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. . .  . . . . . . . . .  . . . .  . . . .  . . i ,  . 
.., . . . . . . . . .  .,; :., ,; : :.. .: .!.; BRIG.;. is.. a. two-dimensional. nuclear-thermal deple- 

t ion  program to study the e f f ec t s  of moderator 
. . . . . . . . . . . .  . . . .  : 

, . , ; t i  I , -:. : : .  boiling on. t he  neutron f lux  d is t r ibut ion  and the . . . .  . . . . . . . . . . . . .  
depletion of the time-dependent isotopes. The 

. . . . . . . . . . . . . . . .  . . . .  ., . . . .  , . . . . . . .  . . program requires an IBM-704 with a memory of 
3z9768 words and ten tape uni ts ,  

. . . .  . . . .  . .  ?. . .  :'.. . . .  : . :  . . .  . . . . . . . .  ., . . . . .  , , , :  

BRIC - AN IM-704 TWO-DIMENSIONAL NUCLEAR-THERIVTPJ, 
IXPLE TION PF~GRAM WITH DISTRTBUlED VOID EFFECTS 

I 

. a W, M, Jacob5 . . . . . . . .  . . .  . . .  . . . . . . . .  . . 

To J , Lawton 
. . . .  

, . '  . . . . . .  . .So H, Meanor . . - .  

' J o  Re P a r r e t t e '  
. . . . 

. I, INTROCkTCTION I 

BRIC-1 i s - a n  IEM-70k program t o  study the e f f e c t s  of moderator boiling on the 

neutron f lux  dis t r ibut ion and depletion of tine-dependent isotopes in an x-y s l i c e  

. of a water cooled and moderated reactor,  Flow i s  assumed to take place i n  the 

, 
The. program i s  essent ia l ly  a modification of TURBO-l* (Ref. 1 ) .  ' Using input 

water densi t ies ,  the diffusion equations a re  solved i n  x-y geometry t o  obtain a 

neutron f lux  shape and a corresponding power shape. A thermal and hydraulic calcu- 

l a t ion  yields  a new water density d is t r ibut ion  corresponding t o  the power shape, 

The power shape can be recalculated based on these densi t ies  u n t i l  a converged 

density d is t r ibut ion  i s  obtained, then a depletion of the time-dependent isotopes 

.J can be calculated, 

. . 
(.. . . . . . .  

I1 , . CALCULATION 
. , .  . . 

:.... . .  . . 

A, s p a t i a l  1 t e r a t i i n  ' . . 

, a 

A modification of the PDQ-3 ( ~ e f ,  3 )  as  incorporated in the revised TURBO 

programw is  used t o  cbmpute the neutron flux', and c r i t i c a l i t y  factor ,  h. 

++ No provisions are made fo r  r-z calculations or f o r  maximum xenon studies, 

M The revised TURBO program will be described i n  an addendum t o  WAPD-34-95, 



The two- :or f our-group parameters. required i n  the diffusion equations a re  obtained 
. . " .  . , . .  . . , : 

.. . by- combining isotopic '  number dens i t ies  and. the mal self  -shielding f ac to r s  w i t g  ' 
. . . . , . 

f i t t e d  few-group m~croscopi .~ cross sections. A l i b ra ry  of f a s t  cross sections is 
. . a .  

.- . . 

avai lable  f o r  use which can be corrected t o  obtain a more accurate f i t  for indi- 
h* 

vidual problems. 

The f l u x  shapes obtained f r m  the spa t ia l  c a l c d a t i o n  a re  normalized by cam- b 

puting a power shape from these flux values and the f i s s ion  cross sections and by 

comparing the in t eg ra l  of t h i s  power with a specified power output, The depletion 

o r  the var ia t ion  i n  the  water density i s  computed f o r  each rectangle of the mesh 
: .! 

by using an average flux computed from the four surrounding pointwise flux values, 
2.. i. 
. . . . .  

See Reference 1 f o r  a more .complete description of the depletion scheme6 . 
, . 

Water must .be carr ied, ,as  a single element, number 30, i n -  the.  fueled regions 

where the water densitLes a r e  t o  be v a r i e d . a s  a function of. the local power densi- 
: d 

t i e s .  For  non-fuel bearing regions, water may be carr ied as  elements l . a n d  2, 
. ,  . 

hydrogen and oxygen. ' The BRIC-1 l i b r a r y  contains the ,following microscopic cross 

sect ions f o r  element 30r ( ~ ~ 0 ) .  

