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A METHOD FOR CALCULATING THE STEADY-STATE DISTRIBUTION 

OF TRITIUM I N  A MOLTEN-SALT BREEDER REACTOR PLANT 

R. B. Briggs and C.  W. Nestor ,  Jr. 

ABSTRACT 

Tr i t i um i s  produced i n  molten s a l t  r e a c t o r s  p r i m a r i l y  by f i s s i o n i n g  

of uranium and abso rp t ion  of neutrons by t h e  c o n s t i t u e n t s  of t h e  f u e l  

carrier sa l t .  A t  t h e  ope ra t ing  temperature of a l a r g e  power r e a c t o r ,  

t r i t i u m  is  expected t o  d i f f u s e  from t h e  primary system through p i p e  and 

vessel w a l l s  t o  t h e  surroundings and through h e a t  exchanger tubes i n t o  

t h e  secondary system which con ta ins  a coo lan t  sa l t .  Some t r i t i u m  w i l l  

pa s s  from t h e  secondary system i n t o  the  steam power system. This r e p o r t  

d e s c r i b e s  a method f o r  c a l c u l a t i n g  t h e  s t eady  state d i s t r i b u t i o n  of 

t r i t i u m  i n  a molten sa l t  r e a c t o r  p l a n t  and a computer program f o r  making 

t h e  c a l c u l a t i o n s .  The method t akes  i n t o  account t h e  e f f e c t s  of v a r i o u s  

p rocesses  f o r  removing t r i t i u m ,  the a d d i t i o n  of hydrogen o r  hydrogenous 

compounds to t h e  primary and secondary systems, and t h e  chemistry of 

uranium i n  t h e  f u e l  sa l t .  Sample c a l c u l a t i o n s  i n d i c a t e  t h a t  30 p e r c e n t  

o r  more of t h e  tritium might reach t h e  steam system i n  a l a r g e  power 

r e a c t o r  u n l e s s  s p e c i a l  measures are taken t o  conf ine  t h e  t r i t i u m .  
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-- 
I. INTRODUCTION 

Conceptual des igns  of Molten S a l t  Breeder Reactor (MSBR) power 

p l a n t s  u sua l ly  can be represented  by t h e  diagram shown i n  F ig .  1. The 

f i s s i o n i n g  of uranium i n  the  f u e l  s a l t  h e a t s  t h e  s a l t  as i t  is  pumped 

through t h e  r e a c t o r  vessel i n  the  primary system. The h e a t  is  t r ans -  

f e r r e d  t o  a coolan t  s a l t  t h a t  c i r c u l a t e s  i n  t h e  secondary system and, 

thence,  t o  water, producing steam t o  d r i v e  a turbine-generator  i n  t h e  

steam sys  t e m .  

F i s s i o n  products  and o the r  r a d i o a c t i v e  materials are produced i n  

l a r g e  amounts i n  t h e  f u e l  sa l t .  Much smaller amounts are produced i n  

t h e  coolan t  s a l t  by t h e  f l u x  of delayed neut rons  i n  t h e  primary h e a t  

exchangers.  The r a d i o a c t i v i t y  is  normally confined by t h e ' w a l l s  of 

t h e  p ip ing  and v e s s e l s .  However, t r i t i u m  i s  produced i n  t h e  sal ts ,  

p a r t l y  as a f i s s i o n  product ,  bu t  mostly by abso rp t ion  of neut rons  by 

l i t h i u m  i n  the  f u e l  s a l t .  A t  t he  h igh  temperature  of an MSBR, t r i t i u m  

d i f f u s e s  through metals and might escape t o  the  envi rons  i n  amounts 

t h a t  would be cause f o r  concern.  

The purpose of t h i s  r e p o r t  i s  t o  desc r ibe  a method f o r  c a l c u l a t i n g  

t h e  d i s t r i b u t i o n  of t r i t i u m  i n  and i t s  escape from an MSBR p l a n t .  W e  

assume t h a t  t h e  t r i t i u m ,  born as t r i t i u m  ions ,  i s  p resen t  i n  t h e  f u e l  

s a l t  p r imar i ly  as t r i t i u m  molecules" and t r i t i u m  f l u o r i d e  molecules.  

The ions  are es t imated  t o  be produced a t  a rate of 2.6  X 1014/MWsec 

** 
*** 

*Trit ium molecules are intended t o  inc lude  HT and H 2  molecules 
when hydrogen i s  p r e s e n t .  

hydrogen) ions  a s s o c i a t e d  wi th  f l u o r i d e  ions  i n  the  sa l t .  
**Tritium f l u o r i d e  molecules are intended t o  inc lude  t r i t i u m  (and 

"""2420 Ci/day i n  a 2250  MW(t) , 1000 MW(e) p l a n t .  
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i n  a t y p i c a l  f u e l  sa l t .  The re la t ive concent ra t ions  of t r i t i u m  and 

t r i t i u m  f l u o r i d e  i n  the  f u e l  s a l t  are expected t o  be governed by t h e  

equ i l ib r ium r e l a t i o n s h i p  f o r  t h e  r e a c t i o n ,  

UF4 + 1 / 2  T2 f u F 3  i- TF , 

with uranium i n  t h e  s a l t .  The abso lu te  concent ra t ions  are governed 

by removal processes .  

Three types of processes  are provided f o r  removing t r i t i u m  from 

t h e  primary system: 

p ip ing  and vessels, s o r p t i o n  on materials i n  con tac t  w i th  t h e  s a l t ,  

and purging. W e  assume t h a t  t r i t i u m  molecules t h a t  reach  a metal 

su r face  can so rb  on the s u r f a c e ,  d i s s o c i a t e  i n t o  t r i t i u m  atoms and 

d i f f u s e  through t h e  metal. Tr i t ium i n  t r i t i u m  f l u o r i d e  and o t h e r  

compounds i s  assumed t o  be  chemically bound and unable t o  pass  through 

t h e  metal. 

permeation through t h e  metal of t h e  w a l l s  of 

Experience with the  Molten S a l t  Reactor Experiment i n d i c a t e d  t h a t  

t r i t i u m  so rbs  on and i s  t i g h t l y  bound t o  g raph i t e .  We provide f o r  

s o r p t i o n  of t r i t i u m  and t r i t i u m  f l u o r i d e  on t h e  g r a p h i t e  i n  the  r e a c t o r  

core .  

Provis ion  i s  made f o r  purging t r i t i u m  from t h e  primary system by 

c i r c u l a t i n g  a stream of s a l t  through an appara tus  which e x t r a c t s  gaseous 

t r i t i u m  and t r i t i u m  compounds. A con tac to r  i n  which t r i t i u m  and t r i t i u m  

f l u o r i d e  are t r a n s f e r r e d  t o  a gas  phase by v i r t u e  of t h e i r  vapor 

p re s su res  would be such an appara tus .  Current des igns  f o r  MSBR'S 

provide f o r  sparg ing  cf t h e  f u e l  s a l t  wi th  helium bubbles  i n  t h e  

primary system t o  remove krypton and xenon. Tr i t ium and t r i t i u m  

f l u o r i d e  would be removed also.  The sparg ing  process  can be t r e a t e d  

as an equ iva len t  purging process  i n  the  c a l c u l a t i o n s .  
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Tri t ium w i l l  reach t h e  secondary system by d i f f u s i o n  from the  primary 

system through t h e  w a l l s  of t he  tubes i n  t h e  primary h e a t  exchangers 

and by neu t ron  cap tu re  i n  the coolant  sa l t .  We provide f o r  removal of 

t r i t i u m  from t h e  secondary system by d i f f u s i o n  through t h e  m e t a l  w a l l s ,  

s o r p t i o n ,  and purging. The secondary system would n o t  normally con ta in  

a s o r b e r  o r  have an e l a b o r a t e  purging system. 

inco rpora t ed  i n t o  t h e  p l a n t ,  would be designed s p e c i f i c a l l y  f o r  removing 

t r i t i u m .  

Such p rocesses ,  i f  

The coo lan t  salts do n o t  normally contain c o n s t i t u e n t s  t h a t  are 

r e d u c i b l e  by t r i t i u m  and, thereby, a b l e  t o  convert  t r i t i u m  i n t o  t r i t i u m  

f l u o r i d e  and make i t  unava i l ab le  t o  d i f f u s e  through t h e  metal w a l l s .  

We, t h e r e f o r e ,  have provided f o r  a d d i t i o n  of hydrogen f l u o r i d e  o r  o t h e r  

hydrogenous compounds t o  the secondary system. We assume t h a t  t r i t i u m  

w i l l  exchange wi th  t h e  hydrogen i n  t h e  added compound and t h a t  t h e  

compound w i l l  be e x t r a c t e d  by the  s o r p t i o n  and/or purge process .  

The steam system and t h e  cel ls  around t h e  r e a c t o r  primary and 

secondary systems are considered t o  be s i n k s  f o r  t r i t i u m .  Tri t ium 

reaching t h e  steam system i s  assumed t o  exchange w i t h  hydrogen i n  t h e  

w a t e r ,  and t h d t  reaching t h e  cel ls  i s  assumed t o  be ox id ized  t o  w a t e r .  

The p a r t i a l  p r e s s u r e  of t r i t i u m  i s  e f f e c t i v e l y  zero.  

I n  the  c a l c u l a t i o n s  we  assume t h a t  t r i t i u m  and hydrogen behave 

i d e n t i c a l l y .  The equa t ion  used f o r  c a l c u l a t i n g  t h e  d i f f u s i o n  of 

hydrogen through a m e t a l  w a l l  states t h a t  t h e  rate of t r a n s p o r t  p e r  

u n i t  of s u r f a c e  area is  p r o p o r t i o n a l  t o  t h e  product  of a pe rmeab i l i t y  

c o e f f i c i e n t  and t h e  d i f f e r e n c e  between t h e  square r o o t s  of t h e  p a r t i a l  

p r e s s u r e s  of hydrogen a t  t h e  inne r  and o u t e r  s u r f a c e s  of t h e  m e t a l .  
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I n  t h i s  circumstance,  a d d i t i o n  of hydrogen can reduce t h e  t r a n s p o r t  

of t r i t i u m  through t h e  metal. Suppose, f o r  example, t h e  p a r t i a l  

p re s su res  of t r i t i u m  and hydrogen a t  the  o u t e r  s u r f a c e  of a p i p e  are 

zero and t h e  p a r t i a l  p r e s s u r e  of t r i t i u m  a t  t h e  i n n e r  s u r f a c e  i s  he ld  

cons t an t .  I f  hydrogen w e r e  added t o  i n c r e a s e  the  t o t a l  hydrogen p a r t i a l  

p re s su re  a t  t h e  i n n e r  s u r f a c e  by a f a c t o r  of 100, t h e  flow of hydrogen 

p l u s  t r i t i u m  through the  metal w a l l  would i n c r e a s e  by a f a c t o r  of 10. 

But t he  flow of t r i t i u m  would decrease by a f a c t o r  of 10 because of t h e  

100-fold d i l u t i o n  of hydrogen. Because of o t h e r  f a c t o r s ,  t h e  effect  of 

adding hydrogen may n o t  be s o  dramatic ,  b u t  t h e  c a l c u l a t i o n a l  method 

provides  f o r  a d d i t i o n  of hydrogen t o  the  primary and secondary systems 

and f o r  hydrogen t o  be p r e s e n t  a t  a s p e c i f i e d  concen t r a t ion  i n  t h e  

steam system so t h a t  t he  e f f e c t s  can be s t u d i e d .  * 

The c a l c u l a t i o n a l  model d e s c r i b e s  t h e  behavior  of t r i t i u m  i n  an 

MSBR p l a n t  t o  t h e  e x t e n t  t h a t  i t  i s  known o r  has  been i n f e r r e d  a t  t he  

p r e s e n t  t i m e .  The removal processes  can be included i n  o r  e l imina ted  

from t h e  c a l c u l a t i o n s  by c a r e f u l  choice of t h e  va lues  a s s igned  t o  co- 

e f f i c i e n t s  i n  the equa t ions .  The model probably does n o t  i nc lude  a l l  

t h e  chemical r e a c t i o n s  and p h y s i c a l  processes  t h a t  w i l l  u l t i m a t e l y  be 

*The c a l c u l a t i o n a l  procedure might have been developed t o  treat  hydrogen 
and tritium as s e p a r a t e  spec ie s .  Separate  va lues  then could be assigned 
t o  important parameters,  such as s o l u b i l i t y  and d i f f u s i o n  c o e f f i c i e n t s ,  
f o r  each spec ie s .  I n t e r a c t i o n  between hydrogen and tritium would b e  
taken i n t o  account by t h e  equ i l ib r ium r e l a t i o n s h i p  

= k f o r  t h e  r e a c t i o n  H2 + T, t' HT . 'iT"H2 'T2 p 

However, kp has  a va lue  nea r  4 a t  temperatures of i n t e r e s t ,  which s i g n i -  
f i e s  t h a t  hydrogen and t r i t i u m  i n t e r a c t  as though they are t h e  same 
spec ie s .  Also,  t h e r e  are s u b s t a n t i a l  u n c e r t a i n t i e s  i n  t h e  v a l u e s  f o r  
most of t h e  parameters.  Complicating t h e  procedure t o  treat hydrogen 
and t r i t i u m  s e p a r a t e l y  would no t ,  f o r  t h e  p r e s e n t ,  improve t h e  accuracy 
of t he  r e s u l t s .  

1 
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shown t o  a f f e c t  t h e  d i s t r i b u t i o n  of t r i t i u m  i n  an MSBR. IR some 

i n s t a n c e s  t h e s e  e f f e c t s  can be included,  when recognized,  simply by 

a d j u s t i n g  t h e  c o e f f i c i e n t s  i n  equat ions f o r  processes  p r e s e n t l y  in-  

cluded. Others may r e q u i r e  inco rpora t ion  of a d d i t i o n a l  p rocesses .  

Two assumptions i n  t h e  c a l c u l a t i o n a l  procedure should be recognized 

f o r  t h e i r  p o t e n t i a l  f o r  l ead ing  t o  major d i f f e r e n c e s  between t h e  cal- 

c u l a t e d  d i s t r i b u t i o n  of t r i t i u m  and what would a c t u a l l y  occur i n  a 

r e a c t o r  p l a n t .  Tri t ium, p r e s e n t  i n  t h e  s a l t  as t r i t i u m  f l u o r i d e ,  can 

react wi th  metal t o  y i e l d  t r i t i u m  atoms t h a t  would d i s s o l v e  i n  and 

d i f f u s e  through t h e  metal. Neglect of t h i s  r e a c t i o n  could cause t h e  

c a l c u l a t i o n s  t o  be g r e a t l y  i n  e r r o r  under circumstances where most of 

t he  t r i t i u m  is  p r e s e n t  i n  t h e  s a l t  as t r i t i u m  f l u o r i d e .  

Oxide f i l m s  (and p o s s i b l y  o t h e r s )  t h a t  form on metal s u r f a c e s  

reduce t h e  pe rmeab i l i t y  of a metal  w a l l  t o  t h e  passage of hydrogen. 

They may a l s o  cause the  t r a n s p o r t  t o  va ry  w i t h  p r e s s u r e  t o  a power 

i n  the  range of 1 / 2  t o  1. The reduced pe rmeab i l i t y  appears as a 

c o e f f i c i e n t  i n  the  t r a n s p o r t  equa t ions  of t he  model, b u t  we make 

no p rov i s ion  f o r  changing t h e  exponent on t h e  p r e s s u r e  t e r m s  from 

1/2.  The c a l c u l a t e d  t r a n s p o r t  of t r i t i u m  through t h e  metal w a l l s  

and t h e  e f f e c t  of t he  a d d i t i o n  of hydrogen i n  reducing t h e  t r a n s p o r t  

would both be g r e a t e r  t han  would a c t u a l l y  occur i f  t h e  a c t u a l  t r ans -  

p o r t  were p r o p o r t i o n a l  t o  the  p re s su re  t o  a power i n  t h e  range 1 / 2  

t o  1. The c a l c u l a t i o n s  would n o t  underest imate  t h e  t r a n s p o r t  un le s s  

t h e  t o t a l  p r e s s u r e  of t r i t i u m  and hydrogen exceeded t h e  r e fe rence  

p r e s s u r e  f o r  t h e  pe rmeab i l i t y  c o e f f i c i e n t ,  which is  u s u a l l y  1 a t m .  
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I 

11. DERIVATION OF EQUATIONS AND COMPUTATIONAL PROCEDURES 

I n  making t h e  c a l c u l a t i o n s ,  w e  f i r s t  c a l c u l a t e  t h e  d i s t r i b u t i o n  of 

hydrogen p l u s  tritium i n  o rde r  t o  e s t a b l i s h  flows and concen t r a t ions  of 

t h e  combined i s o t o p e s  throughout t he  p l a n t .  

bu t ion  of t r i t i u m  throughout t h e  p l a n t .  

Then w e  c a l c u l a t e  t h e  d i s t r i -  

For c a l c u l a t i n g  t h e  d i s t r i b u t i o n ,  t h e  f l u i d s  i n  t h e  primary and 

secondary systems and t h e  va r ious  p a r t s  of t h e  steam system are assumed 

t o  be w e l l  mixed and t o  c o n t a i n  uniform bulk concen t r a t ions  of a l l  

c o n s t i t u e n t s .  The c a l c u l a t i o n s  are f o r  s t eady- s t a t e  c o n d i t i o n s ,  and 

only hydrogen and tritium molecules are assumed t o  be a b l e  t o  so rb  on 

t h e  m e t a l  s u r f a c e s ,  d i s s o c i a t e ,  and d i f f u s e  through the  metal w a l l s .  

The v a r i o u s  p a t h s  are de f ined  and the  d i s t r i b u t i o n  is  c a l c u l a t e d  by t h e  

use  of t h e  fol lowing set of equat ions.  * 

A. I n  the  primary system: 

1. Transport  of hydrogen through t h e  s a l t  f i l m  t o  t h e  w a l l  

of t h e  p ip ing  i n  t h e  h o t  l e g  from t h e  r e a c t o r  vessel t o  

t h e  h e a t  exchanger: 

Q I  hlA1(CF - C I >  

Transport  through t h e  p i p e  w a l l  t o  t h e  surroundings where 

t h e  hydrogen p r e s s u r e  is  assumed t o  be n e g l i g i b l e :  

2. Transport  of hydrogen t o  and through t h e  w a l l s  of t h e  cold- 

l e g  p ip ing  from t h e  h e a t  exchanger t o  t h e  r e a c t o r  vessel: 

*Symbols are def ined i n  Sect ion I V ,  Nomenclature. 
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3. Transpor t  of hydrogen t o  and through t h e  wal l s  of t h e  

r e a c t o r  vessel and t h e  s h e l l s  of t h e  h e a t  exchangers i n  

t h e  primary system: 

4. Transport  of  hydrogen t o  and through t h e  w a l l s  of t h e  

tubes  i n  t h e  primary hea t  exchangers i n t o  t h e  secondary 

system: 

5. Transpor t  of hydrogen t o  t h e  s u r f a c e s  of t h e  g r a p h i t e  

i n  t h e  r e a c t o r  vessel o r  t o  o t h e r  sorber :  

So rp t ion  by t h e  g r a p h i t e  o r  o t h e r  so rbe r  assuming t h a t  

t h e  sorb ing  s u r f a c e  i s  rep laced  cont inuous ly  and t h a t  

t h e  concen t r a t ion  of sorbed gas  is  p r o p o r t i o n a l  t o  t h e  

square  r o o t  of t h e  p a r t i a l  p re s su re :  

6 .  Removal of hydrogen by purge: 
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7. Transport  of hydrogen f l u o r i d e  t o  and removal by so rbe r :  

8 .  Removal of hydrogen f l u o r i d e  by purge: 

Because t h e  molecular s p e c i e s  involved may c o n t a i n  d i f f e r e n t  numbers 

of hydrogen atoms, a l l  t h e  c a l c u l a t i o n s  are done i n  terms of atoms of 

hydrogen. This  does n o t  mean t h a t  t h e  hydrogen n e c e s s a r i l y  d i f f u s e s  as 

s i n g l e  atoms, b u t  only t h a t  a t r a n s p o r t  u n i t  i s  one hydrogen atom and 

t h e  parameters are expressed i n  terms of s i n g l e  hydrogen atoms. A 

Q v a l u e  of 1 then r e p r e s e n t s  t h e  t r a n s p o r t  of one-half molecule of H2, 

one molecule of HF, o r  one-fourth molecule of a compound l i k e  CH4,  a l l  per 

u n i t  t i m e .  Likewise, a C v a l u e  of 1 r e p r e s e n t s  a concen t r a t ion  of one- 

half molecule of H2, one molecule of HF, or one-fourth molecule of C H 4 ,  

a l l  pe r  u n i t  volume. 

