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i i i  BNWL-1162 

PERT-V, A TWO-DIMENSIONAL PERTURBATION 

CODE FOR FAST REACTOR ANALYSIS 

R .  W .  Hardie and W .  W .  L i t t l e ,  J r .  

ABSTRACT 

PERT-V i s  a two-dimensional perturbation theory code f o r  use in f a s t  

reactor  analys is .  The code will : 

a compute reac t iv i ty  coeff ic ient  t raverses  using f i r s t  order 

perturbation theory, 

a compute the e f fec t ive  delayed neutron f rac t ion ,  the neutron 

generation time, and the inhour/&k conversion f ac to r ,  and 

a compute ac t i v i t y  traverses.  

The code was writ ten to  be compatible with the BNW one- and two- 

dimensional diffusion theory codes 1DX and 2DB,  and the Los Alamos one- 

and two-dimensional t ranspor t  theory codes DTF-IV and 2DF. All f i ve  

codes use the same input module. 

PERT-V i s  writ ten en t i r e l y  in FORTRAN-IV. Variable dimensioning i s  

u t i l i z ed  to  make maximum use of avai lable  core storage.  Running time f o r  

a 13 group 30 x 30 mesh problem on a UNIVAC 1108 i s  about 1 minute. 
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PERT-V, A  TWO-DIMENSIONAL PERTURBATION 

CODE FOR FAST REACTOR ANALYSIS 

R. W. Hardie and W. W.  ~ i t t l e ,  J r .  

I. INTRODUCTION 

PERT-V i s  designed t o  ca l  cu l  a t e  r e a c t i v i t y  c o e f f i c i e n t  t raverses,  t he  

e f f e c t i v e  delayed neutron f r a c t i o n ,  t he  neutron generat ion t ime, the  inhour /  

sk conversion f a c t o r ,  and a c t i v i t y  t raverses us ing  f l u x  ou tpu t  from neu- 

t r o n i c s  codes. The code w i l l  accept f l u x e s  and a d j o i n t  f l uxes  from the  

BNW d i f f u s i o n  theory codes ~ D X ( '  ) and 2 0 ~ ' ~ )  and the  LASL t r a n s p o r t  theory 

codes D T F - 1 ~ ' ~ )  and 2DF. ( 4  

F i r s t  o rder  p e r t u r b a t i o n  theory based on the  mu1 t i g r o u p  d i f f u s i o n  

model i s  used t o  c a l c u l a t e  r e a c t i v i t y  c o e f f i c i e n t s .  Each corr~ponent o f  the  

pe r tu rba t i on  equation, i n  a d d i t i o n  t o  the  t o t a l  r e a c t i v i t y  c o e f f i c i e n t ,  

i s  p r i n t e d  a t  each mesh p o i n t  i n  t he  s p e c i f i e d  row o r  column f o r  a  2-D 

problem and a t  a l l  mesh po in t s  i n  a  l - D  problem. 

PERT-V u t i l  i zes  v a r i a b l e  dimensioning t o  make maximum use o f  t he  

a v a i l a b l e  core memory. A  65K core and f i v e  per iphera l  s torage devices a re  

requ i red  f o r  the  c u r r e n t  vers ion.  A l l  coding i s  i n  FORTRAN-IV. 



11. MATHEMATICAL MODELS 

The pe r tu rba t i on  equat ion i s  der ived  beginning w i t h  t he  f a m i l i a r  

mu l t ig roup t ime independent d i f f u s i o n  equat ion f o r  an unperturbed system. 

That i s ,  

where : IGM = number o f  energy groups, 

m i  
= f l u x  i n  group i (n-crn-2-sec-1 ), 

I GM 

X i  
= f i s s i o n  source born i n  group i ( 1 xi = 1.0), 

i = l  

.xi = macroscopic absorp t ion  cross sec t i on  f o r  
a 

group i (cm-I ) , 

= macroscopic t r a n s p o r t  cross sec t i on  f o r  
'tr 

group i (cm" ) , 

c ( i + j )  = macroscopic t r a n s f e r  cross sec t i on  from group i 

t o  group j (cm-' ) , 

k e f f  
= e f f e c t i v e  mu1 t i p 1  i c a t i o n  f a c t o r ,  

( v L ~ ) ~  = macroscopic f i s s i o n  source cross sec t i on  f o r  

group i (cm-'1. 

Equat ion (2.1) i s  sub t rac ted  from a s i m i l a r  expression f o r  a per turbed 

system, the  d i f f e rence  mu1 t i p l i e d  by the  a d j o i n t  f l u x  (mi ) ,  i n t e g r a t e d  over  

the  volume o f  t he  reac to r ,  and sumned over  IGM energy groups. The r e s u l t  



( a f t e r  some algebra) i s  the perturbation equation expressed as the sum of 

four components. Thus, 

where : 

and 



The components i n  Equation (2.2) can be i d e n t i f i e d  as the  wor th 

r e s u l t i n g  from changes i n  the f i s s i o n  source ra te ,  the  absorp t ion  r a t e ,  t he  

1 eakage, and the  downscatter ing r a t e ,  respec t i ve l y .  The c a l c u l a t i o n  o f  t h e  

--t *t 
Qi ' Qi 

term i n  Equation (2.6) i s  cons i s ten t  w i t h  the  technique used i n  

20B (see Sect ions I1  and I11 i n  Reference 2 ) .  

Expressions f o r  the  neutron generat ion t ime and beta e f f e c t i v e  are 

obta ined by reducing the  t ime dependent d i f f u s i o n  and precursor  dens i t y  

equat ions t o  the  f a m i l i a r  lumped parameter k i n e t i c s  equat ions. 

As a r e s u l t ,  the  neutron generat ion t ime i s  ca l cu la ted  us ing  the  

a1 g o r i  thm 

The e f f e c t i v e  delayed neutron f r a c t i o n  f o r  precursor  group k i s  computed 

by the  expression 

where: N I B C  = number of  f i s s i o n a b l e  isotopes f o r  Bef f  c a l c u l a t i o n ,  

k  
fa = abso lu te  delayed neutron y i e l d  (per  f i s s i o n )  i n  precursor  

group k f o r  i so tope a, 

I 
f ,a 

= macroscopic f i s s i o n  cross sec t i on  i n  energy group i f o r  

i so tope a (cm" ) , 

xk = delayed f i s s i o n  source f o r  precursor  group k i n  energy u j 
group j . 



111. SIMPLIFIED L O G I C A L  FLOW DIAGRAM 

A simp1 if ied logical flow chart for  PERT-V i s  given on the following 

page. With the exception of three minor subroutines--CLEAR (se ts  an array 

equal to a specified constant), ERR02 (pr ints  error  messages), and SWITCH 

(switches tape designations)--a1 1 subroutines and their  functions are 

shown in the flow diagram. 
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I V .  INPUT INSTRUCTIONS 

The f o l l o w i n g  pages descr ibe the  i n p u t  data f o r  PERT-V. Most i n p u t  i s  

read i n  v i a  genera l ized i n p u t  subrout ines. The format  f o r  data read i n  

through the  genera l ized i n p u t  subrout ines must adhere t o  t he  f o l l o w i n g  

form: A l l  cards must con ta in  s i x  data f i e l d s  o f  12 columns each. The l a s t  

n ine  colunins o f  each f i e l d  con ta in  t he  data, D, associated w i t h  the  p a r t i c -  

u l a r  f i e l d  (see except ion below); columns 2-3 con ta in  an in teger ,  N, f rom 

0 t o  99. The f i r s t  column o f  each f i e l d  must conta in:  

0 - no e f f e c t  (N=O), 

1 - repeat  associated e n t r y  N t imes, 

2 - do N l i n e a r  i n t e r p o l a t i o n s  between associated data e n t r y  

and succeeding data en t ry ,  

3 - terminate reading o f  t h i s  a r ray  w i t h  previous data en t ry ,  

4 - repeat  previous D data e n t r i e s  N t imes ( i f  D i s  a f l o a t i n g  

p o i n t  number, code converts t o  an i n tege r ) ,  

5 - i gnore  t h i s  data f i e l d ,  

6 - f i l l  the  remaining l o c a t i o n s  o f  t h i s  a r ray  w i t h  associated 

da ta  e n t r y .  

Var iabl  e  Columns Desc r i p t i on  

CARD 1 : FORMAT (1 2A6 ) 

To run a series of cases, repeat from t h i s  card. 

ID(12) 1-72 I d e n t i f i c a t i o n  card. 

\ > 

CARD 2: FORMAT (1 216) 

N D 1-6 I n p u t  f l u x  format:  I f  IND( 



Var i ab le  Columns D e s c r i p t i o n  

= 1  , one-dimensional f l u x e s  and a d j o i n t  f l u x e s  , 
= 2, two-dimensional f l u x e s  and a d j o i n t  f l u x e s ,  
= 3, one-dimensional f l uxes ,  no a d j o i n t  f l u x e s ,  
= 4, two-dimensional f l u x e s ,  no a d j o i n t  f l u x e s .  

I f  ND > 0, f l u x e s  a re  f rom cards; i f  ND < 0, f l u x e s  
a re  f rom tape ( l o g i c a l  u n i t  14) .  

ML 7-1 2 I n p u t  c ross  s e c t i o n  format :  
= -N, read N  i n p u t  cross s e c t i o n  m a t e r i a l s  f rom 

l o g i c a l  u n i t  15, 
= +N, read  N  i n p u t  c ross  s e c t i o n  m a t e r i a l s  f rom 

cards. 

NPRT 13-18 P r i n t  o p t i o n :  
= 0, d e l e t e  p r i n t i n  o f  f luxes,  power, c ross  

sec t i ons  (m in i  S , 
= 1  , d e l e t e  p r i  n t i n  o f  group f l u x e s  and c ross  

sec t i ons  (m id i  3 , 
= 2, p r i n t  eve ry th i ng  (maxi ) . 

1 GM 19-24 Number o f  energy groups. 

I ST 25-30 Number o f  downscat ter ing terms. 

I HT 31 -36 P o s i t i o n  o f  t r a n s p o r t  c ross  sec t i on .  

NDELK 37-42 Number o f  r e a c t i v i t y  c o e f f i c i e n t  t raverses .  

NACT 43-48 Number o f  a c t i v i t y  t raverses .  

N  I BC 49-54 Number o f  f i s s i o n a b l e  m a t e r i a l s  f o r  B~~~ c a l c u l a t i o n  
( i f  zero, no n o r  B~~~ c a l c u l a t i o n ) .  

I PG 55-60 Number of de layed neutron groups i n  B~~~ c a l c u l a t i o n .  

IPS 61 -66 Format f o r  delayed neutron spectrum: 
= 0, one i n p u t  delayed spectrum, 
= 1 , i n p u t  de lay  spectrum f o r  each de lay  group. 

NPDEL 67-72 P l o t  o p t i o n :  
= 0, no e f f e c t ,  
= 1, p l o t  r e a c t i v i t y  c o e f f i c i e n t  t r ave rses .  

CARD 3: FORMAT (1016) 

I GE 1-6 Geometry s p e c i f i c a t i o n :  
= 0, p lane (1  -D)  o r  X-Y (2-D) , 
= 1  , c y l  i n d e r  (1  -D) o r  R-Z (2-D) , 
= 2, sphere (1  -D) o r  R - e  (2-D) , 
= 3, t r i a n g u l a r  (2-D o n l y ) .  



Var i ab le  Col umns D e s c r i p t i o n  

I M 7-1 2 Number o f  r a d i a l  i n t e r v a l s  ( >  3 ) .  

JM 13-18 Number o f  a x i a l  i n t e r v a l s  (>  - 3 f o r  2-D problem, 
= 1  f o r  1  -D problem). 

I ZM 19-24 Number of m a t e r i a l  zones. 

MT 25-30 To ta l  number o f  ma te r i a l s ,  i n c l u d i n g  mixes. 

M01 31 -36 Number o f  m i x t u r e  s p e c i f i c a t i o n s  . 

BO1 37-42 L e f t  boundary cond i t i on :  
= 0, vacuum, 
= 1, r e f l e c t i v e ,  
= 2, p e r i o d i c .  

B0 2  43-48 R igh t  boundary cond i t i on .  

B0 3  49-54 Top boundary cond i t i on .  

B04 55-60 Bottom boundary cond i t i on .  

CARD 4: FORMAT (4E12.6) 

ZKEFF 1-12 Value o f  keff t o  be used i n  t h e  p e r t u r b a t i o n  equat ion.  
I f  zero, the  va lue  c a l c u l a t e d  by t h e  code i s  used. 

FL PO 13-24 I f  FLPO i s  negat ive,  t he  t o t a l  power i s  normal i z e d  t o  
1 FLPO 1 M w t  us i ng  the  convers ion f a c t o r  o f  21 5  MeV/ f iss ion.  
I f  p o s i t i v e ,  FLPO i s  t he  t o t a l  cen te r  p o i n t  f l u x .  The 
a d j o i n t  f l u x  i s  always normal ized such t h a t  

E xi$; = 1  f o r  the cen te r  mesh i n t e r v a l .  

V F 25-36 Volume f a c t o r .  Th is  q u a n t i t y  mu1 t i p l i e s  I i n  Equat ion 
(2.2) t o  account f o r  p a r t i a l  r e a c t o r  con f i gu ra t i ons .  
For  example, f o r  an R-Z h a l f - c o r e  c a l c u l a t i o n ,  s e t  
VF=2.0; f o r  an R-Z f u l l - c o r e  c a l c u l a t i o n ,  s e t  VF=1 .O. 

BUCK 37 -48 Buck l i ng  (cm-'1. Caut ion -- a  g i ven  i n p u t  mix can- 
n o t  be used d i r e c t l y  i n  two o r  more zones. Th is  can 
be avoided by mix ing  w i t h  a  d e n s i t y  o f  1  .O. 

CARD 5 : FORMAT (A6 ,E6.2,10A6) 

HOLN (ML ) 1-6 I d e n t i f i c a t i o n  card  f o r  f i r s t  ma te r i a l  . 
Name. 



Var i  abl e  Col umns Descr ip t ion  

ATW (ML ) 7-1 2 Atomic weight o f  f i r s t  m a t e r i a l .  I f  t h i s  ma te r i a l  i s  

a  mix (zmix = 1 Niui), the atomic weight should be c a l -  
4 

cu la ted  us ing Amix =I NiAi This  w i l l  r e s u l t  i n  the  
i 

worth p r i n t e d  o u t  as 6k/k per kg. 

AA(10) 13-72 Miscellaneous add i t i ona l  in fo rmat ion  f o r  f i r s t  
ma t e r i  a1 . 

CARD 6: FORMAT (6E12.5) 

Optional--required for ML>O. Any number of cross section processes can 

be on the beginning of this card, but the foZZowing cross sections must 

appear. 

C(ITL ,IGM,ML) . . .  

C(ITL,IGM,ML) of (barns) -- f o r  f i r s t  group o f  f i r s t  isotope.  

Continue through o(i-IST4). Repeat through group IGM. Repeat from Card 5 

for ML isotopes (if ML<O, simply repeat Card 5 for each isotope). 

CARD 7: FORMAT (6E12.5) 

Optional--required if ND>O. 

NO(IMJM) 1-12 F l  ux f o r  f i  r s t  mesh f n te rva l  i n  group 1  . . 
NO ( IMJM) 13-24 F lux  f o r  second mesh i n t e r v a l  i n  group I .  Continue 

f o r  a l l  mesh i n t e r v a l s  and a l l  groups. Each new 
group begins a  new card. 



Vari abl e Col umns Description 

CARD 8: FORMAT (6E12.5) 

~1 ( IMJM)  1-12 Adjoint f lux f o r  f i r s t  mesh interval  in group IGM. 
Since o u t p u t  fluxes from 1DXy 2DB, DTF-IVY and 2DF 
are  in inverted order ( i  .e .  , 1 a s t  energy group 
f i r s t ) ,  PERT-V reads the fluxes t h i s  way and then 
inver ts  them. 

111 (IMJM) 13-24 Adjoint f lux f o r  second mesh interval  in group IGM. 
Continue f o r  a l l  mesh in te rva l s  and a l l  groups 
(ending with group 1 ) .  

CARD 9 :  FORMAT i6(11 ,12,E9.4)]* 

R1 (IM+1 ) 1-12 Radial posit ion of f i r s t  mesh boundary (0 .0 ) .  

R1( IM+1 ) 13-24 Radial position of second mesh boundary (cm). 

CARD 10: FORMAT [6(11,12,E9.4)] 

Z1 (JM+1 ) 1-12 Axial posit ion of f i r s t  mesh boundary (0 .0) .  

~1 ( JM+I ) 13-24 Axial posit ion of second mesh boundary. 
Dimensions should be in cm f o r  R-Z,  X - Y ,  and 
t r iangular  ca lcula t ions ,  and in f rac t ions  of a 
c i r c l e  f o r  R-e  calcula t ions .  

. . .  
CARD 11 : FORMAT [6(11 ,I2,19)] 

MO(IMJM) 1-12 Zone number f o r  f i r s t  mesh interval  . 
. MO(IMJM)  13-24 Zone number f o r  second mesh in te rva l .  Mesh 

in te rva l s  a r e  sequence numbered beginning a t  
the lower l e f t  and then proceeding through 
each row in order. 

Generalized input format (see page 7) 



Var i  ab l  e Col umns D e s c r i p t i o n  

CARD 12: FORMAT [6(11,12,19)1 

M2(IZM) 1-12 M a t e r i a l  number f o r  f i r s t  zone. 

MZ(1ZM) 1 3-24 M a t e r i a l  number f o r  second zone. 

. . . 
CARD 13: FORMAT [6(11 ,I2,E9.4)] 

Opt iona l - - requ i red  if BUCK#O. 

GAM(1ZM) 1-12 Buck l ing  m o d i f i e r  f o r  f i r s t  zone. 

GAM(1ZM) 13-24 Buck l ing  m o d i f i e r  f o r  second zone. 

CARD 14: FORMAT [6(11 ,12,E9.4)1 

K6(IGM) 1-12 F i s s i o n  f r a c t i o n  (spectrum) i n  f i r s t  energy 
group. 

K6(IGM) 13-24 F i s s i o n  f r a c t i o n  i n  second energy group. 

CARD 15: FORMAT [6(11 , I2 ,E9 .4U 

V7 (IGM) 1-12 Neutron v e l o c i t y  f o r  f i r s t  energy group 
(cmlsec) . 

V7(IGM) 13-24 Neutron v e l o c i t y  f o r  second group. 

. . . 
CARD 16: FORMAT ~ 6 ( 1 1  ,12,19)1 

Op t i ona l - - r equ i red  if MOl>O. 

IO(MO1) 1-12 M a t e r i a l  number o f  Mix 1 . 

. . . 
IO(MO1) N-(N+12) M a t e r i a l  number o f  Mix  2. 



Variabl e Col umns Descript ion 

CARD 17: FORMAT i6(11 , I2 ,19)]  

Optional--required if MOl>O. 

I1 (MO1) 1-12 0.  

I1 (MO1) 13-24 Material  number of f i r s t  mater ial  i n  Mix 1 .  

I1 (MO1) 25-36 Material  number o f  second mater ial  i n  Mix 1 .  

. . . 

I1 (MO1) N -  (Nt12) 0. 

I1 (MO1) (Nt13)-(Nt24) Material  number of f i r s t  mater ial  i n  Mix 2. 

. . . 

CARD 18: FORMAT [6(11,12,E9.4)] 

Optional--required if MOI>O. 

IZ(M01) 1-12 O ( t o  c l e a r  s to rage  a rea  f o r  Mix 1 ) .  

I2 (M01) 13-24 Concentration of  f i r s t  mater ial  i n  Mix 1 
(atomslbarn-cm) . 

IZ(M01) 25-36 Concentration of second mater ial  i n  Mix 1 .  

. . .  

IZ(M01) N- (Nt12) 0 ( t o  c l e a r  s to rage  a rea  f o r  Mix 2 ) .  

IZ(M01) (Nt13)-(Nt24) Concentration of f i r s t  mater ial  i n  Mix 2. 

CARD 19: FORMAT [6(11 , I2 ,19) ]  

NBET(NIBC) 1-12 Material  number of f i r s t  f i s s i o n a b l e  i so tope  
used i n  t h e  c a l c u l a t i o n  of  B~~~ ( s e e  
Equation ( 2 . 9 ) ) .  

N B E T ( N I B C )  13-24 Material  number of second f i s s ionab l  e i so tope  
used i n  t h e  c a l c u l a t i o n  of B ~ ~ ~ .  



Var iab le  Col umns Desc r i p t i on  

CARD 20: FORMAT [6(11,12,E9.4)] 

BETA(N1BC) 1-1 2 Absolute delayed neutron y i e l d  per  f i s s i o n  o f  
f i r s t  f i s s i o n a b l e  i so tope used i n  the  ca lcu-  
l a t i o n  o f  B ~ ~ ~ .  8 

BETA(NIBC) 13-24 Absolute delayed neutron y i e l d  per f i s s i o n  o f  
second f i ss ionab le  i so tope used i n  the  ca lcu-  
l a t i o n  o f  B ~ ~ ~ .  

CARD 21 : FORMAT [6(11,12,E9,4)] 

AB(IPG,NIBC) 1-1 2 F rac t i ona l  delayed neutron y i e l d  i n  f i r s t  
delayed group f o r  f i r s t  delayed iso tope.  

AB(IPG,NIBC) 13-24 F rac t i ona l  delayed neutron y i e l d  i n  second 
delayed group f o r  f i r s t  delayed iso tope.  

Repeat above sequence for each de Zayed isotope.  

CARD 22: FORMAT [6(11,12,E9.4)1 

AL(IPG) 1-1 2 Decay cons tan t  f o r  f i r s t  de l  ayed neutron group 
(sec'l ) . 

AL(1PG) 13-24 Decay cons tan t  f o r  second delayed neutron group. 

CARD 23: FORMAT [6(11 ,I2,E9.4)] 

Optional--required i f  NIBC>O. 

D7 (IGM,IPG) 1-12 Delayed f i s s i o n  f r a c t i o n  f o r  f i r s t  delayed group 
i n  f i r s t  energy group. 

U7(IGM,IPG) 13-24 Delayed f i s s i o n  f r a c t i o n  f o r  f i r s t  delayed group 
i n  second energy group. 

. . . 
I f  (IPS=l), repeat above sequence for each delayed group. 



Variable Col umns Description 

CARD 24: FORMAT [6(11 ,I2,19)] 

Optional--required if NDELK>O. 

M A T D K ( N D E L K )  1-12 Material number f o r  f i r s t  r eac t iv i ty  t raverse .  

M A T D K ( N D E L K )  13-24 Materi a1 number f o r  second reac t iv i ty  t raverse .  

. . . 

CARD 25: FORMAT [6(11 ,I2,19)] 

Optional--required if NDELK>O and I ND ( = 2 or 4. 

