z = uu 

b = 1 plane of symmet ry  at x = s s - 1 ,  y = s s - 1  d = 1 d a n e  of symmet ry  s t  z - uu-I 
. . 

Flux option 
, : DRAi=O- <:: 

t1 expand flat flux guess  



t 2 .  use fluxes of previous t ime-s tep 

t 3  use flux tape 

t 1  expand flat flux guess 

t 2  for  ze ro  power use fluxes of previous t ime-step; for percent power use fluxes of spe -  

cified time -s tep 

t 3  use flux tape 

Picture option 

t 1  no picture desi red 

t 2  obtain picture a t  end of t ime-s tep 

t 3  obtain picture af ter  input; save tapes for  r e s t a r t  of problem. 

Sigma option 

t 1  initial equals z e r o  

t 2  use 7 of previous time -s tep a s  initial 

Omega option 

t 1  calculate omegas 

t 2  skip omega routine and use omegas of previous t ime-s tep 

Number of s e t s  of thermal  c r o s s  sections being used in t ime-s tep is 5 4. 

Time-s tep number 

At the s ize  of the t ime-s tep in seconds (floating point). 

P the total power in watts for  the region considered (floating point). In DRACO-2 this 

becomes the fraction of power to be used in calculating maximum xenon. 

Card 1002 (floating point) 

i0 initial eigenvalue guess  

rn convergence cr i ter ion 

t l ,  t2 ,  t3, t4 for  four-group problems and t l ,  t (t and t4 equal ze ro )  for  t w ~ - ~ r ' o u ~  problems 2 3 

Card 1003 (floating point) 

x l ,  x2,  x3 f o r  four-group o r  x1 (xZ2 x3  = 0) for  two-group problems 

K -1 

1 x .  iniusl be 2 0.95 acd < 1. 05 
i 

Card 1004 (floating point) 

yi, iodine yicld for  c lcmcnts  18, 20, 21, 23 

F o r m  2 

Mesh Description 

Because of the symmet ry  imposed a t  x = y, the mesh  in the X coordinate direction equals that 

in the Y direction, and only the mesh  in one direction must  be described. As many pa i r s  a s  neces-  

s a r y  of the following values should be used to  specify the mesh:  A ,  a floating point value of the mesh  

width which applies a t  each mesh interval between the previous plane N (initially assumed to  be z e r o )  

and some other plane N in the X direction. Values of N a r e  in fixed decimal fo rm and must be in 

gscending order 'wi th  the last  N equal to ss. Cards  in this s e r i e s  a r e  numbered beginning a t  02001. 



Similar ly ,  the mesh  i n  the % direction is descr ibed with N. r e fe r r ing  to the number of ,the plane 

i n  the Z direction to which the preceding A applies.  Here,  the las t  N m u s t  equal uu. Cards  in this 

s e r i e s  a r e  numbered beginning qt 03001. 

Since s y m m e t r y  may  occur  a t  any f i r s t  in t e r io r  plane, the following . . r e s t r i c t ions  apply. If on 
. . 

c a r d  01,001,. a =. l , . , the  m e s h  cannot change.at  x = 1 ( y  = I ) .  . , If b = 1, i t  cannot change at x = ss-1  
. . 

(y  = ss-1). If c = 1, i t  cannot change a t  z .= 1, and if d = 1, i t  cannot change.a t 'z  = uu-1. 
, , 

All c a r d s  m u s t  be fi l led except the l a s t  c a r d  of a s e r i e s  which should be filled with z e r o s  if 

incomplete.  . . .. .. . I 

F o r m  3 . - . , . . :  - . : .  

',. , *: , . .  . . . Composition Description 
. . -.., , . . 

A composition number i s . a s i igned  to each m e s h  .rectangular parallelepiped 'of ih&region under 

consideration.  Between planes z = 0 and z = 1, i t  is necessa ry  to give eve ry  mesh:rectangular 

parallelepiped a number.  Therea f t e r  i n  going f r o m  XY plane to XY,plane i t  is only necessa ry  to 

indicate changes which occur  within the l imi ts  of x = 0,  x = y, and y = ss , .  although the whole plane 

m a y  be described. Composltlon numbering 1s reflected to complete the description of the space  
7 .  . . .. 

between any two XY plan'es. 

In descr ib ing the m a t e r i a l  composition it is necessa ry  to  specify the number's of the planes in 

the Z direction betwe'en which's ce r t a in  deicr ip t ion kppiies. These  plane 'limits are ' indicated by 

P1 and P2,  where  , . 

1)  init ial ly P1 must  equal z e r o  . - 

. . ,' 

2) any succeeding P1 mus t  equal the previous P2 ' 
. . . . . . 

3 )  the values  .of P2, mu,$ be ,in ascending orde.r, and 

4) the l a s t  P2 must  equal uu. . . 

The space  between the f i r s t  two XY planes within any P1 and P2 should be adequately descr ibed 

(that  i s ,  if between planes z = 0 and z = 1 ass ign a number to each m e s h  rectangular parallelepiped, 

and the rea f t e r  indicate changes which occur  f rom the previous plane wi th inx  = 0 ,  x = y,  y = ss). 

Th i s  descr ip t ion will be repeated a s  requested,  P2  - P1 t imes .  

If m o r e  than one c a r d  is requ i red  t o  descr ibe  the composition between P I  and P2,' l-', ah'd P2 

a r e  indicated only on the f i r s t  card .  .These .va lues  mus t  be z e r o  on the remainder  of the c a r d s  used 

f o r  that par t icular  interval.  

The  l iml t s  in the X and Y direct ions  within which a cer ta in  composition number V applies a r e  

indicated by 

X1 = left houndary, 

X2 = right boundary, XI  < X2, 

Y1 = upper boundary, and 

Y2 = lower boundary, Y1 < Y2 . . . 

All c a r d s ,  except the las t  one, for  any' l i inits  Pi -'p2 m u i t  be filled. Incomplete c a r d s  should 
. . . . be 'fiiled wi th 'zeros . '  ' .'' . .. 

. ,  . . . . . . . , .  . . , .., 
The  following res t r i c t ions  a r e  se t  by the position of planes of symmetry .  

., .... . . 
If, on c a r d  01001, a = 1, the composition numbering m a y  not change a t  the f i r s t  in t e r io r  .plane; 

i n  the X o r  Y coordinate direction x = 1,  y = 1. .If b = 1, . i t  cannot change a t  x = s s - l , ,  y = s s -1 ;  If 

c = 1, i t  cannot change a t  z = 1, and if d = 1 ,  it cannot change a t  z = uu-1. 



Form 4 . ;.- 

. . 
Thermal  'Cross  Sections 

A maximum of four' s e t s  of thermal  c r o s s  sections may be input a t  each t ime-step.  Each s e t  

requires  a control card o r  ca rds  indicating in what compositions the se t  is to be used. On the f i r s t  

of such control ca rds ,  the total number of compositions in which the se t  applies must be specified. 

This  number is followed by.the numbers of the compositions in which the se t  is to  be used. If the re  

is only one se t ,  the "total number" on the f i r s t  control ca rd  should be ze ro ,  indicating that the se t  

should be used in a l l  compositions. Allowing fo r  a maximum of 50 compositions, three  control 

ca rds  may be needed. Fi l l  incomplete ca rds  with zeros .  Control numbers a r e  of fixed decimal 

form. 

Following the essential  control card o r  ca rds  for each set ,  specify (in barns)  rtr, ua, r f ,  and 

.r a s  indicated on the input form. These a r e  a l l  floating point values. f 

This s e r i e s  of ca rds  must  be preceded by a control card numbered 05000; remaining cards  a r e  

numbered beginning a t  05001. 

F o r m  5 

A flux guess must  be supplied for  each composition for  each lethargy group. When a logarith- 

mic  derivative boundary condition is being applied in a composition, the flux value for that compo- 

sition must be zero.  The flat flux guess  will be used a t  any t ime-s tep i f  requested on card 01001 

under the flux option. 

This s e r i e s  is preceded by a control ca rd  numbered 06000. Cards  for  group one a r e  numbered 

beginning a t  0601 1,  for  group two beginning a t  06021, for group th ree  beginning a t  06031, and f o r .  

group.four ( see  fo rm 6) beginning a t  06041. 

F o r m  6 

This fo rm contains the flux guess  for  group four. Cards  a r e  numbered beginning at 06041 a s  

indicated. 

F o r  two-group problems a value fo r  the MUFT buckling must  be supplied for  every  composition. 

Cards  a r e  numbered beginning a t  07001. 

F o r m  7 

Values (in floating point form) for  the resonance escape probability of U-238 and for  the homo- 

geneous poison must  be supplied for  each composition. 

2 8 
pr ca rds  a r e  numbered beginning at U8UUl. 

Z . cards begin at 09001. 
P 

F o r m  8 

This fo rm is used to  specify isotopic densit ies,  thermal  self-shielding factors ,  and logarith- 

mic  derivatives. 

Isotopic Densities 

Each element requ i res  a control ca rd  followed by ca rds  containing isotopic densities. On the 
control card the element number (1-30) must be indicated. This number is followed by the number(s)  

of the composition(s) in which that element appears  (that is, compositions in which elements 1-17 a r e  

non-zero for  the particular t ime-step and, a t  the beginning of life, in which elements 18-30 are non- 

ze ro) .  If an  element is present in a l l  compositions i t  is only necessary to se t  the f i r s t  composition 

number on the control ca rd  to zero.  



A control card  i s  followed by cards  containing floating point values of the isotopic densities of 

an element for each composition in which it  appears. If an element appea,?s in more  t.han.21 or less  
. . .  

than 50 compositions, another control card  may be used for that element followed by the necessary . . . . . .  . . . .  . . . .  i .. c ' . , '  : . ' .. . . ., . .  . . 
cards  containing isotopic densities.. . . .  , I . . . .  . ,  . .  ( '  : . . . . .  

Elements need not be specified in order .  . . .  _ ' _  . ' . _ ' .  . . 

Cards a r e  numbered beginning.at 10001.. This .ser ies 'must  be followed byia control card num.-a 
. . .  , . . . . . . . .  bered . l l  oB'o. . .- . . 

... 
Thermalself-shielding . 

. . 

, . . . 
Thermal  self-shielding factors whichare  not equal to one must be specified just a s  the isotopic 

densities a r e .  Each element requires a control card containing the element number (1 -30) and the 

numbers of the compoditions in which the self-shielding is i o t  one. A' control'card'ib followed'by 
..__ . . . . . ,. E , . . _. -. . . . 

cards  containing appropriate self -shielding values. 

Cards a r e  numbered beginning s t  11 001. T h e  nerios is fullowed by a'coairol ca id  n&nbered 
. . ,  . .  