If t h e  rates of i n f low of t r i t i u m  and hydrogen atoms (R, and R2, 

r e s p e c t i v e l y )  t o  t h e  primary system are given,  a material balance over 

t h e  primary system g i v e s  

8 

i=l 
RL + R2 = C Qi 

I n  ou r  c a l c u l a t i o n s ,  a l l  flow rates i n  t h e  sum on t h e  right-hand s i d e  

of Eq. 9 are p o s i t i v e  o r  zero except f o r  Q 4 ,  t h e  t r a n s p o r t  through t h e  



12  

hea t  exchanger tubes  t o  t h e  secondary system. Q4 can be  p o s i t i v e ,  

nega t ive  o r  zero,  depending on t h e  cond i t ions  i n  t h e  v a r i o u s  systems. 

Hydrogen i s  p resen t  i n  and is  removed from t h e  primary system as hydrogen 

f l u o r i d e ,  bu t  we  provide no inpu t  of HF. It i s  produced by t h e  r e a c t i o n  

UF4 + :Hz Z UF3 + HF 2 

which has  an equi l ibr ium quo t i en t  

o r  

Corrosion and o t h e r  chemical cons ide ra t ions  make i t  d e s i r a b l e  t o  main ta in  

t h e  r a t i o  X(UF,)/X(UF,) Z 1 / U  a t  a cons t an t  va lue ,*  so t h e  concen t r a t ion  

of HF i n  t h e  bulk  of t h e  s a l t  can be  r e l a t e d  t o  t h e  hydrogen concen t r a t ion  

1 
MU 

'FF k7 = - (ksCF)T . 
W e  r e p l a c e  C 

expres s ions  f o r  Q, and Qe  i n  t e r m s  of C 

by t h e  equ iva len t  func t ion  of C i n  Eqs. 7a and 8 t o  o b t a i n  FF F 

F' 

B. Secondary System: 

1. Hot-leg p ip ing:  

Q i o  = hioAio(CC - CIO) 

1 
- - k d h  (kioClo)T . 

t i 0  

*This might r e q u i r e  t h a t  hydrogen be  added t o  t h e  primary systems as 
a mixture  of hydrogen and hydrogen f l u o r i d e .  
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3. Transport  through the  primary h e a t  exchanger tubes i n t o  t h e  

primary system: 

412 = hizA4 (Cc - C12) 

4. Transport  through t h e  steam generator  tubes i n t o  the  

steam system: 

413 = hl3A13 (cc - c13) 

5. Transport  through the  supe rhea te r  tubes i n t o  t h e  steam 

system: . 

4 1 4  = h14A14 (cc - c14) ( 1 5 4  

6.  Transport  through t h e  r e h e a t e r  tubes i n t o  t h e  steam system: 

Q 1 5  = h15A15 (cc - ClS) ( 1 6 4  

7 .  Removal by s o r b e r  as hydrogen: 
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8. Removal by purge as hydrogen: 

417 = F3E3CC e 

9. Removal by so rbe r  as HF: 

Since w e  assume t h a t  t h e  hydrogen f l u o r i d e  does n o t  release hydrogen 

t o  d i f f u s e  through t h e  metal w a l l s ,  and t h a t  t h e r e  are no chemical reac- 

t i o n s  i n  t h e  secondary system t h a t  make t h e  concen t r a t ions  of hydrogen and 

hydrogen f l u o r i d e  interdependent ,  we  w r i t e  s e p a r a t e  material ba l ances  f o r  

t h e  two s p e c i e s  f o r  t h e  d i s t r i b u t i o n  of t o t a l  t r i t i u m  and hydrogen: 

1 7  

i=10 
R 3  + R4 = .Z Qi 

I n  t h e s e  equa t ions  all t h e  R ' s  and a l l  t h e  Q's have p o s i t i v e  o r  

zero v a l u e s  except  f o r  Q I 2 ,  Q 1 3 ,  Q14 and Q 1 5 ,  which can have n e g a t i v e  

values.  

C. Steam gene ra to r  system: 

1. Transport  through t h e  steam gene ra to r  tubes i n t o  t h e  secondary 

s y s  t e m  : 

Q z i  = h2iA13(CSG - C21) (22a) 

2. Transport  through supe rhea te r  tubes i n t o  t h e  secondary system: - 
Q 2 2  = h22A14(Css - C22) ( 2 3 4  



15 

P 

3. Transport  through the  r e h e a t e r  tubes i n t o  t h e  secondary system: 

In t h e  steam system the  values  f o r  CSGy Css and C w i l l  be  given. 
SR 

The steam flows w i l l  be  so  l a r g e  t h a t  t h e  d i f f u s i o n  of hydrogen through 

the  m e t a l s  should n o t  have much e f f e c t  on t h e  concen t r a t ion  of hydrogen 

i n  t h e  steam. 

balance over t h e  steam system. 

as hydrazine o r  i n  some o t h e r  manner t o  g ive  a s p e c i f i e d  r a t i o  of 

hydrogen t o  H 2 0 ,  then t h i s  r a t i o ,  coupled with t h e  steam t a b l e s ,  can b e  

used t o  c a l c u l a t e  t he  hydrogen concen t r a t ions  i n  t h e  w a t e r  and steam i n  

t h e  s team-rais ing equipment. 

concen t r a t ions  are e s t a b l i s h e d  by the  d i s s o c i a t i o n  of water. 

Under t h e s e  assumptions, w e  do n o t  r e q u i r e  a material 

I f  hydrogen is  added t o  t h e  f eed  water 

Without a d d i t i o n  of hydrogen t h e  

We now need t o  s o l v e  t h e  above equat ions t o  o b t a i n  va lues  f o r  a l l  

t h e  flow rates and concen t r a t ions .  We c a r r y  t h i s  ou t  i n  t h e  fol lowing 

sequence, d i scussed  i n  

1. 

2. 

3. 

4 .  

Calcu la t e  CCFy 

and 21b. 

Assume a va lue  

Ca lcu la t e  Q 10 , 
12a,  12b, 17a, 

Ca lcu la t e  Q 1 3 , 
14b, 15a, 15b, 

more d e t a i l  i n  Sec. 111. 

C l e ,  Q l e  and Q 1 9  from equa t ions  19a, 19b, 20 

C '  
f o r  C 

Q l l ,  4 1 6 ,  4 1 7  and c16 from equa t ions  l l a ,  l l b ,  

17b and 18. 

4 1 4 ,  4 1 5 ,  C i 3 ,  C i 4  and C i s  from equat ions 14a,  

16a,  16b, 22a, 22b, 23a, 23b, 24a and 24b, 

n o t i n g  t h a t  t h e  steam system and t h e  secondary system are 

coupled by the  r e l a t i o n s h i p s  Q l 3  = - Q 2 1 ,  4 1 4  = - 4 2 2  and 

Q 1 5  = - 4 2 3 -  
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5. Ca lcu la t e  4 1 2  from t h e  material ba lance ,  E q .  21a. 

6 .  Calcu la te  C C 1 2  and C 4  from Eqs .  4a, 4b, 13a,  13b, t h e  F' 
r e l a t i o n s h i p  Q 4  = -412 and t h e  va lue  of 4 1 2  ob ta ined  i n  s t e p  5.  

These concent ra t ions  should a l l  be  p o s i t i v e .  

i s  nega t ive ,  s t e p s  3 through 6 must be  repea ted  wi th  a l a r g e r  

C' va lue  of C 

When p o s i t i v e  va lues  have been found f o r  C 

I f  any one of them 

7. C 1 2  and C 4 ,  F' 
c a l c u l a t e  Q 1 ,  4 29 4 3 9  Qs, Q6, 47, Q s ,  C S ,  CFF and C 7 *  

8. Calcu la te  R from 
F 

8 
RF = C Q - (R1 -I- R2) i i=l 

I f  R i s  p o s i t i v e ,  hydrogen must be  added t o  the  primary system 

i n  o rde r  t o  maintain a ba lance .  This m e a n s  t h a t  C i s  too l a r g e ,  

which i n  tu rn  means t h a t  C i s  t o o  l a r g e ,  and s t e p s  3 through 8 

must b e  repea ted  wi th  a smaller va lue  of Cc. 

Cc i s  too  s m a l l  and s t e p s  3 through 8 must b e  repea ted  wi th  a 

l a r g e r  va lue  of C 

F 

F 

C 
I f  R is  nega t ive ,  F 

C '  

When t h i s  process  has  been repea ted  u n t i l  t h e  r a t i o  lRl: R21is 

s u f f i c i e n t l y  s m a l l ,  t h e  flows and concent ra t ions  of  hydrogen p l u s  t r i t i u m  

and of hydrogen f l u o r i d e  p l u s  t r i t i u m  f l u o r i d e  have been e s t a b l i s h e d  

throughout t h e  p l a n t  and w e  can proceed wi th  t h e  c a l c u l a t i o n  of t h e  

t r i t i u m  d i s t r i b u t i o n .  We ignore  t h e  d i f f e r e n c e  i n  t h e  p r o p e r t i e s  of 

t h e  two i so topes  and assume t h a t  they behave i d e n t i c a l l y .  Thus, 

hydrogen and t r i t i u m  compounds have t h e  s a m e  s o l u b i l i t i e s  and 

d i f f u s i v i t i e s ,  and i f  a hydrogenous compound, such as H F ,  is  added 

t o  a mixture  of hydrogen and t r i t i u m ,  exchange w i l l  occur  t o  g ive  a 

r a t i o  of t r i t i u m  t o  hydrogen t h a t  is t h e  same i n  hydrogen* and t h e  

added compound. 

* H P ,  HT and T2. 
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I 

We now proceed wi th  the  c a l c u l a t i o n  of t h e  t r i t i u m  d i s t r i b u t i o n .  

D. Primary system: 

1. Transport  through w a l l s  of hot- leg piping:  

4 3 1  = -  ‘FT Q~ . 
cF 

2. Transport  through w a l l s  of cold-leg p ip ing :  

(26) 
C 

4 3 2  = FT 42 . 

3 .  Transport  through w a l l  of r e a c t o r  

exchangers i n  primary s y s  t e m :  

C 
4 3 3  = FT Q 3  

vessel and s h e l l s  of h e a t  

4 .  Transport  through w a l l s  of primary heat-exchanger tubes 

i n t o  t h e  secondary system: 

Equations 25 through 27  are s t r a i g h t f o r w a r d ,  simply i n d i c a t i n g  t h a t  

t h e  amount of t r i t i u m  flowing wi th  hydrogen is  p r o p o r t i o n a l  t o  t h e  f r a c t i o n  

of t h e  concen t r a t ion  t h a t  i s  t r i t i u m  when t h e  flow of b o t h  i s  i n t o  a s i n k  

wi th  a zero concen t r a t ion  of both.  Equation 28a is s t r a i g h t f o r w a r d ,  

i n d i c a t i n g  t h a t  t h e  flow of t r i t i u m  from t h e  bu lk  s a l t  t o  t h e  w a l l  is 

p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  between t h e  concen t r a t ions  of t r i t i u m  i n  

t h e  bu lk  f l u i d  and t h e  w a l l .  Equation 28b, however, r e q u i r e s  some 

a d d i t i o n a l  exp lana t ion .  
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.- 
The rate of t r a n s p o r t  of hydrogen through a metal w a l l  can be 

expressed as 

DA 
t 

Q = - (C; - C h )  , 
where D is t h e  d i f f u s i v i t y  of hydrogen atoms i n  t h e  m e t a l ,  t h e  C ' s  are 

t h e  concen t r a t ions  of hydrogen atoms d i s so lved  i n  t h e  m e t a l  a t  t h e  i n n e r  

(I) and o u t e r  ( 0 )  s u r f a c e s ,  t is the metal th i ckness  and A is  the  s u r f a c e  

area. Assuming no i n t e r a c t i o n  of t r i t i u m  and hydrogen atoms as they 

d i f f u s e  through t h e  metal, t h e  rate of t r a n s p o r t  of t r i t i u m  is 

DA QT = -  (C.;lI - C;cO) . 
The concen t r a t ion  of hydrogen + t r i t i u m  atoms i n  t h e  m e t a l  a t  t h e  

s u r f a c e  i s  
1 

C' = SP' = S(kC)T , 

where S is  a s o l u b i l i t y  c o e f f i c i e n t  and P i s  t h e  p a r t i a l  p r e s s u r e  of 

hydrogen + t r i t i u m  and i s  equa l  t o  the  product  of Henry's l a w  c o e f f i c i e n t  

and t h e  concen t r a t ion  of hydrogen + t r i t i u m  i n  t h e  s a l t  a t  t h e  s u r f a c e .  

Assuming t h a t  t h e  r a t i o  of t r i t i u m  t o  hydrogen + t r i t i u m  i n  t h e  metal 

a t  the s u r f a c e  i s  t h e  same as t h a t  i n  t h e  s a l t  a t  t h e  s u r f a c e ,  we can 

write 

k I C T I  s 1  'TI - S(k C )=-= 
I I CI ( k I C I F  

and a s imilar  expres s ion  f o r  

DSA Q, = t 

t h e  o u t e r  s u r f a c e .  Then, 
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and by s u b s t i t u t i n g  t h e  pe rmeab i l i t y  c o e f f i c i e n t ,  p,  f o r  t h e  product ,  

DS, w e  o b t a i n  Eq. 28b. This t reatment  is  necessa ry  h e r e  because 

the  n e t  flows of hydrogen and t r i t i u m  may b e  i n  oppos i t e  d i r e c t i o n s .  

The equa t ions  provide a means f o r  t a k i n g  i n t o  account t h e  e f f e c t  of t he  

mass a c t i o n  l a w s  on the  concen t r a t ions  of t r i t i u m  i n  t h e  m e t a l  and i t s  

t r a n s p o r t  through t h e  m e t a l .  

5. Removal by g r a p h i t e  o r  o t h e r  s o r b e r :  

Q5  Q 3 5  = -  
‘FT 

cF 

6.  Removal by purge: 

7. Removal by g r a p h i t e  o r  o t h e r  s o r b e r  as t r i t i u m  f l u o r i d e :  

4 7  4 3 7  =--  
‘FT 

cF 

8. Removal by purge as t r i t i u m  f l u o r i d e :  

The t r i t i u m  balance over  t h e  primary system is: 

38 
R1 = Qi 

i=31  

E.  Secondary s y s  t e m :  

1. Hot-leg piping:  

(33) 
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2 .  Cold-leg p ip ing:  

4 4 1  = 

3. Transport  through primary 

primary system: 

‘CT 
-411 
cC 

h e a t  exchanger tube w a l l s  i n t o  

(35) 

4 .  Transport  through steam genera tor  tube w a l l s  i n t o  t h e  steam 

s y s  t e m :  

4 4 3  = hi3Ai3(CCT - C43) ( 3 7 4  

Calcula t ions  of t h e  t r i t i u m  d i s t r i b u t i o n  are based on t h e  assumption 

t h a t  t r i t i u m  w i l l  exchange so  r a p i d l y  wi th  the  hydrogen i n  t h e  steam t o  

form t r i t i a t e d  water t h a t  t h e  t r i t i u m  concent ra t ion  w i l l  b e  e f f e c t i v e l y  

zero.  

5. Transport  through the  supe rhea te r  tubes  i n t o  t h e  steam system: 

4 4 4  = hi4Ai4(CCT - C44) (38a) 

6 .  Transport  through t h e  r e h e a t e r  tubes  i n t o  the  steam system: 



2 1  

7. Removal by s o r b e r  as tritium: 

8. Removal by purge as t r i t i u m :  

417 ‘CT 
4 4 7  = -  

cC 

9. Removal by s o r b e r  as tritium f l u o r i d e :  

Q I S  
‘CT 

448 = -  
cC 

10. Removal by purge as t r i t i u m  f l u o r i d e :  

Q i 9  
‘CT 4 4 9  = -  
cC 

The balance over t h e  secondary system is:  

49 
R3 = C Qi 

i=40 

(43) 

(44) 

Since t h e  t r i t i u m  concen t r a t ion  i n  t h e  steam system is  assumed t o  

be  n e g l i g i b l e ,  no equat ions are needed f o r  t h e  s t e a m  system. 

To c a l c u l a t e  t h e  d i s t r i b u t i o n  of t r i t i u m ,  w e  s o l v e  Eqs. 25-44 i n  

t h e  fol lowing sequence, discussed i n  more d e t a i l  i n  Sec t ion  111. 

1. 

2. 

3. 

Assume a t r i t i u m  concen t r a t ion ,  CCT, i n  t h e  secondary system 

and c a l c u l a t e  Q b O ,  Q41 ,  Q 4 3  through Q 4 9  from Eqs. 34, 35, 37a, 

37b, 38a, 38b, 39a, 39b, 40, 41 ,  42 and 43. 

C a l c u l a t e  Q4*  from t h e  material balance,  Eq. 44. 

C a l c u l a t e  CFT from Eqs. 28a, 28b, 36a and 36b, t h e  r e l a t i o n -  

ship Q 3 4  = ‘442 and t h e  v a l u e  of 4 4 2  from s t e p  2. I f  t h e  v a l u e  

of CFT i s  nega t ive ,  i n c r e a s e  t h e  estimate f o r  C 

s t e p s  1 through 3. When we  have found a p o s i t i v e  C w e  

proceed t o  s t e p  4. 

and r e p e a t  CT 

FT’ 
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5. Ca lcu la t e  R where F’ 

i s  t h e  t e r m  t h a t  must be added t o  t h e  l e f t  s i d e  of Eq. 33 i n  

o rde r  f o r  t h e  equa t ion  t o  balance.  I f  R i s  p o s i t i v e ,  t r i t i u m  

so CFT and C must be added t o  t h e  primary system, 

l a r g e ;  i f  R i s  nega t ive ,  

t he  va lue  of C 

F 
are  too 

CT 
and C are too  small. Adjust 

When IRF/R1 I 
‘FT CT 

and r e p e a t  s t e p s  1 through 5. 
F 

CT 
is  s u f f i c i e n t l y  s m a l l ,  t h e  c a l c u l a t i o n s  are f i n i s h e d .  
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111. SOLUTION OF EQUATIONS 

I n  t h e  procedure discussed above, w e  begin wi th  t h e  c a l c u l a t i o n  of 

CCF, C I S ,  Q I S  and Q19 w i th  Eqs. 19a,  19b and 20, and t h e  material ba l ance ,  

Eq. 21b: 

Q I S  = hisAie(CCF - CIS) ( 1 9 4  

Eq. 19b r e q u i r e s  t h a t  Q l e  2 0 and Eq. 20 r e q u i r e s  t h a t  Q 1 9  - > 0,  so  i f  

RS = 0, 21b r e q u i r e s  t h a t  Q18 = Q19 = 0. I f  R5 > 0,  w e  combine 21b, 20 

and 19a  t o  o b t a i n  

o r  

S u b s t i t u t i n g  19c i n t o  19a, s e t t i n g  t h e  r e s u l t  equa l  t o  19b and c o l l e c t i n g  

terms we o b t a i n  
1 

a - C I S  = scz l  Y (19d) 

where w e  have def ined 

and 
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Squaring both s i d e s  of 19d r e s u l t s  i n  a q u a d r a t i c  equa t ion  f o r  C i s ;  

s i n c e  t h e  right-hand s i d e  of 19d is p o s i t i v e ,  we  want t h e  r o o t  of t h i s  

q u a d r a t i c  which is  less than a. We have 

c:, - (2a+B2)C1e + a2 = 0 Y 

To o b t a i n  t h e  r o o t  less than a, w e  want t h e  r o o t  w i th  t h e  n e g a t i v e  s ign.  