N C R ( N D E L K )  1-12 Negative/posi t i ve  = col umn/row number fo r  f i r s t  
react i  vi t y  traverse.  

N C R ( N D E L K )  13-24 Negative/positive = colunin/row number fo r  second 
react iv i  ty  traverse.  

CARD 26: FORMAT [6(11,12,19)] 

Optional--required if NACT>O. 

MA(NACT) 1-12 Material number fo r  f i r s t  a c t i v i t y  traverse.  

MA (NACT) 13-24 Material number fo r  second ac t i v i t y  traverse.  

CARD 27: FORMAT [6(11,12,19)] 

Optional--required if NACT>O. 

N X  (NACT)  1-12 Cross section position f o r  f i r s t  a c t i v i t y  traverse.  

N X  ( NACT ) 13-24 Cross section position f o r  second a c t i v i t y  traverse.  

CARD 28: FORMAT [216,6E6.21 

Optional--required if NPDEL=I and NDELK>O. 

NREPLT 1-6 = 1 , p.lot on previous graph, 
= 2, p lo t  on new graph. 



Var i ab le  Col umns D e s c r i p t i o n  

NTY PLT 7-1 2 = 1, p l o t  t o t a l  r e a c t i v i t y  c o e f f i c i e n t  t r a v e r s e  
on l y ,  

= 2, p l o t  t o t a l  and each component o f  t he  r e a c t i v i t y  
c o e f f i c i e n t  t r ave rse .  

X L 13-18 Value o f  t he  X-axis a t  the  l e f t  boundary. 

X R 19-24 Value o f  t he  X-axis a t  t he  r i g h t  boundary. P 

DEL 

GAP 

25-30 Value o f  t he  Y-axis a t  t he  bottom boundary. 

31 -36 Value o f  t he  Y-axis a t  t he  t op  boundary. 

'-42 Length o f  dashed l i n e  used t o  p l o t  t he  t o t a l  
r e a c t i v i t y  c o e f f i c i e n t  t r a v e r s e  ( n o t  used i f  
NTYPLT=2) .  I f D E L = O . O , a s o l i d l i n e i s  
drawn. 

43-48 Length o f  gap between the  dashed l i n e s  s p e c i f i e d  
above. 

Repeat above card for each reac t iv i ty  coe f f i c ien t  traverse ( i . e . ,  there 

should be NDELK cards). 
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V .  STORAGE REQUIREMENTS 

PERT-V uses v a r i a b l e  d imension i  ng by s t o r i n g  the  subsc r i p ted  v a r i a b l e s  

i n  one a r ray ,  A(35000). The v a r i a b l e  dimensioned a r rays  r e q u i r e  N s to rage  

l o c a t i o n s  (N< 35000), where: 

N = MAX(Nl ,N2) 

N1 = 4 + 8 x IMxJM 

+ 6 x IZM 

+ 2 x (NIBC + NACT + NDELK) 

+ I G M  x ( 3  + IST + IHT) 

+ ML x ( 2  + IZM) 

+ MT x ( IST + IHT + 1 )  

+ MAX(IM,JM) x ( 5  + 2 x IGM) 

+ IPG x (1  + I G M  + NIBC) 

and 

N~ 
= MT x (IHT + IST + 1)  x (IGM + 1 )  + 2 X M L  + I. 

For most problenis, N1 > N2, and thus N=Nl. 

PERT-V a l s o  r e q u i r e s  f i v e  pe r i phe ra l  s to rage  dev ices -- two f o r  f l u x e s ,  

one f o r  c ross  s e c t i o n  data,  and two sc ra t ch  u n i t s  -- each dev ice  r e q u i r e s  

about  200,000 words. S ince the  code was w r i t t e n  f o r  a UNIVAC 1108, h i g h  speed 

drums a re  used f o r  s torage;  however, o n l y  minor  coding changes a r e  r e q u i r e d  

t o  use e i t h e r  tape o r  d i s c  s torage.  
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APPENDIX A 

SAMPLE PROBLEM 

The f o l l o w i n g  pages show the  i n p u t  data (exc lud ing  i n p u t  f l u x e s )  and 

computer ou tpu t  (mid i  p r i n t )  f o r  a  2-group, 2  zone, 2 0  x  2 0  problem, i n  

R-Z geometry. The p l o t s  a t  the  end o f  t h i s  sec t i on  were generated us ing  

the  CALCOMP p l o t t e r .  
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APPENDIX B 

SOURCE DECK LISTING 

T h i s  s e c t i o n  c o n t a i n s  a l i s t i n g  o f  the  PERT-V source deck. 



-IL P n P  T N C L  

ABC* FCOPY 

COMVON 

1 
2  

3  

4 

COMMON 

1 
2 

3  
COMMON 

1 
2 
3  
4  

5 
6  

I N T E G E R  

REAL 

END 

N I N P r  
DENOM I 

1 1 1 1  
I T E M P 1  r 

P I 2  * 
I D (  1 2  

NDELK 9 

I M *  

8 0 3  1 

L A T W *  

L I O r  

L R l t  

L Z 5  r  
L N B E T  9 

LMA r 

LCX 9 

B U l t  

1 2 9  

NOUT 9 

I C k R D r  

I l J J *  

I r L r  

TEVP r 

ND 1 

NACT 9 

J M  t 

8 0 4  r  
LHOLN r  

L I l r  
L R 4  r 

L V O L  9 

L B E T A  r  

LNX r  

L F L U X t  
8 0 2  r 

1 3 9  

N C R l t  N S C R l r  
I G E P  r I HA r  

I J I G M r  I J M A X *  

J P r  NDIF/Ir 

T E M P 1  r  T  SD 
ML t NPRT I 

N I B C r  I P G r  
I ZM I MT 9 

Z K E F F r  F L P O r  
L C 0  r  LNO 

L I 2 r  L  I 3  
L R 5  r  L V O r  

LMASSI LGAMr  
L D 7  r L A B  I 

L Z A C T t  L D E L r  
L A D  J F  I L X  9 

B03 9 8 0 4  

K 6  r NO r  

I G M r  I ST I I H T r  
I P S *  N P D E L r  I Gt? 
M O l *  B 0 1  t 5 0 2  9 

V F *  BUCK 
L N l r  L A O *  L A l r  

L K 6 r  L M O r  L M 2 r  
L V 7  9 L Z l r  L Z 4 r  

L P O d r  L S O R C l r  L S O R C Z *  
L A L I  L Z P H I r  LZPOWI 

LNCR r  L M A T D K r  L C P  9 

L  Y 

N l r  MASS 



B-2  
- 1 T C  FOR M A I N I M A I N  P E R T 0 0 2 2  

C  P E R T 0 0 2 3  

C  * * * * * D E S C R I P T I O N  O F  S U B R O U T I N E S  * * * * * P E R T 0 0 2 4  
C  P E R T 0 0 2 5  
C  M A I N  C O N T R O L S  T H E  O P E R A T I O N  O F  T H E  CODE. P E R T 0 0 2 6  
C  P E R T 0 0 2 7  
C  I N P  C O N T R O L S  T H E  R E A D I N G  AND P R I N T I N G  O F  A L L  I N P U T  DATA.  P E R T 0 0 2 8  

C  P E R T 0 0 2 9  
C  R E A G 2  R E A D S  F L O A T I N G  P O I N T  D A T A  I N  G E N E R A L I Z E D  FORMAT. P E R T 0 0 3 0  
C  P E R T 0 0 3 1  
C  R E A I Z  R E A D S  I N T E G E R  D A T A  I N  G E N E R A L I Z E D  FORMAT. P E R T 0 0 3 2  

C  P E R T 0 0 3 3  
C  C L E A R  S E T S  A N  ARRAY O F  A  G I V E N  L E N G T H  E Q U A L  T O  A  S P E C I F I E D  P E R T 0 0 3 4  
C CONSTANT. P E R T 0 0 3 5  
C P E R T 0 0 3 6  
C E R R 0 2  P R I N T S  ERROR MESSAGES. P E R T 0 0 3 7  

C  P E R T 0 0 3 8  
C  S W I T C H  S W I T C H S  T A P E  D E S I G N A T I O N S .  P E R T 0 0 3 9  

C  P E R T 0 0 4 0  
C  X S I N P  R E A D S  CROSS S E C T I O N S  ( F R O M  CARDS OR T A P E ) ,  PERFORMS P E R T 0 0 4 1  
C  A D J O I N T  R E V E R S A L S  I F  R E Q U I R E D ,  A N D  W R I T E S  C R O S S  S E C T I O N S  P E R T 0 0 4 2  

C  T O  DRUM B Y  GROUP. P E R T 0 0 4 3  
C  P E R T 0 0 4 4  
C  F X I N P  R E A D S  F L U X E S  ( F R O M  C A R D S  OR T A P E )  A N D  W R I T E S  THEM TO P E R T 0 0 4 5  
C  DRUM B Y  GROUP. P E R T 0 0 4 6  
C  P E R T 0 0 4 7  
C  MAPR PRODUCES A  P I C T U R E  P R I N T  B Y  ZONE AND M A T E R I A L .  P E R T 0 0 4 8  

C  P E R T 0 0 4 9  
C  S E T U P  M I X E S  C R O S S  S E C T I O N S  AND C A L C U L A T E S  G E O M E T R I C  P A R A M E T E R S . P E R T 0 0 5 0  

C P E R T 0 0 5 1  
C  P R T  P R I N T S  ( I V , J M )  ARRAYS. P E R T 0 0 5 2  

C  P E R T 0 0 5 3  
C  GRAM C A L C U L A T E S  AND P R I N T S  M A T E R I A L  I N V E N T O R I E S  B Y  ZONE. P E R T 0 0 5 4  

C  P F P T 0 0 5 5  
C NORM C A L C U L A T E S  K E F F  AND N O R M A L I Z E S  F L U X E S .  P E R T 0 0 5 6  

C  P E R T 0 0 5 7  
C  A B E T A  C A L C U L A T E S  B E T A  E F F E C T I V E  A N D  THE G E N E R A T I O N  T I M E .  P E R T 0 0 5 8  

S L O P E  COMPUTES ( G R A D  F L U X S G R A D  A D J O I N T I / S I G T R * * Z .  

C  A L C  C A L C U L A T E S  AND P R I N T S  R E A C T I V I T Y  C O E F F I C I E N T S  FOR 

S P E C I F I E D  ROW OR COLUMN. 

P L O T  P L O T S  R E A C T I V I T Y  C O E F F I C I E N T S  C A L C U L A T E D  EY C A L C *  

A C T  C A L C U L A T E S  A C T I V I T Y  TRAVERSES.  

* * * * * I N T E R N A L  V A R I A B L E S  * * * * * 

N  I N P  
NOUT 
N C R l  
NSCR 1 
NSCR 2  
N F L U X  1 
N F L U X  2  

DENOM 
I CARD 

I G E P  
I H A  
I H F  

I HG 

I N P U T  U N I T  
O U T P U T  U N I T  
CROSS S E C T I O N  L O G I C A L  DRUM U N I T  
SCRATCH L O G I C A L  DRUM U N I T  
S C R A T C H  L O G I C P L  DRUM U K I T  
F L U X  L O G I C A L  DRUV U N I T  
A D J O I N T  F L U X  L O G I C A L  D R U P  U N I T  
D E N O M I N A T O R  O F  PERT.  E Q ' I A T I O N  
= ML 

TGE + 1 
P O S I T I O N  O F  S I G A  
P Q q I T I O Y  O F  STCF 

P q q I T 1 3 N  O F  C F L F - C C P T T F R  

P E R T 0 0 5 9  
P E R T 0 0 6 0  

P E R T 0 0 6 1  
THE P E R T 0 0 6 2  

P E R T 0 0 6 3  
P E R T 0 0 6 4  
P E R T 0 0 6 5  
P E R T 0 0 6 6  
P E R T 0 0 6 7  
P E R T 0 0 6 8  

P E R T 0 0 6 9  
P E R T 0 0 7 0  
P E R T 0 0 7 1  
P E R T 0 0 7 2  
P E R T 0 0 7 3  
P E R T 0 0 7 4  
P E R T 0 0 7 5  
P E R T 0 0 7 6  
P E R T 0 0 7 7  
P E R T 0 0 7 8  
P E R T 0 0 7 9  

P E R T 0 0 8 0  

P E R T 0 0 8 1  
P E R T 0 0 8 2  

P F R T 0 0 8 3  



8-3 
I HF' P O 5 I T I O N  O F  N U * S I G F  P E R T 0 0 8 4  
I I I TEii lPCRARY P E R T 0 0 8 5  
I IJJ T'vPOPARY P F R T 0 0 8 6  
I J I G V  I U * J V *  1 Gv  P E R T 0 0 8 7  
I J M A X  I f 4 k Y (  I Y 9 J M )  P F R T 0 0 8 8  

I M J b '  I lvl*Jl@ P E R T 0 0 8 9  

I P  I M  + 1 P E R T 0 0 9 0  
I TEMP TEMPORARY P E R T 0 0 9 1  
I TEPlP 1 TEPPOPARY P E R T 0 0 9 2  

I TL TOTAL CROSC S E C T I O N  L E N C T H  f = I S T  + I H T  + 1 )  P E R T 0 0 9 3  

J P  J Y  + 1 P E R T 0 0 9 4  
N 2  I C 1 / 2 = O N E - D I M E N S I O t q / T k C - D I H E h S I O h  PROBLEM P E R T 0 0 9 5  

tUFP 1 / 2 = N O Q V A L I Z E  F L d Y E S  TO CEhTER P T  F L U X / T O T A L  POWER P c R T 0 0 9 6  
N F X I N  F L J X  I N P L T  TADE NuP~BER P E R T 0 0 9 7  

NNCR TEIdPSRARY P E 9 T 0 0 9 8  

P I 2  L * P ;  = 6 . 2 8 7 1 8  P E R T 0 0 9 9  

T FMP TEVDCRARY P E R T 0 1 0 0  
T E V P 1  1 EESDORARY P E R T 0 1 0 1  
T CL7 ( ~ ~ ~ . - S E C ) / ( F I c S I O h l S  P E R T 0 1 0 2  

P F R T 0 1 0 3  
* * * * I N P U T  V A R I A B L E S  ( C A R D S  1 - 4 1  + * * * * P E R T 0 1 0 4  

P E R T 0 1 0 5  

I D ( 1 2 )  I D E N T I F I C A T I O N  CARD P E R T 0 1 0 6  
D F P T n l 0 7  

rt D 1 / 2 / 3 / 4 = 1 - D  F L U X E S / Z - D  F L U X E S / l - D  F L U X / 2 - D  F L U X  ( I F P E R T O 1 0 8  
N F G A T I V E ,  F L U K E 5  ARE FROP T A P E )  P E R T 0 1 0 9  

Pi L  NEG/PdS=NUMEER O F  V A T E R I A L S  FROM T A P E / C A R D S  P E R T 0 1 1 0  
NPR; P R I N T  O P T I O N  ( J / ~ / ~ = M I N I / M I D I / M A X I )  P F R T O l l l  
I GP N U b l d E R  OF LIUERGY GIxOUPS P E R T 0 1 1 2  

I ST N.JM3ER CF D O W h S C A T T E R I N G  TERMS P E R T 0 1 1 3  
I PT P O S I T I O h  OF TRANSPGRT CROSS S E C T I O N  P E R T 0 1 1 4  
i\ lDELK I \u~' IBER C C  R E A C T I V I T Y  C O E F F I C I E N T  C A L C U L A T I O N S  P E R T 0 1 1 5  

k ACT h1JPASER OF A C T I V I T Y  TRAVERSES P E R T 0 1 1 6  
N  I SC h J V B E R  U F  M A T E R I A L S  F S K  B E T A  E F F E C T I V E  C A L C U L A T I O N  P E R T 0 1 1 7  
I P G  h'!PBEk OF D E L A Y E D  NEUTRON GROUPS P E R T 0 1  1 8  
I P S  d / l = O N E  D E L A Y E D  S P E C T R L M / I h P U T  SPECTRUb' FOR EACH P E R T 0 1 1 9  

C E L A Y E C  GROUP P E R T 0 1 2 0  

NDDE L  \ u / l = N O  E F F E C T / P L O T  R t A C T I V I T Y  C O E F F I C I E N T S  P E R T 0 1 2 1  

P F R T 0 1 2 2  
I G t  G I  OPETRY ( O / ~ / ~ / ? = P L A N E / C Y L I N D E R / S P H E R E  I F  1-D P E R T 0 1 2 3  

PROBLEM, CR X - Y / R - Z / R - ' P E T A / T R I A N G U L A R  I F  2 - D )  P E R T 0 1 2 4  
I M NJMBER OF R A O I A L  I N T E R V A L S  P E R T 0 1 2 5  
J M NUNBER OF A X I A L  I h T E R V A L 5  P E R T 0 1 2 6  

I714 N'JYBFR OF ' A A T E R I A L  ZONES P F R T 0 1 2 7  
V T T O T A L  NCMSFP OF M A T E R I A L S  I N C L U D I N G  V I X E S  P F R T O 1 2 8  

k1 .lr) 1 Y JYHEP OF V I  XTURE S P E C I F I C A T I O N S  P F R T n l 2 9  
5 0  1 L F F T  BOUNDARY C O N D I T I O h  ( 0 / 1 / 2 = V A C / R E F L / P E R )  P E R T 0 1 3 0  
[4@2 R I G P T  PCLJNDARY C O N C I T I O N  ( 0 / 1 / 2 = V A C / R E F L / P E R )  P E R T 0 1 3 1  
903 TOP 2OUNDARY C O N D I T I O N  ( O / l / Z = V A C / R E F L / P E R I  P E R T 0 1 3 2  
F 0 4  BOTTOM POUNDPRY C O N D I T I O N  ( G / 1 / 2 = V A C / R E F L / P F R l  P F R T 0 1 3 3  

p F R T 0 1 3 4  
Z K E F F  YEFF FOR PERT. ECe ( I '  Z E Q O *  U S F  C A L C U L A T E 3  V A L U E )  P F R T 0 1 3 5  
F  L P C  ~ F C I / P ~ S = P O * ~ R  ( " w T ) / T C T A L  CENTER P O I N T  F L U X  P E R T 0 1 3 6  
L' F  V?L!lz4F FAZTOR P E R T 0 1 3 7  

r LICK 8 J C K L :  hL ( C v - 2 1  P E R T 0 1 3 8  

P E R T 0 1 7 9  

" * * S U O S C Z I P T E C  V A R I A B L E '  * * * * * P E R T 0 1 4 0  
P F q T 0 1 4 1  

L T W ( M L )  M A T E R I A L  & T O P I C  W E  I C H T  P E R T 0 1 4 2  

I n , W  ( " L  U 4 T F R I A L  V A Y F  P F R T O 1 4 3  
C C ( I T L I C ' T )  C K C S S  S E C T I O N  ARRAY FOR CURRENT GROUP P E R T 0 1 4 4  

I t * v J % ' 1  ;L , X  P E R T 0 1 4 5  



8-4 
C11( 1MrJ; i . l )  A D J O I N T  F L U X  P E R T 0 1 4 6  
A O ( I P )  R A D I A L  4 R E A  E L E M E N T  P E R T 0 1 4 7  
A l ( I M )  A X I A L  A K E A  E L E M E N T  P E R T 0 1 4 8  

I O ( M 0 1 )  M I X  N J P H F R  P E R T 0 1 4 9  
I 1  ( l v 1 0 l )  M A T E K I A L  NUMBER F O R  M I X  P E R T 0 1 5 0  
I Z ( M O 1 )  M A T E R I A L  D E N S I T Y  P E R T 0 1 5 1  
I S ( M O 1 )  M A T E R I A L  D E N S I T I E S  FOR GRAM C A L C U L A T I O N  P E R T 0 1 5 2  

K h ( I G I ' 4 )  F  I SSI ON S P E C T R U P  P E R T 0 1 5 3  
M O (  I M * J M )  ZONE k U 1 4 6 E R S  P E R T 0 1 5 4  
M Z ( I Z I . ' )  l v l A T E R I A L  N U M B E R S  B Y  Z O h E  P E R T 0 1 5 5  

R l I I P )  P A D 1  I P F R T 0 1 5 6  
R 4 ( I P )  A V E R A G E  R A E  I I P E R T 0 1 5 7  
R 5 ( I P I  D E L T A - R  P E R T 0 1 5 8  
V O ( I M 9 J M )  V O L U M E  E L E M E N T S  P E R T 0 1 5 9  
V ? ( I C i Y )  N E U T R O N  V E L O C I T I E S  P E R T 0 1 6 0  

Z l ( J P )  P X I  I P F R T 0 1 6 1  
Z 4 ( J P )  A V E R A G E  A X 1  I P E R T 0 1 6 2  
Z 5 ( J M )  C E L T A - Z  P E R T 0 1 6 3  
V O L (  I Z M )  Z O N F  V O L U M F  ( L I T E R S )  P F R T 0 1 6 4  
K A S S ( M L t I Z t 4 )  M A T E R I A L  I N V E N T O R Y  I N  EACW Z O N E  P F R T 0 1 6 5  
G P M (  I Z M  B U C K L I N G  C O E F F I C I E N T S  P E R T 0 1 6 6  
P O W ( I Y 9 J P )  PQWER D E N S I T Y  P F R T 0 1 6 7  
S O R C 1 (  I M 9 J P  I T E M P O R A R Y  P E R T 0 1 6 8  
S O R C 2  i I f 4  t J M )  TEPIPORARY P E R T 0 1 6 9  
& B E T  ( N I  B C )  V A T E R I A L  N U M B E R S  F O R  B E T A  E F F E C T I V E  C A L C U L A T I O N  P E R T 0 1 7 0  
H F T P I N I B C I  A B S O L U T E  N E U T R O N  Y I E L D  P E R  D E L A Y E D  F I S S I O N  P E R T 0 1 7 1  
D ~ I I G M I I P G )  D E L A Y E D  N E U T R O N  S P E C T R U M  P E R T 0 1 7 2  
A e ( I P G t N I 6 C )  O E L A Y E C  N E U T R O N  F R A C T I O N S  P E R T 0 1 7 3  

A L ( I P G )  D E C A Y  C O N S T A N T S ( S E C - 1 )  P E R T 0 1 7 4  
Z ? n I  ( I Z M )  ZONE A V E R A G E D  F L U X E S  P E R T 0 1 7 5  