12000. This card  must always be present whether o r  not s ~ l f - s h i ~ l d i n ~ ' r r = l l . ! 4 ~  hive boon opeciiiih, 

Logarithmic Derivatives 
. . .  

~o~ar i thni ic"der iva t ives  a& specified in t,he asmi  manner ak'Li-c thc' iobtdpi= densitie.6. 1-Jt.1.e 
. . . . 

, .. 
group number repldces element number. 

% .  . . . . . . . .  
I .  ': ' . .  ' I '  . . 

Cards a r e  numbered beginning at 1 2001. The s e r i e s  must be followed by a control .card mum;- 

bered 13000. This card must be present whether or  not logarithmic de,rivatives have been specified. 
. . . . .  . , . . ,. ' . . 

XI. , OUTPUT ROUTINES (DRACO-3) ,. , , , , . 'I , . ., .. 
:: . . -  ... 

. . . - 
The output routine so r t s  f rom the binary output tape (9)  fhe informat'ion.needed for  the edits % .  

requested and writes this information on tapes 2, 3, 4, 5, and 8 The selected edit routines process 
, . 

this information and prepare a BCD tape (10) to he printed on the off-line printer. Since DRACO-3 

is indepen'debt df the'iriairi calculation,' ;tican be dsed w h e k & r  the binary output't&e of a DBACO-1 . ' _, 
or  DRACO;2 problem i s  available. Editing options may be added if they use only the information 

. . . , .  available. a s  set.,forth in Section VIII.. . , . 
. . 

A. b d i l  C u ~ l l ~ ~ u l  Deck 

Selectioll Of data for  editing i s  accomplished by means of an edit control deck which contains 
, .  , , . . .  the following;.. .. .. .. . . . , .  . s 

. . . ., 
1) The title card used a s  problem ident i f ik t io i  in the DRACO-1 o r  DRACO-2 &ta deck. 

. . . .  
2 )  A maste r  control card specifying which edits &c t.n'he'done, ~o lurnnf i '  1-7  nnrl 1 1  of this 

card a r e  blank. Columns 8-10 contain DEC. The numbers of the edits 'desired .are ,indi- 

catcd in caluiiiiis 12-72. These numbers must h e  specified in ascending order  and separated 

by commas. The number of the last edit requested is always preceded by a minus sign, . . . .  
'3) Control cards  a r e  required by each edit'requested. Columns 1-7 and 11 a r e  hl.ank; rnlnmns 

8 - I U  contain DEC. All cards of this type must have a card number beginning in column 12 

and of the form x000tn where x is the edit number and n, referr ing to the sdqu&cing.of the 

cards for  the particular edit, begins,at one. On, the last  card for each,:edit, this number is 
negative.. In generak, ,the remainder of the information ln columns'12~7.2- indicates what , 

data is €0 .  be processed and under what 'options:.. Most 'cards 'require a description of the . - 
. . .  l imits of the rectangular parallelepiped for  which data is to be ,processed.. ' ,. 

. . . . .  . : . . . . .  . . . . . . .  . . . . .  
B. . Selettion of Rec t anh l a r '  ~a r s l l e ?ep iped  

' .  

. . . ,  . 

Because of the large volume of data available, i t  is possible to specify any rectangular paral- 

lelepiped for  which editing is desired. Values for interior points and for mesh rectangular 



parallelep.~peds:ake printed accordingly in picture fo rmat  for  each XY plane o r  for  the space  between 

XY planes. .  ... . ,. , . , _  . . 

The boundaries describing such a rectangular parallelepiped a r e  given by 

X1 and X2, the numbers of the limiting planes i n  the X coordinate direction; 

Y1 and Y2, the numbers  of the limiting planes in  the  Y direction; and 

Z1 and Z2, the numbers  of the l imiting planes in  the Z direction. 

In pointwise edi ts ,  data fo r  points included on the plane l imi ts  a r e  processed;  The following 

res t r ic t ions  apply: 

X1 > 0, X2 < SS, X1 Z X 2  ; 

Y1 > 0, Y2 < SS' Y1 5 Y2 ; 

and 

z1 > o ,  Z2 <UU' z1 zz2  . 

F o r  edits  of data pertaicing to mesh  rectangular parallelepipeds,  the following res t r ic t ions  

apply: 

X >O,  X 2 L S S ,  X1 < X 2  ; 1 - 
Y1 - > 0, Y2 5 SS' Y1 < Y2 ; 

and 

Z1 > 0, z2 < UU' z1 < z2 . 

C. Options 

The edi ts  available a r e  described below. Al! control  c a r d s  a r e  of the fo rmat  described' in 

Section XI-A-3. 

1)  Point Flux 

This  option prints !he values of the flux in  a specified group a t  each  point of a specified r e c -  

tangular parallelepiped. 

i(1000+n),  G,  X1, X2,  Y1, Y2, Z1,  Z2,  

where G r e f e r s  to group number,  and X1, X2, Y1, Y2, Z1,  Z2 

a r e  a s  described in Section XI-B. 

F o r  minimuin runnlng t ime,  groups should be requested in ascending order ;  and a l l  control  c a r d s  

pertaining to one group should h e  together. 
. . 

2) Point Power . . . . 

This  option prints the value of the power a t  each point of a specified rectangular parallelepiped. 

This  power is given by 

8 

K 
1 v i ( x t Y , z )  
i= 1 R= 1 

p(x, y* z)  = 
f Pdv . 



k h t r e  1 i-ef&rs t o  the octants about the'point (x, y ,  z)., and n '= l.'if 'th'e.octant '1 i'sws'.a fue l~tegl6n: .~  "i .. . 

( K v Z ~ ( r p )  t 0 f o r  some i) o r  n = 0 if the octant is a non-fuel region. The in tegrals  a r e  taketi-over ., 

a l l  fuel  regions  of the mesh.  ..- :: .. , . . .... ... . .. . . ., : .  . . . .  . , : ,,,. . . .. ..,. 1 . . . . .. , 

Control Card f o r m a t  (columns 12;7.2),, , : .,.. . . . . . , :. . .  L . . .  , .. . . 
*(2000+n), X I ,  X2. Y1, Yz, Z1,  .Z2, - I . . . "  . .. .. i 

where  X1, X2, Y1, Y2, Z1, Z2 a r e  a s  descr ibed in Section XI-B. . -. . . . . . 

3 ) .  Rectangle Power 

F o r  each m e s h  block of a specified rectangular parallelepiped, th i s  option pr in ts  the power 

produced by a specified fissionable e lement  a s  a . .  

o r  the  total  power a s  

Under option, the values may be normal ized by 

/ Pdv 

I d v  ' 
where  the in teg ra l s  . . may . be - taken over  a l l  fuel regions  of the mesh  o r  over  the  fuel regiohs of'the 

. _ - .  : . .  . . . .  . . 
plane in terval  ' cdnta i i i ig  each  m e s h  block. . . 

Control Card fo rmat  (columns 12-72) . 

where  E signifies e lement  number ,  18, 20, 21, 23 o r  0 f o r  total power; cp, indicatin.g option, 

= U fo r  unnormalized power,  

= 1 f o r  nprmalization by the total ave rage  power of the region under considerration, 

= 2 for  normalization.  by,the average power .per plane; and X1, X2,: Yl ,  Y2, Z1, Z2 

a r e  a s  descr ibed in  Section XI-B. 

F o r  minimum running. t ime , .  a l l  control. c a r d s  pertaining to:one element should be together,- 
. .  , 

4) Initial Isotopic Densit ies 

T h i s  option pr in ts  the init ial  isotopic densit ies of any se lected time-dependent element f o r  each 

m e s h  block of, a specified rect.angular parallelepiped. . , 

Control Card .format (columns 12-72) 

*(4000+n), E, X1, X2, Y1, Y2, Z1, Z2 

where E denotes element number 18-30, and X1, X2, Y l ,  Y2, Z1, Z2 

a r c  no dcocribed in ~ e c f i o n : ~ ~ - ~ .  .?' 

. ... - 
5) Final  Isotopic Densit ies . 

. . 

T h i s  option requ i res  contr-01 c a r d s  a s  s p e ~ i f i e d  f o r  edit 4. Card  numbers  begin a t  5001. This 

edit is not available for  DRACO-2 problems. ' The densi t ies  resul t ing f r o m  the depletion a r e  

r ecorded  on the binary output tape a s  init ial  densit les 'and mus t  be obtained by means  of edit 4. 
. 0 



6)  Macroscopic Data 

i i i 
This  option prints the values of ~ ( r ~ ) ~ ,  r p  , r )  , o r  Z f r p  fo r  any group, o r  Zr(rp)  

f o r  any of the fas t 'groups  over  any selected portion of the mesh., 

Control Card format  (columns 12-72) 

*(6000+n), A, G, X1, X2, Y1, Y2, Z1, . Z i  :. 
. . *  

where A = 1 for  diffusion coefficient 
.. , 4 .-. 

= 2 fo r  absorption c r o s s  section . . 

= 3 f o r  f ission c r o s s ~ s e c t i o n  '-: ' 

. . 
= 4 f o r  removal  c r o s s  section 

. .  . 
= 5 fo r  t ranspor t  c r o s s  section,  

G indicates group number,  and X1, X2, Y1, Y2, Z1, Z 2  a r e  a s  descr ibed in  Section XI-B. 

7 )  Inifial Integrated Isotopic Densities ' ' . . 

This  option pr in ts  the averaged isotopic densit ies of e lements  18-30 fo r  each composition and 

the ent i re  region. The composition averaged isotopic densit ies a r e  defined a s  
.. . 

No control  c a r d s  a r e  necessary .  

8) Final Integrated Isotopic Densit ies 

This  option corresponds  to edit 7. Edit 8 is not available f o r  DRACO-2 problems. 

9 )  'power Integrals 

This option prints the integrated power f o r  each fissionable element for  each composition, the 

total integrated power fo r  each composition, the integrated power for  each fissionable element over  

the ent i re  mesh,  the composition volumes,  and the total  volume. No control  c a r d s  a r e  necessary .  

, . 
10) Average Block Stick Power 

Pr in t s  in picture format  the values of the average st ick power normalized by the average power 

of the ent i re  mesh. This  st ick power is given by 

where M r e f e r s  to element number 18, 20, 21, 23, o r  0 (indicating total power) ,  and the integration 

is performed along each st ick in the Z direction. 

Control Card fo rmat  (columns 1 2-72) 



11) Point Stick Power  . . . .  ,. _ -'r .... - . . - . - , =  . . . . . . . .  