To avoid p o s s i b l e  l o s s  of s i g n i f i c a n t  f i g u r e s ,  w e  n o t e  t h a t  t h e  product 

of t h e  r o o t s  i s  a2, so  t h a t  w e  can w r i t e  t h e  s o l u t i o n  i n  t h e  form 

Then w e  have 

and 

1 

C1e = *qi) 

i t h  some va lue  f o r  C w e  proceed t o  t h e  ca -cu la t ion  of Q l o ,  Q l l ,  C 

Q16, Q17 and C16.  E q s .  l l a ,  l l b ,  12a and 12b read 

910 = PloAlo t l 0  (kloClo)' , 
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Q l l  = PllAll (kllCll)' . 
tll  

These equa t ions  (11 and 12)  are i d e n t i c a l  i n  s t r u c t u r e ,  as a x  E q s .  1, 

2, 3 ,  5, 7 ,  1 7  and 19. For E q s .  11 and 1 2  we d e f i n e  

and E q s .  11 and 12 then can be w r i t t e n  i n  t h e  form of q u a d r a t i c s  i n  t h e  

concen t r a t ion  C i: 

c; - (2C1+Cr)Ci + c: = 0 . 
From E q s .  l l b  and 12b, t h e  f low rates Q l o  and Q l l  must be p o s i t i v e ,  so 

t h a t  t h e  r o o t  d e s i r e d  i n  each case is  t h e  smaller one. W e  have 

ci = ,...4('.) ' i = 10,  11 , 

and 

By p u t t i n g  

1 

(kiCi)= , i = 10,  11 . - P i A i  - -  
t i Qi 

C l b  can be c a l c u l a t e d  i n  t h e  same fash ion  ( E q s .  17a and 17b) and t h e  

f low rates 416 and Q17 are 
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We cont inue wi th  s t e p  4 ,  t h e  c a l c u l a t i o n  of t h e  f low rates  413)  

414 and Q l s ,  and t h e  corresponding concen t r a t ions  c13, C14 and C15 ,  

us ing Eqs. 14a,  14b, 15a,  15b, 16a,  16b, 22a, 22b, 23a, 23b, 24a and 

24b. 

by t h e  equa t ions  

Note t h a t  t h e  secondary system and t h e  steam system are coupled 

The t h r e e  equa t ions  14, 1 5  and 16 a l l  have t h e  same s t r u c t u r e  and can 

be w r i t t e n  i n  t h e  form 

where K = 13 ,  14 and 15, C1 = Cc, L = 21, 22 and 23, and we i d e n t i f y  

C z  as C Css and C f o r  K = 13, 14 and 15,  r e s p e c t i v e l y .  We can 
SG ' SR 

s o l v e  Eq. b f o r  CL: 

Since C 

C p ) ,  which is  t h e  v a l u e  such t h a t  

must b e  non-negative, t h e r e  i s  a maximum p e r m i s s i b l e  v a l u e  L 

o r  

If w e  s u b s t i t u t e  (c )  i n t o  ( a )  and r ea r r ange ,  w e  have 
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o r ,  more conc i se ly ,  

CK = F(CK) . 
To l o c a t e  t h e  s o l u t i o n s  ( i f  any) of t h i s  equat ion,  we  need t o  

. We f i n d  t h a t  examine t h e  behavior of F(C ) f o r  0 < C < C b a x >  
K - K -  K 

and 

F'(CK) < 0, F ' ( 0 )  = -a 

F"(CK) - > 0 . 
The graph of F(CK) then looks l i k e  t h e  curve i n  Fig.  2. 

Fig.  2. Sketch of F(C K ) vs CK. 

( m a d  , w e  must have K For  t h e r e  t o  be a s o l u t i o n  between zero and C 

(max) > F ( C Y ) )  and upon s u b s t i t u t i o n  of our  expres s ion  (d) i n t o  
cK 

F(CK), w e  f i n d  t h a t  t h i s  cond i t ion  is  s a t i s f i e d .  

t h e  f u n c t i o n  

We w i l l  now examine 
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We no te  t h a t  

G(0) = -F(O) < 0 

and 

G'(CK) = 1 - F'(CK) > 0 [since F'(CK) < 01 . 
This i n s u r e s  t h a t  G(C ) has  one and only  one zero i n  t h e  range K 

5 cK 5 (mx). Since  G"(CK) = -F"(CK) G"(CK) - < 0,  and t h e  graph 

of G(C ) looks  l i k e  t h e  curve shown i n  Fig. 3. K 

K 
Fig.  3.  Sketch of G(CK) vs C 

With a s u i t a b l e  C(') we can compute G I  = G(Ckl)) < 0 ( f o r  example, K 
s t a r t i n g  wi th  C(') = 0) and wi th  a s u i t a b l e  C('), G 2  = G(Ci2))  > 0 

K K 

, t o  s t a r t ) .  An approximation t o  the  s o l u t i o n  C(T),  i s  K 

der ived  from t h e  i n v e r s e  l i n e a r  i n t e r p o l a t i o n :  

as shown i n  Fig.  2. A b e t t e r  approximation can be  der ived  wi th  i n v e r s e  

q u a d r a t i c  i n t e r p o l a t i o n :  
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With G"(CK) < 0 as shown and G'(C ) > 0, G = G(C:T)) w i l l  be  p o s i t i v e  K T - 
and C F )  should be l a r g e r  than t h e  r o o t .  I f  C?) is  l a r g e r  t han  CK (TI , 

G = G ( C F ) ) ;  and i f  t h i s  v a l u e  is  nega t ive ,  w e  r e p l a c e  C ( l )  by CK (XI , 

we r e p l a c e  C;"' by Cp), G 2  by GT,  and r e p e a t  t h e  i n v e r s e  l i n e a r  i n t e r -  

C F )  is  smaller than C(T),  w e  c a l c u l a t e  po la t ion .  I f ,  however, K 

X K 

G1 by G x y  C i2 )  by C p )  and G 2  by G T y  and repeat t h e  i n v e r s e  l i n e a r  

i n t e r p o l a t i o n .  I f  G i s  p o s i t i v e ,  w e  r e p l a c e  C(2) by C F )  and G 2  by G 

and r e p e a t  t h e  i n v e r s e  l i n e a r  i n t e r p o l a t i o n .  

X K X 

We t e rmina te  t h i s  p rocess  

when 

o r  when ?e have done 50 i t e r a t i o n s .  The t o l e r a n c e  CTOL i s  de f ined  -n a 

DATA s ta tement  i n  our program. 

i n  about f o u r  i t e r a t i o n s  f o r  C 

We have found t h a t  t h e  procedure converges 

= lo-' and i n  about s i x  i t e r a t i o n s  f o r  TOL 

cTOL = 

The r equ i r ed  flow rates 413, Q Z l ,  Q 1 4 ,  Q Z 2 ,  Q15 and Q Z 3  can now be 

computed from 

Qi = h.A.(CC 1 1  - Ci> 

- - -Qi, i = 13, 1 4 ,  15 . Qi+8 

The flow rate of hydrogen and tritium through h e a t  exchanger tube 

w a l l s  from t h e  secondary t o  t h e  primary system, Q 1 2 ,  is  

and from Eq. 13a,  

c12 = c - 
hlZA4 
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If t h e  v a l u e  f o r  C l z  is  nega t ive ,  w e  have used too s m a l l  a v a l u e  f o r  

Cc,  so  w e  double our previous guess  and start over a t  s t e p  3. 

computed va lue  i s  p o s i t i v e ,  we  proceed t o  c a l c u l a t e  (Eq. 13b) 

I f  t h e  

and f i n a l l y ,  

I f  t h e  computed va lue  f o r  CF is  nega t ive ,  w e  need a l a r g e r  va lue  f o r  

C,, s o  w e  double our  previous guess and r e t u r n  t o  s t e p  3. I f  p o s i t i v e ,  
b 

we proceed t o  s t e p  7, t h e  

4 2 9  4 3 ,  45, 46, 47 a d  QE 

W e  can write Eqs. I, 

computation of t h e  remaining flow rates Q1, 

and t h e  concen t r a t ions  C 5 ,  CFF and C 7 .  

2 and 3 i n  the  form 

Q .  = h A - 
L i i (‘F 

and wi th  

t h e  r e s u l t i n g  q u a d r a t i c  equa t ions  can be solved i n  the  same way as 

those f o r  C l o  and C l 1 .  Eqs. 5 can be manipulated i n t o  t h e  same form 

w i t h  

s o  t h a t  we can c a l c u l a t e  C5, and from i t  
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Again, Eqs. 7a and 7b can b e  w r i t t e n  as a q u a d r a t i c  f o r  C 7  w i th  

s o  t h a t  w e  can c a l c u l a t e  
1 

4 7  = B2W2A7 (k7C7lT 

and 

8 

i= 1 RF = Qi - R 1  - R2 

where C is  FF 
CFF = M U $ , C F ) T  1 

k7 

This is  t h e  end of t he  f i r s t  p a r t  of t h e  procedure i f  % is  s m a l l  

enough. W e  t e s t  t h e  condi t ion 

(where t h e  q u a n t i t y  TTOL is  de f ined  i n  a DATA s t a t emen t  i n  our  

program) and i f  i t  is  s a t i s f i e d ,  w e  proceed t o  the  second p a r t .  If 

n o t ,  w e  a d j u s t  C i n  a v a r i e t y  of ways, depending on what information 

we have accumulated s o  f a r .  W e  c a r r y  ou t  a p re l imina ry  sea rch  f o r  

C 

two va lues  of C which b r a c k e t  t h e  r o o t ,  i . e . ,  one f o r  which % is  

n e g a t i v e  and t h e  o t h e r  f o r  which % i s  p o s i t i v e .  

f i r s t  i t e r a t i o n  o r  i f  both ou r  p r e s e n t  and previous va lues  of R 

have t h e  same s i g n ,  we  mu l t ip ly  C by a f a c t o r  m such t h a t  

C 

I f  t h i s  is  t h e  

F 

C 
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b u t  l i m i t e d  t o  t h e  range 

.01 5 m 100 

When w e  have bracketed t h e  r o o t ,  w e  combine i n v e r s e  l i n e a r  and 

i n v e r s e  q u a d r a t i c  i n t e r p o l a t i o n  i n  much t h e  same way as w e  d i d  f o r  

t h e  s o l u t i o n  of t h e  equat ions f o r  C 1 3 ,  C 1 4  and C 1 5 ,  keeping t h e  r o o t  

bracketed and at tempting t o  reduce t h e  l e n g t h  of t h e  i n t e r v a l  con- 

t a i n i n g  the  r o o t .  When t h i s  process  has converged, w e  proceed t o  

the  tritium c a l c u l a t i o n .  

With a value f o r  C t h e  concen t r a t ion  of t r i t i u m  i n  t h e  CT’ 

secondary sa l t ,  we compute 

Q i o  
‘CT 

Q 4 0  = -  
cC 

(34) 

(35)  



33 

Qi 9 i = 1 6 ,  17, 18, 19 ‘CT = -  
Qi+30 Cc 

4 4  2 = R3-44 0-44 1-44 3-44 4 - 4 4 5 - 4 4  6 - 4 4  7-44 8 - 4 4  9 

and f i n a l l y  

If t h i s  value is  n e g a t i v e ,  we have used too  small a va lue  f o r  

i n  t h e  same way as be fo re ,  we double C and t r y  aga in ,  s t a r t i n g  ‘CT; CT 
a t  Eq. 34. When w e  have found a p o s i t i v e  c 4 2 y  w e  compute 

Again, i f  C34 i s  nega t ive ,  w e  need t o  double C and t r y  aga in .  

When w e  have found a p o s i t i v e  C34, w e  compute 

CT 

and cont inue wi th  t h e  doubling scheme u n t i l  C42,  C34 and C are a l l  

p o s i t i v e .  We can now compute t h e  flow rates 

FT 

and 

38 

i=31 
s = c  Q i - R i  

(40-43) 

(44) 

Our test  i s  now on I%/R11, and we  use t h e  same adjustment and 

i n t e r p o l a t i o n  procedures as f o r  C C’ 
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I V .  NOMENCLATURE 

Reference 
Value;k Name** 

A = s u r f a c e  area, c m z  

ho t  l e g  of primary system (p ip ing  and 
pumps) 6 X l o 5  

co ld  l e g  of primary system (p ip ing)  5 x lo5  
6 r e a c t o r  vessel and h e a t  exchanger s h e l l s  3.5 x 10 

tubes  of primary hea t  exchanger 7 4.9 x 10 

7 c o r e  g r a p h i t e  f o r  so rp t ion  of hydrogen 5.2 X 10 

7 c o r e  g r a p h i t e  f o r  s o r p t i o n  of hydrogen 
f l u o r i d e  5.2 X 10 

hot l e g  of secondary system (p ip ing ,  pumps, 7 

hal f  of s h e l l s  on s team-rais ing equipment) 

co ld  l e g  of secondary system (p ip ing ,  h a l f  
of s h e l l s  on s team-rais ing equipment) 

A4 

tubes  of steam gene ra to r s  

tubes  of supe rhea te r s  

tubes  of r e h e a t e r s  

so rbe r  of hydrogen 

so rbe r  of hydrogen f l u o r i d e  

1.1 x 10’ 

8.8 X l o 6  
7 4.9 x 10 

7 3.1 X 10 

7 2.7 X 10 

1.8 x l o 7  

0 

--- 

0 

A 

*The r e f e r e n c e  v a l u e s  are based on t h e  des ign  of a 1000 IWe molten sa l t  
breeder  r e a c t o r  p l a n t  descr ibed  i n  ORNL-4541. 

parameter is n o t  used i n  t h e  program. 
nkAcronym used i n  FORTRAN computer program; i f  no e n t r y  appears ,  t h e  
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Reference 
Value Name 

B = sorption factor, atoms/cm2atm 2 B 

B1 = hydrogen + tritium on core graphite 3 x 1o2I  

B2 = hydrogen fluoride on core graphite 3 x 1o2I  

B3 
= hydrogen + tritium on ssrber in secondary 
system 1 x l0l8 

B4 
= hydrogen fluoride on sorber in secondary 
system 1 x 

c = concentration, atoms/cm3 

= hydrogen + tritium in bulk of primary salt C F  
cF 

CFF = hydrogen + tritium as hydrogen fluoride in 
bulk of primary salt C F F  

= tritium in bulk of primary salt C F T  
CFT 

Cc 

CCF = hydrogen + tritium as hydrogen fluoride in 
= hydrogen + tritium in bulk of secondary salt 

bulk of secondary salt 

cc 

CCF 

CCT = tritium in bulk of secondary salt CCT 

CSG = hydrogen in bulk of water in steam generator 
(672 'K)  2 X l o l o  CSG 

Css = hydrogen in bulk of steam in superheater 
(783 O K )  9 x css 

= hydrogen in bulk of steam in reheater 
CSR ( 7 5 5 ° K )  1 X 10" CSR 

C1 
= hydrogen + tritium in salt at surface of hot 
leg of primary system 

C2 
= hydrogen + tritium in salt at surface of 
cold leg of primary system 

C 

C3 
= hydrogen + tritium in salt at surface of 
reactor vessel and heat exchanger shells 
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‘ 4  

‘ 5  

‘6 

‘7 

‘8 

‘ 9  

Reference 
Value Name 

= hydrogen + tritium in salt at surfaces 
of heat exchanger tubes in primary 
system 

= hydrogen + tritium in salt at surfaces 
of core graphite in primary system 

= hydrogen fluoride in salt at surfaces 
of core graphite in primary system 

= hydrogen + tritium in salt at surface ‘lo of hot leg in secondary system 

= hydrogen + tritium in salt at surface 
of cold leg in secondary system ‘11 

= hydrogen + tritium in salt at surfaces 
of heat exchanger tubes in secondary 
system 

‘12 

= hydrogen + tritium in salt at surfaces 
‘I3 of steam generator tubes in secondary 

system 

= hydrogen + tritium in salt at surfaces ‘ I 4  of superheater tubes in secondary system 

= hydrogen + tritium in salt at surfaces ‘15 of reheater tubes in secondary system 

= hydrogen + tritium in salt at surfaces 
of sorber in secondary system ‘16 

- - -- 
‘17 

‘18 = hydrogen fluoride in salt at surfaces 
of sorber in secondary system 
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Reference 
Value Name - 

C21 = hydrogen in steam at surfaces of steam 
generator tubes in steam system 

C22 = hydrogen in steam at surfaces of super- 
heater tubes in steam system 

C23 = hydrogen in steam surfaces of reheater 
tubes in steam system 

C34 = tritium in salt at surfaces of heat 
exchanger tubes in primary system 

C42 = tritium in salt at surfaces of heat 
exchanger tubes in secondary system 

C43 = tritium in salt at surfaces of steam 
generator tubes in secondary system 

C44 = tritium in salt at surfaces of super- 
heat.er tubes in secondary system 

C45 = tritium in salt at surfaces of reheater 
tubes in secondary system 

E = efficiency E 

El = removal of hydrogen + tritium from purge 
stream in primary system 5 x 10-1 

E2 = removal of hydrogen fluoride from purge 
stream in primary system 1 . 7  x 

E = removal of hydrogen + tritium from purge 
stream in secondary system 1.8 X lo-' 

E4 = removal of hydrogen fluoride from purge 
stream in secondary system 1.8 x 
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F = flow rate, cm3/sec 

F1 = purge stream for removal of hydrogen + 
tritium from primary system 

F2 = purge stream for removal of hydrogen 
fluoride from primary system 

F3 = purge stream for removal of hydrogen + 
tritium from secondary system 

F4 = purge stream for removal of hydrogen 
fluoride from secondary system 

h = mass transfer coefficient, cm/sec 

hl = hydrogen through primary salt to surfaces 
of hot leg in primary system 

h2 = hydrogen through primary salt to surfaces 
of cold leg in primary system 

h3 = hydrogen through primary salt to surfaces 
of reactor vessel and heat exchanger shells 
in primary system 

h4 = hydrogen through primary salt to surfaces 
of heat exchanger tubes in primary system 

h5 
= hydrogen through primary s a l t  t o  s u r f a c e s  
of core graphite in primary system 

- h6 - -- 

h7 = hydrogen fluoride through primary salt to 
surfaces of core graphite in primary system 

- h8 - -- 
hg - -- - 

Reference 
Value Name 

F 

5 3 . 6  X 10 

3.6 x lo5 

5 5.0 X 10 

5 5.0 X 10 

H 

1.6 X 

6.0 x 

9.0  x 

1.9 x 

3.0 x 
--- 

3.0 x IO-~ 
--- 
--- 

h,, = hydrogen through secondary salt to surfaces 
7.4 x I U  of hot leg in secondary system 
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Reference 
Value Name  

hll = hydrogen through secondary s a l t  t o  s u r f a c e s  
of cold l e g  i n  secondary system 3.4 x 

= hydrogen through secondary s a l t  t o  s u r f a c e s  
h12 of tubes  i n  hea t  exchangers i n  secondary 

system 9.7 x 

hI3 = hydrogen through secondary s a l t  t o  s u r f a c e s  
of tubes  of steam gene ra to r s  i n  secondary 
system 4.3 x 