ZpOb ; (  1 Z V . r )  ZONE A V E R A G E D  P O W E R S  P E R T 0 1 7 6  
MA ( N A C T  M A T E R I A L  N U M B E R S  F O R  A C T I V I T Y  T R A V E R S E S  P E R T 0 1 7 7  
h X ( k ! A C T  1 C R O S S  S E C T I O N  P O S I T I O N  F O R  A C T I V I T Y  T R A V E R S E S  P E R T 0 1 7 8  
Z e c ?  ( 1214 Z O N F  A V E R A G E D  A C T I V I T I E S  P E R T 0 1 7 9  
D E L ( I M 9 J M )  ( G R A D  P H I * G R A D  A D J ) / S I G T R * * Z  P E R T 0 1 8 0  
h C P ( N D E L K )  N E G / P C S = C O L U M N / R O W  N U M B F R  F O R  D E L T A  K / K  C A L C U L A T I O N  P E R T 0 1 8 1  
t M A T D K ( N D E L K )  V A T F R I A L  N U M B E R  F O R  D E L T A  K / K  C A L C U L A T I O N  P E R T 0 1 8 2  
C P  ( 5  9 I J M A X  ) C O M P O N E N T S  I N  P E R T U R B A T I O N  E Q U A T I O N  P E R T 0 1 8 3  
C X I I T L Y I G M )  C R O S S  S E C T I O N  A R R A Y  F O R  M A T E R I A L  M A T D K  P E R T 0 1 8 4  
F L C X (  IGM, I J M L X  F L U X  F O R  COLUP,N /ROW NCR P E R T 0 1 8 5  
A D J F ( 1 G M r I J M A X )  A D J O I N T  F O R  C O L U M N / R O W  N C R  P E R T 0 1 8 6  
X  I I J M A X + Z )  U S E D  F O R  P L O T T I N G  R E A C T I V I T Y  C O E F F I C I E N T S  P E R T 0 1 8 7  
Y  ( I J M A X + Z  U S E D  F 0 4  P L O T T I N G  R E A C T I V I T Y  C O E F F I C I E N T S  P E R T 0 1 8 8  

P E R T 0 1 8 9  
I N C L U D E  Ai3C P E R T 0 1 9 C  
C ~ M R O ~ !  ~ ( 3 5 0 0 n )  P E R T 0 1 9 1  

C A L L  I h P  P E R T 0 1 9 2  

6 0  T O  ( 1 8 t 1 4 ) 9  N D I W  P E R T 0 1 9 3  
C A L L  M A P R ( A ( L K O ) * A ( L M 2 ) 9 l M * J M 9 A ( L A l ) )  P E R T 0 1 9 4  
C A L L  ~ E T U P ( A ( L K 6 ) ~ A ~ L I O ) r A ( L I 1 ) ~ A ( L I Z ) ~ A l L M O ) ~ A ( L M 2 ) ~ A ( L h O I ~  P E R T 0 1 9 5  

1 A ( L R ~ ) ~ A ( L R ~ ) ~ A ( L R ~ ) * A ( L Z ~ ) ~ A ( L L ~ ) ~ A ( L Z ~ ) P A ( L A O ) *  P E R T 0 1 9 6  
2  A ( L A ~ ) ~ A ( L C O ) ~ A ~ L V O ) ~ I T L ~ I M ~ J M ~ P ~ T ~ A ( L G A V , ) )  P E R T 0 1 9 7  

C A L L  G R A M ( A ( L I ~ A S S )  ~ A ( L V O L ) , A ( L A T W ) , A ( L H C L N ~ * I M * J I . ? ~ A ( L M O ) ~ A ( L M ~ )  9 P E R T 0 1 9 8  

1 A ( L V C ) , A l L I ' > ) * A ( L I l ) r A ( L I 2 ) , M L 9 A ( L I ? ) )  P E R T 0 1 9 9  
C A L L  N O R ; 4 ( A ( i C O ) r I S i r A ( L h G l  ~ A ( L I \ 1 ) ~ I > ~ i ~ A ( L 5 0 R C l I A L S C 2 A L M 0  P E R T 0 2 0 0  

1 A ( L f C ; ) , P ( L ~ ' ~ ) r A ( L 1 < 6 ) , k ( L ? O b . )  , A I L Z 5 ) * A I L P O ) * A ( L R 5 ) r  P F R T 0 2 0 1  
2 A ( L 2 4 ) , A ( L i l 1 , A l L Z 4 ) r P ( L Z P H I ) 9 A ( L ? ? O b I ) 9 A ( L V 9 L ) )  P F R T 0 2 0 2  

I F ( N 1 T C )  ? C , 3 :  9 2 C  P E R T 0 2 0 3  
C P L L  A ? E T [  ( * ( L P 3 k !  r i Y r A l L S O i i C 1  j 9 L ( L N O )  , A ( L 1 \ 1 )  L O  T L A L C  9 P E R T 0 2 0 4  

1 A ! L L 7 ) r k ( L N B ~ T ) r A ( L ~ E T ~ l ~ A ( L P A S 1 r M L A i L C 7 1 A L O R C 2  P E R T 0 2 0 5  

2 H ( i A T k . 1  ~ P ( i V 2 L ) ~ A I L V U ) 9 1 5 G r I P G t ~ ( L A L )  P E R T 0 2 0 6  
I ~ ( ? ~ ~ f . ~ o  b ( ' , 5 . 1 ! k i  P E R T 0 2 0 7  





B-6 
FOR I N P t I N P  P E R T 0 2 1 8  

SUEROUT I NE I NP P E R T 0 2 1 9  

I N C L U ~ F  P R C  P F R T O 2 2 O  
COMMON A ( 3 5 0 0 0 )  P E R T 0 2 2 1  
T H I S  S U B R O U T I N E  CONTROLS THE R E A D I N G  OF A L L  I N P U T  DATA P E R T 0 2 2 2  

N I N P  = 5  P E R T 0 2 2 3  

NOUT = 6 P E R T 0 2 2 4  

N C R l  = 7 P F R T 0 2 2 5  
N 5 C R l  = 8  P E R T 0 2 2 6  
N 5 C R 2  = 9 P E R T 0 2 2 7  
NFLUX 1 = 1 0  P E R T 0 2 2 8  
K F L U X Z  = 11 P E R T 0 2 2 9  

N F X I N  = 1 4  P E R T 0 2 3 0  
SFT U P  DRUM U N I T S  P E R T 0 2 3 1  

D I P E N S I O N  J L P T A B ( 3 5 )  P E R T 0 2 3 2  
C P L L  q E T D R (  79  1 5 0 0 0 0 r 2 0 0 0 0 0 ~ J L P T A B )  P F R T 0 2 3 3  
C A L L  S E T D R (  8 ,  3 5 0 0 0 0 ~ 2 0 0 0 0 0 , J L P T A B ( 8 ) )  P E R T 0 2 3 4  
C A L L  S E T C R (  9 ,  5 5 0 ~ 0 0 ~ 2 0 0 0 0 0 , J L P T A B ( 1 5 ) )  P E R T 0 2 3 5  
C A L L  S E T C R ( 1 9 9  7 5 G b 9 0 , 2 0 0 0 0 0 * J L P T A B ( 2 2 ) )  P E R T 0 2 3 6  
C A L L  S E T D R ( l 1 r  9 5 0 0 0 0 ~ 2 0 0 0 C O t J L P T A B ( 2 9 ) )  P E R T 0 2 3 7  

P E k I N D  7 P F R T 0 2 3 8  
REWIND 8  P E R T 0 2 3 9  

R E W I N D  9 P E R T 0 2 4 0  
REWIND 1 0  P E R T 0 2 4 1  
REWIND 11 P E R T 0 2 4 2  
W R I T E  ( N O U T , 1 0 )  P E R T 0 2 4 3  
F O R M A T ( l H l r 4 0 X , 3 8 H *  * * P E R T - V  * * * * / / I ) '  P E R T 0 2 4 4  
R E A i I ( N I N P , Z O )  ( I D ( 1 ) v  1 = 1 * 1 2 )  P E R T 0 2 4 5  

FORMAT ( 1 2 A 6  ) P E R T 0 2 4 6  
W R I T E ( N O U T * 3 0 )  ( I D [ I ) q  1 = 1 9 1 2 )  P E R T 0 2 4 7  

F O R M A T ( / l l X , l Z A 6 / )  P E R T 0 2 4 8  
R E A D ( N I N P , 4 b )  ND, M L *  NPRTI IGMI I S T ,  I H T *  NDELK,  N A C T *  N I B C , I P G , P E R T 0 2 4 9  

1 I P S *  NPDEL, I G E ,  I M ,  J M ,  I Z M ,  M T ,  M O l r  8 0 1 9  6 0 2 9  P E R T 0 2 5 0  

2 B O 3 r  6 0 4 ,  Z K E F F ,  F L P O t  VFI BUCK P E R T 0 2 5 1  
F O R M A T ( l 2 1 6 / 1 0 1 6 / 6 E 1 2 . 6 )  P E R T 0 2 5 2  

k P I T E ( N O U T , 6 0 )  h!D9 ML, NPRT,  I G M t  I S T ,  I H T  P E R T 0 2 5 3  
FORMAT ( P E R T 0 2 5 4  

1 9 2 H  PI D 1 / 2 / 3 / 4 = 1 - D  F L U X E S / 2 - D  F L U X E S / l - D  F L U X / 2 - D  F L U X  ( I P E R T 0 2 5 5  
2 F  NEG,  FROP T A P E )  I 9 /  P E R T 0 2 5 6  
3 9 2 H  2' L  N E G A T I V E / P O S I T I V E = N U M B E R  OF M A T E R I A L S  FROM T A P E / C A R P E R T 0 2 5 7  
4 D  S  I 9 /  P E R T 0 2 5 8  
5 9 2 H  k P K T  P R I N T  O P T I O N  ( 0 / 1 / 2 = M I N I / M I D I / M A X I )  P E R T 0 2 5 9  

6 I 9 /  P E R T 0 2 6 0  
7 9 2 H  I G V  NUMBER OF ENERGY GROUPS P E R T 0 2 6 1  
8  I 9 /  P E R T 0 2 6 2  
9 9 2 H  I .5T  NUMBER OF DOWNSCATTERING TERMS P E R T 0 2 6 3  

1 I 9 /  P F R T 0 7 6 4  
2 9 2 H  I H T  PO5 I T I O N  OF TRANSPORT CROSS S E C T I O N  P E R T 0 2 6 5  I _ 
3 1 9 )  P E R T 0 2 6 6  

W R I T E ( N O U T , 7 0 )  NDELK,  NACT, N I B C ,  I P G ,  I P S ,  N P D E L  P E R T 0 2 6 7  
F q R M A T  ( P F R T n 2 6 8  

1 9 2 h  N D t L K  NUMBER OF R E A C T I V I T Y  C O E F F I C I E N T  C A L C U L A T I O N S  P E R T 0 2 6 9  
2 I 9 /  P F P T 0 2 7 0  
5 9 2 H  NACT NUYBER OF A C T I V I T Y  TRAVERSES P E R T 0 2 7 1  
4 I 9 /  P F R T 0 2 7 2  
3 9 2 H  N I B C  NUMBER OF M A T E R I A L S  FOR B E T A  E F F E C T I V E  C A L C U L A T I O N  P E R T 0 2 7 3  

6 I 9 /  P E R T 0 2 7 4  
6 9 2 H  I P G  NUMBES OF C E L A Y E D  NEUTRON GROUPS P E R T 0 2 7 5  

6  I 9 /  P E R T 0 2 7 6  
7 9 2 H  I P S  O / l = O N E  D E L A Y E D  S P E C T R U M / I N P U T  SPECTRUM FOR EACH G R P E R T 0 2 7 7  
7 0 1  1P I 9 /  P E R T 0 2 7 8  
89211 N P D E L  0 / 1 = N O  E F F E C T / P L O T  R E A C T I V I T Y  C O E F F I C I F N T S  P F R T n 2 7 9  



FCRblAT ( PERT0282  
1 5 2 H  I G E  GEOMETRY 1 0 / 1 / 2 / 3 = P L / C Y L / S P H  I F  1-D, X-Y/R-Z/R-THEPERT0283 
ZTP/TRIANGULAR I F  2 - 3 )  i 9 /  PERT0284  
3 9 2 r  I Cl AuMaci? OF R A 3 I A L  INTERVALS PERT0285  

4 I 9 /  PERT0286  
5 9 2 r i  J K NUMBER OF A X I A L  I h T t R V A L S  ( = 1  FOR 1-D PROBLEkiS) PERT0287  

6 I 9 /  PFRT0288  
1 9 2 Y  IZW +JUIUPER OF 'AATERIAI- ZON'5 P F R T n 2 8 9  

? I O /  P F R T 0 2 9 0  
Q 9 2 P  1 T  TOTAL NII '<=FP 3 F  C'ATFR I P L S  INCLUDING M I X E S  P F R T 0 2 9 1  
? I s /  P F R T n 2 9 7  

2 5 2 r i  KO1 NUMBER OF MIXTURE S P E C I F I C A T I O N S  PERT0293  
3  I 9 1  PERT0294  

h R I T E ( N O U T t 4 0 )  B O l r  t i 029  8 0 3 ,  El04 PERT0295  
FCPP'A T  ( PERT0296  

1 9 2 H  B t J l  LEFT  BOUNDARY CONDITION 1 0 / 1 / 2 = V A C U U M / R E F L E C T I V E P E R T 0 2 9 7  
2 / P k R I O D I C )  I 9 /  PERT0298  
3 9 2 H  1502 R IGHT BOUNDARY CGNDIT ICN 1 0 / 1 / 2 = V A C U U M / R E F L E C T I V E P E R T O 2 9 9  
2 / P E R I O D I C )  I 9 /  P E R T 0 3 0 0  
5 9 2 H  BU3  TOP EOUNDARY CONDIT ION ( 0 / 1 / 2 = V A C U U M / R E F L E C T I V E P E R T 0 3 0 1  

2 / P E R I O D I C )  I 9 /  PERT0302  
7 9 2 H  B 0 4  63TTOM bbUNCARY CONDIT ION 1 0 / 1 / 2 = V A C U U M / R E F L E C T I V E P E R T 0 3 0 3  

2 / P E R I O D I C )  I 9 / )  
* K I T E ( N O U T , ~ O L )  ZKEFF, FLPO, V F *  BUCK 

FORF'AT ( 

13114 Z K E F F  KEFF FOR PERT. EQUATION 
2ALUE 1PE10.4/  
3 9 1 h  FLPC, N E G A T I V E / P O S I T I V E = P O c t R  

4dX  1PE10 .4 /  
591t- V F  ?'OLUMF cACTOR 
6 1PE10 .4 /  
7 9 1 H  PUCK 9UCKLING I C M - 2 )  
e l P E 1 0 . 4 / )  

IGP = IGP + 1 
IHG = I Y T  + 1 
I T L  = I H G  + I C T  
I H N  = I H T  - 1 
I H A  = I H T  - 2  

!HF = I H T  - 3  
ICARD = PL 
ML = I A B S I M L )  

P I 2  = 6 . 2 8 3 1 8  
I 5 F P  = I G E  + 1 
TSD = 215 . *1 .602*10 . * * ( -19 )  

I F ( F L P O 1  1 2 0 * 1 2 0 , 1 3 0  
YFP = 2  
5 0  TO 1 4 0  

NFP = 1 
FLPO = A B S I F L P O )  
I TEVP = I A R S (  U D )  
GO TO ( 1 5 0 ~ 1 6 0 ~ 1 5 0 ~ 1 6 0 1 *  ITEMP 
NDIM = 1 
JM = 1 
50 TO 1 7 0  
NnIhq = 7 
I P  = I M  + 1 
J P  = JM + 1 
IMJM = IPn*JM 

I J I G M  = I P J M * I G ' l  
IJIdAX = F*"AXO( I P v J M )  

PERT0304  
PERT0305  

PERT0306  
( I F  ZERO* USE CALCULATED VPERT0307  

PERT0308  
( M d T ) / T O T A L  CENTER POINT F L P E R T 0 3 0 9  

P E R T 0 3 1 0  

PFRT03  11 
PERT0312  
PFRT0313  
P F R T 0 3 1 4  
PERT0315  
PERT0316  

P E R T 0 3 1 7  
PERT0318  
PERT0319  

P E R T 0 3 2 0  
PERT0321  
PERT0322  

PERT0323  

PERT0324  
PERT0325  

PERT0326  
P F R T 0 3 2 7  
PERT0328  

PERT0329  
PERT0330  
P F R T 0 3 3 1  
PFRT0332  
PFRT0133  
PERT0334  
P F R T 0 3 3 5  
P F R T n 7 2 6  
PERT0337  
PERT0338  
PERT0139  
P F R T 0 3 4 0  
p F R T 0 3 4 1  



S E T  U P  D I M E N S I O N  P O I N T E R S  
L A T k  = 1 
L P O L N  = L A T v .  + Y L  
L C 0  = L W O L h  + ML 

L N O  = L C O  + I T L * M T  
L N 1  = L N O  + I M J Y  

L A O  = L N 1  + I M J Y  
L A 1  = L A C  + I P  

L T O  = L A 1  + I M  
L I 1  = L I O  + P O 1  

L I Z  = L I 1  + P n l  
L I 7  = L I Z  + M 0 1  
L Y 6  = L I 7  + M e 1  

L M O  = L K O  + I G M  

L M 2  = LMO + I M J M  
L R 1  = L V Z  + I Z M  

L R 4  = L R  1 + I P  

L R 5  = L R 4  + I P  

L V O  = L R 5  + I v  

L V ~  = L v n  + IPJY 

L Z 1  = L V 7  + I G M  

L Z 4  = L Z 1  + J P  

L Z 5  = L Z 4  + J M  
L V O L  = L Z 5  + JM 
L M A S S  = L V O L  + I Z M  
L G A M  = L M A S S  + V L * I Z P  

LPOW = L G A M  + I Z M  

L s O R C l  = LPOW + I M J M  

L S O R C Z  = L S O R C l  + I Y J M  
L N 3 E T  = L S O R C Z  + I M J M  
L S E T A  = L N B E T  + N I B C  

L D 7  = L B E T A  + K I P C  
L A B  = L D 7  + I G M * I P G  

L A L  = L A B  + N I B C * I P G  

L Z P H I  = L A L  + I P G  
LZPOW = L Z P H I  + I Z P  
L P A  = L Z P O d  + I Z P  

L N X  = L M A  + N A C T  

L Z A C T  = L N X  + N A C T  
L D E L  = L Z A C T  + I Z M  

L N C R  = L D E L  + I Y J M  

L N A T n K  = L N C R  + N D E L K  

L C P  = L M A T D K  + N D E L K  

L C X  = L C P  + 5 * I J M A X  
L F L U X  = L C X  + I T L + I G M  
L A D J F  = L F L U X  + I G V * I J M A X  

L X  = L A D J F  + I G Y * I J M A X  

L Y  = L X  + ( I J V A X + Z ) * N P D E L  
L P S T  = L Y  + ( I J Y A X + Z ) * N P D E L  

I T E M P  = 1 + 2 * M L  + I G P * I T L * M T  
L P S T  = Y A X O ( L A S T , I T E M P )  
k R I T E ( N O U T , 1 9 C )  L A S T  
F O R V A T ( 7 P  L A S T  = , I 6  
I F ( L A S T  - 3 5 0 0 0 )  1 9 6 * 1 9 6 , 1 9 2  
C A L L  E R R 0 2 ( 6 H  I N P 9 1 9 2 9 1 )  

R E A D  C R O S S  S E C T I O N S ,  P E R F O R V  A D J O I h T  R E V E R S A L S ,  A N D  W R I T E  X S  D A T A  
T 0  Q R U V  ( B Y  5 R O U P )  

C A L L  X S I N P ( A ( L N O ) , I T L , I G M * M T ~ A [ L A T W ) ~ P ( L H O L h ) )  

D r  2 0 0  I = L C ? , L A S T  

A ( I )  = 0.3 
R 5 4 D  F L U X E S  khD K R I T E  F L U X E S  T O  DRUM 

C A L L  F X I N P ( P ( L N 9 ) )  



B-9 
G'RITE ( N O I J T t 2 5 0 )  P E R T 0 4 0 4  

2:v F O R P O T ( 1 6 H O P E S t i  B O U N D A R I E S 1  P E R T 0 4 0 5  

C A L L  R E P G Z ( 6 Y  R l q A ( L R 1 )  r I P )  PcRTOl .06  
60 '0 ( 2 7 0 9 2 6 : )  t N D I U  P E R T 0 4 0 7  

2 b d C & L L  H t A ~ 2 1 6 H  Z l q A ( L Z 1 )  , J P )  P F R T 0 4 0 8  
2 7 u  t / < : T E ( h 3 U T t L 6 0 )  P E R T 0 4 0 9  

2 8 U  FC)RYAT(~LIIOZONE N U M d E R S  BY M E S H  I N T E R V A L )  P E R T 0 4 1 0  

C A L L  P E A I 2 ( 6 P  b'O,A(LbJO) , I Y J M )  P F R T O h l l  

S Q I T E ( P d @ U T * 2 9 3 )  B E R T 0 4 1 2  
Si iu  F O r t M A T ( 2 5 h C i 1 " A T t K i r i i  N b M b t K S  EY Z O l u t )  P E R T 0 4 1 3  

C A L L  REA i 2  ( 6 H  M Z q A ( L M 2 )  l I L b l )  P E R T 0 4 1 4  
I c l n J C K )  2 9 5 9 3 L 5 t 2 3 5  P E R T 0 4 1 5  

(95 t . i ? i T L  ( ~ * . J L T , ~ J ~  I P E R T 0 4 1 6  
3 u u  F O n l @ A T  ( ~ 7 r i O b u C K L I l u G  M O D I F I E R S  B Y  Z G h E )  P E R T 0 4 1 7  

C P L L  R F A G Z ( 6 H  G A Y t A ( L G A M ) , I Z M I  P E R T 0 4 1 8  

3 0 5  h R I T E ( N O U T 1 3 1 3 )  P E R T 0 4 1 9  
? 1 0  F O R W a T (  1 7 b P F I S S I O N  S P E C T R U M )  P F R T n 4 2 0  

f I L L  R F A G Z ( 6 H  K 6 , A ( L K 6 )  t ICV) Q F P T n 4 7 1  
\ r iR ITF  ( N C I l T , 3 7 " )  P c R T 0 4 2 7  

3 2 6  " 3 R M A T ( ! 9 H O h E V T R O h  V E L O C I T I E S )  P F R T O L 7 3  

- A L L  R E A G 2 ( h H  V 7 t A ( L d 7 ) t I G M )  P E R T n 4 2 4  

I c ( " n l )  36!',15?,?30 P F R T n 4 2 5  

3 3 0  o ! P I T F (  N 3 U T t 3 4 P )  P E R T 0 4 2 6  

3 4 0  F O R P l A T ( e 3 H O M I X T U R E  S P E C I F I C A T I O N S  ( I O / I l / I 2 = M I X  NUMBER/MAT.  N U M B E P E R T 0 4 2 7  
1 8  FOR M I X / M A T E K I A L  J E N S I T Y ) )  P E R T 0 4 2 8  

