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Abstract:
Man has modeled things since the beginning of civilization. The invention of the computer allowed
him to solve mathematical models of many complex processes. Mathematical models of the processes
found in the petroleum industry are quite common. Mathematical models of inorganic processes are
less common. This research project was an attempt to develops mathematical models of some of the
processes found in the inorganic processing industry. Using processes found in a zinc producing
facility it was possible to develope mathematical models that provide a basis for future work.
Mathematical models developed include: .

1. Particle size distribution equation.

2. Wedge roaster model.

3. Electrostatic precipitator model.

4. Ballmill model.

5. Mixer model.

6. Leach tank model.

Calculations were made using subroutines, written to fit a modified CHESS system, prepared from the
mathematical models developed. The results of the calculations agreed with data supplied by the
Anaconda Company zinc operations at Great Falls, Montana. 
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A b s tra c t

Man has modeled; th in g s  s in c e  th e  beginning  o f c iv i l i z a t i o n .  The 
in v e n tio n  o f th e  computer allow ed him to  so lve  m athem atical models o f 
many complex p ro c e sse s . M athem atical models o f th e  p ro cesses  found 
in  th e  petro leum  in d u s try  a re  q u i te  common. M athem atical models o f 
in o rg a n ic  p ro cesses  a re  l e s s  common. T h is re se a rc h  p ro je c t  was an 
a ttem p t to  develops m athem atical models o f some of th e  p ro cesses  
found in  th e  in o rg a n ic  p ro cess in g  in d u s try . Using p ro cesses  found in  
a z in c  producing f a c i l i t y  i t  was p o s s ib le  to  develops m athem atical 
models t h a t  p rov ide  a b a s is  f o r  fu tu r e  work. M athem atical models 
developed in c lu d e : .

1 . P a r t i c le  s iz e  d i s t r i b u t io n  eq u a tio n .
2 . Wedge r o a s te r  model.
3. E l e c t r o s ta t i c  p r e c ip i ta to r  model,
4 . B a l lm il l  model,
5 . Mixer model.
6 . Leach ta n k  model.

C a lc u la tio n s  were made u s in g  s u b ro u tin e s , w r i t te n  to  f i t  a m odified 
CHESS system , p repared  from th e  m athem atica l models developed . The 
r e s u l t s  o f th e  c a lc u la t io n s  agreed  w ith  d a ta  supp lied  by th e  Anaconda 
Company z in c  o p e ra tio n s  a t  G reat F a l l s , Montana,



In tro d u c tio n

S im u la tio n  of a c tu a l  even ts  w ith  models i s  n o t a new developm ent, 

Models have been used s in c e  th e  e a r ly  beg inn ings of mankind.

O r ig in a lly  a l l  models were d e s c r ip t iv e  in  n a tu re , b u t as  m athem atics 

d eveloped , i t  became p o s s ib le  to  fo rm u la te  p re d ic t iv e  a s  w e ll as 

d e s c r ip t iv e  m odels. Man's need to  know why som ething happened 

b rough t about a t h i r d  ty p e  of model c a l le d  an ex p lan a to ry  model.

The modern a n a ly s is  of p ro cess  problems u s u a lly  in v o lv es  some 

form of m odeling. The model can be p h y s ic a l , l i k e  a p i l o t  p la n t ,  or 

i t  can be a n a ly t i c a l ,  l i k e  a m athem atical model. S ince a model i s  a 

p a r t i a l  r e p re s e n ta t io n  of th e  r e a l  system , th e  q u a l i ty  of t h a t  

re p re s e n ta t io n  i s  determ ined by comparing th e  b ehav io r of th e  model 

t o  t h a t  of th e  r e a l  system , under v a r io u s  c o n s t r a in t s .  These 

c o n s tr a in ts  a re  c a l le d  th e  i n i t i a l  and boundary c o n d itio n s . The 

i n i t i a l  co n d itio n s  d e sc r ib e  th e  system  a t  th e  s t a r t in g  tim e of th e  

s tu d y , w h ile  th e  boundary c o n d itio n s  d e sc r ib e  th e  environm ental 

r e s t r i c t i o n s  on th e  o p e ra tio n  of th e  system .

. B efore th e  advent of th e  computer th e re  were two b o ttle n e c k s  in  

th e  procedure f o r  o b ta in in g  q u a n t i ta t iv e  s o lu tio n s  from  an a n a ly t ic a l  

approach . These w ere, a n a ly s is  of th e  problem to  g e t th e  

m athem atical model, and th e n  s o lu tio n  of th e  equ atio n s  r e s u l t in g  

from th e  a n a ly s is .  The b o ttle n e c k  of com putation was g e n e ra lly
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im p o ss ib le , so t h a t  e f f o r t s  a t  m athem atical modeling were o f no 

p r a c t i c a l  v a lu e  s in ce  th e  eq u a tio n s  could  n o t be so lv ed . As a 

r e s u l t , th e  e f f e c t iv e  way to  so lv e  te c h n ic a l  problems was by- 

la b o ra to ry  o r p i l o t - p l a n t  exp erim en ta l p rocedu res. The d is c ip l in e s  

o f th e  a n a ly t ic a l  approach were regarded  as  p u re ly  academic and 

consequen tly  were n o t p ra c tic e d  as  a way o f l i f e  in  in d u s try .

In  th e  l a s t  15 t o  20 y e a rs  e le c tro n ic  d i g i t a l  com puters have 

been used to  o b ta in  s o lu tio n s  to  th e  eq u a tio n s  developed from, th e  

a n a ly t i c a l  approach , At f i r s t  th e  a p p lic a t io n s  were r e s t r i c t e d  to  

sm all, sim ple models because o f th e  l im i ta t io n s  o f e a r ly  computer 

tech n o lo g y . As com puters in c re a se d  in  f l e x i b i l i t y  of o p e ra tio n , 

speed , and memory c a p a c ity , i t  became f e a s ib le  to  app ly  them more 

f re q u e n tly  t o  models o f la r g e r  scope. The developm ent of so ftw are 

languages have made com puters a c c e s s ib le  t o  th e  average en g ineer i f  

he can g e t p a s t  th e  f i r s t ,  b o tt le n e c k  o f a n a ly s is .  The b o ttle n e c k  o f 

com putation does n o t e x i s t  to d ay  f o r  most p r a c t ic a l  pu rposes.

There a re  v a r io u s  m athem atical models f o r  th e  same system , each
'

one s u ite d  t o  so lve  a  p a r t i c u la r  problem a s so c ia te d  w ith  th e  system . 

The two broad c la s s i f i c a t io n s  c o n s t i tu te  s te a d y -s ta te  and dynamic 

m odels, and in  e i th e r  ty p e  th e  degree  o f d e t a i l  depends on th e  

problem t o  be so lved  and th e  amount of b a s ic  d a ta  a v a i la b le .  A v e ry  

p re c is e  d e s c r ip t io n  o f a chem ical p ro cess  system  w i l l  o f te n  le ad  to



. 3

a  la rg e  s e t  o f unw ieldy e q u a tio n s» A lthough th ey  can be so lv ed , i t  

i s  ad v isa b le  f o r  th e  a n a ly s t  t o  use  en g in eerin g  judgement to  reduce 

th e  eq u a tio n s  to  a  le s s  complex s e t  t h a t  f o r  a l l  p r a c t i c a l  purposes 

w i l l  y ie ld  an en g in ee rin g  s o lu t io n  w ith in  th e  accuracy  of th e  

a v a i la b le  b a s ic  d a ta .

The m athem atical models used to  s im u la te  chem ical p ro cesses  use 

th e  laws governing th e  c o n se rv a tio n  o f m a tte r  and energy  to  d e sc r ib e  

th e  p h y s ic a l o r chem ical tra n s fo rm a tio n s  t h a t  occur in  a c tu a l  

p ro cess in g  u n i t s .  Hhen th e  r a t e  of tra n s fo rm a tio n  i s  im p o rtan t, th e  

laws governing th e  t r a n s p o r t  o f m a tte r , energy , and momentum a re  

a p p l ie d ,

The chem ical en g in eer can use m athem atical models o f chem ical 

p ro cesses  to  g a in  in fo rm atio n  th a t  he would o therw ise  have t o  o b ta in  

by exp erim en ta l methods. I f  f o r  exam ple, he d e s ire d  t o  s c a le  up a 

p ro cess  from bench s c a le  to  a producing p la n t ,  he cou ld  s im u la te  th e  

s c a le  up w ith  h is  m athem atical model, p re d ic t  th e  r e s u l t s  and th e reb y

e lim in a te  th e  need f o r  an in te rm e d ia te  p i l o t  p la n t t o  t e s t  th e  r e s u l t s
/

o f such a s c a le  up . A lso i f  he wished t o  make a change in  an 

e x is t in g  p la n t ,  he could s im u la te  th e  change and determ ine  th e  r e s u l t s  

o f such a change w ith o u t a c tu a l ly  making th a t  change.

Chemical E ng ineering  S im u la tion  System, CHESS, (13) i s  a  d i g i t a l  

computer program developed a t  th e  U n iv e rs ity  of Houston, This
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program i s  used to  s im u la te  th e  s te a d y -s ta te  o p e ra tio n  o f chem ical 

p la n ts  p ro cess in g  o rg an ic  ch em ica ls , CHESS can be used to  s im ula te  

any p la n t  p ro cess in g  petro leum  d e r iv a t iv e s  i f  th e  u s e r  can sp ec ify  

th e  equipment sequence in  th e  p la n t  and th e  in p u t stream  d a ta .

In  CHESS each p ie ce  of p ro cess in g  equipment found in  an a c tu a l  

p la n t  i s  modeled m ath em atica lly  in  a  su b ro u tin e  s im u la tin g  th a t  

p iece  of equipm ent. The su b ro u tin e s  a re  c a l le d  by th e  CHESS 

ex ec u tiv e  programs a t  th e  p ro p er p o s i t io n  in  th e  p rocess m atrix  

s p e c if ie d  by th e  u s e r .  T h is a llow s th e  u se r  to  s im u la te  s im ila r  

p ie ce s  of equipment w ith  th e  same su b ro u tin e . For exam plee i f  two 

m ixers a re  used in  a  p ro c e ss , th e y  can b o th  be sim u la ted  by th e  same 

m ixer su b ro u tin e  w ith  d i f f e r e n t  in p u t s tream s,

A s im u la tio n  system  s im ila r  t o  CHESS would be u s e f u l  in  th e  in ­

o rgan ic  p ro cess in g  f i e l d .  The p ie ce s  of equipment used in  in o rg an ic  

p ro cess in g  a re  g e n e ra l ly  la rg e  and expensive , and a g re a t  d e a l  of 

money could  be saved i f  proposed changes in  p la n t d e s ig n  could be 

t e s t e d  m ath em atica lly  b e fo re  th e  a c tu a l  changes a re  made.



O b jec tiv es

In  th e  petro leum  p roducts  in d u s try  many of th e  p ro cess  stream s 

a re  homogeneous in  n a tu re . Most m athem atical modeling done f o r  th e  

petro leum  p ro d u c ts  in d u s try  can th e re  fo r e  be based on th e  assum ption
I

t h a t  a l l  of th e  p ro cesses  occur in  a s in g le  homogeneous phase. The 

m athem atica l models in  CHESS used to  s im u la te  pe trochem ica l 

p ro cesses  re q u ire d  th a t  a l l  stream s be s in g le  phased and homogeneous. 

In  th e  in o rg a n ic  p ro cess  in d u s try  most re a c t io n s  occur as  th e  

r e s u l t  o f an in te r a c t io n  between two or more phases, and th e  phases 

a re  n o t u s u a lly  homogeneous. In  a m u ltiphase  system  mass t r a n s f e r  

between phases i s  o f te n  th e  r a t e  c o n tro l l in g  s te p . In  th e  case of 

a  s o l id  phase w ith  a d i s t r i b u t io n  of s iz e s ,  th e  s iz e  o f each p a r t i c l e  

may have an e f f e c t  on th e  chem ical and p h y s ica l p ro c e sse s .

T his s tudy  was undertaken  to  develope m athem atical models th a t  

could  be used to  s im u la te  in o rg a n ic  p ro c e sse s . The developm ent o f 

te ch n iq u es  f o r  s im u la tin g  th e  p h y s ic a l p ro cesses  invo lved  in  th e  

h an d lin g  o f stream s c o n ta in in g  s o l id s  o f v a rio u s  p a r t i c l e  s iz e s  was 

u n d ertak en . S im u la tio n s  of m u ltiphase  chem ical re a c t io n s  were . 

developed . In  p a r t i c u la r ,  th e  chem ical and p h y s ica l p ro cesses  found 

in  a z in c  producing  f a c i l i t y  were s im u la ted , and computer su b ro u tin e s  

were w r i t t e n  to  f i t  CHESS u s in g  th e  m athem atical models developed.

The r e s u l t s  o b ta ined  were th e n  checked a g a in s t  d a ta  su p p lied  by th e
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Anaconda Company on t h e i r  z in c  p la n t  a t  G reat F a l l s ,  Montana,



D e sc rip tio n  o f th e  M odified CHESS System 

CHESS i s  a s im u la tio n  program developed fo r  th e  pe trochem ica l 

in d u s try .  I t  was designed  to  a llow  th e  u s e r  to  s im u la te  any p e tro ­

chem ical p la n t  by s p e c if in g  th e  p ro cess  m atrix  and th e  in p u t stream  

d a ta .  The system  allow s th e  u s e r  to  s im u la te  50 p ro cess in g  u n i ts  

w ith  100 p ro cess  s tream s.

The CHESS system  used NAMELIST in p u t/o u tp u t to  a llow  th e  u se r 

th e  f l e x i b i l i t y  re q u ire d  to  s im u la te  s e v e ra l  d i f f e r e n t  system s w ith  

th e  same program , NAMELIST in p u t/o u tp u t a llow s th e  u se r  to  in p u t 

and o u tp u t numeric d a ta  w ith o u t FffiMAT s ta tem en ts . Each in p u t 

re c o rd  s p e c i f ie s  e x a c tly  which v a r ia b le  i s  being  in p u t , r a th e r  th an  

re q u ir in g  th e  in p u t d a ta  to  in te r f a c e  w ith  an in te r n a l  in p u t l i s t .  

T h is a llow s th e  u s e r  to  in p u t in fo rm a tio n  w ithou t knowing in  advance 

which item s a re  going to  be p ro cessed ,

NAMELIST in p u t s ta tem en ts  have th e  form:

READ (u ,x ) 

where

u i s  th e  d ev ice  number t h a t  causes th e  p roper computer 

in p u t d ev ice  t o  be c a l le d ,  

x i s  a NAMELIST b lock  name

The NAMELIST b lock  name i s  g iven  to  a s p e c if ic  l i s t  o f v a r ia b le s  or 

• a r r a y  names i n  a NAMELIST s ta tem e n t.  ̂  ̂ An example of a  NAMELIST
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s ta tem en t i s :  ■

NAMELIST/PMLIST/KPMl, KPM2........... where

PMLIST i s  th e  b lock  name KPMl, KPM2 a re  v a r ia b le s .

The CHESS system  u ses  NAMELIST to  in p u t d a ta  in  v e c to r  n o ta t io n . 

In s te a d  o f be ing  s in g le  v a r ia b le s  KPMl, and KPM2 a re  v e c to r  names and 

have th e  form;

KPMl = x l , x2, x3» x 4 , ..................

where x l , x2 , x3» and x4 a re  e lem en ts .in  th e  v e c to r .  The same 

v a lu e s  could  be expressed  as KPMl(I) = x l , KPMl(2) = x2; b u t 

th e  v e c to r  manner g ives a more compact d a ta  in p u t and th e  

computer can d iv id e  th e  v e c to r  in to  i t s  s e p a ra te  e lem en ts .

A ll  o f th e  d a ta  u sed  by th e  CHESS system  i s  in p u t as  v e c to rs  in  

NAMELIST n o ta t io n .  Each se p a ra te  v e c to r  i s  d iscu ssed  as  i t s  use  i s  

developed and each v e c to r  i s  a ls o  d iscu ssed  in  d e t a i l  in  th e  appendix.

The CHESS system  u ses  KPM v e c to rs  to  sp ec ify  th e  p rocess la y o u tY
( 12 )o f th e  p la n t  b e ing  modeled. There i s  room in  th e  system  fo r  50

p ie c e s  o f p ro cess in g  u n i t s  so th e re  a re  50 KPM v e c to rs  o f th e  form

KPMl = I ,  *ROST1, 'R - I ' ,  I ,  -2 , -3 , 4 * 0 ,.

This v e c to r  says t h a t  th e  f i r s t  p ie ce  o f equipment in  th e  process i s

a r o a s te r  th a t  th e  u s e r  has d e s ig n a ted  R - I , th e  in p u t stream  i s  I and

th e  o u tp u t stream s a re  2 and 3. ROST i s  th e  fo u r l e t t e r  name given

to  th e  su b ro u tin e  s im u la tin g  a r o a s te r  and i s  th e  s ig n a l  th a t  i s  used  

by th e  CHESS system  to  c a l l  th e  r o a s te r  su b rou tine  a t  th e  p roper tim e.
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R -I i s  a u s e r  i d e n t i f i c a t io n  name f o r  th e  r o a s te r  and can be any fo u r  

c h a ra c te r  name because i t  d o e s n 't  a f f e c t  th e  problem s o lu tio n . 

P o s i t iv e  numbers a f t e r  th e  u s e r  i d e n t i f i c a t io n  name a re  th e  stream  

numbers o f  th e  in p u t s tream s, and th e  n eg a tiv e  numbers id e n t i f y  th e  

o u tp u t s tream s. The number o f in p u t and ou tp u t stream s to g e th e r  can 

n o t exceed 7 and when th e  number i s  l e s s  than  7 th e  rem aining v e c to r  

must be f i l l e d  o u t w ith  ze ro s  ( In  t h i s  case  fo u r  zeros a re  re q u ire d ) .

One o f th e  o u tp u t stream s from th e  f i r s t  p ro cess in g  u n i t  might 

be th e  in p u t  stream  f o r  th e  second p ro cess in g  u n i t .  I f  f o r  example 

..stream 3 goes to  a sc reen  th e  KPM v e c to r  d e sc r ib in g  th e  screen  would 

be:

KPM2 = 2 , 1SCRN', 'S - l ',  3 , - 6 ,  - 7 ,  4*0, .

This v e c to r  says t h a t  p ie c e  o f equipment number 2 i s  a screen  

d e s ig n a ted  S -I w ith  stream  number 3 a s  in p u t and stream s numbers 6 

and 7 as  o u tp u ts .

The u s e r  would co n tin u e  to  d e sc r ib e  th e  p rocess m a trix  w ith  KPM 

v e c to rs  u n t i l  th e  system  was com pletely  d e sc rib ed . The rem aining KPM 

v e c to rs  up to  KPM 50 can be l e f t  o u t o f th e  in p u t d a ta  w ith  th e  NAME- 

LIST in p u t system .

PMLIST i s  th e  NAMELIST block  co n ta in in g  th e  KPM v e c to r s .

PMLIST a ls o  c o n ta in s  COMPNT, and NOCOMP, NOCOMP i s  th e  t o t a l  number 

o f components and COMPNT i s  a v e c to r  l i s t i n g  of th e  component numbers
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used . An example o f  each i s :

COMPNT = 2 , 6 , ? ,  9 , 11, 15*0,

NOCOMP = 5

The ze ro s  a re  used to  f i l l  out th e  COMPNT v e c to r  which can be used 

to  sp e c ify  th e  component numbers o f up to  20 components.

The CHESS system  can handle up to  100 p rocess s tre am s , The 

p ro p e r t ie s  and com positions of th e se  stream s a re  con ta in ed  in  two 

stream  v e c to r s .  In  th e  o r ig in a l  form o f CHESS th e  in te n s iv e  v a r ia b le s  

where s p e c if ie d  in  SIN v e c to rs  and th e  e x ten s iv e  v a r ia b le s  in  SEX 

v e c to r s .  In  th e  m odified  v e rs io n  of CHESS p resen ted  in  t h i s  p ap er, 

th e  s tream  p ro p e r t ie s  were n o t d iv id e d  in to  in te n s iv e  and ex ten s iv e  

v a r ia b le s .

The in te n s iv e  v a r ia b le  v e c to r  has room f o r  10 v a r ia b le s  and 

c o n ta in s  a stream  f la g  and th e  ro a s t in g  c o n s ta n t of th e  z in c  

c o n c e n tra te s  e n te r in g  th e  p ro c e ss . In  term s o f th e  NAMELIST 

conven tion :

SINJ = J ,  F , K, 7 * 0 ,,

where

J  = Stream  number

F = Stream  f la g ;  0 . = in te rm e d ia te  s tream , I .  = fe e d  stream ,

2 , = P roduct s tream ,

K = R oasting  c o n s ta n t o f z in c  c o n c e n tra te s  be ing  processed
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The seven zero s  a t  th e  end o f th e  v e c to r  p rovide room f o r  

a d d i t io n a l  v a r ia b le s  th a t  m ight be re q u ire d  as  th e  system  

i s  developed and expanded f u r t h e r »

The SIN v e c to r  must be in p u t f o r  p rocess in p u t and product 

stream s o n ly , . The in p u t and p roduct stream s must be f lag g ed  by the  

u s e r  because th e  CHESS system  a u to m a tic a lly  f la g s  a l l  stream s no t 

s p e c if ie d  a s  in p u t or p roduct stream s as  in te rm e d ia te  stream s in  th e  

p ro c e ss . A ll  stream s used in  a s im u la tio n  bu t no t flag g ed  as  in p u t or 

p roduct stream s a re  l i s t e d  in  v e c to r  SNAME.

■ The v e c to rs  SINl th ro u g h  SINlOO to g e th e r  w ith  SNAME make up th e  

NAMELIST b lo ck  SINLST.

A SEX v e c to r  i s  23 u n i t s  long and co n ta in s  c o n s ta n ts  d e sc r ib in g  

th e  p a r t i c l e  s iz e  d i s t r i b u t io n  of th e  s o l id s ,  an e f f e c t iv e  ho ld ing  

tim e , th e  average co n v ersio n , th e  t o t a l  w eight of th e  s tream , th e  

w eigh t f r a c t io n  o f each component in  th e  stream , and th e  standard  

cub ic  f e e t  of gas in  th e  s tream . The form  of th e  SEX v e c to r  i s :

SEXJ = J ,  A, B, C, EHT, AVC, 5 * 0 ., TM, W .................. WFN, CFG, M*0

where

J  = Stream  number

A, B, C =  C onstan ts used to  d e sc r ib e  th e  p a r t i c l e  s iz e  d i s t r ib u t io n  

of th e  s o l id s ;  B and C a re  u n i t l e s s  w hile th e  u n i t s  on A a re  in c h e s .
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EKP = E f fe c t iv e  h o ld in g  tim e . re q u ire d  t o  g e t th e  average 

co n v ersio n  g iven  f o r  th e  s tream ,

AVC = Average conversion  of ZnS t o  ZnO f o r  th e  stream .

The f iv e  zero s  p rov ide  room f o r  a d d i t io n a l  v a r ia b le s  t h a t  a re  

re q u ire d  as th e  system  i s  expanded.

TW = T o ta l  w eigh t o f th e  stream  -  Tons/Day

WF......... ,.,,W F n  = w eigh t f r a c t io n  o f each component in  th e  stream ,

N = T o ta l  number o f components, N0C0MP, minus I ;  th e  l a s t  

component i s  always th e  gas phase and i s  n o t f ig u re d  in  th e  

t o t a l  w eigh t and th e re fo re  does n o t have a w eight f r a c t io n ,

CFG = S tandard  cub ic  f e e t  of gas in  th e  stream ,

M*0. = The rem ain ing  v e c to r  up to  23 elem ents i s  f i l l e d  ou t w ith  

z e ro s .

The c o n s ta n ts  A, B1 and C a re  used in  th e  equation

x / (I-C x)
r  = AB

T his  eq u a tio n  g iv e s  th e  ra d iu s  of a  p a r t i c l e  as a fu n c tio n  of th e  

w eigh t f r a c t io n  s o l id s ,  x ,  w ith  r a d i i  l e s s  than  r ,  The eq u a tio n  

g iv es  th e  b e s t  f i t  t o  exp erim en ta l d a ta  of s e v e ra l  eq u a tio n s  t e s t e d .  

F ig u re s  I ,  2 , and 3 show th e  c lo se n e ss  of f i t  of t h i s  eq u a tio n  to  

exp erim en ta l data,.

The c o n s ta n ts  A, B, and C a re  f i t  to  th e  exp erim en ta l d a ta  

u s in g  th e  method o f " l e a s t  sq u a re s" , Assuming th a t  C i s  known.
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P a r t i c a l  S ize  D is tr ib u t io n  E quation: 

r  = ABx^ 1-Cx)2.0  _

.9 1.0
w eight f r a c t io n  (x)

F ig u re  I
Comparison of P a r t i c le  S ize  D is tr ib u tio n  
E quation  w ith  A c tu a l Data -  C oncen tra tes
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P a r t i c le  S ize  D is tr ib u t io n  Equation;

r  = AB*/ ( 1 - Cx)
A = 1.283E-03

w eight f r a c t io n  (x)
F ig u re  2

Comparison of P a r t i c le  S ize  D is tr ib u t io n  
E quation  w ith  A c tu a l Data -  C alcine
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P a r t i c le  d i s t r ib u t io n  E quation :

w eight f r a c t io n  (x) 
F ra c tio n  3

Comparison of P a r t i c le  S ize  D is tr ib u tio n  
E quation  w ith  A c tu al Data -  Crushed Screen O versize
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and th a t  Q = x / ( I -C x ) , th e  eq u a tio n  becomes r  = AB^1 A and B can

be o b ta ined  by ta k in g  th e  lo g a rith m  of b o th  s id e s  and f i t t i n g  th e

(13)r e s u l t in g  eq u a tio n  t o  th e  d a ta  u s in g  a l e a s t  squares l i n e a r  f i t .