T h i s  option prints f o r  the specif.ied s t ick  o r  s t icks  the point power!(as definecl for .edi t -2)  for  

e v e r y  point of the st ick i n  the Z direction and the .average point s t ick  power which;is defined as; 

uu- 1 ' . . , I . ' .  ; - . P(x#Y#')  ' - P(X#Y,  ztl') dL 

! -: ,:. . ' ' . . ,. 
. . :.-. L . . . .  _ . ., 3 .  . . . . . . .  

where  dz is the dis tance between the points (x, y, z )  and 
.:. ' 

(x ,y ,  z t l )  and is considered equal to z e r o  if 'thi hoirits are '"  

not included i n  the s a m e  fuel region; and DZ is the total  , . .  

length of the fuel  region o r  regions  of the stick., ,,, . .- , 

Control Card fo rmat  (columns 12-72) . : .  ... 

where  X and Y indicate the numbers  of the interior:planes which .. , . . . > 
. . 

. . i n t e r sec t  to f o r m  the s t ick  in the Z direction. .X and  must . 
. . . . .  

' r e f e r  to  in ter ibr .  plaries and;.'thdrefore; may'not equal  O'or ss.' 
-: :,, ..: . ' . . . . . .  . . . . . . . .  . , ;  . . . . .  . , . . 

If a l l  of the s t icks  a re 'dek i red ,  only one c o n t r d  c a r d ' i s  nece'skary = i d  shbuld be of the 
' 

following f o r m  
, . . I  ' 

. . .  . . ,  . 
XII. OPERATING INSTRUCTIONS (DRACO-0, 1 ,  and 2) 

A. Tape Configuration 
. . :., 

' . DRACO--l. .: I" . . . . :  , 3 .  , 

1 P r o g r a m  
. . . .  . . . . .  2-5 . . Blanks: . . . - ,3 

6 . . Blank o r  flux tape ( remove dile-. : :. 

. . protect  r ing).  . If column 27..of ' ,. 

c a r d  1001 contain8 n 3 ,  a flux 

tape is. tu be used. This  tape 

mus t  always be mounted a s  
. . .  . . . .  . , , .  . ,logical' 6. . . .  : .... : .  

7 History tape-at  t ime -s tep  0, 

this is a blank. 

. .  . .  , 
: . I  I . . .  . . 

. . ... DRACO-2'. . . . .  

. , .  . '  . ,. . . . . . . .  1 Program . . .  - . - . 
1 2 - 5  .. . .Blanks  ' '  , .  . . .. . 2 . 

.. . ;6 .: Blank. o r  flux tape ( remove fi.le- :. 

" .. . . . .  . .  . . - protect  r ing).  ,If column 27 of. 

card 1001 contains a 3 ,  a flux 

tape is to  he used. This tape 

m.ust always' be mounted a s  ' 

. . . . '.. :- logicalr6.1 
. . . . 
' 7 -9 ' ~ l ' a n k s  

, . . . 
8 -9 Blanks 

10 Not needed 10 Specified his tory  tape generated 

. . . .  by DRACO-1. 

R .  Sense - Switches 

1 Up-normal I _  

Down-stops i teration a t  best  point 

' . , .  . , . . . . ,  
2 'up-normal  ' 

I l "  . .  r ' :  . . , . .  , . . .  . *: 
Down-res tar t  , . 

. . . . , .  . 3 UP 
.' . 

4 Up-normal 

Down-programmers  use  only 



6 Up-normal 

Down-brings in octal  dump (NYDS1) fo r  r e s t a r t  f a i lu res  ( this r e q u i r e s  

control  c a r d s  o r  blank c a r d  in c a r d  hopper). 

C. Start ing P rocedure  

1 )  Mount tapes  a s  indicated. 

2) Set proper  s e n s e  switches.  

3) GLOUT pr in te r  panel i n  pr in ter ;  72-72 panel in  c a r d  r e a d e r  and c a r d  punch. 

4)  Ready c a r d  r e a d e r  with data deck in  hopper except in the  c a s e  of a r e s t a r t .  

5) Clear ,  load tape. 

6)  At p rogram s top (00007)8 manually en te r  the code number  0 ,  1 ,  o r  2 into the a d d r e s s  

portion of the  MQ. Start .  (0 indicates the routine which continues the h is tory  tape af ter  an  

end of tape has  been sensed in  DRACO-1). 

D. P r o g r a m  Stops 

1 )  Normal stops:  

(1623)8 - occurs  when the reques tor  has  used a specified flux tape. SEE ON-LINE 

INSTRUCTIONS. 

(25252)8- occurs  when the reques tor  has  asked f o r  a BCD pic ture  edit immediately af ter  

the input routine. SEE ON-LINE INSTRUCTIONS. Label  and save  a l l  tapes  

except 9, which contains the BCD edit. The problem will be continued a t  some 

l a t e r  t ime by means  of a r e s t a r t .  

(1 0000)8- end of t ime -s tep  calculation 

a )  SEE ON-LINE INSTRUCTIONS. 

b) Edit binary output tape (9) if requested.  SAVE TAPE 9. 

C )  SAVE HISTORY TAPE -TAPE 7 FOR DRACO-1, TAPE 10 FOR DRACO-2. 

Upon reques t ,  s ave  flux tape. This  may  be tape 5 o r  6 and will be indicated. 

on-line. 

d )  C lea r  the c a r d  punch. In the event of tape e r r o r s  which do not resul t  i n  a 

p rogram s top,  c a r d s  indicating the nature  of the difficulty a r e  punched according 

to the f ~ r m a t ' s ~ e c i f i e d  by thc tape routine WB-RWT5. The address  of the  9 L '  

word indicates the octa l  a d d r e s s  of the  tape in  e r r o r .  ~ o t e ' t h e  number of the 

tape r e e l  and identify the tape unit. . . 

e )  If t he re  has  been a BCD picture edit (indicated on-line) pr in t  tape (4  o r  9)  off-line. 

Return  on-line and off-line ed i t s  to reques tor .  

2) At a l l  o ther  s tops  consult the l i s t  of possible P r o g r a m  Stops of ISRACO-1 and DRACO-2 ' 

(Section XII-F). 

E.  Res ta r t  

1 ) Rewind tape 1. 

2) Set s e n s e  switch a s  indicated (2 down - a l l  o the r s  up). 

3) All tapes  must  have been saved f o r  a r e s t a r t  except in  the c a s e  where the reques tor  obtained 

a BCD picture edit immedia te ly  a f t e r  the input. All tapes  but 9 m u s t  have been saved f o r  

this  r e s t a r t ;  9 will be a blank. 



4) Proceed a s  for s tar t ing a problem except that there  is no data deck in  the ca rd  hopper. 

5) At p rogram stop (101 2)8 hit s t a r t  (DRACO-1). 

At program stop (1 0 2 6 ) ~  .hit s t a r t  (DRACO-2). 
' . .  

. .  ~ 

6) If the r e s t a r t  fa i ls ,  dump core;  backspace one reco=d'in each tape and dump. 

F. P r o g r a m  Stops 

6 Tape loader  

160 Sigma 

245 Iteration 

251 Average 

251 Picture  

267 Sigma 

330 Average 

330 Picture  

44 1 Rest  

442 Rest  

44 3 Rest  

444 Rest  

445 Rest 

446 Rest  

446 R e s t  (2) 

447 Rest (2) 

452 Rest 

4 54 ~ e s ' t  (2) 

565 Ueple tlon 

615 Depletion 

674 Coef 

745 Depletion 

771 Depletion 

776 Depletion 

1012 Rest 
1014 Par t .  Sullls 

1015 Par t .  Sums 

1016 Par t .  Sums 

1017 Par t .  Sums 

1020 Par t .  Sums 

1021 P a r t .  Sums 

1022 Rest (2) 

1022 Par t .  Sums 
l n z ~  Rwvl ( 2 )  

1027 Rest 

1050 Depletion 

1055 Rest  

1057 Rest (2) 

1063 Rest 

1067 - Deplef ion 

; 1073 Depletion , ' 

. . .  . . 
Load tape to t r y  again 

Machine e r r o r  - r e s t a r t  

Machine e r r o r  - r e s t a r t  

Machine e r r o r  - s ta r t  ,to proceed 

Machine e r r o r  - s ta r t  to proceed 

Over  o r  underflow - r e s t a r t  . . _ .  

Machine e r r o r  - r e s t a r t  

Machine e r r o r  - r e s t a r t  .. . .~ . . 
Tape 1 e r r o r  - r e s t a r t  

Tape 2 e r r o r  - r e s t a r t  

Tape 5 e r r o r  - res ta r t  

Tape 7 e r r o r  - r e s t a r t  

Tape 9 e r r o r  - r e s t a r t  

Record numbering e r r o r  on tape 1 -. r e s t a r t  

Tape 10 e r r o r  - r e s t a r t  

Record numbering e r r o r  on tape 1 - r e s t a r t  . . 
~ e s t a r t '  is impossible - quit 

Res ta r t  is impossible - quit 

MQ overflow light on - r e s t a r t  

E r r o r  checking calc - s ta r t  to t r y  again ' 

Machine e r r o r  - r e s t a r t  

Negative isotopic density - r e s t a r t  

E r r o r  chccliing calc - r e s t a r t  

MQ overflow light on - r e s t a r t  

Ston i n  ell restarts, may fudge values - hit start 
Tape 2 e r r o r  - r.estar-t 

Tape 3 e r r o r  - r e s t a r t  

Tape 4 e r r o r  - r e s t a r t  

Tape 7 e r r o r  - r e s t a r t  

 ape 8 e r r o r  - r e s t a r t  

Machine e r r o r  - r e s t a r t  

Stop for,  entering rout. no. - load MQ, hit s t a r t  

Over o r  Lnderflow - r e s t a r t  

SLup In 311 roEtarto, may fudgo vnluco - hit otart 

Stop for  entering rout. no.' - load MQ, hit s t a r t  

E r r o r  chccliing calc - r c s t a r t  

Restar t  itnpossible in iriput rouliile - s l a r l  lo rewind 
a l l  tapes. Reload data deck, t r y  again. 

Restar t  impossible in input routine - s ta r t  to  rewind 
a l l  tapes. Reload data deck, t r y  again. 

Routine number incorrect  - r e s t a r t  

E r r o r  checking calc - r e s t a r t  . 