Group 

Be Thermal and Hydraulic Calculation 
7 -, , .  . 

The, normal TURBO-1 calculation i s  discontinued p r io r  t o  the solution of 
. . .:. . ,  . . . . . . .  . 

the isotopic  density equations, I n  each mesh rectangle .'containing f iss ionable 
. . . . , - ,  ',, I ' . . . . 

isotopes (i.e., non-zero power) the power normalized to  the output power i s  
. .  ' . . , .. . 

, ' .  .,.: . . . , . I  , 
4 ,  

calculated -by the expkss ion  . . -.. . . 



where r r e f e r s  t o  the rectangle defined by i t s  four  values  x, y, x41, y+l ,  P i s  

the  TURBO power normalization f ac to r ,  K is  t h e  energy produced per  f i s s i o n ,  

vZf i s  the  macroscopic f i s s i o n  c ross  section,  5 i s  the  average flux, i i s  the 

l e thargy  group, k i s  t h e  thermal group, and M i s  the element number. Only rec- 

tangles  with P ( r )  # 0 a re  considered. i n  'the therindl...and ..hrdraiLic calcula t ion.  

The mass flow r a t e ,  ~ ( r )  i s  calcula ted by l i n e a r  in te rpo la t ion  i n  a table .  of 

P ,  power densi ty  versus G .  The t ab le  i s  composition-dependent input  supplied by 

the requestor and i s  used t o  approx inab  -the f low r ed i s t r i bu t i on  e f f e c t s  which 

r e s u l t  from boil ing.  N o d e t g l e d  ca lcu la t ion  .of flow d i s t r i bu t i on  i s  possible a t  ' -  ." , :I . 

t h i s  point ,  because such a calcula t ion requ i res  a knowledge of the  power d i s t r i -  .. ,( 

bution along t he  channel in the a x i a l  d i rect ion.  

An average coolant enthalpy is  ca lcu la ted  f o r  each mesh rectangle  from the  * I  

, . *  
expre s si on .; , :.G 

.where t i s  the time s t ep  number, hg i s  the i n l e t  enthalpy, i s  a composition- 

dependent power convePsion fac tor ,  and a, Y, and 6 are input  constants which a r e  

described below, 

Water number dens i t i e s  a r e  determined from the  coolant  enthalpy by l i n e a r  

in te rpo la t ion  i n  a composition-dependent input t ab le  of N30 versus ha 

1. N uclear-Thermal I t e r a t i o n  

The type of hea t  balance t o  be considered i s  determined by a, Y, and 

5 ,  I f  a = Y = 1, 6= 0, a-nuclear-thermal i t e r a t i o n  i s  specif ied,  i,e,, t,he water 



number dens i t ies  a re  determined solely. by the m e d i a t e l y  preceding power i t e r a -  . . .  . . , , . _  ) . _ .  " 

t ion.  The constant 6 may be used t o  accelerate convergence'-':of density shapes. 
. ?  

. . 
1 . .  

For example, i f  t he  coolant dens i t ies  tend t o  osc i l l a t e  i n  the process of con-. 

vergence, one might s e t  7' equal to  some fract ional  value and l e t  6 = 1 - a where 
6 

y = a. This w i l l  tend t o  damp osc i l la t ions  and may speed cbnvergence, -' 

. . . Two 'conyergence. c r i t e r i a .  a r e  .calculated, one..on the  . integrated change i n  W t e r  b 
. . .  

density: .over the :en t i re , fue led  region,. and .one on the.maximm .ch.ahges in. water. 

densi ty  ,:at.' aqy mesh point, The following. expressions a re  used .to calculate the 

. . .  . . .  .convergence.i c r i t e r i a :  . .  : 
, .. 

. - 
where AR i s  the a rea  of the rectangle, r, 

. . . . .  .. ' .  s .  . .  . . 

These a r e  compared with the  input quant i t ies  E l  and t o  determine convergence. 

max 
r 

,, 4f ter e.dited ,.values have :.been inspected, the xeque'stor can proceed to  another 
. , 

i t e r a t i o n  (time-step), o r  a depletion. Current time-step ..values of coolant. 6nthalpy 

~ 3 ~ ( r , t )  - Nj0(r, t- l)  

~ ~ ~ ( ~ 9 t - ~ T  

'I/ 

a re  saved on punched cards, These binary cards are p a r t  of the input  f o r  the next  

, . 