To f in d  th e  b e s t  v a lu e  f o r  C a Golden S e c tio n  sea rc h  i s  made between

C = O  and C = I  f o r  th e  minimum sum of th e  squares f o r  th e  d if fe re n c e
(15)

between th e  c a lc u la te d  r  v a lu e s  and th e  ex p erim en ta l r  v a lu e s ,

The l im i t s  C = O  and C = I  were chosen because  a t  C = 0 th e  curve 

becomes e x p o n e n tia l and th e  d i s t r ib u t io n s  t e s t e d  were a t  l e a s t  

e x p o n en tia l in  n a tu r e , and a t  C = I  th e  curve becomes d isco n tin u o u s  

in  th e  range from  x  = 0 to  x = I .

The e f f e c t iv e  ho ld in g  tim e , EBT, i s  th e  ho ld in g  tim e in  th e  

r o a s te r  re q u ire d  t o  o b ta in  th e  average co n version  of t h a t  s tream .

T his param eter i s  c a r r ie d  a long  so t h a t  when a s tream  i s  d iv id ed  th e  

average co n v ersio n s  of th e  r e s u l t in g  stream s can be o b ta in ed  

accord ing  to  t h e i r  p a r t i c l e  s iz e  d i s t r i b u t io n s .

The average co n v ersio n  c a r r ie d  i s  th e  conversion  o f th e  component 

be ing  ro a s te d .  In  t h i s  case  i t  i s  th e  f r a c t i o n a l  co n v ersio n  o f ZnS 

t o  ZnO.

Only th e  in p u t stream s must be s p e c if ie d  by SEX v e c to r s .  The r e ­

m aining stream s a re  l i s t e d  in  a SNAME v e c to r .  The v e c to r s  SNAME and 

SEXl th rough  SEXlOO make up th e  NAMELIST b lo ck  SEXIST.

A lthough th e  v e c to r  name SNAME ap p ears  in  tio th  SINLST and SEXIST
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i t  i s  no t th e  same v e c to r .  The name SNAME i s  ass ig n ed  to  two 

d i f f e r e n t  v e c to rs  t h a t  a re  handled s e p a ra te ly  by th e  CHESS system ,

As a r e s u l t  o f feedback  or re c y c le  stream s in  p ro cess  networks 

th e  computer must e i th e r  be programmed t o  so lve  a s e t  o f sim ultaneous

eq u a tio n s  o r t o  c a r ry  ou t an i t e r a t i v e  s u b s t i tu t io n  c a lc u la t io n
( 12 )

around th e  loop  o r loops c o n ta in in g  re c y c le  s tream s, CHESS allow s

th e  u s e r  to  use  h is  in s ig h t  in to  th e  p ro c e sses  be ing  modeled to  sp e c ify

th e  b e s t  re c y c le  sequence, The computer th e n  makes i t e r a t i v e

c a lc u la t io n s  around th a t  loop  u n t i l  th e  r e s u l t s  converge to  a

to le ra n c e  l im i t  s e t  by th e  u se r  o r th e  number o f i t e r a t i v e

c a lc u la t io n s  around th e  re c y c le  loop  re a ch  a l im i t  s e t  by th e  u s e r .

The sequence o f th e  equipment node making up a re c y c le  loop  i s

s p e c if ie d  in  v e c to rs  KE2 and KE3 as in p u t d a ta .  KE2 i s  used to

d e sc r ib e  th e  p rim ary  re c y c le  loop  and should  always be used b e fo re

KE3. I t  was f e l t  by th e  d e s ig n e rs  of CHESS th a t  th e  u s e r  would very

r a r e ly  be re q u ire d  to  use b o th  v e c to r s . F ig u re  4 shows how a re c y c le
( 12 )

loop  m ight be s p e c if ie d  u s in g  KE2.

The u s e r  can a ls o  s p e c ify  c e r ta in  stream s on which he would l ik e
(12 ,25)

to  use W egstein1s method of convergence prom otion. A l i s t  of

th e se  s tre a m s , up t o  te n  in  number, i s  in p u t th rough  th e  v e c to r  KE4. 

T h is a llow s th e  u se r  t o  fo rc e  convergence a t  s e v e ra l  p o in ts  in  th e
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KS2 = 1 ,2 ,8 ,3 ,4 ,6 ,7 ,8 ,3 ,4 ,5 ,3 9 * 0 ,  

F igure  4

S p ec ifin g  Recycle Loops
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re c y c le  loop  a t  th e  same tim e.

KE2, KE3 and KE4 a re  p a r t  o f a NAMELIST b lock  c a l le d  KELIST„

LOOPS, NPFREQ, BERRGR and KTRACE make up th e  r e s t  of th e  b lo ck . The 

v a lue  of LOOPS t e l l s  th e  computer th e  maximum number o f loops in  th e  

re c y c le  c a lc u la t io n s .  The a llo w ab le  f r a c t io n  o f e r r o r  in  th e  re c y c le  

c a lc u la t io n s  i s  s p e c if ie d  in  DERROR. NFFREQ and KTRACE were used in  

th e  o r ig in a l  CHESS system  to  p r in t  out in te rm e d ia te  d a ta ,  b u t th ey  

a re  no t used  in  th e  m odified  v e rs io n .

The CHESS system  can be d iv id e d  in to  two m ajor p a r t s ;. th e  

ex ecu tiv e  programs and th e  su p p o rtin g  program s, The ex ecu tiv e  

programs in c lu d e  th e  main c a l l in g  program and th e  su b ro u tin e s  th a t  

handle d a ta  in p u t and m an ip u la tio n . The su p p o rtin g  programs in c lu d e  

th e  su b ro u tin e s  t h a t  s im u la te  th e  a c tu a l  chem ical and p h y s ic a l 

p ro cesses  t h a t  occur in  th e  v a rio u s  p iece s  of equipment found in  th e  

p la n t being  s im u la ted . The su p p o rtin g  su b ro u tin e s  a re  g e n e ra lly  b u i l t  

in to  th e  system  and a re  c a l le d  a u to m a tic a lly  as th e y  a re  sp e c if ie d  

a t  a node in  th e  p ro cess  m a tr ix ; however th e  u s e r  can in c lu d e  h is  

own equipment su b ro u tin e s  i f  re q u ire d .

( 12 )
A E xecu tive  Programs

I .  MAIN -  T his program i s  th e  main c a l l in g  program th a t

c o n tro ls  th e  execu tion  sequence in  th e  system . F igu re  16
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2 . DREAD -  The p r in c ip a l  fu n c tio n  of t h i s  su b ro u tin e , c a lle d  

by MAIN, i s  d a ta  in p u t to  th e  system . T his su b ro u tin e  

read s  th e  in p u t d a ta  and co n v erts  i t  to  a form useab le

by th e  o th e r su b ro u tin e s  in  th e  system . F ig u re  I?  

shows a computer l i s t i n g  o f DREAD,

3. CLEAN s e ts  a l l  of th e  d a ta  reg io n s  to  z e ro . T h is sub­

ro u tin e  i s  c a l le d  by DREAD befo re  d a ta  i s  read  in to  th e  

system  f o r  a new problem . F ig u re  18 i s  th e  computer 

l i s t i n g  f o r  CLEAN,

4 . ZERO i s  a m a trix  zero in g  ro u tin e  c a lle d  by CLEAN to  s e t  

th e  v a lu es  f o r  a la rg e  d a ta  a r ra y  to  ze ro . See F igure  

19 f o r  th e  computer l i s t i n g  of ZERO,

5 . DC HECK, c a l le d  by MAIN, ta k e s  th e  process m a trix  d a ta  

read., in to  th e  system  by DREAD and checks i t  to  make sure  

t h a t  a l l  in p u t ,  o u tp u t, and in te rm e d ia te  stream s a re  

p ro p e rly  s p e c i f ie d .  I f  th e  d a ta  i s  in c o n s is te n t  ( I f  f o r  

example a s tream  la b e le d  an in te rm e d ia te  stream  does not 

go from one p iece  of p ro cess  equipment to  an o th er) an 

e r r o r  message i s  p r in te d  and th e  job te rm in a te d . A 

computer l i s t i n g  of DCHECK can be found in  F ig u re  20,

6 . DFRINT p r in t s  th e  stream  and equipment sequences and th e  

c o n tro l  c o n s ta n ts  read  in  as  d a ta . This su b ro u tin e ,
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c a lle d  by MAIN, l i s t s  each p iece  of equipment by number, 

fo llow ed  by th e  name of th e  p ieces  of equipment and th e  

numbers of th e  stream s e n te r in g  and le av in g  i t .  The 

su b ro u tin e s  a ls o  l i s t  each p rocess stream  by number, 

and in d ic a te d  between what p iece s  o f equipment th e  

s tream  e x i s t s .  The c o n tro l  c o n s ta n ts  f o r  th e  problem 

a re  a ls o  l i s t e d .  F ig u re  21 i s  a program l i s t i n g  of 

DFRINT„

7 , SUBSET i s  c a l le d  by MAIN and i s  th e  su b ro u tin e  th a t  

c o n tro ls  th e  com putations made by th e  su p p o rtin g  

program s. T his su b ro u tin e  i s  m ainly a c a l l in g  program 

th a t  u ses  o th e r  su b ro u tin e s  t o  scan  th e  equipment m atrix  

and see t h a t  th e  n ecessa ry  c a lc u la t io n s  a re  made. See 

F ig u re  22 f o r  a program l i s t i n g ,

8 , SCAN i s  a  su b ro u tin e  c a l le d  by SUBSET th a t  f l a g s  th e  

p ro cess  stream s and p ie ce s  of equipm ent. Feed stream s

a re  g iven  a f l a g  of I , A ll  unused stream s and p ieces
/

of equipment a re  g iven  a f l a g  of - I ,  And a l l  o th e r 

stream s and p ieces  of equipment a re  g iven  a f l a g  of 0, 

F ig u re  23 i s  a computer l i s t i n g  of SCAN.

9 , RCYCLE i s  c a l le d  by SUBSET when re c y c le  s tream s a re  p re se n t 

in  th e  p rocess being  s im u la ted . SUBSET s y s te m a tic a lly  

in v e s t ig a te s  each equipment node in  th e  p ro cess  m atrix
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and i f  th e  in p u t stream s to  t h a t  node a re  d e fin e d  th e  

com putations a re  made in n e d ia te ly ,  When th e  com putations 

can no lo n g e r proceed due t o  th e  undefined  s ta tu s  of some 

in p u t s tream  or s tre am s , RCYCLE uses an o rdered  l i s t  of 

equipment module numbers in p u t by th e  u se r  in  an i t e r a t i v e  

re c y c le  loop  c a lc u la t io n .  The system  i t e r a t e s  on th e  loop  

c a lc u la t io n  u n t i l  th e  o u tpu t stream  d a ta  f o r  each equip­

ment node in  th e  loop  converges to  a to le ra n c e  su p p lied  by 

th e  u se r  o r u n t i l  a s p e c if ie d  i t e r a t i o n  l im i t  i s  exceeded, 

The system  th e n  sees i f  any f u r th e r  com putations can be 

made w ith  th e  newly d e fin e d  stream  d a ta .  I f  some equip­

ment nodes rem ain u n c a lc u la te d  th e  system  looks f o r  a 

second l i s t  of equipment nodes and beg ins a second i t e r a t i v e  

re c y c le  lo o p , A l i s t i n g  of RCYCLE can be found in  F igure  

24.

10, EQUIP t r a n s f e r s  stream  d a ta  from  th e  system  d a ta  s to rag e

to  th e  in p u t and o u tpu t stream  m atrices  of an  equipment
/

module. The stream  d a ta  i s  th en  used by th e  equipment 

module t o  make th e  n e ce ssa ry  c a lc u la t io n s , EQUIP i s  

c a l le d  by e i th e r  SUBSET or RCYCLE. The program l i s t i n g  i s  

. found in  F ig u re  25.

11. REQUIP i s  th e  re v e rse  of EQUIP in  th a t  i t  t r a n s f e r s  d a ta
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from  an equipment nodule back t o  th e  d a ta  s to ra g e  b lock  

of th e  system  a f t e r  th e  equipm ent nodule c a lc u la t io n s  a re  

com pleted. REQUIP i s  c a l le d  by e i th e r  SUBSET or RCTCLE, 

F ig u re  26 i s  a l i s t i n g  of t h i s  s u b ro u tin e ,

12, EQCALL i s  c a l le d  by e i th e r  SUBSET or RCTCLE and in  tu rn  

c a l l s  th e  equipment su b ro u tin e  t o  be used t o  make th e  

c a lc u la t io n s  f o r  a s p e c i f ic  u n i t .  I f  f o r  exam ple, a 

r o a s te r  i s  th e  p iece  o f equipm ent s p e c if ie d  a t  a 

p a r t i c u la r  equipment node, EQCALL w i l l  c a l l  th e  r o a s te r  . 

s u b ro u tin e . A l i s t i n g  of EQCALL can be found in  F ig u re  

2?.
13. TEST c a l le d  by RCTCLE c o n tro ls  th e  convergence o f re c y c le  

loop  i t e r a t i o n .  T his su b ro u tin e  checks t o  see i f  ou tput

stream  v a lu es  a re  w ith in  convergence to le r a n c e s .  I t  a ls o
(12 , 25)

in c o rp o ra te s  W eg ste in 's  method of convergence prom otion, 

W egstein t s method a llow s convergence a c c e le r a t io n  a t  every  

i t e r a t i o n  s te p ; th e  method i s  a p p lie d  to  each component 

as though i t  were th e  on ly  v a r ia b le  in  th e  lo o p . 

Convergence a c c e le r a t io n  i s  a p p lie d  to  u se r  -  sp e c if ie d  

stream s in  th e  system . A l i s t i n g  of TEST i s  shown in  

. F ig u r e '28.

B S upporting  Programs

The su p p o rtin g  su b ro u tin e s  a re  th o se  su b ro u tin e s  developed



by  th e  a u th o r d u rin g  re s e a rc h  to  s im u la te  a  z in c  p la n t .  The in p u t 

d a ta ,  o th e r  th a n  stream  d a ta ,  re q u ire d  f o r  each su b ro u tin e  to  

com plete th e  n ecessa ry  c a lc u la t io n s  i s  con tained  in  a  EQP v e c to r . 

Each v e c to r  i s  developed s p e c i f i c a l ly  f o r  th e  su b ro u tin e  t h a t  i t  i s  

used w ith  because each equipment s im u la tio n  su b ro u tin e  re q u ire s  a 

unique s e t  of d a ta .  Complete d e s c r ip t io n s  of each su b ro u tin e  and 

th e  models used a re  p re sen ted  in  th e  appendix along w ith  th e  forms of 

th e  EQP v e c to rs  f o r  th o se  re a d e rs  in te r e s te d  in  u sing  them . For 

th o se  re a d e rs  w anting an o v e ra l l  lo o k  a t  th e  system  a b r i e f  

d e s c r ip t io n  of each model fo llo w s .

ROASTER -  ROST . .

The wedge r o a s te r  i s  p re s e n tly  in  common use in  th e  z in c  

sm elting  in d u s try . The r o a s te r  c o n s is ts  of s e v e ra l  h e a r th s  on which 

th e  z in c  c o n c e n tra te s  a re  ro a s te d  in  beds approx im ate ly  fo u r  inches
C.

deep . The m a te r ia l  on each h e a r th  i s  c o n tin u a lly  tu rn e d  by la rg e  

r o ta t in g  rak es  which move th e  c o n c e n tra te s  to  th e  in s id e  o r o u ts id e

of th e  h e a r th  where th e y  f a l l  t o  th e  n ex t low er h e a r th . Some of th e
/

f in e  p a r t i c l e s  a re  c a r r ie d  out of th e  r o a s te r  by th e  r o a s t in g  gases 

as  overhead f i n e s ,  th e  rem aining s o l id s  a re  removed from  th e  bottom  

of th e  r o a s te r  as ro a s te d  c a lc in e .

For th e  developm ent of t h i s  model i t  was assumed t h a t :

I „ A l l  th e  c o n ce n tra te s  going th rough  th e  r o a s te r  have th e
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same re a c t io n  tim e . T h is i s  eq u iv a len t to  say ing  th e  

r o a s te r  i s  a  plug glow r e a c to r .  S ince th e  co n ce n tra te s  

do n o t r e tu r n  to  a h e a r th  a f t e r  f a l l i n g  to. a  low er one, 

t h i s  assum ption i s  a v a l id  one,

2 , A l l  th e  c o n c e n tra te s  p a ss in g  th rough th e  r o a s te r  

ex p erience  th e  same e f f e c t iv e  environm ent. S ince 

th e  rak es  tu r n  th e  c o n c e n tra te s  on th e  h e a r th s  

c o n t in u a l ly ,  i t  i s  assumed th a t  each c o n ce n tra te  

p a r t i c l e  spends th e  same amount of tim e a t  each 

p o s i t io n  in  th e  bed ,

3 , A ll  of th e  overhead f in e s  have th e  same e f f e c t iv e  

ho ld in g  tim e in  th e  r o a s te r ,  ' The f in e s  a re  c a r r ie d  

ou t of th e  r o a s te r  by th e  overhead gases and a re  

c o lle c te d  in  th e  d u s t c o l le c t in g  system . I t  i s  

assumed t h a t  a l l  o f th e se  f in e s  spend th e  same le n g th  

of tim e in  th e  r e a c t io n  zone.

4 ,  The d i f f u s io n  of r e a c t io n  gas th rough  th e  ro a s te d  

zone of a  s p h e r ic a l  p a r t i c l e  i s  th e  r a t e  c o n tro l l in g  

s te p .  In  a heterogeneous re a c t io n  th e  r a t e  i s  d e te r ­

mined by th e  k in e t ic  r a t e ,  th e  r a te  of d i f f u s io n  th rough  

a  gas f i lm  surrounding  th e  p a r t i c l e j  o r by d i f f u s io n  

th rough  th e  re a c te d  zone surrounding  th e  u n reac ted  core

I
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( f o r  r e a c t io n s  t h a t  have a  s o l id  p ro d u c t) . The k in e t ic  

r a t e  in c re a se s  e x p o n e n tia lly  w ith  tem p era tu re  w hile  th e  

d i f f u s io n  r a t e  in c re a s e s  l i n e a r ly  w ith  te m p e ra tu re » 

T h e re fo re , a t  h igh  tem p e ra tu res  th e  r a t e  of d i f f u s io n  

i s  u s u a l ly  th e  c o n tro l l in g  f a c t o r .  S ince d i f f u s io n  

th rough  a s o l id  i s  no rm ally  slow er th an  d i f f u s io n  

th rough  a gas f i lm  in  a  system  where th e  gas in  th e  

b u lk  phase i s  moving, d i f f u s io n  th ro u g h  th e  re a c te d  

zone was assumed to  be th e  r a t e  c o n tro l l in g  s te p .

F ig u re  5 shows th e  p a r t i c l e  model used f o r  t h i s  s im u la tio n .

Where R eq u a ls  th e  o v e ra l l  p a r t i c l e  r a d iu s ,  and r c equals  th e  ra d iu s  

of th e  u n ro as ted  co re .

S e t t in g  up a m a te r ia l  ba lance  a c ro ss  a  d i f f e r e n t i a l  elem ent 

y i e ld s :

~ l / r 2 ( d ( r 2NA r) / d r  ) = dCA/ d t

where NAr i s  th e  mass t r a n s f e r  r a t e  of oxygen a t  any r ,  and Ca i s  th e  

c o n c e n tra tio n  of oxygen,

Ry assum ing a pseudo s tead y  s t a t e ,  th e  tim e term  can be 

n eg lec ted  and th e  eq u a tio n  becomes:

I

d(r2NAr)/dr = 0
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T his eq u a tio n  i s  th en  so lved  u sin g  th e  fo llo w in g  boundary c o n d itio n s :

a .  = C^* a t  r  = R, where C*^ = th e  e q u ilib riu m

c o n c e n tra tio n  of oxygen absorbed on th e  su rfa ce  of th e  p a r t i c l e „

b . = 0 a t  r  = r c „

The tim e dependence was o b ta ined  by s e t t in g  th e  number of moles 

o f ZnS re a c t in g  p e r u n i t  tim e eq u al to  th e  number o f moles ZnS per 

u n i t  volume m u ltip l ie d  by' th e  change in  volume o f th e  u n reac ted  core  

p e r u n i t  tim e .

When th e  eq u a tio n s  a re  in te g ra te d  and th e  a p p ro p r ia te  

s u b s t i tu t io n s  made, th e  eq u a tio n  used in  th e  s im u la tio n  i s  o b ta in e d :

R3 -  r ^  -  K(Rrc/(R  -  r c ) ) t  = 0

Where K i s  an e m p ir ic a l c o n s ta n t t h a t  depends on th e  o re  being  

ro a s te d  and th e  r o a s t in g  c o n d itio n s , and t  i s  th e  h o ld in g  tim e in  

th e  r o a s te r .  The eq u a tio n  i s  so lved  f o r  Tq u sing  th e  Newton-Raphson 

tech n iq u e ,

The amount o f m a te r ia l  l e f t  u n reac ted  i s  p ro p o r tio n a l t o  th e  

volume of th e  u n reac ted  c o re . T h e re fo re , th e  conversion  can be 

o b ta ined  from  th e  fo llo w in g  eq u a tio n :

conv = I -  r 3/R 3

As th e  c o n c e n tra te s  pass th rough  th e  r o a s te r  th e y  a re  d iv id ed



in to  two stream s. The v e ry  sm all c o n c e n tra te  p a r t i c l e s  a re  c a r r ie d  

a long  by th e  ro a s t in g  gases le av in g  th e  to p  o f th e  r o a s te r .  The 

rem aining c o n c e n tra te s  pass th rough  th e  r o a s te r  and a re  removed from 

th e  bottom  of th e  r o a s te r  a s  ro a s te d  c a lc in e .  The r o a s te r  model 

d iv id e s  th e  incoming stream  in to  two outgoing s tream s, an overhead 

f in e s  s tream , and th e  ro a s te d  c a lc in e  stream . The d iv is io n  i s  based 

on a c r i t i c a l  p a r t i c l e  r a d iu s . T h is ra d iu s  i s  th e  ra d iu s  o f th e  

p a r t i c l e  whose buoyant fo r c e s ,  based on th e  upward v e lo c i ty  o f th e  

ro a s t in g  g a se s , a re  equal to  th e  fo rc e s  o f g ra v ity . A l l  p a r t i c l e s  

w ith  sm a lle r r a d i i  a re  ass ig n ed  to  th e  overhead f in e s  s tream , and 

th o se  w ith  l a r g e r  r a d i i  go to  th e  c a lc in e  stream .

In  th e  r o a s te r  model i t  i s  n ecessa ry  to  account f o r  th e  

d e g ra d a tio n  and agg lom eration  th a t  occurs in  th e  c a lc in e  s tream . To 

do t h i s  th e  c o n s ta n ts  f o r  th e  eq u a tio n  d e sc r ib in g  th e  p a r t i c l e  s iz e  

d i s t r i b u t io n  a re  a d ju s te d  by m u ltip ly in g  them by "agg lom eration  

f a c to r s " .  These f a c to r s  a re  p a r t  o f th e  equipment param eters and a re

e m p iric a l c o n s ta n ts  t h a t  depend on th e  o re  being  ro a s te d  a,nd th e
/

r o a s t in g  c o n d itio n s .

A f te r  th e  incom ing stream  i s  d iv id e d  in to  two s tre am s , and th e  

p a r t i c l e  s iz e  d i s t r i b u t io n  eq u a tio n  f o r  each stream  i s  s p e c if ie d , th e  

average conversion  f o r  each outgoing  stream  i s  c a lc u la te d . The 

average conversion  i s  ob ta ined  by c a lc u la t in g  th e  conversion  a t

29

A
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s e v e ra l  r a d i i  in  th e  p a r t i c l e  s iz e  d i s t r i b u t i o n  and ta k in g  th e  

i n t e g r a l  av erag e . The average  co nversion  i s  th en  used to g e th e r  w ith  

s to ic h io m e tr ic  c o n s ta n ts  to  o b ta in  th e  com position  and w eigh ts  of 

th e  outgoing  s tream s.

SCREEN -  SCRN

Screens a re  used in  in d u s try  whenever some s o l id  m a te r ia l  being  

p rocessed  must have a p a r t i c l e  s iz e  l e s s  th a n  o r g re a te r  th a n  a given 

s iz e .  The sc ree n  i s  a  d iv id e r  t h a t  s e p a ra te s  m a te r ia l  acco rd ing  to  

p a r t i c l e  s iz e .  The m a te r ia l  w ith  p a r t i c l e  s iz e s  g r e a te r  th a n  th e  

sc reen  opening rem ains on"top o f th e  sc reen  and goes t o  th e  o v e rs ize  

s tream . The m a te r ia l  w ith  p a r t i c l e  s iz e s  sm a lle r  th a n  th e  screen  

opening p asses  th rough  th e  sc reen  t  o become th e  u n d e rs ize  stream .

The s im u la tio n  model compares th e  s iz e  o f th e  sc reen  opening to  th e  

s iz e  of th e  p a r t i c l e s .  The f r a c t io n  o f m a te r ia l  w ith  p a r t i c l e  s iz e s  

g re a te r  th a n  th e  sc reen  opening a re  a ss ig n e d  to  th e  o v e rs iz e  stream , 

w h ile  th e  r e s t  of th e  m a te r ia l  i s  a ss ig n ed  to  th e  u n d e rs ize  stream .