C A L L  R E b I L ( 6 H  I U t A ( L 1 O )  t M O 1 )  P E R T 0 4 2 9  

C A L L  R E A I 2 1 6 H  I l t A ( L 1 l ) t M O l )  P E R T D 4 3 C  
C A L L  R E A G 2  (64 I Z t A ( L I 2 )  t M O 1  P E R T 0 4 3 1  

3 5 0  I F ( N 1 B C I  4 b U r 4 0 0 t 3 6 C  P E R T 0 4 3 2  

3 6 0  : Q I T E ( N C U T t 3 7 0 )  P E R T 0 4 3 3  
3 7 v  F 3 R M A T ( 4 8 H u M A T E R I A L  NUMBERS FOR B E T A  E F F E C T I V E  C A L C U L A T I O N )  P E R T 0 4 3 4  

c / i L L  R E H I 2  ( 6 H  N B E T * &  ( L N B k T )  , N I B C )  P E R T 0 4 3 5  

' q R I T E ( N O U T t 3 8 3 )  P E R T 0 4 3 6  
8 F O R I ~ ~ A T ( ~ ~ P I U ~ ~ ~ S ~ L U T E  N k U T K O N  Y I E L D  P t k  D c L A Y t D  F I S S I O N  FOR A B C V t  M A P E R T 0 4 3 7  

1 T F R I A L S )  P E R T 0 4 3 8  
C A L L  R E A G 2 ( 6 H  B E T A , A ( L B E T A ) r N I B C )  P E R T 0 4 3 9  

QO ?RL K = l t N I R C  P F R T n 4 4 0  

W R I T E  ( N O U T , 7 8 2 I  K  P F R T 0 4 4 1  
3 8 2  FORMAT ( 4 6 H d F R A C T I O N A L  Y I E L D S  B Y  GROUP FOR D E L A Y  M A T E R I A L *  1 6 )  P E R T 0 4 4 2  

KK = ( K - l ) * I P G  + L A B  P E R T 0 4 4 3  

C A L L  R E A G 2  ( 6 H  A 0 9  A ( K K ) ,  I P G )  P E R T 0 4 4 4  

3 8 4  C C N T I Y U E  P F R T 0 4 4 5  
k s I T F  ( N 0 1 J T 9 3 R 5 )  P F R T 0 4 4 6  

3 8 5  F 3 R M A T  ( 2 3 H O D E C A Y  C O N S T A N T S ( 5 E C - 1 ) )  D E R T 0 4 4 7  

C A L L  R E A G 2  ( 6 H  A L ,  A ( L A L ) t  I P G )  P E R T 0 4 4 8  

I F  ( I P S )  3 8 6 , 3 8 9 , 3 8 6  P E R T 0 4 4 9  
3 8 6  GO 3 6 8  < = l t I P G  P E R T 0 4 5 0  

. + k Q I T E  ( N O U T 9 3 8 7 )  K  P E R T 0 4 5 1  
3 0 7  F O k M A T  ( 4 5 H u D E L A Y E D  NEUTRON SPECTRUM FOR PHECUKSOR G R O U P *  1 6 )  P E R T 0 4 5 2  

K Y  = [ K - l ) * I G M  + L D 7  P E R T 0 4 5 3  

C t L L  R E A G 2  ( 6 H  D 7 9  A ( K K ) (  I G M )  P E R T 0 4 5 4  

3 8 8  C n Y T I N l J F  P F P T 0 4 5 5  
GO TO 4 0 0  P E R T 0 4 5 6  

1 E 9  k P I T E ( N O U T t 3 9 0 )  P E R T 0 4 5 7  
' Q C  F C R K A T  ( 2 5 H O D C L A Y E D  F I S S I O N  SPECTRUM P F R T 0 4 5 8  

C A L L  R E A G 2 ( 6 H  D 7 t A ( L D 7 )  , I G M )  P E R T 0 4 5 9  

I F  ( I P G  - 1 )  & 0 0 * 4 0 0 * 3 9 2  P E R T 0 4 6 0  
? Q ?  0n ? 9 &  K = ~ ~ I P C  P F R T n 4 6 1  

D 7  1 9 4  I = l t I G Y  P F R T n 4 6 2  
K K  = L D 7  + ( K - l ) * I G Y  + I - 1 P E R T 0 4 6 3  

KKK = L D 7 +  I - 1 P F R T 0 4 6 4  

7 9 4  A ( K K )  = P I K K K )  P F R T 0 4 6 5  



B-10 
I F ( N D E L K )  4 4 0 , 4 4 0 9 4 1 0  
W R I T E ( N O L J T 9 4 2 0 )  
F O R M A T  ( 4 3 H O M A T E R I A L  N U M B E R S  F O R  D E L T A  K / K  C A L C U L A T I O N  1  
C A L L  R E A I 2 ( 6 H  M A T D K * A ( L M A T D K ) * N D E L K I  

GO T O  ( 4 4 0 , 4 2 5 ) ~  N D I M  
N R I T E ( N O U T 9 4 3 0 )  

F O R M A T ( 5 3 H O N E G / P O S = C O L U M N / R O W  N U M B E R S  FOR D E L T A  K / K  C A L C U L A T I O N )  

C A L L  R E A I Z ( 6 H  N C R * A ( L N C R ) * N D E L K )  
I F ( N A C T )  4 8 0 9 4 8 0 9 4 5 0  

k R I T E  ( N Z U T 9 4 6 0 )  
F O R M A T ( ~ U H ( I I ~ A T E R I A L  N U M B E R S  F O R  A C T I V I T Y  T R A V E R S E S )  

C A L L  R E A I Z ( 6 H  M A * & (  L M A )  r N A C T )  

W R I T E ( N O U T * 4 7 3 )  

F O R M A T ( 4 6 H O C R O S S  S E C T I O N  P O S I T I O N  F O R  A C T I V I T Y  T R A V E R S E S )  

C A L L  R E A I Z ( 6 H  N X , A ( L N X I I N A C T I  

R E T U R N  

E N D  



B-11 
F O R  R E A G Z  t R E A G 2  

S U H R O U T  I N t  k E A G 2  ( H O L L  * A R R A Y  INCOUNT ) 

D I C I E N S I O ~  A H H A Y ( 1 L )  9 V 1 1 2 )  t K ( 1 2 ) 9 I N ( 1 2 )  
i O M I 4 C N  N I h P t  N O U T t  h C F c l 9  N S C R l t  R S C R 2 t  N F L U X I ,  N F L U X 2  

J F L A G = O  

J = l  
I F ( J F L A G ) 2 0 9 4 0 r 2 0  

DO '30 J J = 1 9 6  

K ( J J ) = K ( J J + 6 )  

I h ! ( J J ) = I V ( J J + 6 )  
V ( J J ) = V ( J J + 6 )  

J F L A G = O  

GO T O  6 0  
R F A D  ( N I N P 9 5 0 )  ( K ( I ) t I N ( I ) 9 V ( I ) r I = l t 6 )  

F O R M A T ( 6 ( 1 1 9 1 2 r E s . 4 ) )  

CO 140 I = l t h  
L = Y (  I ) + 1  
GO T O  ~ 7 ~ , e o , i o o t i 5 ~ t ~ 3 ~ 9 i 4 0 t 6 2 ~ t  L 

F  1 LL 
JJ=J 
DO 65  M = J J t N C O U N T  
A Q R A Y ( J )  = V ( I )  

J = J + 1  

GO T O  1 5 0  
NO M O D I F I C A T I O N  

A R R A Y ( J ) = V ( I )  

J=J+1 
GO T O  1 4 0  

P F P F P T  

L = I N ( I )  
DO 9 n  M=I,L 

A R R A Y (  J ) = V (  I )  

J = J + 1  
C O N T I N U E  

GO T O  1 4 0  

I M T E R P O L A T F  
I F I I - 6 )  1 2 0 9 1 1 0 t 1 1 0  

R E A D  ( N I N P 9 5 0 )  ( K ( J J ) * I N ( J J ) t V ( J J ) * J J = 7 * 1 2 )  

J F L A G = l  
L = I N (  I ) + 1  

D E L = ( V ( I + l ) - V ( I ) ) / F L O A T  ( L )  
CQ 1 3 C  M = l , L  

A R R A Y ( J ) = V ( I ) + D E L + F L O A T  ( M - 1 )  

J = J + I  

C O N T I N U E  
GO T O  1 4 0  

C Y C L E  
L = I N (  I )  
N = I N T I . 0 0 0 0 1 + V ( I ) )  

DO 115 L L = l t L  

DO 1 3 5  N N = l t N  
A R R A Y ( J )  = A R R A Y ( J - N )  

J = J + 1  

C O N T I N U F  
6n Tn 10 
T F R M  I N A T E  
J=J-1 
W R I T E  ( N O U T t 1 6 b )  H O L L  t J t f  A R R A Y ( I ) t I = l , J )  

I F ( J  - h C O U N T ) 1 7 n t l e n t 1 7 0  
F O H M k T ( 6 X ~ A 6 ~ ~ 6 / ( 1 ~ E i 2 . 5 ) )  
C A L L  E R R 0 2  ( 6 M * * R E A G  9 1 7 0  t 1 )  

R F T l J R h  



8-1 3 
F O P  P F A I 2 + R F A 1 7  P F R T 0 5 4 6  

S U B R O U T I N E  K E A I 2 ( H O L L r I A R R A Y r N C O U N T )  P E R T 0 5 4 7  
D I M E N S I O N  I A R R A Y (  1 )  r  I V ( 1 2 )  r  K ( 1 2 ) r  I N ( 1 2 )  
COMMOI'I Y I N P *  N O U T r  N C R l r  N S C R l r  N S C R 2 r  N F L V X l r  N F L U X Z  P E R T 0 5 4 9  

JFLAC, = n 
J = l  P E R T 0 5 5 0  
I F ( J F L A G 1  2 * 1 n 1 2  
DO 4 J J = l r h  
( ( J J )  = K ( J J + 6 )  

I M ( J J )  = I N ( J J + 6 )  
I V ( J J )  = I V ( J J + 6 )  
J F L A G  = O 
( 3 0  T O  2 1  
R t A D ( N I N P r 2 U )  ~ K ~ I ~ ~ I N ~ I ~ r l V ~ l ~ ~ I ~ l ~ 6 ~  
F n R M A T ( 6 ( 1 1 9 1 2 9 1 9 )  
DO 7 0  I = l r 6  
L = K (  I ) + 1  
GO TO ( 3 0 t 4 0 r 5 2 r 8 0 r 6 2 t 7 0 t 2 2 ) r  L 

F I L L  
J J = J  
DO 2 5  M = J J r N C O U N T  
I A H R A Y ( J 1  = I V ( 1 )  

J = J + l  
GO T O  8 0  
NO M O D I F I C A T I O N  

I A R R A Y ( J ) = I V ( I )  
J = J + l  

GO T O  7 0  
R E P E A T  
L = I N (  I )  
DO 5 0  M = l r L  
I A R R A Y ( J ) = I V ( I )  

J = J + l  

C O N T I N U E  
GO T O  7 0  
I N T E R P O L A T F  
I F ( 1 - 6 )  5 4 1 5 3 9 5 1  
R E A D ( N I N P 9 2 U )  ( K ( M ) 9 I N ( M ) * I V ( M ) 9 M = 1 , 6 )  

J F L A G  = 1 
L = I N ( 1 )  + 1 
I D E L  = ( I V ( I + l )  - I V ( I ) ) / L  
DO 5 6  M = l  t L  
I A R R A Y ( J )  = I V ( I )  + I D E L * ( M - 1 )  
J = J + l  
GO T O  7 0  

C Y C L F  
L  = I N ( I )  
rJ = I V ( 1 )  
DO 6 5  L L = l r L  
DO 65  N N = l r N  
I A R R P Y ( J )  = I A R R A Y ( J - N )  
J = J + 1  

C O N T I N U E  
GO T O  1 
T F R P I N A T F  
J = J - 1  
W R I T E  ( N O U T r 9 0 )  H O L L  9 J  r ( I A R R A Y ( I ) r I = l r J )  
I F ( J  - N C O U N T ) 1 0 0 r 1 1 0 r 1 0 0  
FORMAT(6XrA6r16/(19112)) 

CF.LL L RRO2 ( 6H+*REA I 9 1 0 0  9 1  

R F T U P N  

END 



- I T  FOR C L E A R 3 C L E A R  
SUSROUT I NE C L F A R  ( X IY I N )  
D I M E N S I O N  Y ( 1 )  
DO 1 I = 1 9 N  

1 Y ( I ) = X  
R F T U R N  

END 



B-15 
- I T  FOR r R R 0 2 r F R R 0 2  

SUBROUTINE ERROZ(  HOL ,JSUBR, I )  

COMMON N I N P ,  NOUT, NCR1,  NSCR1, NSCR2, N F L U X 1 ,  N F L U X 2  
M R I T E  ( N O U T 9 1 )  HOL ,JSURR 

1 FC)K:IAT(2H + / 9 H  ERROR I N , A 6 t 3 H  A T * I 6 / 2 H  * / 2 H  * )  

GO T O  ( 3 9 4 1 9 1  

3 C A L L  E X 1  T 
4 RETURN 

END 



:S:$%@LJTI : ~ t  SW: T C H (  I TtMP19 I T E k P 2 )  

C T - i l  5 i l ~ !~k9 : :T I ; d t  '!&I T C n  j T A P E  btSILN@TIONS 
7 TEMP' ;  = ! TCP,'Pl 

: 'C;.4p; z I T C " " 7  

; ;Ep)L: I ' F ' " ,  

Dl:- ' lp?, 

F I.; D 



6-1 7 
- 1 T C  FOR X S I N P I X S I N P  P F R T 0 6 1 6  

S U B R O U T I N E  X S I N P ( C * J T L * J G M * J M T * A T W * H O L N )  P E R T 0 6 1 7  
D I M E N S I O N  C ( J T L * J G M t J P l T ) r  A T W ( 1 ) q  H O L N ( 1 )  P E R T 0 6 1 8  

C  C ( J T L * J G M ~ J I M T )  CROSS S E C T I O N  ARRAY STORED S T A R T I N G  A T  A ( L N 0 )  P E R T 0 6 1 9  

I N C L U D E  ABC P E R T 0 6 2 0  
D I M E N S I O N  A A ( 1 0 )  P E R T 0 6 2 1  

C T H I S  5 U b R O U T I N t  R E A U S  ( F R O M  T A P t  OR C A R D S ) ,  C H E C K S *  AND W R I T E 5  P E R T 0 6 2 2  

C I N P U T  CRCSS S E C T I O N S  TO DRUM. P F R T n 6 2 3  
W R I T E ( N O U T t 5 )  I I D ( I ) *  1 = 1 9 1 2 )  P E R T 0 6 2 4  

5  F C R M A T ( l H 1 , 1 2 A 6 * / / / )  P E R T 0 6 2 5  

W R ! T E ( N O U T * l O )  P E R T 0 6 2 6  
1s F O Q Y A T ( 5 6 H  CROSS S E C T I O N S  WERE R E A D  I N  FOR THE F O L L O W I N G  M A T E R I A L S P E R T 0 6 2 7  

11 P E R T 0 6 2 8  
DO 5 0  I = l * M L  P E R T 0 6 2 9  
R E A D ( N I N P 9  2 0 )  H O L N ( I ) ,  A T W ( I ) ,  ( A A ( J ) *  J = 1 , 1 0 )  P E R T 0 6 3 0  

2 0  F C l R Y A T ( A 6 ,  E6 .29  1 0 A 6 )  P E R T 0 6 3 1  
I F ( I C 4 R D )  2 5 1 2 5 . 3 0  P E R T 0 6 3 2  

2  5 R E A C ( 1 5 )  ( ( C ( L * I I G * I ) ,  L = l t I T L ) ,  I I G = l , I G M )  P E R T 0 6 3 ?  

5 0  TO 5 0  P E R T 0 6 3 4  
3  0  PO 75 I I G = l , I G M  P E R T 0 6 3 5  
3 5  R E A D I N I N P , 4 0 )  ( C ( L * I I G t I ) *  L = l t I T L )  P E R T 0 6 3 6  

4 0  FORMAT ( 6 E 1 2 . 5  P E R T 0 6 3 7  
5 0  W R I T E ( N 0 U T t  6 0 )  I *  H O L N ( I ) v  ( A A ( J ) ,  J = 2 , 1 0 )  P E R T 0 6 3 8  
6 0  F O R M A T ( I 3 ,  6 x 9  A 6 9  6 x 9  1 0 A 6 )  P E R T 0 6 3 9  

I F ( 1 C A R D )  7 3 , 8 0 9 8 0  P E R T 0 6 4 0  

7 0  R E k I N D  1 5  P E R T 0 6 4 1  
C  CHECK ON CROSS S E C T I O N  C O N S I S T E N C Y  AND ORDER P E R T 0 6 4 2  
8  0  I T E M P  = 0 P E R T 0 6 4 3  

D O 1 4 0  I = l , M L  P E R T 0 6 4 4  
DO 1 4 0  I I G = l t I G M  P E R T 0 6 4 5  
TEMP = C ( I H A t I I G , I )  + C ( I H G t I I G * I )  P E R T 0 6 4 6  

DO 1 1 0  K = l , I S T  P E R T 0 6 4 7  
KK = I I G  + K  P E R T 0 6 4 8  
M = I H G  + K  P E R T 0 6 4 9  

I F ( K K  - I G P )  1 0 0 ,  1 0 0 9  1 1 0  P E R T 0 6 5 0  
1 0 0  TEMP = TEMP + C ( M t K K t 1 )  P E R T 0 6 5 1  

1 1 0  CONTIF4UE P E R T 0 6 5 2  
I F ( A B S ( ( T E M P  - C ( I H T t I I G t I ) ) / C ( I H T ~ I I G ~ I ) )  - . 0 1 )  1 3 5 9  1 2 0 ,  1 2 0  P E R T 0 6 5 3  

1 2 0  I T F M P  = 1 P E R T 0 6 5 4  
GO TO 1 3 8  P E R T 0 6 5 5  

1 3 0  F O R M A T ( 1 H  / t 1 6 H  CHECK M A T E R I A L  1 2 9 5 x 9  7 H  GROUP 1 2 )  P E R T 0 6 5 6  
1 3 5  I F ( A B S ( ( T E M P  - C ( I H T t I I G , I ) ) / C ( I H T * I I G * I ) )  - . 0 0 0 1 )  1 4 0 ,  1 3 8 9  1 3 8 P E R T 0 6 5 7  

1 3 8  W R I T E ( N O U T * 1 3 0 )  I *  I I G  P E R T 0 6 5 8  
1 4 0  C 3 N T I N U E  P E R T 0 6 5 9  

. . I F ( 1 T E M P )  1 6 0 ,  1 6 0 ,  1 5 0  P E R T 0 6 6 0  
1 5 0  C A L L  E X 1  T  P E R T 0 6 6 1  
C  W R I T E  CROSS S E C T I O N  T A P E  P E R T 0 6 6 2  

1 6 0  DO 3 0 0  I I G = l , I G M  P E R T 0 6 6 3  
3 0 u  W R I T E ( N C R 1 )  ( ( C ( L 1 I  I G t M )  9 L = l r I T L ) ,  M = l t M T )  P E R T 0 6 6 4  

R E W I N D  N C R l  P E R T 0 6 6 5  
R E T U R N  P E R T 0 6 6 6  
END P E R T 0 6 6 7  - 



8-1 8 
- 1 T C  FOR F X ! N P * F X I N P  

SUSROUT I N5 F X I N P  I NC I 
D I V F h ! s I t ? h :  ?,:!l( 1 )  
1 I : C L ' I q F  Anr 

C i ~ J z  > u b R ~ ~ T i h t  R t A 3 ,  I F R O M  TAPE OR CARDS1 I N P d T  F L U X E S  A N ?  

C T U ~ V  i n  n ~ ! j v ,  
I T F M P  = I A R S I N D )  
I T E M P l  = 0 
I F ( N P p T - 2 )  l?O, 4 C t  LC 

4 o v,~;I T E  ( N O U T  , c . .  ) 

5 11 F0Rb'F .T  I 1 2 H r  I W P C ' T  F L  J Y E c )  
c c , - - - - 1 I r ;  , 5 e ,  j p  
5; ; % T " L l  t L ,  b " ,  S t '  

6  0 & R ! T C I ' \ ~ - ' T , ~ ~ - )  I j I G Y 8  
- ,. 
/ Li F C K M A T (  6 X 9 6 H  N O 1 1 6 1  

r,n T O  1 0 0  

E G d P i T F ! K C . I T 9 9 0 1  I J I G M  

O0 F?s?.'f.T 16X.6 -4  N l v I t . !  
]OC :er, : ? ~ : = l , I ~ , r " '  

: r ! y p !  ::,I, I ? ; ) ,  1 2 ;  

1 1 0  F t A D l h F Y I h )  O V C ( 1 1 9  I z l p I M J M )  
G O  T C  1 7 E  

1 2 ~  R t S O l N I h P , 1 3 0 )  [ N u (  I ! ,  I = l t I M J M )  

1 3 C  F ~ ~ Q ~ A T l b E 1 2 . 5 )  
1 3 5  IF I~ , \PS; -Z )  ? e l ; ,  1 4 0 ,  1 4 0  

1 4 ,  . \ z I T E ! h L ' U T , l Y j  i h d i I ! ,  I = l t I M J M l  
1 5 L  c - 'Rb 'AT(  i C E I 2 . 5 )  
l e o  ,\ ; T F  , ~ . F L L J X ~ )  ":J( : I, I=~, IMJPI 

i ' ( I T F M D I 1  3 6 0 ,  7 6 0 r  ? l o  

C 2 r k 8 E R ' F  ADJOIbgT F L U X E S  R Y  GROUP 
? 1 0 ,-, ,- ? A n  1 1 6 - 1  1I;Y 

L .,-, ; a . . - r  
- L  N F L J X l  

- ~ , -  I - 
,- - I V O (  I 1 ,  I = l * I M J V )  

. -:;ACE l q c i J X 1  

3 4 i ~  h - : - - ! h F L U X T )  I N 3 1 1 1 ,  I = l r I M J M l  
c:, :q', ~ F L I I X ]  

?s;.;ND N F L U X 2  

C b L ! .  S k I T C H I N F L U X l r N S C R l )  
I F  I b4D ) 35C 9 35C , 4 0 0  

350 Y r k I N D  N F x l N  
>' T@ "')I? 

3 6 0  DC'hlIND N F L I I X !  
' - C V D l  = 1 

i F i  I T F M F - 2  1 7 7 9 r 3 7 C ~ 9 4 3 0  

3 7 0  C h L i  Sb. I T C H  I k F L J X 1  y N S C R 1 )  

Ir(4DI 3 8 0 9 3 8 6 t 5 5  

C 
--?"-. 
T - A  THqCUGH Ah E h 7  OF F I L E .  

