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ABRAC i s  a th ree  dimensional nuclear- ' 

thermal depletion program t o  study 
t he  e f f e c t s  of water moderator dens i ty  

.changes, r e su l t i ng  from.flow va r i a t i ons  
and boi l ing,  on neutron f l u x  d i s t r ibu-  
t i o n  and depletion,  The program requires  
an IBM-704 with a memory of 32,768 words 
and t en  tape un i t s ,  

ABRAC - AN IBM-704 THREE DIMENSIONAL NUCLEAR-THERMAL 
DEPLETION PROGRAM WITH DISTRIBUTED VOID EFFECTS 

W, M. Jacobi,  T. J ;  Lawton, S. H, Meanor and J o  R, P a r r e t t e  

I ,  INTRODUCTION 
", 

ABRAC-01 i s  an IBM-704 th ree  dimensional program t o  study t he  e f f e c t s  of 

water moderator densi ty  changes, r e su l t i ng  from flow var ia t ions  and boi l ing,  on 

neutron f l u x  d i s t r i bu t i ons  and depletion. Thermal and hydraulic ca lcu la t ions  

performed within the  code, l i m i t  i t s  app l i cab i l i t y  t o  water cooled and moderated 

cores,  having rectangular  coolant channels, and one, upflow, coolant pass, The 

code was developed a s  an adjunct  t o  the  B e t t i s  Natural Circula t ion Reactor Study, 

and spec ia l  provi s ions  were i ncorporated t o  improve the  treatment of na tura l  

c i r cu l a t i on  cores; however, t he  code may be applied t o  forced c i r cu l a t i on  designs 

i f  they. s a t i s f y  the  r e s t r i c t i o n s  given above, 

The ca lcu la t ion  may be b r i e f l y  described as follows: 

A water dens i ty  d i s t r i b u t i o n  f o r  t he . co re  i s  assumed, o r  i s  taken from a '  

preceding calcula t ion,  Using thfs d i s t r i bu t i on  and the appropriate f e ~ - ~ r o b ~  

constants,  the d i f fus ion  equations a r e  solved i n  X,  Y,  Z gesinetry t o  obtafn a 



three 'dfmensfonal  power d f s t r fbu t i on  f o r  t he  core. Based upon t h f s  power dis- 

t r f b u t i o n ,  and a specif ied power l e v e l ,  a thermal and hydraulic ca lcu la t ion  i s  

. - 
performed y ie ld ing  a new water dens i ty  d i s t r i bu t i on ,  This completes one cycle . a 
of t h e  nuclear-thermal i t e r a t f  on process ,, The process f s contf nued (under t he  

reques torD s control)  u n t i l  sat1 s fac tory  agreement between i n i t i a l  and f i n a l  water 

dens i t y  d i s t r i b u t i o n s  i s  obtained. 

The deple t ion ca lcu la t fon  i s  then performed f n  t h e  usual  manner, A new 

nuclear-thermal i t e r a t f o n  s e r i e s  can be performed, and t he  sequence may be repeat- 

ad throughout the  core lifet,ime, 

ABRAC-01 i s  e s s e n t i a l l y  t h e  program DRACO-1 (Ref 4) t o  which the  thermal and 

hydraul ic  ca lcu la t fon  i s  added immediately a f t e r  t he  power and f l u x  normalfeation 
. . 

rou t i ne  and j u s t  p r i o r  t o  t he  deple t ion rout ine ,  

11, SPATIAL INTEGRATION 

The s p a t i a l  i n t eg ra t i on  rout ine  of ABRAC which was taken d i r e c t l y  from DRACO 

f s a modfffcatfon of TKO (Ref 7), The few-group d i f fus ion  equations a r e  solved 

i n  X-Y-Z geometry yfelding a f l u x  shape and a corresponding power shape, 

The f d l o w i n e  r e s t r i c t i o n s  must.be observed: 

(a)  Variable i a t e r  dens i ty  ( H ~ o ~  must be Carted. as a sluglc clement ixumbez- 

30, For nonfuel beafing regions o r  f ixed water densi ty ,  water may a l s o  be carrfed 

e.8 .el.ements 1 and 2, hydrogen and oxygen.. 

Element No. Group 'TR - - .  or. . . - ua 

(b) An ax i s  of symmetry i n  the X-Y plane must be handled as follows: a rod 

region .is' defined f o r  which an extrapolat f  on length would usua l ly  be speci  f f ed by 



t h e  r e l a t i o n  

V i  
dn - 0 and we have the  f i r s t  i n t e r i o r  mesh l i n e  a s  an we then l e t ' c . =  0, so t h a t  -- 

. . 

a x i s  of symmetry. Notice- t h a t  no mesh po in t s . a r e  l o s t  by t h i s  procedure. 

. 111. THERMAL AND HYDRAULIC CALCULATIONS 

A s  ABRaC w a s  developed f o r  the  analysis  of a natural  c i r cu l a t i on  reactor ,  t he  

thermal and hydraulic calcula t ions  a r e  made i n  a ra ther  complex manner t o  give 

adequate solut ions .  f o r  .such. reactors ,  While the  same so lu t ion  technique w i l l  work 

wfth forced c i rcu la t ion  designs, the  added complexity i s  probably not  required. 

I n  par t f  culek, n a t u ~ g l  c i rcu la t ion  reac tor  flow analyses have indicated t h a t  use' 
,.. . ., 

of e.n I1avern.ge channel1'. t o  determine. pressure drops across  the  core may lead t o  
.- . 

s ign i f i c an t  errorsp.-and...hrr-ve a l so  indicated t h a t  an assumption of constant  t o t a l  

flow regardless. of .powey.dis t r ibut ion i s  poor:; these two concepts have been abandoned, 

. .... 
I n  ABRAC, some port ion of t he  primary cooldnt loop (including t he  core) i s  

. . 

chosen f o r  flow analysis ,  Let  us  say f o r  an ,example t h a t  the  region from' the  core 
- . , .  . . 

i n l e t  nozzle t o  the  core o u t l e t  nozzle i s  chosen. The assumption i s  then made t h h t  

pressure drop f o r  a l l  paths through t he . co re  between these  two a reas  i s  uniform, 

By use of- t he  lldivtsi.onsfl (desoribed below), 1.1; i s  poss ible  t o  introduce various 

res i s tances  external  t o  the  core along these paths. The flow through each core 

" s t i ckn  ( a l so  described below) i s  then determined so a s  t o  give a uniform ove ra l l  
. - . .  . . . 

pressure drop. This uniform overa l l  pressure drop i s  found f o r  severa l  values of 
.. . . .  . 

t o t a l  flow, giving t o t a l  core flow a s  a function of pressure drop. 

I A system cha rac t e r i s t i c  curve ( represent ing the  forcing pressure drop ava i lab le  

from that, por t ion of t he  system not included i n  the  ABRAC analysis  a s  a funct ion 



o f  flow) i s  supplied t o  ' the code. A t  t h e  i n t e r s ec t i on  of these  two curves,. a, 
... . 

t o t a l  flow so lu t ion  and u l t imate ly  all t h e  individual  s t i c k  flow solut ions  a r e  

determined, 

The calculation procedure i s  discussed i :  . an fu r the r  d b t a i l  below, 
. . 

A thermal s t i c k  f s  formed by any four  adjacent DFtACO v e r t i c a l  planes, two 

l f l n g  i n  t h e  X d i r ec t i on ;  t w o . $ n t h e  Y d i r ec t i on  andbounded ' in  the  Z d i r ec t i on  by 
' 

. . 

t h e  planes  Z = 0 and Z . =  uu, .A . . s t i ck  i s  considered only i f  it encloses f u e l  and 

coo l in t  and only the  length.. of t h e  s t i c k  between t he  two hor izontal  planes which 
. .  . 

encleoo t h e  f t ~ e l .  I s cnns,idered, A div i s ion  i s  defined a s  an assemblage of adjacent 

s t f c k s ,  fncluding nonfuel s t i c k s ,  
. . . ".. . . .  

The s t f  cks ~511. .be. numbeFed.f = 1, 2,, . , ,m and the  diit$~$.nri.'i J = ' 1, 2,, ,, $no 
. , 

For  any prob lem,~the  number.of.st ickp i s . e q u a 1  t o  the  number of D U C O  mesh cubes 
. , 

. ,. 

pe r  plane, 

Each thermal s t i c k  i s  subdivfded in to .  rectangular paral le lepipeds  by t he  

' ho r i zon t a l  CKACO planes l.ying i n  the  fueled region. The DEthCO port ion of ABRAC 

ca l cu l a t e s  a mean nomalfzed power value f o r  each rectangular p a ~ a l l e l e p i p e d ,  which . . 

i s  proport ional  t o  t h e  average hea t . f l ux ,  It should be noted t h a t  t he  channel in- - 
1 f i t  f o r  a  s t i c k  i s  consf dered t o  be af , t h e  f i r s t  axfsl  uiesh rectangle  f o r  which 

- .  . . 

t h e  power i s  not  zero, The chanpel o u t l e t  occurs a t  t he  next a x i a l  mesh rectengle 
., . 

f o r  which t he  power i s  zero o r  a t  the  end of the  s t i c k  whichever i s  encountered' 

f i r s t ,  
I . . 

Using t he  s t i c k  power d i s t r i bu t i ons ,  the  pressure drop rout ine  generates m 

t a b l e s  of s t i c k  pressure drop versus mass ve loc i ty  (APp vs G ) one for each s t i c k  
S, i 9 

over  ranges of mass ve loc i t y  specif ied a s  d iv i s ion  dependent input. The method of 

c a l cu l a t i ng  pressure drop and t he  cor re le t ions  used a r e  those custvmarily applfed 



t o  rectangular channel f l o w ,  The pressure drop across  ea-ch--8t-l-ck-.is calculated 

a s  t he  sum of t he  entrance . . . . .  and  e x i t  pressure.  drops, t he  e levat ion pressure drop, . . . .  . . . . . .  . , . I . . . . 

a c c e l e r a t i o n p r e s i u r e  . . . .  d r o p ,  and t he  f r i ~ t i o n  pressure drop i n  t he  heating,  l o c a l  

boi l ing,  and buUr b6 i l i ng ,  r&gions, . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . 

The calcula t ion of eaah of these  terms i s  discussed below. 

Frf c t ion  Pressure Drops . . 

Three basic . f low.regimes.are  recognized i n  t he  channel f o r  pressure drop 

calcula t ions ,  .... : ?hey . . .  .a re  ..: . . . . . . .  defined 5s follows: 

1. Bulk bo i l ing  regime: i f  H(Z) > HSAT t he  channel i s  i n  t h e  bulk bo i l ing  

. . regime,: .. .::.. . . - .  ...& 

2. Loca l  bofl ing regime: i f  TW > TSAT + ATJL and H(Z) 5 HSAT t he  channel 
, . . L  . 

.... . i s  . . t n  t he  : .  l o c a l  bo i l ing  regime. 
, 1,. 

. , , . -  . . .  

3. Heating regime: . i f  Tw < TSAT + ATJL and H( Z) 5 HSAT the  channel i s  i n  
... 

t h e  heating ~segiple. . . . . 

For pressures l e s s  than 1850 psla ,  F e  f r i c t i o n p r e s s u r e  drops a r e  calculated 
. . 

i n  t he  following manner: , ( R e f  3) . . 
. . . .  . . . .  

I n  t he  bulk bo i l ing  regimes 
. - 

where @ * i s  obtained by in te rpo la t ionf rom the  t ab l e  of q u a l i t y  versus @ 2 
LO*_N  lo^-^ 

a t  t h e  given pressure, 



a 6 : 
f o r  G 50.7 x .. 16 . .  , and 

. . 

' : 6 .  f o r  G > O,? x 10 .. . . 
.# . 

,- a 

. . :. * 

In  the loca l  .., po41ing . .  rkbime, 
, I . . . '  ., : 

. . . . . . 
r .. ... .'i . .. . . 

where 

and 

and 

(f/fiso)SAT i s  an input quantity. If no value of (f/fiso)SAT is specified i n  the 

input, the p7ogra.m w f l l  use the value of the Wartinellf-Nelson multfplier obtained 
. .  . 

$ji.om;.the library (3000 series)  , 

I n  the heatf ng regime, 



where 

and 

. . 

In a l l  cases . . .  .:. above,  . fiso i s  . obtained . . F  by in te rpo la t ion  from the  t a b l e  of Reynold's 
$ . . .  . . . . . . . . . .  ' c '  . , . . 

r i u m ~ e r  . . . . . . . . .  verbs fisoo 
. . 

Elevetion.Pressure Drop ... .. 
. . . .  .:. 

. . a  . . 
n 

- 
@el  - p ( Z ) d ~  where Z1 i s  t he  e levat ion a t  t h e  channel i n l e t  and Z2 i s  

, . .  

21 
. . >. . 

. . & $ * :  $he cfi&n.81 diiitldto 
. . . . .  . ,. . . 

. . 
F O ~ . H ( Z ) : <  HSAT, p(i) i s  bbtkinbd by in te rpo la t ion  from the  t ab l e  of en tha lpy  

% . . .  ...... . . . . . . .  . . . . .  
versus p, . . 

For H(Z) > HSAT, p ( ~ )  = R p + ( 1  - R ) p  where R i s  obtained by interpola- ' 

g g f g 

t i o n  from the  t ab l e  of qua l i t y  vpr6us .'R .., . : . . . . . . .  -. .. . . .  . . .  !?. , .  . ,  
. , 

Acceleration.. P r e s s u ~ e  Drop 

Two cases must be ckipsiderea: . . . . . . . . . . .  , 

- .x2v 
1 - -  

..... ' 'Oacc  g ' 1  - R Rg o u t l e t  ~ ( ' 1  i n l , e t  



Entrance and Ex i t  Pressure D r o ~ s  

2 1 and KeX a r e  inpu t  constantss and VB = o r 1. where 0 , Kin , ! . . .  
w i n l e t  m o u t l k t  

r e s p e c t i v e l y ,  .,.., , .  

Enthalpp., .~emr?$$akue&. :arid. :Qdtiir' . .~i-(;pb~t;ies 
. . .  . .....- r . . :  , . . ., 

The enthklfpy &%, 2' i s  i fyen  bjr 
. . . >  ,. . . 

. . 
. . n f  ' , ? I  

where Hin and -,are inpu t  quantities and q ( i )  i s  calcula ted from . . . .  
.: HT . . 

where p i s  normalized DRACD power9 v ~ / A ~ ~  i s  t h e  volume per  u n i t  hea t  t r ans f e r  . . 
, . 8 .  

a r e a ,  and c i s  a unSt conversifop Factord.. 
: . . _ . I  . .  . .  . . . . . 