Over  o r  underflow - r e s t a r t  ' 



Rest ~ i r o r  in res ta r t  record - restar t  

Depletion 

Depletion 

Rest (2)  

Depletion 

Depletion 

Depleteion 

Rest (2)  

Depletion 

Sigma 

Depletion 

Rest 

Depletion 

Rest (2)  

Rest 

Depletion 

Rest (2)  

Rest 

DRACO-0 

DRACO-0 

DRACO-0 

DRACO-0 

Expan 

Depletion 

Depletion 

Depletion 

Picture 

Depletion 

Picture 

Depletion 

Depletion 

Depletion 

Depletion 

Depletion 

Picture 

Percnt 

Percnt 

Depletion 

Depletion 

Depletion 

Depletion 

Sigma 

Sigma 

Percnt 

Depletion 

Flux 

Rest (2)  

Rest  

Flux 

Er ro r  - In return - restar t  

E r ro r  checking calc - restar t  

Problem may be complete - hit s tar t  to rewind 

Machine e r r o r  - res ta r t  

Negative isotopic density - res ta r t  

Over o r  underflow - restar t  

EOF missing on tape 9 - restar t  

E r ro r  - In return - restar t  

Over o r  underflow - restar t  

E r ro r  - checking calc - restar t  

Problem may be complete - hit s tar t  to rewind 

Probably machine e r r o r  - res ta r t  

E r ro r  in restar t  record - restar t  

EOF missing on tape 9 - restar t  

E r r o r  - checking calc - restar t  

Bad record on tape 9 - star t  to t ry  3 more times 

Bad record on tape 9 - star t  to t ry  3 more times 

Tape 7 positioned incorrectly - star t  over 

E r r o r  - tape 2 - star t  over 

E r ro r  - tape 4 - star t  over 

E r r o r  - tape 7 - star t  over 

E r r o r  copying 6 to 5 - hit s tar t  to t ry again 

E r r o r  - checking calc - restar t  

Over o r  underflow - restar t  

Probably machine e r r o r  - restar t  

Tape 2 e r r o r  - restar t  

E r ro r  - In return - restar t  

E I . ~ U L  i l i  ~ ; e q ~ e s t i n g  picture rcatar t  

E r ro r  checking calc - restar t  

Probably machine e r r o r  - restar t  

Over or underflow - restar t  

~ a c h i n e  e r r o r  - res ta r t  

Machine e r r o r  - restar t  

E r ro r  in requesting picture - restar t  

AC overflow - res ta r t  

MQ overflow - res ta r t  

Tape 2 e r r o r  - restar t  

Tape 3 e r r o r  - restar t  

Tape 7 e r ro r  - restar t  

Machine e r r o r  - res ta r t  

Tape e r r o r  - 2, 4 or  5 - read - restar t  

Machine e r r o r  - res ta r t  

Drum e r r o r  - restar t  

Machine e r r o r  - res ta r t  

Drum e r r o r  - restar t  

E r ro r  in time-step no. on res ta r t  rec. - res ta r t  

Errurn 111 1i111r -slep 110.' oii rest .  I-tc. - res ta r t  

Incorrect no. of flux tape records - restar t  



Expan . . 
Expan 

Rest (2) 

Expan 

Expan 

~ x p a n  

Expan 

Expan 

Iteration 

Ex pan 

Iteration 

Omega 

Expan 

Omega 

Sigma 

nrn~ga 

hest 
Rest (2) 

Iteration 

Iteration 

Sigma 

Sigma 

Iteration 

Rest 

Rest (2) 

Omega 

Omega 

Depletion 

Rest 

Rebit 

Rest (2)  

Rest (2) 

Rcst 

Rest (2) 

Percnt 

Percnt 

Rest 

Hest 

Rest 

Fiux 

Rest (2) 

Power , 

Rest (2) 

Rest (2) 

Rest (2) 

Rest (2) 

Coef . . 
Power 

Iteration 

Calculation does not check - restar t  

Impossible end of tape - res ta r t  

Machine e r r o r  - res ta r t  

Tape 2 e r ro r  - restar t  

Tape 3 e r r o r  - r e s t a r t ,  

Tape 5 e r r o r  - restar t  

Tape 6 e r r o r  - restar t  

Tape 8 e r ro r  - restar t  

Machine e r r o r  - sq r t  - res ta r t  

Tape 9 e r ro r  - restar t  

Machine e r r o r  - In return - res ta r t  , , . % .  

Impossible end of tape - restar t  

Flux tape stop - see on-line instructions, 

Tape 4 e r r o r  - restar t  

~ a c h i n e  e r r o r  - res ta r t  

nrllm Prrnr - restart 

l o o  many records in a iile oi rape / - resraPt 
Too many records in a file of tape 10 - res ta r t  

Machine e r r o r  - 'hyp cos - restar t  

Machine e r r o r  - hyp cos - res ta r t  . 
Tape e r r o r  - 2, 3 ,  4 ,  or  5 - write - restar t  

Tape e r r o r  - 2, 3 ,  4 ,  or  5 - write - restar t  

Machine e r r o r  - hyp cos - restar t  

E r r o r  in no. of files on tape 7 - restar t  

E r r o r  in n,o. of files on tape 10 - restar t  

Tape EOF e r r o r  - res ta r t  

Tape 2 e r r o r  - restar t  

Machine e r r o r  - res ta r t  

Double end of file missing on tape 7 - restar t  

Macl~illa erlbok. - ~wstai-t 

Double EUF missing on tape 1U - restar t  

Machine e r r o r  - res ta r t  

Machine c r r o r  - res ta r t  

Machine e r r o r  - res ta r t  

AC overflow - res ta r t  

MQ overflow - res ta r t  

End of tape 7 -. see on-line instructions , . 

EOP in wrong plane, on tape 7 - restar t  

Incorrect tape 7, i s  mounted - mount 7 ,  restar t  

Drum e r r o r  - res ta r t  

Machine e r r o r  - res ta r t  

Length of KSIG records incorrect - restar t  

Machine e r r o r  - restar t  

End of tape 10 - see on-line instructions 

EOF in wrong place on tape 10 - restar t  

Incorrect tape mounted on 10 - mount and restar t  

Impossible end of tape - restar t  

Divide e r r o r  - res ta r t  

Stop at best point in iteration - save tapes for  res ta r t ,  



Average 

Average 

Average 

Average 

Average 

Power 

Power 

Coef 

Coef 

Coef 

Coef 

Coef 

Coef 

Coef 

cuer 
Picture 

Omega 

Omega 

Picture 

Picture 

Depletion 

Power 

Norm 

Norm 

Norm 

Depletion 

Depletion 

Power 

Power 

Power 

Power 

Flux 

Flux 

Flux 

Flux 

Flux 

Flux 

Depletion 

Norm 

Norm 

Percrll 

Power 

Power 

Percnt 

Percnt 

Sigma 

Sigma 

Sigma 

Sigma 

Tape 2 e r r o r  - restar t  

Tape 3 e r r o r  - res ta r t  

Tape 5 e r r o r  - restar t  

Tape 6 e r r o r  - res ta r t  

Impossible end of tape - res ta r t  

AC overflow - res ta r t  

MQ overflow - res ta r t  

Over or  underflow - res ta r t  

CKSUM of 1st pass does not check with 2nd pass 

Machine e r r o r  - res ta r t  

Tape 1 e r r o r  - res ta r t  

Tape 2 e r r o r  - restar t  

Tape 3 e r r o r  - restar t  

Tape 4 e r r o r  - restar t  

Machine. e r r o r  - restar t  

Tape 2 e r r o r  - restar t  

Machine e r r o r  - res ta r t  

Machine e r r o r  - res ta r t  

Impossible end of tape - restar t  

Tape 3 e r r o r  - res ta r t  

Tape 3 e r r o r  - extra record - res ta r t  

Impossible end of tape - restar t  

Impossible end of tape - res ta r t  

Tape 3 e r r o r  - res ta r t  

Tape 2 e r r o r  : restar t  

Tape 8 e r r o r  - restar t  

E r r o r  - positioning tape 8 - restar t  

Machine e r r o r  - restar t  

Tape 3 e r r o r  - restar t  

Tape 8 e r r o r  - res ta r t  . , 

Tape 9 e r r o r  - restar t  

Flux tape ( 5  o r  6)  e r r o r  - restar t  

Tape 2 e r r o r  - res ta r t  

Tape 7 e r r o r  - restar t  

Tapc 9 c r r o r  - r ca tn r t  

AC overflow - res ta r t  

M Q  overflow - res ta r t  . . 

Machine e r r o r  - checking count in index 1 - res ta r t  

Drum e r r o r  - hit s tar t  to t ry  3 more times 

Drum e r r o r  - hit s tar t  to t ry  3 more times 

Druin e r r o r  - hit otart to t ry  again 

Drum e r r o r  - hit s ta r t  to t ry  .3 more times 

Drum e r r o r  - hit s ta r t  to try .3 rl1uI.t: Liliies 

Drum e r r o r  - hit s tar t  to t ry  3 more times 

Drum e r r o r  - hit s ta r t  to t ry  3 more times 

Tape 2 e r r o r  - restar t  

Tape 3 e r r o r  - res ta r t  

Tape 7 error - res ta r t  

Tape 8 e r r o r  - restar t  



3300 Sigma Tape 9 . e r r o r  -. r e s t a r t  

3300 Norm 

3301 Sigma 

3302 Sigma 

3303 S.igma 

3304 Sigma 

AC overflow .- r e s t a r t .  

Diffusion not acceptable - r e s t a r t  ( o r  WSTRE) 

Total  not acceptable - r e s t a r t  ( o r  WSTRE) .t . 

Removal not acceptable - r e s t a r t  (or  WSTRE) 

Absorption not acceptable - r e s t a r t  (or  WSTRE) 

3304 Norm MQ overflow - r e s t a r t  . , 

3305 Sigma ,. Fiss ion not acceptable - r e s t a r t  (o r  WSTRE) 

3306 Sigma ' Sum weight f ac to r s  z e r o  for  2 g r p  - r e s t a r t  

3307 Sigma Machine e r r o r  - :restart  

3310 Sigma Machine e r r o r .  - r e s t a r t  

3406 Percn t  Tape .3 e r r o r  - r e s t a r t  . , 

3407 Percnt  ' Tape 2 e r r o r  - r e s t a r t  

341 0 Pe rcn t  Impossible end of tape - r e s t a r t  

37 27 Iteration Tape 2 e r r o r  - res tar t .  

3'1 3U ll$ralior~ 'l'ape 4 er ror  - restart 

3732 Iteration Tape 6 e r r o r  .- r e s t a r t  . . . . 

3733 Iteration . -  . .. Impossible end ,of , tape - r e s t a r t  

37 34 Iteration Drum e r r o r  - re ' s tar t  

3735 Iteration.  - , AC o r  MQ overflow - r e s t a r t  

37 36 Iteration . . AC o r  MQ overflow - r e s t a r t  

37 37 Iteration , . AC o r  MQ overflow - r e s t a r t  

3740 Iteration AC o r  MQ overflow - r e s t a r t  

3741 Iteration AC o r  MQ overflow - r e s t a r t  

7465 Percn t  Machine e r r o r  - r e s t a r t  

10000 Pic ture  . E n d p f  t imers tep  calc  - s e e  on-line instructions 

LbLSL m c t u r e  Pic ture  af ter  rnput - s e e  on-llne instructions 

77777 Pwr of Depl End of tape 7. Load DRACO-0 to  continue his tory  tape.. 

XIII. OPERATING INSTRUCTIONS-DRACO-3 (EDITS) ' 
, , . .  

A.  Tnpo Configuration . :  . ,  . .  . . . . . 

1 All DRACO program tape 

9 Binary output tape f r o m  specified DRACO-1 o r  DRACO-2 problem 
. . 

10 Blank 

2-8 Blanks when needed. The t apes  required v a r y  with the  edi ts  requested and m a y  be.  

detecmined. by comparingJhe edit numbers  on the m a s t e r  control  c a r d  with the 

following tabie: . . . . . . 
TABLE I .  