3 2 3  ;-_- A N l  h F X ! U , E  9 1 )  

;-^ 7 2  5 5  

4 0 9  z r T l , p b ;  

5 .;n 



B-19 
- 1TC  FOR MAPR9MAPR 

SUBROUTINE  MAPR (MO,M2, J I M * J J M ,  K )  

I N C L U D E  ABC 
D I M E N S I O N  M U ( J I M 9 J J M ) r  M 2 ( l ) r  K ( 1 )  
PRODUCE A  P I C T U R E  P R I N T  BY ZONE AND M A T E R I A L  
W R I T E ( N O U T t l 0 )  ( I D ( I ) ,  I = l , l l )  
F O R M A T ( l H l , l l A 6 / / / )  

DO 3 0  J J = l , J M  
J = J M - J J + 1  
WRITE  ( N O U T t 4 0 )  ( M o ( I ~ J ) ~ I = l ~ I M )  
FORMAT( 5H  , 5 5 1 2 )  
W R I T E ( N O U T , 5 0 )  
F O R M A T ( 2 H  A / 2 H  X / 2 H  I / Z H  A / 2 H  L / / 8 H  R A D I A L )  
WRITE ( N O U T , 1 0 \  ( I D ( I ) v  I = 1, 11) 
DO 7 0  J J = l , J M  
J = J M - J J + 1  
DO 6 0  L = l , I M  
N=MO(L , J )  
K ( L ) = I A B S  ( M 2 ( N ) )  
WRITE ( N O U T 9 4 0 )  ( K ( L ) r L = l , I M )  
W R I T E ( N O U T , 5 0 )  

RETURN 

END 



B-20 
FOP q F T U P *  c F T L ' P  

S U B R O b T I h E  b E T U P ( K 6 ,  1 0 ,  I l r  1 2 ,  MO, M 2 9  NO, R l c  R 4 r  R 5 *  Z l r  2 4 9  
1 Z 5 9  A O r  A l r  C O *  VCI J T L ,  J I M ,  J J M ,  J M T ,  G A M )  

I Y C L U D E  a n r  
D I I I E N S I O N  < 6 ( 1 ) 9  I J ( l ) *  I l ( l ) *  1 2 ( 1 ) 9  R l ( l ) *  R 4 ( 1 ) r  i ? 5 ( 1 ) 9  i l ( 1 )  

1 2 4 1 1 ) ~  Z 5 ( l ) r  A O l l ) ,  A l ( l ) ,  C O ( J T L , J V T ) r  V O I J I M S J J M ) ~  
2  , d O ( l ) r  M 2 ( 1 ) 9  N C ' ( l ) c  G A M ( 1 )  

M I X  C R O Z S - S E C T I O h S  
I C ( M 0 1 )  7 0 ,  7'7, 6 0  
~ Q I T E ( R O U T I  6 5  ( J t  I c ( J ) ,  I l I J ) ,  I 2 ( J ) *  J = 1, P O 1 1  
F O R M A T ( l H l r 3 X 9  1 6 t i  M I X T U R E  N U M B E R  r l S H  Y I X  COMMANG 9 

1 2 1 t -  P A T E 2 I A L  A T O P I C  L t r \ > I T Y / /  ( I 4 9 l ~ t  1 8 , 8 X * I S r 8 X * E 2 0 . 8 )  ) 

I F ( N P R T - 1 )  8 5 9 7 5 9 7 5  

W R I T E  ( N C d T 9 8 0  ) 

F O R M A T ( / 1 9 H 1 C R O S S - S E C T I O N  E D I T )  

R E l r l I N D  N C R l  
DO 1 8 0  I I G = l , I G P  
P E A D  ( N C R 1 )  ( ( C O L  I r J ) r I = l , I T L ) ~ J = l , P T )  

I F ( M 0 1 )  9 0 9  1 4 5 ,  9 0  
DC 1 4 0  b A = l , M O 1  
I C ( I O ( M ) - M T )  1 0 0 9  1009 9 5  
C A L L  E R R O 2 ' 6 H  S E T U P t 9 5 r l l  

I F I I 1 1 b ' ) - M T )  1 0 5 ,  1 0 5 9  9 5  
N = I O ( M )  
L = I l ( V )  

E O I = I 2 ( t 4 )  
DO 1 4 0  I = 1  9 I T L  
I F  ( L )  1 3 0 ,  1 3 5 1  1 3 0  
C O ( I ~ N ) = C O ( I * N ) + C O ~ I 9 L ~ * E o 1  
GO T 3  1 4 0  
C O ( I , N ) = C U ( I , N ) * E O l  

CONT I N U E  
I F ( h P R T - 1 )  1 7 5 , 1 5 5 9 1 5 5  

I F ( I H T  - 4 )  1 6 1 t 1 5 6 r 1 6 1  
 RITE ( ~ I O U T ~ ~ ~ O  IIG 
F O P V A T  ( 6 H d G R O U P  I I 3  9 8 4 h  S I G F  S I G A  N U S  I G F  S I G T R  

1 GXG G - 1 X G  G - Z X G  . . . )  

r,n T O  1 6 4  
d P I T E ( N O U T t l 6 3 )  I I G  
Fp i?b tAT  ( 6 H O G R O U P  , I1 ) 

DO 1 6 5  N = 1 9 M T  
k P I T E  ( N O U T 9 1 7 0  N r ( C O ( I t N ) r I = l , I T L )  
F O R M A T ( 4 H  MAT~I3,10El1.5/(7X,lOEll.5)) 
h R I T E  ( N Z C R 1 )  ( ( C L ( I , J ) , I = l , I T L ) r J = l 9 M T )  
CONT I Y UF 

R E W I N C  N C 4 1  
P F W I N D  N S C R l  

C A L L  S W I T C H ( N C R 1 , N S C R l )  
I F ( B U C K )  2 u O 9  2 4 5 ,  2 0 0  
T E P P  = B U C K  
DO 2 4 0  I I G = l , I G M  
R E A D ( N C R 1 )  ( ( C u ( 1 t J ) r  I = l * I T L ) t J = l , M T )  
P O  2 3 5  M T Z  = 1,MT 
C 3  2 3 "  < Z = 1 , 1 Z h 4  
I F ( V 2 ( K Z )  - M T Z )  2 3 0 9  2 2 5 9  2 3 0  
T E Y P l  = (TEMP*GAY(KZ))/(3.*C0(4rMTZ)) 

C O ( 2 , V T Z )  = C O ( 2 , V T Z )  + T E M P l  
C O ( 5 , M T Z )  = C O ( 5 , V T Z )  - T E M P l  
L O  TO 2 ? 5  

CONT I V U F  
C O N T I N U E  
W R I T E ( N S C R 1 )  ( ( C O ( I r J ) ,  I = l , I T L ) , J = l , M T I  

P F R T n 7 4 2  
P E R T 0 7 4 3  
P E R T  0 7 4 4  
P E R T 0 7 4 5  

t P E R T 0 7 4 6  
P E R T 0 7 4 7  
P E R T 0 7 4 8  

P E R T 0 7 4 9  
P E R T 0 7 5 0  
P E R T 0 7 5 1  
P E R T 0 7 5 2  
P E R T 0 7 5 3  
P E R T 0 7 5 4  

P E R T 0 7 5 5  
P E R T 0 7 5 6  
P E R T 0 7 5 7  
P E R T 0 7 5 8  
P E R T 0 7 5 9  

P E R T 0 7 6 0  
P E R T 0 7 6 1  
P E R T 0 7 6 2  
P E R T 0 7 6 3  
P E R T 0 7 6 4  
P E R T 0 7 6 5  
P F R T 0 7 6 6  

P E R T 0 7 6 7  
P E R T 0 7 6 8  
P E R T 0 7 6 9  
P E R T 0 7 7 0  

P E R T 0 7 7 1  
P E R T 0 7 7 2  

P E R T 0 7 7 3  
P E R T 0 7 7 4  

P E R T 0 7 7 5  
P E R T 0 7 7 6  
P E R T 0 7 7 7  
P E R T 0 7 7 8  

P F R T n 7 7 9  
P E R T 0 7 8 0  
P E R T 0 7 8 1  
P E R T 0 7 8 2  
P E R T 0 7 8 3  

P E R T 0 7 8 4  
P E R T 0 7 8 5  
P F R T n 7 8 6  
P E R T 0 7 8 7  

P E R T 0 7 8 8  
P F R T 0 7 8 9  
P E R T 0 7 9 0  

P E R T 0 7 9 1  
P E R T 0 7 9 2  
P E R T 0 7 9 3  
P F R T 0 7 9 4  
P F R T n 7 9 F  
P E R T 0 7 9 6  
P E R T 0 7 9 7  

P E R T 0 7 9 8  
D F R T 0 7 9 9  
P E R T 0 8 n n  

P F R T n 8 n l  
P E R T n 8 0 2  
P F R T 0 8 n 3  



CONT I NUF 
RFWIND N C R l  
RF.JIND YSC21 
CALL SvJITCP(NSCRl~NCR1) 
COr:T I'\.Jk 
CALfJLATE AREAS AND VOLUVES 
G n  TO 1510,71@1, NDIM 
TI/ 0-DIPENS1 ON 
[In 745 I = ~ , I M  
Rh(I)=(Rl(I+l)+Rl( I )  )*0.5 
Rc(I)=R1(I+l)-Rl(1) 

IF( R5(I) 7 2 d ,  32C, 125 

CALL ERR02 (tH SETlJPq320,l) 
GO TO (3309935,?4Ll,342), IGEP 
AQ(1 )=1.0 

k0(1P1=l.O 
Al(l)=R5(I) 
( 0 TO 745 
An(I)=PIZ*Rl(I) 
AO(IP)=PI2*RlIIP) 
A!(II=P12*R5(I)*R4(1) 
G? T O  345 
AO(I)=PIZ*Rl(I) 
AO(IP)=PI2*Rl(IP) 

AlII)=R5(I) 
GO TO 345 
AO(I) = 2.*R5(I) 
/i@(IP) = 2.*R5(I) 

Al(1) = 2.*R5(I) 
COhT I hUE 

Dn 170 J=l,JV 
Z4(J)=(Z1lJ+1)+ZlIJ))*O~5 
Z5IJ)=Zl(J+l)-Zl(J) 
IF(Z5lJ)) 3509 3503 355 
CALL ERR02 ( 6 H  SETUP,350,1) 
C n N T  I NUF 
DO 373 I=l,IM 

GO TO (360,365,365,360)9 IGEP 

Vn(T,J)=R5lI)*ZS(J) 
C-P TO 37n 
V0(T,J)=PI?*R"(I)*75(J)*R4(1) 
CONTINUF * 

G n  TO 580 
OkIE-D IMENSION 
75(1) = 1.0 
PO 570 I=l,IM 
R 4 ( I ) = ( R l ( I + l ) + R l ( I ) ) * 0 . 5  

R5(I)=Rl(I+l)-Rl(I) 
IF( R5(I) 520, 520, 530 
CALL EPRO2 ( 6H SETUP ,529 9 1 ) 
GO TO (54L,550,560)rIGEP 
43!I )=1.3 
AO(IP)=1.0 
VO(I,11 = R5(I) 
'P T n  570 

An(l)=PI?*Rl(I) 

Anl1P)=PI2*Rl(IP) 
VO(T,l) = PIZ*R5(1)*44(1) 
G3 TO 570 

Ao(I) = 2.*P12*Rl(I)*RllI) 
An(1P) = 2.*PI2*Rl(IP)*Rl(IP) 
VO(I9l) =(2.*PIZ*(elII+1)**3 - 



5 7 0  C O N T I N U E  
5 8 0  C O N T I N U E  

R  FTUR hl 
END 

P E R T 0 8 6 6  
P F R T 0 8 6 7  
PERT 0 8 6 8  
P E R T 0 8 6 9  - 





8-24 
F O R  GRAb" ,CRAka 
S U 3 R O O T I X E  G k A M I P A s b r  V u L ,  A T w r  h O L N , J I t < , J J M 9  YO, " 2 9  V O *  

1 I-, I l c  I Z P J M L I  1 3 )  
I Y C L U n F  A F C  
D I M E N b I O h  P ' A S S ( J P L , ~ ) T  i O L (  1 )  r P T h ( l ) r  H L L l \ l ( l l  r b O ( J I M , J J P A ) 9  

1 M 2 ( 1 ) 9  V L ( J I ~ A , J J ' J ) ~  I L ( l ) ,  ! 1 ( 1 ) 9  ! 2 ( l ) 9  1 3 ( 1 )  
T H I S  S J R R ~ U T I ~ Y F  C A L C C L P T E S  THE M L S S  C F  THE V P P I O d S  M A T E R I P L S  

E\J = 1.Q 
~ P I T E ( N C U T * ~ L )  ( ! @ ( I ) *  I = l , l l )  

F O Z M P T ( l V 1  9 l l P 6 / / / )  

W R I T E l h S d T ,  2- 1 

F O R M A T ( + 5 b  * A - E L I ~ L  IP,VEb4TO9V ( K I L S C r ; " : )  F C F  EACI -  Z O h E  / 

C A L L  C L E A R ( ~ . L ~ V C L , I L ~ )  

I T E M P  = N L * I Z b '  
C A L L  C L E A R I u . 3 , ' . l A S S t  I T E Y P )  

DO 3 0  J = 1 9  J M  
DO 3 0  I = 1 9  1'4 
K = M O ( I , J )  

V O L I K )  = v n L ( 0  + V O ( I 9  J ) * . O C l  

DO 3 9  M = l , Y C ' l  

I 3 ( M )  = 1 2 ( M )  

I F ( I O ( M )  - I l i V ) )  3 9 9 7 5 9 7 9  

I F ( I 2 f M ) )  7 9 , 3 6 9 1 9  
DO 7 8  ' 4 M = 1 9 p  

I F ( I O ( M )  - I O ( M 4 ) )  3 8 1 3 7 9 3 8  

I ' ( ' J M )  = I Z ( M V ) * F V  

COhlT I N U E  

C O N T I N U E  
DO 1 9 0  N i i v  

NN = M 2 ( N )  
DO 1 9 0  l-4 = 1 9 ' 4 0 1  

I F l I O ( M 1  - N N )  1 9 2 ,  + 0 ,  1 9 0  

L  = I l ( Y I )  
I F ( L  - P L )  1 7 3 ,  1 7 5 9  5 0  

N N A P  = L  
I F ( L  - I O ( M ) )  1 3 U r 1 9 6 ,  1 3 0  

DO 1 6 0  M A 4  = 1 9  M 0 1  
I F ( I 0 I M A A )  - N h A A )  1 6 0 9  140, 1 6 0  

L  = I l ( Y A A )  
I F ( L )  1 6 0 ,  1 6 0 ,  1 5 0  

E 0 1  = 1 3 I N A A ) * I ? I M )  
P A S S ( L , N )  = ( l E 0 1 * A T W ( L ) * V O L ( t ~ ) ) / . 6 0 2 3 )  + M A S S ( L , N )  

C O N T  I N U E  
GO T O  1 9 0  
I F I L )  1 9 0 9  1 9 0 ,  1 8 C  

E n 1  = I 3 ( Y )  
M A S S ( L 9 N )  = I (EU1*ATW(L)*VOL(N))/.6023) + M A S S ( L t N )  

C n Y T  I N U E  
D A T A  Z O N E / 6 H  Z O N E  / 

DO 26n L = 1, IZM, 5 

L L = L + 4  
I F ( L L  - I Z Y )  2 1 3 ,  2 1 Q 9  2 0 0  

L L  = I Z V  
~ R I T E ( ~ J U T ~ ~ ~ J )  I I Z C N E I  C )  9 K = L c  L L )  

F O R M A T ( / / 2 6 h  4 A T E Z I A L  A T O M I C  w T .  9 3 x 9  5 ( A 6 , 1 2 ~ 1 2 X ) )  

W P I T E ( N O I J T , ~ ~ - )  ( V 3 L l K ) r  K = L9 L L I  

F O R P A T ( 2 5 Y 9  5 l E 8 . 7 9  71 L I T E R S ,  5 X ) )  

9" 2 4 0  K = 1, '+'L 
A R I T E ( N O U T ~ L ~ L )  K c  H b L t J ( r ( ) ,  n T A ( K ) *  I h k > > [ i *  1 1 9  I = L 9  L L )  

F O Z W P T (  1 3 9 1 % .  4 6 9  F l j . 3 ,  1 x 9  l ? E l ? . : ,  !P+ :2Q. i l  

I F ( L L  - 1,") 2 6 0 ,  2'Cq 273 

C O N T I Y U c  





8-26 
F O R  NORMqNORb' 

S U H R O U T I N E  N ~ ~ R " ( C U ~ J T L ~ N O I N ~ ~ J I M ~ S O R C ~ * ~ O R C ~ ~ M C J ~ ~ ~ * V ~ * K ~ ~ ~ O N ~  

1 Z 5 9 A L  9 R 5 9 R 4 r A l  9 Z 4 9 Z P H I  , Z P O W , V O L )  
D I M E N S I O h  C J ( J T L V ~ )  9 I ~ U ( J I V , ~ ) *  N 1 ( J 1 h 1 ~ 1 ) 9  5 ! 3 P C l I J I h I y l ) *  

1 J O H C ~ ( J I , ~ ~ ~ ' ~  I P I O ( J I N I ~ ) ,  , L 1 1 ) ,  V 3 ( J ; 1 g y 1 1 ,  n b ( l 1 r  

2  P O W ( J I Y * l ) ,  L 5 1 l l .  A i l ! ) *  R 5 ( l ) 9  R 4 f l l ,  A l l ! ) ,  L 4 ( 1 1 ,  

3  Z P t i I ( 1 )  Z P O W ( 1 ) r  V O L ( 1 )  

I N C L U D t  A t lC  
T H I S  S U a R C U T I h E  N L I R I 4 A L I Z E S  T H E  F L U X E S  ( R E G U L A R  AEvD A D J C I R T )  

C F X  = C . 0  

POWER = 7.9 

DFNOM = 0.0 

R L  = 0 .0  
R A ~ C  = n.0 

R S O R S  = 0 .0  
C A L L  C L E A R ( u . C J , S O R C l , I M J M l  

C A L L  C L E A R ( ~ . O I S O R C ~ , I M J M )  
C A L L  C L E P R ( O . ~ , P O W ~ I M J W )  

IF (IGE - 3 )  ? o , l o , s n  

T F M P l  = Z 5 ( 1 1  

D o  1 5  I = 1 , I Y  
R 5 ( I )  = 2 . * 1 5 ( 1 ) / 3 .  

D O  2 0  J = 1 , J M  
Z 5 ( J )  = 1.0 

DO 7 0 0  I I G  = 1 , I G V  

R E A D ( N C R 1 )  I ( C C I ( I I * J ) ,  I I = l , I T L ) ,  J = ! , M T )  
R E A D ( N F L U X 1 )  l ( N u ( I , J I r  I = l ? I M ) ,  J = l , J M )  

R E A D ( N F L U Y 2 )  ( ( N l ( 1 9 J ) q  1 = 1 ~ : ' 4 1 ,  J x l g J P l )  

C F X  = C F X  + N O ( 1 , l )  

Dn 1 5  J = 1 , J M  
DO 1 5  I = 1 9 1 "  

I T E M P  = V O ( I t J )  

I TFhAD = M 2  ( I T F M P  ) 
P O d E R  = PObjER + C D ( I H F I I T E ~ P ) * N @ ( I , J ) * V ~ ( I ~ J I  
P O W ( I 9 J )  = P O W ( I 9 J )  + CD(IHF,ITEMP)*NO(I~J)*TSD*1000. 
S O R C l ( I 9 J )  = S O R C ~ ( I I J I  + C 3 ( I H N , I T E ~ P I * N O ( I , J )  

S O R C 2 ( I + J )  = 5 0 R C 2 ( I + J )  + K 6 ( ! ? C I * N l ( I , J )  

R A B S  = R A B S  + C O ( I H A I ! T E M P ) * N O ( I , J ) * ' J ~ ~ I I ~ J )  
K S O R S  = R 5 0 k 5  + C D ( I H h , I T E M P ) * N O ( I ~ J ) * \ J O ( ? t J )  
C P L C U L A T E  L E A K A G E  
DO l P n  J = l , J M  

I F ( R O 1 )  6 0 + 5 0 9 6 0  

1 = 1  
I T E Y P  = M O ( I , J )  
I TEMP = M 2  ( I TEMP 
R L  = R L  + ( Z 5 ~ J ) * A U ( I ) * N O ( I t J ) ) / ( 3 ~ * ~ ~ C O ~ I H T ~ I T E M P ~ * . 5 * R 5 ~ 1 ~ ~  

1 + . 7 1 ) )  
I F ( B O 2 I  l O U , 7 ( 1 r l L ~ d  

I = I"." 