:; '.. . . 

TB i s  obtained by i n t e rpo l a t i on  from t h e  t ab l e  of enthalpy versus TB f o r  
. . L .  . . 

_ b  ' 

k m t  
Tw 

0 4 = TB + where h = 0003 -ij- ( ~ e ) : t * ( p r ) ~ ~  
e 

The values of Re, Ps and k a r e  calcula ted f o r  each thermal s t i c k  using t he  . . 
* 



mean value o f T B  f o r  the  s t i c k  whiCh i s  defined a s  
, . 

After the  . , vs Gi) t a b l e s  have been generated, t he  assumption i s  then 
. . s  

made that the.  s t i c k  pressure drops. f o r  all s t i c k s  i n  a divfs ion a r e  the  same ( t he  
. . . t :  . . 

f i rs t  appl icat ion , . of the  p a r a l l e l  , . channel concept), Using t h i s  assumption and 

t h e  s t f  ck flow. areas  GiAi9 a t ab l e  of d ivisfon flow versus s t i c k  pressure drop 

(Wj vs 5 P f )  1s generated f o r  each division.  This i s  done by in te rpo la t ing  i n  the  3 
APq vs GI t ab l e s  for the  mass veloqity corresponding t o  the  s t i c k  pressure drop f . , 

(diWision dependent input)  . and . calculpt ing the  d iv i s ion  flow by summing the  s t i c k  

flow areas  over the  s t i c k s  i n  the  d i d s i o n .  Assuming pe r f ec t  mixing a t  t he  o u t l e t  

of t he  s t i c k s  and knowing t he  t o t a l  d iv i s ion  power, Q j ,  t h e  d iv i s ion  e x i t  en- 

thalpy i s  computed f o r  each value of d iv i s ion  flow i n  t he  W vs AP! tables .  Using 
S J 

t h i s  data ,  a plenum pressure drop yersus d iv i s ion  flow re la t ionsh ip  (UP vs W,) 
~~3 J 

i s  developed f o r  each d iv i s ion  and t ab l e s  of overa l l  pressure drop versus d iv i s ion  

flow (q vs W ) a r e  calculated.  The plenumpressure may be s i gn i f i c an t  i n  cores 
S 3 . . 

where withdrawn control  rods o r  o ther  s t r uc tu r e s  a f f e c t  flow pa t te rns  above t he  

core. The equations used i n  t he  generation of t he  above t ab l e s  a r e  discussed below. 

where KO, KI9 K2, Kg and K a r e  d iv i s ion  dependent input  constants and L i s  t he  4 

v e r t i c a l  d is tance from the  top of the  core t o  t he  center  l i n e  of t he  o u t l e t  nozzle, .. 



. o r  some similar dimensfon, 

I? The entranoe ehthalpy f o r  bath df +is% on i s .  t h e  average entrance enthalpy 

( inpu t )  of w e  btfcks  i n  t he  d iv i s i on  and t he  e x i t  enthalpy i s  calculated f o r  each 
, 

dfvfsfon as follows: . . . .  . 

5 
% +  

W ,  9 
J . .. o u t l e t  i n l e t  

' 2 

. . 

where 

where t h e  s n m 6  a r e  taken over a l l  t he  s t i c k s  I n  the dPvPsPon. 

I f  ;t i s  assumed t h a t  ove ra l l  pressure drop across a l l  dfvis ions  i s  t h e  same 

( t h e  second app l ica t ion  of t h e  p a r a l l e l  channel concept), i t  i s  possible  t o  generate 

a s i n g l e  t a b l a  of t o t a l  flow versus ove ra l l  pressure drop (wT vs APT), These t ab l e s  

a r e  computed by lq$erpolat ing i n  the,fWT vs  W t ab l e s  f o r  the  d iv i s ion  flow cor- 
S 9 

J 
responding:. t o  t he .  ove ra l l ,  pressure  drop ( input)  and. ca lcu la t ing  t h e  t o t a l  flow by 

summf ng t h e  . .. dfvis ion.  I #  'lows qver a19 the  df v is ions ,  
... . . . 

i 

, If  a s u f f i c i e n t  range of f l o y s  has been considered, it should be poaaillle t o  

f i n d  an unique pa f r  of values f o r  t o t a l  flow and ove ra l l  pressure drop a t  t he  point  

where t h e  generated curve (WT vs APT) i n t e r s e c t s  an input  system cha rac t e r i s t i c  

cirrve ( n e t  pressure drop ava i lab le  from the  r e s t  of the  system a s  a function of 

t o t a l  flow), It i s  now necessary t o  f fnd values of mass velocf ty  i n  each s t i c k  . 

oorrespondin.~ $0 these.vaPues of t o t a l  flow and ove ra l l  pressure drop, 

F i r s t ,  t h e  ove ra l l  pressure drop value i s  modffied by the  individual  d i d s f o n  

plenum pressure  drops t o  give one value of s t i c k  pressure drop f o r  each dfvisfon,  

These d iv i s i on  values a r e  then applied t o  t he  s t i c k  t ab l e s  and a mass ve loc i ty  iS 

found f o r  each s t i ck ,  

10  



Using these mass ve loc i t i e s  and the s t i c k  power information a complete new 

densf ty  d i s t r i bu t i on  i s  calculated and compared with t h a t  which was used as a basfs  

@ f o r  the  DRACO paver . . . .  c a l c ~ l a t l o n .  .. I f  adequate convergence ex i s t s ,  the  requested 
. . , . 

thermal e d i t s  are: printed o u t  and t+e terminates. I f  t he  convergence check 
' 8  

i s  unsatfsfactory,  'the newly'; ca1cuiatkd'-density d i s t r i bu t i on  replaces the  previous . 

densi ty  d i s t r i bu t i on  and a new. i t e ra t ion  can be i n i t i a t e d .  

I n  some cases, usual ly  because ,of a; inadequate input  range of flow guesses, 

b u t  possibly becquse 0 f . a  seveye.therma.1 condition, no so lu t ion  may be found. This 
. . . . . .  . . 

f a c t  i s  noted on.t,he on-line p r i n t e r  and the  program w i l l  stop, For two cases addi- 

t i o n a l  information wf l l  be pr inted on t he  on-line p r in te r .  I f  t he  t o t a l  flow i n  t he  

generated t o t a l  flow versus ove ra l l  pressure drop t ab l e  ( W  vs W ) i s  not an in- 
. . .  . . . .  . . .  T T 

creasing f u n c t ~ o n  of overa l l  pressure drop o r  i f  t h i s  curve does not  i n t e r s e c t  the  . . . . . . . . . . . .  
. . .  , . . .  . . . . . . .  

inpu t  system cha rac t e r i s t f c  curve, the  generated t ab l e  i s  pr inted,  
: .% .i :: . . . . . .  . . . .  . . .  

I V .  NUCLEAR-THEFWUi ITERATION ....... >; . . . .  ., 

A t  t@e oopclusion. of a . s p a t i a 1  in tegra t fon  and corresponding thermal and 

hydraulic calculation., there  a r e .  two a l t e rna t ives :  a deple t ion of the  f i s s ionab le  

mater ia ls  may be performed i f  t he  vo id- .d i s t r ibu t ion  i s  accurate ( see  V), o r  a so- 

ca l l ed  nuclear-thermal f tera t ion.may be cslrried out,  

The concept of nuclear-thermal i t e r a t i o n  r e s t s  on t he  f a c t  t h a t  f o r  a given 

power shape the re  i s  a corresponding water dens i ty  d i s t r ibu t ion ;  on the  o ther  hand 

the .water  densi ty  d i s t r i bu t i on  per tu rbs  the  power shape. Thus a power shape and 

dens i ty  d i s t r i bu t i on  a r e  calculated a l t e r n a t e l y  u n t i l  t he  change i n  water densi ty  

becomes very small. I n t u i t i v e l y  such a p roces s  i s  expected t o  converge; the re  , i s  no 
i I : I - . .  

. . 
t heo re t i c a l  proof i h a t  it should, 

To perform an i t e r a t i o n ,  the  time-step number i s  increased by one and t he  

problem resubmitted.. The s p a t i a l  in tegra t ion  i s  then performed using the  new water 



I 

A fee l ing  f o r  t he  over-all water densi ty  change from i t e r a t i o n  t o  i t e r a t i o n '  

may be gleaned. from fnspecti@n of copvergepce c r i t e r i a  which a re  a l i ays  printed off- 

l i n e .  The f i r s t  i s  the  fntggrated change i n  water content, el; the  second a r e  the  . 

t e n  maxi- percentage changes i n  mesh cubes, c 2 ,  with ' the i r  lacat ians:  
X .  

where v is the volume . . ,of a mesh cube, 
.. . . 

V, DEPLETION 

A t  t he .  conclusion o f  any thermal calculation,  it i s  possible t o  perform a 

nuclear '  depletion (DRACO) with element: 30 hebd constant by simply i n i t i a t i n g  a re- 
.. - ., .. 

t Tt should be noted t h a t  the most recent ly  calculated number dens i t i es  a r e  - -- 

destroyed by t h i s  procedure, ;This. should not be considered a s  a l imi ta t ion ,  however, 

s ince  i n  the  case of the  nuclear-thermal I t e r a t i o n  convergence of the  i t e r a t i o n  
l l  1 I 

gcheme implies t h a t  the  t i p e  s t ep  (n-1) number dens i t i es  a r e  j u s t  a s  good a s  the 

tAme s t ep  (n), 
. . 

VI, INPUT 
. . . . 
Card numbers a r e  f n  fixed point form; i,e.,  they a r e  punched a s  a signed 

integers .  The same fe trug of most control  iafu~mation.  813. the othor input i s  

punched i n  excess-50 f loa t ing  point, I f  



then N i s  punched a s  

CC = 50 2 y 

A f l o a t i n g  point  zero i s punched a s  a l l  zeros. 

The sample l i b r a r y  and t e s t  problem should be consulted a s  a guide t o  input  
' 

preparation,  

A. Library 

Because of t he  lack of ava i lab le  tape u n i t s  during an ABRAC calcula t ion and 

s ince  the  quan t i t i e s  contained. f n  t he  l i b r a r y  enjoy a r e l a t i v e  permanance, the  

l i b r a r y  i s  wr i t t en  on t he  program tape, This implies that it i s  somewhat time con- 

suming t o  rewrite t he  l f b r a ry ,  as the e n t i r e  ABRAC program must be copied a t  t he  

same time, It i s  advisable, i n  view of t h i s ,  t o  use t he  card inpu t  options i f  the  

current  l i b r a r y  da ta  i s  inadequate, A l i s t i n g  of t he  current  l i b r a r y  may be found 

i n  Appendix C, 

Caution must be exercised i n  constructing and using t ab l e s  extracted from the  

l i b r a r y ,  f o r  example: 

Le t  P1, P2 be two values of pressure (psTa) , with corresponding t ab l e s  of 

enthalpy versus bulk temperature - 

I f  t he  system under cur~sfderatfon has an operating pressure P where P .< P < P 
1 2 ' 

then t hc  t ab l e  of II versus T for pressure P i s  constructed a s  follows: 



(c)  f = 1, 2,. , , (k  - . l )  -where k i s  such t h a t  s f  t he r  

' 

(Tk)l ' (Tk+l)l Or (Tk)2 " (Tk+1)2 

- -  . . 

i ,e., t h e  l i n e a r  in te rpo la t ion  i s  performed point  by pa in t  u n t i l  sa tura t ion  condi- 

t i o n s  a r e  reached i n  one of t h e  tab les ,  Then 

I n  o the r  words, the in te rpo la t fop  procedure uses  whatever values it f inds  u n t i l  

s a tu ra t i ng  conditions a r e  reached; then it in te rpo la tes  between values a t  sa turat ion,  

Clear ly ,  i f  t ab les  wfth unequal numbers of e n t r i e s  a r e  used, there  i s  a discont inui ty  

introduced a t  t h i s  point ,  .. . . . ., 

A l l  o ther  in te rpo la t ion  i s  done i n  a completely analogous manner, 
- .  

N,B, A l l  abscfssae i n  all tab les  must be s t r i c t l y  increasing. No s ing le  s e t  - 
of da t a  may exceed PO,OOO numbers i n  a l l ,  No individual t ab l e  may have more than 

t,wenQ,y abscf ssae, 

#10000 Ser ies"  - Fluid Proper t ies  

F O ~  a given value of pressure, a t ab l e  of enthalpy versus bulk temperature, 

specif  i c volume, thermal conductivity Prandt l  number and viscosf t y  i s  supplied, 

A l l  of these  a r e  computed a t  the  same enthalpy, Up t o  99 values of enthalpy may be 

supplied f o r  each pressure  and up t o  99 pressure.may be used, There i s  no r e s t r i c -  

t f on  on how the  t ab l e s  a r e  constructed except t h a t  enthalpy be s t r i c t l y  increasing, 

For a given pressure t h e ' l a s t  two temperatures must'be equal t o  T 
SAT; the  l a s t  two 

en tha lp ies  and spec i f ic  volumes must be those f o r  saturated l i qu id  and satur'ated 

vapor, 



Card No. . Quantity .. DescriptiBii 

Operating pressure 

Nurpber of values of enthalpy - fx. p t o  

Enthalpy 

Corresponding value of bulk temperature 

Corresponding value of spec l f fc  volume 

Corresponding value of thermal conductivity 

Correspondfng value of Prandt l  number 

(vl) Corresponding value of v i scos f ty  

o'. . .  0 0 .  . .  o . . . ' . . o . . * . . . o o o . . o . o . o .  

f 20000 Serfes  - 1sothermal .Fr ic t ion Factors 
. , . 9 . .  

For se lected values :of r e l a t i v e  roughness (RMS/D), t ab l e s  of Reynolds number 

versus. isotheiwial Fr ic t ion  f ac to r  should be supplied, 

Up t o  250 values of Reynolds number may be supplied f o r  each (RPIS/D) and up 

t o  99 values of (FMS/D), Reynolds number i s  s t r i c t l y  increasfng, 



Card No, , Quanti ty Descrfption 

+20001 (WS/D) 1 

Fixed point 

# 30000 Series - ( ~ / f  iso) 
. . . . - * . 

For a selected value of qualfty, usually 4.2$, one table of pressure versus 

(f/filo)SAT- is supplied. . This ts described in Reference 3: Up to 20 values of P 

may - be. used, 

Card No, -. ,.--,- --.. Qu'anti& ,,.,,>..,- . . Description 

Quality 
Number of pres- Fixed poht 
sure values .. 