The co n v ersio n  of th e  sm all p a r t i c l e s  in  th e  incom ing stream  i s  

g re a te r  th a n  th e  conversion  o f th e  l a r g e r  p a r t i c l e s .  When t h i s  stream  

i s  d iv id e d  in to  two stream s acco rd in g  t o  p a r t i c l e  s iz e ,  th e  average 

co n version  of each ou tgoing  stream  w i l l  r e f l e c t  th e  d if f e r e n c e  in  

t h e i r  p a r t i c l e  s iz e  d i s t r i b u t io n s .  The average  co n v ersio n  of th e  

u n d e rs ize  stream  w i l l  be h ig h e r th a n  th e  average  co n version  of th e
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incoming stream , w hile  th e  average conversion  fo r  th e  o v e rs ize  

stream  w i l l  be low er. In  th e  s im u la tio n  model th e  average conversion  

of each stream  i s  c a lc u la te d  from th e  e f f e c t iv e  r o a s te r  ho ld in g  tim e 

and th e  p a r t i c l e  s iz e  d i s t r ib u t io n  of th e  co rresponding  s tream . The 

average conversions a re  th e n  used to g e th e r  w ith  s to ic h io m e tr ic  

c o n s ta n ts  to  o b ta in  th e  com positions and th e  w eigh ts of th e  outgoing 

s tre am s .

GRINDER or BA.LLMILL -  GRND

For t h i s  model i t  was assumed t h a t  when a s o l id  m a te r ia l  i s  

r e ta in e d  an i n f i n i t e  le n g th  of tim e in  a  s iz e  re d u c tio n  u n i t ,  a l l  of 

th e  m a te r ia l  w i l l  re a ch  a minimum s iz e  beyond which no f u r th e r  s iz e  

re d u c tio n  i s  p o s s ib le .  The d if fe re n c e  between th e  ra d iu s  of th e  

p a r t i c l e  be ing  ground and th e  ra d iu s  o f th e  minimum s ize d  p a r t i c le  

was used as  th e  d r iv in g  fo rc e  in  th e  g r in d e r  model.

I t  was f u r th e r  assumed th a t  th e  g rin d in g  p ro cess  was f i r s t  o rd e r, 

u s in g  th e  d if f e r e n c e  betw een th e  ra d iu s  of th e  p a r t i c l e  and th e  

minimum p a r t i c l e  ra d iu s  as  a d r iv in g  fo r c e .  The p ro cess  i s  th en  

analogous t o  a f i r s t  o rd e r k in e t ic  r e a c t io n  w ith  an e q u ilib riu m  

c o n c e n tra tio n ; re p la c in g  th e  chem ical c o n c e n tra tio n  by th e  p a r t i c le
( Q )

r a d iu s .

The form  of th e  eq u a tio n  used in  th e  g rin d e r model i s :

r n = ( r  -  r m) EXP(-k/w) + r m
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Where

r n = th e  new p a r t i c l e  ra d iu s  -  in ch es  

r  = th e  o r ig in a l  p a r t i c l e  r a d iu s  -  inches 

r Jn = th e  minimum p a r t i c l e  ra d iu s  -  inches 

w = m a te r ia l  r a t e  -  to n s /d a y

k = e m p ir ic a l c o n s ta n t t h a t  depends on th e  geom etry of th e  

g r in d e r  and th e  g r in d a b i l i t y  o f th e  s o l id  m a te r ia l .

ELECTROSTATIC FRECIPITATIOR -  EREP

In  1907 F re d e r ic k  C o t t r e l l  developed  th e  f i r s t  e l e c t r o s t a t i c  

p r e c ip i t a t io n .  T h is p r e c ip i ta t io n  was used to  remove a c id  m is t from 

th e  gases le a v in g  a s u l f u r ic  a c id  p r o c e s s / ^  S ince t h a t  t im e ,th e  

e l e c t r o s t a t i c  p r e c ip i ta to r  has become a  v e ry  im p o rtan t p ie ce  of 

equipment f o r  th e  rem oval of p a r t i c u la te  m a tte r  from  gas s tre am s .

The eq u a tio n  t h a t  has been used t o  d e sc r ib e  th e  e f f ic ie n c y  of 

an e l e c t r o s t a t i c  p r e c ip i ta to r  was developed  in  1922 by W. D eutsch1/ ^ )  

E ff  = 100 (1 -e  - Av/ Q)

Where:

A = a re a  o f c o l le c t in g  s u r fa c e .

v = th e  e l e c t r i c a l l y  induced d r i f t  v e lo c i ty  tow ard th e  

c o l le c t in g  s u r fa c e .

Q = volume r a te  o f a i r  flow  th ro u g h  th e  p r e c ip i t a to r .
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FLUE -  FLUE

Some of th e  d u s t p a r t i c l e s  le av in g  th e  r o a s te r  s e t t l e  ou t th e  

gas stream  in  th e  f lu e  le ad in g  to  th e  e l e c t r o s t a t i c  p r e c ip i ta to r .

A lso  some of th e  d u s t p a r t i c l e s  n o t tra p p e d  in  th e  e l e c t r o s t a t i c  

p r e c ip i t a to r  a re  c o l le c te d  in  th e  f lu e  between th e  p r e c ip i ta to r  and 

th e  p la n t s ta c k . S ince th e  f in e s  c o l le c te d  from th e se  f lu e s  a re  r e ­

cycled  back t o  th e  p ro c e ss , th ey  must be considered  in  th e  p la n t 

s im u la tio n .

In  a f lu e  th e  d u s t s e t t l e s  out by g ra v ity  and i s  c o lle c te d  in  

b in s  a t  th e  bottom  of th e  f l u e .  The amount of d u s t t h a t  s e t t l e s  out 

i s  a fu n c tio n  o f th e  gas v e lo c i ty  in  th e  f l u e ,  geometry o f th e  f lu e ,  

and s o l id s  lo a d in g . A f te r  t r y in g  s e v e ra l  tim es t o  g e t an acc u ra te  

model f o r  a f l u e ,  i t  was decided  t o  use  th e  e l e c t r o s t a t i c  p re c ip i­

t a t o r  model, w ith  d i f f e r e n t  c o n s ta n ts , as th e  f lu e  model.

There was n o t enough core  c a p a c ity  in  th e  computer f o r  th e  e x tra  

e l e c t r o s t a t i c  p r e c ip i ta to r  su b ro u tin e  so th e  u se r  must use  FREP in ­

s te a d  of FLUE whenever he w ants to  s im u la te  a f lu e ,

HgSO  ̂ and Feg(SP^)T, A d d itio n  -  AMIX

In  a c tu a l  p la n t  o p e ra tio n  some HgSO  ̂ and Feg(SQiji)^  must be added 

to  th e  le ac h  c i r c u i t .  T his su b ro u tin e  s im u la tes  t h a t  a d d it io n  along 

w ith  a d ju s t in g  th e  w eight f r a c t io n  s o l id s  in  th e  le ac h  ta n k s .

The su b ro u tin e  c a lc u la te s  th e  t o t a l  moles of ZnO e n te r in g  th e
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The s u l f a te  compounds a l l  e x i s t  as ions in  th e  le ac h  s o lu tio n  

in  th e  fo llo w in g  form:

H SOjji 4— S' 2 +

SS

SO1
4

ZnSO Zn+*"
4

4 - S04

+ 3 s r

F e2 (S O ^ )J *  F e + 3S04

In  th e  le ac h in g  of th e  ZnO th e  amounts of H+, Fe ^ and Zn change 

w hile  th e  t o t a l  amount o f .S0j~ i s  c o n s ta n t. T herefo re  in  th e  model, 

th e  io n s  a re  used in s te a d  of th e  compounds from which th e y  come.

The Fe+^ io n  c omc e n tr a t io n  can be r e la te d  to  th e  Ef*" io n  

c o n c e n tra tio n  by th e  eq u a tio n : .

Fe+^ = 2 .56  X IO8 I h+ I 8 (See Appendix) 

where th e  c o n c e n tra tio n s  a re  in  lb  m o le /f t^ . I f  th e  a c id  concen­

t r a t i o n  i s  h igh  enough, th e  c a lc u la te d  f e r r i c  io n  c o n c e n tra tio n  w i l l  

be h ig h e r  th a n  th e  a c tu a l  f e r r i c  io n  c o n c e n tra tio n . When t h i s  

c o n d itio n  e x i s t s , a s  i t  does in  th e  a c id  le a c h , th e  s o lu t io n  i s  n o t

b u ffe re d  and th e  a c id  c o n c e n tra tio n  changes r a p id ly  w ith  th e  amount
/

of ZnO leach ed . When th e  c a lc u la te d  f e r r i c  io n  c o n c e n tra tio n  i s  le s s  

th a n  th e  a c tu a l  f e r r i c  io n  c o n c e n tra tio n , f e r r i c  hydroxide w i l l  be 

p r e c ip i ta te d  u n t i l  th e  a c tu a l  f e r r i c  io n  and a c id  c o n c e n tra tio n s  a re  

in  e q u ilib r iu m . T his b u ffe re d  c o n d itio n  e x is t s  in  th e  n e u tr a l  le ac h  

where th e  a c id  c o n c e n tra tio n  i s  low. In  th e  n e u tr a l  le ac h  th e  ac id
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m ixer. The t o t a l  s u l f a te  (H2SO4 + Fe3 (SO4 ) 3) to  ZnO r a t i o  i s  th en  

c a lc u la te d .  I f  th e  r a t i o  i s  to o  low, H3SO4 or Fe3 (SO4 ) 3 * depending 

which i s  low, i s  added t o  th e  stream  t o  make up th e  p roper s u l f a te  to  

ZnO r a t i o  a t  th e  p roper pH, In  some cases  both  H^SO4  and Fe3 (SO4 ) 3 

a re  added. The u se r  p u ts  th e  d e s ire d  H3SO4ZZnO and Fe3 (SO4 ) 3/ZnO 

r a t i o s  in to  th e  com puter a s  equipment param eter in p u t d a ta .

A f te r  a d ju s t in g  th e  s u l f a te  to  ZnO r a t i o  th e  su b ro u tin e  

c a lc u la te s  th e  w eight f r a c t io n  s o l id s .  I f  th e  c a lc u la te d  w eight 

f r a c t io n  s o l id s  i s  g re a te r  th a n  a u s e r  sp e c if ie d  v a lu e  th e  sub- ■ 

ro u tin e  adds w a ter to  th e  outgoing stream .

LEACH TANKS -  LECH

The le ac h in g  o f ZnO t o  form ZnSO4  i s  a b u ffe red  le a c h  w ith  

H SO, a s  th e  a c id  and Fe9 (SO4 )., a s  th e  b u f f e r .  This le a c h  i s  

d iv id ed  in to  two s e c tio n s  a  n e u t r a l  le a c h  and a s  ac id  le a c h . In  th e  

n e u tr a l  le a c h  th e  Fe3 (SO4 ) 3 a c ts  a s  a b u f f e r ,  w hile  th e  a c id  le a c h , 

th e  a c id  c o n ten t i s  h ig h  enough t h a t  th e  Feg(SO4 ) 3 does no t a c t  as 

a  b u f f e r .

The r e a c t io n s  invo lved  in  th e se  le ac h e s  a re :

ZnO + H2SO4  < ----------- ^  ZnSO4 + HgO

Feg(SO4 ) 3 + 6HgO * -------- ^  ZFe(OH) 3 + 3HgS(^

ZnO and Fe(OH) 3 a re  s o l id s  w hile  th e  r e s t  of th e  r e a c ta n ts  a re  a 

p a r t  o f th e  le a c h  s o lu t io n .
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c o n c e n t r a t io n  c h a n g es  v e r y  l i t t l e  a s  ZnO i s  l e a c h e d ,  s in c e  f e r r i c  io n  

i s  b e in g  p r e c i p i t a t e d  a s  f e r r i c  h y d ro x id e  t o  fo rm  a c i d .

The s o l u t i o n  l e a v in g  th e  n e u t r a l  l e a c h  goes  t o  t h e  e l e c t r o l y t i c  

p l a n t .  Any i r o n  i n  t h a t  s tr e a m  w i l l  c a u se  p ro b lem s i n  t h e  e l e c t r o l y s i s  

o f  t h e  z in c  s o l u t i o n ,  so  i t  i s  d e s i r a b l e  t o  have  th e  f e r r i c  io n  

c o n c e n t r a t i o n  a s  low  a s  p o s s ib l e  i n  t h a t  s o l u t i o n .  I f  t h e  a c id  

c o n c e n t r a t i o n  i s  10“^  l b  m o l e / f t ^ t h e  f e r r i c  io n  c o n c e n t r a t io n  w i l l  

b e  2 .5 6  X IO- ^  l b  m o le /ft-^o  I f  t h e  a c id  c o n c e n t r a t io n  i s  lo w e re d  t o  

IO "5 l b  m o l e / f t ^ t h e  f e r r i c  io n  c o n c e n t r a t io n  i s  lo w e re d  t o  2 .5 6  X 10 ^ 

l b  m o l e / f t 5 . I t  c a n  be  se e n  t h a t  m a in ta in in g  th e  o u t l e t  s tre a m  fro m  

t h e  n e u t r a l  l e a c h  a t  a  pH n e a r  7 i s  n e c e s s a r y .

I n  t h e  a c id  l e a c h ,  t h e  s o l i d s  fro m  t h e  n e u t r a l  l e a c h  a r e  m ixed 

w i th  c e l l  a c id  fro m  t h e  z in c  e l e c t r o l y s i s  p l a n t .  T h is  g iv e s  a  h ig h  

a c id  c o n te n t  and  a  v e r y  low  f e r r i c  io n  c o n te n t  so  t h e  f e r r i c  h y d ro x id e  

p r e s e n t  i n  t h e  s o l i d s  fro m  t h e  n e u t r a l  l e a c h  r e a c t s  w i th  some o f  t h e  

a c id  t o  fo rm  f e r r i c  i o n .  I n  t h e  a c id  l e a c h  g e n e r a l l y  t h e r e  i s  enough 

a c id  so  t h a t  a l l  o f  t h e  f e r r i c  h y d ro x id e  go es  t o  f e r r i c  io n  l e a v in g  

a n  e x c e s s  o f  a c i d .  The f i r s t  t h in g  t h e  le a c h  t a n k  m odel d o e s  i s  t o  

c h e c k  t h e  f e r r i c  io n  -  a c id  b a la n c e  and  t o  a d j u s t  i t  i f  t h e r e  i s  f e r r i c  

h y d ro x id e  p r e s e n t .

A f t e r  t h e  f e r r i c  io n  -  a c id  b a la n c e  i s  c h e c k e d , t h e  s u b ro u t in e  

c a l c u l a t e s  t h e  am ount o f  ZnO l e a c h e d . T h is  c a l c u l a t i o n  i s  b a se d  on
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t h e  a s s u m p tio n s :

1 .  The l e a c h  t a n k  i s  a  w e l l  m ixed r e a c t o r .  The le a c h  

t a n k s  a r e  p a c h u ca  t a n k s  (T h ese  a r e  wooden c y l i n d r i c a l  

t a n k s  w i th  c o n ic a l  b o t to m s ) , I n  t h e  c e n t e r  o f  e a ch  t a n k  

i s  a n  a i r  l i f t  t h a t  d raw s m a t e r i a l  f ro m  th e  b o tto m  o f  

t h e  t a n k  t o  a  s p la s h  pan  c o v e r in g  t h e  t o p  o f  t h e  t a n k .  

The m a t e r i a l  t h e n  c i r c u l a t e s  fro m  to p  t o  b o tto m  w i th  an  

o v e rf lo w  a t  t h e  t o p ,  ^  W ith  t h i s  ty p e  o f  m ix in g  th e  

a s su m p tio n  o f  a  w e l l  m ixed r e a c t o r  i s  v a l i d ,

2 .  The l e a c h in g  r a t e  i s  p r o p o r t i o n a l  t o  t h e  a c id  co n cen ­

t r a t i o n ,  S in c e  a c id  i s  t h e  le a c h in g  a g e n t „ i t  i s  

r e a s o n a b le  t o  assum e t h a t  t h e  le a c h in g  r a t e  i s  

d e p e n d e n t on i t ,

3 . The le a c h in g  r a t e  i s  p r o p o r t i o n a l  t o  t h e  s u r f a c e  a r e a  o f  

t h e  ZnO, W henever a  r e a c t i o n  in v o lv e s  a  s o l i d - l i q u i d  

i n t e r f a c e , t h e  s i z e  o f  t h a t  i n t e r f a c e  u s u a l l y  a f f e c t s  

t h e  r e a c t i o n  f a t e .

When t h e s e  a s s u m p tio n s  a r e  d e v e lo p e d  i n t o  e q u a t io n s ;  t h e  r e s u l t  i s  

t h r e e  e q u a t io n s  and  t h r e e  unknow ns. T h ese  a r e :

Unknowns

( I )  r  '= r a d i u s  o f  a v e ra g e  ZnO p a r t i c l e  i n  t h e  l e a c h  t a n k  a t

t im e  t
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(2 )  Ca = c o n c e n t r a t io n  o f  a c id  a t  t im e  t

(3 )  C f = c o n c e n t r a t io n  o f  f e r r i c  io n  a t  t im e  t  

E q u a t io n s

(1 )  Cf = / 2 .5 6  X IO8 Ca3

(2)  r  -  ((Cao-Ca + 3(CFO-CF) ) r 3o/K I  C^wt f  Z n O ^ K o

1 /3
(3 )  r  = r o ( (  ZnOi n - ( T o/ 2 )(C AO-CA* 3 (CFO-CF ) ) / ( w t  $  Z n O )^ )

w here

K = e m p i r i c a l  r a t e  c o n s ta n t  

T = h o ld in g  t im e

C = a c id  c o n c e n t r a t io n  a t  t im e  = 0 
AO

C = f e r r i c  io n  c o n c e n t r a t io n  a t  t im e  = 0 
FO

r Q = r a d i u s  o f  a v e ra g e  ZnO p a r t i c l e  e n t e r in g  t h e  le a c h  ta n k  

v  = v o lu m e tr ic  f lo w  r a t e  o f  s l u r r y  i n t o  t h e  l e a c h  ta n k
o

ZnO i n  = m oles ZnO/ u n i t  t im e  e n te r in g  l e a c h  ta n k

( 2 )
T hese  e q u a t io n s  w ere  s o lv e d  by  a  G o lden  S e c t io n  s e a r c h  f o r  th e  

c o n c e n t r a t io n  o f  a c id  t h a t ,  gave  t h e  same v a lu e  f o r  r  fro m  e q u a tio n s  

2 & 3 . Once t h e  p ro p e r  v a lu e  f o r  C^ w as known, and  r  w ere  f i x e d .  

The c o n v e rs io n  o f  ZnO t o  ZnSO^ was c a l c u l a t e d  u s in g  t h e  e q u a t io n :

o

conv = I  -



A f t e r  t h e  c o n v e r s io n  o f  ZnO t o  ZnSO^ was c a l c u l a t e d ,  t h a t  

c o n v e r s io n  a lo n g  w i th  t h e  n e c e s s a r y  s to i c h io m e t r i c  c o n s ta n t s  w ere  

u se d  t o  c a l c u l a t e  t h e  am ount o f  e a c h  com ponent l e a v in g  t h e  l e a c h  t a n k .

CLASSIFIER -  CLAS

The C l a s s i f i e r  m odel i s  b a s e d  on u s e r  i n p u t .  The u s e r  i n p u t s  a  

c r i t i c a l  r a d i u s  and  t h e  co m p u te r p u t s  a l l  t h e  s o l i d  m a t e r i a l  w i th  

p a r t i c l e  r a d i i  g r e a t e r  t h a n  t h e  c r i t i c a l  r a d i u s  i n  t h e  o v e r s i z e  s tr e a m  

and  t h e  r e s t  o f  t h e  s o l i d  m a t e r i a l  i n  t h e  u n d e r s i z e  s tr e a m . The w e ig h t  

f r a c t i o n  s o l i d s  i n  t h e  o v e r s i z e  s t r e a m  i s  a l s o  an  eq u ip m e n t p a ra m e te r  

e n te r e d  a s  d a t a  by  t h e  u s e r .  The co m p u te r  u s e s  t h i s  p i e c e  o f  d a ta  

t o g e t h e r  w i th  t h e  w e ig h t  o f  s o l i d s  i n  e a c h  s tr e a m  t o  make a  m a t e r i a l  

b a la n c e  on t h e  l i q u i d  c o m p o n e n ts , com ing i n t o  t h e  c l a s s i f i e r ,  t o  ob­

t a i n  t h e  c o m p o s i t io n  o f  t h e  o u tg o in g  s t r e a m s ,

THICKENER -  SETL and  FILTER -  FLTR

The t h i c k e n e r  and  f i l t e r  a r e  s im u la te d  b y  t h e  same s u b r o u t in e .

The s u b r o u t in e  m akes a  m a t e r i a l  b a la n c e  a ro u n d  t h e  p ie c e  o f  e q u ip ­

m ent b a s e d  on t h e  w e ig h t  f r a c t i o n  s o l i d  i n  th e  tw o o u tp u t  s t r e a m s ^ ^ ,

As p a r t  o f  t h e  eq u ip m en t p a ra m e te r  d a t a  t h e  u s e r  p r o v id e s  t h e  

co m p u te r w i th  t h e  w e ig h t  f r a c t i o n  s o l i d s  i n  each  o u tp u t  s tr e a m .

Some t h e o r e t i c a l  e q u a t io n s  h a v e  b e e n  d e v e lo p e d  f o r  t h e  

th ic k e n in g  p r o c e s s ,  b u t  t h e  r e s u l t s  o f  t h e s e  d e v e lo p m e n ts  r e q u i r e d
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m ore d a t a  t h a n  i s  g e n e r a l l y  a v a i l a b l e  t o  t h e  a v e ra g e  2 2 * 2 ^)

MIXER -  MIXR

■ The m ix e r  m odel w i l l  m ix up  t o  s i x  incom ing  s tr e a m s  t o  fo rm  one 

o u tp u t  s tr e a m . The w e ig h t o f  e a c h  com ponent i n  t h e .o u t p u t  s tre a m  

and  t h e  t o t a l  w e ig h t  o f  t h e  o u tp u t  s tre a m s  a r e  c a l c u l a t e d  i n  t h e  

m odel by  a d d i t i o n  o f  t h e  in co m in g  v a lu e s .

The p a r t i c l e  s i z e  d i s t r i b u t i o n  e q u a t io n  o f t h e  o u tp u t  s tre a m  i s  

o b ta in e d  b y  o r d e r in g  a l l  o f  t h e  in co m in g  p a r t i c l e  s i z e s  fro m  th e  

s m a l l e s t  t o  t h e  l a r g e s t ,  and  d o in g  a  l e a s t  squ, . e s  f i t  o f  t h e  r e ­

s u l t i n g  d i s t r i b u t i o n .

ZINC ELECTROLYSIS -  ELET

I n  t h i s  s u b r o u t i n e , t h e  co m p u te r u s e s  a  c h e m ic a l  e f f i c i e n c y  

s u p p l ie d  b y  t h e  u s e r  t o  c a l c u l a t e  t h e  .amount o f  z in c  p ro d u c e d . The 

c h e m ic a l  e f f i c i e n c y  i s  t h e  f r a c t i o n  o f  t h e  in p u t  z in c  s u l f a t e  

c o n v e r te d  t o  z in c .

The e l e c t r i c a l  c u r r e n t  r e q u i r e d  t o  p ro d u ce  th e  z in c  i s  

c a l c u l a t e d  u s in g  F a r a d a y 's  L a w . T h e  c e l l ,  c u r r e n t  i s  c a lc u l a t e d  

fro m  t h e  r e q u i r e d  c u r r e n t  u s in g  a  c u r r e n t  e f f i c i e n c y  s u p p l ie d  by  th e  

u s e r .

The c o m p o s i t io n  o f  t h e  c e l l  a c id  r e t u r n in g  t o  t h e  a c id  l e a c h  i s  

c a l c u l a t e d  i n  t h e  f i n a l  s e c t i o n  o f  t h i s  s u b r o u t in e .  T h is  c e l l  a c id  

s tr e a m  i s  t h e  o n ly  o u tp u t  s tr e a m  fro m  t h e  e l e c t r o l y s i s  p r o c e s s  s in c e
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t h e  am ount o f  z in c  p ro d u c e d  i s  p r i n t e d  o u t  i n  t h e  s u b r o u t in e  i t s e l f »

C C om puting S u b r o u tin e s
•'V'

The p r o c e s s  m odule s u b r o u t in e s  u s e  f o u r  s u b r o u t i n e s , CONVT,

LSC1 SIME, an d  TGS, t o  make c a l c u l a t i o n s  t h a t  a r e  r e q u i r e d  i n  many 

p l a c e s .

CONVT i s  a  s u b r o u t in e  t h a t  s o lv e s  t h e  e q u a t io n s  d e v e lo p e d  i n  

t h e  r o a s t e r  m o d e l. T h is  r o u t i n e  c a l c u l a t e s  a  t r i a l  and  e r r o r  a v e ra g e  

c o n v e r s io n  (ZnS t o  ZnO) fro m  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n , r o a s t i n g  

c o n s t a n t ,  and  t h e  r o a s t e r  h o ld in g  t im e .

LSC d o e s  a  l e a s t  s q u a re s  f i t  o f  t h e  p a r t i c l e  s i z e  d a ta  t o  

g e t  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  e q u a t io n  ( r  = ABx^ ^  ) f o r  a

p r o c e s s  s tr e a m . The s u b r o u t in e  d o e s  a  G o lden  S e c t io n  s e a r c h  f o r  t h e  

p r o p e r  v a lu e  f o r  C, and  f o r  e a ch  v a lu e  o f  C i t  d o e s  a  l e a s t  s q u a re s  

a n a l y s i s  o f  t h e  d a ta  t o  com pute A and  B.