I T E Y P  = b ' O ( I , J )  
I T E M P  = I h 2 (  I T E M P )  
K L  = R L  + ( Z 5 ( J ) * k U ( I P ) * N u ( I , J ) ) / ( 3 . * ( ( C O ( l P T ~ I T E M P ) * . 5 * R 5 ( 1 ) )  

1 + . 7 1 ) )  

CONT I N u t  

I F ( N D I M  - 1 )  1 0 5 9 7 0 0 , 1 0 5  

~ ' l n  ? o n U  1 = 1 , 1 h l  

I F ( R 0 L )  2 ' b r l l C ' , 2 (  0 

J = l  

I T E M P  = t J O ( I 9 J )  
I T E M P  = M Z ( I T F M P 1  
G O  T O  ( 1 3 0 , l ? ( r 1 2 b , 1 2 5 ) r  I E E P  
T F M P  = . 5 * P I Z * L I ( - ' ) * R L ( I )  

P E R T n o 5 4  
P F R T n 9 5 5  

P E P T n Q 5 6  
P E Q T O z 5 7  
P E R T 0 9 5 8  

P E R T 0 9 5 3  

D E R T O 9 6 3  

P E R T 3 9 6 1  
P E R T 0 4 6 1  

P F P T n Q 5 3  

P F Q T O Q 6 4  

P F P T C C ' t 5  

P F P T n 9 6 6  

P F P T O 9 6 7  
P E R T 0 9 6 8  
P E R T 0 9 6 9  

P E R T 0 9 7 0  

P E R T 0 9 7 1  
P E R T 0 9 7 2  

P E R T 0 9 7 3  

P E R T 0 9 7 4  
P E R T 0 9 7 5  

P E R T 0 9 7 6  

P E R T 0 9 7 7  

P E R T 0 9 7 8  

P F R T 0 9 7 3  
P E R T 0 9 8 0  

P E R T 0 9 8 1  

P E R T 0 9 8 2  

D r R T r ) 9 8 7  
P E R T 0 9 8 4  

P E R T 3 9 8 5  

P r R T O q R 6  

P E R T 0 9 8 7  

P E R T 0 9 8 8  

P E R T 0 0 8 9  

P E R T 0 9 9 0  

P E R T 0 9 9 1  

P E R T 0 9 9 2  

P E R T 0 9 9 3  
P E P T O 9 9 4  

P F R T 0 9 9 5  

P F P T n 0 @ 6  
P E R T 0 9 9 7  
P E R T 0 9 9 8  

P E R T 0 9 9 9  

P E R T  1 0 0 0  
P E R T  1 0 0 1  
P F R T  1 0 0 2  

P E R T  1 0 0 3  
P E R T 1 0 0 4  
P E R T l L 0 5  

P F F T 1 0 0 6  
P E R T  1 0 0 7  

P E R T 1 0 0 8  

P F P T  1 0 0 9  
P E R T 1 0 1 0  

D F R T l r l l  

P E R T l C 1 2  
D F D T 1 0 1 3  
P E R T 1 0 1 4  

P E R T 1 0 1 5  



B-27 
GO T O  1 4 0  
TEMP = - 5  9 H 5 ( I )  
I T E M P l =  I - 2 * ( 1 / 2 )  - J + L * ( J / 2 )  
I F  ( I T E M P I )  1 4 G t 2 0 C * 1 4 0  

TFMP = . 5 * Z 5 ( J )  
R L  = R L  + ( A 1 ( I ) * N b ( I , J ) ) / ( 3 . * ( ( C C 1 I h T ~ I T E M P * T E M P  + a 7 1 ) )  
I F ( B O 3 )  3 0 0 , 2 4 0 , 3 0 0  

J = JM 
I T E W P  = M O ( I , J )  
I T E M P  = V 7 ( I T C M P )  
GO TO ( 2 6 0 t 2 6 0 1 2 5 0 * 2 5 5 ) ,  I G E P  
TEMP = . 5 * P I 2 * Z 5 ( J ) * R 4 ( 1 )  
GO TO 2 7 0  
TFMP = . 5 * P 5 (  I) 
I T E M P l =  I - 2 * ( 1 / 2 )  - J + 2 * ( J / 2 )  
I F  ( I T E M P I )  ? O G , 2 7 0 r 3 0 0  

TFMP = * 5 * Z 5 ( J )  
R L  = R L  + ( A ~ ( I ) * N O ( I I J ) ) / ( ~ * * ( ( C C ( I P T ~ I T E M P ) * T E M P  + * ? I ) )  
CONT I N U E  
C O N T I N U E  
I F  ( I G E  - 3 )  7 3 0 t 7 1 U t 7 3 0  

DO 7 1 5  I = 1 , I M  
R 5  ( I  = T E M P 1 / 1 . 7 3 2 0 5  
DO 7 2 0  J = 1,JM 
Z 5 ( J )  = TEMP1 
AK = R S O R L / ( R A B S  + R L )  
CAD = S O R C 2 ( l r l )  
POWER = POWER*TSD 

R E W I N D  N C R l  

REWIND N F L U X l  
R F W I N D  NFLClX2 
GO TO ( 7 4 0 r 7 8 n ) r  N F P  
CONST = F L P O / C F X  
GO TO 8 0 0  
CONST = FLPO/POWER 
I F ( Z K E F F 1  S 2 0 , 8 1 b 1 8 2 0  
Z K E F F  = A K  

DO 8 4 0  J = l , J M  
DO 8 4 0  I = l , I M  
P O W ( I 9 J )  = P O W ( I , J ) * C O N S T  
DENOM = DENOM + (CONST*SORC~(IIJ)*SORC~(I*J)*VO(I*J) ) / ( C A D * Z K E F F )  
S O R C 2 ( I , J )  = S O R C 2 ( I , J ) / C A D  

POWFR = POWER*COhST 
CFX = CFX*CONST 
W R I T E ( N O U T , 8 5 0 )  ( I D ( 1 ) q  1 = 1 9 1 2 )  
FORMAT(  1 H 1 , 1 2 A 6 / / )  

RSORS = CONST*RSORS 
RABS = CONST*RABS 
R L  = CONST*RL 
W R I T E ( N O U T I ~ ~ ~ )  C F X ,  POWER* DENOM* RSORS*  RABS,  RLI  AK 
F O R M A T ( 4 4 H O C E N T E R  P O I N T  F L U X  ( N / C M 2 - S E C )  - - - 1 P E 1 2 * 5 / /  

1 4 4 H  T O T A L  POWER ( M W T )  - - - - - - 1 P E 1 2 * 5 / /  
2  4 4 H  DENOMINATOR OF PERT. E Q U A T I O N  - - - 1 P E 1 2 * 5 / /  
3  4 4 H  SOURCE RATE - - - - - - - - 1 P E 1 2 . 5 / /  
1 4 4 H  A B S O R P T I O N  R A T E  - - - - - - - 1 P E 1 2 . 5 / /  
5  4 4 H  L E A K A G E  R A T E  - - - - - - -  l P E 1 2 * 5 / /  

6 4 4 H  C A L C U L A T E D  K E F F  - - - - - - - 1 P E 1 2 . 5 )  
C A L L  C L E A R ( O e 0 , S O R C l  , I v J M )  
DO 1 0 0 0  I I G = l , I G M  

R F A D ( N F L U X 1 )  ( ( h C ( 1 t J ) ~  I = l , I M ) ,  J = l , J M )  
R E A D ( N F L U X 2 )  ( ( N l ( I * J ) ,  l = l v I M ) ~  J = l * J P ' )  

DO 9 0 0  J = l t J Y  

P E R T 1 0 1 6  
P E R T 1 0 1 9  

P E R T 1 0 2 0  
P E R T 1 0 2 1  
PERT 1 0 2 2  

P E P T l Q 2 3  
P E R T 1  0 2 4  
P E P T 1 0 2 5  
PERT 1 0 2 6  
P E R T 1 3 2 7  
PERT 1 0 2 8  
PERT 1 0 2 9  
PERT 1 0 3 0  
P E R T 1 0 3 1  

PERT 1 0 3 2  
P E R T 1 0 3 3  
PERT 1 0 3 4  
PERT 1 0 3 5  
P E R T 1 0 3 6  
PERT 1 0 3 7  
PERT 1 0 3 8  
P E R T 1 0 3 9  
P E R T 1 0 4 0  
P E R T 1 0 4 1  
PERT 1 0 4 2  
P E R T 1 0 4 3  
PERT 1 0 4 4  

P E R T 1 0 4 5  
PERT 1046 

PERT 1 0 4 7  
P E R T 1 0 4 8  
P E R T 1 0 4 9  
PERT 1 0 5 0  
P E R T 1 0 5 1  
P E R T 1 0 5 2  

PERT 1 0 5 3  
P E R T 1 0 5 4  

PERT 1 0 5 5  
PERT 1 0 5 6  
P E R T 1 0 5 7  

P E R T 1 0 5 8  
PERT 1 0 5 9  
PERT 1 0 6 0  
P E R T 1 0 6 1  

P E R T 1 0 6 2  
PERT 1 0 6 3  
PERT 1 0 6 4  

P E R T 1 0 6 5  
P E R T 1 0 6 6  
P E R T 1 0 6 7  
PERT 1 0 6 8  
P F R T 1 0 6 3  
P E R T 1 0 7 0  

PERT 1 3 7 1  
PERT 1 0 7 2  
P E R T 1 0 7 3  

P E R T I C 7 4  

PERT 107I :  
PERT 1 0 7 6  

P E R T 1 0 7 7  



DO 9 0 0  I = l r I M  
N O ( I t J )  = N O ( I t J ) * C O N S T  
N l ( 1 t J )  = N l ( I t J ) / C A D  
TOTAL F L U X  
S O R C l ( 1 t J )  = S O R C l ( I * J )  + \ O ( I t J )  

I F ( N P R T  - 2 )  9 5 G t 9 1 0 t 9 5 C  
W R I T E ( N O U T t 8 5 0 )  ( I D ( I ) *  1 = 1 * 1 2 )  
W R I T F ( N O U T t 9 2 O )  I I G  
F O R M A T ( / / 1 5 H  FLlJX FOR G R O C I P * I 3 / )  
C A L L  P R T ( I M * J M t Y d t Z 4 r N O U T )  
W R I T E ( N O U T t 8 5 0 )  ( I D ( 1 ) t  I = l t 1 2 1  
W R I T E ( N O U T t 9 3 0 )  I I G  
F O R M A T ( / / 2 3 H  A D J O I N T  F L U X  FOR G R O U P * I 3 / )  
C A L L  P R T ( I M I J M ~ N ~ * Z ~ * N O U T )  
W R I T E ( N S C R 1 )  ( ( N O ( I t J ) t  I = l t I M ) t  J = l * J M )  
W R I T E ( N S C R 2 )  ( ( N l ( 1 t J ) r  I = l t I M ) *  J = l , J M )  

RFWTND N F L U X l  
REWIND N F L L X 2  
R E d I N D  N S C R l  
REWIND NSCR2 
C A L L  SWI T C H ( N F L U X l * N S C R l )  
C A L L  SWI  TCH ( N F L U X 2  * N S C R 2  ) 
I F ( N P R T )  l U 5 0 r 1 0 5 0 t l G 1 0  

W R I T E ( N O U T , 8 5 0 )  ( I D ( I ) *  1 = 1 9 1 2 )  
W R I T E ( N O U T t 1 0 2 0 )  
F O R M A T ( / / l l H  TOTAL F L U X / )  

C A L L  P R T ( I M I J M ~ S O R C ~ ~ Z ~ , N O ~ J T )  

W R I T E ( N O U T * 8 5 C )  ( I D ( 1 ) t  I = l t l 2 )  

W R I T E ( N O U T t 1 0 3 0 )  
F O R M A T ( / / 2 8 H  F I S S I O N  S O U R C E * A D J O I N T  F L U X / )  

C A L L  P R T ( I M * J M * S O R C 2 r Z 4 r N O U T )  

W R I T E ( N O U T 9 8 5 0 )  ( I O ( 1 ) t  1 = 1 9 1 2 1  
W R I T E ( N O U T t 1 0 4 0 )  
F O R M A T ( / / 2 6 H  POWER D E N S I T Y  ( M W / L I T E R )  / )  

C A L L  P R T ( I V r J M t P O W * Z 4 r N O U T )  
C A L C U L A T F  ZONE AVERAGED F L U X E S  AKD POWERS 
C A L L  C L E A R ( O O O , Z P H I I I Z M )  
C A L L  C L E A R ( O . G t Z P O W t  I Z M )  
DO 1 1 0 0  J = l t J M  
DO 1 1 0 0  I = l * I M  
KZ = M O ( I 9 J )  
Z P H I ( K Z )  = Z P H I ( K Z )  + V O ( I ~ J ) * S O R C ~ ( I I J )  
Z P O W ( K Z )  = Z P O W ( K Z )  + V G ( I * J ) * P O W ( I * J )  

Z P O W ( K Z )  = Z P O W ( K Z ) * . O O l / V O L ( K Z )  
W R I T E ( N O U T t 8 5 0 )  ( I D ( 1 ) t  1 = 1 9 1 2 )  
W R I T E ( N O U T t 1 1 6 0 )  ( K Z c  V O L ( K Z ) r  Z P H I ( K Z ) *  Z P O W ( K Z ) t  K Z = l t I Z M l  
FORMAT ( 6 1 H O  ZONE ZONE ZONE A V O  

1OME AV. / 

2  6 1 H  VOLUME F L U X  
3POWER / /  ( 1 9 r E 1 9 . 6 * 2 E 1 5 . 6 ) 1  

RETURN 

END 

PERT 1 0 7 8  
PERT 1 0 7 9  
P E R T 1 0 8 0  
P F R T  1 0 8 1  
P E R T 1 0 8 2  

P E R T 1 0 8 3  
P E R T 1 0 8 4  
P E R T 1 0 8 5  
P E R T 1  0 8 6  
P E R T 1 0 8 7  
PERT 1 0 8 8  
P E 9 T  1 0 8 9  
PERT 1 0 9 0  

P E R T 1 0 9 1  
P E R T 1 0 9 2  

P E R T 1  0 9 3  
P E R T  1 0 9 4  
PERT 1 0 9 5  
PERT 1 0 9 6  
P E R T 1 0 9 7  
P E R T 1 0 9 8  
PERT 1 0 9 9  
P E R T 1 1 0 0  
P E R T 1 1 0 1  
PERT 1 1 0 2  
PERT 1 1 0 3  

P E R T 1 1 0 4  
PERT 1 1 0 5  
PERT 1 1 0 6  
P E R T 1 1 0 7  

P E R T 1 1 0 8  
P F R T 1 1 0 9  
P E R T l l l C  
P E R T 1 1 1 1  

PERT 11 1 2  
P E R T 1 1 1 3  
P F R T l l l 4  
P E R T 1 1 1 5  
P E R T 1 1 1 6  
P E R T 1 1 1 7  
P E R T 1 1 1 8  
P E R T 1 1 1 9  

P E R T 1  1 2 0  

P E R T 1 1 2 1  
PERT 1 1 2 2  
PERT 1 1 2 3  
P E R T 1 1 2 4  
P E R T 1 1 2 5  I . 

Z P E R T 1 1 2 6  

P F P T  11 2 7  
P E R T 1 1 2 8  
P E R T 1  1 2 9  
P E R T 1 1 3 0  
P E R T 1 1 3 1  - 



6-29 
FOR ABETA IABETA P E R T 1  1 3 2  

S U B R O U T I h E  A B t T A ( P O ~ ~ J I M ~ S O R C l ~ N O ~ N 1 ~ C O ~ J T L ~ M O ~ V 7 ~ N B E T ~ B E T A ~  P F R T 1 1 3 3  

1 M A S S ~ J M L ~ D 7 , S O R C 2 r A T W 9 V O L 9 V O , J G ' . I 9 J P G 9 A B 9 A L )  PFRT 11 3 4  
D I M E N S I O h  POW( J I P l r l )  9 S G R C l ( J I k 9 1 1  r h d ( J I M 9 1 1  9 h l ( J I P r 1 )  PERT 1 1 3 5  

1 C U ( J T L 9 1 1 9  k ~ ( J I M 9 1 ) 9  V 7 ( 1 ) 9  N B E T ( 1 1 9  B E T A ( 1 1 ,  PFRT 11 3 6  

1 M A S b ( J i d L 9 1 1 9  A L ( 1 1 9  > O F ; C 2 ( J I M 9 1 ) 9  A T k ' ( l 1 t  V C L ( 1 1 9  P E P T 1 1 3 7  

2  V U ( J I M 9 1 1 9  D 7 ( J G Y 9 1 ) *  & O ( J P G 9 1 1  PERT 1 1 3 8  

I N C L U D E  ABC 2 E F T 1 1 3 Q  
T H I S  ~ ~ J B R O L J T I ~ ~  C A L C U L A T t S  b t T A  L t F t C T I V t  A ~ D  THC G E h t k A T I O N  T I M E  P t R T 1 1 4 3  

TFMP = .C D E K T 1 1 4 1  

T F M P l  = .3 D F r i T 1 1 4 2  
W R I T E  ( N O U T I ~ C )  ' ! D ( I ) *  I = l r 1 2 )  P r R T 1  1 4 3  
FORMAT ( 1 H l  1 1 2 A 6 * / / / / )  PEPT 1 1 4 4  

DO 2 0  K Z = 1 9 I Z b '  PERT 1 1 4 5  
DO 2 0  M = l * I < L  PERT 1 1 4 6  
M A S S ( M ~ K Z )  = ( M A S S ( ! 4 , K Z ) * . 6 0 2 3 ) / ( A T W I M ) * V O L ( K Z ) )  PERT 1 1 4 7  

DO 7 5 0  K = 1 9  I P G  DFRT 1 1 4 8  
C A L L  C L E A R (  O.O,pOW9 I M J V )  P F R T 1 1 4 9  
CALL C L E P R ( O . O ~ S O R C ~ ~ I ~ J M )  PERTI 1 5 0  
C A L L  CLEPR(O.C,SC'RCZ, I ' " JM)  P E k T l 1 5 1  

DO i n 0  1 1 ~ = 1 ~ 1 5 ~  DFRT 11 5 2  
R E A D ( N F L U X 1 )  ( ( N c ( I 9 J 1 9  I = l r I M )  9 J = l , J M I  P E R T 1 1 5 3  

R E A D ( N F L U X 2 )  ( ( N l ( I 9 J I r  I = l * I M ) ,  J = l , J M )  PERT 1 1 5 4  
R E A D ( N C R 1 )  ( ( C D ( I I 9 J l 9  I I = 1 9 I T L ) 9  J Z 1 9 Y T )  PERT 1 1 5 5  

DO 1 0 0  J = l r J M  OERT 11 5 6  
DO 1 0 0  I = l , I M  P E R T 1  1 5 7  
F L U X v A D J O I N T  F L U X / V E L O C I T Y  P E R T 1 1 5 8  
S O R C l ( I 9 J I  = S O R C l ( I 9 J )  + ( N O ( I r J I * N l ( I i J ) ) / V 7 ( I I G )  P E R T 1 1 5 9  

D E L A Y E D  F ! S S I O N  SOURCE*PDJOINT F L U X  PERT 11 6 0  
S O R C 2 I I 9 J )  = S O H C 2 ( 1 9 J )  + D ~ ( I I G , K ) * N ~ ( I I J )  P E R T 1 1 6 1  

D E L A Y E D  NEUTRON P R O D U C T I O N  R A T E  PERT 11 6 2  
K Z  = M O ( I 9 J )  PERT 1 1 6 3  
DO 1 0 0  L = l , N I B C  P E R T 1 1 6 4  
M  = N B E T ( L 1  PERT 11 6 5  
P O k ( I 9 J )  = P O N ( I 9 J l  + B E T A ( L ) * k A S S ( M ~ K Z ) * C O ( I H F ~ M ) * F i O ( I ~ J ) * A B ( K ~ L l P E R T l l 6 6  
B E F F  = 0.0 P E R T 1  1 6 7  
A L I F E  = 0.0 PERT 1 1 6 8  

DO 2 0 0  J = l r J P  P F R T 1 1 6 9  
DO 2 0 0  I = l r I M  P E R T 1 1 7 0  

B E F F  = B E F F  + S O R C 2 ( 1 9 J ) * P O W ( I 9 J ) * V O ( I 9 J )  P F R T 1 1 7 1  
A L I F E  = A L I F E  + S O R C l ( I , J ) + V O ( I 9 J )  P E R T 1 1 7 2  
B E F F  = B E F F / ( D E N O M * Z K E F F )  P E R T 1 1 7 3  

A L I F E  = A L I F E / ( D E N O M * Z Y E F F l  FFFT 1 1 7 4  
TFMP = TFMP + P F F F  P F R T 1 1 7 5  
T E M P 1  = TEMP1 + B E F F / ( A L ( K )  + 1 . / 3 6 0 0 . )  P E R T 1 1 7 6  
W R I T E ( N O U T 9 2 1 0  K 9 B E F F  P E R T 1  1 7 7  

FORMAT ( 6 H J B E T A l 9 1 3 9 6 H )  = r b X l l P E 1 4 . 4 )  P E R T 1 1 7 8  

R F W I N D  N F L U X l  PERT 1 1 7 9  
REWIND N F L U X Z  P E R T 1  1 8 0  
REWIND N C R l  P E R T 1 1 8 1  
CONT I NUE 
T E M P l  = ( A L I F E  + T E M P 1 ) / 3 6 0 0 .  
W R I T E  ( N O U T 9 3 C O )  T E M P *  TEMP19 A L I F E  
FORMAT ( 1 6 H b T O T A L  YETA = , 5 X , l P E 1 4 . 4 / /  

1 1 6 H  ONE I N H O U R  = 9 5 X 9 1 P E 1 4 . 4 / /  
1 2 1 H  G E N E R A T I O N  T I " E  = 9 1 P E 1 4 . 4 1  

RETURN 
END 

PERT 1 1 8 2  
P E R T 1  1 8 3  
P E R T 1 1 8 4  
PERT 1 1 8 5  

P E R T 1 1 8 6  
PERT 1 1 8 7  
P E R T 1 1 8 8  
P F P T 1 1 8 9  



8-30 

-ITC F ~ ~ B ~ b 8 ~ ? ~ ~ L ~ ~ 6 ~ E ( ~ ~ ~ ~ \ 1 1 * ~ I ~ r R 5 , ~ ~ 4 ~ ~ ~ L r M ~ * ~ 2 ~ D E L ~ ~ ~ ~ A ~ r ~ l  1 
D I M E N S I O N  N O ( J I M 9 l ) r  N l ( J I M 9 1 ) r  R 5 ( l ) r  2 5 ( 1 ) 9  R 4 ( 1 ) 9  C O ( J T L 9 1 ) 9  

1 M O ( J I M 9 l ) r  M 2 I l ) r  D E L ( J I M 9 1 ) 9  V O ( J I H 9 l ) r  A 0 ( 1 ) 9  A l ( 1 )  
INCLUDE ABC 

C T H I S  SUBROUTINE  CALCULATES (GRAD FLUX*GRAD A D J O I N T ) / S I G T R * * 2  
I F  ( I G E  - 3 )  1 0 9 2 9 1 0  

2  DO 4  I = l r I N  
4  R 5 1 I )  = 2 . * 2 5 ( 1 ) / 3 .  

TEMP1 = Z 5 ( 1 )  
DO 6 J = l r J M  

6  Z 5 ( J )  = 1.0 
1 0  DO 1 4 0 U  I I G = l r I G M  

R E A D ( N C R 1 )  l ( C O ( I I t J ) 9  I I = l s I T L ) r  J = l r M T )  
R E A D ( N F L U X 1 )  ( ( N O ( I 9 J ) r  I = l r I M ) ,  J = l , J M )  
R E A D ( N F L U X 2 )  ( ( N l ( I 9 J ) r  I = 1 9 I M l 9  J = l , J M )  

DO 1 2 0 0  J = l , J M  

DO 1 2 0 0  I = l r I M  
I T E M P  = MO( I 9 J )  

I T E M P  = M 2 ( I T F M P )  
I F  ( 1 - 1 )  1 4 9 1 4 9 1 2  

1 2  I T E M P L  = M O ( I - 1 , J )  
I T E M P L  = M Z ( I T E M P L 1  

1 4  ITEMPR = M O ( I + l t J )  
I TEMPR = Y 2  ( I TEMPR 

I F  ( J - 1 )  1 8 9 1 8 9 1 6  
1 6  I T E M P B  = M O ( I 9 J - 1 )  

I TEMPB = M2 ( I TEMP3 

1 8  I T E M P T  = M O ( I . J + l )  
I T E M P T  = M Z ( 1 T E M P T )  
S L 1  = 0.0 
S L 2  = 0.0 
S R 1  = 0.0 
SR2 = 0.0 

S R 1  = 0.0 
5 8 2  = 0.0 
S T 1  = 0.0 
S T 2  = 0.0 
I F ( 1 - 1 )  3 0 9 3 0 r 1 0 0  

3 0  I F ( B 0 1 - 1 )  4 0 r 1 1 0 9 5 3  
C VACUUM BOUNDARY 
4 0  S I G T R  = C O ( I H T r 1 T E M P )  