= E 
2 

time-step calculation. The time-step number in the  TURBO-1 deck must be increased 

. . .  . . . .  by 1 in order t o  do another . i terat ion.  . . .  I I .. 
. . 

If the water number dens i t ies  calculated i n  the current.  i t e r a t ion  are sa t i s -  
. . . . . .  

, I S  . . .  . . . . . .  
factory, it i s  possible t o  do a depletion bf the time-dependen-t isotopes with 

. . 
! * I  . i ' .  . 

el&t 30 held constant. This i s  done by i n i t i a t i n g  a res ta r t .  It should be 
. . .  . . .  . . . . .  . . . . .  . . 

. . . . . . .  . . 



noted tha t  the most recently calculated n h b e r  densi t ies  a re  not used; This 

should not be considered a s  a l imitation, because convergence of the  Pteration 

scheme implies tha t  the time-step (t-1) number densi t ies  a r e  ju s t  as good a s  time- 

s tep ( t ) .  

2. Sequential Heat -. Additions 

I f  a = 0, 7 = 6 = 1 i n  equation 2, heat may be added sequentially t o  

an x-y plane s l ice .  This would correspond t o  examining power, enthalpy, and den- 

s i t y  dis t r ibut ion a t  several heights in  the core, One might s e t  the value of k, 

t o  correspond t o  2% of core power; the water density and power shapes calculated 

i n  the f i r s t  s tep then correspond to  tha t  height i n  the core where 2% of the t o t a l  

heat has been added. The second s tep  would add an additional 2% heat load, based 

on the power shape and enthalpies exis t ing a t  the f i r s t  step,  The process would 

be repeated f ive  times, and on the l a s t  step the power d is t r ibut ion  a t  the top of 

the core and the e x i t  coolant enthalpies would be calculated, With t h i s  procedure, 

,G(r) i s  calculated f o r  the f i r s t  time-step (i.e.,  a t  the bottom of the  core) and 

i s  held constant through the remainder of the heat addition steps, The time-step 

number i n  the TURBO-1 deck must be increased by 1 a s  each s l i c e  i s  added. The 

sequential addition of heat i s  the most r e a l i s t i c  method of calculating density 

shapes i n  a three-dimensional core, but may be subject t o  s igni f icant  inaccuracies 

where the l o c a l  flow ra te  ~ ( r )  i s  a strong function of the channel thermal conditions. 

Although the procedure involves cumbersome tape manipulations, it i s  possible 

(4  t o  do a depletion of the time-dependent isotopes, However, this will not  be 

'i 
desciiibeil here, 



111.' INPUT. AND OUTPUT . , 

. . 
I . ,  1 .  , 

. . 
A, Input  . - 

I n  general,  con t ro l  informat ionS(including card numbers) i s  'punched in 

f i xed  po in t  no ta t ion  and da t a  information i n  f l o a t i n g  po in t  notation,  ' 

Fixed decimal i n t ege r s  a r e  represented by a s ign followed by 3 sequence of 
. .. . . 

. .  . . . ' . .  
., . ,. 

decimal d i g i t s .  The decimal point  is. no t  punched, but is assumed t o  be t o  t he  
. .  . . . . . 

r i g h t  of t h e  l as t  d i g i t  of the  f i e l d .  . . . . .  
. . .. . . . " . 

Floa t i ng  decimal numbers are  represented by a sign and a two d i g i t  charac- 
' . . . . . 

t e r i s t i c , \ C ,  followed by a f r ac t i on  of up to e igh t  (8) d i g i t s ,  If N = +c) ,xxxx .~~?~~,  
0 - 

then N is  punched as +CCXXXX where CC = 504y. 
I - The f r ac t i on  must always be in 

normalized form, i.e., the  l e f t -mos t  d i g i t  must no t  be zero, F loa t ing  po in t  , 

. . . , . . 

zeros a r e  represented by a .p s ign followed.by a t  l e a s t  th ree  zeros, 
. . . . . . . . 

Each card in the  input  deck except the  t i t l e  card has a four-digi t  c,ard .number, 
. . . . . . . . .  