= hydrogen through secondary salt  t o  s u r f a c e s  
h14 of t ubes  i n  supe rhea te r s  i n  secondary 

system 4.7 x 

= hydrogen through secondary s a l t  t o  s u r f a c e s  
of tubes  i n  r e h e a t e r s  i n  secondary system h15 4.0 X lo-’ 

= hydrogen through secondary s a l t  t o  s u r f a c e s  
h16 of so rbe r  i n  secondary system 8.0 X 10-1 

--- - - -- 
hl 7 

h18 = hydrogen f l u o r i d e  through secondary sal t  
t o  s u r f a c e s  of so rbe r  i n  secondary system 8.0 X 10-1 

--- - - -- 
h20 

hZ1 = hydrogen through water t o  s u r f a c e s  of t ubes  
of steam gene ra to r s  i n  steam system 5.8 

h22 = hydrogen through steam t o  s u r f a c e s  of t ubes  
of steam gene ra to r s  i n  steam system 1 2  

h23 = hydrogen through steam t o  s u r f a c e s  of tubes  
of r e h e a t e r s  i n  steam system 30 

(cm3me1t) (atm.) 
atom H k = Henry’s l a w  c o e f f i c i e n t ,  K 
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Ref e r enc e 
Value Name 

, moles HF 
(cm' melt) (atm.) = 1.7 I! 

kl = hydrogen in primary salt in hot leg in 
primary system (973°K) 

k2 = hydrogen in primary salt in cold leg in 
primary system (838°K) 

k3 = hydrogen in primary salt in reactor 
vessel and heat exchanger shells in 
primary system (908'K) 

k4 = hydrogen in primary salt in heat 
exchangers in primary system (908°K) 

k5 = hydrogen in primary salt in reactor core 
in primary system (923°K) 

- k6 - -- 

k7 = hydrogen fluoride in primary salt in 
reactor core in primary system (923°K) 

- k8 - -- 
- kg - -- 
= hydrogen in secondary salt in hot leg in 

k10 secondary system (894°K) 

= hydrogen in secondary salt in cold leg in kll secondary sys tern (723 O K )  

= hydrogen in secondary salt in heat k12 exchangers in secondary system (809 OK) 

= hydrogen in secondary salt in steam k13 generators in secondary system (783°K) 

= hydrogen in secondary salt in superheaters 
k14 in secondary system (866°K) 

= hydrogen in secondary salt in reheaters in 
k15 secondary system (810°K) 

1.2 x 10-l~ 

2.0 x 10-l~ 

1.5 x 10-l~ 

1.5 x 10-l~ 

1.4 x 
--- 

1.5 x 10-l~ 
--- 
--- 

3.4 x 10-l8 

5.0 X 

4.0 X 

4.5 x 10-l8 

3.5 x 10-l8 

4.0 X 
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Reference 
Value Name 

k16 = hydrogen in secondary salt in contact 
with sorber in secondary system (773°K) 4.4 x 

= hydrogen fluoride in secondary salt in k18 contact with sorber in secondary system 
( 7  73 OK) 1.1 x 

= hydrogen in steam in steam generators in 
k21 steam system (660°K) 4.5 x 

= hydrogen in steam in superheaters in the 
k22 steam system (755°K) 5.1 X 

-20 = hydrogen in steam in reheaters in steam 
k23 system (714%) 4.8 X 10 

M = equilibrium quotient for reduction of UF by 
1.12  X M 4 hydrogen, atmr/’, (923’K) 

p = permeability coefficient for hydrogen in metal P 

(atoms H) (mm) 16 (cm” H, STP)(mm) 
(hr) (em’) (atm) ”’ = 1.5 x 10 p’ 

(sec) (cm’) (atm) 112 

15 p1 = at average temperature of metal in hot leg 
in primary system (973’K) 2 . 1  x 10 

14 p2 = at average temperature of metal in cold 
leg in primary system (838°K) 6.7 X 10 

p3 = at average temperature of metal in reactor 

14 vessel and heat exchanger shells in 
primary system (873’K) 9.0 x 10 

p4 = at average temperature of metal in tubes 

14 in heat exchangers in primary system 
(873 O K )  9.0 x 10 
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Reference 
Value Name - 

15 = at average temperature of metal in hot leg 
in secondary system (893°K) 1.1 x 10 

* lo  

14 = at average temperature of metal in cold 
leg in secondary system (723°K) 1.8 X 10 

9.0 x - 
p12 - p4 

14 p13 = at average temperature of tubes in steam 
generators in secondary system (723°K) 1.8 X 10 

14 = at average temperature of tubes in super- 
heaters in secondary system (838°K) 6.7 X 10 '14 

14 = at average temperature of tubes in 
reheaters in secondary system (773°K) 3.5 x 10 

P = pressure, atm. or other appropriate units 

Q = rate of transport, atoms of hydrogen and/or 
tritium per second 

Q, = hydrogen + tritium through walls of hot 
leg in primary system 

Q2 = hydrogen + tritium through walls of cold 
leg in primary system 

Q3 = hydrogen + tritium through wall of reactor 
vessel and shells of heat exchangers in 
primary system 

Q, = hydrogen + tritium through walls of tubes 
in heat exchangers from primary system to 
secondary system 

Q, = hydrogen + tritium to core graphite in 
primary system 

Q 

Q6 = hydrogen + tritium to purge in primary 
system 
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Reference 
Value N a m e  

Q, 
= hydrogen f l u o r i d e  t o  core  g r a p h i t e  i n  

primary system 

Q, = hydrogen f l u o r i d e  t o  purge i n  primary 
system 

= hydrogen + t r i t i u m  through w a l l s  of ho t  
‘lo l e g  i n  secondary system 

= hydrogen + t r i t i u m  through wal ls  of 
cold l e g  i n  secondary system 

Q,, = hydrogen + t r i t i u m  through w a l l s  of 
t ubes  i n  h e a t  exchangers from secondary 
system t o  primary system = 

= hydrogen + t r i t i u m  through walls of t h e  
steam gene ra to r  tubes  from t h e  secondary 
system i n t o  t h e  s t e a m  system 

-Q4 

Q13 

= hydrogen + t r i t i u m  through w a l l s  of t h e  
superhea ter  tubes  from t h e  secondary 
system i n t o  t h e  steam system 

Q14 

Q,, = hydrogen + t r i t i u m  through w a l l s  of t h e  
r e h e a t e r  tubes  from t h e  secondary system 
i n t o  t h e  steam system 

= hydrogen + t r i t i u m  t o  so rbe r  i n  secondary 
Q16 system 

Q,, = hydrogen + t r i t i u m  t o  purge i n  secondary 
system 

= hydrogen f l u o r i d e  t o  so rbe r  i n  secondary 
Q18 system 

= hydrogen f l u o r i d e  t o  purge i n  secondary 
‘19 system 

= hydrogen through w a l l s  of steam genera tor  
tubes  from steam system i n t o  secondary 
system = 

‘” 
-Q13 
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Reference 
Value Name 

Q,, = hydrogen through walls of superheater 
tubes from steam system into secondary 
system = -Q14 

= hydrogen through walls of reheater tubes 
from steam system into secondary system = 

-Q15 

Q2 3 

- - -- 
Q24-Q30 

Q,, = tritium through walls of hot leg in 
primary system 

Q,, = tritium through walls of cold leg in 
primary system 

Q,, = tritium through wall of reactor vessel 
and shells of heat exchangers in primary 
system 

= tritium through walls of heat exchanger 
tubes from primary system into secondary 
system 

Q34 

Q35 = tritium to core graphite in primary 
system 

Q,, = tritium to purge in primary system 

Q,, = tritium fluoride to core graphite in 
primary system 

Q,, = tritium fluoride to purge in primary 
system 

= tritium through walls of hot leg in 
secondary system ‘ 4 0  

Q41 = tritium through walls of cold leg in 
secondary system 

Q42 = tritium through walls of heat exchanger 
tubes from secondary system into primary 
system = -Q34 
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Reference 
Value Name 

Q,, = tritium through walls of steam generator 
tubes from secondary system into steam 
system 

Q,, = tritium through walls of superheater tubes 
from secondary system into steam system 

Q45 = tritium through walls of reheater tubes 
from secondary system into steam system 

Q,, = tritium to sorber in secondary system 

Q47 = tritium to purge in secondary system 

Q,, = tritium fluoride to sorber in secondary 
system 

Q,, = tritium fluoride to purge in secondary 
system 

R = rate of production or addition, atoms/sec 

- 
R1 - 

R2 - 

R4 - 

R5 - 

% =  

- 

R =  3 
- 

- 

tritium in primary system 

hydrogen to primary system 

tritium in secondary system 

hydrogen to secondary system 

hydrogen fluoride to secondary system 

hydrogen or tritium to primary system 
in order to obtain overall material 
balance 

T = temperature, O K  

t = wall thickness, mm 

t 

t = cold leg in primary system 

= hot leg in primary system 1 

2 

R 

17 5.8 X 10 

T 

13 

13 
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Reference 
Value Name 

= reactor vessel and heat exchanger shells 
in primary system 50 t3 

t = tubes in heat exchangers in primary 
system 1 

t = hot leg in secondary system 13 
10 

t = cold leg in secondary system 
11 

t = t  
1 2  4 

t = tubes in steam generators 

t = tubes in superheaters 

t = tubes in reheaters 

13 

1 4  

15 

'XUF UF4 3 
U = ratio X 

w = replacement rate, fractiodsec 

13 

100 

W1 
= core graphite or other sorber of hydrogen 
in primary system 1 

W2 = core graphite or other sorber of hydrogen 
fluoride in primary system 1 

W3 = sorber of hydrogen in secondary system 1 

W4 
= sorber of hydrogen fluoride in secondary 
system 1 

U 

W 

X = mole fraction 
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V. COMPUTER PROGRAM, INPUT INSTRUCTIONS AND SAMPLE PROBLEM 

The FORTRAN-IV program listed in the Appendix was written to pro- 

vide a flexible and easily used tool for parameter studies. Many of the 

system parameters listed in Sec. IV have standard or reference values, 

and we have written the program to allow the user to specify a new value 

for any parameter, to use the reference value, or to reset a parameter 

to its reference value. Instructions to the program are in the form of 

simple commands, followed by numerical values as required. 

Output from the program consists of the summary of concentrations, 

flow rates and fractions shown in Fig. 2, any input commands, and various 

messages from the program to display the progress of the iterative parts 

of the calculation. 

The three options currently available to the user are 

(a) OUTPUT 

(b) OUTPUT ALL CRBE* all commands begin in column 1; (the 

(c) OUTPUT ALL PRINTER 

-- - 
underline indicates a blank space) 

-- - 
With choice (a), the summary output is sent to logical unit 20 and all 

other output is sent to logical unit 6 (the line printer); with choice 

(b), all output is sent to logical unit 20; and with choice (c), all 

output is sent to logical unit 6 .  For choices (a) and (b ) ,  appropriate 

data definition (DD) statements for unit 20 must appear in the user's 

job control language. 

*The program was designed to be used from a remote terminal with the 
Conversational Remote Batch Entry system; hence the use of "CRBE" as 
a keyword. However, the program in no way depends upon the availability 
of the CRBE system. 
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To change va r ious  system parameters,  t h e  command is  

CHANGE XXX -- 
where XXX i s  rep laced  by t h e  appropr i a t e  v a r i a b l e  name as l i s t e d  i n  

Sec. I V .  I f  t h e  v a r i a b l e  name r e f e r s  t o  one of t h e  named concen t r a t ions  

(CF, CFF, ..., C 

parameter va lue  i n  co l s .  1-10. I f  t h e  v a r i a b l e  name r e f e r s  t o  any of 

>, t h e  nex t  l i n e  of i npu t  must con ta in  t h e  new SR 

t h e  subsc r ip t ed  v a r i a b l e s  i n  Sec. I V ,  t h e  next  l i n e  must con ta in  a 

nl, a s topping  index n and t h e  new va lues  f o r  t h e  s t a r t i n g  index,  

v a r i a b l e s  s p e c i f i e d  by t h e  s u b s c r i p t s  n through n A maximum of 

seven consecut ive  va lues  i s  allowed; i f  t h e r e  are more than seven, pu t  

2 

1 2'  

t h e  subsequent va lues  on subsequent l i n e s .  End w i t h  a l i n e  w i t h  a 

s t a r t i n g  index of zero.  The fo l lowing  example i l l u s t r a t e s  t h e  format.  

I 6 2 *  

1 3  

0 + 
A2,  A and A13 of 1 . 2  X 10  6 , 

1' 3 This  w i l l  i n se r t  new va lues  f o r  A 

6 1.0 X l o 6 ,  7.0 X 10 and 62 X l o 6 ,  r e spec t ive ly .  I f  only one va lue  i s  

t o  be changed, t h e  second s u b s c r i p t  need no t  appea r .  

t h e  concen- 
CT ' The use r  can supply s t a r t i n g  estimates f o r  C and C C 

t r a t i o n s  of hydrogen p lus  t r i t i u m  and t r i t i u m  i n  t h e  bulk  of t h e  

secondary s a l t ,  wi th  t h e  "CHANGE" command. 

t he  program w i l l  u s e  1 X 10" for Cc and 1 X lo1' f o r  C 

I f  no va lues  are suppl ied  

CT 



T o  perform a c a l c u l a t i o n  when a l l  t h e  necessary  changes have been 

made, t h e  command i s  

RUN 

A c a l c u l a t i o n  w i l l  then be done wi th  t h e  parameters s p e c i f i e d .  

For subsequent cases ,  a l l  parameters w i l l  have t h e  va lues  p re sen t  a t  

t h e  end of t h e  preceding c a l c u l a t i o n ;  t o  change t h e  parameters ,  t h e  

use r  can supply a d d i t i o n a l  "CHANGE" commands. T o  reset parameters  t o  

t h e i r  r e fe rence  va lues ,  t h e  command i s  

RESET XXX --- 
I f  "XXX" i s  l e f t  blank,  a l l  parameters  w i l l  be  reset;  i f  "XXX" i s  t h e  

name of a subsc r ip t ed  v a r i a b l e ,  a l l  e n t r i e s  wi th  t h e  given name w i l l  

be  reset; and i f  r l ~ X X ' '  is  t h e  name of one of t h e  named concen t r a t ions  

(CF, CFF, ..., C ) then j u s t  t h a t  concent ra t ion  w i l l  be  reset. 

f o r  example, a f t e r  running t h e  case  s p e c i f i e d  by t h e  "CHANGE" command 

I f ,  SR 

i n  t h e  example, a use r  pu t  

RESET A 

then a l l  t h e  A ' s  would be  reset t o  t h e i r  r e fe rence  va lues .  

--- 

The program w i l l  s t o p  when an end-of-f i le  cond i t ion  i s  d e t e c t e d  

on t h e  s tandard  input  u n i t ,  i .e . ,  when i t  runs  ou t  of da t a .  

The inpu t  and output  f o r  a sample problem are shown i n  Figs .  4 

and 5. Reference va lues  from Sect ion  I V  w e r e  used i n  t h e  sample ca lcu la-  

t i on .  

reach  t h e  steam system i n  a l a r g e  power r e a c t o r  u n l e s s  s p e c i a l  measures 

The r e s u l t s  i n d i c a t e  t h a t  30 percen t  o r  more of t h e  t r i t i u m  might 

are taken t o  conf ine  t h e  t r i t i u m ,  
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1 
1 1 

2 ' 3  1 4  ' 5  16 7 18 9 10 11/12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

/ /  E X E C  F @ R T H L G Y G O S I Z E = 6 2 K  

/ / L K E D . S Y S I N  D D  * 

H E X  D E C K  

/ *  
/ / G @ . F T 0 5 F 0 0 1  D D  * 
@ U T P U T  A L L  P R I N T E R  
R U N  

C H A N G E  A 

1 3 1 . 2  
1 3  6 . 2  

0 

R U N  

Z I L C H  

/ *  
/ /  

+ 6  1 . 0  

+ 7  

+ 6  7 . 0  + 6  

Fig. 4 .  Sample Problem Input 
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V A L U E S  I N  ARRAY V 

18 STARTS A T  
3 

1 
4 5 

5.2CCOOD 07 
lo100000 0 7  
1-80000D 0 7  

6.000000 05 5 ~ 0 0 0 0 0 0  05 
-1-000000 00 5o200000 07 

---8,80090D_Db 4.*9OQ04D 07. 
0.0 - 1 ~ O O O O O D  00 

3.500000 06 
-1.ocoooo 00 

3o100090 0 7  
0 00 

4 . 9 0 0 C O O  07  
-1oooocco 00 

2 - 7 0 0 C C C  07 

HAME B 0 I M E k S I O ) r  5 U S E C  
1 2 

4 S T A R T S  A T  
3 

21  
4 5 

~ I ~ ~ . l l _  3eGWOOD 2 1  

hAME C DIYEhSION 5 0  U S E D  
1 2 

1*000000 1 8  1.ooocco 18 

45 S T A R T S  A T  
3 

26 
4 5 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0- 0 
0.0 

0.0 
0.0 
0.0 
C O G  
0. c 
c. c 
0.0 
0.0 
c. 0 

0 00 
-0 00 
0.0 
0.0 
0.0 
0.0 
0 00 
Q.O 
0 .0  

0.0 
0.0 
0 .o 
0 00 
0.0 
0.0 
0 -0 
0 00 
0 00 

h A P E  CN OIMENSIOh: 10 U S E D  9 STARTS A I  16 
1 2 3 4 5 

_. ~LiQOO_O_O13 00 -1.COOOOQ 00 -lo000000 00 1.OOOCCO 11 -1-COOOOD 00 
10000000 10 2 ~ 0 0 0 0 0 0  10 9-000000 A1 1 e O O O G C O  11 

NAWE E CIMENSION 5 u s E n  4 STIRTS A T  n6 
1 2 3 4 

.__ - 5 ~ O Q Q O Q O ~ O 1  1.700000-02 1.8COOOO-01 A o 8 O O C C C - 0 3  

5 

h A P E  F D I W E k S I G h  5 U S E 0  4 STbRTS A T  91 
1 2 3 4 

3.600000 0 5  3.600000 05 5oOGOOOO 0 5  5 o O O C C C C  05 
.. 

NAWF H O I P F h S I O h  2 5  U S E C  23 S I A R T S  A T  96 
1 2 3 4 

5 

5 

lo600000-02 6.000000-03 9 - O C O O O O - 0 5  1. 9OOCCC-02  3-000000.03 
-1oCOOOOO 00 3.000000-03 ~ 1 ~ 0 0 0 0 0 0  00 -1. COOCCO 00 7.400000-02 

- - -. 3340GOOC-0.2 90 700000-02 4 m 3 C O O o D - 0 2  4- 7OOCCC-02  4 ~ C O O O O D - 0 2  
R,OOQ000-01  -1.000000 00 8.000000-01 -1.OOOCCO 00 -1.COOOOO O C  
5o800000 00 lo200000  01 3 ~ 0 0 0 0 0 0  01 

Fig. 5A. List of Parameter Values Used in Calculation. 
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VALUES I N  A R R I Y  V 

N A P E  K OIHENSION 2 5  U S E D  
1 2 

-__-___ 
23 STARTS AT A21 

3 4 5 

1 o4COOOO-17 
3,4C0000-18 
4 0000 OD- 18  

~ 1 ~ C O O O O D  00  

lo 200000-1 7 2.000 000-1 7 
-1oOOOOOC 00 1 - 5 0 0 0 0 0 - 1 9  

S , P Q Q Q Q & 1 8  - 4 m a O Q O Q O - l &  
4 , 4 0 0 0 0 0 - 1 8  -1 oOoO000 00 
4 r S O O O O D - 2 0  5~100000-20 

1oSOOOOO-17 A -  5 O O C C D - 1 7  
. l o O C O O O D  00 - 1 , O Q O C C C  00 
4 500000-1 8 3-50 0 C CO- 18 
1.1OOOOD-20 -1, C O O C C O  00 
4 oR00000-20 

NACIE P DIPElrSIOh 20 USED 
1 2 

_ _ _ _ _ _ _  . . _ .  
7,100000 15 6-700000 14 

-1+oooooo 00 -10000000 00 
lo800000 14 9,000000 14 

A5 S T A R T S  AT A46 
3 4 5 

QAIOOOOD 14 9,ooocco 14 
-1oOOOOOD 00 -P,OOOCCO 00 
Lm8COOOD A4 60700CCO 14 

-1,COOOOD 00 
1,lOOOOD 15 
3,500000 14 

NAME II C I W E N S I O N  10 U S E O  
A- 2- . 