S L 1  = ( N O ( I , J ) / ( . 5 * R 5 ( 1 )  + ( . 7 1 / S I G T R ) ) ) / S I G T R  
S L 2  = ( N ~ ( I I J ) / ( . ~ + R ~ I I )  + ( . 7 1 / S I G T R ) I ) / S I G T R  
GO TO 1 1 0  

C  P E R I O D I C  BOUNDARY 

5 0 I T E M P P  = M n ( I M 9 J )  
I T E M P P  = M 2 ( I T E M P P )  
S I G T R  = ( R ~ ( I ) * C O ( I H T I I T E M P )  + R 5 ( I M ) * C O ( I H T 9 I T E M P P ) ) /  

1 ( R 5 ( I )  + R 5 1 I M ) )  
S L 1  = I ( N U ( I , J )  - N U I I M 9 J ) ) / ( e 5 * R 5 I I )  + . 5 * R 5 ( I M ) ) l / S I G T R  
S L 2  = ( ( N l l I * J )  - N l ( I M t J ) ) / ( . 5 * R 5 ( 1 )  + . 5 * R 5 ( I M ) ) ) / S I G T R  
GO TO 110 

C I N T E R I O R  I N T E R V A L  
1 0 0  S I G T R  = ( R ~ ( I ) * C O ( I H T I I T E M P )  + R5(1-1)*CO(IHT9ITEMPL))/ 

1 ( R 5 ( I )  + R 5 ( I - 1 ) )  
S L 1  = ( ( N U ( I , J )  - N d ( I - l 9 J ) ) / ( . 5 * R 5 1 1 )  + - 5 * R 5 ( 1 - 1 ) ) ) / S I G T R  
S L 2  = ( ( N 1 ( 1 9 J )  - N l ( I - l 9 J ) ) / ( . 5 * R 5 ( 1  + . 5 * R 5 ( 1 - 1 ) )  I / S I G T R  

1 1 0  I F ( 1 - I M )  2 0 0 , 1 3 0 t 1 3 0  

1 3 0  I F ( B O 2 - 1 )  1 4 0 , 2 1 0 9 1 5 0  
C  VAClJLlM BOUNDARY 

1 4 0  S I G T R  = C O ( I H T 9 I T E M P )  

1 1 9 0  L E E T I  1 9 1  
PERT 1 1 9 2  
PERT 1 1 9 3  
PERT 1 1 9 4  

PERT 1 1 9 5  

P E R T 1 1 9 6  
PERT 1 1 9 7  
PERT 1 1 9 8  
P E R T 1 1 9 9  
P E R T 1 2 0 0  
P E R T 1 2 0 1  
P E R T 1 2 0 2  
P E R T 1 2 0 3  
P E R T 1 2 0 4  
P E R T 1 2 0 5  

P E R T 1 2 0 6  

P E R T 1 2 0 7  
P F R T 1 2 0 8  

P E R T 1 2 0 9  
P E R T 1 2 1 0  
P E R T 1 2 1 1  

P E R T 1 2 1 2  
P E R T 1 2 1 3  
P E R T 1 2 1 4  

P E R T 1 2 1 5  
P E R T 1 2 1 6  
P E R T 1 2 1 7  

PERT 1 2  1 8  
P E R T 1 2 1 9  
P E R T 1 2 2 0  
P E R T 1 2 2 1  

P E R T 1 2 2 2  
P E R T 1 2 2 3  

P E R T 1 2 2 4  
P E R T 1 2 2 5  
P E R T 1 2 2 6  

P E R T 1 2 2 7  
P E R T 1 2 2 8  
P E R T 1 2 2 9  
P E R T 1 2 3 0  
P E R T 1 2 3 1  
P E R T 1 2 3 2  

P E R T 1 2 3 3  
P E R T 1 2 3 4  
P E R T 1 2 3 5  

P E R T 1 2 3 6  
P E R T 1 2 3 7  
P E R T 1 2 3 8  
P E R T 1 2 3 9  
P E R T 1 2 4 0  
P E R T 1 2 4 1  
P E R T 1 2 4 2  
P E R T 1 2 4 3  
P E R T 1 2 4 4  

PERT 1 2 4 5  
P E R T 1 2 4 6  
P E R T 1 2 4 7  

PERT 1 2 4 8  
P E R T 1 2 4 9  
P E R T 1 2 5 0  
P E R T 1 2 5 1  



B-31 

SR1 = - ( N U ( I , J ) / ( . 5 * R 5 ( 1 )  + ( . 7 1 / S I G T R ) ) ) / S I G T R  
SR2 = - ( N l l I , J ) / ( . 5 * R 5 ( 1 )  + ( . 7 1 / S I G T R ) )  ) / S I G T R  
GO TO 2 1 0  

C P E R I O D I C  8OUNDAHY 

1 5 0  I T E M P P z  M O L l r J )  

ITEMPP = M > ( I T E Y P P )  
S IGTR = ( R 5 I I ) * C J ( i H T ~ I T E M P )  + 2 5 ( l ) * C O ( I H T t I T E M P P ) ) /  

1 ( R 5 ( 1 )  + R 5 ( I ) )  
SR1 = ( ( N U ( l , J )  - N d ( I * J ) ) / ( . 5 * R 5 ( 1 )  + . 5 * R 5 ( I ) ) ) / S I G T R  

SR2 = ( ( N l I l , J )  - N l ( I , J ) ) / ( . 5 + a t 5 ( 1 )  + . 5 * R 5 ( I ) ) ) / S I G T R  

GO TO 2 1 0  
C INTERIOR INTERVAL 
20U SIGTR = ( R 5 ( I ) * C d ( I H T , I T F M P )  + R ~ ( I + ~ ) * C O ( I H T I I T E M P R ) ) /  

1 ( R 5 ( 1 )  + R 5 ( 1 + 1 ) )  
SR1 = ( ( N O ( I + l r J )  - N O ( I , J ) ) / ( . 5 * R 5 1 1 + 1 )  + . 5 * R 5 ( I ) ) ) / S I G T R  
SR2 = ( ( N l ( I + l , J )  - N l ( I r J ) ) / ( . 5 * R 5 ( 1 + 1 )  + * 5 * R 5 ( I ) ) ) / S I G T R  

2 1 0  I F ( N D 1 M - 1 )  2 2 0 1 1 0 0 0 1 2 2 0  
2 7 0  I F ( . ) - 1 )  2 3 0 r 2 3 0 r 3 0 0  
2 3 0  I F ( B O 4 - 1 )  2 4 0 9 3 1 L r 2 8 C  

C VACUUM BOUNDPRY 
2 4 0  SIGTR = C O ( 1 H T r I T E M P )  

GO TO ( 2 5 0 , 2 5 0 * 2 6 0 1 2 5 5 ) ,  IGEP 

2 5 0  TEMP = . 5 * Z 5 ( J )  

GO TO 2 7 0  
2 5 5  TEMP = . 5 * R 5 ( I )  

I T E M P l  = I - 2 * ( 1 / 2 )  - J + 2 * ( J / 2 )  

I F  ( I T E M P I )  2 7 0 r 3 1 0 , 2 7 0  
2 6 0  TEMP = . 5 * P I 2 * 2 5 ( J ) * R 4 ( 1 )  
2 7 0  S B 1  = ( N U ( I v J ) / ( T E M P  + ( . 7 1 / S I G T P ) ) ) / S I G T R  

5 8 2  = ( N l ( I q J ) / ( T E M P  + ( . 7 1 / S I G T R ) ) ) / S I G T R  

GO TO 3 1 0  

C P F R I O D I C  ROUNnFRY 
2 8 0  I T E M P P = M O ( I , J Y )  

ITEMPP = M 2 (  I T E M P P )  
5 I G T R  = ( Z 5 ( J ) * C U ( I H T , I T k M P I  + Z 5 ( J M ) * C O ( I l i T , I T E M P P ) ) /  

1 ( Z 5 ( J )  + Z 5 ( J M ) )  
GO TO ( 2 8 5 r 2 8 5 r 2 9 U t L 6 8 ) t  IGEP 

2 8 5  TEMP = . 5 * Z 5 ( J )  + . 5 * Z 5 ( J M )  
GO TO 2 9 5  

7 8 8  TFMP = R q (  1 )  
I T E M P l  = I - 2 * ( 1 / 2 )  - J + 2 * ( J / 2 1  
I F  ( I T E M P I )  2 9 5 * 1 1 0 , 2 9 5  

2 9 0  TEMP = . 5 * P I 2 * R 4 ( I i * ( Z 5 ( J )  + Z ~ ( J H ) )  

2 9 5  S B 1  = ( ( N U ( I , J )  - N O ( I , J p ) ) / T E M P ) / 5 I C T R  

5 0 2  = ( ( N l I I * J )  - N l ( I * J M ) ) / T E M P ) / S I G T R  
GO T O  3 1 0  

* I 

C I N T F R I O R  INTFRVAL 
300 SIGTR = ( Z 5 ( J ) * C b ( i H T , I T E M P )  + Z ~ ( J - ~ ) * C O ( I H T I I T E M P W /  

1 l Z 5 ( J )  + Z 5 f J - 1 ) )  
GO TO ( 3 0 2 , 3 0 2 , 3 0 4 , 3 0 3 ) ,  IGEP 

3 0 2  TEMP = . 5 * Z 5 ( J )  + . 5 * Z 5 ( J - 1 )  
GO TO 3 0 6  

3 0 3  TEMP = R 5 ( I )  
I T E M P l  = I - 2 * ( 1 / 2 )  - J + 2 * ( J / 2 )  
I F  ( I T E M P I )  3 0 6 r 3 1 ~ 1 3 0 6  

3 0 4  TEMP = . 5 * P I Z * R 4 L I  J * ( Z ~ ( J )  + Z 5 ( J - 1 1  ) 

7 0 6  S B 1  = ( ( N b ( I * J )  - N O I 1 , J - l ) ) / T k b I P ) / S I G T R  

SB2 = ( ( N l I I , J )  - N ? ( I , J - l ) ) / T E t J P ) / S I C T R  

3 1 0  I F ( J - J M )  403,330,73Q 
3 3 0  I F ( R 0 3 - 1 )  3 4 0 ~ 1 0 0 0 ~ 3 8 0  

C VACUUM BOUNDARY 
3 4 0  SIGTR = CO( IHT , ITFhqP)  

PERT1252  
PERT1253  
P F P T 1 2 5 4  
PERT1255  
PERT1256  

DERT1257  
PERT1258  

PERT1259  
PERT1260  
P E R T 1 2 6 1  

DFRT1262  
PERT1263  
PERT1264  

PERT1265  
PERT1266  
PERT1267  

PERT1268  
PERT1269  
PERT1270  

P F R T 1 2 7 1  
PERT1272  
PERT1273  

PERT1274  
P F R T 1 2 7 5  
P F R T 1 2 7 6  
P E R T 1 2 7 7  

PERT1278  
PERT1279  
P E R T 1 2 8 0  
PERT1283 

PERT1282  

P F R T 1 2 8 3  
PERT1284  
PERT1285  
PERT1286  
PERT1287  
PERT1288  

PERT1289  
PERT1290  

P F R T 1 7 9 1  
P E R T 1 2 9 2  
P F R T 1 2 9 3  
PERT1294  
PERT1295  

PERT1296  
PERT1297  

PFRT1298  
PERT1299  
P E K T 1 3 0 0  

P E R T 1 3 0 1  
PERT1302  
PERT1303  
PERT1304  
PERT1305  
PERT1306  
PERT1307  
PERT1308  
PERT 1 3 0 9  

P E R T 1 3 1 0  
P E R T 1 3 1 1  
PERT1312  
'JcPT1313 



B-32 
GO TO ( 3 5 U t 3 5 0 , 3 6 0 r " 5 5 ) ~  I G E P  

3 5 0  TEMP = . 5 * Z 5 ( J )  
GO TO 3 7 0  

3 5 5  TFPP  = . F * R ' i ( I )  
I T E M P l  = I - 2 * ( 1 / 2 )  - J + 2 * ( J / 2 )  

I F  ( I T E M P I )  1 0 0 0 ~ 3 7 0 t 1 0 0 0  

3 6 0  TFMP = . 5 * P I 2 * Z 5 ( J ) * R 4 ! 1 )  
3 7 0  S T 1 =  - ( N O ( I r J ) / ( T E M P  + ( . 7 1 / S I G T R ) ) ) / S I G T R  

S T 2  = - ( N l ( I q J ) / ( T E M P  + ( . 7 1 / S I G T R ) )  ) / S I G T k  
GO TO 1 0 0 0  

C P F R I O D I C  POUNDPRY 
3 8 0  I T F M P P =  M O ( I 1 1 )  

I T E M P P  = h 2 (  I T E M P P )  
S I G T R  = I Z S ( J ) * C O ( I H T t I T t M P )  + Z S ( l ) * C O ( I H T r I T E M P P ) ) /  

1 ( Z 5 ( J )  + Z 5 ( 1 ) )  
GO TO ( 3 8 5 r 3 8 5 1 3 9 0 * 3 8 8 ) 1  I G E P  

3 8 5  TEMP = . 5 * Z 5 ( J )  + . 5 * Z 5 ( 1 )  
GO TO 3 9 5  

3 8 8  TFMP = R 5 ( I I  
I T E M P l  = I - 2 * ( 1 / 2 )  - J + 2 * ( J / 2 )  
I F  ( I T E M P I )  1 0 0 G 9 3 9 5 9 1 0 6 0  

3 9 0  TEMP = . 5 * P I Z * R 4 ( 1 ) * ( Z 5 ( J )  + Z 5 ( 1 ) )  
3 9 5  S T 1  = (  ( N O ( I 9 1 )  - N O ( I * J ) ) / T E M P ) / S I G T R  

S T 2  = ( ( N l ( I r l )  - N l ( I r J ) I / T E M P ) / S I G T R  
GO TO 1 0 0 0  

C I N T E R I O R  I N T E R V A L  
4 0 U  S I G T R  = ( Z 5 ( J ) * C U ( I H T r I T E M P )  + Z5(J+l)*CO(IHTtITEMPT))/ 

1 ( Z 5 i J )  + Z 5 ( J + 1 )  
GO TO ( 4 0 2 1 4 0 2 1 4 0 4 r 4 0 3 ) r  I G E P  

L O 2  TEMP = . 5 * Z 5 1 J )  + . 5 * Z 5 ( J + l )  
GO TO 4 0 6  

4 0 3  TEMP = R 5 (  I ) 
I T E M R l  = I - 2 * ( 1 / 2 )  - J + 2 * ( J / 2 )  
I F  ( I T E M P I )  1 0 C G r 4 0 6 r 1 0 0 0  

4 0 4  TEMP = . 5 + P I 2 * K 4 ( I ) * ( Z 5 ( J )  + Z 5 ( J + 1 ) )  
4 0 6  S T l = ( ( N U ( I , J + l )  - N b ( I * J ) ) / T E M P ) / S I G T R  

S T 2  = ( ( N l ( I , J + l )  - N l ( I r J ) ) / T E V P ) / S I G T R  
1 0 0 0  GO TO ( 1 0 1 0 ~ 1 C 1 0 ~ 1 0 2 0 r 1 0 3 0 ) r  I G E P  

1 0 1 0  TEMP = Z 5 ( J )  
GO TO 1 0 5 0  

1 0 2 0  TEMP = 2 5  ( J )  * P I  2 * R 4  1 I )  
GO TO 1 0 5 0  

1 0 3 0  TFMP = R 5 (  I ) 
1 0 5 0  D E L ( I t J )  = .5*(SLl*SL2*Z5(J)*AO(I)*R5II) + S R l * S R 2 + Z 5 ( J ) + A O ( I + l ) *  

1 R 5 ( I )  + S B l * S B 2 * A l ( I ) * T E M R  + STl*ST2*Al(I)*TEMP)/VO(IrJ) 
1 2 0 0  CONTINUE 
1 4 0 0  W R I T E ( N S C R 1 1  ( ( D E L ( I r J 1 1  I = l r I M ) r  J = 1 9 J M )  

I F  ( I G E  - ? )  1 5 0 0 ~ 1 4 1 0 1 1 5 0 0  
1 4 1 0  DO 1 4 2 0  I = 1 1 I M  
1 4 2 0  R 5 ( I )  = T E M P l / l . 7 3 2 0 5  

DO 1 4 3 0  J = l r J M  
1 4 3 0  Z 5 ( J )  = TEMP1 
1 5 0 0  CONTINUE 

R E k I N D  N S C R l  
REWIND N F L U X l  

REWIND N F L U X 2  

RFWIND NCR1  
RETURN 

END 

P E R T 1 3 1 4  
P E R T 1 3 1 5  
P F R T 1 3 1 C  
P F R T 1 3 1 7  
P E R T 1 3 1 8  

P E R T 1 3 1 9  

PERT 1 3 2 0  
P E R T 1 3 2 1  

P E R T 1 3 2 2  
P E R T 1 3 2 3  

P F R T 1 3 2 4  
P E R T 1 3 2 5  
P E R T 1 3 2 6  
PERT 1 3 2 7  
PERT 1 3 2 8  
P E R T 1 3 2 9  

P E R T 1 3 3 0  
P E R T 1 3 3 1  
P E R T 1 3 3 2  
P E R T 1 3 3 3  
P E R T 1 3 3 4  
P E R T 1 3 3 5  
P E R T 1 3 3 6  
PERT 1 3 3 7  
P E R T 1 3 3 8  

PERT 1 3 3 9  
P E R T 1 3 4 0  

P E R T 1 3 4 1  

P E R T 1 3 4 2  
P E R T 1 3 4 3  
P E R T 1 3 4 4  
P E R T 1 3 4 5  
PERT 1 3 4 6  
P E R T 1 3 4 7  
P E R T 1 3 4 8  
P E R T 1 3 4 9  
PERT 1 3 5 0  
P E R T 1 3 5 1  

P E R T 1 3 5 2  
P F R T 1 3 5 3  
P E R T 1 3 5 4  
P E R T 1  3 5 5  
P E R T 1 3 5 6  
P E R T 1 3 5 7  
PERT 1 3 5 8  
PERT 1 3 5 9  
P E R T 1 3 6 0  
P E R T 1 3 6 1  
P E R T 1 3 6 2  
PERT 1 3 6 3  
P E R T 1 3 6 4  
P E R T 1 3 6 5  
P E R T 1 3 6 6  
PERT 1 3 6 7  
P E R T 1 3 6 8  

PERT 1 3 6 9  

P E R T 1 3 7 0  
P E R T 1 ? 7 1  
P F R T 1 3 7 2  - 



- 1 T C  F O P  C A L C q C P L C  P F P T  1 7 7 3  
S U B R O U T I i L t  ~ A L C ( ~ C K ~ I V ~ A T D I ( ~ A T W ~ C P ~ C O ~ J T L ~ I ~ ~ O ~ J I M ~ N ~ ~ D E L ~ K ~ ~ C X ~  P E R T 1 3 7 4  

1 F L U X , J G M , A D J F ~ H O L h r V O ~ R 4 ~ Z 4 ~ X ~ Y  
D I M E N S I C k  k C R ( l ) r  q A T D K ( 1 ) r  A T h ' I l ) ,  C P ( : r l ) ,  C O ( J T L , 1 ) 9  

1 N b I J I M , l ) ,  N l ( J I V , l ) *  C E L ( J I M l l 1 r  K 6 ( 1 ) 9  C X ( J T L , I ) ,  
2  F L U X ( J G M * l ) y  A D J F ( J G M 9 l ) r  t - O L N ( l ) ,  4 O I J I f ) t l ) r  
7  k 4 ( 1 ) 9  2 4 i l ) ,  x ( l ) *  Y ( 1 )  

I N C L U D E  ABC 

C  T H I S  5 b B k O U T I h E  C A L C U L A T E S  A N 0  P R i N T S  R E A C T I V I T Y  C C E F F I C I E N T S  

CO 2 0 0 0  I I I = l , N D E L K  

0 TO 1 ~ 1 2  I \ r ' l I M  

1 0 0  Y C R ( I I 1 )  = 1 
1 2 U  NNCR = I A 5 5 ( h C R ( I I I ) )  

MAT = M A T D Y ( I I 1 )  
C  C O N V E R S I O h  FROtbi A T O I ~ S  TG KG 

CT = 6 0 2 . 3 / A T W ( M P T )  
I T k M P  = 5 + I J M A X  . C A L L  C L E A R ( O . O , C P v I T E M P )  
W R I T E ( N O C T I ~ ~ O )  ( 1 0 ( 1 ) 9  1 = 1 9 1 2 )  

1 3 i J  F O R M A T ( l H 1 , 1 2 A 6 / / )  

I F  ( N C R (  1 1 1 ) )  1 7 5 , 1 3 5 r 1 4 0  
1 3 5  I I JJ  = JM 

P E R T 1 3 7 5  
P E R T 1 3 7 6  

P E R T 1 3 7 7  

P E R T 1 3 7 8  

PERT 1 3 7 9  
PERT 1 3 8 0  

PERT 1 '38 1 
P E R T 1 3 8 2  

P E R T 1 3 8 3  

? E F T 1 3 8 4  
PERT 1 3 8 5  

PERT 1 3 8 6  
P E R T 1 3 8 7  

P E R T 1 3 8 8  
P E R T 1 3 8 9  

P E R T 1 3 9 0  

PFRT 1 3 9 1  
P E R T 1 3 9 2  

PERT 1 3 9 3  
PERT 1 3 9 4  

I = NNCR P F R T  1 3 9 5  

GO TO 1 4 5  P c R T  1 3 9 6  
I I J J  = I i v '  PERT 1 3 9 7  

J = NNCR PERT 1 3 9 8  
00 6 0 0  I I G = l r I G M  P E R T 1 3 9 9  
R F A D ( N C R 1 )  l ( C O ( I I , J ) ,  I I = l r I T L ) ,  J = l , M T )  P E R T 1 4 0 0  

R E A D ( N F L U X 1 )  ( l N O ( I t J ) ,  I = l t I k ' ) +  J = l , J M )  P E R T 1 4 0 1  
R E A D ( N F L U X 2 )  ( ( N l ( I , J ) ,  I = l , I b ' ) ,  J = l , J Y )  P E R T 1 4 0 2  