A l l  numbers on t h e  ca rds  a r e  separated, one from the  o ther  by a s ign  punch, Every 

column must be punched. There must be a 12  punch i n  the  column immediately follow- . . . . .  , 
. . 

ing  t he  l a s t  da t a  d i g i t ,  followed by zeros t o  f i l l  out t he  72 columns of the  card? 
. . , . 

A l l  numbers a r e  f l o a t i n g  decimal numbers unless otherwise specified. .  I f  more 
- -  . . 

numbers than needed are  spec i f ied  f o r  a card, f i l l  t he  remai-ning columns a f t e r  the 

last  data  d i g i t  with +000------ 
. . .I 

0 through column 72. 

, I .  . 
The BRIC-1 input  deck .cons i s t s  of a TURBO-1 deckd a blank nard, g t b m a  w d  

.. . . .. 
1. 

hydraulic deck, a blank card, and the  binary deck punchend by t h e ,  pmvinl1.r: t h e -  

atcp. There is, UT c u ~ m e ,  no binary check f o r  time-step 00, b' 

1, TURBO-1 Deck . . .  , . 
v 

Prepared p r ec i s e ly  as described i n  w @ D - ' I M - ~ ~  and in the addendum 

t o  t h a t  repor t .  



2.. Thermal and Hydraulic Deck . . 
. . .  . .  , r .., .. :' . . . . .  . . , ,  . . , . . . . . . . . . . . . . . . . . . . .  

Caution must be..'&&r&ised b y  the requeitor in the 'construction of a l l  
.. < . ,- , ,,. ;;, ,. : 

' . . . . . I . ,  i . . . . . . . . .  ,: 

input tables .  I n  the process of &terpolating i n  these tables  the program will 
. . . . . .  . , . I .  ..... \ . . :  - . . .  . . :  :; ,: .>. . . . . . .  . '. 

h a l t  if the range of the tab le  i s  exceeded i n  e i the r  direction. 
. . .  . . . . :  . . . .  

Water number densi t ies  may be held constant over a fueled composition by se t t ing  
t : : . . .  . . >  

.',' , I 

the values of N30 in the LOO0 se r i e s  equal t o  zero. The enthalpy values i n  this 
' , .  . . . .  

se r i e s  and a l l  other input values associated with the cdmposition must be reasonable 

values, I f  they are  not, the program w i l l  hal t  while attempting t o  interpolate i n  

these tables, 

T i t l e  card - Anything may be punched i n  columns 1-66. Unlike the t i t l e  card 

in the IIIRBO-1 deck, this t i t l e  card may-be d i f fe rent  f o r  each time-step. 

Card % .  

Number , Symbol Description . . 
. . . , . . . . . . .  . . . .  

' .  
. . . . . . . . . . . . . . . .  . . . ,. . . . , . . . . .  ..... . - . .  

4.1001 a 
. . .  . , .  . . .  _ .  . 

' . .  . . .. , . . . . , 

Y '  parameters i n  equation (2). . . . .  .. ., 
. . . .  . . ,  ." : - . .  , " '  

. . , , . , . , , . ... 
6. , 

' < % 5 ' , '  

* .. 
. . .  . 8 : ' .  

m . ,  . Number of" fueled campositions - f ixed  point, .. 

G-Edit 0 f o r  no flow e d i t  or  1 f o r  flow e d i t  - f ixed  point, 

H -E d i t  0 f o r  no enthalpy e d i t  or 1 f o r  enthalpy e d i t  - 
fixed point, 

N 4 d i t  0 f o r  . . no. density e d i t  o r  1 f o r  density e d i t  - fixed 
point. 

E 
1 Convergence cr i te r ion .  

E . . .  2 Convergence cr i ter ion.  

( ~ l t h o ' u ~ h  and c 2  are  not used in sequential heat 
addition problems, two f loat ing point numbers must 
be punched on the card, ) 

+2001 nl Composition number - fixed point. 

I n l e t  enthalpy. 