5 S T A R T S  A T  156 
3 e 5 

5,600000 1 7  0 - 0  0.0 0.0 c o  0 

LAWF T OIMENSIOL LO U S E D  
1 2 

_-____ - -. 

1,300000 01 lo300000 01 
-1,000000 00  -1,000000 00  

1,300000 0 1  1,000000 00  

15 S T P R T S  AT 176 
3 4 5 

5aOOOOOO 0 1  1 - O O O C C O  CC 
-1,000000 00 -1,oooccc 00 
2.000000 00 2mGOOCCO 00 

-1,c00600 00 
1,300000 0 1  
1,cooooo oc 

hAWF h OIWENSIOh 5 USEO 
___ .  4- - - 2  

4 STARTS A T  196 
3 4 5 

1,000000 00 A , O O O C C O  00 1000Q000 00  1,000000 00 

AAMF ?4 C I M C N S I O A  1 U S E D  
1 2 

. . .  

1o120000-06 

1 S T b R T S  A T  201 
3 4 5 

1 STARTS A T  202 
3 4 

NAME U OIMENSl f lh  1 USED 
1 2 5 

a 

Fig .  5A.  (Continued) . 
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I T E R A T I V E  S O L U T I O N  FOR CC 

N C C  cc 1 CCL 

0 
1 2.521160 10 
2 2.52116D 10 5.931311) LO 

4 2.521161) 10 5.740250 LO 

I T E R A T I V E  S O L U T I O N  FOR C C T  

NCC cc 1 cc L 

0 1-000000 10 
1 

CGX RFX 

3.474620 17 

1,623790 16 
5.742381) 10 1.927410 14 

1.13535D 13 

-2.912240 17 

5.740120 10 1.027470 08 

cc x R F X  

-4.714000 17 
4.337840 16 

C C 2  

1.00000D 11 

1.OOOOOD 11 

5.742380 10 

cc2 

5.740120 10 

Fig. 5B. Output from Iterative Calculations. 
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O U T P U T  SUMMARY 

S T E A M  S Y S T E M  
FLOW OF H + T I N T O  STEAM SYSTEM 1.710720 17 

FLOW OF H I N T O  STEAM SYSTEM -5.238000 15 
FLOW OF T I N T O  STEAM SYSTEM 1.76310D 17 

F R A C T I O N  O F  T I N T D  STEAM SYSTEM 30 03983D-01 

SECONDARY SYSTEM 
FLOWS 

H + T I N T O  SECONDARY FROM P R I M A R Y  
T I N T O  SECONDARY F R O M  P R I M A R Y  
H + T THRU P I P E  W A L L S  I N T O  C E L L S  
T THRU P I P E  W A L L S  I N T O  C E L L S  

H + T  
T 
HF 
T F  

H + T  
T 
HF 
T F  

P A S S I N G  THRU P I P E  MALLS 
SORBED B Y  S I N K  A S  T 
S O R B E D  BY S I N K  A S  T F  
REMOVED B Y  PURGE A S  T 
REMOVED B Y  PURGF A S  TF 

H + 1 ( C C )  
T (CCT)  
HF (CCF) 

S O R P T I O N  @Y S I N K  

R E M O V l V  B Y  PURGE 

F R A C T I O N  O F  1 

C O N C E N T R A T I O N S  I N  SECONDARY S A L T  

P R I  MAR Y S YSTEM 
FLOWS 

H + T T H R U  W A L L S  I N T O  C E L L  
T THRU W A L L S  I N T O  C E L L  

H + T  
T 
HF 
T F  

H + T  
T 
HF 
T F  

P A S S I N G  THRU W A L L S  I N T O  C E L L  
SORBED BY S I N K  A S  T 
S O R B t C  B Y  S I N K  A S  T F  
REMOVED B Y  PURGE A S  1 
REMCVED BY PURGC A S  TF 

ti + T ( C F )  
T (  CFT 
HF ( C f F )  

SORPTION ey SINK 

REMOVAL B Y  PURGE 

F R A C T I O N  Of T 

C O N C E N T R A T I O N S  IN P R I M A R Y  S A L T  

2.385010 17 
2.390470 17 

5.79300D 16 
6,226260 16 

0.0 
0.0 
0.0 
0.0 

5.16611D 15 
4.806620 15 
0.0 
0.0 

9.98793 0-02 
0.0 
0.0 
8 . 2 872 70-03 
0.0 

5.74012D 10 
5.340690 10 
0.0 

3.684360 15 
3067847D 15 

4.451300 16  
4.44419D 16 
2.328010 17 
2.324350 17 

5 .136120 16 
5 .127910 16 
9.13321D 15 
9. 118610 15 

6-342190-03 
7.662390-01 
4. 007500-01 
8-  84122 D-02 
1.57217D-02 

2 o 8 5 3 4 D D  11 
2.848640 11 
1.492350 12 

Fig .  5C. Output  Summary. 
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Fig. 5D.  Output Produced by "CHANGE" Command. 



5 8  

VALUES IN A A A I Y  V 

h A M f  A OIWENSIOh 20 USED 
1 2 

___- -_ - - . 

1.200000 06 1.000000 06 
-1.COOOOO 00 5 ~ 2 0 0 0 0 0  07 

. 4c9000Q@ 4 7  
0.0 -1~000000 00 

AACF B OIWENSION 5 USEC 
1 2 

-21_- 3*aOQo.QD 21- 

kAWF c OIMENSIClh 50 USED 
1 2 

7-944140 07 6.585480 07 
-_(LO---. - - lcB2245D-PS 

2.996290 09 2.873iao 11 
4.041490 02  0.0 
3,038670 10  9.001530 11 
0 *# 0.0 
0 -0 0.0 
QLa_ _ _ _ _ _ _ _ _ _  n a o  
000 1.055700 11 

kbP& CN OIWENSION 10 U S E C  
1 2 

-AUQ3D_U_-  - ld6002R-_12 
5,435520 10 2m000000 10 

NAUE E DIWENSIOk 5 USEC 
1 2 

18 STdRTS A T  1 
3 4 

7.000000 06 4-YOOCCD 07 
-1.000000 00 - 1 o O O O C C O  00 

51201)000 97 L ~ Q O C C D  07 
0 00 

4 S T A R T S  A T  21 
3 4 

l a O C O Q Q i 2  18 1mOOOCCC 18 

45 STLRTS A T  26 
3 4 

1.620350 OS 7.732730 10 
0 n o  0.0 
6.774C80 011 1.3795EC 10 
0.0 0.0 
1.000640 11 0 - 0  
0 00 0. 0 
0 00 2.867830 10 
0 a 0  00 0 
3.167720 08 407459IC 08 

9 S T b R T S  A T  76 
3 4 

2.90143~ AA 5.2a42co io 
9.oaoow 11 i .aooccc 11 

4 S T A R T S  A T  86 
3 4 

3-600000 05  3.600000 05  5.000000 0 5  S.OOOCO0 0 5  
- - __ - - - __ - - - ._ . 

AdWE H OIWENSIOh. 25 U5ED 23 STLRTS A i  96 
1 2 3 4 

1.600000-02 6 ~ 0 0 0 0 0 0 ~ 0 3  9.000000-05 1-9OOCCD-02 
-1~000Q00  00 3.000000-03 -1-OCOOOD 00 - 1 - O O O C O C  00 
3.40COOa-82- 9~7OoO~QD-02 4 ~ 3 0 0 0 0 0 ~ 0 2  4 m 1 O O C C C - 9 2  
8m000000-01 -1,COOOOO C O  8.00QOOO-01 - 1 . C O C C C D  00 
5.800000 0 0  1.200000 01 3.OQOOOD 01  

5 

5.200000 07 
1.100000 07 
1.800000 oa 

5 

5 

6 9443 80- 0'3 
6,136180 00 
1-413130 OS 
0.0 
0.0 
c. c 
0 .  0 
0.0 
1.165100 0 8  

5 

0.0 

5 

5 

5 

3.000000-03 
7.400000-02 
4.00000D-92 

-1.cooooo 00 

Fig. 5E. List of Parameter Values Used in Calculation After 
1 9 ~ ~ ~ ~ 9 1  Command. 
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VALUES IN ARRAY V 

h A W F  K C I M E N S I Q E  25 USED 23 S T A R T S  A T  121 
- -- _- - . __ - 

1 2 3 4 5 

1-200001)-17 2-000000-17 1-500000-17 1- 5OOCCD-17 1-400000-17 
-lo000000 00 1-500000-19 -1.000000 00  - 1 o C O O C C D  OC 3-400000-18 

--_._I*QOQQQD-lB.. 4.000000-18 4.500OOD-i8 3- 5OOGCC-18  4. COOOOD-18 
4,4000oc-18 -1  -oooooo 0 0  1.100000-20 -1- ooocco 00 -1,coooao oc 
4-500000-?0 5~100000-20 4.800000-20 

hAWF F DIWFhSIflN 20 USED 15 S T A R T S  AT 146 
1 2 3 4 5 

.-__ . -  . _  . _ _  
2*100000 15 6o700000 14 9.000000 1 4  9-000000 14 -1.COOOOO O C  

-LOOC)OOO 00 -i,oooooo 00 -i.oooooo 00 -1-aoccco 00 ~ i o o o o o  is 
1-800000 14 9-000000 14 1.800000 14 6-700CCO 14 3.500000 14 

NAPF A OIHEhrSICjN 10 USFC 5 S T A R T S  A T  166 
~- l-. _ _ .  . 2 3 4 

S ~ ~ O O Q O O  1 7  0.0 0.0 0- 0 C O G  

&AWE T OIMENSIOk 2 0  U S E 0  15 S T b R T S  A T  176 
1 7 3 4 

5 

5 
- - - - - -- - 

1-300000 01 1.300000 01 5.00C000 01 1-OOOCCO 00 -1-COOOOO 00 
- 1 - C O O 0 O D  00 -1-000000 00 -1.000000 00 -1-OOOCCC 00 1.300000 01 
1-300000 01 1-OOOOCO OC 2 ~ 0 0 0 0 0 0  00 2oOOOCCC 00 l~C00000 00 

5 

1-cooooo 00 1-aooooo 00 i.oo0000 00 i.oootcc 00 

hAWE l~ OIWENSION 1 U S E D  1 S T A R T S  AT 202 
P 1 2 4 4 5 

Fig.  5E. (Continued). 
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I T E R A T I V E  S O L U T I O N  FOR CC 

NCC cc 1 CCL c c x  

0 
1 3.241680 10 
2 3.241680 10 40445220 LO 

4.419060 10 
4 3.241680 10 4.419000 10 

I T E R A T I V E  S O L U T I O N  FOR CCT 

N CC cc 1 cc L c c x  

0 
1 2.672770 10 

RF X cc2 

1,440890 17 5.740120 10 
-1.339230 17 

20914080 15 50740120 10 
6,331820 12 
1 * 4 1 9 0 9 0  11 4*419060 10 

R F X  C C Z  

1.74565D 17 50340690 LO 
-2.023750 17 

Fig .  5F. Output from Iterative Calculations With New Parameters. 
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OUTPUT SUMMARY 

STEAM SYSTEM 
FLOW OF H T INTO STEAM SYSTEM 
FLOW OF T INTO S T E A M  SYSTEM 
FLOW O f  H INTO STEAM SYSTEM 
FRACTION OF T INTO STEAM S Y S T E M  

SECONDARY S Y S T E M  
FLOWS 

H + T INTO SECONDARY FROP PRIMARY 
T INTO SECONDARY F R O M  PRIMARY 
H + T THRU PIPE WALLS INTO CELLS 
T THRU PIPE WALLS INTO CELLS 

H + T  
T 
H f  
TF 

H * T  
T 
HF 
TF 

PASSING THRU P I P E  WALLS 
S O R B t D  BY SINK A S  T 
SORBED BY SINK A S  TF 
REMOVED BY PURGF A S  T 
REMOVED BY PURGE A S  T f  

H T ( C C )  
T ( C C T )  
HF (CCF) 

SORPT ION BY SINK 

REMOVAL B Y  PURGE 

FRACTION OF T 

CONCENTRATIONS I N  SECONDARY SALT 

PRIMARY SYSTFM 
FLOWS 

H + T THRU WALLS INTO CELL 
T THRU WALLS INTO CELL 

H + T  
T 
HF 
TF 

H + T  
T 
HF 
TF 

PASSING THRU WALLS INTO CELL 
SORBED BY SINK A S  T 
SORBED B Y  SINK A S  T F  
REMOVED BY PURGF A S  T 
REMWED BY PURGE A S  TF 

H + T (CF)  
T(CFT) 
HF (CFF) 

SORPTION B Y  S I N K  

REMOVAL BY PURGE 

FRACTION OF T 

CONCENTRATIONS I N  PRlMARY SALT 

1.858510 17 
1.899890 1 7  

-4.138110 1 5  
3.275680-01 

2,380321) 11 
2.384640 1 7  
4.820350 16 
4.417990 16 

0.0 
0.0 
0.0 
0.0 

3.977100 15 
3.694630 1 5  
0.0 
0.0 

70 720670-02 
0.0 
0.0 
6 . 37006 0-03 
0.0 

4.419000 10 
4.105150 1 0  
0.0 

7.263280 15 
7.254100 15 

4.387590 16 
4,382050 16 
2.311350 17  
2.308430 17 

50062610 16 
5,056210 16 
9.067610 1 5  
9.056160 1 5  

1.25071 C-02 
7,555260-02 
3.980060-01 
8.717600-02 
1,561410-02 

2,812560 11 
2. 80901 0 11 
1.481640 12 

Fig. 5G. Output Summary (New Parameters). 



ERROR - UhRECflGNlZEC INPLT 
._ CARD .IHAGE IS... 1 2 3 4 5 6 7 a 

17345678901234S~~7~S012345678901234567~SC1234567890123456789012345678901234567890 
z ILCH 

Fig. 5H. Response to Unrecognized Command Card. 



6 3  

hCRCAL STOP - bL1 CbTA PRCCESSED 
- .. - - - - 

IHC002I STOP 0 

Fig .  51. Normal Ending Message. 
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APPENDIX 

PROGRAM L I S T I N G  



6G 

U C / ? t O  f l l R l R b N  H L F V F l  ?1.6 IOFC 7 7 1  

C l l C P I i F R  C P T l n h C  - hA.CF= M b I N . U P l = U L , L l h E C N l - ~ 5 ~ S l Z E = 0 0 U O I .  
Cl1LRCF.EULOIC.NUL I C l . h C C E C K ~ L C b C ~ N O H A P . h O E O l T ~ h O l C ~ N O X R F F  

ICN nnnz 
I C N  0003 
IFN  on04 
ICN nons 

I C N  nnnh 
I S N  nnni 

ICN 1-10717 
ISN 0077 
ICN onz- 
ICN c n 7 5  
:CN 0026 
ICN 0 0 7 7  
ISN 0079 
ISN 0030  
1st. no31 
ICN no37 

I C N  no11 
I C N  0 0 3 4  
I C N  0 0 3 5  
ICN 17036 
I C N  0037 

ICN n o w  
I C N  O 0 3 R  

I C N  9040 

ICN 0 0 4 1  

I FN on44 
I C N  0046 
I F N  no47 

ISN a 0 5 0  
I C N  n o 5 1  

ICN 0 0 5 3  

I C N  0 0 5 5  
I C N  o n 5 6  
I Z N  0057  
ICN 0 0 5 8  
I ~ N  n o 5 9  

I C N  0 0 4 3  

I F N  0049 

TCN 0 0 5 7  

I Z N  0 0 5 4  

I C N  00hn 
I C N  O O h l  
I S N  0367 
ICN 0064 
I C N  0 0 6 5  
I F N  COh7 
1 C N  006R 
I C N  O O h P  

I C N  0071 
I C N  on70 

I ~ N  no77 
ICN no73  
I C N  0 0 7 4  
I C N  0 0 7 5  

I C P L l C I T  H E b l * d  (A-H. 0 - L l  
R F A I * R  K.C 
R E A l * 4  h b l L . ~ C U l , n L R ~ ~ H P R l ~ ~ C ~ b ~ C R E S ~ ~ R U N ~ H R L I ~ C ~ ~ ~ ~ C A Q O  
D I M f k C l C h  b 1 2 0 1 .  8151 .  C I 5 O l .  C N I I O I .  E l 5 1 .  F I S I ,  H l Z S l r  

I K l 7 5 I .  F 1 2 0 1 .  Y l 1 0 1 .  T 1 2 0 1 ,  h l 5 1 .  C b F C I 2 0 ) .  V b L U l 7 l  

V I 2 6  I I v 
O i r E h \ i r h  c i s 0 1  
FEU I Y A l  E h C E  111  11 . V I  I I 1. I R I 11. k12 1 I I v I C  I I I 

I 
2 I K l l I ~ ~ l l 2 l I  I .  ( P I  1I.VI 1261 I .  IQI 1 1 . V I  1661 I .  I T I  I l , V l  17611. 
3 lYIII.\l156ll. l M . V l L O I 1 1 .  IL.VIZC2ll 

1 

I C h l  I I . V I  7 6  I 1 .  I E l  L I .  Vldb) 1. I F (  I ) . V l q l  I I .  ( H I  11. V I  561  1. 

F OU l V b l  FhCE I C N I I  I .  C t l .  I CN I 2  I .  CFF 1. 