SIME s o lv e s  tw o  s im u lta n e o u s  e q u a t io n s  f o r  tw o  unknow ns.

TGS i s  t h e  c o u n te r  p a r t  o f  CONVT. I t  c a l c u l a t e s  t h e  h o ld in g  

t im e  r e q u i r e d  t o  g e t  a  c e r t a i n  a v e ra g e  c o n v e r s io n .  I t  u s e s  t h e  same 

e q u a t io n s  a s  CONVT,
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C om puting H ardw are and  S o f tw a re

The co m p u te r u se d  i n  t h i s  s tu d y  w as a n  80 K w ord Sigma 7 b u i l t  

b y  X erox  D a ta  S y s te m se The program m ing was done i n  F o r t r a n  IV  H 

co m p u te r l a n g u a g e , and  t h e  p rog ram  w as e x e c u te d  u n d e r  t h e  BPM 

o p e r a t in g  sy s te m .

I n  o r d e r  t o  f i t  t h e  p rog ram  i n t o  t h e  w o rk in g  c o re  u n d e r  t h e  BPM
( 12)

sy s te m  i t  w as n e c e s s a r y  t o  o v e r la y  t h e  p ro g ram . The s u b r o u t in e s  

w ere  p la c e d  i n t o  se v en  e le m e n t f i l e s  and  o v e r la y e d  a s  shown i n  F ig u re

6 .

The s u b r o u t in e s  p la c e d  i n  e a c h  e le m e n t f i l e  w ere :

1 . MANZRO

a .  M ain c a l l i n g  p rogram

b ,  ZERO

2 .  DCLEAN

a ,  CLEAN

b ,  DREAD

3 . DPECK

a .  DCHECK

b .  DHtINT

4 .  EQALL

a e EQCALL 

b .  EQUIP



4]

C e EQUIP

d , REQUIP

e .  . RCYCIE

f . SCAN

g . SUBSET

h . TEST

i . CONVT

j . LSC

k . SIME

I . TGS

m, GRND

n . MHR

TRANT

a . TRANSF

b , BIFRNT

C e PIFRNT

ROS

a . ROST

b . SCRN

c. FREP

LTS

a ,  AMH



b .  LECH

44

c .  CIAS

d .  SETL .

9 . FLTR 

f .  ELET

W ith  th e  p ro g ram  o v e r la y e d  i n  t h i s  m an n er, t h e  d a t a  b lo c k  r e q u i r e d  

4 1 ,1 3 6  b y te s  o f  c o re  and  t h e  o p e r a t i o n a l  p a r t  o f  t h e  p rog ram  r e ­

q u i r e d  6 ,7 3 7  b y te s  o f  c o r e .

I



EQALL

TRANT

DPECK

MANZRO

DCLEAN

F ig u re  6 

O v e r la y  Scheme

ROS

LTS

£



R e s u l t s  and  D is c u s s io n

The p r im a ry  o b j e c t iv e  o f  t h i s  p r o j e c t  was t o  m o d ify  CHESS t o  

s im u la te  a  z in c  p l a n t . The p l a n t  w as d iv id e d  i n t o  tw o s e c t i o n s ;  a  

r o a s t i n g  s e c t i o n  and  a  l e a c h in g  s e c t i o n ,  S d in p lif ie d  b lo c k  d ia g ra m s  

o f  e a ch  s e c t i o n  a r e  p r e s e n te d  i n  F i g u r e s ?  and  8 ,

S im u la t io n  o f  t h e  r o a s t i n g  s e c t i o n  r e q u i r e d  t e n  eq u ip m en t nodes 

in te r c o n n e c te d  a s  shown i n  F ig u re  9« The se v en  p r im a ry  r o a s t e r s  

u se d  t o  r o a s t  f r e s h  c a l c in e  a r e  s im u la te d  by  one r o a s t e r  d e s ig n a te d  

by  11R - I 1' ,  and  t h e  r e c y c l e  s o l i d s  fro m  t h e  f l u e  sy s tem  p lu s  t h e  

c ru s h e d  s o l i d s  a r e  r o a s t e d  i n  r o a s t e r  " R -2 " . The r o a s t e r  n o d e s , 

f l u e  n o d e s , p r e c i p i t a t o r  n o d e , s c r e e n  n o d e , and th e  c r u s h in g  make up 

a  t o t a l  o f  se v e n  n o d e s . The re m a in in g  t h r e e  nodes a r e  m ix e r  n odes 

t h a t  m ust be  p la c e d  a t  e a ch  p o in t  tw o o r  m ore s tre a m s  come t o g e t h e r .

The p u r i f i c a t i o n  p l a n t  was n o t  in c lu d e d  i n  t h e  s im u la t io n  o f  t h e  

l e a c h in g  s e c t i o n , .  The p u r i f i c a t i o n  p l a n t  rem oves cadmium and  o th e r  

i m p u r i t i e s  fro m  t h e  s o l u t i o n  g o in g  t o  e l e c t r o l y t i c  p l a n t .  F o r  t h i s  

p ro b lem  t h e  c h e m ic a l  and  p h y s ic a l  p r o p e r t i e s  o f  o n ly  z in c  and  i r o n  

w ere  c o n s id e r e d .  Compounds o f  o th e r  m e ta ls  such  a s  cadmium w ere  i n ­

c lu d e d  a s  gangue w h ich  w as assum ed t o  b e  a  s o l i d  i n e r t  m a t e r i a l  and 

a s  su ch  no p u r i f i c a t i o n  p l a n t  was r e q u i r e d  t o  rem ove t h e s e  compounds 

fro m  s o l u t i o n .  The 3^ equ ip m en t n o d e s  and t h e i r  c o n n e v tin g  e le m e n ts  

u s e d  t o  s im u la te  t h e  l e a c h  s e c t i o n  a r e  shown i n  F ig u re  1 0 ,



Concentrates

Gases

Oversize

>  To Leach

Screens Crushing

Wedge
Roasters

Electrostatic
Precipitator Stack
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Calcine From Roasters

Overt fowFines

Solu tionSands C e l l  Acid

Residue

Solids

Underflow

Neufral
Leach

Ball Mill
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Acid Dorr 
Thickener

Purification
Plant

Acid Olivers
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Plant
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Acid Leach
-Fr
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Leaching Solution For Neutral Leach
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MI XR
IO

ROST 
R -  2

ROST

SCRN
S-I

PREP

MIXR 
M - 3

GRND

FLUE FLUE 
F -  2

Input To 
Leach

F ig u re  9
E qu ipm en t Node Sequence 
For R o a s t in g  P la n t  S im u la t io n



F ig u r e  10
E qu ipm en t Node Sequence  
f o r  L each  P l a n t  S im u la t io n

Input From R oas tm g

—  41 = Water
::____  ___

MIXR

14
AM IX 
AM-2

CLAS
C-2

GRND 
BM- I

LECH

MIXR
LM-2

AM IX 
AM-3

SETL CLAS
ELET
ELET LECH 

L-  7

LECH 
L - 4

LECH 
L- 2

AMlX 
AM- I

LECH 
L -  3

LECH LECH 
L - 6

LECH

B

VnO



F ig u re  10 ( c o n t in u e d )

22 
LECH 
AL-9

2 4
LECH
A L -7

23
LECH 
AL- 8

2 5  
LECH 
A L - 6

2 7  
LECH 
A L - 4

26
LECH 
AL-5

21
LECH
AL-IO

B

LECH 
AL-12

20
LECH 
AL-I I

LECH 
AL-13

28
LECH
AL-3

SETL
AL- S

3 3  
M IXR

3 0  
LECH 
AL- I

2 9  
LECH 
A L- 2

32
FLTR
F-AO

Residue
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An e x p la n a t io n  o f  t h e  d a t a  i n p u t s  f o r  t h e  tw o  s i m u l a t io n s , and 

th e  co m p u te r r e s u l t s  a r e  g iv e n  i n  t h e  A p p e n d ix . T a b le  I  com pares 

t h e  r e s u l t s  o f  t h e  co m p u te r c a l c u l a t i o n s  w i th  p l a n t  d a t a  o b ta in e d  

fro m  t h e  A naconda Company.

From T a b le  I  i t  c a n  b e  s e e n  t h a t  v a lu e s  c a l c u l a t e d  b y  t h e  

s im u la t io n  p ro g ram  a r e  c lo s e  t o  t h e  v a lu e s  s u p p l ie d  b y  A n aco n d a . T h is  

shows t h a t  th ro u g h  a d ju s tm e n t  o f  i n p u t  p a r a m e te r s ,  t h e  m odels  and su b ­

r o u t i n e s  d e v e lo p e d  c a n  b e  u se d  t o  s im u la te  t h e  z in c  p l a n t .  The 

r e s u l t s  o f  t h i s  s im u la t io n  w ere  u s e d  a s  a  b a s i s  f o r  c h a n g e s  made i n  

i n p u t  p a r a m e te r s .

The f i r s t  i n p u t  p a ra m e te r  t o  b e  ch an g ed  was t h e  r o a s t i n g  

c a p a c i ty .  The num ber o f  p r im a ry  r o a s t e r s  was re d u c e d  fro m  se v e n  t o  

s i x  and  t h e n  t o  f i v e  w i th  c o r r e s p o n d in g  d e c r e a s e s  i n  c o n c e n t r a t e  i n p u t  

fro m  350 t o n s / d a y  t o  300 to n s /d a y  and  250 t o n s /d a y  r e s p e c t i v e l y .  The 

r e s u l t s  o f  t h i s  s e r i e s  o f  t e s t s  a r e  shown i n  F ig u r e  1 1 .

F ig u r e  11 shows t h a t  t h e  ch ange  i n  z in c  p r o d u c t io n  w as n o t 

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  ch an g e  i n  c o n c e n t r a t e  i n p u t , The 

r e d u c t io n  i n  z in c  p r o d u c t io n  f o r  a  r e d u c t i o n  i n  p l a n t  i n p u t  i s  l e s s  

t h a n  w ou ld  b e  e x p e r ie n c e d  i f  z in c  p r o d u c t io n  was d i r e c t l y  p r o p o r t io n ­

a l  t o  c o n c e n t r a t e  i n p u t .  T h is  s h o u ld  o c c u r  b e c a u s e  a s  t h e  r o a s t i n g  

c a p a c i ty  and  c o n c e n t r a te  i n p u t  a r e  r e d u c e d  t h e  s i z e s  o f  t h e  o th e r  

p i e c e s  o f  p r o c e s s in g  eq u ip m en t do  n o t  c h a n g e . The f l u e  sy s te m  h a s



T a b le  I

C a lc u la te d  R e s u l t s  v s  P l a n t  D ata

V a r ia b le P la n t  D a ta C a lc u la te d  R e s u l t s

P l a n t  I n p u t 350 t o n s /d a y -350 to n s / d a y  ( s e t )

F in e s  L o s t  o v e rh e a d  
b y  p r im a ry  r o a s t e r s

70 t o n s / d a y 58  to n s /d a y

C o n v e rs io n  o f  C a lc in e 9 # 9 5 .6 #

E f f i c i e n c y  o f  F lu e  sy s te m  
t o  p r e c i p i t a t o r 3 # 36$

E f f i c i e n c y  o f  e l e c t r o s t a t i c  
P r e c i p i t a t o r 9 # 94$

E f f i c i e n c y  o f  f l u e  fro m  
p r e c i p i t a t o r  t o  t h e  s to c k 64$ ■ 56#

$  in co m in g  Zn le a c h e d  i n  
n e u t r a l  l e a c h 60$ 6 0 .1 7 #

$  Zn R em ain in g  le a c h e d  
i n  a c id  l e a c h 15$ 1 4 .4 #

$  Zn rem oved fro m  s o l u t i o n  
i n  e l e c t r o l y t i c  p l a n t

\

50$ 50# ( s e t )

T ons/D ay  Zn p ro d u ce d 116.3
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120 I
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2 0 0  250 300  350

C o n c e n tra te  I n p u t  T ons/ Day-

F ig u re  11
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t h e  same s i z e  so  th e  v e l o c i t i e s  i n  t h e  f l u e  sy s te m  w i l l  d e c r e a s e ,  th e  

c o l l e c t i o n  e f f i c i e n c i e s  o f  t h e  f l u e s  and  p r e c i p i t a t o r  w i l l  i n c r e a s e ,  

and l e s s  w i l l  b e  l o s t  up th e  s t a c k .  The l e a c h  c a p a c i ty  w i l l  n o t  

change  c a u s in g  th e  h o ld in g  tim e  i n  t h e  l e a c h  sy s te m  t o  i n c r e a s e ,  An 

i n c r e a s e  i n  h o ld in g  t im e  w i l l  i n c r e a s e  t h e  am ount o f  z in c  le a c h e d  

fro m  th e  c a l c i n e  and  w i l l  make m ore e f f i c i e n t  u s e  o f  t h e  a c i d .  T h ere  

w i l l  b e  l e s s  z in c  l o s t  i n  t h e  r e s i d u e  and  m ore z in c  r e c o v e r e d  i n  th e  

e l e c t r o l y t i c  p l a n t .  The n e t  e f f e c t  i s  t h a t  p l a n t  c a p a c i ty  damps 

ch an g es  i n  r o a s t i n g  c a p a c i ty .

F ig u r e  12 i s  a  r e p r e s e n t a t i o n  o f  t h e  r e l a t i o n s h i p  b e tw e en  th e  

r o a s t i n g  c o n s ta n t  and th e  c a l c u l a t e d  z in c  p r o d u c t io n .  T h is  r e l a t i o n ­

s h ip  i n d i c a t e s  t h a t  t h e  e f f e c t s  o f  c h a n g in g  th e  c o n s ta n t  a r e  more 

p ro n o u n ced  a s  t h e  v a lu e  o f  t h e  c o n s ta n t  i s  r e d u c e d . When c o n s id e r in g  

w h a t t h i s  means i n  te rm s  o f  a c t u a l  p l a n t  o p e r a t io n  i t  m u st be  

rem em bered t h a t  a  c o n c e n t r a t e  w i th  a  low  c o n s ta n t  i s  h a rd  t o  r o a s t  

w h i le  a  c o n c e n t r a t e  w i th  a  h ig h  c o n s ta n t  i s  e a s y  t o  r o a s t .  The 

h i g h e s t  p o s s ib l e  f r a c t i o n a l  c o n v e r s io n  o f  ZnS t o  ZnO i s  o n e , and a s  

t h e  r o a s t i n g  c o n s ta n t  i n c r e a s e s  t h e  c o n v e r s io n  a s y m p t o t i c a l l y  

a p p ro a c h e s  o n e . I n c r e a s in g  a n  a l r e a d y  h ig h  r o a s t i n g  c o n s ta n t  w i l l  

i n c r e a s e  t h e  am ount o f  ZnS c o n v e r te d  t o  ZnO o n ly  s l i g h t l y  and w i l l  

t h e r e f o r e  n o t  a f f e c t  th e  z in c  p r o d u c t io n  s i g n i f i c a n t l y .

The c a l c u l a t e d  r e s u l t s  o f  r e d u c in g  t h e  num ber o f  n e u t r a l  l e a c h
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ta n k s  i s  shown i n  F ig u r e  13« I t  w as n o t  e x p e c te d  t h a t  t h e  z in c  

p r o d u c t io n  w ould  f i r s t  d e c r e a s e  and  th e n  i n c r e a s e  a s  t h e  num ber o f  

n e u t r a l  l e a c h  t a n k s  rem oved fro m  s e r v i c e  i n c r e a s e d .  E x a m in a tio n  o f  

t h e  n e u t r a l  and  a c id  l e a c h  sy s te m s  p ro v id e d  t h e  reason  f o r  t h i s  

phenom enon, A t t h e  h ead  end o f  t h e  n e u t r a l  and  a c id  l e a c h e s ,  t h e  

a c id  and  f e r r i c  s u l f a t e  t o  z in c  o x id e  r a t i o s  w ere  m a in ta in e d  a t  a 

g iv e n  v a l u e „ As t a n k s  w ere  rem oved fro m  t h e  n e u t r a l  l e a c h  th e  

f r a c t i o n  o f  in co m in g  z in c  le a c h e d  i n  t h e  n e u t r a l  le a c h  d e c r e a s e d ,  

c a u s in g  m ore z in c  o x id e  'V go t o  t h e  a c id  l e a c h ,  As m ore z in c  o x id e  

e n te r e d  t h e  a c id  l e a c h ,  m ore a c id  was added  and  t h e  a c id  l e a c h  b e ­

came m ore a c i d i c .  S in c e  t h e  l e a c h in g  r a t e  i s  d e p e n d e n t on t h e  a c id  

c o n c e n t r a t i o n , t h e  a c id  l e a c h  becam e m ore e f f e c t i v e .  The n e t  r e s u l t  

w as t h a t  t h e  i n c r e a s e  i n  t h e  am ount o f  z in c  le a c h e d  fro m  t h e  c a lc in e  

i n  t h e  a c id  l e a c h  w as g r e a t e r  t h a n  t h e  d e c r e a s e  i n  t h e  n e u t r a l  l e a c h  

(F ig u r e  1 4 ) .

B ased  on t h e  r e s u l t s  o b ta in e d  b y  rem ov ing  n e u t r a l  l e a c h  t a n k s

fro m  s e r v i c e ,  i t  w ould  a p p e a r  t h a t  i t  w ould  be  m ore e f f i c i e n t  t o
/

l e a c h  a t  a  h ig h e r  a c id  c o n c e n t r a t io n  i n  fe w e r  le a c h  t a n k s , I t  m ust 

b e  rem em bered t h a t  f e r r i c  s u l f a t e  i s  p r e s e n t .  The p u rp o se  o f  f e r r i c  

s u l f a t e  i s  tw o f o ld ;  i t  a c t s  a s  a  b u f f e r  by  g o in g  t o  f e r r i c  h y d ro x id e  

and  r e l e a s i n g  h y d ro g en  i o n ,  and  a s  t h e  f e r r i c  h y d ro x id e  p r e c i p i t a t e s  

some i m p u r i t i e s  su c h  a s  a r s e n i c  and a n tim o n y  a r e  p r e c i p i t a t e d  w ith
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119-

118 -

117 -

116 -
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i t .  . The f e r r i c  s u l f a t e  i s  unw anted  i n  t h e  e l e c t r o l y t i c  t a n k s , b e ­

c a u se  i t  lo w e rs  t h e  e f f i c i e n c y  o f  t h e  e l e c t r o l y t i c  p l a n t  i f  i t  r e ­

m ains i n  s o l u t i o n  a f t e r  t h e  n e u t r a l  l e a c h ,  so  i t  i s  n e c e s s a r y  t h a t  

t h e  am ount o f  f e r r i c  s u l f a t e  l e a v in g  t h e  n e u t r a l  l e a c h  b e  k e p t  a t  

a  minimum. Rem oving t h r e e  o f  t h e  n e u t r a l  l e a c h  t a n k s  i n c r e a s e d  th e  

w e ig h t p e r c e n t  f e r r i c  s u l f a t e  l e a v in g  t h e  n e u t r a l  l e a c h  b y  tw o o r d e r s  

o f  m ag n itu d e  ( F ig u r e  15) show ing t h e  n e e d  f o r  t h e  n e u t r a l  l e a c h  t a n k s .  

The m odel f o r  t h e  e l e c t r o l y t i c  p l a n t  d o e s  n o t  h a v e  t h e  c a p a b i l i t y  

o f  p r e d i c t i n g  t h e  e f f e c t s  o f  i m p u r i t i e s  on c e l l  e f f i c i e n c y .  F o r 

t h i s  r e a s o n  i t  i s  n o t  a p p a re n t  w h a t e f f e c t  t h e  i n c r e a s e  i n  f e r r i c  

s u l f a t e , c a u se d  b y  rem o v in g  n e u t r a l  l e a c h  t a n k s ,  w ould  h a v e  on th e  

am ount o f  pow er r e q u i r e d  t o  p ro d u c e  a  t o n  o f  z in c .

The r e s u l t s  o f  t h e  t e s t s  show t h a t  t h e  m odels d e v e lo p e d  can  be  

u se d  t o  s im u la te  a  z in c  p l a n t .  C hanges i n  t h e  i n p u t  p a ra m e te r s  a l lo w  

t h e  u s e r  t o  d e te rm in e  t h e  e f f e c t  o f  c h a n g es  i n  p l a n t  o p e r a t io n  such  

a s  r e d u c in g  r o a s t e r  th ro u g h  p u t ,  c h a n g in g  t h e  c o n c e n t r a te  p r o p e r t i e s ,

and  c h a n g in g  t h e  l e a c h  c o n f i g u r a t io n .  T hus t h e  p r im a ry  o b j e c t iv e s  o f
*

t h e  p r o j e c t  h av e  b e e n  m e t.
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Number o f  L each  T anks Removed 
fro m  N e u t r a l  L each  C i r c u i t

F ig u re  15

F e r r i c  S u l f a t e  C o n c e n t r a t io n  L eav in g  N e u t r a l  
L each  v s  Number o f  N e u t r a l  L each  T anks 
Removed fro m  N e u t r a l  L each  C i r c u i t



■ Recommendations

T h is  p r o j e c t  h a s  shown t h a t  CHESS c a n  be  m o d if ie d  t o  s im u la te  a  

z in c  p l a n t , and  t h a t  t h e  s im u la t io n  ca n  b e  a  u s e f u l  t o o l  i n  t h e  

e x a m in a t io n  o f  t h e  e f f e c t s  c a u se d  b y  c h a n g es  i n  p l a n t  o p e r a t io n .  To 

make t h e  s im u la t io n  a  m ore u s e f u l  t o o l  i t  i s  recom mended t h a t :

1 . E ach  p i e c e  o f  o p e r a t in g  eq u ip m en t b e  s tu d ie d  s e p a r a t e l y .  

T h ese  s t u d i e s  w ould  p ro v id e  in f o r m a t io n  t h a t  c o u ld  be  u se d  

t o  im p ro v e  t h e  i n d i v i d u a l  eq u ip m en t s u b r o u t in e s ,

2 .  The e f f e c t s . o f  i m p u r i t i e s  on p l a n t  o p e r a t io n  b e  s t u d i e d , and 

t h e  s im u la t io n  m o d if ie d  t o  in c lu d e  th e s e  e f f e c t s .

3 . The s im u la t io n  b e  expanded  t o  s im u la te  o th e r  t y p e s  o f  

in o r g a n ic  p l a n t s .  T hus u l t i m a t e l y  a c h ie v in g  t h e  g o a l  o f  

h a v in g  a  sy s te m  t h a t  ca n  b e  u se d  t o  s im u la te  m ost i n o r g a n ic  

p r o c e s s in g  p l a n t s  a s  CHESS d o e s  f o r  o rg a n ic  p r o c e s s in g  

p l a n t s .



■ Summary

The p r im a ry  p u rp o se  o f  t h i s  r e s e a r c h  p r o j e c t  was t o  d e v e lo p s  

m a th e m a tic a l  m odels t o  s im u la te  in o r g a n ic  p r o c e s s e s .  The p a r t i c u l a r  

p r o c e s s e s  s im u la te d  w ere  t h o s e  i n  o p e r a t io n  a t  t h e  A naconda z in c  

p l a n t  i n  G re a t  F a l l s , M ontana, The m a th e m a tic a l  m odels  d e v e lo p e d  w ere  

made i n t o  s u b r o u t in e s  t h a t  f i t  t h e  CHESS co m p u te r sy s te m . The c a lc u ­

l a t e d  r e s u l t s  o b ta in e d  fro m  t h e  co m p u te r sy s te m  w ere  com pared t o  d a ta  

fro m  t h e  p l a n t  a t  G re a t  F a l l s ,

The m odels  d e v e lo p e d  w ere :

1 , An e q u a t io n  f o r  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  th e  

s o l i d  m a t e r i a l s  in v o lv e d  i n  t h e  p r o c e s s e s ,

2 ,  A m odel f o r  a  wedge r o a s t e r  u se d  t o  o x id iz e  ZnS t o  ZnO, 

T h is  m odel ca n  b e  a p p l i e d  t o  an y  p r o c e s s  in v o lv in g  a 

s o l i d - g a s  r e a c t i o n  w i th  a  s o l i d  p r o d u c t ,

3 , A m odel f o r  t h e  d i v i s i o n  o f  a  s o l i d s  s tr e a m  w here  some 

o f  e a c h  p a r t i c l e  s i z e  g o e s  t o  e ach  s tr e a m . The exam ple 

u s e d  i n  t h i s  p a p e r  i s  a n  e l e c t r o l y t i c  p r e c i p i t a t i o n  w here  

some o f  t h e  p a r t i c l e s  i n  eahti s i z e  r a n g e  a r e  c o l l e c t e d ,  

a l th o u g h  t h e  l a r g e r  p a r t i c l e s  a r e  c o l l e c t e d  m ore r e a d i l y ,

4 ,  A m odel o f  a  b a l l m i l l  w h ic h  can  be  u se d  t o  s im u la te  o th e r  

p a r t i c l e  s i z e  r e d u c in g  p r o c e s s e s  w here  t h e  f i n a l  

p a r t i c l e  h a s  a  f i n i t e  s i z e .



A m ix e r  m odel w h ich  s im u la t e s  t h e  mi . og o f  tw o  o r  

m ore ,s o l id s  s tr e a m s  o f  d i f f e r e n t  s i z e  d i s t r i b u t i o n s .

A l e a c h  t a n k  m odel w h ic h  s im u la te s  a  w e l l  m ixed r e a c t o r  

w here t h e  r e a c t i o n  o c c u rs  a t  t h e  i n t e r f a c e  b e tw e en  a  

s o l i d  an d  a  l i q u i d „ T h is  m odel a l s o  i n c lu d e s  a  sim u­

l a t i o n  r e p r e s e n t i n g  a  b u f f e r e d  s o l u t i o n .