Card'. No. ,. . . 
: .  

Description 

e t c  d - 
#40000 Serfes  - This s e r i e s  f s  always omitted, i n s e r t  a card of the  following form 

i n t o  the  desk, 

# 50000 Serf e s  - 'Marti nelli- els son Mul t ip l i e r  

Tables of qua l i t y  versus @ 
. . . . 

a r e  supplied f o r  se lected values of pressure. 
 lo^-^ ,. 

Begin numbering a t  50001 and proceed as i n  the  20000 se r i e s ,  

# 60000 Se r i e s  - Thfs s e r i e s  i s  always omitted, i n s e r t  a card of t he  following form 
i n t o  the  deck, 

#70000 Serfes  - Vofd.FractPons 

Tables of qua l i t y  versus vofd . f rac t ion  a r e  supplied f o r  se lected values of 
' .  

Begin numbering a t  70001 and proceed as i n  t he  20000 se r i e s ,  

$80000 S e r f e ~  - G Dependent Void Fractions 

See Appendix E 

B. DRaCO Input  

A DRACO-01 input  deck i s  prepared i n  accordance w i t h  Reference 4 ,  Each i t e r a t i o n  

corresponds t o  a f u l l  DRACO time s tep,  and time s teps  must be numbered accordingly, 



One add i t i ona l  card i s  r@qufted, The l a s t  card processed by DRACO i s  numbered 
:;K 

+I3000 and t h i s  must be followed by a blank, I f  t h i s  i s  time s tep  00, then the  
I :" 

blank i s  followed by a card  of t h e  form 

The presence of a 1 ind i ca t e s  that immediately fo l lowing ' th i s  card i s  a binary deck 

prepared by another ABRAC problem giving an i n i t i a l  number densi ty  guess, Clearly,  

t h e  o the r  problem.must have had identj.ca1 geometry, The thermal and hydraulic data  

immodf-ately fn'll nws thf ff;. card if column 8 f s a zero, 

For a l l  o ther  time s t eps ,  the re  i s  no $4OOO card; t he  thermal and hydraulic 

deck fol lows t h e  blank c a ~ d ,  

C , . Thermal and .Hydsaulf c Input  
. , . .  . . . .  

A l l  i npu t  da ta  cards a r e  numbered s e r i a l l y ,  each s e r i e s  corresponding t o  a 

d i f f e r e n t  type of input: 

1000 s e r i e s  - general information 
2000 s e r i e s  - thermal s t i c k  lay-out 
3000 series - did . s ion  descr ipt ion 
4OOO s e r i e s  - thermal-stick dependent data  
5000 sei%es - diyfs ion  dependent data  
6000 series - He versus Plao 

8000 s e r f e s  - X versus @ 2 

 lo^-^ 
9000 s e r i e s  - X versus R 

g 

S e r i e s 1 0 0 0  through 5000 a r e  mandatory, Ser ies  6000 thmugh 9000 a r e  opt ional ,  a n d  

one o r  more of these  may be omitted, There ui.6 f i v e  Enput forms f o r  sn ABRAC grob- 

lem a s  shown i n  Appeildfx C, 

Form # I  

T i t l e  Card - Anything i n  columns 1-72, 

Library  T i t l e  Card - This must be t he  same card ueed f o r  a t i t l e  when the  

l i b r a r y  was wri t ten ,  Fa i lu re  t o  supply the  exact  dupl icate  r e s u l t s  i n  an 

e r r o r  stop,  



Card 1001 

Number of d i s t i n c t ,  nonzero, thermal s t i c k  t n e s  ( 5 50). 

Mu.mber of d iv i s ions  ( 5 50). 

GDEP = 0 f 

I f  S6000 = 0 ,  6000 s e r i e s  i s  from cards, 

= 1, 6000 s e r i e s  information i s  obtained f r o m  l i b r a ry .  

S8000 
s imi la r  t o  S ~ O O O  

NEDIT = 0 o r  1 f o r  no densi ty  e d i t  o r  densi ty  e d i t  

GEDIT = 0 o r  1 f o r  no mass flow e d i t  o r  mass flow e d i t  

HEDIT = 0 o r  1 f o r  no enthalpy e d i t  o r  enthalpy e d i t  

T.S,, option '= 0 normally; when s e t  =, I, t h e  time s t ep  number i s  not in- 

creased .allowing forced re-entry t o  the  thermal calculation.  

Punch option = 0 o r  1 f o r  no punch-out o r  punch-out of rmmber dens i t i e s  

f o r  element 30 f o r  subsequent input  t o  o ther  ABRAC problem. 

Card 1002 - L,  P,  8 ,  surface- mughness, (f/fiso)snT . .  :. 

I f  (f/fiso)SAT = 0 ,  t h e  appropriate value i s  obtained from the  l i b r a ry .  

Card 1003 - a Rv , R&, Hi, H2 
g l  

I f  a = O 9  the  l o c a l  vofds calcula t ion i s  bypassed. 

I f  Hi is not a t  l e a o t  one B T U / ~ ~  less than s a tu r a t i on ,  then it i s  s e t  

equal t o  Hf - 1. See Appendix B, # 24. 

Card 1101-1107 - WT , 
. . -.; . . YT9 WT9 eT, WT, APT 

where t he  values describe the  system cha rac t e r i s t i c  curve, Up t o  20 

values of WT m a y  be inse r ted '  with WT s t r i c t l y  increasing. The f i r s t  flow 

value must be zero, The unused por t ion of t he  l a s t  card needed i s  f i l l e d  

wlth zeros, 

i% See Appendix E, 



Card 1201-1204 - APT, APT, APT, APT* APT, APT 

where the values describe the range of t o t a l  core pressure drop. Up t o  

20 values of 5 may be inserted i n  a s t r i c t l y  increasing fashion. The 

unused portgon of the last  card needed i s  f i l l e d  with zeros. There must 

be a zero value t o  s ignal  termination of the data, 

(A) Thermal St ick Classiff  cation 

The term, theynal s t i ck  type i s  used t o  descrfbe a region i n  whfch the channel 

parameters K K t 
t n  out9 'in' 'out* Hin9 A f / A ~ ~ t  'H'%IT~ De) Tmax a re  constant f o r  

each s t i c k  i n  the region, Associated w i t h  each mesh rectangle i n  the X-P plane 

must be a posi t ive integer  - t&e thermal s t i ck  type. Oniy the X-Y plane Ps con- 
. . .  

sidered as whatever i s  said of an X-Y mesh rectangle f s  implfed t o  extend over the 

e n t i r e  fueled region:$n the Z direction, 

I f  the thermal s t ick  type %s zero, then this mesh rectangle i s  excluded from 

a l l  calculatfon i n  the thermal and hydraulic section, Hence, every nonfueled mesh 

rectangle and rectangles ex ter ior  t o  the axes of syrmetry should be classif ied by 

zero , 

I f  more l J i q  one channol i n  included i n  a single mesh rectangle, then they 

must be averaged i n t o  a s ingle  channel o r  the mesh spacing reduced, 

The thermal s t i c k  type of each mesh rectangle i s  described by successively 

overlaying rectangular blocks of specified type on the mesh. Any block may be l a i d  

over p a r t  o r  a l l  of the previously specified blocks. Cards a re  numbered s t a r t ing  

a t  2001 with 4 blocks defined per card, Five fixed point integers  a re  used t o  

describe a block: 



V 7 thermal s t i c k  type 5 50 

WW = c o l w n  forniing l e f t  boundary 

. . 
0 S'WW < ' ( s s  - 1)  , W W <  XX ' 

XX = column forining t he  r i g h t  boundary . . 

01  -5 XX L ss 

YY = row form+ng w e  upper boundary 
. .: 

. . 0 0 < Y Y 5 ( t t - 1 )  , Y Y < Z Z  

ZZ = row forming t he  lower boundary 

. 01 I zz 5 tt 

(B) Divisfon Description . 

To account more adequately f o r  flow r ed i s t r i bu t i on  i n  the  plenum chamber, the  

concept of a flow d iv i s ion  improves on t he  normal p a i a l l e l  channel treatment..' I n  

such codes a s  ATBAC. and ART ( ~ e f s  5 and 6) the  ausumption i s  made t h a t  the  same 

pressure drop i s  applied across  every channel i n  t he  reactor.  AEkAC allows t he  

reac tor  t o  be subdivided i n t o  divis ions ,  the. pressure drop across a l l  channels i n  

a pa r t i cu l a r  d iv i s ion  being the  same. 

The divisibning of the  core i s  described f n  exact ly  the  same way as sect ion ( A )  

above, Card numbering starts a t  3001, A f u l l  s e t  of V, WW, XX, YY9 ZZ a l l  s e t  t o  

zero s igna l  the  end of t h e  d iv i s ion  descriptfon,  
. . 

Fonil' # 3 

Thermal S t ick  Input  
. . . , . . . . . , . . 

For each thermal . .. s t i c k  .. I type . .. . I 
the  .:. , following . constants a r e  specified:  . .  . . . . ,  . . . . 

dr v /A Kin '  Kbut9 *%n' 'out9 Hin, A,, Af/%T H HT De Tmax , p r i n t  option, 

T l o  used only i n '  ca lcula t ing an avePege temperature t d  evaluate t he  hea t  trans- . max 

f e r  coefficf  en t ,  

' ~ l l  s t i c k s  i n  each d iv i s i an  a r e  assumkd t o  be associated with an i den t i ca l  plenum 
pressi.~re drop, , . 



- l e x  + T i n  . ' 

Tavg - 2 ,% <, 

If Tmax = 0 then it i s  s e t  equal '  t o  TSATo The ' p r fn t  option i s  a f ixed pofnt  0 o r  1. a 
I n  t h e  l a t t e r  caseg a t a b l e  of C+ivs @.{ f s  pr inted f o r  each s t i c k  of t he  type undbr* - 
consi  derat ion,  

Two cards a r e  requfred f o r  each s t 5  ck type numbered L-4000 + 118107, 1 4 0 0 1  + W O ~  

where n f s  t h e  type number, 

~ o r m  # 4 

TI4 gti sf n~.&&& 

For each dfvfsfon t he  followfng quan t i t fes  a r e  specfffed: 
. . 

up t o  20 values of G - the  range of mass flow veloci ty  . . . . 

up t o  20 values of llPP - t h e  range of pressure drop over the  divfsfon i n  
questf on 

Cards a r e  numbkrbd-sequentially with each d iv i s ion  beginning a t  1 5 0 0 0  + n&10] where 

n is t h e  dfvfs ion number, Here and wherever t ab l e  ranges a r e  specif fed,  g rea t  care 

must be taken t o  prevent too much l o s s  of range by successfve f a i l u r e  of t ab l e s  t o  

overlap: A considerable amount of preliminary study i s  required t o  pruperily.specffy 

t a b l e  l fmf t s ,  .' ' 

The l a s t  value of aPu must be zero t o  s igna l  the  end of t h i s  s e t  of input,  

Form # 5 

Table IIIF!U L 

A l l  i npu t  on Form # 5 f s optfonal f n t h a t  f t mag be obtained from t h e  l fb ra ry ,  

I f  S6000 on card number 1001 i s  zero, then up t o  20 values or Reynolds numbor 

with corresponding values of f fso  mustbe entered, 3 pairs/card, with numbering be- 

glnnfng a t  6001, 

If S8000 on card # 1001 i s  zero then up t o  20 values of qua l i t y  wfth corres- 

ponding values of t he  Martfnellf-Nelson f ac to r ,  (B must be entered, 3 ~ a i r s / c a r d ,  
 lo^-^ 



with numbering beginning a t  80001, 

I f  S9000 on card # 1001 i s  zero, then up t o  20 values of qua l i t y  w i t h  corres- 

@ ponding values of void f rac t ion ,  R must be entered, 3 pa i r s lca rd ,  w i t h  numbering ' 

g 

beginning a t  90001, 

V I I ,  OUTPUT 

A l l  DRACO e d i t s  a r e  avai lable ,  t he  su2ervisory on-line DRdCO e d i t  included. ' 

The following quan t i t i e s  a r e  always edi ted off-line: 

A pdcture o f . t h e  thermal s t i c k  lay-out 
t .  

. . 

A p$cture of the  dfvtsioning 
. . 

. . . , . .  

A l l  input  quan t i t i e s  and any data  obtained from the  l i b r a r y  
. .  . 

The integrated change i n  water content and the  10 maximum percentage 
changes 

' , . . 

Total  flow and pressure drop, f o r  the  core and f o r  each d iv i s ion  

Exi t  enthklpy f o r  each d lv i s ion  . . 
. .. 1 

The t o t a l  head load 

Mass flow integrated over t he  core, each thermal. s t i c k  type, and each 
d iv i s ion  . 

A t  requestorf  s option the  following s t i c k  may be edited: 
, . :  

Tables of mass ve loc i ty  versus s t i c k  pressure drop (Gi vs mi) 

Tables of d iv i s ion  flow versus s t i c k  pressure drop (W vs  AP!) 3 J 
Tables of d i v l s f v n  flow versus plenum pressure ( W  vs  AP j 

j PI, . , 

The en tha lpy . a t  the  center  of each mesh cube 

The densi ty  (of water) a t  the  center  of each mesh cube 

The flow i n  each s t i c k  

I n  t he  event t h a t  t ab l e s  of mass veloci ty  versus s t i c k  pressure drop (GI vs APl) 

a r e  multi-valued, t he  f i r s t  t en  t ab l e s  a r e  automatically edi ted and i den t i f i ed  by 

row and column'number. A l l  o ther  multi-valued t ab l e s  a r e  only identiffed, '  



The G vs  AP; t a b l e s  a r e  checked f o r  mult iple solut ions  when t he  W vs APq .: 
i j 3 

t a b l e s  a r e  formed and when t h e  f i n a l  Gi f o r  each s t i c k  i s  found. After  in terpola t -  

i n g  f o r  t h e  smal les t  value of G corresponding t o  a given aP, the  A P i  corresponding 

t o  values  of Gi g r ea t e r  than t h e  solut ion,  G, a r e  compared w i t h  t h e  given AP. I f  

any APi i s  l e s s  o r  equal to  AP, the  t a b l e  i s  considered t o  be multi-valued. This 

procedure i s  followed every' time an in te rpo la t ion  i s  done i n  t+e Gi vs t ab les ,  

hence t h e  same t a b l e  could be pr inted several  times. Tables may be multi-valued, 

b u t  rJS.11 nat, be r e c ~ g n i z e d  as such by t h e  programp u n l e s s  t he  mult iple so lu t ions  

occur In t h e  range of t he  M ,  

I f  a bfnary deck of N i s  cal led f o r ,  then it is  sequent ia l ly  numbered i n  row 
30 

9 - l e f t  and may be f den t i  f i e d  by t he  f a c t  t h a t  .columns 1-21 of 9 - le f t  a r e  punched, 

V I I Z  , OPERATING INSTRUCTIONS 

Card Reader 

Use 72-72 card reader  board, 

0 n-L i n e  Pug& -.,---.~ 

Use -80-80 card p n c h  board, 

On-Liue Printer. 