C f l M H O N / P l K ? / I h ~  I W I .  I P R .  KCLT. K P Q  
Ci 'MVCN / P L L I /  VILZOI 
C T M H C N / P L K 3 /  I U l H l 2 O l .  I U S E l  i C l v  hM12C) .  I B E G l  2 C I .  N M C h l  IC) * 

U A T L  I - . b l l / 4 H b L L  I . n U U l / 4 ~ U U T P / . ~ C R ~ / ~ ~ C R R F / ~ H P R l / 4 H P R l h / ~  

I C N  I 3 1  . C F l l .  I C N  I41 .CC 1. 
I C  h IS I .CCF l .  I LN lo I .  CLT 1.  I Ch I 1  I ,  CSG I .  I C N  181. C S S l  . I C N I  P I  .C S i 1  

1 h V b Q . h f h  

I H C C b / 4 H C H A W . n H t S I 4 H P F s E / . ~ R U h / ~ ~ R ~ N  / . H B L K / 4 H  I 
n b i A  X C L ~ C / Z . ~ L O I . H ~ ~ ~ / ~ H ~  I 
O b l b  CTCL/ I .C -7 / .  T T U L / I . C - 7 /  

c 
c C l l i l  b N C  T T 6 L  AUF I H E  CONbFRCENCE ICLERbNCES FOR CSCLVE 
r AhC I C  Q E C F t L l l V E L V .  
C 
C H b l h  PRCGRbM FUN C A L L U L 4 T I C h  OF HSPR T R I T I U M  F L O h  
c 

c S E I  L P  QFFEHENLt  VALUES I h  h C R K I h G  bRRbV V 
c 

C 
C A L I  S E I R E F I C P L K I  

r 
C e F L C  b CbFC W U  C H t L L  FOR l h S l R L C l l O N S  
C 

l e 0  RFbCllh.I.EhC-YYIl C b H U  
1 F C R C b l l 2 0 b 4 1  

I F l C b Y O 1 l I . h F . n U U T l  LU 10 120 
r 
t ( F 1  C U T F U l  U h l T  NUYUERS 
c 

I F l C 3 l O i 3 I . N F . h A L L l  L O  T O  I 1 5  
IF ICARU141 .NE.nCI ( I l  L.0 TO 105 

K P R = l C U T  
I C 4  K l l U I = I C L I  

Go IC l o o  
I t 5  I F l C b Y f l I 4 l . F C . l i P Y l l  L.0 10 L I C  

Y R l  I F  1 U I  I I .7 1 
7 F n b r b T l ; - r L i F b I  NUT S P t C l t l E C  C T Q Q E C I L Y '  I 

70 F r R P A T l '  C L R C  l M 4 G t  I S ' . I X .  8 1 9 x 1  l l / L 5 X .  e l l O H l 2 3 4 5 b l 8 9 0  l / 1 5 X ~ Z O A 4 /  
Y R I  I F 1  R C l i T . 2 0 1  I I  . l = l .  81. CbRC 

I 1 x 1  
Y R I  T F i L f U l . 2 1  I 

? I  F l l R H b T l *  ALL C U I P U I  TU SUMMARV Lhll'l 
G C  T C  lC4 

110 K r U I - I F C  
114 K P R = l P Q  

GO I C  100 
1 1 5  K f U I = : C L l  

GO IC I14 
c 
C CHFCW FCR CnANbFC I N  w U R K I h G  V b l U E S  
c 

l 7 f l  I F I C b Q D l l l . h f . n C H A I  GI1 TO 135 
C b L  1 C b  I C  H I C L Q U I  51. IN*. NV AR. NU I 
I F I h l . h E . O I  GC TL) 1 1 5  
C b L I  C b l C H l C P R U l J l . N Y C N ~ N C N ~  hC I 
I F l h C . h F . 0 1  6C TO 121 
U R I  IE in r l i i  . 4 1  

cn T O  i on  

C F l l R C b T l '  FPRCQ IN C H b N L t  S P E C I F I C b l l C h S ' l  
IC6 Y R I  l F I K C U T . 2 0 1  I I . I - 1 . 8 l . C b R C  

1 2 1  R F A C l l h . 1 1  V b L U l I l  
7 F C R C I l l C I f l . O l  

J=I P E G 1  4 l t h C - 1  
V I J I - V P L U I  I I  
UQI  TE I KCUT - 1  2 I CIMIJI 3 1 9  V A L U I  1 I 

I7 F CR Hb I I I X I  b 4 . 1 P E l 4 .  5 1  

J - l R F G 1 h K l - l + h l  
: F l h Z . F C . O I  h 2 = N 1  
L F 1  
on 130 h i h 1 . h ~  
V I  J I - V A L U I L I  
I . L + L  
. I = J t l  

130 C f l N l l h L F  
N V = h Z - h I t I  
WR I TE I K C L T  

I3 + C R C b T  I I X .  b 4  .' ( ' e  12. ' . I ,  12. ' I ' /  I I X  1 P S F l 4 - 5 1  I 
I 3  I L A R O I  3 I N I  . N2 e I V b L  U I L  I t L =  I .N V I 
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1SN 0 0 7 6  

PAGE 002 

GC 1C 125 
C 
C CHFCN FCR RESET - PUT YEFCPENCF VALUES B b C K  I N T O  V 
C 

1 3 5  I F I C b R C I I l . N E . H R E ~ l  GU 10 15C 
I F I C A R 0 1 3 1 . N F . H M K I  Go TU 131 

13b C A L L  S E I P E F l C b R U l 3 I I  
GC TC 100 

C 

t 
r L I P €  hOT C L A M  - 1 E S T  A G b l h S T  kP ARRAV 

1 3 7  C A L L  L I l C H I C b P O l 3 ~  .NM.NWAR.NLI 
l F l h l . h E . 0 1  GC TO 136 

C 
C hO M I T C C  FOUND I N  NM - TRV hMCN 
C 

C A L L  M b T C H l C b R U l 3  1 .NMLN.NCN. hC 1 
I F l h C . h E . 0 1  GC TO 136 
Y R I T F I L C U T . ~ I  

ISN 0 0 7 7  
I S N  0 0 7 9  
I S N  O O R l  
1 6 N  0087 

ISN oon3 
ISN 0084 

I S N  0006 
I S N  0087 
I S N  0 0 R 9  
I S N  0 0 9 0  
I S N  0 0 9 1  

I S N  0 0 9 7  
I S N  0 0 9 4  
I S N  0 0 9 6  
l S N  0097 

ISN 009n 
I S N  0 0 9 9  

ICN n t n i  
ICN 0 1 0 7  

ICN 0106 

ISN o inq  

ICN n i l 7  

ICN 0 1 1 5  

1 S N  0104 
I S N  0105 

I S N  0 1 0 7  

I S N  0110 
I t N  0111 

I C N  0113 
I C N  0114 

I C N  0 1 1 6  
ISN n i i n  

I S N  0170 
1SN 0171 
I S N  0177 
I S N  0 l ? l  
1 S N  0174 
ISN 0175 
1SN 0176 

ISN 0 1 7 7  

ISN n i m  

I S N  O 1 7 R  
I S N  0129 

I S N  0131 
I S N  0137 
I C N  I l l34  
I S N  0 1 3 5  
I S N  0 1 3 6  
I S N  0131 
I S N  01 38 
I S N  0 1 3 9  
I S N  0140 

I S N  0147 
I S N  0143 
I S N  0 1 4 4  

ISN 0 1 4 1  

5 F O R C b T l '  EPRCR IW RESEl S P E C I F I C b l l O N S ' l  
GC TC IC6 

r 
C ChECC FCR P R l N l  
C 

1 5 0  I F I C A R D I I I - N E - H P R T I  GU TO 1 5 5  
I F I C I R C l 3 l . N E . H 8 L K l  GU TO 1 5 2  

1 5 1  C b L L  L C C K l C A P 0 1 3 I l  
GO T O  100 

C 

C 
C LAVE NGT eLbNK - 1EST A G b l h S T  hW b R R b Y  

1 5 7  C A L I  ~ I ~ C H l C b R O l ~ l ~ N M ~ N W A * . k l )  
I F I h K . h E - O I  GC 10 151 

C 
C hC CbTCH FCUNU I N  NM - T R V  hPCN 
r 

C A L L  P 1 T C H l C b R O l 3 l  .NMCN.NLN.hC 1 
l F l h C . h E . 0 1  GC T O  I51 
Y e 1  I E I K C U T . 0 1  

8 F f l R C A l l *  EPRCR I N  P Y I N l  S P E C I F I C A T I O N S ' I  
GO TC IC6 

Y R I  TE I K C U T  - 6 1  
1 5 5  I F l C b R C l I l . E C . H R U N l  GO IO 160 

6 F f l R C A l I '  EPRCR - U N R t C O G N I Z E C  I N P L T ' I  
G f l  TC l o b  

160 U T 9 1 = 1  
I S Y - 1  
NCC-0 
CCZ=O.cO 

C 

t 
C CHFCN FCR F I I L U R E  TU S E T  C C  bNC C C I  

I F 1  CC .L F.O.00 I CC- A. 01 I 
1FICCT.LE.O.COI C C l = l . O I U  

C F R l h T  h C R K I N G  AYYAY V Uh L l h E  P R I N l E R  
C 

U C A V = K C L l  
UOUI*IPR 
C A L L  h F b P G  
C b L L  L T C K I C B L K I  
C A L L  NFbPC. 
LOU 1 - K  S 1 V 
GC IC 2 0 0  

t 
C G E T  CII~I. CCF. o i i a i  ANO CIIPI 
C FCC. 1qb.e.  20.  z i n  
C 

7C0 C l l P 1 - 0 . 0 0  
C C F r 0 . 0 0  
o ~ l n l = o . c o  
o1191=o.cn 
C A L L  hEbPG 
I F l R I 5 ~ . E C ~ O ~ D O l  (iU TU 205 
F f = F l 4 l * E l 4 1  
H b - h l l R l * A I I R l  
F E P B - H b r F E  
BY*Ql4l*hl41 
RFSC- lRh*FEPH/ lFE*Hl1811) . .2 .1 ( le l  
A L F b - R l 5 l f F E  
C l I 0 ~ = ~ L F b * * Z / l I Y F b t . 5 M ) r g E S t . ( 1 . D C I O S C ~ l l ~ C C t O S C P T l ~ ~ D O t 4 . O O * A L F b / ~ E S O l l ~  
01 IRl*l'b*I I41 *OSORT I C l 1 U  I * K l  I0 b 1 
CCF=lRl5ltCA*ClAdll/fEPH 
01 1 S l - C C F I F E  

7 C 5  C O N T I N L E  
C 
C R E G l h  C A L C U L A T I O N  OF O U A h l I T I C S  CEPENCENT ON CC 
C G E T  C I I C I .  C I I I I .  01101. C l I 1 l  
C FOS-  1 L b . R .  1Lb.8  
C 

3CO N C C - N C C t l  
IF(LCC.LF.SOI GO Tn 301 
Y R I l E l N C U T . 3 5 1  HRLK 

http://o1191=o.cn
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F 

PAGE 003 

I C N  0149 
I S N  0150 
I C N  0 l § l  
I S N  0157 
I T N  0153 

I S N  0155 
ISN n i 5 4  

I S N  0156 
I S N  0 1 5 7  
I S N  015R 
I S N  0159 

I S N  0161 
I S N  0162 

I C N  0163 
I C N  0165 
I C N  0166 
1SN i l l 6 7  
I C N  0168 
I S N  0169 
I S N  0170 
1SN 0111 

I S N  0172 
I C N  0179 

1CN C114 
I C N  C176 
I C N  C l 7 7  
ICN 0 1 1 8  
I S N  0179 
19N 0180 

1SN OlRl 
1SN 0183 
I S N  01R4 

I ~ N  0 1 8 7  
ISN O l R R  
I S N  C L R Y  
I C N  0190 

1SN 0191 
I C N  0197 
I S N  0193 
I t N  0194 
1SN GI96 

I S H  0198 
ICN 0 1 9 7  

I Z N  0199 

I S N  0 2 0 0  
ISN 0707 
I S N  0204 
I Z N  oi05 

1 S N  0206 
I C N  0 2 0 1  
1SN 0208 

I S N  0710 

I C N  0712 
I C N  0213 
I C N  0715 
I C N  0216 

ISN 0711 

011 l=PIIl*Al II*OSORTlKlll*ClIIlITlIl 
3C5 C O N T l h L E  

r 

11-13 
K 2 = 2 1  
cz=ccC. 

315 MRIIFiKCUT.30l I t l , & Z  
30 FCRCAII' F t I L U Y E  I N  S U L U T I C L  FCR C 1 ' . 1 2 . ' 1  P N O  C l ' s 1 2  

I G f l C F - - l  

.CTCL. 

' 1 ' 1  

C T O 1  

K1=14 
K2-22 

Gfl  lfl 315 
r.2- c t t 

K1-15 
KP-23 
C l - C S H  
Gfl  T f l  3 1 5  

1: 
C 
c 

c I I 3  I. 0 12 I I. V I  I4 1. 0 122 1 * 0 i 1 5  1.0 i 2' I 

330 nfl 935 1-13.15 
011 l = H l  I l * b l  Il*ICC-ClI)l 
O I f l + l  I = - C l  II 

335 C P N l l h L F  
e. 

r. 
C GET C l l i l .  C i + I  AMI C i 1 2 l  - C O S .  Z l b .  138.R 

PI 1 2  I =Q I 3  1 11 I4 1-01 I U  1-01 1 1 I -  L I 1 3  1-C I I4 1-0 I 15 1-0 I I 6  1-0 I I 7  I 
014 1--c 1121 

I F 1 ~ l l 7 l . C i . i l . 0 O 1  60 I U  340 
1c=12 
YRllElKCLr.801 tdCC.HUCK,CC. IC.C(IC1 

C I  I ~ I = ~ ~ - c I I Z I / ~ ~ I ~ I * P ( C )  

RO F O R P A l l 1 X . 1 3 . '  C L ' r A I . '  = ' e  L F E 1 4 - 5 . '  CI'.I2.'1 = ' . E 1 4 . 5 1  
c 

e. 

c 

C I F  S T .  Cr ha1 F X C E t O  IT. 
c 

C I F  C I I Z I  I S  N E L A T I V t .  POJLST CC LNC TRV ACIAlh 

336 r.c-cc*cr 
r S F E  I F  bN UPPEK L l H l l  ICC21 k 6 S  FCLhC- 

IFiCC2.FC.C.COl GO TO 300 

cc=c.5cC*lCC2~~.5oO*ccl 
GC IC 300 

IFI~C.LI.CCZI GO TU JOU 

C 

C 
r GET t i 4 1  4ND C k  - FUS- 136 .8 .  44.8 

340 ~ 1 4 1 = 1 C S C C 1 1 K 1 1 ? I * C 1 1 2 ~ l - U 1 ~ 2 l * T 1 4 l / 1 P 1 4 1 * 8 1 4 1 1 ~ * * 2 / K 1 4 ~  
C F-C 14 I - C  I 12 I/ I H I  4 l * P l 4 I  I 
1FICF.Gl.O.CCI GO lfl 500  

c 

c 
C IF  CF I s  NEbPTlVE. AuJuST CC 6kC T R Y  AGAIN 

hQ1 l F l K C L T , 8 1  I NCC.HHLK.CC.*eLK.CF 
81 F C R P A l l l X I 1 3 . *  L C * . P I . '  ='. 1FE14.5.' C F ' s A l . '  ='.E14.51 

GC i c  336 
5 C C  IFIKTQV.hE.II G(i T O  5 0 1  

RFL *0 . C 0  
RF2 =O .fC 



69 

PAGE 004 

I C N  0717 

I C N  0719 
ICN 0718 

~ C N  nzzo 

I S N  0771 
I C N  0777 

I S N  0774 
I C N  0775 

ICN 0 2 2 3  

I S N  0776 
I C N  0 7 7 1  

I S N  0779 
ICN 0 7 1 ~  

I S N  0730 

I C N  0731 

I S N  0237 
ISN 0 7 3 3  
ICN n134 
1 S N  0235 

1 S N  0736 

I S N  0737 
I S N  0 7 3 8  
I S N  0239 

1 S N  0740 

ISN 0747 

I C N  0244 
I C N  0246 

I S N  074P 
I C N  0749 
I S N  0750 
1 S N  0751 
I C N  0757 

I S N  0 2 5 4  
I S N  0755 

ISN n241 

ICN 0253 

I C N  0756 

1CN 0 7 5 8  
ISN 0757 

I C N  0759 
I S N  0760 
I C N  0262 
I C N  0763 
1 S N  0 7 6 %  

I C N  0265 

I C N  0266 

c 
c. FQS. 1 L . 8 .  1A.8. 31.8 

eECIlh C L L C U L b T l U N  UF O U A N l I l I f S  CEPENCENT ON C F  
r. GET C I I I .  C I Z I .  C l 3 1 .  9111. '2121. C l 3 1  

c 
5C1  O C  505 1.1.3 

b L F L = K l I I b l P l l ~ / l l l l l * ~ l l l ~ l * * 2  
CAL 1 C C U L C I C F  .ALFb.Cl I l l  
0 I 1  I- P I I l b b l  I l*OSORTl K l l 1  b C I  I I I / l  I I I 

5C5 C O N l I h L E  
r. 
c 
c 

c 

c 

c 
C 
c 

c 
C 
c 

r. 

C 
C 

c 
C 
c 

C 

c 

c 
C 
C 

c 
c 

r. 

c. - 

CET E l 5 1 .  C l Z 1  - €OS. 5 L . e  

R h * P I l l * h l 1 1  
A l C L = &  ISl*l8U/HI5J Jr.2 
C b L L  C C L A O I C F . A L t A ~ C 1 5 1 1  
0 1 5 1 = ~ h * A l 5 1 * 0 S C L T l K 1 5 ~ * C l 5 1 1  

GFT C161  - EO. 6 

01 6 1-F I 1  1.f I IlbCF 

C E T  CFF - EC- 10 

CFF -MtL*OCCRT IN 1 5 1  b C F 1  f 61 7 1  

f F T  C I 7 1 .  C 1 7 1  - EOC- 7 b . e  

n*= P 1 2  1 *Ill i I 
A l F  ~ = K l 7 l b l B C / H l 7 i 1 b ~ 2  
C I L L  CCLAD I C F F .  bLCb. C l 7 I  1 
017 l=~h*~l7l*OSCYTlKl7lbCl7~ 1 

CFT C I B I  - t(l. 8 

01 8 l = F  1 2  1. E I ?  l * C F F  

C A I C L L A T E  R f  FOR EU. 9 

RSUC-l l  1 I I tal2 I 
RF- C I I 1 t C I 2  1 *C  I31 +u I C  I N I 51 t C  I 6  1+0 17 1401  @ I-R SUM 
l E = B F / P S L P  

1 EST CC LV ERGENCt 

I F l O A E S l l E l ~ L l ~ l T U L l  LO T O  7 C C  

hCT C C h V E l G F O  - CHECK K l P I  10 S€E h b A T  N E X l  

I F l K l F l . h F . 2 1  GU 10 540 

N l P V r Z  P E b h S  P W E L l M l N A Y l  S f P P C b  FCP C C 1  bND CC2 
C H l C C  B P A C K € l  THE b N C Y t R  

I F  IPF.Cl .O.CO1 GU I U  510 
C C I  =CC 
P F I  IPF _ .  
U R I T E I K C U T I S S I  WC.CCl .RF  1 

55 F C R Y 1 7 l 1 X ~ 1 3 . 1 P ~ 1 4 ~ 5 ~ ~ U ~ . t 1 4 . ' 1  
c,r i o  51s 

510 crz=cc 
R F 2 - R F  
U R 1 1 E l K C L T . 5 6 1  hCC.MFL.CCZ 

56 F f l R C A l I l X . 1 3 . 4 2 X . I P Z E l 4 ~ 5 1  
515 I F I B F L * P F 2 1  530.52Ll.516 

C 
C P F I I P F Z  P C S l l l Y E  SHUULO NfVER CbFCEN - S M I E T W l h G  YRCNG 
c 

516 U R I l E I L C L l . 5 1 1  H B L K  
51 F C R Y A T I '  P F I * P F Z  P O S l l l Y E  - S C C f T H l h G  FCULED UP I N  CC'.A11 

GO T C  IC0 
C 
C C l l l l  L C C K I M  fUY ONE L l M l l  - P C J U S T  CC AND 1RV A G A I N  
C K E E P  bOJUClMCNT FACTOR L E S S  I C A N  IC0 LNO G R E A l E R  1CLh . D l  
C 