T hese  m odels  p ro v id e  a  b a s i s  f o r  f u t u r e  s im u la t io n  o f  i n o r g a n ic  

p r o c e s s e s .  T hey c a n  be  m o d if ie d  an d  expanded  t o  f i t  a  p a r t i c u l a r  

a p p l i c a t i o n .  S in c e  t h i s  r e s e a r c h  p r o v id e s  a  b a s i s  f o r  f u t u r e  sim u­

l a t i o n  o f  in o r g a n ic  p r o c e s s e s  i t  h a s  b e e n  s u c c e s s f u l .
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A ppendix



D e ta i l e d  D e s c r ip t io n  o f  S u p p o r tin g  S u b ro u tin e s



ROASTER

I n p u t
O u tp u t I (O v erh ead  F in e s )

O u tp u t 2 ( C a lc in e )

The r o a s t e r  m odel i s  b a s e d  on th e  f o l lo w in g  a s s u m p tio n s :

1 . A l l  t h e  c o n c e n t r a t e s  p a s s in g  th ro u g h  th e  r o a s t e r  have  

t h e  same r e a c t i o n  t im e

2 .  A l l  th e  c o n c e n t r a t e s  p a s s in g  th ro u g h  th e  r o a s t e r  

e x p e r ie n c e  t h e  same e f f e c t i v e  e n v iro n m e n t

3 . A l l  o f  t h e  o v e rh e a d  f i n e s  h av e  th e  same e f f e c t i v e  

h o ld in g  t im e  i n  th e  r o a s t e r

4 .  The r a t e  c o n t r o l l i n g  s t e p  i s  th e  d i f f u s i o n  o f  th e  

r e a c t i o n  g a s e s  th ro u g h  t h e  r e a c te d  zone o f  a  s p h e r i c a l  

p a r t i c l e .

F ig u re  5 shows a  p a r t i c l e  w i th  a n  u n r e a c te d  c o re  o f  ZnS c o v e re d  

by  a  l a y e r  o f  ZnO. W here r c = t h e  r a d i u s  i f  th e  ZnS c o re  and  R i s  

t h e  t o t a l  r a d i u s  o f  t h e  p a r t i c l e .

The e q u a t io n s  u s e d  i n  th e  m a th e m a tic a l  m odel w ere  d e v e lo p e d  in  

t h e  f o l lo w in g  m anner:
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1 , Make a  m a t e r i a l  b a la n c e  a c r o s s  a  d i f f e r e n t i a l  e le m e n t: 

W r 2NAr I r  ~ W r 2NA r | r +  r  = W r^ & r dCA /  d t

D iv id e  through by  Wr2 r

- ( l / r 2 ) ( d ( r 2 NA r) / d r )  = dCA/ d t

W here NA r e q u a ls  t h e  m ass t r a n s f e r  r a t e  o f  oxygen a t  

a n y  r  and  i s  t h e  c o n c e n t r a t i o n  of. oxygen  a t  an y  r ,

2 ,  Assume P seudo  S te a d y  S t a t e ;

- ( l / r 2 ) ( d ( r 2 NA r) / d r )  = 0
2

M u lt ip ly  b o th  s id e s  by  - r  

d ( r 2  NA r) / d r  =TO 

I n t e g r a t e

r 2  NA r = Q =  C o n s ta n t  

3« A p p ly  P i c k ’ s F i r s t  Law

Na  = -  GD dxA/ d r  +  %A (Na  + Nfi)

ZnS + 3 / 2  O2 — $>■ ZnO + SO2

kB = 2 / 3  KA

"A r = * GD V d r  +  xA (NA r ~

SA r = -  CD dxA/ ( l  -  1 /3  x  ) d r  = Q /r2



-  CI)jdxA/ (1 -1 /3 XA}
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2

r

3 CD l n ( l - i / 3  xA) = - Q / r  ^  S

4 . S o lv e  f o r  Q a n s  S u s in g  t h e  b o u n d a ry  c o n d i t io n s ;

a .  A t r  e q u a l  t o  R , Ca  e q u a ls  o r  a ssu m in g  a  

c o n s ta n t  c o n c e n t r a t i o n  e q u a ls  xj£ w h ere  x*  i s  

t h e  m ole f r a c t i o n  oxygen a b s o rb e d  on t h e  s u r f a c e  

o f  t h e  p a r t i c l e

b ,  A t r  e q u a l  t o  r c , X^ equals©

A t r  = r
c

3 CD I n ( I - O )  = - Q / r  +  S
c

Q /r  - S  = O
C

S = Qfro 

A t r  = R

3 CD l n ( l - i / 3 x * )  =  -Q /R  + S

3 CD l n ( l - i / 3 x * )  = -Q /R  + Q /r
A c .

3 CD l n ( l - l / 3  x * )  =  (R -  r  )Q/R r  
-ft- c  c

r 2  NA r = Q = 3 CD R r c  l n ( l - l / 3  x * ) / ( R  -  r ^ )
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5 o G et t h e  t im e  d ep en d en ce '

m oles o f  oxygen  t r a n s f e r e d  = m oles o f oxygen  r e a c te d  

2 /3  o f  a  m ole ZnS r e a c t s  p e r  m ole o f  oxygen r e a c te d

2  p
NA r = 3 /2  V r  P d r/M  d t

W here P i s  t h e  d e n s i t y  o f  ZnS and M i s  t h e  m o le c u la r  

w e ig h t  o f  ZnS

R2  N =  Q = 3 /2  r 2 (P/M ) ( d r / d t )
Al* 17.

Jc
Q t  = (P/2M ) r 3 | R

Q t =  -(P /2 M )(R 3- r 3 )
c

r 3 = R3  +  6 M C R r  l n ( l - l / 3  x * ) t / P ( R - r  ) 
c c A c

6 , Combine c o n s ta n t s  t o  g e t  t h e  e q u a t io n  u s e d  i n  t h e  

r o a s t e r  m odel

3 3
r  = R +  K(R r  /  (R -  r  ) ) t

C C e

W here K i s  a  c o m b in a tio n  o f  t h e  o th e r  c o n s ta n t s  and i s  

d e te rm in e d  e m p i r i c a l l y .  The v a lu e  f o r  K d e p e n d s  on th e  

o r e .b e in g  r o a s t e d  and  t h e  r o a s t i n g  c o n d i t i o n s .  The 

e a s i e r  an  o re  i s  t o  r o a s t  and  th e  b e t t e r  t h e  r o a s t i n g

/
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c o n d i t i o n s ,  t h e  h ig h e r  t h e  v a lu e  f o r  K0

The e q u a t io n  i s  s o lv e d  f o r  r  u s in g  t h e  tlNewton
( 7 )

R aphsonv te c h n iq u e .

To c a l c u l a t e  t h e  f r a c t i o n a l  c o n v e r s io n  o f  a  p a r t i c l e  i t  i s  

assum ed t h a t  t h e  u n r e a c te d  f r a c t i o n  i s  p r o p o r t i o n a l  t o  t h e  volum e 

o f  t h e  u n r e a c te d  c o re :

The c o n c e n t r a t e s  e n te r in g  t h e  r o a s t e r  a r e  d iv id e d  i n t o  tw o o u t ­

p u t  s t r e a m s .  The s m a l l  p a r t i c l e s  a r e  c a r r i e d  o u t  t h e  t o p  o f  t h e  

r o a s t e r ,  a s  o v e rh e a d  f i n e s ,  by  t h e  r o a s t i n g  g a s e s .  The re m a in in g  

c o n c e n t r a t e s  p a s s  th ro u g h  t h e  r o a s t e r  an d  a r e  rem oved fro m  t h e  b o tto m  

o f  t h e  r o a s t e r  a s  r o a s t e d  c a l c i n e .  T he s e p a r a t i o n  i s  b a s e d  on a  

c r i t i c a l  p a r t i c l e  r a d i u s .  T h is  r a d i u s  i s  t h e  r a d i u s  o f  a  p a r t i c l e  

w hose b u y a n t f o r c e s ,  i n  t h e  upw ard f lo w in g  r o a s t i n g  g a s e s ,  e q u a l  t h e  

f o r c e  o f  g r a v i t y  on t h a t  p a r t i c l e .  T h is  c r i t i c a l  r a d i u s  i s
(5 )

p r o p o r t i o n a l  t o  t h e  s q u a re  r o o t  o f  t h e  g a s  v e l o c i t y ,  and  i s  

c a l c u l a t e d ,  i n  t h i s  m o d el, b y  m u l t ip l y in g  t h e  s q u a re  r o o t  o f  t h e

conv  = I- - volum e o f  t h e  u n r e a c te d  c o re  
volum e o f  t h e  o r i g i n a l  p a r t i c l e

conv  = I -  (4/3lTr3)/(4/3i7R3)

conv
c
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v o lu m e tr ic  g a s  f lo w  r a t e  by  a n  e m p i r i c a l  c o n s t a n t .  The c o n s ta n t  i s  

a  f u n c t i o n  o f  t h e  r o a s t e r  g e o m e try  and  t h e  g a s  p r o p e r t i e s  a t  t h e  

r o a s t i n g  c o n d i t i o n s .  The s ta n d a r d  c u b ic  f e e t  o f  g as  p a s s in g  th ro u g h  

t h e  r o a s t e r  i s  an  in p u t  p a ra m e te r . The s u b r o u t in e  c o r r e c t s  t h i s  v a lu e  

f o r  p r e s s u r e  and  te m p e r a tu r e  t o  g e t  t h e  v o lu m e tr ic  g a s  f lo w  i n  th e  

r o a s t e r .

The f r a c t i o n  o f  m a t e r i a l  g o in g  t o  t h e  o v e rh e a d  f i n e s  s tr e a m  i s  

e q u a l  t o  t h e  f r a c t i o n  o f  m a t e r i a l  w i th  p a r t i c l e  s i z e s  l e s s  th a n  t h e  

c r i t i c a l  p a r t i c l e  r a d i u s , The p a r t i c l e  s i z e  d i s t r i b u t i o n  e q u a t io n  

f o r  t h i s  s tr e a m  i s  d e te rm in e d  by  f i t t i n g  i t  t o  r a d i i  r a n g in g  from  th e  

minimum in co m in g  r a d i u s  u p  t o  t h e  c r i t i c a l  r a d i u s , T h ese  r a d i i  a r e  

c a l c u l a t e d  fro m  t h e  s i z e  d i s t r i b u t i o n  e q u a t io n  f o r  t h e  in co m in g  s tr e a m .

The f r a c t i o n  o f  m a t e r i a l  g o in g  t o  t h e  c a l c in e  s tr e a m  i s  e q u a l  t o  

t h e  f r a c t i o n  o f  m a t e r i a l  w i th  p a r t i c l e  s i z e s  g r e a t e r  t h a n  t h e  c r i t i c a l  

r a d i u s . The p a r t i c l e  s i z e  d i s t r i b u t i o n  e q u a t io n  f o r  t h i s  s tr e a m  can ­

n o t  be  o b ta in e d  fro m  t h e  in co m in g  p a r t i c l e  s i z e  d i s t r i b u t i o n  d i r e c t l y  

d u e  t o  a g g lo m e ra t io n  and d e g r a d a t io n  o f  t h i s  s tre a m  i n  t h e  r o a s t e r .

The c o n s ta n t s  f o r  t h e  c a l c i n e  p a r t i c l e  s i z e  d i s t r i b u t i o n  a r e  d e ­

te rm in e d  b y  m u l t ip ly in g  t h e  c o r r e s p o n d in g  c o n s ta n t s  o f  t h e  in co m in g  

d i s t r i b u t i o n  by  " a g g lo m e ra tio n  f a c t o r s " . T hese  e m p i r i c a l  f a c t o r s  

a r e  s p e c i f i e d  a s  eq u ip m en t p a ra m e te rs  b y  t h e  u s e r  and  a r e  a  f i n c t i o n  

o f  t h e  o re  b e in g  r o a s t e d  and  t h e  r o a s t i n g  c o n d i t io n s .  The f a c t o r  f o r



C m ust be  c h o sen  c a r e f u l l y  b e c a u s e  i f  C becom es e q u a l  t o ,  o r  g r e a t e r  

t h a n  one t h e  s i z e  d i s t r i b u t i o n  e q u a t io n  becom es d i s c o n t in u o u s 6

A f t e r  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  e a ch  o u tp u t  s tre a m  i s  

s p e c i f i e d , t h e  a v e ra g e  c o n v e rs io n  o f  e a c h  s tre a m  i s  c a l c u l a t e d .  The 

c o n v e r s io n s  o f  r e p r e s e n t a t i v e  p a r t i c l e s , e q u a l ly  sp a c e d  a lo n g  th e  

p a r t i c l e  s i z e  d i s t r i b u t i o n ,  a r e  c a l c u l a t e d  and  t h e  i n t e g r a l  a v e ra g e  

o f  t h e s e  c o n v e r s io n s  i s  u se d  a s  t h e  a v e ra g e  c o n v e rs io n  f o r  t h e  s tr e a m . 

The c o n v e rs io n  o f  a  p a r t i c l e  i s  c a l c u l a t e d  from  i t s  r a d i u s  and th e  

h o ld in g  t im e  u s in g  t h e  e q u a t io n s  d e v e lo p e d  e a r l i e r  i n  t h i s  s e c t i o n .

F o r m a t e r i a l  e n t e r i n g  t h e  r o a s t e r  a l r e a d y  p a r t i a l l y  c o n v e r te d ,  th e  

h o ld in g  t im e  u se d  i s  t h e  sum o f  t h e  t im e  p r e v io u s ly  s p e n t  i n  a  

r o a s t e r  and  t h e  t im e  s p e n t  i n  t h i s  p a s s  th ro u g h  t h e  r o a s t e r .

The eq u ip m en t p a ra m e te rs  f o r  t h e  r o a s t e r  a r e  s p e c i f i e d  i n  an  

eq u ip m en t p a ra m e te r  v e c to r  i n  t h e  f o l lo w in g  m anner:

EQPJ = J ,  KC, FG, P , T 1 RC, OC1 CTC, AC, BC, CC, STC^, . .

, . . . STCj j , M * 0 , . .

J  =  E quipm ent num ber

KC = Component num ber o f  t h e  key  co m ponen t, i n  t h i s  

c a s e  t h e  com ponent num ber o f  ZnS 

FG = S ta n d a rd  c u b ic  f e e t  o f  g a s /m in . l e a v in g  th e  

r o a s t e r
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P = P r e s s u r e  i n  atm
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T = A v erag e  te m p e r a tu r e  i n  t h e  r o a s t e r  ( 0F)

RC = The c o n s ta n t  u se d  t o  c a l c u l a t e  t h e  r a d i u s  o f  

t h e  p a r t i c l e  w hose b u y a n t f o r c e s  e q u a l  t h e  f o r c e  o f  

g r a v i t y ;  C r i t i c a l  r a d i u s  = RC (S o lu m e tr ic  g as  f lo w  

r a t e )

OC = The h o ld in g  t im e  c o n s ta n t  f o r  t h e  o v e rh e a d  f i n e s ; 

T h is  c o n s ta n t  d iv id e d  by  t h e  v o lu m e tr ic  g a s  f lo w  r a t e  

g iv e s  t h e  h o ld in g  t im e ,  (d a y s )  i n  t h e  r o a s t e r  f o r  t h e  

o v e rh e a d  f i n e s

CTC = The h o ld in g  t im e  c o n s ta n t  f o r  t h e  c a l c i n e ;

T h is  c o n s ta n t  d iv id e d  b y  t h e  w e ig h t o f  t h e  s o l i d s  

p a s s in g  th ro u g h  t h e  r o a s t e r  g iv e s  t h e  h o ld in g  t im e ,  

(d a y s )  i n  t h e  r o a s t e r  f o r  t h e  c a l c in e  

AC, BC, CC = " A g g lo m e ra tio n  c o n s ta n t s "  f o r  t h e  

c o n s ta n t s  (A, B, C) u se d  i n  t h e  p a r t i c l e  s i z e  

d i s t r i b u t i o n  e q u a t io n  f o r  t h e  c a l c in e

STC1',  . . „ , , STCjj = S to ic h io m e t r i c  c o n s ta n t s ;
/ .

T h ese  c o n s ta n t s  g iv e  t h e  pounds o f  e a c h  com ponent 

p ro d u c e d  p e r  pound o f  t h e  key  com ponent c o n v e r te d  

N = The t o t a l  num ber o f  com ponents '(NOCOMP) m inus I ;  

The l a s t  com ponent i s  a lw a y s  t h e  g a s  p h a s e  and 

f i g u r e d  i n  t h e  t o t a l  w e ig h t  and  t h e r e f o r e  d o e s  n o t
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h av e  a  w e ig h t f r a c t i o n

M = B a la n c e  o f  v e c t o r ,  up  t o  25 e le m e n ts , i s  f i l l e d  

o u t  w i th  z e r o s .

'i



SCREM

O utput 2 (O v e rs ize )

I n p u t
-----------*-

SCRN

•O utput I  (U n d e rs ize )

A sc re e n  i s  a p ie c e  o f  equipm ent t h a t  d iv id e s  a s o l id s  s tream  

in t o  two s tream s a c c o rd in g  to  p a r t i c l e  s i z e .  In  th e  sc re e n  m odel, 

th e  p a r t i c l e  s iz e  d i s t r i b u t i o n  o f  th e  incom ing stream  i s  compared to  

th e  s iz e  o f  th e  sc re e n  op en in g . The f r a c t i o n  o f  m a te r ia l  w ith  p a r t i c l e  

s iz e s  l e s s  th a n  th e  sc re e n  opening  i s  a s s ig n e d  to  th e  u n d e rs iz e  s tream , 

w h ile  th e  re m a in in g  s o l id s  a r e  a s s ig n e d  to  th e  o v e r s iz e  s tream .

The p a r t i c l e  s iz e  d i s t r i b u t i o n  f o r  th e  o u tp u t s tream s a r e  

d e te rm in e d  by f i t t i n g  th e  p a r t i c l e  s iz e  d i s t r i b u t i o n  e q u a tio n  to  th e  

p ro p e r  segm ent o f  th e  incom ing s iz e  d i s t r i b u t i o n .  F or th e  u n d e rs iz e  

s tream  th e  e q u a tio n  i s  f i t  to  r a d i i ,  c a lc u la te d  from  th e  incom ing 

s iz e  d i s t r i b u t i o n ,  ra n g in g  from  th e  minimum incom ing r a d iu s  up to  

th e  r a d iu s  o f  th e  l a r g e s t  p a r t i c l e  t h a t  w i l l  p ass  th ro u g h  th e  sc re e n . 

The e q u a tio n  f o r  th e  o v e r s iz e  s tream  i s  f i t  to  r a d i i  ra n g in g  from th e  

s m a l le s t  p a r t i c l e  rem a in in g  on th e  sc re e n  up to  th e  l a r g e s t  p a r t i c l e  

in  th e  incom ing s tream .

The c o n v e rs io n  o f  a  p a r t i c l e  d e c re a se s  a s  th e  p a r t i c l e  r a d iu s  

in c re a s e s  f o r  a c o n s ta n t  r o a s t e r  h o ld in g  tim e , (a s  e x p la in e d  in  th e
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r o a s t e r  m o d e l) .

T h e r e f o r e , when a  s tr e a m  i s  d iv id e d  a c c o rd in g  t o  p a r t i c l e  s i z e  th e  

o v e r s i z e  s tr e a m  w i l l  have  a  lo w e r  c o n v e r s io n  th a n  t h e  u n d e r s iz e  

s tr e a m . I n  t h e  s c r e e n  m o d el, t h e  a v e ra g e  c o n v e rs io n s  o f  t h e  u n d e r­

s i z e  and o v e r s i z e  s tre a m s  a r e  c a l c u l a t e d  u s in g  th e  c o r r e s p o n d in g  

p a r t i c l e  s i z e  d i s t r i b u t i o n s  and th e  e f f e c t i v e  r o a s t e r  h o ld in g  tim e  

c a r r i e d  i n  t h e  SEX v e c to r  o f  t h e  i n p u t  s tr e a m . The c a l c u l a t i o n s  made 

a r e  t h e  same c a l c u l a t i o n s  made t o  c a l c u l a t e  c o n v e rs io n  i n  t h e  r o a s t e r  

m odel.

The eq u ip m en t p a ra m e te r  v e c to r  f o r  t h e  s c r e e n  i s :

EQPJ = J ,  KC, SS, STC. . STC M * 0  
N

J  = E qu ipm en t num ber

KC = Component num ber o f  t h e  key  com ponen t, i n  t h i s  

c a s e  t h e  com ponent num ber o f  ZnS

SS = S c re e n  s i z e ,  t h e  r a d i u s  o f  t h e  l a r g e s t  p a r t i c l e  

t h a t  w i l l  p a s s  th ro u g h  th e  s c r e e n  ( In c h e s )

STC^ a s , , o SXCjj = S to ic h io m e t r i c  c o n s t a n t s ;  T hese

c o n s ta n t s  g iv e  t h e  pounds o f  e a ch  com ponent p ro d u ced  

p e r  pound o f  t h e  k ey  com ponent r e a c te d  

N = The t o t a l  num ber o f  com ponents (NOCOMP) m inus I ;  

The l a s t  com ponent i s  a lw a y s  t h e  g as  p h a se  and  i t  i s  

h a n d le d  s e p a r a t e l y  fro m  t h e  o th e r  com ponents 

M = B a la n c e  o f  v e c t o r ,  u p  t o  25 e le m e n ts ,  i s  f i l l e d



o u t  w i th  z e ro s



GRINDER o r  BA.LLMILL

I n p u t GRND >■ O u tp u t

The s i z e  r e d u c t io n  p ro c e s s  was assum ed t o  be f i r s t  o r d e r ,  w i th  

an  e q u i l ib r iu m  s i z e .  I t  i s  r e a s o n a b le  t o  e x p e c t  t h a t  i f  a  g iv e n  

am ount o f  m a t e r i a l  i s  p ro c e s s e d  i n  a s i z e  r e d u c t io n  u n i t  f o r  an  

i n f i n i t e  l e n g th  o f  t im e ,  t h e  p a r t i c l e s  w i l l  a l l  r e a c h  an  e q u i l ib r iu m  

s i z e  beyond w h ich  no f u r t h e r  s i z e  r e d u c t io n  i s  p o s s ib l e .

The f i r s t  o r d e r  s i z e  r e d u c t io n  p r o c e s s  w i th  an  e q u i l ib r iu m  

p a r t i c l e  s i z e  i s  a n a lo g o u s  t o  a  f i r s t  o r d e r  c h e m ic a l r e a c t i o n  w ith
(9)

an  e q u i l ib r iu m  c o n c e n t r a t i o n .  The e q u a t io n  f o r  th e  c h e m ic a l  r e a c t i o n  

was m o d if ie d  t o  t h e  f o l lo w in g  fo rm  f o r  t h e  s i z e  r e d u c t io n  p r o c e s s .

-*x -K t * 
r  = (R -  r  ) e  + r

w here

r  =  new p a r t i c l e  r a d i u s  

R = o r i g i n a l  p a r t i c l e  r a d iu s  

r *  = e q u i l ib r iu m  r a d i u s  

K = g r in d in g  c o n s ta n t  

t  = h o l d in g . t im e

The s u b r o u t in e  c o n v e r t s  t h e  in co m in g  p a r t i c l e  s i z e  d i s t r i b u t i o n  

t o  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  o u tg o in g  s tr e a m , u s in g  th e
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above e q u a tio n  and th e  equipm ent p a ra m e te r  v e c to r :

EQPJ = J ,  RE, K t, 22*0,

w here

J  = equipm ent node number

RE = e q u il ib r iu m  r a d iu s  ( in c h e s )

Kt = com bin a tio n  g r in d in g  c o n s ta n t  and  h o ld in g  tim e  c o n s ta n t ;  

t h i s  number when d iv id e d  try th e  mass f le w  r a t e  th ro u g h  th e  

g r in d e r  g iv e s  th e  Kt te rm  o f th e  e q u a tio n



ELECTROSTATIC PRECIPITATOR

O utput I (u n c o lle c te d  
s o l id s  +
Gas Phase)

In p u t > PREP

O utpu t 2 (C o lle c te d  s o l id s )

In  1922, W, D eutsch (1 9 ) d ev eloped  a sim p le  e q u a t io n  d e s c r ib in g

th e  e f f i c i e n c y  o f an  e l e c t r o s t a t i c  p r e c i p i t a t o r :

E ff  = 100(1 -  e"AV̂ Q)

w here

A = a re a  o f  c o l l e c t in g  su r fa c e

v = th e  e l e c t r i c a l l y  induced  d r i f t  v e lo c i ty  tow ard  th e  

c o l l e c t i n g  su r fa c e

Q = volume r a t e  o f f lo w  th ro u g h  th e  p r e c i p i t a t o r  

T h is  e q u a tio n  i s  o n ly  good f o r  a  g iv e n  p a r t i c l e  s i z e ,  s in c e  th e

d r i f t  v e l o c i ty  i s  p r o p o r t io n a l  t o  th e  p a r t i c l e  d ia m e te r ,  a c c o rd in g  

t o  e q u a tio n s  p re s e n te d  by D eu tsch .
(1 9 )

G.W. Penny in  I 969 , expanded th e  D eutsch e q u a tio n  to

d e s c r ib e  th e  c o l l e c t i o n  o f d u s ts  w ith  p a r t i c l e  s iz e  d i s t r i b u t i o n s .