. . .  .. . . . . _ _ . . . .  , . . .  . . . .  7 . . .  ..> Card . . . .  : . . . . . . .  , ' I . : .  . i . :  . . . . . . . . . . . . . .  i. . . . . . . .  .........-.... -.. 
Number Symbol 

. . Description . . .  . . . . .  . . .  . . , .  . . . . . . . . . ' . _  . .:. , -  :. I : .:., ,:. ;,:,s .,:,:.,.. ..,% 

Gl . . . . .  . . . . . . . . . . .  
Conversion factor,  

. . .  . . .  . . . . .  . . . .  . . . . : . < '  , .  . % .  , .  : , . . / . :  . . '  . . .  . . .  ,. . - . .  >.. ..: i .  . 8  I ,  - .  . . . . . . . . . . .  

"2 Composition , , . .  : number - . f . . _  b e d  . poin . . . . . . . . . . . .  to . , . .  
. . ... . ,  . 

" ,  . . . . . . . .  . . . . . . .  
., ;:. _ .  
. , .  ' ' ,A: 

E nthalpy. 
. . . .  . . . . 

. . 

kn Conversion factor,  
. . , .  . . . . . . . .  . . . , , :. 2. , .  . . . . .  . . . . . .  . . . . .  . . . , 

. ?;': .. ' - 2  

*2002 n 
. . . . .  . 3  . . .  . . . . .  ... , I' ' . * . , : . I .  , . . ' I  

. . 
. $ . .  , . . . . . . .  . . . . . ' . . .  .... . . . . . .  : , . I . !  ,.i.: . .> 

+2003 {etc ,  ) , .  . 
. . . . . . .  . . . . . .  . . . . .  . . . . .  . . ,  

... . . . . . . .  , . . . . . . . . . . . .  
where the  composition numbers are i n  ascending order, specifying one f o r  each of 

. . . .  : . . 

m fueled cmpositions. There must be s2.x a d  nn7.y s i x  words on oach c a d  wit11 L11e 

exception of the l a s t  card i n  the series,  if m i s  odd, 

+300l: . P  . . . P . ~ ~ e ~ ~ ' ~ e r ~ ~ ~ F l o w . t a b l e s f o ~ f i r s t  fueledcomposition. 



Card . . .  
Number Spbol.:: ::, ,,,:;;:::. :,. Description' :. - . . . 

. * ,  - ..~. . , . . . . .  . . . . . . . . . .  . .- . :. 

93011 P Table f o r  second fueled composition, 

e tc ,  

. . . .  

where up t o  twenty pa i r s  of P and G values may be specified f o r  each fueled com- 

position. The P values must be i n  increasing order and there must be input f o r  m 

. taliles, The first card number f o r  each table  i s  2991 4 10M where N = y-----me 

There must be :six and only six words on:each card except. the.  last one i n  each 
Qlt 

. . . . .  . . . . .  table,  . . .  ;., . . . . . . . . . . .  . - , . . .  . . . . .  . I. 

. > 
> .  , - ,, : .:. '. . . . . 8 

.. . . . . . .  . . .  . :. . . ' I  . i .  . . . .  ;..; . . , %, . . 1 : .., - .  
. . . . . . . . . .  . . . .  . . . . . .  . . : .  . .- . 

. . ,,# , i i .  , . 
*4001 , h Average coolant enthalpy versus N3g f,or f i r s t  fueled 

. . . .  . ,. , . , .  . ... : composition. .. .;.I.: . . : ,  .#.. ::. . .  .:-: . i,, . '. :.. . . .  I I .-. i  ,." :., . :' 



Card . ,. . . . ' >  

Number Symbol Description ' . 

h 

N30 

e tc ,  

h Table f o r  second fueled composition, 

where the 4000 : s e r i e s  are.:specif ied. in .the same manner ss the 3000 . series,  . .' .' 

w 
3, For  all time s teps  except 00, the binary deck punched by the pmvious 

time-step f o U m s  the blank card a f t e r  the thermal and hydraulic deck, The binary 

deck contains the previous time-step enthalpies and fo r  sequential heat addition 

problems, the constant flows, 



B, Output 

For each time-step a binary deck i s  punched which .is p a r t .  of the.  input f o r  

the next time-step. I f  a = 0 (sequential heat additions) the deck consists of the 

mass flow ra tes ,  ~ ( r )  f o r  each rectangle, three blank cards, and the enthalpy 

values f o r  each rectangle. I f  a # 0 (nuclear-thermal i t e ra t ion )  the punched deck 

1 .I consists on1.y of enthalpy values. On both flow and enthalpy cards the %-row 

contains the time-step number i n  columns 13-18, columns 19-21 a r e  blank, and the 

card number i s  punched in columns 22-36, Enthalpy and flow cards a re  ident i f ied 

by the punches i n  columns 1-12. Enthalpy cards have a punch in &&* 'COX-; flow 
. . . .  ' . . > . . .  f . " . . '  , .: 

cards have a punch in every other column. 