5 ? c  l F X C L G = l E * X C L C L  
I F 1  CAESllEXCLGI.Cl.C.6DOl T E X C L C - O S I G N l 4 . 6 D O ~ T E I C L G l  
A D J - 0 L C G I C C I - l E X C L L  
C C = C E X P I L C J I  
GO TO 300 

c 
C R F I * n F Z  h r F G A l l V E  - ANSbER E P P C K E l E C  
C 

C 
c I L V F P S E  LlhEbW I N l E k P D L A l l C h  
C 

530 ~ ~ ~ 1 1 3  

535 C C L - I  PF 1 W C Z  - . R F Z b C C l l / l  R F I - I F 2 1  



70 

PAGE 0 0 5  

I S N  0767 

1Ch 0770 
I C N  0771 
I C N  0777 
I C N  0?73 

I C N  C? l h  

ICN w h n  

I C N  0 7 7 4  

ISN 11778 

I S N  n280 
I C N  17179 

I C N  w n i  

ICN 02n3 

I ~ N  0785 

ICN 0 7 R 7  

I S N  0784 

I C N  07R7 
I C N  0789 
I C N  0790 
I C N  0792 

I C N  0794 
I C N  0293 

ICN n795 
ICN 0796 

I C N  c795 

ICN 0302 
I C N  0303 

I C N  079R 

I S N  0300 
I C N  0301 

1SN 0304 

I S N  0307 
ICN nfnh 

ICN n1on 

1 S N  0309 
ICN 0311 
I C N  0 3 1 1  

I C N  0310 
I C N  0317 

I C N  0 3 1 9  

I C N  0371 

1SN 0 3 7 5  

I S N  0377 

I ~ N  0315 

I C N  n 3 1 n  

ICN 0370 

I ~ N  0 3 7 3  

ISN 0 3 7 0  

ICN o w n  
I C N  0379 
1CN 0330 
I C N  0331 
I C N  0337 
I C N  0333 

I S N  0334 

I F N  0336 
ICN n335 

I C N  0 3 3 7  

I C N  0340 
ICN 0 3 3 8  

I C N  13341 
I S N  n 3 4 7  
ISN n 3 4 3  
I S N  0344 
I T N  0345 

I S N  nv.6 
I C N  0347 
I C N  C34R 
1SN C349 

r,c IC 7 c 5  
540 IFILIRI.EC.~I GU t u  535 

1 F l K T R Y . h E - 4 1  LC TU 555 
c 
c K f P V = 4  k E b h S  I N V E Y 5 t  L l N F b P  I h I E R P C L A I l O N  H A 5  BEEN 
C C C C F L E I E O  b N U  H e I C C L I  C A L C L L b T E C  
r 

Y R  I IF I LC LT -52  I NCC. LCI. CC. RF, C C i  
5? F f l R C b l l 1 X  e 13 e 1 P L t  14 .  Z.  1W. 2 E  1 4 . 5  I 

542 RFT-RF 
C 
t I h V F F S F  C b L U Y A l I C  I N I E Y P C L b T I C N  
r 

0 1 - P F I - P F I  
n > = L F ? - R F T  . . . .  
03-cz-01 
C t X = C C L I R F I * F F 2 /  I D A r O L l - C C I W R f  l * R F i / l G I * 0 3 1  t C C Z * R F I * U F I / ( D Z * D 3 l  
1FICCX.LT.CCI l  LU TU 545 
IF lCCX.Cl .CC2) 6 0  T O  545 
KIRY-5 

544 

545 

I F 1  1 S h . E C . i )  
C t - C C X  
GC I C  3co 

GO I C  7 c 5  
I F 1  QFT.1l.C. 

cc i = c c  x 

GO 

CCI 

10 

GO 

5 4 s  

TU 550 
c c 2 =cc L 

G n  IO 530 
R F Z r R F T  

550 CCl.CC1 
R F l - Q F T  
GC TC 530 

C 
C K l R Y = 5  CEAhS l N V t H S E  O U b C R b T l C  I N T E Q P O L A I I O N  HAS BEEN 
C CCCPLETED bNI) H F I C C X I  LbCCLLbTEC 
C 

555 I F I N T R I . ~ F . S I  GO i n  5115 
556 R F X = R F  

W R I  T E I K C U l . 5 3 l  CCa.YFa 
5 1  F C R r b l  l 3 2 X .  I F2E14.5 I 

c 
C I F S T  RFT b h O  PFX 10 S E t  Y I P 1  N E C  L I M I T S  ARF 
c 

IFIRFX.CT.C.CO1 GO 10 570 
IFILFT.GT.O.CO1 GU T O  5b5 
I F l O A B S l l F X I . G T . O A B S O ~  t C  TC 5 1 0  

5 6 0  CCI=CCX 

565 

5 7c 

5 75 

580 

5Q5 
54 

C 
C 
C 
C 

7 c o  

t 
C 
C 

7 c 5  

7 Cb 

c 
r. 
C 

R F I  =RFX 
GO TO 530 
c c z = C c L  
R F 7 r R F T  
G C  i c  560  
IFI Q F T . L T . O . ~ ~ ~  cn T U  5uu 
I F I R F X . C T . P F T l  GO T i l  565 
cc7=ccx  
K F 2 = R F X  

C C 1 = C C 1  
R F I = R F T  

Y R l T E l K C U T . 5 4 1  K T R V  
F l l R C A T I '  K T R Y  - * . I C / '  FRUUR'I 
G r  IC 100 

c.r IC 5 3 0  

GO ir  5 7 5  

C A L C L L A I f C N  OF T R I T I U M  0 1 S T Q I 8 U l I C h  - CCT S E T  B Y  
CHbLGE I k S T Y U C T l U N  

K I R Y = I  
I s w = 2  
NCC T*0 

GC T C  100 
R A I I C=CC T l  CC 
C l 4 C l  = P t l l c * c  I I O I  
O I 4 1 ) * P b T I C * C I I I )  
OSUC'rC I 4  1 I +c I401 

G E T  C I ~ ~ ~ . C I C ~ I . C I ~ ~ ~ . ~ I ~ ~ I . C I ~ ~ ~ . C I ~ ~ ~  - E O S .  316.~. 386.0.  3 9 ~ . 8  

O C  710 1 1 4 3 . 4 5  
J-1-30 
I t-  11 J I * C S C R T  I L  I d  I I K l  J I 1  
HIC C P =  T C*H I J I I P I J 1 



71 

P b G E  006 

I C N  n i 5 0  
I T N  n351 
l 5 N  0 3 5 2  
I S N  035’4 

IS* r354 
I C N  0355 
I C N  0156 
I S N  0351 

I S N  035R 
I C N  0359 

I S N  0360 
ICN 0361 
I Z N  0363 
I C N  fl364 
I S N  0365 
I S N  0166 

T S N  0377 
I C N  0313 
I S N  0375 
I S N  0376 

I C N  0371 
I S N  fl379 
I C N  n3nc 
I S N  0 3 ~ 1  
I S N  03137 
I C N  0 3 ~ 3  
I C N  nin4 

I C L  o3nh 
ICN 0387 
I C N  f l i R 9  
I C N  0390 
I S N  n s i  
I S N  0392 
15N 0393 
ISN 0395 
I C N  0397 
IC& 0399 
I C N  0400 
I C N  0401 

I S N  0401 

I C N  C3R5 

ICN 0407 

ISN 0404 
I C N  0405 

ICN 0407 
I 5 N  0406 

I S N  0408 

I C N  04n9 

I S N  0 4 1 3  

1CN 0 4 1 0  
I C N  0412 

ICN 0414 
I C N  0415 
I C N  0417 

ICN 0470 
I S N  0421 

I S N  0419 

I S N  n 4 7 3  

I ~ N  0424 
1 S N  0 4 7 5  
I C N  0426 

110 
t 

t 
r. 

715 
C 

t 
r. 

t 
C 
r. 

721 
720 

r. 
c 
t 

125 

t 

C 
r. 

73c 

C 
t 
c 
t 

735  

150 

755 

760 

765 
766 

c < I I-cc i*+icrP/ii.0utnzLoPi 
01 I l - F I J l * b l J l * L l  I I I T C  
oPU*=CIIl+cSuP 
C O N 1  IhbE 

L E 1  (1461 1 H k U  01491 - € 0 5 .  50 I U R U  4 3  

no 715 1=46.w 
0 1 1  1 - O l  1-3CI*QbI10 
O C U C - C I I l + c S U *  
C C N l I L L F  

6 E l  C I k 2 1  I N U  U l 3 4 1  - EC. 4 4  - M b l t R I b L  

0147 1-F 131-CCUM 
O I 3 4 1 = - ~ 1 4 2 l  

CFT C I S 2 1  - E O .  3 6 A  - CUECK FCR P O S I l I V E  

c 1 4 7 I - r c  1 - c 1 4 2 l / I H l  I L I b A l C  I I 
I F ~ C ~ 4 i ’ l r G l . C . D I ) l  GO TU 725 
i r - 4 7  

BAL A hCE 

.. . 
Y R I  I E l M C U T . 8 0 )  h L C l . H I t t . C C l . I C . C l  I C 1  

GC IC 705 
c r T = c r i t c c i  

C 1 4 7 l  F C S l l l U E  - GET C l 3 4 )  - E O .  2 e e  - CHECK FCR P O ! I l I V F  

~ l 3 4 1 ~ l C l 4 2 l / C S O Y T l C l ~ ~ l ~ ~ l  l2ll-Tl~l*C142l/1P14).bl4l I I * O S O R T l C l I I  

I F l C l 3 4 1 . G l . f l . C f l I  60 TU 130 

GO 10 1 2 1  

$ / K 1 4 1 1  

i r = 3 4  

C 1 3 4 1  P C S 1 1 1 V t  - b t T  CFT - EC. i 8 b  - CHECK F C R  P i l S l l l b E  

CFl=Cl34l-C1421/1Hl~l*bl4ll 
IF lCF1.Gl .O. I  CC 10 132 
U Q l l E l I T U l . 8 l l  N L L T . H T t E . C C l . ~ T E E . C F T  
G C  i c  T Z C  

CFT. C I X I  ANI) L 1 4 2 l  A L L  F C S I T I b E  - CbECK K l R V  
FO@ h L X T  S T € P  

I F l C l R V . L E . I l  W l n  150 
K T U I = 2  
PFl=O.GC 
RFZ=O.CC 
kCC 1=0 
U Q I  I t  l ICL1.501 H T E F  
Q 4 T  I F * C F l / C F  
01SP=0.C0 

I F I I . F C . 3 4 1  CC TU 7 5 5  
011 I=RbllF*OI1-30l 
OlSe-C1S*tlll I 
R F - C T C P - R I  I 1  
T F = G F / Q I I I  
I F l ~ A R ~ l T E I . l T i ~ T U L I  GU I l l  9CC 
IF IXTQV.LF.21 G O  10 190 
IF IPF.CI .O.001 6U 10 IC0 
C C l - C C l  
u F l = R F  
U G l  TE ILCLT ,551 NCCT . C C I . R F I  
GC l C  7C5 
CC?*CCT 
P F 7 1 P F  

nn 755 1-31.38 

.... .. 
U R I  TElICbT.56l NCCT.RF2.CC.2 
I F l R F I * R F 2 )  530.770.766 
Y R l r E l r c U l . 5 1 1  HTFE 
GO I C  100 

C 
t 
t 
r. 

770 T F X C l G = l F * I C l C G  
I F 1  O P E S  lTEXCLGl.l. l .4.600l T E X C L F - C S I C N l  4.600. TE LCLG 1 
A D J = C I C C l C C l  I - 1 E X C L G  

S T 1 1 1  L C C I I L ( .  FUN O N t  L I M I T  - A C J L I l  CCT A N 0  TRY 4 G b l N  
K E E F  b O J U S T M t N T  FACTUR L E S S  1 H A h  IC0 bNO CREbTER TCAN -01  

C C l - C E X F I L C J I  
G r  T O  7c5 

750 I F l I l Q V . € C . 3 1  GU T U  235 
I F I F T R V . h E . 4 1  GO I n  195 
Y Q I  1 F I l l C U l . 5 7 1  NCCT.CLI.CCI.PF.CC? 
6 r  i c  542 

195 I F I C l O t . h F . 5 l  GO 7 0  5615 
GO 1C 556 

t 
t r L i p L T  SECTION 
C CUCPbRV O L i l P U l  l f l  U N I T  K O U l  
r. 

900 C b L l  LFbPG 
U R I l E I K C U T . 9 2 b  

$2 F C R P b T l ‘  O L l P U l  S U * H A M V ’ / I X I  



72 

PAGE 001 

I CN C47 1 
I C N  042R 

I C N  0430 

I C N  0432 

I ~ N  0479 

ICN 0 4 3 1  

I ~ N  0433 

1 "  0434 

I s h  0436 
1 5 N  0 4 3 7  

ICN 0 4 3 5  

I ~ N  0430 
I ~ N  0439 
ISN 0440 
I ~ N  0441 

ICN 0 4 4 3  
I S N  0442 

ISN 0 4 4 4  

1 S N  0 4 4 5  
I q N  0446 
1 S N  0 4 4 7  
1 5 h  0 4 4 R  
I S N  0449 
I S N  0 4 5 0  
ISN 0 4 5 1  
ISN 0 4 5 7  

I 5 N  0 4 5 3  
I C N  0 4 5 4  

I S N  0 4 5 5  

ICN 0 4 5 6  
I ~ N  0 4 5 7  

c 
c 
c 

O H l 5 C = C l  I3lrCll4l+U( 151 
u l ~ S - C l 4 3 1 t 0 l 4 4 l t u ~ ~ 5 l  
O H S ' - c ~ 1 5 S - O T S C  
R S U L = l . O O / l R l L I + L ( 3 1  I 
F R l c S = P > L L * C l S C  
Y R I  I E  IKCUT.931 O H l S S . ~ T S S . C H ' S . F R l S S  

5 3  F O R L b T I *  S T E L M  S I S l k M ' / Z A . ' F L C h  CF H + 7 I N T O  S l E A M  C V S l E M ' .  
1 IPE16.5/5X. 'FLOY Uf T I N T O  5 T E b M  SVSTEM'.F20.5/5X.'FLCh CF H '. 
7 ' I N 1 0  5 l E b P  5 V S 7 E M * , t Z U . 5 / 5 X ~ ' F P b C l l O N  OF T I N l C  STEAM SVSTEM'. 
3 F L t . 5 / 1 X l  

O h l F h = C l l O l r C ~ l l l  
O l P b - C 1 4 O l t C ~ 4 1 1  
F R l P h = C T P C * R S U C  
F T C ( K = C  I 4 6  1 8 Q t u M  
F UT SF =C I48 1 8 R  SUM 
FUR FT=C I 4 7  l * P 5 U M  
F R R P F = C ( 4 9 l * P S U M  
Y R l  T F l K C L T . 9 4 1  OI4l.Ol34I ~ O C l F h ~ C l P h ~ C ~ l t l ~ O I 4 6 l ~ U l  L B I . C I 4 8 1 .  

U P I l E l L C U l . 9 5 1  CC.CCT.CLF 
L 01 I 7 1  . C 1 4 1 1  . C l  L91.Ul~Yl. FRlPh.FlSSK,FRTSF.FRRPT.FRRPF 

94 F O R L A T I '  SFCCh1)ARV S V C T E M ' / '  FLOhS' /SX, 'H + T l h l C  SECOhDARV ' *  
L 'FR C C  P P I  L bRV I e 1 P t 1 4 . 5 / 5 X  e ' 1 I h  10 SECCNC LRV FROM PR I M A R V '  .E I 8 . 5 /  
7 5X. 'H + 1 THRU P l P t  h A l L S  l h T C  CFLLS' .E15.5/5X* 'T THRL P I P E  '. 
3 ' Y A L L S  l h T C  C k L L S ' . E l Y . 5 / '  S C R P l l O N  PV S I N K ' I S X . ' H  + T'.28X. 
4 F L 4 . 5 / 5 X . ' T ' . ~ A . t l 4 . 5 / 5 X . ' C F ' , 3 1 X ~ E 1 4 . 5 / 5 X ~ ' T F ' . 3 1 X . E 1 4 - 5 /  
5 '  R F L C V P L  PV P U H b t ' l 5 X e . H  l ' . Z P X 1 E 1 4 . 5 / 5 X . ' l ' . 3 2 X . E 1 4 . 5 / 5 X .  
6°F ' . 3 1 x . E 1 4 . 5 / 5 x . ~ l F ' . 3 1 x . E 1 4 . 5 / '  F R A C T l G N  r F  1 ' / 5 X . ' P A S S I N G ' .  
7 '  T C R l i  F T P E  h b L L ~ ' . I O A . t I 4 . 5 / 5 X . ' S C R P E D  BY S I N K  AS 1 ' , 1 4 X . E I 4 . 5 /  
8 5X.*SCFREC PV \ I N K  AS I F ' . 1 3 X . P L 4 . 5 / 5 X . ' R E M O V E C  BV PURGF A S  1'. 
9 1 7 X . F 1 4 . 5 / 5 X . ' k t M U V t U  H I  PUQCP A S  lF ' .L lX.F14.51 

95 F O R P A T I '  C C h C k N T Y A T I O h S  I N  SECCNCARV SALT' /SX. 'H + 1 I C C l ' . 2 3 X .  
1 1 P F 1 4 . 5 / 5 X 1 ' T  I C L T J g . Z b X . E L 4 . 5 1 5 X . ' ~ F  l C C F l ' . 2 5 X . E 1 4 . 5 / l X / I X )  

01.1 h=C I I ) + ( I 2  Ir(lI31 
OlU*C1311rc1321+~1331 
FR 1 hC = C  T h *  PCb P 
F I S c T * C  1 3 5  I*QSLJM 
F T C S T F = C l 3 1 l * R S U M  
F l R P T - C 1 3 6 l * Q S U M  
F T R  F l F = C 1 3 e l * Y S U U  
Y R I  TE l K C b l . 9 6 )  WTw. U1r.Ul 5 1 ,  C I 3 5 1  . C 1 7 1 . 0 1 3 7 1 . 0 1 6 ) . 0 (  3 C l . C l 8 l  e 

UR I 1F ( K CL 1.9 7 I CF .Cf T Lf F 
I C 1 3 R l ~ F R l h C ~ F T ~ S ~ ~ F T ~ ~ T F ~ F l P F T ~ F T ~ P T F  

96 F O R L A T l '  P F I P L R V  S V S T t H ' / '  F L C n S 4 / 5 X . ' H  + 1 TWRU h A L L S  I N T O  '. 
I ' C E l L * . I P E 2 1 . 5 / ~ X . * l  THKU Y L L L S  IN10 CELL'.LLX.EL4.5/' SORPTION 
ZRV SlNK'/SXe'H t T ' . 2 d X . t 1 4 . 5 / 5 X . ' l ' . ? 2 X . E 1 4 . 5 / 5 X . ' ~ ' . 3 1 X . E 1 4 . 5 /  
3 5X. '1Fg.31X.€14.5/ '  KEMOVLL BV P L U G E ' / 5 X * ' H  + T ' .Z8>.E14.5/5X.  
4 ~ T ~ . 3 2 X . E 1 4 . 5 / 2 X , ~ H F ' . 3 L X . E L 4 . 5 / 5 X ~ ' l F ' ~ 3 ~ X ~ E l ~ . 5 / '  F R A C T I O N  OF 
5 1 ~ / 5 X . ~ F A S S l h G  THKU M A L L S  l h T C  CELL' .E19.5/5X. 'SOIBEU BV S l h K  A S  ' 
h . ~ T ~ , 1 4 X . E 1 4 . 5 / 5 ~ . ~ ~ l l k n t U  PV C I h K  b S  TFo. I3X.E14.5/5X.  'REPIObED *. 
7 * R V  FURGk L S  1 ' . 1 L X . t l 4 . 5 / 5 X . ' R E M C V E C  BV PURGE AS l F ' ~ I I X ~ k I 4 . 5 I  

1 1PEL4.5/5X.'T(Ltll*.ZlX.k14.5/5X.'~F I C F F l ' . 7 5 X . F 1 4 . 5 l  
91 F C R L A l l '  C C h C t N T R A l l L i h S  I N  FRIMARV S A L T ' / S X . ' r  + 1 l C F l ' . 2 3 X .  