F o r two p a r t i c l e  s i z e s ,  th e  e q u a tio n  i s :

, -Av/Q -AKv/ Q
E ff  = 100(1 - F e  -  ( I - F ) e )
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w h ere

F  = f r a c t i o n  o f  s m a l l  p a r t i c l e s  

v  =  d r i f t  v e l o c i t y 'o f  t h e  s m a l l  p a r t i c l e s  

K = a  c o n s ta n t  t h a t  when m u l t i p l i e d  b y  g iv e s  t h e  d r i f t  

v e l o c i t y  o f  t h e  l a r g e r  p a r t i c l e s  

B ased  on t h e  exam ples  g iv e n  b y  Penny and  t h e  e q u a t io n s  o f  

D e u t s c h ^ , r e l a t i n g  d r i f t  v e l o c i t y  t o  p a r t i c l e  s i z e ,  t h e  e q u a t io n  

c a n  b e  m o d if ie d  t o  t h e  fo rm :

, -AKr /Q  -AKr /  Q
E f f  = 100(1  - F e  I  -  ( I - F ) e 2 )

By e x p a n d in g  t h e  e q u a t io n  t o  f i t  m ore p a r t i c l e  s i z e s  and  m aking A 

p a r t  o f  t h e  c o n s t a n t ,  ( f o r  a  g iv e n  p r e c i p i t a t o r  A i s  c o n s ta n t )  t h e  

e q u a t io n  u s e d  i n  t h e  m odel i s  e v o lv e d :

E f f  = 100(1-
'F i e

-K r^ /Q  -K r2/ Q

- V ' - V

I n  t h e  s u b r o u t i n e , t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  i n ­

com ing s tr e a m  i s  d iv id e d  i n t o  20 e q u a l  p a r t s .  The e f f i c i e n c y  f o r  

t h e  a v e ra g e  p a r t i c l e  i n  e a c h  segm en t i s  c a l c u l a t e d .  The above 

e q u a t io n  i s  t h e n  u se d  t o  g e t  t h e  t o t a l  e f f i c i e n c y  and  t h e  e f f i c i e n ­

c i e s  o f  10 e q u a l  seg m en ts  o f  t h e  p a r t i c l e ^ s i z e  d i s t r i b u t i o n .

»'v ' 'K -  '.Y '. ' '
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S in c e  t h e  s m a l le r  p a r t i c l e  s i z e s  h a v e  a  h ig h e r  e f f i c i e n c y  th a n  

t h e  l a r g e r  p a r t i c l e  s i z e s ,  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n s  o f  t h e  

tw o o u tp u t  s tr e a m s  w i l l  b e  d i f f e r e n t  fro m  e a ch  o t h e r  and  fro m  th e  

i n p u t  p a r t i c l e  s i z e  d i s t r i b u t i o n .  The t o t a l  e f f i c i e n c y ;  t h e  

e f f i c i e n c i e s  o f  t h e  10 p a r t i c l e  s i z e  d i s t r i b u t i o n  se g m e n ts , and  t h e  

in co m in g  p a r t i c l e  s i z e  d i s t r i b u t i o n  a r e  u se d  t o  c a l c u l a t e  new 

p a r t i c l e  s i z e  d i s t r i b u t i o n s  f o r  t h e  o u tg o in g  s tr e a m s  (S ee  com puter 

p r i n t o u t  f o r  m e th o d ) .

The l a s t  s e c t i o n  o f  t h e  s u b r o u t in e  c a l c u l a t e s  t h e  f r a c t i o n a l  

c o n v e rs io n  o f  ZnS t o  ZnO f o r  t h e  o u tg o in g  s tre a m s  b a s e d  on t h e  i n ­

com ing c o n v e rs io n  and  e f f e c t i v e  r o a s t e r  h o ld in g  t im e  (S e e  r o a s t e r  

m odel w r i t e  u p ) . T h ese  c o n v e rs io n s  a r e  th e n  u se d  t o  make t h e  

m a t e r i a l  b a la n c e  n e c e s s a r y  t o  c a l c u l a t e  t h e  c o m p o s itio n  o f  t h e  o u t ­

g o in g  s t r e a m s .

The e q u ip m en t p a ra m e te r  v e c to r  f o r  t h i s  m odel i s :

EQPJ = J ,  KG, T , K, STC1 .............................  STC^, M*0,

w here
/

J  = eq u ip m e n t node number 

KC = com ponent' num ber o f  ZnS 

T = te m p e ra tu re  i n  p r e c i p i t a t o r  °F 

K = p r e c i p i t a t o r  c o n s ta n t

STC. , o . . . .  . STC = s to i c h io m e t r i c  c o n s ta n t s
I  N
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( l b  com ponent p r o d u c e d / lb  ZnS r e a c t e d )

M*0 = b a la n c e  o f  v e c t o r ,  u p  t o  25  e le m e n ts ,  f i l l e d  o u t  w i th  

z e r o s .



ACID and FERRIC SULFATE ADDITION

Leach S lu r ry  Tank 

In p u t I
( S o l id s  o r  S lu r r y ) __________ _________In p u t 2 (R ecyc le  A cid)

__LT
AMIX

{ O utpu t ( S lu r ry )

AMIX d o es n o t  co rresp o n d  to  a s in g le  p ie c e  o f equ ipm ent, in s te a d  

i t  s im u la te s  th e  a d d i t io n  o f th e  le a c h in g  a g e n ts  to  a s o l id s  s tream . 

The ZnO, H^SO^, and FegfSO ^)^ m ust be m a in ta in ed  a t  c e r t a in  r a t i o s  to  

each o th e r  i f  th e  le a c h in g  p ro c e ss  i s  to  o p e ra te  c o r r e c t ly .  In  th e  

a c t u a l  p la n t  t h i s  i s  done by o p e ra to r  c o n t r o l ,  b u t  in  th e  CHESS 

s im u la tio n  scheme i t  m ust be done a s  though  th e r e  i s  a p ie c e  o f eq u ip ­

m ent to  do i t .

The u s e r  in p u t s ,  a s  p a r t  o f  th e  equipm ent p a ra m e te r s , a s u l f u r i c  

a c id  to  z in c  ox ide  r a t i o  and a f e r r i c  s u l f a t e  to  z in c  ox ide  r a t i o .

The s u b r o u t in e , a f t e r  m ix ing  s tream s I and 2 , checks t o  see  i f  enough 

a c id  and f e r r i c  s u l f a t e  a r e  p r e s e n t ,  and i f  n o t  one o r  b o th  a r e  added 

to  th e  l e v e l s  s p e c i f ie d  by th e  u s e r .  I t  i s  p o s s ib le  f o r  th e  l e v e ls  o f 

one s u l f a t e  compound to  be low w h ile  th e  l e v e l  o f th e  o th e r  s u l f a t e  

• compound i s  h ig h , g iv in g  a t o t a l  s u l f a t e  to  z in c  o x id e  r a t i o  t h a t  i s  

a b o u t r i g h t .  The t o t a l  s u l f a t e  to  z in c  ox ide  r a t i o  i s  more im p o rta n t
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th a n  th e  a c id  and f e r r i c  s u l f a t e  to  z in c  ox ide  r a t i o s ,  th e r e f o r e  th e  

t o t a l  s u l f a t e  r a t i o . i s  checked by th e  s u b ro u tin e  and i f  i t  i s  low a c id  

a n d /o r  f e r r i c  s u l f a t e  i s  added d epend ing  on w hich i s  needed .

A f te r  a d ju s t in g  th e  a c id  and f e r r i c  s u l f a t e  l e v e l s ,  th e  s u b ro u tin e  

checks th e  w e ig h t f r a c t i o n  s o l id s  in  th e  ou tg o in g  s tre a m . I f  th e  

w e ig h t f r a c t i o n  s o l id s  in  th e  o u tp u t s tre a m  i s  h ig h e r  th a n  a u s e r  

s p e c i f i e d  l e v e l  w a te r  i s  added .

The s u b ro u tin e  p r i n t s  o u t th e  am ounts o f  a c id ,  f e r r i c  s u l f a t e ,  and 

w a te r  ad d ed ,

The c o n s ta n ts  r e q u ir e d  by  t h i s  s u b ro u tin e  a re  s p e c i f i e d  in  th e  

fo llo w in g  equipm ent p a ra m e te r  v e c to r :

EQPJ = J ,  KCl, KC2, KC3, KC4, NS, AR, FR, WFS, 1 6 * 0 .,

w here

J -  equipm ent node number 

KCl = component number o f  ZnO 

KC2 = component number o f  S 

KC3 = component number o f  Fe^CSO^)^

KC4 = component number o f  H_0

NS = number o f s o l id  com ponents

AR .= HgSO^ to  ZnO r a t i o  (m oles H^SO^/mole ZnO)

FR = Fe^CSO^)^ to  ZnO r a t i o  (m oles F e^('SO ^)ym ole ZnO)

WFS = w e ig h t f r a c t i o n  s o l id s



NEUTRAL and ACID LEACHS

I n p u t  M a te r i a l  t o  be
le a c h e d  + le a c h in g  
a g e n ts

__ V____

LECH

O u tp u t L eached  M a te r ia l

The n e u t r a l  and  a c id  l e a c h s  a r e  p a r t s  o f  a  f e r r i c  s u l f a t e  

b u f f e r e d  l e a c h .  In  t h e  n e u t r a l  l e a c h  t h e  a c id  c o n c e n t r a t io n  i s  low 

enough t h a t  t h e  f e r r i c  s u l f a t e  a c t s  a s  a  b u f f e r  w h i le  i n  t h e  a c id  

l e a c h  t h e  a c id  c o n c e n t r a t io n  i s  h ig h  enough t h a t  t h e  b u f f e r in g  c a p a c i ty  

o f  t h e  f e r r i c  s u l f a t e  i s  e x c e e d e d .

The f e r r i c  io n  c o n c e n t r a t io n  can  be r e l a t e d  t o  t h e  h y d ro g en  io n ,  

o r  a c id  c o n c e n t r a t i o n ,  th ro u g h  e q u i l ib r iu m  c o n s i d e r a t i o n s :

(F e+ 3 ) (OH- ) 3 zr K f 36

(H+ ) (OH*") =

-d-IO▼H

(0H_ ) = IO -14Z(H+ )

(F e+ 3 ) / ( H + ) 3 = IO6
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Change u n i t s  so  t h a t  t h e  c o n c e n t r a t io n s  a r e

Fe+3

2.56  X 108
e q u a t io n  I

fro m  t h i s  d e v e lo p m en t i t  c a n  b e  se e n  t h a t  t h e  f e r r i c  io n  w i l l  e x i s t  a s  

f e r r i c  s u l f a t e  a t  h ig h  a c i d  c o n c e n t r a t io n s  and  a s  f e r r i c  h y d ro x id e  a t  

low  a c id  c o n c e n t r a t i o n s .

im p o r ta n t  t o  t h e  o p e r a t io n  o f  t h e  p r o c e s s ,  s in c e  i r o n  i s  a  c o n ta m in a te  

i n  t h e  e l e c t r o l y t i c  p l a n t .  The s o l u t i o n  fro m  t h e  n e u t r a l  l e a c h  g o es  

t o  t h e  e l e c t r o l y t i c  p l a n t  so  t h e  f e r r i c  io n  c o n c e n t r a t io n  i n  t h a t  

s o l u t i o n  m ust b e  k e p t  a t  a  low  v a l u e „ T h e r e f o r e ,  a t  t h e  end o f  th e  

n e u t r a l  l e a c h  m ost o f  t h e  i r o n  m ust b e  i n  t h e  f e r r i c  h y d ro x id e  fo rm . 

T h is  w ould  b e  t h e  c a s e  when t h e  a c id  c o n c e n t r a t io n  i s  lo w , o r  t h e  pH 

o f  t h e  s o l u t i o n  i s  above  f i v e .

The s o l i d s  fro m  t h e  n e u t r a l  l e a c h  go  t o  t h e  a c id  l e a c h  w here t h e y  

a r e  t r e a t e d  w i th  c e l l  a c id  fro m  t h e  e l e c t r o l y t i c  p l a n t .  The s o l i d s  

fro m  t h e  a c id  l e a c h  a r e  w ashed  and  l e a v e  t h e  p l a n t ,  w h i le  t h e  a c id  

l e a c h  s o l u t i o n  g o e s  t o  t h e  n e u t r a l  l e a c h .  S in c e  f e r r i c  s u l f a t e  i s  

r e q u i r e d  a s  a  b u f f e r  i n  t h e  n e u t r a l  l e a c h  th e  f e r r i c  io n  m ust be i n  t h e  

s u l f a t e  fo rm  when i t  l e a v e s  th e  a c id  l e a c h  so  t h a t  i t  c a n  be  r e c y c le d  

t o  t h e  n e u t r a l  l e a c h .  Any f e r r i c  io n  p r e s e n t  a s  f e r r i c  h y d ro x id e  i s  

l o s t  f ro m  t h e  p r o c e s s  and  t h e  h y d ro g e n  io n  c o n c e n t r a t io n  m u st be  h ig h

The f e r r i c  h y d ro x id e  i s  a n  i n s o l u b l e  p r e c i p i t a t e .  T h is  i s  v e ry
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enough a t  th e  end o f th e  a c id  le a c h  t o  keep th e  f e r r i c  io n  in  th e  

s u l f a t e  fo rm .

The developm ent o f th e  le a c h  ta n k  model was based  on th e  

a ssu m p tio n s :

1 . The r e a c t io n  r a t e  depends on th e  a c id  c o n c e n tr a t io n ,

2 . The r e a c t io n  r a t e  depends on th e  s u r fa c e  a re a  o f th e  ZnO,

3 . The le a c h  ta n k s  a r e  w e ll  mixed r e a c to r s .

The r e a c t io n s  used  in  th e  model developm ent a r e :

ZnO

Fe+3 +

2I&

30H“

H 0 
2

Fe(OH)

H 0 
2

OH

The tiOdel developm ent fo llo w s :

m oles ZnO re a c te d  = ■§• m oles H+ r e a c te d  + 3 / 2  m oles Fe+^ re a c te d

-  c„ + 3 ( c ._  -  c j2 vom oles ZnO r e a c t e d /u n i t  tim e  

w here

%  = v o lu m e tr ic  f lo w  r a t e  th ro u g h  th e  le a c h  ta n k

Ca 0 = i n i t i a l  a c id  (H+ ) c o n c e n t r a t io n

Ca = a c id  (H+ ) c o n c e n tr a t io n  le a v in g  th e  r e a c to r

C_ = i n i t i a l  f e r r i c  io n  c o n c e n tra t io n  Fo

=F =
f e r r i c  io n  c o n c e n tra t io n  le a v in g  th e  r e a c to r

a l s o  based  on r a t e  o f r e a c t io n
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m oles ZnO r e a c t e d / u n i t  tim e  = KĈ V" ^ ! 'f a c e  a r e a  o f  ZnO
f t ^ o f  s o lu t io n

KC^V (number o f  ZnO p a r t i c l e s   ̂ ^a re a  ^

f t ^  o f  s o lu t io n p a r t i c l e

KC V f f ; / i n0 ./ s ) *  T T r2 
A f  4 /3 7 T r J  

o
where

K = e m p e ric a l c o n s ta n t  

V = volum e o f le a c h  ta n k  

fs  = d e n s i ty  o f  th e  s lu r r y  

^  = d e n s i ty  o f  ZnO 

r Q = i n i t i a l  r a d iu s  o f  p a r t i c l e  

r. = f i n a l  r a d iu s  o f  p a r t i c l e  

W t0 $  ZnO = w e ig h t p e rc e n t  in  incom ing stream

Combining C o n s ta n ts
I

m oles ZnO r e a c t e d / u n i t  tim e  = KC V
A

w t. ZnO ^ s  r ^
„3

Combining th e  two e q u a tio n s  g iv in g  th e  r a t e  o f ZnO r e a c t io n  

V l -  ( cAo -  cA + 3 (Cpo -  Cf) ) r  3 = KC T /? .. ^2

<Ca o  -  CA + 3 ( ° F °  "  CF) ) ^ 03 -  >  /

" I k Ca (Wt. $  ZnO) f  s ’ °
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A ssum ing c o n s ta n t  s l u r r y  d e n s ity '

( C , .  -  C, + 3 -  c F i ) r O3 = I f r * 2
K "  Ca l i t .  # ZnO

w here ^  i s  th e  h o ld in g  tim e  in  th e  le a c h  ta n k

r  = (CAo "  0A = 3 (CF 0 '  CF) ) r o3\ i  e q u a t io n  2

K C W t. $  ZnO 'Y  J
A ■

The r a d iu s  o f  a p a r t i c l e  can a l s o  be  c a lc u la te d  based  on a  m a te r ia l  

b a la n c e :

3
r  _ lZnO in  -  ZnO r e a c te d
r  3 ZnO in

o

r  = r  (ZnO in  -  ZnO r e a c te d  ) l / 3
o -------------------------------------

ZnO in

^ r = (
ZnO in )  -  (0 . -  C + 3 (C ^ ) ) ) l / 3

e q u a tio n  3
(<S ZnO in )

The developm ent o f  th e  le a c h  ta n k  model l e f t  th r e e  e q u a tio n s

(e q u a t io n s  I ,  2 , and 3) and th r e e  unknowns (C^, C^, r ) . The s o lu t io n

o f th e s e  e q u a tio n s  i s  a  t r i a l  and e r r o r  s o lu t io n  b ased  on assum ing a

v a lu e  f o r  C c a l c u la t in g  C from  e q u a tio n  I , and th e n  u s in g  e q u a tio n s  
A F 1

2 and 3 t o  g e t  v a lu e s  f o r  r „ The p ro p e r  v a lu e  f o r  C i s  o b ta in e d  when



th e  two v a lu e s  f o r  r  o b ta in e d  from  e q u a t io n s  2 and 3 a r e  e q u a l to  each  

o th e r .

The f i r s t  s e c t io n  o f  th e  s u b ro u tin e  c a l c u l a t e s  an a v e ra g e  S*0 t oc
be u sed  in  th e  r e s t  o f  th e  c a l c u l a t i o n s ,  A s t r a i g h t  a r i th m e t ic  av e ra g e

d id  n o t  g iv e  th e  p ro p e r  r e s u l t s  so  a n o th e r  method o f  a v e ra g in g  was

d e v e lo p e d : n __^f  s 4 Zfrj 2
s u r fa c e  a r e a  s i z e

3 f^  W t. % ZnO ( s

f ,  W t. $  ZnO 
I  =  — -------------------------

I

“f  4 /3 '7T r1 3

,  . ' 3 f  W t. $  ZnO / ss u r fa c e  a re a  s iz e  2 = 2 ____

t o t a l  s u r f a c e  a re a

f r2

3, W t. $ ZnO /  s

3 f  W t. $  ZnO £ 3 f  W t, % ZnO f  s 
2

I .

7  = A  +  f z .
o r ,

r  = 
o

r .  r ,
'I 2
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T h is  d e v e lo p m e n t c a n  be  e x te n d e d  t o  m ore s i z e  f r a c t i o n s  and  i n  t h e  

l e a c h  m odel t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  in co m in g  s o l i d s  i s  

d iv id e d  i n t o  t e n  e q u a l  p a r t s .

The n e x t  s e c t i o n  o f  t h e  s u b r o u t in e  a d j u s t s  t h e  v a lu e s  o f  t h e  

in co m in g  a c id  an d  f e r r i c  io n  c o n c e n t r a t io n s  so  t h e y  f i t  e q u a t io n  I ,

T h is  i s  d o n e  u s in g  e q u a t io n  I  and  m a t e r i a l  b a la n c e  c a l c u l a t i o n s  i n ­

v o lv in g  t h e  a c id  an d  f e r r i c  io n  c o n c e n t r a t io n s  and  t h e  am ount o f 

f e r r i c  h y d ro x id e  e n t e r in g  t h e  l e a c h  t a n k .  T h is  s e c t i o n  i s  r e q u i r e d  i n  

c a s e  a c id  o r  f e r r i c  s u l f a t e  i s  add ed  t o  t h e  in co m in g  s t r e a m . The 

a d d i t i o n  o f  e i t h e r  o f  t h e s e  com ponen ts a t  a n y  p o in t  a h e a d  o f  a  l e a c h  

t a n k  w i l l  d i s t u r b  t h e  a c id  -  f e r r i c  io n  b a la n c e .  The l e a c h  t a n k  i s  

t h e  o n ly  s im u la t io n  m odel w i th  t h e  c a p a b i l i t y  o f  a d j u s t i n g  t h a t  

b a l a n c e ,

The n e x t  s e c t i o n  s e a r c h e s  f o r  a  minimum v a lu e  f o r  t h e  a c id  

c o n c e n t r a t i o n .  I n  t h e  a c id  l e a c h  t h e r e  i s  more a c id  p r e s e n t  th a n  i s  

r e q u i r e d  t o  l e a c h  a l l  o f  t h e  ZnO9 I f  i n  t h e  t r i a l  and  e r r o r  c a lc u ­

l a t i o n s  o f  e q u a t io n s  I 9 2 , and  3 m ore a c id  i s  u se d  i n  one o f  t h e  t r i a l s , 

t h e  m odel becom es u n s t a b l e .  T h e r e f o r e  a  lo w e r  l i m i t  f o r  t h e  a c id  

c o n c e n t r a t io n  m ust b e  e s t a b l i s h e d .

The n e x t  s e c t i o n  i n  t h e  m odel m akes t h e  a c t u a l  t r i a l  and  e r r o r  

c a l c u l a t i o n s  t o  o b t a in  C ^, C ^, and  r ,  T h is  i s  done b y  u s in g  a  g o ld e n  

s e c t i o n  s e a r c h  f o r  t h e  v a lu e  o f  t h a t  y i e l d s  t h e  same v a lu e  f o r  r
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fro m  e q u a t io n s  2 an d  3» Once t h i s  i s  d o n e  t h e  r e m a in in g  p a r t  o f  t h e  

s u b r o u t in e  c a l c u l a t e s  t h e  am ount o f  e a c h  com ponent l e a v in g  t h e  l e a c h  

t a n k  b a s e d  on t h e  m a t e r i a l  b a la n c e .

The eq u ip m e n t p a ra m e te r s  f o r  t h e  l e a c h  t a n k s  a r e  s p e c i f i e d  i n  a  

v e c t o r  o f  t h e  fo rm :

EQPJ = J ,  K C l, KC2, KC3, KC4, KC5, s ,  ESC, K, S T C l, . . . . . .

STCn , M *0,.

w h ere

J  = eq u ip m e n t node num ber 

KCl = com ponent num ber o f  ZnO 

KC2 -  com ponent num ber o f  H^SO^

KC3 -  com ponent num ber o f  Fe^C SO ^)^

KC4 =s com ponent num ber o f  F e  (OH) ̂

KC5 = com ponent numbei* o f  H^O 

s  = d e n s i t y  o f  t h e  s l u r r y  ( l b / f t ^ )

HPC s= h o ld in g  t im e  c o n s ta n t  ( t h e  s l u r r y  c a p a c i ty  o f  t h e  l e a c h  

t a n k s  i n  T ons)

K = l e a c h in g  c o n s ta n t

STC1 , ,STC = s t o i c h i o m e t r i c  c o n s ta n t s  b a s e d  on ZnO 
N

( l b  o f  e a c h  com ponent p ro d u c e d  p e r  l b  ZnO le a c h e d )

N =  t h e  t o t a l  num ber o f  com ponen ts  (NOCOMP) m inus I ;  b e c a u se  t h e  

l a s t  com ponent i s  a lw a y s  t h e  g a s  p h a s e  arid t h e  g a s  p h a se  i s  n o t



95

c o n s id e r e d  i n  t h e  l e a c h  t a n k  m odel

M*0  = b a la n c e  o f  v e c to r  u p  t o  25  e le m e n ts ,  i s  f i l l e d  o u t  w i th  

z e r o s



CLASSIFIER

In p u t

O u tpu t 2 (O v e rs ize )

CLAS

I
O utpu t I (U n d e rs ize )

T h is  s u b ro u tin e  d iv id e s  a s o l id s  s tre a m  based  on a  c r i t i c a l  

p a r t i c l e  s iz e  in p u t by th e  u s e r .  The s u b ro u tin e  s e a rc h e s  th e  p a r t i c l e  

s i z e  d i s t r i b u t i o n  o f  th e  incom ing s tre a m  u n t i l  i t  f in d s  th e  p a r t i c l e  

s iz e  c o rre sp o n d in g  t o  th e  c r i t i c a l  s i z e , i t  th e n  a s s ig n s  th e  m a te r ia l  

w ith  s m a lle r  p a r t i c l e  s i z e s  t o  th e  u n d e r s iz e  s tream  and th e  rem a in in g  

m a te r ia l  t o  th e  o v e rs iz e  s tre a m .

I f  th e r e  i s  a l i q u id  phase i n  th e  incom ing s tre a m , th e  sub­

r o u t in e  a s s ig n s  p a r t  o f  i t  t o  each  o f  th e  o u tg o in g  s tream s a c c o rd in g  t o  

th e  w eigh t f r a c t i o n  s o l i d s ,  s p e c if ie d  by th e  u s e r ,  i n  th e  o v e rs iz e  

s tre a m .

The equipm ent p a ram e te r  v e c to r  f o r  t h i s  s u b ro u tin e  i s :

EQPJ = J ,  NS, CR, WFS, 21*0,

w here

J  — equipm ent node number
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NS = number o f  s o l id  components 

CR = c r i t i c a l  r a d iu s  ( in c h e s )

WFS = w e ig h t f r a c t i o n  s o l id s  i n  o v e r s iz e  s tream



THICKENER

Input SETL

Output I

Output 2 (Underflow)

(Over­
flow)

The equations used in this subroutine are based on a material 

balance around the thickener.