A t  the end of each time-step, ~ ( r ) ,  h ( r ) ,  and ~ ~ ~ ( r )  are  edi ted off-line i f  

they were .specified by the. ,req~estor: , . , i+~ the input. ;. . . . . . . . .  . . . .  

For nuclear-thermal i t e ra t ion  problem, the two convergence c r i t e r i a  a re  calcu- 
i 

l a ted  and compared with the input c r i t e r i a  gl and. 6 I f  the problem is  not 2" 

converged, t h i s  f a c t  is  pr inted on-line and the calculated e l  and. the t en  maximum 

..... values of -Q are printed on-line? When,, the..desired convergence has been obtained, 

this f a c t  i s  noted on-line, 

Only the basic operating instruct ions are outlined here. More detailed operating - 
instruct ions and the program and e r r o r  stop l i s t i n g s  associated with TURBO-0, 1, and 

. . . : . . . : . . .  ,:,,r :.':, . ', : . ' : '  . , .  , 

5;, the end of tape 7 prdcidure and t h e  r e s t a r t  are  given in w @ D - T M - ~ ~  

(Ref, 1 )  and the addendum ( t o  be published) t o  it. In addition t h i s  a.ddendum w i l l  
. . .  . . . .  

contain :new TURBO-1 . . . . . . .  input : options. and..,with.- these .changes w i l l  be associated addi- . 
... . .\.. 



Card Reader 

> 72-72 car&.mader board 
. . 

Card Punch 

80-80 card puxich board 

On-Line Pri-nter 

'. ' SHARE -2 board . . 

Off-Line P r in t e r  

Carriage control set t o  Mpmgriun" 

Tapes . . . . 

1 BR~C-1 progrin tape (includes TUIBo&O, 1, and 5 )  
. . 

2-6 Blank 

7 History (blank f on time-step 00) 

8,9 Blank 

1 0  , Bl+k or f l u x  tape from previous problem 

Sense Swi tche-5 

1 Down - stops i t e ra t ion  a t  bes t  point i f  forced t o  remove problem , 

2 Res tar t  

3 up-always 

6 Down' - brings in NYDSIB octal  dump f o r  r e s t a r t  f a i lu res  . . .  .. ,. , I .  . ,  . : :  

Sta r t ing  Procedure 

Mount the tapes a s  indicated above, ready the input deck in the card reader, 

s e t  the sense switches, ready the pr in ter ,  c l e a r  and ready the card punch, CLEAR 

and LOAD TAPE. A t  program stop (0001)8. Manually en ter  1 (~RJ30-1) in to  the  
a . *< 

address port ion of the MQ, STMT. 



. . . . .  . . .  Restart  . . . . .  :.,! . , ... ..,.' . . . . .  ..,.: . . . . . . . . .  . .  , . . 

If the  TURBO-l,,cjeck has been read p r io r  t o  the stop which: caused :.the' r e s t a r t ,  

rewind tape 1 and depress sense switch 2. Remove the TURBO-1 input deck ( L e a ,  
. . .  . a 

remove a l l  cards up t o  the second t i t l e  card) and follow the s tar t ing '  procedure. 
. . . . . .  . . . . . .  . . . . .  . .' , . . . .  . . . , ,  

All tap;& must have been. saved f o r  a res ta r t .  I f  t he  TURBO-1 deck has no t  been 
. . , . 

read, rewind dl1 tapei and s t a r t  the problem again. 
,. . . ' . . . . .  . . . . 

Edi ts  (TURBO-5) 
* . ,  . . .  

F olldw TUILBO-5- instruct ions (Fief 1 )  . The BRIC -1 program tape contains 
. . 

TURBO -5 

Instruct ion Tape Preparation : . .  '. 

A )  Copy BRIC-1 
;, ' .< . ! * ;,,. 4 :  . . 