Use GLOUT-2 board. 

Of f-Li ne Prf n t e r  . . 

Carriage con t ro l  s e t  t o  Proarm,  

Tapes 

1 Program 

2-5 Blanks 

6 Blank o r  f l ux  tape,  I f  column 27 of card 1001 i n  the D U C O  inpu t  deck 
f s  3, flux t ape  i s  t o  be used, 

7 History tape - a t  time s t ep  0 t h i s  i s  a blank 

8-10 Blanks 



Sense Swf tc&g ' 

1 Up: normal 
Down: stop f t e r a t f o n  a t  bes t  point  

2 Up: nomizl 
Down: r e s t a r t  

3 4 4  Up: normal . 

6 Up: . normal 
Down: brings i n  o c t a l  dump (NYDS~)  f o r  r e s t ~ r t  f a i l u r e s  (must hsve a 

blank i n  card reader). 

Start%-Procedure .. . -.. 
. , ;.. .:, 

Mount the  necessary taoes,  ready t he  input  deck followed by a t  l e a s t  one blank 

i n  the  card reader, s e t  the  necessary switches, CLEAR and LOAD TAPE. 

A t  program stop (00007)~  en te r  0 o r  1 i n t o  the  address por t ion of the  MQ. 

START, (0  i s  . the  rout ine  t o  continue t h e  h i s to ry  tape a f t e r  an end of tape i s  

sensed by .DRACO-1. ) 

Res ta r t  Procedure . . 

A . r e s t a r t  may be i n i t i a t e d  a t  any time providing a l l  tapes  have been saved. . 

Tape 1 must be rewound and sense switch 2 down, CLEAR and LOAD TAPE. Proceed a s  
. . 

i f  s t a r t j n g  a problem, but  there  must only be a thermal and hydraulic i n p t  deck 

f n  the .  c a w  ~ e a d e r  ( t h i s  i s  identifies by the  f a c t  t h a t  it begins with two t i t l e  

cards) .  

A t  program s top ( 7 ~ 7 ) ~ ,  h i t  s t a r t .  

I n  the event . . of a . r e s t a r t  f a i l u r e ,  rewind tape 1, depress sense switch 6 ,  and 
. .  . 

LOAD TAPE, Thjs brings i n  the  o c t a l  dump. There should be a blank card i n  t he  

card r eade r .  ~ u m p  core; backspace each tape one record and dump. 

111s t n l c t f  on Tape Preparation 

Ready a .b l ank . t ape  1, the  DHACO program tape on l og i ca l  2, a blank tape 10. 

Ready t he  ABRAC deck i n  .the card reader ( ~ ~ ~ ~ 1 0 0 0 - W B A B ~ ~ ~ ) ,  The , l i b r a r y  deck i s  

placed between t he  WBABl and WBAB2 decks. CLEAR and LOAD CARDS. After the  tape 



wr i t t en ,  t h e  computer h a l t s .  a t  (00067)~ .  Any o ther  s tops  are due t o  machine f a i l u r e  

o r  l i b r a r y  inpu t  error, 

The contents  of t h e  l f b r a q a r e  pr inted on tape 10. Any input  e r r o r  on the  

l i b r a r y  cards i s  indicated on-line before the  computer h a l t s ,  

P r o ~ r a m  Tape Copy 

To copy t he  A B W  program tape, place the  program on l og i ca l  2, a blank on 

log% c a l  1. Ready the  deck (wBAE~COOO-WBABC~L) i n  t he  card reader, CLEAR and LOAD 

CARDS; The program h a l t s  a t  (00067)8e 

- Er ro r  Stops . '- 

A l l  e r r o r s  i n  t h e  thermal and hydraulic sec t ion  a r e  diagnosed. on-line with the  . 

computer h a l t i n g  i n  l o c a t i o n  (7r/7' / . / , )8,  Save all Lapas i f  bho problem has rrrn rnnrr 

than  s eve ra l  nfnutes, . I n .  any. event, note the  diagnostics before taking correct ive  
. . 

act ion.  

Most of t h e  following e r r o r  s tops  a r e  DRACO stops: 

1 )  Normal stops: 

(1623)~ - occurs when the  requestor has used a specif ied f l ux  tape. SEE ON- 
LINE INSTFICTIONS , 

( 2 5 ~ 5 2 ) ~ -  occurs when t he  requestor has asked f o r  u BCD p ic tu re  c d i t  immedi- 
a t e l y  a f t e r  t he  input  routine,  SEE ON-IJNE INSTRUCTIONS, Label 
and save a l l  tapes  except 9 ,  whlch contatnu +hc DCD edit, Tho 
problem w i l l  be continued a t  some l a t e r  time by means of a r e s t a r t .  

(10000) $- end of time-step ca l cu l a t i on  

a ) .  SEE ON-LINE INSTRUCTIONS. 

b) Ed i t  binary output tape (9) if requested, SAVE TAPE 9,  

c) SAVE-HISTORY TAPE-TAPE 7 FOR DRACO-1, Upon request ,  save flux 
tape,  This may be tape 5 or G and w i l l  bc indiuat.od ond ine .  

. . 

d) Clear t h e  card punch, I n  the  event of tape e r ro r s  which do not 
r e s u l t  i n  a program stop,  cards ind ica t ing  the  nature of t h e  
d f f f i c u l t y  a r e  punched according t o  t he  format specif ied by the  
tape rou t ine  WB-R'fl5, The address of t he  9L word fndfcates  the 
o c t a l  address of t he  tape i n  error .  Note the  number of t he  tape 
r e e l  and i den t i fy  t he  tape u n i t ,  



e)  If there  has been a BCD p i c k r e  e d i t  ( indicated on-line) p r i n t  
tape ( 4  o r  9) off-l ine,  ' Return on-line and off-l ine e d i t s  t o  
requestor. 

(77777)8 See on-line diagnostics,  remove punched cards from hopper. 
. . 

2) Error  stops: 

6 Tape loader . Load tape t o  t r y  again 

160 Sigma Machine e r r o r  - r e s t a r t  
, . 

245 I teaa t ion  Machine e r r o r  - r e s t a r t  

251 ~ v e r a ~ e  , . Machine e r r o r  - h i t  s t a r t  t o .  proceed 

2 51 P ic tu re  .Machine e r r o r  - h i t  start t o )  proceed 
-... 

267 sf gma Over oy underflow - r e s t a r t  

330 Average Maahfne e r r o r  - r e s t a r t  

330 P ic tu re  Maahine e r r o r  - r e s t a r t  

377 ~ e s t  

400 Rest 

401 Rest 

,40 2 Rest 

  ape ' 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  - r e s t a r t  

Tape 7 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  

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

40 3 Rest Res ta r t  i s . imposs ib le  - q u i t  

LO7 Rest Res ta r t  is  impossible - q u i t  

565 Depletion MQ overflow l i g h t  on -, r e s t a r t  

645 Depletion Error  checking ca l c  - h i t . s t a r t  t o  t r y  again 
.. 

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

745 Depletion Negative i so top ic  densi ty  - r e s t a r t  

747 Rest Stops i n  a l l  r e s t a r t ,  may fudge values - h i t  s t a r t  
.- ,. 

764 Rest Stop f o r  enter ing rout. no. - load MQ, h i t  s t a r t  

771 . Depletion Error  checking c a l c  - r e s t a r t  



Depletf on 

Rest 

Pa r t ,  Sums 

Pa r t ,  Sums 

Par t ,  Sums 

Pa r t ,  Sums 

Pa r t ,  Sums 

~ e s t  . 

Par t ,  Sums 

p a r t ,  Sums 

Depletion 

Depletf on 

~ e ~ i e t f  on 

Rest 

Depletf on 

Depl'etf on 

Depletf ijn 

Depletion 

DepPetf on 

Depletf On 

Sigma 

Rest 

Depletf on 

Depletion 

Rest ' . 

Depletf on 

Rest ' 

MQ overflow lf ght .on - r e s t a r t  

Res ta r t  Impossible i n  fnput  rout ine  - h i t . s t a r t  t o  rewind 
a11 tapes,  Reload data  deck and t r y  again 

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

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

~ b u t f  . . ne number f ncorrect  - . r e s t a r t  

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

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

Error  checking ca l c  - r e s t a r t  

E ~ r o r  checking ea l c  - r e s t a r t  

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

Er ror  i n  r e s t a r t  record - r e s t a r t  

Er ror  - %n r e tu rn  - r e s t a r t  

Error  checking c a l c  - .  r e s t a r t  

Machine e ~ m 1  - r e s t a r t  

Negative fsotopfc  densfty - r e s t a r t  

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

~ r r o r  - i n  r e tu rn  - r e s t a r t  

Uver or underflow - restart 

PruLlem uajT be complete - hit star* bo yewind 

Error  - checking ca lc  - r e s t a r t  

Probably machine e r r o r  -. r e s t a r t  

EOF mfssjing on tape 9 - r e c t a r t  

Error  - checking ca l c  - r e s t a r t  
C 

Bad record on tape 9 - h i t  s t a r t  t o  t r y  3 more times 



DRACO-O 

DRACO-0 

DRACO-O 

DRACO-O 

Expan 

Depleti  on 

Depletion 

Depletf on 

P ic tu re  

Depletion 

P i  c tu re  

Depletf on 

Depletf on 

Depleti  on 

Depletion 

Depletion 

P ic tu re  

Percnt  

Percnt  

Depletf on 

Depletf on 

Depletion 

Depletion 

Sigma 

Sigma 

Percnt 

Depletion 

Tape 7 posit ioned incor rec t ly  - start over 

Error  - tape 2 - s t a r t  over 

Error  - tape 4 - s t a r t  over 

Error  - tape  7 - s t a r t  over 

Error  copying 6 t o  5 - h i t  s t a r t  t o  t r y  again 

Error - checking ca lc  - r e s t a r t  

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

Probably machine 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  

Error  - i n  r e tu rn  - r e s t a r t  

Error  i n  requestfng pfcture  - r e s t a r t  

Error  checking ca lc  - r e s t a r t  

Probably machine e r r o r  - r e s t a r t  

Over o r  underflow - r e o t a r t  

Machfne e r r o r  - r e s t a r t  

#ach,fne e r r o r  - r e s t a r t  

ErroP f n  requesting pfcture  - r e s t a r t  

AC overflow - r e s t a r t  

MQ overflow - r e s t a r t  

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

Tape 3 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  

Machfne e r r o r  - r e s t a r t  

Tape e r r o r  - 2, 4 o r  5 - read - r e s t a r t  

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

D r u m  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  



1566 Flux 
*. 

1576 Rest  
~- 

1602 .Flux 
- 

1602 
-. . 

Expar! 

1604 Expa? 

1611 Expan 
. . 

1611 I t e r a t i o n  

1612  EX^;^ 

1614 I t e r a t i o n  

1615 Omega 
.. . 

1625 
.... . Expan 

1626 Umega 

1631 Sf gma 

Omsg~. 

Rest 

I t e r a t i o n  

I t e r a t f  on 

Sigma .. 

Sf gma 

I t e r a t i o n  

Rest . 

1707 Omega 

1710 Omega 

D r u m  e r r o r  - r e s t a r t  

Er ror  i n  time-step no, on r e s t .  rec,  -. r e s t a r t  

Incor rec t  no+ of f l u x  tape records - r e s t a r t  

Ca lcu la$fon .doe~  not check - r e s t a r t  

Impossible end of tape - r e s t ap t ,  

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

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

Tape 5 e r r o r  - r e s t a r t  

Tapo 6 error - res t . a r t  
. . 

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

Machfne e r r o r . -  sq rt - r e s t a r t  

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

MachPne e r r o r  - i n  re tu rn  - r e s t a r t  

Empossible end o f t a p e  - r e s t a r t  

Faux tape s top  -. see on-line fns t ruc t ions  

Tape 4  emor - restart 
Machine ekror - restart  

Il;n~.rn error - restart 

Too many records i n  a f f l e  of tape 7 - r e s t a r t  

Machine emor - hyp coy - rest;arL 
. . 

Machine e r r o r  - hyp cos - r e s t a r t  
. . 

Tape e r r o r  - 2, 3, 4 ,  o r  5 - wri te  - r e s t a r t  

Tape e r r o r  -r 2,  3, I,., or 5 - wr j te  - r e s t a r t  

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

Error  i n  no, of f i l e s  on tape 7 - r e s t a r t  

Tape EOF 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  



1733 . Depletion Machfne e r r o r  - r e s t a r t  

m 173 5 Rest Double end of f i l e  missing on tape 7 - r e s t a r t  

17 37 Rest Machine e r r o r  - r e s t a r t  

1 7  51 Rest Machine e r r o r  - r e s t a r t  

2001 Percnt  AC overflow - r e s t a r t  

2004 Percnt  MQ overflow - r e s t a r t  

2026 Rest . . End of tape. 7 - see  on-line i n s t ruc t i ons  

20 37 Rest EOF i n  wrong plane on tape 7 - r e s t a r t  

2041 Rest Incor rec t  tape 7 i s  mounted - mount 7, r e s t a r t  

20 42 Flux Drum e r r o r  - r e s t a r t  

2051 Power . . Length of KSIG records incor rec t  - r e s t a r t  

2115 Rest Incor rec t  tape 7 i s  mounted - mount 7 - r e s t a r t  

2201 Coef Impossible end' of tape - r e s t a r t .  

2207 Power Divide e r r o r  - r e g t a r t  
. . . . 

2211 ~ t e r a t i o n  Stop a t  be s t  .! point  i n  i t e r a t i o n  - save tapes  f o r  r e s t a r t  
.:I.. 