. '  TAPES NEEDED FOR EACH EDIT 

ED1.T. NO. -27 . . 

1 .. 

TAPE NO. 29 

5 
3 . 5 , 6 , 8  

8 
2 
2 
4 
2 
2 
8 
8 
8 



B. Sense Switches 

1 up-normal  

Down-restart  

6 Up-normal 

Down-brings in octal  dump (NYDS1) which requ i res  control c a r d s  o r  blank c a r d  

in  card  hopper. 

C. Start ing Procedure  

1)  Mount tapes a s  indicated. 

2) Set proper  sense  switches. 

3 ) .  CLOUT-2 pr inter  panel in  pr in ter .  

4) 72-72 panels in  c a r d  r e a d e r  and c a r d  punch. 

5) Ready ca rd  reader  with control  deck in  hopper. 

6) C lea r ,  load tape. 

7) At program stop (0007)8, manually en te r  the code number,  in this case  3 ,  into the 

address  portion of the' MQ. Start .  

8) Always check information printed on-line to determine the p rogress  of the s o r t  and edits .  

D. P rogram Stops 

1 )  Normal stop: 

(4731) P rogram h a s  been successfully completed. Save tapes 9 and 10. Pr int  10, the 8 
BCD output tape,  off-line. 

2) F o r  a l l  other program stops,  consult the l ist  of DRACO-3 P r o g r a m  Stops (Section XIII-F). 

E. Restar t  -- Procedure  

1) In general ,  a r e s t a r t  cannot be initiated unless EDIT SORT HAS BEEN COMPLETED has  

been printed on-line, and at leas t  one c a r d  has  beer1 putlched. 

2) Rewind a l l  tapes  except 10. 

3) Remove the control deck f rom the c a r d  r e a d e r  and the r e s t a r t  ca rd  o r  c a r d s  f rom the c a r d  

p~ inch .  A r e s t a r t  ca rd  is recognized by the 12L word which contains punches in columns 

1 through 36. 'I'he Y L  word will have one o r  more  bits  punched. 

4)  Depending on the type of e r r o r  necessitat ing the r e s t a r t ,  proceed with ( a )  o r  (b) a s  

d i rected by the comments l isted with the p rogram stop. 

a )  NORMAL RESTART: Inser t  the las t  r e s t a r t  c a r d  into the control deck in  place of 

the m a s t e r  control  ca rd  which follows the t i t le card.  

b) BYPASS EDIT: Obtain the most  recent  r e s t a r t  c a r d  f rom the c a r d  punch. If there  is 

only onc bit punohed in the 9L word of t h i s  rarrl ,  remove the edit [ rum the machine. . 
Otherwise,  omitting the leftmost bit, punch the 9L  word on a blank card .  Inser t  this 

c a r d  into the control  deck in place of the m a s t e r  control  c a r d  (second ca rd  of control 

deck). When a l l  edi ts  have been completed, save tapes pertaining to edits  which have 

been skipped. 

5) The lcftmost punch i n  the 91. wnrrl nf t h e  inser ted r e s t a r t  ca rd  indicates a t  which edit the 

r e s t a r t  will begin. Remove a l l  control  ca rds  pertaining to edi ts  preceding this one. An 



edit control card i s  identified by i ts  card number which begins in column 12 and i.s.of the . . 

form (x000tn) where x indicates the edit number and n re fe rs  to sequencing within the 

se t  of cards for the edit. The number of the last card for an edit i s  negative. 

6) Depress sense switch 1. 

7) Ready the card reader  with the corrected control deck in the hopper. 

8) Clear,  load tape:. At program stop (0007)8 enter 3 into the address of the MQ; Start. 

9) When a res ta r t  fails,  save a l l  tapes. 

F. Program Stops 

0351 Cont, Edit 1 -6 

0356 sor t  

0430 Cont, Edit 1 -6 

. 0415 sor t  

1276 Cont, Edit 1-6 

1340 Sort 

1362 , , Cont,, Edit 1-6 

1107 Sort 

1411, . . . . 
~ o n t ,  Edit 1-6 

I .  * ,  . . . I  . 
1725' Sor t  

2005 Sort 

2206 Surt 

2472 ' "Sort . ' . 

2473 Sort 
. :  . .. . . , .. . . 

. . 

Conti ~ d i t  1 --6 
Cont, Edit 1-6 

Sort 

Sort 

Sort . . -  

Sort 

Sort 

Cont, Edit 1 .6 

Sort 

Cont, Edit 1-6 

Sort 

Sort 

Contra! 
Control 

Control 

Control 

Edit 1 -6 

Edit 1 -6 

Edit 1 

Edit' 3 ,4 ,  5 

CLOUT2 - machine e r r o r  - normal ' restar t  

CLOUT2 - machine e r r o r  - i f  sor t  has been completed - : 
normal restar t ;  otherwise reload deck, s ta r t  over 

CLOUT2 - machine e r r o r  - norms1 res ta r t  

GLUU'I'Z - machine e r r o r  - if. sort .  has been completed - 
normal restar t ;  otherwise reload drrk. s t ~ r t  nvPr 

Boundary e r r o r  - res ta r t  - bypass edit 

DBC - machine e r r o r  - reload deck, s ta r t  over . . ' 

Machine e r r o r  - normal res ta r t  

DBC - loading ur reequestur e r r o r  - reload deck, s tar t  over 

Machine e r r o r  - normal res ta r t  

DBC - loading d r  requestor e r r o r  - reloid deck, s t a d  over 

DBC - machine e r r o r  - normal res ta r t  

CSH - machine e r r o r  o r  illegal punch - reload deck, 
s t a r t  over 

Tape 9 ' e r r o r ' -  i f  sort..has been completed - normal restar t ,  
otherwise reload deck, s ta r t  over 

Tape 9 e r r o r  - if sor t  has been completed - normal restar t ,  
otherwise reload deck, s ta r t  over 

Title card wrong - remove problem - save all.tapes if this 
is a res ta r t  

DDC - michicle e r r o r  .- ~ lo rma l  reslarL 

D R ( ~  - loadink q r  reqAestor e r r o r  - normal reetar t  

Tape 2 e r r o r  - reload deck,. &art over . ' 

.Tape 3 e r r o r  - reload deck, s ta r t  over 

,Tape 4 e r r o r  - reloaddeck,.  s ta r t  over . . 

Tape 5 er,ror - reload de,ck, s ta r t  over . , 

Tape 8 e r r o r  - reload deck, s ta r t  over 

DDC' . .  l a id i i~g  a1- requestor c1.1'0~~ - ~.c luad  deck', s la r i  u&r 

~ n d o f  tape' - remove problem - save al l  tapes 
.' 

UBC - machine e r r o r  - normal res ta r t  ': ' ' 

. T a p  '5 posltloned wi-ong - reload deck, sLarL uver 

Tape 9. positioned wrong - reload deck, s ta r t  over 

CSH - machine e r r o r  o r  illegal punch - normal restarf  

Tape 1 e r r o r  - rewind tape 1 - normal res ta r t  . 

Ncrrmal end of program - get off thc mnchinc 

End of .tape - remove problem - save a l l  tapes . . 

Boundary e r r o r  - res ta r t  - bypass edit 

Card number e r r o r  - res ta r t  - bypass edit 

~ a c h i n e  kr ror : - 'normal  rks ta r t  . .. 
' ' ~ l e k b n t  &nber e r r o r  - res ta r t  - bypass edit 

. 



Edit 6 

Edit 1 , 6  

Edit 2 

Edit 3 

Edit 6 

Edit 11 

Edit 11 

Edit 2 

Edit 11 

Edit 11 

Edit 1 

Edit 11 

Edit 4, 5 

Edit 6 

Edit 6 

Edit 3 

Edit 3 

Edit 7 ,8 ,9  

Edit 3 

Edit 4,  5 

Edit 1 

Edit 7 , 8 , 9  

Edit 2 

Edit 2 

Edit 3 

Edit 3 

Edit 2 

Edit 2 

Edit 2 

Edit 10 

Edit 10 

Edit 10 

Edit 10 

Edit 10 

Edit 2 

Edit 7 ,8  

Edit 9 , 

Edit 9 

Edit 7 , 8  

Edit 7 , 8  

Sort 

Sort 

Sort 

Sort 

E r r o r  selecting output - r e s t a r t , -  bypass edit 

Group number e r r o r  - res ta r t  - bypass edit 

Machine e r r o r  - normal resJart 

Option number e r r o r  - restar t  - bypass kdit 

Sigma R requested for last group - restar t  - bypass edit 

Tape 3 e r ro r  - normal restar t  

Tape 5 e r r o r  - normal restar t  

Tape 9 e r ro r  - normal restar t  

Tape 6 e r ro r  -.normal restar t  

Tape 8 e r r o r  - normal restar t  

Tape 9 e r r o r  - normal restar t  

Tape 9 e r ro r  - normal restar t  

Tape 9 e r r o r  - normal restar t  

Tape 9 e r ro r  - normal restar t  

Tape 4 e r ro r  - normal restar t  . 

Tape 9 e r ro r  - normal restar t  

Tape 8 e r r o r  - normal restar t  

GLOUT2 - machine e r r o r  - normal res ta r t  

Erroneous division - normal restar t  

Tape 2 e r ro r  - normal restar t  

Tape 5 e r r o r  - normal restar t  

GLOUT2 - machine e r r o r  - normal res ta r t  

Tape 5 e r r o r  - normal restar t  

Tape 6 e r r o r  - normal restar t  

Tape 8 e r r o r  - normal ' restar t  -----. 

Tape 8 e r ro r  - normal restar t  

Erroneous division - normal restar t  

Tape 6 e r r o r  - normal restar t  . 

Tapc 3 c r r o r  - normal restar t  

Over or  underflow - normal restar t  

Machine e r r o r  - normal res ta r t  

Machine e r r o r  - normal res ta r t  

Tape 8 e r r o r  - normal restar t  

Tape 9 e r r o r  - normal restar t  
. 

Erroneous dvisi6n - normal restar t  

Tape 9 e r ro r  - normal restar t  

Tape 9 e r r o r  - normal restar t  

Tape 8 e r ro r  - normal restar t  

Tape 2 e r r o r  - normal restar t  

Machine e r r o r  - normal restar t  

Machine e r r o r  - false SOF - reload deck - star t  over 

Machine e r r o r  - false EOF - reload deck - star t  over 

Tape e r r o r s  (DRACO- 1 ) and/or  requestor e r r o r  
(DRACO-2). May restar t  a s  indicated on-line to get 
available information. 