M;U& a blank on l o g i c a l  1, BFUC-1 tape on log ica l  2, ready the 

deck (wBBRCOOO-bJBBRC029) in ' the card reader CLEAR and LOAD CARDS. ~ h b  normal 
.- . 

stop i s  a t  (00067)~. AXL other s tops are  machine errors ,  

B) Write BRIC-1 : .. I 

- Mount a blank on logica l  1, the  New TURBO program tape on log ica l  10, 
. . . . . .  

ready the deck ( W B B R ~ O O ~ - W B B R ~ ~ ~ ~ )  i n  the card reader, CLEAR and LOAD 'CARDS. 
... 

. - 'men the machine stops a t  locat ion ( 0 0 3 4 3 ) ~ ~  switch log ica l  I to  log ica l  2, 
. . . . . . 

mount a blank on logical  1. CLEAR and LOAD CARDS. The normal stop i s  a t  (00067)8. - .. " - 

A l l  other stops are  machine errors.  The tape on logica l  I i s  the BRIC-1 program - - .  

. . . . .  .. . . . . tape.. . . . . ., . , .  . . 

- .  
. .; 

. , 

Program Stops 
. . . . .  . . . . . . .  ..> . ' : 8 :. . 

A )  Normal Stops 
... 

. . .  

. . (00150)8 - Program has been successfully . . .  completed. . , . . . . .  Always save tapes 7 
, . . . 

q d  9. Save tape 6 (converged f lux  tape) i f  requested. I f  a depletion is  



contemplated, save all tapes. P r in t  tape 10 (BCD Tape) on the off-line pr inter ,  
I 

Remove output cards from the  card punch and give t o  the requestor. 
Id 

. . .  . . 
B) Error  Stops 

. .  . . . . .  

Most e r ro r  s tops a re  iden t i ca l  with the  TURBO-1 stops and may be found i n  

Reference 1 and the adden& t o  ~ e f e r e n c e  1, 

The following stops occur i n  the thermal and hydraulic calculation: 

. , '  Location 
-- . . What. t,n Do .... and .. Why .. -- 

. . ,  

001~;0 ~ o " m a l  end of problem, 

5 u0252 '&ri);+,:- .False EOR -- card reader, 

01531 Copied card image doe snl t match card image computed from 
BCD ( ~ O 1 ) o  

0r i&al  BCD QBBn.'t match BCD reconverted froin binary (WH001). 
.. 

01647 Double punch, blank column (WH001). p 

02062 Range e r ro r  (WH001). 

OU54 No input deck, 

oh55 Machiaae error -- pmhab1-y arithmetic, 

04241 input e r ro r  -- input i s  inconsistent, There are t ab les  f o r  . ,. 
non-fueled composition. 

04251" . Input; e r r o r  -- too  many cards. 

043 05 lnpht e r r o r  -- input i s  inconsistent. T.here .?re t ab les  f o r  > .  
: , .  . a non-f-mled cornp.o~f..Llt~~~. 

043x7. ' ~ n b u t  cards out of order, 

043 2'7 An enthalpy value specified in the 4000 se r i e s  i s  i n  error. 

04343 . F'alse EOR -- .card reader, 
. . 

04352 ~ a l s e  EOF -- card readore 

043 66 False  EOF -- card reader, 

04403 EOF writing tape 4, 



Location 

04404 

What t o  Do and Why 

Emor tape 4 -- see Kiehl card,* 

False EOR --- card reader. 

False  EOF -- card reader. 

Checksum er ror  -- tape 2. 

Unwanted EOF -- tape 2, 

Checksum er ror  -- tape 5. 

Unwanted EaF -- tape 5. 

Unwanted EOF -- tape 7. 

Error  tape 7 - see Kiehl card. 

Unwanted ECF -- tape b. 

Error  tape 4 -- see Kiehl card, 

ECF writing tape 7. 

05005 Error  tape 7 -- see Kiehl. oakd, 

05022 Error  tape 8 -- see Kiehl card, 

05U4 ECF writing tape 7. 
- .  

05145 Error  tape 7 -- see Kiehl card. 

05351 Improper binary input -- may be checksum, or  cards out of 
order, 

053 52 Input e r ro r  -- probably card numberingo 

05353 ~ a b i e  range exceeded, , . ,. .- .. . 

66055 End of tape -- follow TURBO-1 procedure. 

C@ 

* A'Kiehl card i s  a tape e r ro r  diagnostic card punched in accordance with the 
tape routine WBRWT-5. 
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