Wo
Xo

Total material balance 
= Wo + Wu 

Solids balance
W^ = WoXo = WiiXu 

Solve for Wo

Wu = W^ - Wo
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W. X . = WoXo + W* Xu — WoXu I I 1
W^ ( X^ - Xu ) = Wo ( Xo - Xu )

■ Wo = W1 X1 “ Xu
Xo — Xu

where

W1 = total weight input

X1 = weight fraction solidd input
Wo = total weight in overflow

Xo = weight fraction solids in overflow
Wu Q total weight in underflow

Xu = weight fraction solids in underflow
The subroutine obtains values for W1 and X1 from the incoming 

stream data. The user must specify Xo and Xu. The subroutine then 
calculates values for Wo and Wu, Once Wo and Wu have been calculated, 
the weights of each component in each stream are calculated based on 
the fraction of incoming solid and liquid components going to each 
output stream.

The equipment parameter vector for a thickener has the forms 

■ EQPJ = J, NS, Xo, Xu, 21 * O 
where

J — equipment node number 

NS = number of solid components



FILTER

Input

Output I (Filtrate)

>■ FLTR

^Output 2 (Filter Cake)

The filter subroutine uses the same equations as the thickener 
subroutine, with the overflow replaced by the filtrate and the under­
flow by the filtercake,

The equipment parameter vector is:
EQPJ = J, NS, Xpl Xc , 21 * 0,

where
J = equipment node number
NS = number of solid components
X = weight fraction solids in the filtrate F
X = weight fraction solids in the filter cake C



MIXER

Input MIXR Output

The mixer model will mix up to six incoming streams to form one 
output stream. The weight of each component in the output stream 
and the total weight of the output streams are calculated in the 

model by addition of the incoming values.
The particle size distribution equation of the output stream is 

obtained by ordering all of the incoming particle sizes from the 
smallest to the largest, and doing a least squares fit of the re­
sulting distribution. The particle sizes are ordered by placing all 
of the incoming particle sizes in a matrix and then testing each 

particle size in the matrix to find the smallest one. Once the 
smallest particle size is found it is placed in the outgoing 

distribution, and the corresponding value matrix is arbitrarily set 
to a value of 10^, which is above all particle sizes. The process is 
repeated until all of the particle sizes are in the outgoing distri­
bution

The last section of the subroutine calculates the average 
conversion (ZnS to ZnO) for the outgoing stream by calculating the 

arithmetic average of the incoming conversions. The equations de-
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veloped in the roaster model are then used to calculate the effective 
holding time in a roaster required to get the average conversion.

The equipment parameter vector for this subroutine is:

EQOPJ = J, KCf NNN, 22*0,
where

J = equipment node number 
KC = component number of ZnS 

NNN = number of solid components



ELECTROLYTIC PLANT

Input

Output (Recycle Acid)

The electrolytic subroutine calculations are all user specified. 

The user specifies the fraction of incoming zinc sulfate converted to 

zinc, and the current efficiency. The subroutine uses the fraction 

of zinc sulfate converted to calculate the amount of zinc produced. 
From the amount of zinc produced, Faraday's constant, and the current 
efficiency the cell current is calculated. The final section in the 

subroutine makes stoichiometric calculations to determine the compo­
sition and amount of recycle acid produced.

The equipment parameter vector for this subroutine has the form: 
EQPJ = J, KCl, EFF, CEFF, STCl................ STC^, M*0,.

where
J = equipment node number 

KCl = component number of ZnSCĵ
EFF = fraction of incoming ZnSO^ converted to Zn
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CEFF = current efficiency
STCji STC^ = stoichiometric constants (lb of
each component produced per lb of ZnSO^ reacted)
N = number of components (NOCOMP) minus I; because last 
component is always the gas phase
M*0 = balance of vector, up to 25 elements, is filled out with 

zeros

DATA INPUT FOR PLANT SIMULATION
For the purpose of this demonstration, the zinc plant was 

divided into two sections, the roasting section and the leaching 

section. Figure 7 shoi, s the equipment sequence for the roasting 
section, and Figure 8 shows the equipment sequence for. the leaching 
section of the zinc plant modeled. The first step in modeling each 

of the sections is to place the equipment subroutines used in a 

sequence that simulates the section modeled. This is done in Figures 
9 and 10. The next step involves the preparation of the computer 
input and will be done step by step for the readers, benefit.

The first card in the data deck is the "CLEAN" card. This card 

zeros all of the data storage blocks in the program. The word CLEAN, 
beginning in column one is the only thing on this card.

The title card follows the--"CLEAN" card and can have anything on
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it the programmer chooses that fits in the 80 columns. For the 
roasting section the title card used was:

ZINC PLANT SIMULATION ROASTING SECTION
The remaining cards of the input follow the NAMELIST format, with 

all input beginning in the second column of each card. The first 
section of input is the "EMLISTn input string. This block of data 

creates the equipment sequence and specifies the input and output 
streams of each piece of equipment, Each card has the following form: 

KPMl = I, 1ROST1, rR-I1, I, -2, -3, 4*0,
This card specifies that a roaster signified by the user as R-I is the 
first piece of equipment with stream number I as input and streams 2 
and 3 as output, The remaining four data.areas of KPMl are filled 
with zeros. The second piece of equipment is a mixer specified as 

M-I with input streams 3 and I? and output stream 4. The card 
indicating this data has the form:

KPM 2 = 2, 1M H R 1, 1M-I1, 3, I?, -4, 4*0,

One data card of the above form is prepared for each piece of equip­

ment simulated. The last data card of this block specifies the 

number of components and the component number of each component used. 

The roasting section used 6 components (component numbers I through66) 

This data was specified:

NOCOMP = 6, COMPNT = 1,2,3,4,5,6,14*0,
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The next section of input data (EQLIST) is the equipment 

parameters, This input depends on. actual plant data and the data 
used in this simulation is shown in Table Each piece of equip­

ment has different input parameters so that each piece of input data 
in this section will be examined„
Equipment Node Number I - Roaster

EQPJ - J, KG, FGf P, T, RC, OC, CTC, A, BC, CC, STC1, , . . . STCn , 
M*0

J = Equipment number = I,
KC = Component number of ZnS = I.

FG = Standard cubic feet/min gas leaving roaster = 6568I.
P = Pressure = I atm.

T = Temperature = 1475° F
RC = Critical radius constant = 6 AlB-08

OC = Holding time constant for overhead fines = 3.EO5 cubic feet 
CTC = Holding time constant for calcine = 86,0 tons 

AC = agglomeration constant .= .9825
/

:BC - Agglomeration constant := .1,19 

CC = Agglomeration constant := 1,017
STC^ = Stoichiometric constant for component I (ZnS) = -I.
STCg - Stoichiometric Constant for component 2 (ZnO) = .835
STCo - Stoichiometric constant for component 3 (FeS) = -.1148 .3 ^
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STC^ = Stoichiometric constant for component 4 (F e ^ O = ,0764
STC^ = Stoichiometric constant for component 5 (inert material) = 0

The remaining equipment parameters (9) are zero.
The component numbers were established by the programmer when he

set up the problem. The gas rate, pressure, and temperature were ob-
(17, 21, 24)tained from data supplied by Anaconda, and other sources.

The radius constant, holding time constants and agglomeration constants 
were determined empirically by trial and error to get the output 

desired. The stoichiometric constants give the pounds of the corre­

sponding component produced/pound of ZnS reacted.

Equipment Node Number 2 - Mixer 
EQPJ - J, KC, NNN1 22*0,,
J = Equipment number = 2 
KC = Component number ZnS = I,

NNN = Number of solid components = 5»0 
Equipment Node Number 3 - Screen

EQPJ = J9 KN, SS, STC1, ............STC^9 M*0,
J = Equipment number = 3«

KC = Component number, of ZnS = 1,

SS = Screen size (inches) = ,0937
STC1 through STC^ = Stoichiometric constants same as in roaster.
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Equipment Node Number 4 - Ballmill 

EQPJ = J, RE, Kt, 22*0.,

J = Equipment number = 4 ,

RE = Minimum radius = I .E-O3 

Kt = Grinding constant = 1.5E02

The minimum radius was determined by extending the lower end of 

the experimental particle size distribution curves until they 

asymtotically approached a minimum value. The grinding constant was 

empirically determined.

Equipment Node Number 5 - Mixer

Same as equipment node 2 with J changed to 5.

Equipment Node Number 6 - Flue

EQPJ = J, KC, T, K, STC1 , ............... STC^, M*0,

J = Equipment number = 6 ,

KC = Component number of ZnS = I.

T •- Temperature = 396° F 

K = Precipitator constant = 5«E06

STC, , » 0 0 , 8 , 6 . ,STC^ = Stoichiometric constants = 'Same

value as used in roaster.

Equipment Node Number 7 - Electrostatic Precipitator,

The flue and precipitator use the same model so the input has the 

same form. In this case only J was changed from 6 to 7 and the 

precipitator constant was raised from 8,E05 to 5»E06 to get a
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higher efficiency, /
Equipment Node Number 8 - Flue

This flue is the same as equipment node 6 but J has been changed 

from 6 to 8 and the precipitator constant has been raised from 

8.E05 to 1.5E06 to get a higher efficiency.

Equipment Node Number 9 - Mixer

The equipment parameter vector for this mixer is.identical to 

the other mixer vectors with J equal to 9®

Equipment Node Number 10 - Roaster

This roaster is a recycle roaster and is smaller than the first 

roaster, which is really a combination of several primary 

roasters. Some of the constants have been changed to account 

for the smaller size but the equipment parameter vector has the 

same form as equipment node I,

The last data card of EQLIST is the ENAME card. This card is 

used to list the equipment nodes specified in PMLIST that have no 

equipment parameters. There is room for 50 numbers and in this case 

where all equipment nodes have equipment parameters it has the forms 

. ENAME = 50*0.,

SEXLIST is the next block of data, and is used to specify some 

of the stream properties for incoming, intermediate and outgoing 

‘ streams, For this example only the properties of the roaster input
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stream ( Stream number I) were known. The vector for this stream has 

the form:

SEXJ = J, A, B t C, 7*0, TW1 W F 1 . . . . . . . .  WF , M*0.,N
J = Stream number = I

A = Particle size distribution constant = 1.20496E-03

B = Particle size distribution constant = 1,12046

C = Particle size distribution constant = .949301

TW = Total weight stream = 350 Tons/day

WF^ - Weight fraction ZnS = .?84

WF = Weight fraction ZnO = 0.2
WF = Weight fraction FeS = ,0899

3 2
WF = Weight fraction Fe 0 = 0.

4 2 3
WF = Weight fraction inert material = ,1261 .

5
The remaining 6 places are filled with zeros,.

The final data card in the SEXLIST block is the SNAME card that 

contains a list of streams specified in PMLIST but not specified in 

SEXLST. In this example there are I? streams but only stream number I 

has its properties specified, so SNAME has the form:

SNAME = 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,84*0,

The 84 zeros are required to fill out the 100 unit vector.

The remaining stream parameters are placed in the SINLST data 

block. The stream parameter vector has the form:

S H J  = J, F, K, 7*0.,
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J = Stream number

F = Stream flag; 0, = intermediate stream, I, = feed stream,

2. = product stream

K = roasting constant of the ore being used.

In this example stream I is an input stream and the roasting constant 

for this ore, determined empirically, is „00096, so the-vector has 
the form;

SINl = I., I., „00096, 7*0.,

There are two product streams, stream number 5 which is the calcine to 

the leach and stream number 12 which is the material lost up the 

stack.

These two streams are specified;

SIN5 = 5., 2„, 8*0.,

S H l 2 = 12., 2., 8*0.,

If no parameters need to be specified by the user for intermediate 

streams they can be listed in SNAME. In this case I , 5 and 12 have 

been given parameters or are product streams, giving SNAME the form; 

SNAME = 2,3,4,6,7,8,9,10,11,13,14,15,16,17,86*0,

The last section of input KELIST specifies recycle loops„ For 

this problem the input 'can be put on one card in this manner;

KE2 = 2,3,4,5,6,7,8,9,10,41*0, LOOPS = 10, DERROR = 0.05,

KE4 = 5, 9*0,
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This card tells the program that there is one recycle loop containing 

equipment nodes 2 through 10, the maximum number of calculations 

through the cycle is 10, with a maximum fractional error of .05 and
(25)that convergence promotion will be used on stream 5» If a secondary 

recycle loop had been required it would have been specified in KE3«

The complete data input for the roasting section simulated is 

shown in Figure 46 and the computer output from this calculation is 

shown in Figure 4-7.

For the leaching section of the plant the data input follows the 

same format as that for the roasting section. The name of the problem 

was changed, to; Z H C  PLANT SIMULATION LEACHHG SECTION, and the 

product stream from the roasting section became the feed stream for 

the leaching section. Only the equipment parameter vectors not dis­

cussed in the roasting section will be discussed here.

A complete data input/is shown in Figure 48 and the results of 

this input are shown in Figure 49.

Equipment Node I Leach Slurry Tank

EQPJ = J, KCl, KC2, KC3, KC4, NS, AR, FR, WFS, 16*0,

J = Equipment Number = I.

KCl = ,Component number of ZnO = 2.

KC2 = Component number of H ^ S =7..

KC3 = Component number of Feg(SC)^)^ = 8.
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KC4 = Component number of H^O = 10.

NS = Number of solid components = 6,

AR = Moles H SO, /mole ZnO = ,0025 2 4-
FR = Moles F e ^ C S O ^ ) moles ZnO = ,2

W S  = Weight fraction solids = .2 

The number given each component is established by the user at the 

beginning of the program. The acid to ZnO ratio, the FegCSO^)^ to 

ZnO ratio and the weight fraction solids were adjusted to fit the data 

supplied by Anaconda for this problem.

There are several neutral and acid leach tanks in this section 

and only one will be shown. The one selected is Equipment node 2,

EQP2 = 2, KCI1 KC2, KC3, KC4, KC5, HTC, K f S T C ^ , .......... ..
STC,. M*0.,N

KCl = Component number of ZnO = 2.

KC2 = Component number of H^SO^ = 7 .

KC3 = Component number of Fe^CSO^)^ = 8,

KC4 = Component number of Fe(OH)^ = 6,

KC5 = Component number of H^O = 10.

= Density of slurry = 112.3 Ib/ft-^

HTC = Holding time constant = 300» Tons 

K = Leaching Constant =.6,

STC^» , , , , , ,  STC^ = Stoichiometric constants similar to

those used in the roasting section,
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but in this case they are based on 

ZnO in place of ZnS,

The leaching constant is empirically determined, and its value 

depends on the ore being'processed:^ -p-

Equipment node 10 Classifier

EQPJ = Jf NS, CR, WPS, 21*0.,

J = Equipment number = 1 0

NS = Number of solid components = 6 .

CR = Critical radius = 1.21E-03 inches

WFS = Weight fraction solids in oversize stream = .20

. Equipment node 13 Thickener

EQPJ = J, NS, Xo, Xu, 21*0.,

J = Equipment number = 13.

NS = Number of solid components = 6.

Xo = Weight fraction solids in overflow = 0.0 

Xu = Weight fraction solids in underflow = .60

Equipment Node 32 Filter

The same model was used for a filter as was used for a thickener. 

The weight fraction solids in the filtrate replaces the weight 

fraction solids in the thickener overflow, and. the weight fraction 

solids in the cake replaces the weight fraction solids in the

' ,



thickener underflow

Equipment Node 3̂ - Electrolytic Plant

The electrolytic plant is a part of the leach section since it 

recycles material back to the acid leach tanks.

EQPJ - J t KCl, EFF, CEFF, STC^, . . . . . . .  STCjjt M*0.,
J = Equipment number = 34.

KCl = Component number ZnSOtji = 9.

EFF = Fraction of incoming ZnSO. converted to Zn = ,5 

CEFF = Current efficiency = .9 

STCĵ . . . . . . STCjj = Stoichiometric constants based on ZnSO^
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$$$ MAIN CALLING PROGRAM $$$$$$$$$$$$$$$$$$$$$$

Figure 16

COMMON/S YSAA/ T ITLE I 20 ) j COMPNT ('20 )# KCMN AM ( SO )
COMMCN/SYSB/ KEl<50)#NElMAX#KES(50)j NE2MAXjKE3(50)jNE SMAX 

KE4(10)j NEAMAXJKRETjKRETSiKRETS 
LIMIT,LIMITS,LIMITS,LOOP,LOOPS
KEFLAG(50),KSFLAGt100),KTRACEiDERRORi NPFREQi I PUNCH 
NECALL(50),NEXEQN(50 IiNAME(50)

COMMON/CCNTL/NIN,NOUTiNOCOMP,NE,NEN
COMMON/PHD/ APC ( 20 ) i ATC { 20 ) i AVC ( 20 ) i AMW < 20 IiAOMEG (’20) AADEH SO) i 

X AVW(20),APH(20),BET(20),GAM(20),DTA (20 ),EXFLAG 
LOGICAL EXFLAG
INTEGER -SNAME(100)iENAME(50 IiTITLEiCOMPNT

COMMCN/SYSB/
COMMON/SYSC/
CQM.MCN/SYSD/
-CCMMQN/EQPB/

FOLLOWING DUMMY ARRAYS ARE USED FOR 'NAMELIST* RIGID=INPUT CF 
'KPM'i 1EQPAR • i 'SEXTSViAND 'SINTSV' ARRAYS *

COMMON/SYSA/ KPMl(10)iKPM2(10)iKPMS(10)iKPM4(10)iKPM5(IO )iKPM6(10)
1 i KPM? (IC ), KPM8 (10 )i KPMSt 10 IiKPMlO (10), KPMll (10 IiKPMlgdOikPMlS (10
2 ), KPMl A ( 10 ) i KPM15 (10 ) i KPM16 (10 ),KPM17( I O i  KPMlSdO IiKPMlSdOli 
■3 KPM2C (IOiKPMSl I IO  i KPM22 (I O ) i KPM23 (IC) i KPM2A (I O ) i KPM25 d O  i

- A KPM26(IC)iKPM27I IO iKPM28(I O )iKPM29(I O iKPM30(I O iKPMSI (10 Ii
5 KPM3 2I 10)iKPM33(10)iKPM3A(10),KPM35(10 ) iKPM36(I O iKPM37<10 Y »
6 KPM38 (IOiKPMSS (I O ) i KPMAO d  O > i KPMAl (10 ) i KPM AS (I O  i KFM A3 (10 Ii
7 KPMAA (IO i KPMA5 (10 ) i KPMA6 (10 )iKPMA7 (10) i K P M A S d O i  KPMASdC Ji
8 KPM5G (I O  iKSEM OilOO ),N3MAX 

C
COMMON/EQPA/ EQPiI25)iEQP2(25)iEQP3(25)iEQPA(25)iEQPE I 25)iE0P6(25) 

liEGP7(25)i.EGP8(25>iEQP3(25)#EQPl0(25)iEQPll( 25 5 iEQP12(25)iEQPl3(25
2 ),EQPlA(«25)iE0Pl5(25)iEQP16(25)#ECP17(25)iEQP18(25)iECP19(25)i
3 E0P20(25)iEQP21(25)iEQP22(25)iEQP23(25)iEQP24(25)iECP25(25)i 
A EGP26(25)iEGH27(25)iEQP28(25)iEQP29(25)iEQP30(25)iEGP31(25)i 
5 E0P32(25)iEQP33(25)iEQP34(25),EQP35(25)#EQP36(25)iECF27(25-)i

' 117
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6 EGP38(25),EGP39(25),EQP40(25),EQP41(25),EQP42(25),EGP43(25),
7 EQP44(25),E0P45(25),EQP46(25),EQP47(25),EQP48(25),EGP45(25),
8 EGP5C ( 25 IjiNEMAX^MAXEQP
COMMCNXSTMA/ SEXl(23)>SEX2(23)^SEX3(23)^SEX4(23)#SEXS(23)#SEx6(23) 

1,SEX7(23)4SEX8(23),SEX9(23),SEX10(23),SEX11(23),SEX12(23),
2 SEX13(23)»SEX14(23)#SEX15(23)#SEX16(23)»SEX17(23)#SEX18(23)#
'3 SEX1S123) »SEX20(23)^SEX21(23)»SEX22(23)#SEX23(23)^SEX24(23)#
4 SEX25t23)#SEX26(23) jSEX27(23)jSEX28(23)jSEX29(23)/SEX3C( 23f#
•5 SEX3ll23)»SEX32(23)#SEX33(23>»SEX34(23)#SEX35(23)\#SEX36(23)»
6 SEX37(23),SEX3g(23),SEX39(23),SEX4C(23),SEX41(23),SEX42(23l;
7 SEX43(23),SEX44(23),SEX45(23),SEX46(23);SEX47(23),SEX48(23l,

- 8 SEX4S(23),SEX5C(23),SEX51(23),SEX52(23),SEX53(23)4SEX54(23),
9 SEX55I23)jSEX56(23)jSEX57(23)#SEX5g(23)jSEX59i23)>SEX6C(23)>
A SEX61(23),SEX62(23),SEX63(23)jSEX64(23),SEX65(23),SEX66(23),
B SEX67(23)#SEX68(23)#SEX69(23)#SEX70(23)»SEX71(23)jSEX72<23l#
C SEX73(23),SEX74(23),SEX75(23)jSEX76(23),SEX77(23),SEX7g(23), ^
D SEX7S(23)»SEX80(23) jSEX81(23)#SEX82(23)»SEX83(23)/SEX84(23)j Co
E SEX85(23)#SEX86(23)^SEX87|23)#SEX88(23>#SEX89(23)^SEXS0(.23)#
F SEX91(23),SEX92(23),SEX93(23),SEX94(23),SEX95(23),SEXS6(23),
G SEXS7i23)» SEX98(23)#SEX99,(-23>#SEX10C(23)
■ COMMONZSTMA/ SlNl(10),SIN2(10),SIN3(10),SIN4(10),SINS(1C),SlNS(IC)
I,SIN7(10),SIN8(IG I,SIN9(10),S I N l O d O ),SINll(lO),SINlSiiC),
2 SI Ni 3(10),SIN14(10),SINI 5(10),SI NI 6(10),SI NI 7(10),SI NlS(IO),
3 SIN19dO),SIN20(10),SlN21(10),SlN22tlO),SlN23(10),SIN24(10>,
4 SIN25(10),SIN26(10),SIN27(10),SIN28(10),SIN2S(10),SINSC(IO),
5 SIN31(10),SIN32<10),SIN33(10),SIN34(10),SIN35(10),SIN36(10),
■ 6 SIN37dO),SIN38(10),SlN39(10),SIN40(l.C),SlN41dQ),SIN42dO),
7 SIN43(10),SIN44<10),SIN45(10),SIN46(1C),SIN47(10),SIN48(10),
8 SIN4S(10),SIN5OdO),SlN51d0),SlN52d0),SIN53d0),SIN54dC),

. 3 SIN55(iC),SIN56(10),SIN57(10),SIN58(10),SIN59dO),SlN60(10),
A SIN 61 d  C ) > S IN 6 2 ( 10 ) , SI Ni 6 3 (I' 0 ) , S IN £ 4 (10 ) , S I N'6 5 (10 ) , S IN 6 6 (IC ) ,
B SIN67(10),SIN68(10),SIN69(10),SlN70(lC),SIN71d0),SIN72(10l,
C SIN73(10),SIN74(10),SIN75(10),SIN76(10),SIN77(10),SIN78(10),
D SIN79(10),SINSO(IO),SIN81(10),SIN82(10),SIN83(10),SIN84(10),
E SIN85(10),SlN86(10),SlN87(10),SIN88(lO),.SlN89(iO),SIN9 0(10),
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F SINSliIC)<SIN92(10)#SIN93(10)#SINS4(IC)#SIN95(10USINSfedC I*
Q SIN97 H O  )> SIN98 d 0  )» SIN99< I O d  SINlOOt 10 )»NSMAX#MAXSEX# NAXS IN 

C
DIMENSION K P M (10,50),E Q P A R (25,50),SEXTSVt234100),SINTSV(10,100) 
EQUIVALENCE ( KP M, KPMIl ), ( EQP AR, EQPl ), (SEXTSV, SEXl ) , ( S INTS V, SlNl ) 

C
C0M-M!CNVSTRMIN/SINUM(8,10),SICNST(10,8 ),SIM0LE(8),

ISICOMP(11,8 I,S l K V (10,8)
CCMMCN/STM0UT/S0NUM(8,10),S0CNST(10,8),S0M0LE(8),

IS O C OMP(11,8),SC k v (10,8)
C

15 CALL DREAD
CALL D C H E C K ( S15 )
CALL CFRINT 

20 CALL SUBSET 
30 CALL BIPRNT 

CO TO 15 
END
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SUBROUTINE DREAD
C« « O TVPE I SHOULD CONTAIN WORD 'CLEAN1 IN COl» l**5e 
C«66 ALL OTHERS ARE TREATED AS TYPE'S AND DC NOT REQUIRE /PMLIST/* 

COMMON/SYSAA/ TITLEt20 I »COMPNTt20)#KOKNAM(80) '
COKMON/SYSB/ KEl(50),NElMAXfKESt50),NE2MAX,KE3(50),NE3MAX 

KE4(lO),NE4MAX,KRET,KRET2jKRET3 ■
LIMIT,LIMITS,LIMITS,LOOP,LOOPS
KEFLAG(50) ,KSFLAGdOO),KTRACE,DERROR,NPFREQ,IpUNCH 

.. NEC ALL (50), NEXEQN I 50 I, N AME (50)
CCMMCNVCCNTL/NIN,NOUTfNOCOMP,NE,NEN"
COMMONVPKD/ APC (20), A TC (20), AVC (20), AMW (20 I, AOMEG (.20) I ADEL (20),