2223 Average Tape 2 e r r o r  -. r e s t a r t  

2224 . Average Tape 3 e r r o r  - r e s t a r t  

2225 Average Tape 5 e r r o r  - r e s t a r t  

2226 Average Tape 6 e r r o r  - r e s t a r t  

2255 Average Impossible end of tape - r e s t a r t  
. . 

2270 Power AC overflow - r e s t a r t  

2274 Bower. MQ overflow .- r e s t a r t  

2353 Coef . Over o r  underflow - r e s t a r t  

2354 Coef CKSUM of 1st pass does not check with 2nd pass 

2355 Cpe f  Machine e r r o r  - r e s t a r t '  
. . 

2356" ' "' Coef . . ' ,Tape 1 error - r e s t a r t  ' ' 

- 2357 Coef Tape 2 e r r o r  -- r e s t a r t  



2360 Coef Tape 3 e r ro r  - r e s t a r t  . , . 
. . 

2361 . Coef Tape 4 er ror  - r e s t a r t  . . 

24.40 Coef Machine e r r o r  - r e s t a r t  . 

2 500 Picture Tape 2. e r ro r  - r e s t a r t  

2574 Omega. . . Maahine e r r o r  - r e s t a r t  . . . 

2 576 Omega Machine e r r o r  r e s t a r t  
... . 

2663 Pi;c.ture Impossible end of tape . -  r e s t a r t  

266~ , Plcture Tape 3 e r ro r  - r e s t a r t  

2720 Depletion Tape 3 e r ro r  - extra record - r e s t a r t  

2734 Power. . . . Impossible end of tape - r e s t a r t  

2734 Norm Impos~Ible  end of tape - res ta rb  

2735 Norm Tape 3 e r ro r  - r e s t a r t  

N0m 

Depletion 

Depletion . . 
. . 

Power 

Power 

Poivol~ 

Power 

Flux 

Flux 

%iu~ 

Flux 

Flux 

Flux 

Depletion 

Tape 2 e r ro r  - r e s t a r t .  

Tape 8 e r ro r  - r e s t a r t  

Error - positfoning tape 8 - r e s t a r t  

Machine e r ro r . -  r e s t a r t  

Tape 3.  e r ro r  - r e s t a r t  

Tape 8 espor - roptn.st, . 

Tape 9 e r ro r  .- r e s t a r t  
5 

Flux tape. ( 5  o r  6) e r ro r  - r e s t a r t  

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

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

Tape 9 error - reate.rC 

AC overflow - r e s t a r t  

MQ overflow - r e s t a r t  

Machine e r ro r  - checkhg count i n  index 1 - r e s t a r t  

3066 . Norm D r u m  e r ro r  - h f t  s t a r t  t o  t r y  3 more times 



Norm 

Percnt 

Power 

Power 

Percnt 

Percnt  

Sf gma 

Sigma - 

Sf gma 

Sigma 

Sigma 

Drum e r r o r  - h i t  s t a r t  t o  try 3 more times 

Drum e r r o r  - h i t  s t a r t  t o  t r y  again 

D r u m  e r r o r  - h f t  s t a r t  t o  t r y  3 more tfmes 

D r u m  e r r o r  - h f t  s t a r t  t o  t r y  3 more times 

D r u m  e r r o r  - h l t  s t a r t  t o  t r y  3 more times 

Drum e r r o r  - h'$t s t a r t  t o  t r y  3 more times 

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

Tape 3  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  

Tape 8 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  

3300 NOW AC overflow - r e s t a r t  

3301 s f  b a  . Diffusion not acceptable - r e s t a r t  ( o r  WSTRE) 
%t. 

. < 

3302 Sigma Total  not acceptable - r e s t a r t  ( o r  wSTW) 

3303 Sigma ' Removal not acceptable - r e s t a r t  ( o r  wSTRE) 

3304 Sigma Absorptiap not acceptable - r e s t a r t  ( o r  WSTRE) 

3304 Sigma 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 Sf gma Sum wefght fac$ors zero f o r  2  grp - r e s t a r t  

3307 Sigma Machine e r r o r  - r e s t a r t  

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

3406 Percnt  Tape 3 e r r o r  - r e s t a r t  

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

3410 Percnt  ' Imposs3ble end of tape - r e s t a r t  " 

3727 I t e r a t i o n  Tape 2  e r r o r  - r e s t a r t  

PA---- ' Waste time because o f  requestor error. 



3730 I t e r a t i o n  Tape 4 e r r o r  - r e s t a r t  

3731 I t e r a t i o n  Tape 5 e r r o r  - r e s t a r t  

3732 I t e r a t i o n  Tape 6 e r r o r  - r e s t a r t  

3733 I t e r a t i o n  Impossible end of tape - r e s t a r t  

3734 I t e r a t f  on Drum e r r o r  - r e s t a r t  

3735 I t e r a t f  on AC o r  MQ overflow - r e s t a r t  

3736 I t e r a t i o n  AC o r  MQ overflow - r e s t a r t  

3737 I t e r a t i o n  AC o r  MQ overflow - r e s t a r t  

3740 I t e r a t i o n  AC 61 IUIQ O V ~ P ~ ~ O W  - llestart 

3741 I t e r a t i o n  AC o r  WQ .overflow - r e s t a r t  

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

10000 P ic tu re  End of time-step ca lc  - see  on-line ins t ruc t ions  

12563 Par t .  Sums Occurs only a t  ToS, = 0 ;  CK sum e r ro r ,  card out  of 

order  o r  wrong 1 , D .  on binary no. densi ty  cards, reload 

card 14000 and binary deck, try again. 

25252 P ic tu re  Picture a f t e r  Input - see on-line Ins t ruc t ions  

77777 Pwr o r  Depl End of tape 7. Load DRACO-0 t o  continue h i s t o ry  tape, 

Operating In s t ruc t i ons  - DRACO-3 ( ~ d i t s )  

A ,  Tape Configuration 

1 A l l  UHACD program tape 

9 Binary ou tpu t - tape  9 from specif ied ABRAC problem 

IU Blank 

2-0 Blanks when needed, The tapes required vary.with the  e d i t s  requested and 
- .- 

may be determined by comparing t h e  e d i t  numbers on t he  master control  card 

with t h e  following tab le .  



TABLE I 

Tapes Needed f o r  Each Edi t  

Ed i t  No, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

. .  . . ,  , 

~ a a e  No, 

B, Sense Swftches 

1 Up : . normal 
Down: r e s t a r t  

6 Up : normal 
Down: brf ngs i n ' o c t a l  dump (MYDS~) which requires  control  cards o r  blank 

card i n .card hopper, 

C S t a r t i n g  Procedure 

1 )  Mount tapes a s  indicated.  

2) S e t  proper sense swftches, 

3) GLOUT-2 p r i n t e r  panel i n  p r in t e r ,  
, , .  

4) 72-72 panels i n  card reader and card punch, 

5) Ready card reader with control  deck i n  hop?er, 

6) Clear9 load tape, 

7)  A t  program s top  ( 0 0 0 7 ) ~ ~  manually en t e r  t he  code number, i n  t h i s  case 3,  

i n t o  t he  address ?or t ion of t he  MQ. START, 

- 8) Always check information pr inted on-line t o  determine the  progress of the  

: s o r t  and e d i t s ,  



Program Stops 

1 )  Normal stop: 

(4731)~ Program has  been successful ly  completed, Save tapes  9 and 10. 

P r i n t  10, t h e  BCD output  tape,  off-l ine,  

2) For a l l  o ther  program s tops?  consui t  the  l i s t  of DRACO-3 Program Stops 

below, 

R e s t a r t  Procedure 

1) I n  generaPp 'a  r e s t a r t  cannot be i n i t i a t e d  unless  .EDIT SORT HAS BEm 

COMPLETED has  been pr in ted  on-linep and a t  l e a s t  one card has been punched, 

2) Rewind a l l  t apes  except 10, 

3) Remove the  con t ro l  deck from the  card reader and the  r e s t a r t  card o r  cards 

from the  caxk punch, A r e s t a r t  card f s  recognized by t h e  l2L word which 

contains  puhches i n  columns 1 through 36, The 9L word w l l l  have one o r  

more b i t s  punched, 

4)  Depending on t h e  type of e r r o r  necessftat ir ig t he  r e s t a r t ,  proceed with (a)  

o r  (b) a s  d i rec ted  By the comrme~~ts 1fsLel-l w i t h  the program atop, 

a) NORVAL RESTART: I n s e r t  t he  l a s t  r e s t a r t  card i n t o  the  control  deck 

in p l m s  n f  the mast'es control  card which follows the  t i t l e  card, 

b) BY PASS EDIT: Obtain We most recent  r e s t a r t  card from the  card 

' 

punch. I f  t he r e  i s  only one b i t  punched i11 t he  9L word of t h i s  card, 

remove t he  e d i t  from t h e  machine, Otherwise, omittfng the lef tmost  

b i t ,  punch t h e  9L word on a blank card. I n s e r t  t h i s  card i n t o  t he  

contrnJ. deck in place of t h e  master control  card (second card of 

control  deck). When a l l  e d i t s  have been completed, save tapes  per- 

t a i n ing  t o  e d i t s  whfch have been skipped, 

5 )  The lef tmost  punch i n  t he  9L word of t he  inse r ted  r e s t a r t  card indfeates  

a t  which e d i t  t he  r e s t a r t  w i l l  begin. Remove a l l  control  cards per ta ining 



t o  e d i t s  preceding t h i s  one, An e d i t  control  card i s  i den t i f f ed  by i t s  

card number which begins i n  column 12 and i s  of t he  form (xO00+n) where x 

ind ica tes  the  e d i t  number and n r e f e r s  t o  seq-uencfng within the  s e t  of 

bards ' f o r  the  ed i t .  The number of t he  l a s t  card f o r  an e d i t  i s  negative. 

6) Depress sense switch 1, 

7) Ready the  card reader with t he  corrected control  deck i n  the  hopper. 

8 )  Clear, load tape. A t  program s top (0007)* en t e r  3 i n t o  the  address of the  

MQ. S t a r t ,  

9 )  When a r e s t a r t  f a i l s ,  save all tapes. 

F, Program Stops 

0351 Cont, Ed i t  1 -6 GLOUT2 - machine e r r o r  - normal r e s t a r t  

0356 Sor t  GLOUT2 - machine e r r o r  - i f  s o r t  has  been .completed - 
normal r e s t a r t ;  otherwise reload deck? s t z r t  over 

0430 Cont9 Edi t  1 -6 GLOUT2 - machine e r r o r  - normal r e s t a r t  

0435 Sor t  GLOU,T2 - machine e r r o r  - i f  s o r t  has been completed - 
normal r e s t a r t ;  otherwise reload deck9 s t a r t  over 

1276 Cont, Ed i t  1 -6 Boundary e r r o r  - r e s t a r t  - bypass e d i t  

1340 So r t  DBC - machine e r r o r  - reload deck, s t a r t  over 

1362 , Cont, Ed i t  1 - 6  Machine e r r o r  - normal r e s t a r t  

IL07 Sor t  DBC - loading o r  requestor e r r o r  - reload deckp 

s t a r t  over 

1411 Cont, ~ d i t  1 -6 ~ a c h i n e  e r r o r  - normal r e s t a r t  

1725 So r t  DBC - loading o r  requestor e r r o r  - reload deck, 

s t a r t  over 

,2005 Sor t  

2206 s o r t  

DBC - machine e r r o r  - normal r e s t a r t  

CSH - machine e r r o r  o r  i l l e g a l  punch,- reload deck, 

'. s t a r t  over 



2472 S o r t  

2473 Sort. 

Cont, Ed i t  1'4 

Conti Ed i t  P -6 

sort 

S o r t  

S o r t  

S o r t  

S o r t  

Cont ,, Edi t P -6 

S o r t  

Cont, Ed i t  1 -6 

S o r t  

S o r t  

Control 

Control 

Contm'S. 

Control 

Edf t  1 -6 

Edft  1 -6 
' r .  ' 

Edi t  1 

Tape 9 e r r o r  - i f  s o r t  has been completed - n o m d  
. . . . 

r e s t a r t ,  otherwfse reload deckp start over 

Tape 9 e r r o r  - i f  s o r t  has baen completed, - normal. 

restart, otherwise re load  deck, s t a r t  , over . 

Tqtle  card wrong - remove problem - save all tapes 

9f t h i s  i s a pestart" . . 

DBC - machine e r r o r  - normal r e s t a r t  

DBC - loading o r  requestor e r r o r  - normal r e s t a r t  

Tape 3 e r r o r  - reload deckg s t a r t  over . 

Tape 4 e r r o r  - reload deck, s t a r t  over 

Tape 5 e r r o r  - reload deck, s t a r t  overa 

Tape 8 e r r o r  - . r e load  deck, s t a r t  over 

DBC - loadfng o r  requ'estor e r r o r  - reload deck, 

s t a r t  over 

E ~ i d  of tape - remove problem - aave all kapeo 

DBC - machine e r r o r  - normal r e s t a r t  

'Tape 9 posit ioned wrong - reload deck9 s t a r t  over 

Tape 9 posit ioned wrong - reload deck, start over 

CSH - machfne e m o r  o r  i l l e g a l  ljunch - normal 

r e s t a r t  

Tape 1 e r r o r  - rewfnd tape 1 - normal r e s t a r t  

Norm~l end of: ,program - ga t  o f f  the' machine 

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

Boundary e r r o r  - r e s t a r t  - bypass edit 

Card number e r r o r  - r e s t a r t  - bypass e d i t  

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



Edi t  3,4,5 

Ed i t  6 

5053 Edi t  196 

Edi t  2 

5054 E d i t 3  

~ d i t  6 

EdSt 11 

Edi t  11 

Edi t  2 

Edft  11 

E d f t  1i 

Ed i t  1 

Edi t  11 

Edi t  4,5 

Edst 6 

Edi t  6 

Edi t  3 

~ d i i .  3 

Edi t  7,8,9 

Edi t  3 

Edi t  4,5 

Edi t  

Ed i t  7,8,9 

Ed i t  2 

Edit 2 

Edft  3 

Element number e r r o r  - r e s t a r t  - bypass e d i t  

Error  se lec t ing  outyut - r e s t a r t  - bypass e d f t  

Group number e r r o r  - r e s t a r t  - bypass , ed i t  

Machfne e r r o r  - normal r e s t a r t  

Option number e r r o r  - r e s t a r t  - bypass e d i t , .  