Tape e r r o r s  (DRACO- 1 ) and/or requestor e r r o r  
(DRACO-2). Requested edits cannot be done. Tape 
9 probably bad. 



Element  
Number 

. .  . 
1 

. . NUMBERING OF-ELEMENTS 
. . , . .  . I .  : 

. . 
Element . _ I  - Element 

4 .  

H A 1 

A 1 

Sn , ' - .  

CI. 

Co 
. . Cd ' .. .,, . 

H f - .  ' 

Mn . . . . 

L i  - '  ' . '  ' . . :. 

, 1.n -. . , 

U-235 ' .. . . ' . . 

U-236 --. . - 

U-238 . < ' .  . . ,  . . . . 
Pu-239" . 

Pu-240 " 

Pu-241'  . '  . A 

Pm-149 . . .  . . 
1-135 . I  , i '1 

Sm-149 ' 

. . Xe-135. . . " 

Lumped-Fission . ' : - . 
Products . 

B-1.0 , ; . .  

unnamed burnable 
poison . 

. . . . - .,.:- , 

F e  

Lumped ~ i s s i o n  
Products , 

H . I 

H f 
I . . .  

In 
Li ' ,  . . ' t  . 

Mn ' 

Mo 

Nb 

N i .  . 

0 
Pm-149. .. 
pu-L3y I I 

Pu-240 ' ' 

Pu-241 

Srn 

Sn 

U-235 ' 

TJ-236 " . 

U-238 

unnamed burnable 
poison 

Xe 

Z r  

Element 
Number 

9 



APPENDIX I1 

PROGRAM CONSTANTS 
. . . . .  

. I _  . M i c r o s c o ~ i c  C r o s s  Sections ' ' ' 

Element . . u u S 

No. Element Group . t r  a =f v - .  - - "Of 

1  Hydrogen i - 1 .  5659 1 . 4 5 0 5  ' 0 . 0 0 0 0  0 .  0000  0 . 0 0 0 0  0 . 0 0  
2  2. 5837 2 . 2 1  28 0 . 0 0 0 2  0 . 0 0 0 0  0 .0000  0 . 0 0  
3 6 .  3389 2. 2543 0 . 0 1 4 2  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0  

2  Oxygen 1  1 . 2 7 7 7  0 . 2 3 7 1  0 . 0 4 2 5  0 .  0000  , 0 . 0 0 0 0  0 . 0 0  
2 .  3 . 9 4 5 0  0 . 0 8 8 9  0 . 0 0 0 0  0 . 0 0 0 0  . 0 . 0 0 0 0  0 . 0 0  
3 4. 2553  0 . 0 4 5 0  0 . 0 0 0 0  0 . 0 0 0 0  ; 0 . 0 0 0 0  0 . 0 0  

3  Zirconium 1  
2  
3  

4  Carbon 1  
2  
3 

6  Iron 

7  Nickel 

8  Niobium 1  
2  
3  

11 Chromium 1  2. 9200  ,' 0 .  2540 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0  
2  5 .6600  0 . 0 8 3 4  0 . 0 0 0 0  0 . 0 0 0 0  O.'OOOO 0 . 0 0  

3  5. 5400 0 . 0 0 0 0  0 . 0 9 8 4  0 . 0 0 0 0  0 .  0000  0 .  0 0  

18 Uranium -23  5  1  4 . 9 3 4 9  0 . 1 4 7 2  1 . 8 1 8 6  1. 3159  3 .  6451 2. 7 7  
2  7 . 9 8 0 8  0 . 0 0 0 0  2 . 6 9 5 3  1 .  9120  4 .  7 4 1 4  2 . 4 8  
3  2 2 . 6 1 8 3  0 . 0 0 0 0  3 4 . 1 2 0 5  25.  3917 b2 .4637  2 . 4 6  

2  9  Boron - 1  0  1  0 . 4 4 9 2  0 . 0 0 0 0  0 . 4 4 9 2  0 . 0 0 0 0  0 . 0 0 0 0  0 .  0 0  
2  2 .  2919 0 .  0000 2 .  2919 0 .  0000  0 .  0000  0 . 0 0  
3  1 7 2 . 0 8 6 0  0 .  0000 1 7 2 . 0 8 6 0  0 . 0 0 0 0  0 .  0000  0 .  00  

- 2 4  2  Note that all c r o s s  sections are in  h a r n s  (1  x 10 crn ). 



Calcula t ion  of Group  Constants  . . , ,. ".; . .  . . .  

K E n e r g y  produced p e r  f i s s i o n  neut ron  (wa t t s / f i s s ion  neut ron  second)  :. ,,.:,, a -, .. . 1 ... . : .  . . . . . . . . .  . . . . . . .  _ _ s . . _  . _ _  

. . Elemen t  .. . 
. . . .... , . .I i 

G r o u p  (18) U-235 (20) U-238 ., (21) Pu-239 (23) PU-241' ; 
'.' , -10 .. : , . 

1 0.114352 k 1 0 - l o  . 0. 1 1 7 3 1 7 ' ~  10 1. .O 0 

2 0.127724 x 1 0 - l o  0 0 0 

3 0.128762 x i o - l o  o - o . . o '. . . . 

4 '0,. 12904891 x 1 0 - l o  ' 0. '12800819x i '0-lo , 0.10946907 x 1 0 - l o  0.10582010 x lo-' '  

( f o r  2 grqup edi t  of .cons tants )  . . .. . 

. . 
. -  i  X .  - 

. , . . 1 0. 751.65 . . 

Calcula t ion  of Isotopic .Dens i t ies  

Yie lds  . . . . 
? - , . .. . . 

y28 Lumped ~ i s s i o n  
. E l e m e n t  724 I'm-149.: ' y27 Xe-135 Pruducls  

, . ( l a )  U-235 0. 14  - 0 . 3  x l o - 2  1 . 0  . . .:, 
, . (20 ) .  U-238 ' . 0. 14  x 10 0. 3 L lo:.2 1 . 0  -3  

(21)  ~ ~ 1 2 3 9  0. 14  x ' 0.  3 x 1 . 0  . . . .  : . -3: . 
. . (2'3) Pu-241 . .  . .  0:'14 x 10 . .. . 0 . 3  x . loT2 1 .0 : .  

. . , , .. .. . , . 
Decay Cnnstants .  ,. - L .  . a 

. . .  

. . .  ' : : Elemen t  .. M 
A I s e c  . 





1 D R A C O  - F O R M  I 

TITLE CARD 
50 68 71 

' ,./ ,'. : I I~ln l~ lc lo l  i r l ~ l s l r l  I ~ I ~ l o l ~ ' ~ t k 1  ! I 1 I I 1 I I I 1 / 1 I 1 1 I I I I I I I I 1 1 1 1 I 1 & ,w~L.~wmfld%~~~i~i~!~\  , ,.' . . 

E. 

+(0+11: 

T.S. 

+lolo 

5 

(2 + 
. At 

+15[711181 1 I I I I 
. v u  

+I014 

5 s  

+1019 

1 

14 . ; , ,-; 
i i l l l f  i a I :.A j i  

P .I , .- 
5151~1~9 5 2 o/oio jo 0 o 3 cio/c'bJ , 

l ~ . . ~ j ~ u ~ ~ c  

+11!+.l 

A 

+lo 

+ 
t 1 

I I I I I I I I I 

+I?. 

- 7  . : 

+ ~ o ~ o ~ o ~ o 1 ~ ( o ~ ~ ~ o ~ o ~ o ~ o ~ 0 ~ ~ ~ ~ ! ~ ~ o ~ ~ ~ o ~ o ! o ~ o ~ o / o / 0 j o ~ o ~ o ~ o ~ o ~ o j o ~ ~ :  . A- 

x 1 

I +  

S I G ~ ' Q . + . ~ . ~  

+111+11+12 

t 2  

I I I I I I I ( I 
0. 

+4b)7]8141711( I 

I 

€ 0  . I 

+419151 1 I I I / I , +I0 

t 3 

I ] +  - ' . 101012 

. x 3  

I I I I l i l l I  
x 2 

l ! I I I I I I l  

-I 

+ ~ O ~ ~ ~ ~ C / O ~ * ~ O ~ O ~ O ~ O ! O ~ O ! O / O ~ O ~ O ] O ~ O  
I I +I011 01014+ 

: - 

Yi 

419161 ( / I I / l+l419161 I 1 I I 1 1+141916] 1 I / I I I l+k19161 I I I I 1 [ 



DRACO - FORM 2 
MESH D E S C R I P T I O N  

FOR X ,MESH ( EQUAL TO y MESH 1 , START NUMBERING CARDS AT 02001 
FOR Z MESH, START NUMBERING AT 0 3 0 0 1  



ORACO-FORM 3 
j 7  C O M P O S I T I O N  D E S C R I P T I O N  

BEGIN NUMBERING CARDS AT 04001 ' 

lo 4 0 0 ol+k 
1 

ALL ZEROS I 



D R A C O -  F O R M  4 
T H E R M A L  CROSS SECT IONS 

0 5 0 0 0  CONTROL CARD NEEDED ONLY BEFORE FIRST SET OF CROSS SECTIONS 
FOR FOLLOWING CARDS BEGIN NUMBERING AT 0 5 0 0 1  

1 
ALL Z E R O S  h 

1 



D R A C O - F ~ R M  4 
THERMAL CROSS SECT IONS 

0 5 0 0 0  CONTROL C4RD NEEDED ONLY BEFORE FIRST SET OF CROSS SECTIONS 
FOR FCtLLOWING CARDS BEGIN NUMBERING AT 0 5 0 0 1  

1 + ALL Z E R O S  r 
1 



DRACO - FORM 5 
F L U X  GUESS FOR EACH C O M P O S I T I O N  

06011  BEGINS GROUP l 
0 6 0 2 1  BEGINS GROUP 2, etc .  

ALL ZEROS 



D R A C O  - F O R M  6 

FL U X ( Cont inued  



D R A C O  - F O R M  7 

. . . , 

Pr 2e 

ONE VA-UE FOR EACH COMPOSITION 
7 I I 9 C7 . A6 C7 77 

= P  
ONE VALUE FOR EACH COMPOS.ITION 

I >a M 51 72  

' .  