C A L L  h F h F G  
G r  i c  I C O  

EN0 C f  F I L E  O E T F C T t U  Uh l h F L 1  L h l l  

I C N  0 4 5 8  S S 7  C A L L  CFbFG 
I S N  0 4 5 9  U R 1 1 E I K C L T . 9 9 l  
ISN 0 4 6 0  99 F O R L A T I '  k C R C b L  ) T O P  - A L L  C P T b  P R C C C S S E C ' I  
I S N  0 4 6 1  STCF 
1 5 N  0467 €NO 

* n P i i n h C  IN F F F F C T *  

* r l P l I C L S  I N  F F F F C T I  STUPCF.EBCClC. N I I L  I S T . N L O E C K . L C A C . N C M b P . N O E D l l ~ N O I D ~  hCXREF 

* S T A l l S l l r S +  CnURCF 5 T A l E C E h l C  = 4.51 . P W G I ( L P  S I Z E  * 10188 

* 5 l A T l 5 l I C S *  Nil O l A G k O S T l C >  G E h E R L l t U  

888888 F N n  CF C O M P I L L T I G N  888888 4 5 U  BVTES OF CORE NOT USED 

h AL €1 PA I h . U P T - 0 2 .  L I NEC h 1-9 5 . 5  12 E= C C C O K  e 
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LFVFL 71.6 I D F C  721 O S I 3 6 0  FCRTRAN H 

CCIMPILFR W T I O h S  - hAPE= 1 1 A I N ~ O P I - 0 2 . L l h E C N T - 9 5 ~ S I Z F = O O O O K ~  
SOURCE . t t l C O I  C. IIOLIST.LMOECY.LCAC.NDMAP. hOED I T  h C I  DsNOXREF 

I C U  nnn, n i n r i  CITA . -. . .. .. .. . .. - . . - . . - . . . 
ISN no03 CCMCOh I E L K 3 I  10111120). I U S E I Z O J .  NM120J .  I B E G I Z O ) .  N H C h ( 1 O I .  

ISN n o 0 4  O A T b  I D I l l  I 20.5 .50 .1U.5 .5 .2S.25.2C11C~20~5.1 .1 .6 .01  
ISN noos O A T L  I L S E  I 18.+.+5. 9.*.*.23.23.15. 5.15.4.1.1.6*01 
ISN n o m  D A T L  I E E G  I 1 ~ 2 I ~ Z L . I L ~ B 6 . 9 L . S t . L 2 L .  1 ~ 6 . L 6 6 ~ 1 7 6 ~ 1 S b . Z 0 1 ~ Z O 2 ~ b * O I  
I S N  0 0 0 7  DATL  h P / 4 U b  .+Ha .4HC - 4 b C N  . 4 b F  - 4 H F  .4HH 

I S h  OOOB D A T L  L Y L S .  NCh I 14. 9 / 
ISN no09 D A l b  N I C h  I 4 H C F  s 4 k C F F  . 4 h C F T  .4bCC -4HCCF .4HCCT - 4 H C S G  . 
I S N  0 0 1 0  Cf lMVCh I E L K Z I  IN. LOUl. IPR.  KCbT. KPR 
ISN n o l i  D A T L  Ih.  [CUT. I P U  I S .  PO. 6 /  

C L V A R .  hCN 

t ~ H U  . w P  .IC" ,4bT .4bY .4nH ,4HU I 

6 w c s s  .CWSII .+H I 

C 
C I N  - lhFUT U N I T  NO. 
C I C C T  - L U X l L l A R V  O U I P U T  U N I T  NC. 
C I P S  - L l h E  P R I N T E R  U N I T  I C .  
C 

ISN oniz F ND 

* O P T l f l h S  I N  EFFFCT. hAME-  Cb I h.OP1-O2.L lN tCNT=PS.  S 12E=OOCOK. 

* O P T I O N S  I N  FFFFCT. S C U ~ C E ~ E E C ~ l C ~ N O L I S l 1 N O O E C U ~ L C b C ~ N C M A P ~ N O E D I l ~ N O l O ~ h C X R E F  

* S T A T I S T I C S *  SCURCE S T A T E I E L T S  - I1 .PROGRbC S I Z E  = 8 

* S T b T I S T l C S *  N n  O l P G N O S l l C S  G E h E P b l E O  

****** FND CF C O Y P l l A T l O N  *e* * * *  LZSK R I T E S  OF CORE NOT USED 
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O S 1 3 6 C  F C R I P b N  H L E V E L  71.6 I O E C  7 2 1  

C O M P I L E R  C P l I O L S  - LACE= M A I N . O P T - O Z . L I L E C h T = 5 5 . S 1 2 E I O O O O K ~  
SOUPCE.EBCOIC.NOL 1Sl.LCCECK.LCIC.NOMAP. hOEOIT.  hOIG.NOXREF 

1SN 0007 

I S N  0003 
1 S N  0004 
I S N  0005 

I S N  0006 
1 S N  0007 

ISN noon 
ISN no09 
I S N  0010 
I S N  0011 

1 S N  COl2 

I 5 N  0 0 1 3  

I S N  0014 

C 
C 
C 
t 
C 

C 
c 
c 
C 

r. 
C 
C 
C 
C 
C 

r. 
r. 
t 

C 
r. 
c. 

c 
C 
C 

c 
C 
C 

c 
c. 
c 

C 
c 
r. 
C 
C 
r. 

t 
c 
c 

c 
C 
C 

r. 
C 
r. 
c 
r. 
c 

c 
c 
r. 
c 
r. 
c 

c 
c 
c 

S U B P C U I l h E  S E l R E F  I h A M E I  
SETS V A R I A B L E S  T O  1 I i E l R  REFERENCE VALUES. I F  NAME I S  BLANK. 
LLL k I R I A E L E S  AS S P E C I F I E C  I h  Tt-E ARRbY NM WILL @E SET. 
IF LAM€ IS PWT.  A L L  V A R I A I L E S  I h  1HE ARRAY VREF 
h l 1 L  B E  PRINTEO. 

1 hVbR.hCLI 
O I M E h S l C h  k P F F i Z Z 0 1 .  V O l l 1 5 5 l .  W C 2 0 5 1  
E O U I V A L E L C E  l V C I l I l ~ V R t F l 9 6 l l ~  l V 0 2 ~ l I ~ V R E F l 1 7 6 l l  

W O I  b h C  VC2 AR& W M M Y  A R R b I S  USIC I N  THE I N l l l b L I Z A l I O h  OF 
P A R l S  O F  VREt. THE R t F E R E h C E  A R R A Y .  

D A T A  I R L L I I 4 H  I .  I P R T / 4 H P R L I /  
n A T b  VbCO/4HV@EF/.  Vm/+HV / 
C C M C C h / B L K 2 / 1 L .  L O U T .  IPR. K C L l .  I P P  
CGWPCL / R L K L /  VI2501 

1HF CCWCELT CA&US I N T E Y $ P E R S E O  APOhG ThE F O L L O U I N G  
C C N l l h L L T l O N  CA&US CAUSE L C  T Q O L E L E  U l l H  THE ORNL C C M P I L F R -  

1 R C  S Y S l F C 1 3 6 0  ANU S I S I E M I 3 7 0  F C R T R I N  I V  LANGUAGE. 
i n i s  IS CCNTRAKY ro rnk RULE ON PG. 12. GC28-6515-8.  

O A T b  WPEF 

PEFFLENCE V A L U t S  FOR A l l 1  

l / . 6 0 6 ~ . 5 0 6 ~ 3 . 5 U o ~ ~ Y + U O . Z Z ~ C 6 ~ - 1 . 0 0 ~ 5 2 ~ 0 6 ~ 2 * - 1 . 0 0  .1I.Cf.8.806. 
7 49 .06 .3 l .C6 .21 .U6 .1U.U6 .  O.CC.-I.OO.O.OG.2*-I.OC 

P E F F P E N C E  VALUE< mri d d i i  

7 i . r 7 1 . 3 . 0 i i . 1 . u i u . 1 . ~ 1 ~ . - 1 . ~ ~ .  

P E F E F E h C E  V P L U 6 5  FOY C I I I  IRE b l l  l E Q C  

3 45*0.0C .5*-1.00 . 
REFERELCE V I L U C S  k O R  C h l  I I 

4 b*-I.CC .2.CIO.~.Oll.I.Ull.-l.CC~ 

P f F C R E h C t  V L L U t F  FUR E i I l  

5 .5U0~.L1700~. IdOO~.UUlbDO.-L.CO~-l .C0~ 

Q E F F R F L T E  VALUES kUY F I I I  

6 3.fOS.?.bC5.5.US.5.U5.-l.D0/ 

REFEPFhCE V A L U t S  FGK H i l l  

nPra V C I /  
I ~.~O-~~~.C-~.L.O-~.~~YU-~.~.C-~~-I.CCI~.C-~.Z*-~.OC 

3 Z*-I.CC .5.RoO.ll.u0.30.CO.2*-l.oc . 7 7.40-7.3.40-2.~. 70-2. 4.3~-2.4. IC-2.4.00-2. .aon.-i.oo. .aoo. 

F E F E F E h f F  LIpILUE< f U K  K i l l  

4 1.2C- 17.2 -0- 17.1.50-1 7. I 5C- 17.1- 40-  11.  -1.00.1 5 0  19.2.- 1-00. 
5 3 .4  c-1 B.5.c- 18.4. 0- I d e  4.50- I e. 3.50- 18.6 .O-I a. 4.40- I 8. - I .OK. 
x 1.10-2C.2*-l.~u.+.5~-~o.5.lc-2C,4.eC-iC.2*-l.cC~ 

RFFEPFhCE WALUtS FOU P I 1 1  

6 2 . 1 0 1 5 ~ t . 7 C 1 4 ~ P . 0 0 1 4 ~ ~ ~ U U 1 4 ~ 5 * - 1 ~ C C ~ 1 ~ 1 0 1 5 ~  1-8014 .9 .00  l 4 ~ 1 ~ 8 0 1 6 ~  
76.7C14.3.5C14.5*-1.00. 

QEFFCFNCF Y b L U t C  kUi( R i l l  

R 5.E011.4*C.CC .2*-1.00 / 

F E F F F E h C I  kALUES FUR 1 1 1 1  

O A T b  V C ? /  
L 20 13.~0 .50 .OO. i -00.51- L .oa .2*  13 .cc . i -00.2~ 2 .oc .I. cc. 5s- L .oar 

P E F E F E N f E  VbLUES PO*. Y i I l  

2 4.i.ro . - I . C C .  

I I F F E P F L C E  V A L U t  FOR M 

31.1 20-c .  

REFERELCE V A L U t  FOR U 

4 I . C ? /  

C b l E  74.3G4/09.19.12 
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PAGE 0 0 2  

I S N  on77 
IFN on73 
ICN nn75 
ISN 0076 
ICN 0077  
ISN 0 0 7 8  
ICN no79 
IFN no30 

IFN nn3 i  
IFN on37 
IFN nn33 
ISN on34 
ISN no35 

I ~ N  oo3n 

ISN n o w  
I ~ N  no41 
IFN no42 
ICN no43 

15N 01136 
I C N  0031 

I C N  0039 

ISN no44 

ICN no46 
ISN no47 
ICN o w n  

ICN no51 
I ~ N  no57 

ICN no54 
ICN 0055 

I C N  no57 
I ~ N  005n 
IFN nn59 

ICN no67 
ICN 0063 
IXN 0064 

I C N  0045 

1 5 N  0050 

I S N  0053 

1 S N  0056 

I C N  0060 
I C N  0061 

I 5 N  0065 
I C N  0066 
I S N  0067 

I C N  0069 
ISN 006n 

I S N  0070 

I Z N  0077 
1SN 0073 

IZN  0075 
ISN 0076 

IZN no19 
ISN nono 
ICN o o n i  
ISN o n a i  
ISN nnn3 

I C N  n070 

I F N  00R4 

c 
c 
c 

C 
c. 
C 

c 

c 
c 
C 
c 

c. 

3 C 0  
1 

r. 
c 
c 

1 c 1  

1 c 7  

I C 3  

1 C5 
1 in 

r. 
C 
c. 

115 

CHECX h b Y E  

I F 1  hAPF.EO. lELhNl  60 T O  102 
I F l h A C E . F C . I F P I I  GU T O  115 

ICCK F C F  CP1C.H I N  h M  I A B L E  

C b L L  P b l C ~ l h b C E . W M . N V A L . N K 1  
I F l h K . h F . 0 1  G T  T O  IUl 

L C  P d l C k  FCUNO - P Y l N l  M E S S I C E  

CHFCU h I P E  ALAINSI CN I b E L t  

r bL L 

J=1 B E G  I 4  1 t L C -  I 

PATCH 1hIMt.NMLN.NC.N. K C I  
IFIKC.FC.OI G C  i n  j o o  

V l J I - V R E F l J ~  
R F T L P h  
Y R 1  l E l L C L l . 1 1  h A M t  
F l l R P L l l I X f '  L C  MATCH FUN ' s b 4 . '  I N  S E I P E F  - NO CbANGE I h  U ' I  
R F T L R h  

hbCE - LCILKI 

h l - L K  
N?=LK 
GL IC 1C3 
N l - 1  
NZ= h r  bF 
D r  i i c  L = ~ I . L Z  
1 I =  ILSF l h l  
J=l R F G I  h l  
no 105 1 - 1 . i ~  
V I J  I - r P E F I J l  
J = J t l  
C O N l l h L F  
R F T L R h  

F E I h T  L L L  R t F t Y E N C E  VALUES 

L I N E S - 5 C  
Y 0 R  C = Y b P C  

L I h E 5 - C  
170 Y R I  1 E l N C U l . 3 1  N M l N l . 1 D l M l h l .  I L S E l N l ~ l ~ E G l N l ~ l  I .  1-1.51 

3 F l l R V I T I l X / '  LAME ' .AI . '  O l M E h S I C N ' . I S . *  U S E O ' . 1 4 . '  S T A R T S  A 1 ' 1 4 /  
I 7X.4111.13Xl~llflXl 

J l -  I E F G l L I  
1 1 = J 1  
J Z = I 1 t I L S E l h l - I  
o r  12s  ~=J l . J2 .5  
12-PlhOll l + 4 ,  J Z I  
YRI 1 E l L C L T . 4 1  l V I l t F l I I . I = I I .  1 2 1  

4 F1lRCITllX.lP5E14.51 
11-12+1 

L I N F S -  L I hF 9 I 1 

RFTLRh 
FNTFV L C C K  
Y O R C = V b  

1 2 5  C O N l l h L E  

130 C O N T l h L E  

c 
C F R I h l S  bALUEC I N  V S E L C C I E I  0 1  hbME. I F  NAME 
r IS P I A h U .  P N I N I  ALL. 
c 
C CHECK hbME 
c 

r 
C LCCK FCI. PlTLH I N  T A U L E  
C 

IF lhAPE.EC. lE !LhK l  60 IO 132 

C A L L  PATChIhbCt .NM.NVAH.NK1 
I F I h X . h E ~ O 1  GC IO L O 1  

c 
C CHFCU h l f l f  AGAINST CN I A B L €  
C 

CAL L P I T C H  IhbCt.NMCN.NCN. KC)  

J-I  R E G  1 4  I t U C -  I 
Y R I l F I X C L T . b I  NMCNIKCI.  J. V I J I  

R F I L R L  

IFINC.EC.OI Ga IO 301 

6 F O R C I T l l X f I X . A 4 . '  = V t ' . 1 3 . ' l .  VALUE = ' i l P E L 4 . 5 1  

3Cl b P 1 7 E l L C L T . 5 1  hAME 
5 F n R P d l l l X f ~  h t  MbTCH t W N D  FCP '.AS.* I h  LOOK - NO P R I L T ' I  

R E l L R h  
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PAGE 0 0 3  

ISN O O R S  
ISN n o 8 6  

ICN nnnP 
ISN n o 8 9  

1 C N  C C R l  

I S N  cas0 
ICN 0 0 9 1  

ICN onoa 
ICN c a q 5  
IFN on96 
ICN on91 

I S N  0 0 9 7  

I C N  C 0 9 8  
I < N  0 0 9 9  
I C N  O l O C  
I C N  0101 
ICN 0 1 n 7  
I<N 0103 
ITN  0 1 0 4  
ICN 0105 

I C N  a l a 7  
ICN n i m  
I ~ N  m a 9  
I T N  o l i o  

I F N  0 1 0 6  

7 C I  

1 3 2  

c. 
C 
C 

1 3 5  

140 

145 

150 

h l = L K  
N7-CK 
cn i r  1 3 5  
N L - 1  
N7-hVd) l  

F P l L l  SELFClEU VALUES I N  V 

LINFS-ISC 

I 1- I USF I L I  /SI4 

CALL hFhPC 
Y L I 1 F I K C L T . Z I  rnR0 
L I N F S - 0  
M R l  I E l I I C U T . 3 l  
J 1 = l R € G l L I  
l l = J l  
J7-  I l t l b C E  I N I - 1  

12-P I L O  I I 1*4. JZI 
W R I  IEILCUl.4l 1 V l 1 1 . I - I  1. I Z I  
11 -12+1  
CON 1 I NL t 
1 I N F S - L  I h E S t l l  
CflNIlhUE 
R F T b R h  
E Nn 

nc 150 L = ~ I . L Z  

I F I I I L F I I I I . ~ E . W I  GO i o  i k a  

h M I N l . l O l M l h I ~  I ( r S f ( N 1 .  I E E G l N l . l I .  l * l v 5 l  

nn 145 J=JI.J~.S 

LAHI -  C d l h . U P I = ~ Z . L l N t C h T - ~ 5 . S l Z F = ~ C O O U ~  

S T U b C E ~ E R C C I C ~ N n L I S l . N U C E C C ~ L C A C . N C C A P . N O E O I T . N O I O ~ h O X R E F  

* C T d l I C T l C C *  SrLYCF C l b T E P E h l S  - 109 . P Y O G O b M  S I Z E  - 3 9 9 6  

* C l A l l C l I C C *  NO C l A G N O C I I C ~  C E L E F b l t O  

e***** Ehn CF C O M P I L A T I O N  * * * * *e  10SK @ l T E S  OF C O P F  NCT U S E D  
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L F V F l  71.6 l 0 F C  7 ) )  OSI?LC F O P l R b N  H 

I Z N  0007 
I Z N  on03 
I Z N  n n n 4  
I Z N  0005 
ICN n o m  
ICN on07 
I Z h  00Ofl 
I Z N  0009 

I Z N  0010 
I C L  n n i i  
i w  on12 
I Z N  no14 
I C N  0015 

:CN OOIR 

I Z h  0016 
I ZN 001 I 

I Z N  0019 

IZN no21 
I Z N  no77 

1SN 007'4 

ICN no74 
I C N  0075 
I Z N  0076 
I S N  0027 
I C N  007fl 

I S N  CC79 
I C h  0030 

I Z N  C032 
I S N  0 0 3 3  
I Z N  0014 

I Z N  0036 
I C N  C037  

ISN 0035 

IZN 0038 
I Z N  n o w  

I S N  0041 
ISN 0047 
ISN no43 

I S N  0047 
I S N  0 0 4 8  
ISN n o 5 0  

IZN 0053 
ISN 0054 
ISN 0 0 5 5  

ISN on58 

ICN no61 

ISN no63 

ISN no65 
ISN 0066 
ISN 006n 

ISN 0073 

ISN 0016 

I S N  0045 

I S N  0051 
I S N  0057 

I S N  0056 

I S N  0059 
I S N  0060 

ISN 0067 

I S N  fl064 

I S N  0010 
I S N  0012 

I S N  0014 
I S N  0 0 1 5  

1 S N  0017 

C 
C 
r. 

C 
t 
c 

c 
c 
c 

C 
c 
C 

c 
C 
C 

C 
c 
C 

I F 1 C Z . G l . O . i  GO TO (15 
A Z S l G h  130 TC K 
P R I h T  4 

4 F C R C I T I ' l h C  S C L U T I U Y ' I  
I G r r F - i  

c s n L  110 

C S O L  I22 
c s n L  11s 

C S O L  I 3 0  
C S O L  131 
C S O L  132 
CSOL 133 

C S O L  1 3 5  
CSOL 136 
C I O L  137 
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