Sigma R requested f o r  l a s t  group - . r e s t a r t  - bypass 

ed+ t 

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

Tape 5 e r r o r  - normal geStar t  

Tgpe 9 e r r o r  - normdl r e s t a r t  

Tape 6 e r r o r  - normal r e s t a r t  

Tape 8 e r r o r  - normal r e s t a r t  

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

Tape 9 eq-or  - normal r e s t a r t  

Tape 9 e r r o r  - n o v a l  r e s t a r t  

Tqpe 9 e r r o r  - noimal r e s t a r t  

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

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

Tgpe 8 e r r o r  - normal r e s t a r t  
. . 

GLUqTZ - machine e r r o r  - normal r e s t a r t  

Erroneous div%sfon - normal r e s t a r t  

  ape 2 e r r o r  - normal r e s t a r t  

Tape 5 e r r o r  - normal r e s t a r t  

GLOUT2 - machfne e r r o r  - normal r e s t a r t  

Tape 5 e r r o r  - normal r e s t a r t  

Tape 6 e r r o r  - normal r e s t a r t  

Tape 8 e r r o r  - normal r e s t a r t  



542-7 Edft  2 

5432 ~ d f t  2 

5457. Edf t 2 

'Edit 10 

EdSt 10  

Edft  18 

Edft  2 

Edit 7,8 

Edi t  9 . .  

Edft  9 

Edi t  7,8 

Edft  7,8 

Sor t  .. 

6264 S o r t  

Tape 8 e r r o r  - normal r e s t a r t  
, 

Erroneous d iv i s ion  - normal r e s t a r t  . 

Tape 6 e m o r  - normal restapt . 

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

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

Machfne e r r o r  - normal r e s t a r t  

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

Tape 8 e r r o r  - noxmsl r e s t a r t  

Tape 9 error - normal r e s t a r t  

Eproneous d iv i s ion  -,normal r e s t a r t  

Tape 9 error - nomal  r e s t a r t  
Z 

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

Tape 8 e r r o r  - normal r e s t a r t  

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

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

Machine e r r o r  - f a l s e  EOF - reload deck - s t a r t  

Mqchfng ~ r m r  - false EDF - reload deck - otart 
over 

Tape e r r o r s  (DRACO-P) and/or requestor e r r o r  

(DRACO-2) , May r e s t a r t  as f ndf cated on-lf ne to . " 

ge t  ava t lab le  information, 

Tape errors (D~ACO-1) and/or requestor error . 

( URACO-2) , Requested edf ts  cannot be done, Tape 9 

probably bad, 



APPENDIX 'A " 

Symbol Units - 
A flow area of stick . ft2 

A~/A:~ ratio of flbw area to active heat-transfer ft 

.De hydraulic diameter , . . . - .  ft 

f frictf on. factor dimensionless 

G , ma6s velocity lb/hr f tL 

g &avftational constant f t/hr2 

H enthalpy B T U / ~ ~  

h surface heat transfer coefficient . BTu/hr - ft2 - FO 

K plenum constant dimensionless 

L vertical distance from top of core to , ft 

center lfne of outlet nozzle 

rn total number' of sticks . .  dimensionless. . 
.. . . . 

total number of divisfon 

Nusseldt Number 

number density of element 30 

absolute pressure 

normalfzed power 

Prandtl Number 

Reynolds Number 

void fraction 

relative roughness, 

. . dimens%onless 

dimensf onless 

dimensionless 

dimensionless 

dimensionless 

dimensionless 

roo t-mean-square roughness 
. ... 

. ;:. ' . . 
: . : . $ : ; : a ? ,  , De 

,,. O '  . , 



Syibol Description Unf ts 

T temperature FO . . 

v~ - core volume per square foot  o f .hea t  . f t  
'HT . i . . . 

t r ans fe r  area .. . 

V spec i f ic  v o l w n e ~ v o l u m e  of mesh cube . ft3/lb o r  cm 
3 

W flow 

qual i ty  dimensf onless 

X,Y,Z Cartestan coordenates fo r  core ' f t  or,.cm 

a constant i n  loca l  vofds calculation . dfmensionless 

AP pressure drop lb / f t2  

AZ yer t i ca l  mesh space f t  o r  cm 

8 extrapolation factor  dimensionless 

vfscosit;y dlmensfanless 

d r a t i o  of smaller area t o  large area dimensionless 

p density . . 
9 heat flux 

(P' two phase pressure dmp multiplpller dimensionless 

Subscr%.pts . 

acc refers  t o  acceleration 

B re fers  t o  bulk f lu id  

BB bulk boilPng 

e l  re fers  t o  elevation 

f saturated f lu id  o r  refers  t o  f r i c t i o n .  term 

f g ,  change, f lu id  to  vapor 

g saturated vapor 

H heating 



 lo^-^ 
max 

m t ,  mean, avg 

out,  ex 

SAT 

Description 

r e f e r s  t o  f t h  s t f  ck 

i n l e t  

isothermal conditions 

r e f e r s  t o  j t h  d ivisfon 

Uni t s  

derived from Jens  hnd Lot tes  cor re la t ion  

condition a t  inception of l o c a l  bof l ing 

derived from Martinelli-Nelson cor re la t ion  . 
as modified by Eq 3,4 

I 

derived from Martinellf-Nelson cor re la t ion  

maxf mum 

condition a t  mean temperature f o r  s t i c k  

var iable  i s  held constant 

o u t l e t  

r e f e r s  t o  plenum 

sa tura t ion  . 

t o t a l  (usua l ly  with reference t o  e n t i r e  core) 

wall  



'! . 
APPENDIX B. 

'Summary of Thermal and Hydraulfc Equations 

See References 2 , ,3 , .  9 and 10, 

1) Heat Flux 

2) Enthalpy 

3) Surf ace  Hedt Transfer Coef f i c f  en t  

where a = ,030 o r  ,023 depending on which cor re la t ion  h i s  being used. A l l  

o t h e r  quan t i t i e s  on t he  r i g h t  a r e  evaluated once f n  each s t i c k  f o r  some mean 

temperature. 

where a = ,030 fn t he  expression f o r  h 
. . i? 

5) St.eam Quality , 

6 ) .  Core Pressure Drop 



Appendix B (contd,) > .  

7) Bulk Boiling F r i c t j on  Pressure Drop 

f 
A?? = 

f~~ 

where 1 i m p l ~ e s t h e i n t e g r a l f s t a k e n o v e r t h a t s e c t i o n o f t h e  channelwhich 
BB 

. . 

fs i n  bulk boi l ing,  

8) Correction Factor t o  Maetinelli-Nelson Mul t ip l i e r  

' 9 )  .Tens end Lot tes  Temperature Differoncc 

10) Water Temperature a t  Inception of Local Boflf ng 

where a = .030 i n  t he  expression f o r  hi, 



11) Local Bof l i n g  :Fri c t ion Factor 

12) Local Boiling ~ r i c t q o n  Pressure ~ r o p  

13) Fr ic t ion  Factor Correction Term fn  Heating Regime 

where a = .023 i n  the 'expre(isi4n f o r  hi. . . 

1 )  Heating ~ r i c t i o ' n  Pressure Drop 

15) Elevat i  on Pressure Drop 

16) Acceleratfon Pressure Drop 

(Hex id l  > Hf 

' 

ou t l e t  . 

17) Entrance YresSure Drop 

18) Exit  Pressure Drop 

- - G2 2 
('outlet bPexit ad P) out.et - + 'outlet 1 



19) Mixed Exi t  Enthalpy '(used only i n  plenum calculatfons) 

Here Hmean i s  t h e  ar i thmet ic  mean of a l l  i n l e t  enthalpfes t o  d iv i s ion  j and 
j 

L) 

- z A ~ Z  . 
'j - divisfon J s t i c k  i 

L 

20) ' I n l e t  Plenum Pressure Drop 

21) Out le t  Plenum Pressure Drop 

22) Reyriolds Number 

23) ~ u s s e l t  Number 

. . 
where a = .030 i n  t h e  expression f o r  hy :. 

24) Density Eouatf ons 

a )  General 

The f r i c t i o n  pressure drop cor re la t ions  used i n  the  l o c a l  and bulk boi l fng 

regimes ,assume t h a t  dens i t fes  used t o  f i nd  e levat ion pressure drops a r e  calculated 

according t o  t he  modified Martinelli-Nelson model, For this reason dens i t i e s  f o r  

pressure drop calcula t fons  a r e  always found i n  t he  following manner: .. . . . 



For $(x9y9z) < H f 9  

p(x9y9z) f s extracted from a tab le  of p versus Ho 

For H(x,y,z) > H f s  

p(x9y9z) =. Rgpg + ( 1  - Rg)pf0 

Unfortunately, experimental eddence  ( ~ e f  10) i ndf cates  t h a t  f o r  many cases . -- 

p a r t i c u l a r l y  those having high hea t  f luxes  i n  r e l a t i ve ly  t h i n  channels, these 

expressions provide a r a the r  poor es$imate of moderator de'nsfty i n  the  l o c a l  boilfng 
. . 

and low n e t  qua l i t y  regions, To provide a more f l ex ib l e  re la t ionship f o r  moderator 
. . 

dens i ty  calculat ions  t b  these regions, the  model bmposed by Maurer i n  (Ref 10) has 

been fncorporated a s  a requestor option9 and f s discussed under b) below, 

b) Optf onal Water Densf t y  .Calculation f o r  Local Boiling and  Low Net Qualf t y  
.. :. . 

1)  No void' f rac t ion ,  H < H and H < H f o  
LB 

2) The so-ealfed " f i r s t  region" of boflfng, where a f i lm of bubbles i s  

b u i l t  up u n t i l  the  e n t i r e  boilfng surface i s  covered by a sfngle thfck- 

ness buble layer ,  

3 )  The "second regionw of boiling, where an appreciable portion of the 
. . 

to ta l  heat input f s used f n the I'U~IIIULPUII US vapur, tiiig the w i d  fractlan 

f ncreases a t  a r e l a t i ve ly  high r a t e ,  

4)  A t  some pofnt above the bulk saturat ion enthalpy, it appears t h a t  the  

dependence of vapor f rac t ion  on flow, heat  f lux ,  e tc ,  becomes l e s s  

marked, and t h a t  s a t i s f ac to ry  correla t ion can be made on the bas t s  of 

bulk enthdpy.,  The portfon of the  stick with an enthalpy greater  than 

t h f s  value cons t i tu tes  the  fourth. r e e o n .  

Based on t h f s  model then, density f s  calculated i n  the following~manner, 

For ~ ( x , y ,  z) < %*, (the enthalpy corresponding t o  f ni t i t i t ion of l oca l  boiling) , 



p(x,y,z) f s taken from a t ab l e  of p versus H a s  i n  a)  above, 

t h e  densi ty  corresponding t o  H(X,Y,Z) i n  t he  densi ty  versus enthalpy tab le ,  and 

where a = .030 f n  the- expression f o ~  hi, 

A t  an input  value of Rq RQ $he vapor f r ac t i on  corresponding t o  the  es tabl ish-  
g' g, 

.I 

ment of a s tng le  thickness l aye r  of bubbles f s  reached, and the  corresponding bulk 

enthalpy is denoted as HI. 1 h  ce r t a in  low hea t  flux cases ce r t a in  d i f f i c u l t i e s  can 

a r i se .  I f  R o  has not reached RQ when ~ ( x , y ,  z) > Hi, underflow could occur; and t o  
g 1 

prevent t h i s ,  H1 i s  s e t  equal t o  H i .  The requestor may supply a value f o r  H i  i n  t he  

Input, I f  a value f s  not  supplfed o r  i f  t he  value i s  not a t  l e a s t  one BTu/lb l e s s  

than sa turat ion,  H i  f t  f s  s e t  equal t o  Hf - 1 $ ~ ~ / l b .  If T > TSAT f o r  a mesh cube, 
. . LB 

the  opt ional  water densi ty  c a l c u l ~ t i o n  i s  bypassed, and densi ty  f o r  t h a t  mesh cube 

i s  calculated as descrfbed under a) above, 

For HI < ~ ( x , y , z )  < Ha, Rv i s  found from 
g 

- .  .-) 

t h a t  is ,  a l f nea r  in te rpo la t ion  i s  made between H Rf  , and H Rg on the  Mart inel l i -  
1' g1 2 9  g2 

Nelson vapor. f r ac t i on  versus enthalpy curve, 
.J 

For enthalpies  above H ~ , .  th'e dens i t i e s  a r e  calcula ted a s  described i n  a) above. 
.. , . . 

c) Density AveragSng Routf ne 

I n  t he  mesh cube where t he  t r ans i t f on  from l o c a l  bo i l ing  t o  ne t  qua l i t y  gen- 

e r a t i o n  occurs, the  densi ty  changes r a the r  rapidly.  I n  a l l  o ther  mesh cubes, f t  i s  

adequate t o  assume t h a t  ' the  mean densi ty  i n  the  mesh cube i s  t he  same as the  densi ty  



a t  the  cube centerpofnt. I n  f a c t ,  t h i s  assumptfon i s  sat isfactory f o r  a l l  mesh - '  

cubes i n  elevatf on pressure drop calculations. However, i n  the calculation of 

moderator density,  a. mesh cube containing We point H(x,y,z) = HI, (o r  Hf) may show 

an apparent f a f lu re  t o  converge t o  a constant mean density because a small s h i f t  i n  

H changes the mean density from one s ide t o  the other of H1 ( o r  Hf). To prevent 

t h i s ,  the averaging routine below i s  applied, , 

Say Ha, Hb9  HGg.e tc ; , - a re  qonsecutfve enthalpies calculated up a channel 

( c f ,  f i g ,  1 )  

Let 

H < H < H where HJ = HSAT a l b .  f o r  no loca l  voids 

Then 

Then 



Then. 

Figure 1 
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ABRAC - FORM. I 

TITLE CARD 72 14 

I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I ! i I I I I I I I I I ~ ~  
. . ,!5 

+I I lo101 I 

f.5.FUUtH32 

+I i 
STICKS 

+loll 

N.8.  a LAST apT Musr = o • 

7 1 

$.g 
+.O 
+ 
+ 

+ 

0- 
0 

A? 
5365000000 
-~ooooooooo 

o o 

39 

+ 
+ 
+ 
+ 

A pT 
5360000000 

DIVS. 

+lo13 

61 

+ 
+ 
+ 
+ 

28 

+ 

S6 

+I1 

G 
DEE 

+lo 

A P~ 
536750000 
o o o o ~ o o o  

A P, 
-5362500000 
5390000000 

+ 
50 

+ 
+ 
+ 
+ 

+I 5380000000 
+I 
+ 

6 

+ 
+ 
+ 

i 

S8 

+I1 

+ 
+ 
+- 

A 4 
5350000000 

S9 

+I1 

1 
2 

N 

+[.I 

5370000000 

I7 

+ 

H 
EDIT 

+lr 

6 
EOTEDlT 

+ti 

a pT 

5355000000 
2 
0 

+ 
t 
+ 

1 

DIV 
EDIT 

+]I. 