DRACO - FORM 8 
FOR ISOTOPIC DENSITIES BEGIN NUM 3ERING AT 10001 (CONTROL CARD = 11.000 ) 
FOR SELF SHIELDING BEGIN VUMBERINQ AT 1 1 001- ( CONTROL ZARD ' 12000 
FOR LGGARITHMIC' DERIVAT.VES BEGIN AT 12001 i CONTROL CARD = 13000 1 

C D # COMPOSIT ION N U M B E R S  >1 
+(loo01 1+1011+10 [+I b1. 14 bI 14 bI ttl 1+1 bl b1 1+1 H 14 I4 t4 l+l I + I 14 /+I bl 

I CDEJTROL CARD IF NEEDED I 
C D #  

ktc ALL Z E R O S  4 



COMPOSITION NUMBERS 

1.1 ttl 14 t.1 14 kl f.1 t.1 f.1 .PI t+l H 14 .I4 H fel I + I I+! I+l I+I 

DRACO - FORM 8 

FOR ISOTOPIC DENSITIES BEGIN NUMBERING AT 10001 (CONTROL CARD = 11000 
FOR SELF SHIELDING BEGIN NUMBERING AT 1 1 00 1 ( CONTROL CARD = 12000  
FOR LOGARITHMIC DERIVATIVES BEGIN AT 12001 (CONTROL CARD= 1 3 0 0 0 )  

C D #  T 

C D  9 
110007 klisblo 14 14 !+I b l  t+l /+I I + I bl ttI t+I ttI ttl t+f tCl 1+1 f+l +1 

CONTROL CARD IF  NEEDED 
C D #  

I+ ALL Z E R O S  4 



- C O #  COMPOSITION N U M B E R S  
410009 14201+101l+l 14 14 bI b] t+l bl bI 1+1 14 14 -14 bJ 1 + 1 bl bI 

DRACO - FORM 8 

FOR ISOTOPIC DENSITIES BEGiN NUMBERING AT 10001' (CONTROL ZARD = ' 1 1 0 0 0 )  
FOR SELF SHIELDING BEGIN NUMBER NO AT 1 1001 ( CONTROL CARD = 1 2 0 0 0  1 
FOR LOGARITHMIC DERIVATIVES BEG1.V AT \ 2 0 0 1  (CONTROL CARD = 1 3 0 0 0  1 

C b #  7 72 

C D  X 

kt PI IFI kl t+l l+l 14 l+l l+l PI 14 PI PI bI PI td H F I ttl I4 l+l t*l 
C D #  7 72  

I 

+ - + - + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + * 

C O N T R O L  C A R D  IF  NEEDED 
c o +  

[d U O O O  .I* ALL Z E R O S  )I 
f 



c D.# KL:RUpk -COMPOSITION NUMBERS J 
4 I4 l+l I + I tCI id l+l Id bl bl bl tcl kl . t+l M l+l +I 1+1 l+l efl t+l +I1 I+I 

DRACO - FORM 8 

FOR ISOTOPIC DENSITIES BEGIN NUMBERING AT 10001 (CONTROL CARD ' 1 1 0 0 0 )  
FOR S E L F  SHIELDING BEGIN NUMBERINQ AT 1 1 00 1 ( CONTROL CARD = 1 2 0 0 0  
FOR LOGARITHMIC DERIVATIVES BEGIN AT 12001 (CONTROL CARD = 1 3 0 0 0  1 

C [ I #  T 72 

C D #  

t.1 M H M W l s l H b l W M l 4 M H H H t . l W W W I * I I . I M W ]  

+ 4 + + + + 
+ + + + + + + 
+ + + + + + + 
+ + .+ + + + + 

C O N T R O L  C A R D  I F  NEEDED 
C O #  

ALL ZEROS 4 



C O #  I&C;# COMPOSITION . N U M B E R S  > 
4 14 b1 I + I t+l +1 bl id tel ftl bl tcl PI ' I+I H 14 14 H bI l+1 I+I bI I+[, 

- 
DRACO - FORM 8 

FOR ISOTOPIC DENSITIES E EGlN NUMBERING AT 10001 ( CONTROL CARD " 11000 
FOfi SELF SHlELDlUG BEGIN NUMBERING AT 1 1  001 ( CONTROL CAR3 = 12000  1 
FOR LOGARITHMIC DERIVATIVES BEG IN AT 12001 (CONTROL CARD = 1 3 0 0 0  

C D #  

I4 PI t+I 1+1 1+1 lil 14 i+l PI t+l 14 ttl l+I l+I W FI I4 M l+I l+1 l+i t.l l+l 1 

+ + + + + 

C O N T R O L  C A R D  IF NEEDED 
C O #  

ALL Z E R O S  )I 
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+06~1+513C00000C-+~1Z0000000+0000000000+0000000~00+000000C)OU0+000000~000~ 
+ 0 7 C O 1 + 4 8 5 C O O O O O C + ~ C 8 5 O O O O O O O + O C ~ O O O O O O O O + O O O O O O O U O O + O O O O O O t i O O O + O O O O O O O O O O  
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+09G01+000C000300+C~0c00000000+cu00000000+00000000000+0000000000+0~0~000000 
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+10~3+02+C+0.00000;0C00000001l300000000.0000000000000000000000000000000000 
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+10~5+03+c+0000c0~0C000000000~00000000 '000000000~000000000~00000000000000 
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+ 1 2 ~ 0 0 + 0 0 G C O O O O O C O P O C O O O O O O O ~ 3 O O O O O O O O O O O O O O O O O o G O O O O O O t i O O 0 O ~ O O O O O O O O O O O O  
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DRACO TEST PRORLEM DRACl 
DEC 1981-10  
DEC 1 0 0 1 ~ l r l r ~ ~ E ~ 8 ~ l r 3  
DEC - 1 0 0 2 , 2 i l r 8 v 1 , 8 , 1 r 3  
DEC -10001rCl  





COMP GDOUP DIFFUSIOhl  hRSOt?P'?Oh' NI!. FISSICN .RE:4OVAL 

1 1  l a 3 1 4 5 9 8 9  a004.641?7 aOO,~hl237  r01055Rhl. 
1 2  a?-472821 r07?0608'? alI.Ct12529 a a a 

2 1 2.0566SRO a001 1036c a 0 0 3 0 9 6 7 0  r93.&7?0n6 
. . 2 2' . aL526953 - . .02710+0? a04.?57-433 a a a 

I . . .  I ' 

. . . - 

. .. . - - . - -  ... - i 



b 

SROUP I T .  E!O. - ? I  SHY 1 SHY.2 SHK3 SHK4 Y!? I N n?F.T,A ! ~ M $ x  bl.-!il! ?I:.I&x' 

1 1 0  0.97079256 0.$72217?6 0.97222104 n o 9 7 2 2 1 2 0 6  0.972?5?81 1m544hZ??PI 1.716451ho 1.8?45??05 9 1 9  

2 10 .  0.94900888 0.S5099417 0.95170477 0 a 9 5 1 2 1 4 0 6  01?50?5646 l o 5 2 2 3 2 7 1 1  ?.5?557??h 1.70015906 7 14 

GROUD I N I T I A L  QES. VOI INYER I T .  F I N A L  RES. 

1 6 9 1 4 0 7 7  1 S % * A 4 0 4  
2 2 9 * 8 5 1 6  1 0  1.1896 

, OUTER I T .  . MAX. LAMROA L P ha', P, P P !IF'* Lfi!m.DE FDSILO" 5 0 0  ALPWA RETA PE?'DI?I'~ 

1 ,107545 .Cf!0367 . 0 1 5 5 1 t  e 5 6 9 3 6 0  .OOC000 eCDn000 1.1C0660, 

GROUP I N I T I A ~  RES. NO. IM?IER IT. FINAL PESI 

1 28.9715 1 5  1.2470 
7. ? * 5 ? 8 6  1 5  ,1082 

OCTER I T .  MAX. L A ~ ~ S D A  L F . : ' ~ D ~  I ! L . : A .  ~ ~ s r ~ n r . ' s n ~  C L O H ~  R E T A  P.F:~OI?U. 

2 .O81705 .678477 .060F7? 1 1 3 2 7 6 0  ,000000 . a n c n n n  1.?168?0 

' GROUP I b ! I T I A L  RES. K C .  ICWER I T .  F I S F L  RES. 

1 3 * 8 C ? 1  1 6  ,1537 
2 .4R7? 15 ,0183 

OUTEQ IT. ~ I A X .  LP.:.:?~ ~ < ! . r ~ n n  :.;I::. L . ~ Q ~ C A  FPSILOZ' ~ 9 .  ~ L P H P  PI~TA !?F1$C3!?Ms 

J .0791?5' . o ~ . s ~ ? D  0 n 7 5 : ~ n  0 0 7 4 4 2 6  o ~ o n o o n  . n n n n m  1 . 0 7 i 5 ~ 5  

, . 

GROUP I I d I T I A L  RES. - h10. INYEQ I T *  F I N L L  RESo 

1 a7228 1 7  eOZP.5 
. . 2 . e0900 1 5  ' rO038 

OUTER I-. MAX. LAI.!RRA L I I ~ Q D A  \?IF!, ~ . j r p c n  F D S T L ~ ? !  s?, C.LPHA OF-& PF~.!.'oR~!. s I wfi. 

4 .0786?0 . , )7$45P .077R2O e0354RZ l b 1 0 1 8 9 2  ' 1 0 0 ~ ~ ? 3  1 . ~ ? 0 q 7 7  . 1 ~ & ? 4 r !  



GROUP I \ I T I A L  RESe W.3e IN'JEP I T e  F I N A L  PESe - . . . 
1 ' e'1080 t! . a 0 0 9 0  

. .  .2 0 2 4 6  A -. . . . . .  .on11 . . .  . . 

OUTER I T .  F.1A l( o L.AMRDA LAt?RDA PI Ye L.At4ROA FPSILON Sr3e ALPHA RETA sE~.rop;~~. 
. . .  . , 

. 5 a 6 7 8 5 4 7  i , 1078472 . .07A770 e0011.28 eC00000  r C 0 0 0 0 0  leOOO9OA . . . .  

. . . .  . . . . 

. . . .  . . : . i " , '  :. . .  .. , . . 
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ORACC TEST PRORLEM TaSaOO ORACl PAGE i , 

ECllT 1C -AVG. (RLK) STI.CK POWER-TOTAL . 

1 2 3 L 5 6 7 8 9 

1402 3986 5049 6990. €970  5965 1 5 6 I  -1 9767 -1 3332 
1 

3986 1 1134 1 1693 1 1990 1, P986 1 1702 4462 2795 -1-9485 
2 

5949 1 1693 1 2529 1 297.8 .1 2978 1 2560 6739 ,4232 1498 
3 

6990 1 1990 f. 2Q78 1 3514 1 ?528 1 3051 8095 5108 1'740 
4 

6970 1 1986 1 2778 1 3528 1 2567 1 3121  8407 5145 1877. 
5 

5965 1 1702 1 2460 1 3051  1 5121  1 2797 7753 4978 1709 
6 

1561  4462 6'39 8095 €407  7753 6247 4030 1387 
7 

-1 9767 2795 4232 5 i 0 8  C345 4978 4030 2599 - -1 895.7 
8 

-1 3312. -1' 9485 1938 1740 1827 1709 1387 -1 8957 -1 70'89 
9 

EDIT 1 0  COMPLETED , 

, 

. , 

- .  