R E A D ( N S C R 1 1  ( ( D E L ( I r J ) ,  I = l t I M ) *  J = l , J M )  P E R T 1 4 0 3  

DO 1 5 0  I J = I  r I T L  DERT 1 4 3 4  

C X ( I 1 , I I G )  = C O ( I 1 , Y A T )  P E R T 1 4 0 5  
DO 3 0 n  K  = l t I I J J  PERT 1 4 0 6  

I F  ( N C R ( 1 I i ) )  1 9 ~ 9 1 9 0 , 2 0 2  P E R T 1 4 0 7  

J = K  P F R T 1 4 0 8  

GO T O  z1n PFRT 1 4 0 9  
I = K  P E R T 1 4 1 0  

F  I 5 S I O N  S O U k C c * A D J O I  h T  P E R T 1 4 1 1  

C P ( 1 , K )  = I ( 6 ( I I G )  * N l ( I 9 J )  + C P l l r K )  P E R T 1 4 1 2  

N U  S I G F S F L U X  P E R T 1 4 1 3  
C P l 2 , K )  = C X ( I Y N , I I G )  * N S ( I , J I  + C P ( 2 r K )  P E R T 1 4 1 4  
S  I G A * F L U X * A D J O I  NT P E R T 1 4 1 5  

C P ( 3 , K )  = C X I I H A 1 I I G )  + N O ( I , J )  + N l ( I 9 J )  + C P ( 3 s K )  P E R T 1 4 1 6  

L F A K A G E  COVPCNENT P F R T 1 4 1 7  
C P ( 4 , K )  = C X ( I h T 9 I I G )  * D E L ( I r J l / 3 .  + C P l 4 , K )  PFRT 1 4 1 8  

F L U X (  I I G q K I  = N O ( !  ,J)  P E R T 1 4 1 9  

A D J F ( I I G 9 K )  = N l ( I , J )  PERT 1 4 2 0  

C O N T I N U E  P F R T 1 4 2 1  
D O W N S C A T T F R I h G  COMPONENT P E P T  1 4 2 2  

I F I J G M - 1 )  1 0 1 0 , 1 0 l C , 6 7 0  P E R T 1 4 2 3  
DO 1 0 0 0  I I G = l , I G Y  P E R T 1 4 2 4  
DO 8 9 0  I = l , I I J J  P E R T 1 4 2 5  
DO 8 8 0  h I N = l , I S T  PERT 1 4 2 6  
JJG = NN + I I G  P E R T 1 4 2 7  
I F ( J J G  - I G r v  1 8 5 ~ , 8 5 c ~ 9 8 9 3  P E R T 1 4 2 8  

L  = I H G  + NN P E R T 1 4 2 9  
C P ( 5 , I )  = F L b X ( I I G ~ I ) * C X ( L , J J G l * ( A C J F I I l G * I )  - A D J F ( J J G ~ I ) ) + C ? ( ~ ~ I ) P E ~ T ~ ~ ~ O  

CONT ! h!UE D F Q T  1 4 7  1 

CONT I NUF P F p T 1 4 3 2  
CONT I NUE D T c ? T 1 4 3 3  
I F ( N C R ( I I 1 ) )  l l U b r l l U C , 1 1 2 5  P E R T 1 4 3 4  



B-34 

W R I T E ( N O U T , 1 1 2 - )  M t ' ,  H O L N I b 4 P T )  hNCR P E R T 1 4 3 5  
FORMAT ( 3 7 H ~ R t A C T l v l  TY C O k l - F I C I t N T S  t O R  fd!ATERI A L 9 1 3 r  6 X 1 A 6 9  P E R T 1 4 3 6  

1 1 7 Y  C C L U Y N , I ? / / )  P E R T 1 4 3 7  
GO TO 1 1 7 5  P E R T 1 4 3 8  
W R I T E ( N O U T , 1 1 3 0 )  VAT, H O L N f M A T )  9 NNCR P E R T 1 4 3 9  
FORMAT ( 3 7 H U R E A C T I V I T Y  C O E F F I C I E N T S  t u R  Y A T E K I A L , I 3 9  6 X 1 A 6 r  P E R T 1 4 4 0  

1 1 0 H  ROW, I 3 / /  I PERT 1 4 4 1  
W R I T F ( N O U T , l l & P )  Q F P T 1 4 4 2  

F O R P A T 1  1 2 5 H O  s K / K  P F P  KC.  * K  *K P F R T 1 4 4 3  

1 + Y * Y * K AVG P f i D I I  P V G  A D F R T 1 4 L 4  
? X I  I / 9 9 H  ( N U S I G F  ( S I G A )  P F R T 1 4 4 5  
3  ( S I G T R I  ( C I C - I Y J )  I I N T G )  / 1 P F R T 1 4 4 6  

S l l , Y  = 0.0 P E R T 1 4 4 7  

TOT = 0.0 PERT 1 4 4 8  
DO 1 3 0 0  I = l , I I J J  PERT 1 4 4 9  
F I S S I O N S  P E R T 1 4 5 0  
C P ( 2 - I )  = (CP(19I)*CP(2~I)*CT)/(Zr<EFF+DENOM*VF) P E R T 1 4 5 1  
ABSORPT I bNS P E R T 1 4 5 2  

C P ( 3 , I )  = - ( C P ( 3 , I ) * C T ) / ( D E N O M n V F )  PERT 1 4 5 3  
L E A K A G E  P E R T 1 4 5 4  

C P ( 4 , I )  ( C P ( 4 , I ) * C T ) / ( D E N O M * V F )  P E R T 1 4 5 5  
SLOWING DOWN PERT 1 4 5 6  
C P ( 5 r I )  = - ( C P ( 5 , I ) * C T ) / ( D E N O M * V F )  P E R T 1 4 5 7  

C P ( 1 , I )  = C P ( 2 1 I )  + C P ( 3 , I )  + C P ( 4 r I )  + C P ( 5 t I )  P E R T 1 4 5 8  
I F ( N C R ( I I 1 )  1 1 5 0 ~ 1 1 5 0 , 1 2 5 0  PERT 1 4 5 9  
SUM = SUM + C P ( 1 , I  ) + V O ( N N C R , I )  PERT 1 4 6 0  
TOT = TOT + V O ( N N C R 9 I I  P E R T 1 4 6 !  
S T  = SUM/TOT P E R T 1 4 6 2  
F O R M A T (  1 4 ,  8 E 1 5 . 4 3  PERT 1 4 6 3  
W R I T E ( N O U T s 1 1 6 U )  1, ( C P ( K K , I ) ,  K K = 1 , 5 ) ,  ST,  R 4 ( N N C R ) ,  Z 4 ( I )  PERT 1 4 6 4  

GO TO 1 3 0 0  PERT 1 4 6 5  
SUM = S U P  + C P ( l , I ) * V O ( I , N N C R )  P E R T 1 4 6 6  
TOT = TOT + V O ( I 9 N N C R )  P E R T 1 4 6 7  
S T  = SUM/TOT PERT 1 4 6 8  
W R I T E ( N O U T , 1 1 6 0 )  I, ( C P ( K K , I ) ,  K K = l r 5 ) r  ST,  R 4 ( I ) ,  Z 4 ( N N C R )  P E R T 1 4 6 9  
CONT I N U €  P E R T 1 4 7 0  

I F ( N P D E L )  1 4 0 0 , 1 4 0 0 , 1 3 5 0  P E R T 1 4 7 1  

C A L L  P L O T ( N C P I X , Y , R ~ ~ Z ~ ~ ~ - ~ O L N ~ C P ~ P A T )  P E R T 1 4 7 2  
REWIND N C R l  P E R T 1 4 7 3  
R E W I N D  N F L U X l  P E R T 1 4 7 4  
R E M I N D  N F L U X 2  PERT 1 4 7 5  

R E W I N D  N S C R l  P E R T 1 4 7 6  
RFTtJRN P E R T 1 4 7 7  

END P E R T 1 4 7 8  - 



FOR P L O T  ,PLOT 
S U B R O ~ T I ~ E  ? L O T ( ~ C I < , X , Y , @ ~ , Z ~ ~ H O L N ~ C P ~ M A T )  

D I M E N S I O N  N C 4 ( 1 ) ,  X ( 1 ) 9  Y ( 1 ) ,  R 4 ( 1 ) ,  2 4 ( 1 ) *  H O L N ( l ) r  C D ( 5 9 1 )  
I b I c L u n F  P R C  
T H I S  5 U B R U U T I N E  P L O T S  R E A C T I V I T Y  C O E F F I C I E N T S  U S I N G  THE CALCOMP 

PLOTTER 

N R F D L T  1 / 7 = P L O T  ON P P F V I O U S  G P b P H / P L O T  ON NFW GRAPb 
N T Y P L T   PLOT TOTAL K E A C T I V I T Y  C O ~ ~ F I L I ~ N T  O N L Y / P L O T  

T O T A L  AND EACH COVPONEVT 

x L  V A L U E  OF X - A X I S  AT L F F T  POUNCARY 
X R  V A L U E  OF X - A X I S  AT R I G H T  E 3 U N D A 9 Y  
Y f? V A L V E  OF Y - A X I S  AT BOTTOM BOUNDAFY 

P E P T 1 4 7 9  
PERT 1 4 8 0  

P E R T 1 4 8 1  
P F Q T 1 4 8 2  
P E R T 1 4 @ 3  
P E R T 1 4 8 4  
P E R T 1 4 8 5  

P F P T  I 4 8 6  
P E R T 1 4 8 7  
P E R T 1 4 8 8  

P E R T 1 4 8 9  
P E R T 1 4 9 0  
P E R T 1 4 9 1  

Y  T  V A L U E  OF Y - A X I S  AT TOP BOUNDARY PERT 1 4 9 2  
DE L  L E N G T H  OF DASHED L INE- - -NOT USED I F  N T Y P L T  = 2 - - I F  P E R T 1 4 9 3  

D E L  = U.Ur A S O L I D  L I N E  I S  dRAWN PERT 1 4 ' 9 4  
GAP L E N G T H  OF GAP B t T W E t N  D A S H t D  L I N E S  PERT 1 4 9 5  

P E P T 1 4 9 6  
R E A D ( N I N P 1 5 U )  N R E P L T ,  N T Y P L T ,  X L 9  X R *  Y B *  Y T 9  DEL,  GAP P E R T 1 4 9 7  

F O R M A T ( 2 1 6 9 S F 6 . 2 )  PERT 1 4 9 8  
I F ( N C R ( I 1 I ) I  6 0 ,  6 0 ,  8 0  P t R T 1 4 9 9  

DO 7 0  I = l , I I J J  PERT 1 5 0 9  
X ( 1 l  = Z 4 ( I )  P E R T 1 5 0 1  

GO TO 1 0 0  P E R T 1 5 0 2  
DO 9 0  I = l , I I J J  PERT 1 5 0 3  
X ( I )  = R 4 ( I )  P E R T 1 5 0 4  
X ( I 1  J J + l )  = X L  P E R T 1 5 0 5  
X ( I I J J + 2 )  = ( X R - X L ) / 9 . O  P E R T 1  5 0 6  

Y ( I I J J + l )  = YE3 P E R T 1 5 0 7  
Y ( I I J J + 2 )  = ( Y T - Y B ) / 6 . O  P E R T 1 5 0 8  
D I M E N S I O N  I B U F (  l U 2 4  PERT 150 '3  

C A L L  C P L O T S ( I B U c 9 1 0 2 4 * 1 2 )  P E R T 1 5 1 0  
I F ( N R E P L T - 1 )  2 d U 9  2 0 0 1  1 1 0  P E R T 1 5 1 1  
UP = 5 . 2 5  P E R T 1 5 1 2  

I F ( I I 1 - 1 )  1 2 0 9  1 2 0 9  1 3 0  P E R T 1 5 1 3  
C A L L  C P L O T f 0 . 0 9 2 . 0 ~ - 3 )  P E R T 1  5 1 4  
GO TO 1 3 5  P E R T 1 5 1 5  
C A L L  C P L O T ( 1 2 . 0 * 0 . 0 9 - 3 )  P E R T 1  5 1 6  
C A L L  B O X ( O . O t O . b r 9 . 0 9 6 . 0 )  P E R T 1 5 1 7  
C A L L  SYMBOL(2 .0 ,5 .590 .1591D10 .9935 )  P E R T 1 5 1 8  

I F ( N C R ( I I 1 ) )  1 4 0 9  1 4 0 ,  165  P E R T 1 5 1 9  
C A L L  A X I S ( ~ . ~ * U . ~ * L J H A X I A L  P O S I T I C N  ( C M )  ~ - ~ O ~ ~ . O ~ . O I X L ~ X ( I I J J + ~ ) ) P E R T ~ ~ ~ O  

GO T O  1 8 0  P E F T 1 5 2 1  
C A L L  A X I S ( 0 . 3 r b . 0 1 2 b H R A D I A L  P O S I T I O N  ( C M ) ~ - ~ O * ~ . C I . O ~ X L * X ( I I J J + ~ )  ) P E R T 1 5 2 2  

C A L L  A X I S ( O . 0 9 0 . 0 , 2 2 H D E L T A  K / K  PER K I L O G R A M 9 2 2 9 6 . 0 1 9 0 . 0 -  PERT 1 5 2 3  
1 Y ( I I J J + 2 ) )  PERT 1 5 2 4  

UP = U P  - . 2 5  P E R T 1 5 2 5  

D I M E N S I O N  Z ( 4 )  9 3 ( 4 )  P E P T 1 5 2 6  
Z ( 1 )  = 8 . 2 5  P E R T 1 5 2 7  

Z ( 2 )  = 8.7c P F R T 1 5 2 8  
Z ( 3 )  = 0.0 P E P T  1 5 2 9  
2 1 4 )  = l e u  P E R T 1 5 3 0  
Q 1 3 )  = 0.0 P E R T 1 5 3 1  
Q ( 4 )  = 1.U PERT 1 5 3 2  

C P L L  SYMBOL(6.39UD,0.19HOLY(MAT)~0.016) PERT 1 5 3 3  
I F 1 N C R I I I I ) I  2 0 4 9  2 0 4 1  2 9 6  P E R T 1 5 3 4  
C A L L  S Y M B O L (  7.V,LJP,0.1r 4HR = 9 0 . 0 1 4 )  PERT 1 5 3 5  
C A L L  W M B ~ R ( 7 . 5 t U P * O . l . R ~ , ( N F . . I C R )  9 0 . 0 9 2 1  PERT 1 5 3 6  
GO TO 2 u 8  P E 9 T l 5 3 7  
C A L L  S Y M B O L (  7.L ,UP 9 ~ . 1 , 4 t i Z  = 9 0 . 0 1 4 )  P E R T 1 5 3 8  
C A L L  Y b M B t R ( 7 . 5 1 d P 9 U . l r L 4 ( N E . . 1 C F c ) * O ~ 0 ~ 2 )  P E R T 1 5 3 9  

I F 1 N T Y P L T - I )  2 1 0 1  2 1 0 9  PFRT 1 5 4 0  



PO 2 2 0  1 = 1 9 I I J I  
Y I I )  = C P ( l r 1 )  
I F I D E L )  2 4 3 1 2 4 d 1 2 3 0  
C A L L  D A S H ( X * Y , I I J J , J E L , G A P )  
GO T O  2 5 0  
C A L L  L I N E ( X , $ , I I J J , l t O , C )  
Q ( 1 )  = UP 

Q ( 2 )  = U P  

C A L L  D A S H ( Z , Q , Z , D t L t G 4 P )  
GO TO 5 0 ~  

DO 4 0 0  M = 1 9 5  
0 ( 1 )  = U P  - . 2 5  - F L O A T ( M 1 Q . 2 5  

0 1 2 )  = Q I 1 )  
DO 3 2 0  I = l , ! I J J  
Y ( I )  = C P ( V 9 I )  
GO TO ( 3 3 0 , 1 4 0 , 3 5 0 r 3 6 0 , 3 7 0 ) , M  
C A L L  L I N E ( X , Y ~ I ! J J ~ ? , O , O )  
C A L L  D A S H ( Z  , 0 , 2 , ' 2 . C  r C . 7 )  

C A L L  S Y M B C I L ( 7 . 5 r Q ( l )  r 0 . 1 , 7 H  T O T A L  r 0 . 0 , 7 )  

GO TO 4 0 0  
C A L L  D A S H ( X , Y t I I J J , . 0 2 5 * . 0 5 )  
C A L L  D A S H ( Z , Q , 2 * . G 2 5 , . 0 5 )  
C A L L  S Y M B O L ( 7 . + r Q ( 1 ) , 3 e l J H  N U S I G F , n . 0 , 7 )  
GO TO 4 0 0  
C A L L  D A S H ( X , Y , I I J J , r l * . i )  

C A L L  D A S H ( Z t Q , 2 , . 1 * . 1 )  
C A L L  S Y M B O L ( 7 * 5 t Q (  1) 9 0 . 1 J H  S I G A  ~ 0 . 0 t 7 )  

GO TO 4 0 0  
C A L L  D A S H ( X I Y , I I J J , . O ~ , * @ ~ )  
C A L L  D A S H ( Z 1 Q t 2 * . 0 5 * . 0 5 )  
C A L L  S Y M B O L ( 7 . 5 , Q ( 1 ) , 0 . 1 1 7 H  S I G T R  ,n.p,7)  
Go T O  4 0 0  
C 4 L L  OASH(X,Y,11JJ1e0?5,*0251 
C A L L  3 A S H ( Z , Q , 2 , . 0 i 5 , . 0 2 5 )  
C A L L  S Y M B O L ( 7 . 5 , Q ( 1 ) , 0 . 1 , 7 H  S I G I X J , O . D , 7 )  

C O N T I N U E  
I F ( I I 1  - N D E L K )  6 0 0 t 5 5 0 t 5 5 0  
C A L L  C P L O T (  1 2 . 0 9 - 2 . O 1 - 9 9 9 )  

RETURN 
END 

P F R T 1 5 4 1  
DCQT 1 5 4 2  
PERT 1 5 4 3  
PERT 1 5 h 4  
PERT 1 5 4 5  
PERT 1 5 4 6  
P E R T 1 5 4 7  
D E R T 1 5 4 8  
D E R T 1 5 4 9  
P E R T 1 5 5 0  

P E R T 1 5 5 1  
P E R T 1 5 5 2  

PERT 1 5 5 3  
PERT 1 5 5 4  
P E R T 1 5 5 5  
PERT 1 5 5 6  
P E R T 1 5 5 7  
P E R T 1 5 5 8  
P E R T 1 5 5 9  
D E R T 1 5 6 0  
P E R T 1 5 6 1  
PERT 1 5 6 2  
P F R T  1 5 6 3  
PERT 1 5 6 4  
P E R T 1 5 6 5  

PERT 1 5 6 6  
PERT 1 5 6 7  

P F R T 1 5 6 8  
P E R T 1 5 6 9  
P E R T 1 5 7 0  
P E R T 1 5 7 1  

P E P T ?  5 7 2  
P E R T 1  5 7 3  
P E R T 1 5 7 4  
P E R T 1 5 7 5  

P E R T 1 5 7 6  
PERT 1 5 7 7  
PERT 1578  

PERT 1 5 7 9  
P E R T 1  5 8 0  - 



B-37 
c O R  A r T r A f T  D F D T l E . 8 1  

> V B P O V T I ~ ~ I ~  A C T (  4 P 9 l i X 9 I V O 9  J I i V r C 3  t J T L ~ - i O R C l r L A C T r i " O r V 3 ~ V O L  9 Z 4 )  P E R T 1 5 8 2  

D I M E N s I O h  l i / L \ ( ? i *  h Y 1 l ) r  hi ( d : l . r ! ) r  C (  ( J T L I L ) ~  L O R C : ( J ! V 9 1 ) 9  F ' R T 1 5 8 3  

1 i k C T ( 1 ) t  'Y''I.II"'11 t \ / C [ ~ ! " y l ) ?  i ' @ L ( ! ) r  2 4 1 7 )  F C r T l r @ 4  
! ' ? C L " n F  $ P C  @ F P T 1 C e 5  

T H I  5 S U B R L J T I h F  C L L C U L P T F S  PC T i V I T Y  'P&\ 'FR'FC F F P T l q E 6  

00 7 0 0  N = l , V A C T  P E F T l " E 7  

C A L L  C L ' P R ( @ . 0 r S ? R r l  r I~'JC1) D F R T 1 5 8 8  
KK = r \"A(N\1) P E F T 1 5 3 9  

NN = N X ( N )  P c Q T 1 5 9 8  

DO 1 0 0  ! I G = 1 9 1 S h ~  P F R T 1 5 9 1  
F E A D ( N F L d k 1 1  ( ( k g  I q J ' r  I z l r I b ' ) c  J = l r J M )  P E R T 1 5 3 2  
R E A P ( N C R 1 1  ( ' C ~ J I I I ~ J ) ~  I I = l r I T L ' ,  J = l , P T :  P E R T  1 5 9 3  

DO 190 J = ~ , J ~ '  P c R T  1 5 9 4  
DO 100 I = l  r I I J  P F R T  1 5 9 5  
O R c 1 ( 1 9 J )  = S G R C l I I  , J )  + C O ( b 1 N 9 K K ) * N O ( I , J )  P C R T 1 5 9 6  
C A L L  C L E A R ( O . O I Z C C T I I Z M )  p E 9 T 1 5 9 7  

DO 1 4 0  J = 1  9 J  I P E R T 1 5 9 8  

P O  1 4 C  ! = 1 9 1 ' )  P E R T  1 5 9 9  
K Z  = M b ( l t J )  D E R T l b O O  

Z A C T ( K Z 1  = Z A C T ( K 2 )  + S O R C l ( I , J ) * V O l  I 9 J )  P E R T 1 6 0 1  

DO 1 6 0  K 7 - l t I Z V  P C R T  1 6 0 3  
Z A C T I  K Z )  = Z A C T ( K Z  ) * . O O l / V O L l K Z )  P E R T  1 6 0 3  

W Q I T E ( N O U T I ~ ~ O I  N 9  K K ,  YN P K R T  1 6 0 b  

F O R M A T 1  Q U l A C T I V I T Y  1 3 9 5 x 9  9 Y  P P T E R I A L  1 3 9 5 X 9 2 3 H  C R O S S  S E C T I O N  P G S D E R T 1 6 0 5  

1 1 T I O N  I 3 / / )  P E R T 1 6 0 6  

C A L L  ? R T (  : M I J P A ~ S O P C ~  9 Z L 9 N O U T )  P E R T  1 6 0 7  
% ' P I T E ( I : 0 C t T ~ i 8 0 )  ( ( 2 9  V O L ( Y Z l 9  Z A C T ( Y Z 1 9  K Z = I , I Z K )  P F R T l t . 0 8  

F O i ? V A T (  / / / 4 5 b  7 ORE Z O N E  Z O N E  4V. / P E R T 1 6 0 9  

1 4 5 H  V O L U P E  A C T I V I T Y  / /  P r R T l 6 l O  

2 ( ? Q 9 r ! 0 e k 9 F 1 5 e 6 )  1 P F R T  1 6 1  1 
D": T Y D  P I F L , , ~ ~  P E n T 1 6 1 2  

RFII'I b!? N C 9 :  P E Q T 1 6 1 3  
Q C T '  ~v P F R T 1 6 1 4  

r bl P D F Q T I ~ ~ S  - 
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