5375000000 0 

OP. 

+P 

2 



A B R A C  -FORM 2 
THERrAAL STICK AND DIVISION DESCRIPTION 

NOTE : L A S T  SET OF V,WW, X X , Y Y  AND Z Z  MUST A L L  BE ZERO. 

{ZOOO FOR STICKS 
BEGlk NUMBERING AT 3 0 0 0  FOR D l V i s l o ~ S  . . 

V = DESCRIPTIVE No. WW = LEFT BOUNDARY X X  = RIGHT BOUNDARY 
Y Y = UPPER BOUNDARY zz = LOWER BOUNDARY 



ABHAC -FORM 2 
THERMAL STICK AND D'IVISION DESCR19TION . i( s 

N0TE:LAST SETQF V,WW,XX,YYANDZZ MUSBALL BE ZERO 
. '  . '3 

E: + 
(2000  FOR STICKS 

.BEGIN NU?ABERING AT 3000  FOR DIVIS'QNS . 

V = DESCRIPTIVE No. W W  = LEFT BOUNDARY X X  = RIGHT EOUNDARY 
Y Y = UPPER BOUNDARY Z Z  = LOWER BOUNDARY . 



A B R A C  -FORM 3 ' . 

THERMAL STICK INPUT 

# I  = CDS. 4010 ,4011 etc. 

N U N ~ E R I N ~  {STICK C 2= eD5. 4020,4021 etc. . . .. . 

+ I I [ I  
6 

+ 
Kt, 17 

+ 
OUT ?N 28 

+ 
39 

+ 
‘ T ~ ~ ~  50 

+ 
1 

72 

0 0 
"IN 61 

+ 



ABRAC-FORM 4 

DIVISION .INPUT 

NOTE : LAST G VALUE FOR EACH DIVISION MUST BEZERO 

+5000 COPJTROL CARD NEEDED ONLY BEFORE I st SET OF DIVISION INPUT. ' 

* # I =  CD 5010,5011 etc.  
NUMBERING 4 DIVISIONS 

C # 2 = 00 5020,502l  etc. 



ABRAC - FORM 4. 

DIVISION INPUT 

NOTE : LAST G VALUE FOR EACH DIVISION MUST, BE ZERO 

+5000  CONTROL CARD NEEDED ONLY BEFORE I s t  SET OF DIVISION INPUT 

# I = CD .5010,5011 etc. 
NUMBERING { DIVISIONS 

# 2=CD 5020,5021 etc. 
. . 



ABRAC -FORM 4 

DIVISION INPUT 

NOTE : LAST G V4LUE FOR EACH DIVISION MUST BE ZERO 

+5000 CONTROL CARD NEEDED ONLY BEFORE I st SET OF DI'\/ISION INPUT 

# 1 = CD 5010,5011 etc. 
NuMBERING {DIvIsIoNs 

# 2= CD 5020,5021 etc. 

. DO MOT USE THIS CARD 72 

+ 
+ 
+ + 

6 

+ 
+ 
+ 
+ 

G 39 G 

566COOu300 +. 56800000W , 

5718G90000 + 572000i10C13 
5730600300 + 57320(XS@OD 
omomorroo + o~aooooom 

+ 

50 

+ 
+ 
+ 
+ 
+ 

+ 5 0  
5 
5 
5 

G 

5620M0000 
571i.CO0000 
5726COOOOO 
5738c00000 

? 

0 

0 

- 

(3 61 G 

5710000000 ,571200000 
5722000000 +t 
573LLGQO300 + 573600000 
ooaooooooo + ooaoooooo . 

+ 

71 

+ 
T6 
+ 
+ 
+ O  

9 
0 
0 

17 

I+ 
+ 
+ 
+ 
+ 

3 
3 
s 

G 

56~000000 
57fi000000 
5729000000 
5?~~oaoooo 

3 I +  
2 
3 
1, 

28 

+I 
+ 
+ 
+ 
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TIME S T E P  NUMeER 00 . . . . 

. . .  
. . 

. . . . 

OPERATORS 1NSiRlJCTIOF:S-HF"C)VE T A P E 5  Air!D S A V E r P U T  A 8LANK ON 6-HIT S T A R T .  . 



COl,lP GROUP 

30030000 
a * .  ' 



. . . . I . 
GRCUP IT .  NO. P I .  . , . SHY1 SHK2 S H K ~ .  . SHK4 . WVI N OMEGA W A X  NMIN   MAX . . 

. . . . 'I-'- 

1 ' 1 0  0.95467742 0 .95507101  0.95468889 0.95468219 0.95467213 .1.54256774 1.64853590 1.68918942 7 15  g . . .  

2 1 .o l.D 
0.84033751 0.87655443 0.87220738 0.89594446 0 0 7 9 1 1 9 8 1 3  1.250315%5 1.37273224, i.52?3'2'br)4 - 4 . 6 . . , 

Ca . . 
. . . .. c, 

. . - 
. . 

. . .. ' 0 
. . 

GROUP , INITIAL RES. NO. IN~!ER IT. FINAL RES. g' . " c+ 
a 

1 30.4573 1 9  . 1.1709 . . . . 
2 24.6534 " ' . 7  -823.2 

V 

. . 
OUTER IT .  MAX. LAKHOA , 

1 ' 1.662047 . 

LAMBDA MIN. CAMEDA 

l a Z 4 2 9 9 5  1.037974 

. . 
. . .  

. . 

NO. INNER I T .  'F 1NA.L RkS. 

. 15  ,3146 . . 7 ,  .: e2.741 

LAMRDA HIN. LAYH!?A 

EPSILON. SO. 

.' 0 2 5 1 1 9 7  

GROUP I N I T I A L  HES. 

1 7.2520 
- .. 2 .  -, . 6.1890 

OUTER I T *  ,MAX. LAKaDA ALPHA 

NO. l N N t R  .IT. ' F I N A L  R E 5 e  

15 ,0972 
' .7 e l 3 0 2  

. GROUP 

Lbt4?l!:l ' .  M1N. LhMrDA EPSILON SG'r 

FIO* INNER I T e  ' F.I.NAC RES. . GROUP 

ALPHA H E T A  ~ E P I O ~ I ~ .  

1 0 3 5 3 4 8 4  0 OUOOUO .99.'1499 



GROUP , 

1 
2 

~ Y A X . '  Lb%HOC LAP??A M I % -  LAVAOC 'EPSILON 50. A1 PHA ' 5 t l r  

. . 
V 

CROUP IR! lT lAL  F.45. . 90. INT!EQ.IT. . . ~ [ r t r f -   RE$^ . . 
. . . . 

1 0 .  ?b.1 16 ' i 0 2 3 2  ', . ? * C I S *  
. , 

' 0 0 3 8 9  

3UTER 'IT.. t%X. LA'9904 LAMP04 M l k ~  LhM3ob EPSILON 500 ALPHA . RETA REWORM. 

CROUP I V I T I A L  P ~ S .  !do. INYEP I T .  F l l r b L  Q E S o  

' 1 '  • ?S 18 14 . m o l t 0  
? *9!3.? 7 'mO11b . . 



. . 
COMPOSI T I O N - I  b!.TEGkA TED VOLUME 

1 5 . 1 1 b 5 1 7  5 1 7 9 2 7 2  5 ' % 0 4 0 6 0 , .  . 

. - COMPUSIT ION-IP.ITEGHATEl> FLUX - GROUP 1' 
1 5 l f?bF!d  5 6 2 2 4 7 3  5 2 4 6 1 6 4  

'COVPOSITIO~~-AVEHP.GED FLUX - ,GROUP i 
1 1 1 1 3 8 7 7  " 1 3 4 7 3 2 0  1 1 1 9 6 5 3  

COWPOSITION-INTEGRATEI) FLUX -:GROUP 2 
1 5 1 1 a 4 9 6  '5 2 3 5 8 6 9  5 1 1 4 2 5 5  

' C O M P O S ~ T I O @ - K V E U A G ~  FLUX - GROUP 2 
.1 . . . 9 8 2 6 5 4  . 1, 1 3 1 6 0 7  5 5 5 9 0 6  . '  



POWER 

C O Y P O S I T I O N  
TOTPLfREACTOR 

TOTAL 
. ooooa 

1 l000C 
0oooC- 



. . 

O ~ R R A C  FILL OBTPI?!  IKFOK!4AT I O N  FRO14 T n E  LIHRAHY ENT I TLEO- 
0 STPI.:CAE:D A D R A C  L IRHARY TAPE - FE9HUARY 2 2 9  1 9 6 0  . . 
0 - ~ u L T I P L E  VALUED ?GESSU?E DRCP VS. FLrJk! TABLE: CHI\F!NEL LOCATED I N  YOW 5iCOLU:.!N 4 
'2 :"ULTIPLE VPLGED PhESSl lYE DROP VS.. FLJW TABLE CHANbtEL LOCATED I N  e,OW 6 r C O L U Y N  5 ' 

C X U L T ! P L E  VALUED P!iESS!JRE DROP VS. FLO# TASLE CHANNtL LOCATED I N  ROvl 6rCOLUMN ' 6 
. \ . . . . 

. S E G I N  ARRKC OUTPUT . . 



. LAeEL AN0 SAVE TAPES 2.3r7ret9 AH!J FLlJX T A P E  I F  ? E O V E . S T i D *  

. . 
F.LlIX I S  ON TAPE 5.. Pt?IN:T TAPE 10 OFF L I V E *  



T E S T  PROBLEM 2 I T E R A T I 3 N  1 

kk3RAC ' w . 1 ~ ~  O ~ T A I N  INFoRYATIoN  FROM THE L I B R A R Y  E N T ~ T L E O -  . . 

STANDARD AURAC L I ~ K A R Y  TAPE - FEBRUARY 2 2 ,  1 9 6 0  



TEST PROBLEM. 2 .ITCRATION 1 ' 

THERMAL ST l C K  CLASSIFICAT: ON L A Y ~ U T  

COLUMN 
0 1 2  3 4 5 . 6 ' 7  

ROW ............................. 0 
.0U0 000 COO 000. 000 OD0 UOO. 

1. . . . . . 
.OUO 000 000 000 000 000 ooo. 

.2 . . . . . . . .* ., ... 
.OUO 000.00i o c i  001 001.~u0. 

3 .  . ' . .' 
.000 000.001 O G l  G O 1  001.UUO.. 

4 . i 
.OUO 000.001 001 001 UO1.ljUO.'. 

5 .  . . *, . 
0000 000.001 001 00l.Q01a'J0@. - . . . . . . . . . . .  6 
a000 000 000 000 000 300 UUOC 

7 .........*................ 

PAGE 2 



TEST PROBLEM 2 lTERATlON 1 , ' 

DIVISION DESCRIPTION 

COLUMN 
0 1 2 3 4 5 . 6 7 .  

ROW 
0 .................... ....... 

.OUO 000 000 000 091  OGO UWO. 
1 b 

*OW 000 000 000 003 000 UUO. 
I .  ........... 

'' .000 000.003 003.002.001 UU1.e 
' 3 .  . . 

. O ~ O  000I003 003.002.001 uU1: . 
4 .  . .* . . 0 .  

.om 000.002 002 OZ)Z.001 001. 
3 .  ........ . 

.OuO 000.001. 001 031 001 UUle 
6 .  .' 

.OUO 000.001 001 001 OW1 UWl.  

7 .*........................... 

PAGE 3 



LOCAL V O I D S  ,DATA- 
ALFA= 1 3 7 3 8  R l l j l . I = - ' 1 8 0 0 0  ~ ( ~ 2 1 . :  4000 H?=  3 5 6 6 0  

PAGE , 4 ' 



T E S T  P R O ~ L E M  2 I T E R A T I O N  1 P A G E  5 



TEST PROBLEM 2 ITERATIOf i  1 

ASSUMED RANGE OF MASS VELOCITY- 
b 4000 6 6000 6 80ub 7' 1000 7 1200 7 14CO 
7 1600 , 7 1800 7 2OuO 7 2200 7 2400 7 26CO 
7 2800 . 7 3000 7 32uU 7 3400 7 3630 7 3bCO 
7 4000 0000 -39 OOUO 6 4000 6 6000 6 8OCO 

ASSUfqED RANGE OF CORE P R ~ S S U R E  DROP FOR T H I S  D I V I S I O N -  
3 3000 3 4000 3 5OLilJ ' 3 5500 3 6030 3 65CO 
3 7000 3 7500 3 aotib 3 9000 0030 Ooco 

ASSUMED RANGE OF CORC PRLSSURE FROfJ FOR P ? I S  D IVLS13 f l -  
3 2500 3 3000 3 35Uu 3 4000 3 4520 3 5000 
3 5500 3 6000 3 7000 3 8000 3 9030 00C.O 

D I V I S I O N  NUkBER 3 
1 .  K ( O l =  3 1440 K l k l =  0200 '  . K121; . 3  1i4O K13): 

'PAGE 6 . 

ASSUMED F . A N ~ =  OF CORE P R ~ S S U R E  UROP FOR T H I S  U C U l S I l N -  
3 2000 3 2500 3 30U0, 3 3500 3 4030 3 4500 
3 5000 3 6060 3 7OUO 3 8000 3 9.030 .OOOO 



6 
I 
P. 

TEST PRoBLE.M 2 ITERATI3N 1 ' PAGE 7 :' P 
. . 3 

ENTHALPY'VS. BULK TEMPERATURE. 
H T H T 

291.87 320.00 312.58 34G.09 
397 035 420.00 419.29 . 440eOCn. 
511.70 520.00 '536.54 543.00 

ii-ti=1191.80 -dTU/Ld V-F: 

REINOLOS NUM~ER vS. ISOTHLRMAL FRICTION FACTOR . 
R F-1 SO RE F- IS0 RE F-IS0 RE F - I  SO RE F- IS0 

lOuOO -530802 150u'J 0027309 3000U eU2321d 60UUO .019810 lO0UO0 .U18110 
2OOUOU .01611C* 30UUUU 0014512 500000 0013213 .OUUO00 . . . 000U000 

. . . . 

. . 
. - : 



. . 