D3ACO TEST P R 0 3 L E Y  '.S.CtO ' D R A C l  ' F I Y A L  AVFRAG'I I S O T O P I C  D E N S I T I E S  PAGE 1 

COM=OSIT IOV 1 CC:IPOSIT13N VOlrUI.!E= 9 6 0 8 7 9 9 9 0  
-4  9947 -5 72.50 -2 57L9 -4  1 1 8 6  - 5  1 6 7 5  . - 5  2.177 -7 8EO3 -7 SOL8 -7 1531.  - 9  1 2 4 3  - 4  476' 0 0 0 0  0 @ 0 0  

COM=OSIT lON 2 CC4POSI  T I O N  VOLUPIE- 2 9044?994 
- 4  4032 -5 1 4 5 7  n0C.O OOOn ooc:,  n n o n  -7 ! L 8 8  -8  8sr .b  -8  4981  -9 7 8 7 2  - 5  7 3 7 3  0 0 0 0  0 0 0 0  

REACTOR TOTkkS TOTAL VOLUME= 3 1 5 1 2 8 9 9 8  

. 35 5147.  3 4  3.W0 37 21-9 - 3 4  3 8 2 8 .  .35. 5411 7 2  7.030 3 2  3556 ? Z  9 0 3 9 .  3'1 7 2 9 5  30  5870 ? 5  .176:! 0 0 0 0  0 0 0 0  

E D I T  8 COMPLETED 

t . . 

. . , . 

... , . 

. , . . .  

.. ' _ . . .  

. . - -  
. . _ I  

. . .  

. : - . . . . . .  .' * ... . . . . 
. . .  . . .  . L  z .  .., . ' 

. . 
. . ,. ! . ' 

. . - . .  - . . . . .  .- . . . . .  - . . . . . . . . . .  .- . . . .  



DRACO TEST PROSLEM ToS.00 DRACl 
I D I T  1 POINTWISE FLUX - GROUP 1 

3 4 5 6 7 8 

1 9 4 9 9  2 1011 1 g o n 3  i 6 2 2 3  I 3917 1 1900 

2  1 7 5 0  7 1 8 6 5  7 1663 2 1 1 5 2  1 7 2 6 8  1 3 5 3 1  

2  2272 2 2 4 2 6  2 2 1 7 1  2  i s 1 2  1 ,9582 1 4671 

2  2426 2  7 6 0 1  2 ? 3 4 3  Z 1.651 2 1 0 5 6  1 . 5 1 8 2  

2 2 1 7 1  2  2 7 4 3  7 ? I 4 0  2 1 5 5 4  2 1 0 1 5  1 5042 

2 1 5 1 2  2  1 6 5 1  ? 1 5 5 4  Z 1251, 1 R597 1 4 7 5 2  

1 9 5 8 2  2  1 0 5 6  2 LO15 1 8 5 9 3  1 6 0 5 7  1 3 1 1 3  

1  4 4 7 1  1 5182 1 5042 1 4 3 5 2  1 3113 1 1 6 1 3  

PLANE 1 PAGE 1 



D2ACO TEST PRO?LFM, c . ~ T . s .  OF 4C 1 PL4VE 0 .  PAGE 2 

C')LIJHN 
0 1 2 3 4 5 6 7 8 9  

ROld 
,l .............................. .....I.. 

.no1 001 601 no1 a o l  ooi.no2 fin? naz. 
1 .  . 

.no1 001 ~ O L .  On1 no1 'nni*nOZ '-02 0 0 2 ~  
? .  . I 

.on1 001 on! 001 no1 0nn1*002 coz no?. 
7 . .  . 

.nD1 r)Dl On! oq1 on1 lOolrn32 r.92 O02r 
:.i. I . .  

.on1 nnl nn! 401 ~nni.cn:! r*d:! d!??r 
5 * * 

,001 001 on! o o ~  a o l  sl:ni.nn? r.n7 o w *  
0 . . . . . . . . . . . . . . .  . 

aod2 nn? nnz nnz on2 tOd2 no? r.02 no?* 
7 .  * 

.no2 on? 00.). 092 no2 slln:! hq? 692 00%. 
6 .  . 

,002 on? nn? on? on2 ~0o2  ~ 7 2  fin2 on21 
9 ..................................... 

- .  . . . . . : . - ,  

. . , . ,  
. . , . . . . . .  . . . - 

. ,  . .  . :.  , 

. . . . . .  , .2 . . *  . 

, . ' .  . . . . .  

. . . . . . .  

. . . .  . . . ,  . 

. . . . . . . . . . . . . .  . . .  . . . . . . .  . , . .  . . . . . . . . . . . . . . .  

. . . . .  . . . . . . .  . . . . . - .  - -  .... - . . . . .  



DRACO TEST PRORLEM TaSa00 . DRACl PLANE 2 PAGE 2 
EDIT 1 F.OINT:JISF FLUX - GROUP I 

1 2 3 4  5  h 7 8  

1  3984.  1 7 7 3 1  ? 9 4 9 9  2  1 0 1 1  1 9 0 0 3  1 6 2 2 3  1  3 9 1 7  1 1 9 0 0  

2  ? 7 3 3 1  2  1 3 5 0  2  1 7 5 3  2  1 8 6 5  2  1 6 b 3  2  1152 1 7 2 6 3  1 3 5 3 1  

3 1. 9 4 9 9 .  2  1750 ? 2272 Z 2 4 2 6  2  2 1 1  2 1 5 1 2  1 9 5 8 2  1 4 6 7 1  

4  ? 1 0 1 1  2  1865 ? 2 4 2 5  2  2 5 0 1  2  23-3 2 1 6 5 1  2  1 0 5 6  1 5 1 8 2  

5 L 9 0 0 9  2  1 6 6 3  ? 2 1 7 1  .2 2 3 4 3  2  21-0  2  1 5 5 4  2  1 0 1 5  1 5 0 4 2  

6 L 6 2 2 3  2  1 1 5 2  ? 1513 2 1 6 5 1  2  1 5 5 4  2  1 2 5 1  1 8593 1 4 7 5 2  

7  1 3 9 1 7  1  7 2 6 8  1 9 5 R  2 1 0 5 6  2  1 0 ? 5  .1 8593 1 5 0 5 7  1 3 1 1 3  

8  L 1 9 0 0  1 3 5 3 1  1 4 6 7 1  1 5 1 8 2  1  50*2 1  4352 1 3 1 1 3  1 1 6 1 3  





. . 

DqACO TCST PRORLEM - TaS.00 DRAC 1- 
. . ' . PLANE 1 PACF 4 

- EDIT 1 P*)INTVJISE FLIJX - C9011P 2 . . - .  

1 2 3 4 5 6 7 8 

1 5698 1 1051 1 1371 1 14?3 1 138% 1 1125 8047 4157 

2 1 io5i 1 1940 . 1 2532 1 9743 I 2563 I. 2089 1.i498 7750 

3 1 1371 1 2532 1 3339 1 7593 1 3771 1 2760 1 1989 1 1031 

4 1 1483 1 2743 1 3593 1 3916 1 1699 1 3058 1 2219 1 1156 

5 1 138'1 1 2565 1 3371 1 3698 1 35?? 1 7976' 1 2193 1 1144 

6 1 1125 1 2089 1 2 7 6 ~  1 3058 1 i976 1 7594 1 192n I 1011 

7 8047 1 1498 1 193E 1 I 7183 1 1 9 2 0  I 141n 7429 

8 4157 7750 1 1031 . 1 1156 1 1144 . 1.1011 . 7479 7918 

. . 

. . 
. . . . .. . 

- i .  

. . 

. .  . . . . 
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, 
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)RACC. TEST P R W L E ?  - * s a 0 @  WAC1 PLANE 2 PACE 5 
T t , l T  1 POINTI-JISF: FLUX - CROlJD 2 

1 2 3 4 4 5 7 8 

1 5698 1 1051  1 1371. 1 1483 1 1384 1 I 1 2 5  80L7 4157 

2 I 1051  1 1940 1 7532 1 2747 1 : 5 5 5  1 20R9 1 1499 7 7 5 1  

3 1 1 3 7 1  1 2 5 3 2  1 3 7 0 9  1 3 5 9 3  l 2 7 7 1  1 ? 7 6 0  1 . 1 9 C A  1 1 0 3 1  

4 P 1483 1 27h3 1 3593 1 391.6 1 '696 1 3C5P 1 ? ? I 9  1 1156 

5 1 1394 1 2565 1 3371  1 3698 1 ?532 1 2976 1 21E3 1 114; 

6 1 1125 1 2089 1 2760 1 3058 1 ?976 1 2594 1 1970 1 l n l E  

7 8047 1 1498 1 1988 1 221? I 1 3  1 1920 1 1410 742q 

1 8 4157 7750 1 1031  1 1155 1 11a4 1 1011 7429 3918 

. .. , - . :  

- ,  , i 

. s 

. . 
! 

I 

. . . , ... 
. . . .  . . ,: I:.. ' . . . ; 
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E D I T  1 COKPLFTED 

D R A C O  TEST P R O B L E M  TaS.00 D R A C l  PLANE 3 PAGE 6 
E D I T  1 ?C.INTWISE F L l l X  - GPO!IP 2 

' 1  2 4 5 6 7 9 

1 5698 1 1 0 5 1  1 1 ? 7 1  1 1.4'33 1 1 3 9 L  1 1175 ,. 8 0 4 7  4 1 5 7  

% . 1 1 0 5 1  1 1 9 4 0  1 25;2 1 97a7 1 756'  1 2 0 8 0  1 1498 7 7 5 0  

3 1 1 3 7 1  1 2 5 3 2  1 3309 1 3593 1 337: 1 2 7 6 0  1 ]OR9 1 1 0 1 1  

4 1 1 4 3 3  1 2 7 4 1  1 3593 1 l F l h  L ?69R 1 3058 1 27.19 1 1156 

5 1 I 3 8 4  1 ,2565 1 3 9 7 1  1 7 6 9 8  1 7532 1 2076 1 21.83 1 1 1 4 4  

6 1 1 1 2 5  1 '089 1 2 7 6 0  1 3053 1 20776 1 2 5 9 4  1 19?0 1 1 0 1 1  

7 8 0 4 7  1 1 4 9 8  1 1 9 8 8  1 2 2 1 9  1 2 1 3 3  1 1 9 2 0  1 1 4 1 0  7 4 2 9  

8 4 1 5 7  7 7 5 0  1 : 3 3 1  1' 1 1 5 6  1 1 1 4 9  1 1 0 1 1  7 4 2 9  3918 

, . 

- -- - -- 
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