TEST PROBLEM 2 I.TERATI.oY 1 

8UA31TY VS. 4A9T15E331 5E3S65 F ~ c T 6 9  - X pol-SQ- -- -- x -- PQR-SO 
*OOOUOO 1.0000 .OlOOUU 1.470) 
.1  OOUOO 4.9000 .20000C 7.950J 
s600U00 19.8000 -700009 22.0003 

0 
Y - .  +'a 

. . . . I 
t-' 

PAGE 0 
I-'* : 



T E S T  P R O ~ L E M  2 I T E R A T I O N  1 
. . 

M U L T I P L E  VALULD PRESSURE DROP VS. FLOW T A ~ L E  CHANNLL LOCATED IN ROW 5 t C O L U M N  4 

. . 

. . 

9 
t-' 



MULTIPLE VALUED PRESSURE OROP VS. FLOW T4BLE 

, P R E S ~ U R E  OROP 
3 214037'15 
3 26868325 
3 30591970 
3 '34813143 
3 38591221 ' 

3 41347837 . 
3 45228029 
3 49055465 
3 60204928 
3 57810851 
3. 65326084 
3 73296710 
3 81696260 
3 90646525 . 

CHANNEL LOCATED I N  ROW 6tCOLUM#\ 5 

PAGE 10 

(D a 
I " .  



FLOW 
6 40000000 
6 6000000U 
6 8OOOOOOU 
7 10,000000 
7 1200000u 
7 1400000U 
7 16000000 . 
7' 18000000 . 
7 2 0 0 0 0 0 0 ~  
7 2200000u 

' 3 2400000U . 
. '7 2600000U 

7 2800000U 
7 3000000* .  
7 3200000U 
7 34000000 
7 3600000U 
7 .  38000000 
7 40000000 



BEGIN ABRAC OUTPUT 

REACTOR- TOTAL '  FLOW TOTAL PRESSURE DROP - . . 
b 20745930 3 66016278 

CORE CHARACTERISTIC CURJE- 
TOTAL FLOW TOTAL P ~ E S S U R E  DROP 

6 13087458 3 50000000 
o 15356231 3 56999999 
6 17556307 3 59999999 
6 18966348 . 3 62499999 
6 20351974 3 64999999 
o 21321089 3 67500000 
o 22303745 3 69999999 
6 24553064 3 74999999 
6 26698348 3 79999999 
6 30447360 3 90000000 

PAGE 1 2  

MASS FLOW RATE INTEGRATEU OVER- 
TOTAL CORE = 6 20791893 

THERMAL STICK TYPE- 1 = 6 20791893 
G IV lS ION NO. 1 = 6 12049432 
D I V l S i  ON NO. 2' = 5 61897552 
D IV IS ION NO. 3 a 5 25527063 



ITERATION 1 
VS. CORE P R ~ ~ S U H E  DROP FOR STICK AT Rod 39 COLUMN 3 

3 16754098 . . 
3 26418718 
3 33862724 
3 39180084 
3 44833728 
3 49131237 
3 54988030 , 

3 60027883 . . 
3 66316981 '. 
3 70443870, . 
3 76881204 
3 79577517 
3 85511872 , . . 
3 99940825 
4 10893418 
4 .10046181 . . 
4 11033165 . . .  4 12058136 . : 
4 13118752 
4 14212722 

vs. CORE PRESSUHS OROP FOR STICK A T  ROW 4. COLUMN. 3 : 
3 1.5604769 
3 24349609 

c. 3 31257986 . 
3 35661609 . . .  

3 40364454 . . 
3 45071378 . 
3 49648138 
3 ,55164700 . . 

3 58453601 
3 64168323 
3 67304001 
3 79196443 
3 87238766 
3 81892790 
3 90854075 
4 10030959 

' 4 11016938 ' 

4 12041397 
4 13101790 
4 14195482 



TEST PROBLEM 2 ITERATION 1 
7 30000000 3 90.714284 
7 32000000 4 10016548 
7 34000000 4 11002157 
7 36000000 '4 12025868 

. . 

7 38000000 4 13085291 . 
7 40000000 ,4 14178032 

MASS VELOCITY VS. CORE PREasURE DROP Fon STICK A T  HOW 51 COLUMN 3 
6 40000000 . 3 2384U743 
6 60000000 '3 30538073 . . . 

'JS. CORE P R L S ~ U R L  DROP FOR STICK AT ROW 5 9  COLUMN 4 
.3 21932205 
3 2770382C 
3 31702954 
3 36001205 
3 39328289 ' .  
3 43530612 
3 47931200 
3 52021113 
3 65880666 
3 58271409 
3 65357327 
3 73331417 
3 61731323 
3 90683692 
4 . lo013232 . . 
4 10998591 
4 12022059 
4 13001245 
4 14173753 

VS.  CORC PHC~SURL UROP FOR STICK A T  ROW 51 COLUMN 5 ' 

3 21500018 
3 27021603 

P A G E  ' 1 4  



FOR S T I C K  A T  'ROW 

. . 

CORE PRESSURE bROP FOR S T I C K  A T  
3 21a35873 
3 2'7552259 
3 31561724 
3 35782567 
,3 3d987576 

. 3  43156998 . . 
3 47496207 
3 5142U789 
3 54019577 
3 58131961 
3 65351638 
3 ,73325107 
3 81724453 
3 90676943 
4 l l iL)12501 . 
4 10997805 ' 

4 12021219, 
4 1308U353 
4 14172609 

V S *  C C R E  P H ~ S S U R C  3ROP FQR S T I C K  A T  ROW 
3 214U3715 
3 26868325 
3 305Y1970 
3 34813143 
3 3a591221 
3 41347837 
3 45228029 

PAGE.  15  



T EST PRoBLEI~ 2 
7 18000000, 
7 20000000 
7 22000000 
7 24000000 
7 26000000 
7 28000000 
7 30000000 
7 32000000 
7 ,34000000 
7 36G00000 
7 38000000 
7 40000000 

VS. CORE PRESSUR~ DROP FOR STlCk AT ROW br COLUMN 6 
3 21307810 : . '  . 
3 26714437 
3 30391349 . 
3 34603530 . 
3 38731164 
3 41979876 .  . 
3 45834019 0 

3 46306769 
3 61382372 

. 3 57805940 
3 65320513 
3 73290544 
3 8169014.2 
3 90639826 
4 30008478 
4 10993479 
4 12016599 
4 13075444 
4 14167618 . ' . . 

CORE PRE.SSURE OROP 
3 30000000 
3 40000000 
3 50000000 
3 54999999 
3 '59999999 
3 65000000 
3 69999999 
3 74999999 
3 79999999 

. 3  90000000 

CORC PRESSURE OROP 
3 25000000 
3 30000000 
3 35000000 
3 4,0000000 
3 45000000 
3 50000000 '. 
3 54999999 
3 59999999 
3 69999999 . . 
3 79999999 
3 90000000 . . 

PAGE 1 6  

D i v l s l o ~  :JO* 3 FLOW V5. COHt PRESSURE DROP 



P A G E  1 7 '  . 
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POINT-b,:ISc BULK ~NT.HAcPY PLANc 0 ' PAGE 18 t¶ 

. . 0 .  



TES; PROEILEI~ 2 ITERATION 1 

' 1 2 3 ,  4 
. . 

' *oooo .COO0 .uuoo . .oooo 
1 

.oo GO, . too0  .ul)oo .oooo 
2 

-.0000 ..UOOO .UUOO . .~000 

3' 
.oooo .000.0 .Ul)OS .oooo 

4' , . 
. ,0000 ' .0000 .Ol)OO .0000 

PAGE 19 



T E S T  PROij'EI4 2 IT&AT~O.% 1 

1 '  2 3 4 5 6 

.0000 .UUJu -00UC e00SO • OOOC 

e0000 eUUOO .000C *O(izO OGOO 

- 0 0 0 0  f17 .7301 516.6215 515.0813 51405064 

a0090 f16.6219 515.7530 514 .62 i9  >14.2457 

a0000 515.u813 314-6295 51L.5453 514.2106 

POINT-WISE dULK ENTHALPY PLANE 2 PAGE 2 0  

' 7 . . 

.0000 

oooo 





PLANE 4 P A G E -  22 



PLANE 5 PAGE . 23 



T E S T  P R O ~ L ~ P  2 I T E R A T I O N  1 P O I N T - U l S f  dULK ENTHALPY PLHN~:  6 ,PAGE, 24 

1 . 2  . 3 .  4 5 6 .  ' 7 



TEST 
PLkNt 7 PAGE 



~ 0 1 . ~ 1 - W I S E  dULK ~NTHALPY PLANE 8 PAGE 2 6 .  

7 

.0000 

00000 

.0000 

l 0000 

r 0000 

moooo 

.0000 



TEST PROBLEM 2 ITERATION 1 POINT-WISE ~ U L K  ~ N T . H A L P Y  PLAN'E ' 9 PAGE 27 
. . .  

2 3 4 . 5  6 7 1 



' TEST PRO~LEW 2 ?OI,VT-WISt BULK tNTHALPt FLANE 10 PAGE 28 

7 

* 0000 . 0000 . 3OOr' 

. 300 i  

0000 

.0000 

0000 



. . 

T E S T  P R O ~ L E M  2 I T E R A T I O N  1 ' . . 
P O I N T - ~ 1 s t  - - ~ U L K  ENTHALPY PLANE . A A  . - PAGE , 29 



TEST PROSLEM 2 I T E R A T I O N . 1  

1 2 3 

POINT-dISE aULK tNTHALPY  PLAN^ 12 PAGE ' 30 ' 

.I 

0900 
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. . T E S T  PROBLEM 2 I T E R A T I O N  I 

*pooo OOCO 

PLANE 0 PAGE 32 



TEST PROBLEM 2 I ~ E R A T I O N  1 

1 2 . 3  

2  
.oooo .oooo . uuoo 

3  
*0000 .oooo ' .UUOO 

4 
.0000 .0000 . uuoo 

5 
.0000 .5003 . UUOO 

6' 
.* 0000 .oooo . uuoo 

7 

1 PAGE 33 



. ooon 

.0000 

.0000 

.0000 

.0000 

.0000 

. .0000 

ITERATION 1 

2 3 4 5 6 

-0000 . W O O  .no00 uuu0 .,0000 

0000 . l.lL'00 .oooo . uuuu .oooo 

.0000 47.6172 47.6760 47.7579 47.74385 

POINT-WISE WATER DENSITY 

7 . UUUU 



TEST PRO~JLEM 2 .  ITERATION 1' . . POINT-WISE WATER DENSITY  PLANE 3 PAGE 35 

1 .  2 3 4 5 6 7 

t-' 
I-' 
.4 



I-' 
I-' 
00 

.0000 . .0000 .uuoo .oooo' . oooo 0000 

P O I N T - ~ 1 s t  w A T ~ R  ~ E N S I T Y  '  PLAN^ 4 PAGE 36 

. . 7 

.0000 



'PLANE 5 PAGE . 



POINT-WISE W A T t R  DENSITY PLANE 6 PAGE 38 



. . 

TEST P R o ~ L E M  2 ITERATION 1 P O I N T - W I S E  WATER UENSITY  PLANE 7 PAGE 39 



' T E S T  I T E R A T I O N  1 
. 2  

.onan suuoo 

.0000 .UUOO 

.0000 2 0 . 2 7 0 9  

e0000 2 4 . 8 2 5 9  

.0000 3 8 0 9 9 3 6  

.'0000 . 46.597.5 

*0000 .uuoo 

3 4 . nnon 

.oooo 

2 4 0 8 2 5 9  . 

3 2 0 7 1 1 2  

46.3253  

466 8889  

*0000 ' 

5  

. . nnon 

.oooo 

38.9936 

46 .3253  

46 .6329  

4669319  

.0000 

POINT-W'ISE WATER' OENSI TY PLANE 8 PAGE 40 
7  

*0000 ., 
.oooo . 0000 

0000 

.0000 . 0000 

. 0.000 



T L S T  PRoSLEM 2 I T E R A T I O N  1 

1 .  2 . 3 '  4 5 6 

P O I N T - W I S E  WATER O E N S I T Y  PLANE 

? 
0000 

.0000 

.0000 

9 PAGE 41 



TEST P R O ~ L E M  2 ITERATION 1 

1 2. 3 4 5 6' 

nnno t 0000 .uuoo . oouuu -0000 -0000 
1 

-ooon .or?oo .UUOO • .OC~OO 0000 
2 

-0000 a5500 17.5204. 2100463 33.0665 41-0201 , 

3 
aOOCO -0000 21.0463 26.0345. 40- 1294 ,4606073 

4 . . 
00000 rOOOO 33-0645 400 1294 4105196 -46.6652 

5 
0000 -0000 41-0201 4b-6073 46.6652 46-6773 

POINT-WISE WATER DENSITY PLANE 1 0 ,  

' .7 

'.0000. . . 

PAGE 



TEST P R O ~ L E H  2 ITERATION 1 POINT-wISC WATLR O I ~ N S I T Y  PLANE 11 PAGE 43 
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TEST P R O ~ L E M  2 I T E R A f  I O N ,  1 . 
. . 

POINT-MIS€ WATER DENSITY 

'7 . 

PLANE 13 PAGE 45 



TEST PROBLEM 2 ITERATION 1 

3 4 '5 6 

uuoo nnno 0000 uuuu 

'.''JOO 0 0 0 0 ' .  0000 JOOSr 

6 726.1 b 8 6 6 1  7 1 5 3 1  7 2190 

6 86.61 7 1030  7 1780  7 2417 

7 1 5 3 1  7 1 7 8 0  7 1836 . 7 2417 

7 2190  7 2417 7 Z41Lf 7 2417 

uuoo 0000  0000  0000 

. . 

STICK-dlSE MASS FLOW PLANE 0 PAGE 46' 

Sruuu . . 

-ABRAC EDITS COMPLETE. 



APPENDIX E 

G Dependency 

It appears from recent  t e s t s  conducted a t  Be t t i s  t h a t  void f r ac t i on  da ta  
.., , .  , , . . , . 

exh ib i t s  a dependence on the  mass flow r a t e ?  G. A t  present these data  a r e  cor- 

r e l a t ed  only i n  t e h s  of pressure and steam qualfty. An attempt has been made 

t o  provfde f o r  use of, G dependent correlat ion$ when they eventually become avail-  

able. Due t o  lack of data  a t  t h i s  time, no attempt has been made t o  ver i fy  the  
, . 

correctness , . of t h i s  port ion of the  code. I f  (and when) such data becomes avail-  

able ,  such attempts may be made, . 
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