X AVW(20),APH(20),BET(20),GAM(20),DTA (20),EXFLAG 
LOGICAL EXFLAG
INTEGER SNAME(ICO),ENAME(50!,TITLE,CCMPNT 

AVAILABLE '20' EQUIPMENT SUBROUTINE NAMES)
INTEGER NMLISTt30>/'RQST','SCRN','M IXR','GRND','PREP','LECH','FLUE 

I ','FLTR','SETL','CLAS',1RLTS','ELET',1AMIX','ADD3','ADDA','ADD5♦,
2 1ADD6','ADD7','ADDS','ADDS',«AD10d'ADll*,*AD12','AD13','ADlA',
3'A D 1 5 A U 1 6 ','ADl?','ADIS','ADIS'/

Figure 17

CCMMON/SYSB/
CQMMON/SYSC/
COMMCNVSYSDX
CCMMON/EQPB/

FOLLOWING DUMMY ARRAYS ARE USED FOR .'NAMELIST' RIGID<=INPUT CF 
'KPM I,'EQPAR','SEXTSV',AND 'SlNTSV' ARRAYS «

COMMCN/SYSA/ KPMl (10 >, KPM2 (10 ), KPM3 (10 ) , KPMA (10 ) ,.KPM5 (10 ) , KPM6 110 ) 
l,KPM7(10),KPM8(10),KPM9(10),KPM10(lC),KPMil(10),KPM12(lC),KPMl3(10
2 ),KPMIA(IO),KPMlB(IO),KPM16(1C),KPM17(10),KPMlS(IC),KPMlS(IC),
3 KPM20t10),KPM21(IO >,KPM22(10),KPM23(10),KPM24(10),KPMESdC I,
A KPM26dC),KPM27dO),KPM28dO),KPM29(lO),KPM3d(lO),KPM31 (1C),
5 KPMastlO),KPM33I10),K P M S A d O ),KPM35(10),KPM36(10),KPM37(10),
6 KPM38 (10 ), KPM39 (10), KPMAO (10), KPMAldO) j KPMASdO ), KPMASdC ),
7 KPMAA(10),KPMA5(10),KPM46(10),KPM47(10),KPMAS(IO),KPMASI10),
8 KPM5CI10),KSEM(3,100),N3MAX

COMMCN/EQPA/ EGPl(25),EQP2(25),EQP3(25 I,EQPA(25>,EQPS(25),EQP6(25)' 
1,EQP7125),EQP8(25),EQP9(25),EQP10(25),EQP11(25),EQP12C25),EBP13'(25

120



2 ) jECP14t25>#EQPl5(25)/EQP16(.25)>EQP17(25)iEQPl8(25)iECP19(25)*
3 EQP2C(25)iEQP21(25)iEQP22(25)#EQP23(2E)#EQP24(25)jECP25(25I#
4 EGP26(25)#£GP27(25)<EQP28(25)iEQP29(25)jiEaP30(25) jEGPSI (Eg)#
5 EGP32(2S)iEGP33(25)'#EQP34(25)#EQP35(25)#EQP36(25)#EGP37(25)i

■ 6 EQP38<25)iEGP39(25)iEQP40(25)#EGP41(2S)iEGP42(25)#ECP43(25)#
7 EGP44(25)#EGP45(25)#E0P46(25)#EQP47(25)#EGP48(25)#EGP4S(25)j
8 EQP50( 2 5 NEMAX/MAXEQP
COMMON/STMA/ SEXl(23)/SEX2(23)/SEX3(23)/SEX4(23)/SEXS(23)/SEX6(23) 

l/SEX7(23)/SEX8t23)/SEX9(23)/SEX10(23)/SEXll(23)/SEX12(23)/
2 SEX13I23) / SE Xl 4 (23)# SEXl 5 ("ES)/SEXl 6 (23)/SEXl 7 (23)/SE Xl 8 (23)/

■ 3 SEXlS(23)/SEX20(23)/SEX21(23)#SEX22(23)/SEX23(g3)/SEX24(23)/..
4 SEX25 ( 23 ) /'SEX26 (23)/ SEX27(23 ) / SEX28 ( 23 )/SEX29(23 ) / SEX3C (23)/
5 SEX31(23)/SEX32(23)/SEX33(23)/SEX34(23)/SEX35(23)/SEX36(23)/
6 SEX37(23)/SEX38(23)/SEX39t23)/SEX40(23)/SEX41(23)#SEX42(23)/
7 SEX42(23)/SEX44(23)/SEX45(23)/SEX46(23)/SEX47(23)#SEX48(23)/
5 SEX49(23)/SEX50(23)#SEX51(23)/SEX52(23j/SEX53(23)/SEX54(23)/
9 SEX55(23>/SEX56(23)/SEX57(23)/SEX58(23)/SEX59(23)#SEX60(23)/
A SEX6l(23)/SEX62(23)#SEX63(23)/SEX64(23 ) /SEX65(23)/SEX66 t23)/
B SEX67(23)/SEX68(23)/SEX69(23)/SEX70(23)/SEX71(.23)/SEX72(23)/
C SEX73(23)/SEX74(23)/SEX75(23)/SEX76(23)#SEX77(23)/SEX78(23)/
D SEX79(23)/SEX80(23)/SEX81(23)#SEX82(23)/SEX83(23)/SEX84(23)/
E SEX85(23)/SEX86('23)#SEX87(23)/SEX88(23)/SEX89(23)/SEXgC(23)/
F SEX91(23)/S£X92(23)/SEX93(23)/SEX94(23)/SEX95(23)/SEX96(23)/
G SEX97(23)/SEX98(23)#SEX99(23:eAEX10C(23)
COMMON/STMA/ SI NI(IO )/SIN2(IO)/SIN3(IO )/SIN4(10)/S INS(IO )/S IN6(Id) 

1/SIN7(1CI/SINS(10)/SIN9(10)/SINlO(1Ct »SINll(10)/SINia(IC)/
2 SIN13(10)/SIN14(10)/SIN15(10)/SIN16{10)/SIN17(10)/SIN18(10)/
3 SINlS(lC)/SIN20(10)/SiN21(10)/SIN22(lO)/SIN23(10)/SiN24(lC)/
4 SIN25(10)/SIN26(10)/SIN27(10)/SIN28(10 )#SIN29(10)/SiNSO(IO)/

■ '5 SIN31(1C)'/SIN32(10)/SIN33(10)/'SIN34(10)/SIN35(10)/SIN36(10)/
6 SIN37ilG,.)/SIN38(lO)/SlN39(10)/SIN40(lC)/SIN41(10)/SIN42(10)/
7 SIN43(1G)/SIN44(10)/SIN45(10)/SIN46(10)/SIN47(10)/SIN48(1C>/
8 SIN49(10)/SINSO(10)/SINSl(IO),SIN52(IC>/S IN53<IO )/S IN54(10)/
9 SIN55(1C)/SIN56(10)/SINS7(10)/SIN58(10)/SIN59(1C)#SIN60(10I,

Figure 17 (contd.)
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A SIN61 (10 > j SIN62( 10) iSIN63( 10) <StN64( 10 JjSINejS(IO)^StNee (1C) i 
B SIN67<10)j SIN6 8(10')#SIN6 9(10)j S1N7C(1C)j SIN71(10)j SIN72(10.I*
C SIN73(1C)j SIN74(10)jSIN75(10)j SIN76(10)#SIN77(10)jSIN78(10)/
D SlN79(10)jSI N80(10)j S rN81(10)jSI NS 2( IJD )iSIN83(10)jSI N 84(10)j 

• E SIN85(10)iSlN86(10)jSIN87(10)jSIN88(1O)*SIN89(10)jSINSO(IO)j 
F SIN91(10)j SINS2(10)j SIN93(10)jSIN94(10)iSIN9S(lO)jSIN96(10)j 
G SIN97(10)jSiN98(lO) j SIN99(10) JSINlOOdOJ/NSMAXj'MAXSEXiMAXSlN 

C
DIMENSION KPK(IOjSO) jEQPAR(25j50Ij SEXTSV(23j100JjSINTSV(10j 100)
EQUIVALENCE ( KPMj KPMl ) J ( EQPARjEQPI ) j ( SEXTSVj SE X l ) j ( S I M S  Vj SIM).

C
• NAKELISTZPMLiST/ KPMl j KPM2 <KPM3 ,KPM4 >KPMS #KPM6 #kPK7 J K P M 8 , 
IKPMS j KPKlO j KPMl I j KPKIEj KPM13jI<PM14j KPMISj KPKICj KPK17* KPM.18 J KPM19j 
2KPK20jKPK21jKPK22jKPK23jKPK24jKPM25jKPK26jKPK27jKPM28jKPM.29JKPK3bj 
3KPM31j KPK32j KPM33jKPM34jKPM35jKPM36jKPK37jKPK38jKPK39JKPM40JKPM41j 
AKPKjJajKPMASj KPM4 4jKPK45jKPM46jKPM47jKP|i48jKPK49jKPM5Cj 
5 NCCCMP#CCMPNTjKOMNAMj !PUNCH 

C
NAMEL ISTZEQLIST/ ENAMEJEQPljEQP2jEQP3jEQPAjEQP5#EQP6JECP7jEQP8j 

I EQP9j EGP10jEQP11jEQP12jEQP13jEQP1AjEQP15jEQP16jEQP17jEGP18#EGP19j' 
2EQP20jEQP21jEQP22jEQP23j EQP24jEQP25jEGP26jEQP27jEQP28jEq P29JEQP3Cj ' 
3EQP31jEQP32jEQP33jEQP34jEQP35jEQP36jEQP37jEQP38j£QP39jEQP40jEQP41j 
4EQP42jEQP43jEQP44j EQP45j EQP46jEQP47j EQP48.jEQP49jE‘QP5C 

C
NAMEL ISTZSEXLSTZ SNAME j SEXl #SEX2j SEX3j SEXA j SEXS j SEX6j SEX7j SEX8j 

I SEX9 J SEXlO j SEXlIJSEXl2j SEXl3jSEXl A j SEX15j SEX16JSEXl7jSEXl8jSEXl9 
2j SEX20j SEX21j SEX22j SEX23j SEX24j SEX25j SEX26j SEX27j SEX28j SEX29j SEX30 
3j S£X31j SEX32j SEX33j SEX34j SEX35j SEX'36j SEX37j SEX38j SEX39j SEX401SEX41 
A>SEXA2j SEXA3j SEXAA j SEXA5j SEXA6j SEXA7j SEX48j SEXA9j SEX5C j SEX51j SEXS2 
5j SEX53j SEX54j SEX55j SEX56j SEX57j SE'X5 8j SEX59j SEX60j SEX61j SEX62j SEX63 
6j S'£X64j SEX65j SEXG6j SEX67j SEX68j SEK69jSEX70j SEX71j SEX72j SEX73j SE x 7A 
7j SEX75j SEX76j.SEX77j SEX78j SEX79j SEX80*SEX81j SEX82j SEX83j SEX8 4j SEX85 
8j SEX86j SEX87j SEX88j SEXS9j SEX90j SE x 91j SEX92j SEX93j SEX94j SEX95#SEX969 j SEX97 j SEXSS j SEX99 j SEX100 

r

Figure I? (contd,)
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Figure I? (contd.)w
NAMELIST/S INLST/ SNAMEjSlNljSIN2,SlN3,SlN4jSlN5,SlN6,SIN7,SlN8;

I SINS iSlN10#SlNlljSIN12>SlN13->SINH<SXNl5jSIN16iSIM?#SINl8iSiN19 
2jSIN20,SlN21,SlN22,SIN23,SIN24jSlN25jSlN26,SlN27jSlN28,SlN29jSlN30 
3#SIN3liSlN32>SlN33<SIN34iSIN35<SIN36* SIn 37#SIN38jSIN39*1SIn 40,SIN41 
4>SIN42iSlN43i'SlN44^SlN45iSIN46iSlN47iSlN48^SlN4S^SlN5C#SIN5l^SINE2 
Sj 8IN53>SINB4i SIN55i SIN56*SIN57>SIN58<SINS9#SIN60<SIN€1*SIN62#SIN63 
6/SIN64>SIN6SjSlN66iSIN67#S'IN68j8IN69i SlN70iSIN7liSlN!72/SIN73^ SIN74 
7iSIN7§jSlN76,SlN77;SIN7@jSIN7$4S%N8QfSINBlfSlN82fSlNg3#SINg4,SlN85 
8j.SlN86f SIN87#SIN88#SIN89 j SINS0/SlN91jiSlN92v. SIN93f SINS4#SIN95,SIN96 
■9jSINg7iSlN98/SlN99iSINiaO 

C
NAMELIST/KELIST/ KE2#KE3jKE4#LOOPS#NPFREQ»KTRACE#DERFOR

» « * READ ALPHANUMERIC•HEADER CARD '2044' FIELD ('TITLE(EO)*)

17 FORMAT(2CA4)
3 ITYPE = 2  

657 FORMAT (IHl)
WRITE (6,657)
READ.(5,5,END = 200 )LCARD1,LCARD2 
WRITE(6,955)LCARDl,LCARD2 
INTEGER ICL(2)/'CLEAN'/
IF(LCARD1,NE*ICL(D) GO TO 23 

 ̂ IF(LCARC2«NEeICL(2)) GO TO 23 
5 FORMAT I2A4) '

995 FORMAT (EX,2A4)
CALL CLEAN 
ITYPE =1

Cue* 'CLEAN' * t y p e I
C » o o OTHERS = t y p e 2

23 READ! 5,17) TITLE 
WRITE! 6,17) TITLE
IF(ITYPE=NEel) GO TO 63
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Figure I? (contd.)
\

‘•READ REMAINING CONTROL CONSTANTS# COMPONENT ID# AND PROCESS MATRIX 
•e FROM NAMELIST/PMLIST/

READ( 5#PMLIST>
MAXSEXSn OCOMP+12 
MAXSIN=IO 
"NAXEGP = 25

SET UP EQUIPMENT SUBROUTINE CALLING NUMBER FROM EQUIPMENT NAME 

KVOlD0O
51 CO 56 K2=l#50

IFIKPM(1#K2)*EQ»0) GO TO 56 
NEX-KPM 11# K2 )
NEMAX=K2

NEX IS EQUIPMENT NUMBER OF PROCESS MATRIX ROW 1“ KPMI1#K2) '
" KPM(3#K2 ) IS THE EXTERNAL NAME GIVEN TO THIS UNIT# 1

1 = 1
53 IF I KPM I 2#K2)#EQ»NMLIST I I I ) GO TO 55 

IF(IeGT-SO) GO TO 54
1 = 1 + 1 
GO TC 53

54 WRITE( 6 #I OS ) NEX#KPM I 2#K2)#TITLE
108 FORMAT I 'I IN ''DREAD'' EQUIPMENT NUMBER «'•#13#• '« HAS BEEN GIVEN T 

IHE ILLEGAL NAME ' ' ' # A 4 # ' THIS DATA IS NOT BEING CALCULATED 
2-'// i PROBLEM ' ' « #20A4 #»'« HAS BEEN VOIDED-* )
KVOlD=I

55 NECALL(NEX)=I
NAME(NEX)=KPM(2#K2)
NEXEQNlNEX)=KPM(3#K2)

56 CONTINUE

m
.



O
O
O
 

O 
O 

O
O
 

O
O
O
O

IF THE NUMBER OF EQUIPMENT SUBROUTINE NAMES OR AN EQUIPMENT SUBROU 
TINE NAME ITSELF IS CHANGED, SUBROUTINE <EQCALL1 MUST BE MODIFIED

59 CONTINUE
CO 68 U=IiNEMAX 
IF(KPM(IiJ).EQ*0) GO TO 62 
DO 61 1=2,8

61 KPM( I, J)-=KPM'( 1 + 2, J)
62 CONTINUE
63 CALL ZEROX(ENAMEiSO)

..READ 1EQPAR1 (BY USING EQPlaiEQPSO ) AND 1 ENAME 1 •
READ( 5,EQL 1ST)
DO 65 I=I,NEMAX 
J=ENAME(I)
IF(JeEQeO) GO TO 65
IF< ABStEQPARd, J) ) «LT.1«E*20) EQPAR (I,J I =J 
WRITE! -• 6,66) J,(EQPAR(K,J),K = l,25)

■65 CONTINUE
66 FORhATM EQPAR(I,•,12,« ) = 1,IOGlO«2/(13X,ICGlO*2))

CALL ZEROX(KEFLAG,50)

..READ lSEXTsv'(SEXl "SEXIOO) AND 'SNAME*

CALL ZERGXtSNAME,.100)
C

READt 5,SEXLST)
DO 68 1=1,100'
J = SNAME( I )
IFtJeEQ.0) GO TO 68
IF(ABStSEXTSVdiJ) ) • LT • I • E.-20 ) SEXTSV (I, J ) =J 

C WRITEt 6,69) J,(SEXTSV(K,J ),K=l,23)
68 CONTINUE

Figure I? (contd.)
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C 69 FORMATS SEXTSVd* <#12# • ) = U 2 F 3 60*lldl0.3/30X#10GlCx63 ) 
CO 70 I=IilOC
IF{ABSlSEXTSV(I^i)) *GT«.1*E«20) NSMAX^I 

70 CONTINUE

Figure I? (cohtd.)

» tREAC iSINTSV1 I SINltsSINlOO) AND 1SNAME1

CALL 2ERGX(SNAME>100)
READ! Bi SINLST)
CO 72 I=IiNSMAX 
'J = SNAMEI I )
IF(JdEQeO) GO TO 72
IF I ABS I SINTSV(IiJ))•LT•IiE-SO) SINTSV(IiJ)=J 

C kRlTE( 6i73 ) J, (.SlNTSV(KiJIiK = Ii lO)
■ 72 CONTINUE

C 73 FORMAT! ' .SINTSVdi'iI2i ' ) = ‘iF3e0iF4»Ci 8010*3 ) 
CALL ZEROX(KSFLAGilOO)

C
CedREAD EQUIPMENT LISTS FOR 
C e  THEIR' CONTROL CONSTANTS

75 READ! Si KELIST)
C WRITE! fiiKELIST)

NESMAXs O
NESMAX=O
NE^MAX=O
CO 76 I=IiSO
IF (KE2(I).EQ*0) GO TO

76 NE2MAX=NE2MAX+1
77 CO 78 I=IiBO 

IF(KE3(I).EQ »O ) GO TO
78 NE3MAX=NE3MAX+1
79 CO SC I=IilO

IF(KE4(I).EQ.O) GO TO
80 NE4MAX=NE4MAX+1

RECYCLE CALCULATlGNSi KEEi KE3 AND KE4 
NEEMAXi NE3MAX AND NE4MAXe WILL BE CALC

77

79

SI.



C
81 IF(KV0ID«GT»0) GO TO 3 

IFt ITYPE»NE»1 ) RETURN'
C

NSMAX=S 
DO 83 K=Sig 
I=IO=K
DO 82 U=IiNEMAX
IFtKPMtIiJ).NEtO) GO TO 85

82 CONTINUE
83 NSMAX=NSMAX=I 
85 CONTINUE

C
C BUILD UP THE STREAM CONNECTION MATRIX KSEfvU 

- CO 187 Ml=IiNEMAX
IF(KPMtliMlNLEoO) GO TO 187

188 MS=KPM(IiMl)
CO 189 MS=SiNGMAX 
IFtKPMtMSiMl>) 191i187<190 

ISO MA=(KPMtKSi Ml))
KSEM(SiMA)=MS 
GO TO ISS

191 MA==(KPMtMSiMl))
KSEM(SiMA)=MS 

ISS KSEM(IiMA)=MA
189 CONTINUE 
187 CONTINUE

RETURN 
200 STOP

C •«*.•••.PUNCH OUT DATA BLOCK TO RESUBMIT THE CASE STUDY* 
ENTRY DPUNCH 
RETURN 
END

Figure 17 (contd.)



Figure I8

C
CeeTHIS .SUBROUTINE ZEROS FOLLOWING COMMON STORAGES BY CALLING SUBROUTINE 
Cee ' lZEROXi!ARRAY* !SIZE) '■
C»e COMMON /SYSA/i/SYSB/i/SYSD/iVEGPA/i/EQPB/i/STMA/i/STRKlN/ An O 
C«e /STMCUT/ + /SYSAA/
C

SUBROUTINE CLEAN . ‘ -

C

COMMONVSYSAA/
CGMMONZSYSA/
COMMCN/SYSB/
COMMON/SYSB/
COMMONVSYSD/
COMMON/EQPAZ
COMMON/EQPB/
COMMONVhXMS/
CCMMON/StMA/

T I TLE(20 IiCOMPNTiEOIiKOMNAM(80)
KPM(IOiSO)iK S E M O i l O O )iN3MAX 
KEl(50) iNElMAXiKEE(50)iNEEMAXiKE3(50)iNE3MAX 
KE4i10)iNE4MAXiKRETiKRETEiKRET3
KEFLAG(50)iKSFLAG(IOO)iKTRACEiDERRORiNPFREOi IPUNCH 
EGPAR(25i5 0 IiNEMAXiMAXECP 
NECALLf 50)iNEXEQNt SC)iNAME(SC)
NESAVE(EO)
SExTSV(23il00)iSINTSV(lG#l0C)iNSMAXiMAXSEXiMAXSlN 

CCMMCN/STRMIN/SINUM(8il0)iSlCNST(10i8)iS!M0LE(8)i 
ISICOKP(Ilig)iS I K V d O i 8)
COMMONVSTMOUT/SONUM(8ilO)iSOCNST(lOi8)iSOMOLE(8)i 

ISOCOMP(IliS)iSOKV(IOi8 >
DIMENSION . ISYSA ( SODiISYSB (167) d  SYSD (154) i IEQPA (l'E52)i IEGPBdSO) 
DIMENSION ISTMA(3303)i1ST IN(408)D S T O T (4CS)iISYSAAf ISO) 
EQUIVALENCE (ISYSAiKPMIi(IgYSBiKEl)iiI SYSDiKEFLAG)i(IEOPAiEQPAR)i

1 ( IEGPBiNECALL),( I STMAiSEXTSV)i (ISTI Ni SINUMJi(I StOTiSCNUM) i
2 (ISYSAAiTITLE)

H-N>CO

CALL ZEROXf ISYSAA/120) 
CALL ZERCX(ISYSAiSOi) 
■CALL ZEROXf ISYSBil67) 
CALL ZEROX(ISYSDil54) 
CALL ZERCX(IEQPAilESE) 
CALL ZEROXfIEQPBilSO) 
CALL 'ZEROXf ISTMAi3303) 
CALL ZEROXIISTINi408)



CALL ZEROXIIST0T#408) 
CALL ZERCX(NESAVE#20> 

C
RETURN
END

Figure 18 (contd.)



SUBROUTINE ZERO (AjN) 
DIMENSION A(N)
DC 3 I = U N  

3 A(I)=OS 
RETURN
e n t r y  z e f o x i i o n )
DIMENSION K(N)
CO I I=IjN 

I K (I)=O 
RETURN- 
END

Figure 19

VuJO



Figure 20

' CCNMONVSYSA/ KPMt10<60)iKSEMt3#100 I/N3HAX 
CCMMCN/STMA/ SEXTSV(23»100)* S INTSV(10»ICO)#NSMAX>MAXSEX#NAXSIN 

C RETURN I HAS BEEN USED 
C

LOGICAL FLAG 
F.LAG=ieFALSE»
■JmQ
CO 10 I=IfNSMAX 
IF(KSEMdfI) «EQeO > GO TO 10
IF(KSEK(2fI> oEQ«0»AND»KSEM(3fI ) eEQ-O) 60 TO 2 
• IF(KSEK(2fI)eEQeO.ANDe eNOTe(ABS(SINTSV(2fI)“1 e)eLTeC «OOleOR«
I ABS ( SINTSV (2» I )«=3. ) eLTeO.OOl ) ) GO TO 4 
IF(KSEKT 3»I)eEQ»0eANDeABS(SINTSV(2fI I®2»).QT »0«00l) GO TO 6 

10 CONTINUE 
GO TO 8

2 WRITE( £ j 22 ) I
3 FLAG=SeTRUEe 

GO TO 10
4 WRITEt 6»24) I 

GO TO 3
6 WRITE( 6»26) I

GO TO 3
8 IFt «NCTeFLAG) RETURN 

VtR I TE ( 6» 28 )
RETURN I

22 FORMAT ( 1C STREAM N O e d M f '  HAS NO CONNECTING EQUIPKENTS,')
24 FORMAT ( ' C STREAM N O e d M f '  APPEARS AS A FEED STREAM IN THE PROCESS 

I MATRIX BUT IS NOT CODED AS SUCH IN THE STREAM VARIABLES MATRIX,') 
26 FORMAT! 'C STREAM N O e d M f '  APPEARS IN THE PROCESS MATRIX AS A PROD 

ILCT STREAM BUT IS NOT CODED AS SUCH IN THE STREAM VARIABLES MATRIX 2 »')
28 FORMAT!'0'///'%*%** COMPUTATION FOR THIS DATA SET WILL BE TERMINAT 

IED,')
END"

SUBROUTINE DOHECKt * )



SUBROUTINE DPRINT
COMMON/SYSAA/ T I TLE( 2 0 COMPNT(20HK O M N A K tSO )
COMMCNVSYSA/ KPMilO#50)#KSEM I3 M OO)#N3MAX 
COKMCN/SYSB/ KEl (50) # NEIMAXi KE2( 50) »NE2MAX#KE3( 50)/ 'NESKAX 
COMMCN/SYSB/ KE4(10>iNE4MAX#KRET;KRETSiKRET3 
COMMON/SYSC/ LlMlTiLIMIT2#LIMIT3iLOOP/LOOPS
COMMONVSYSD/ KEFLAG(50)iKSFLAQ(100)iKTRACEiDER-RORiNPFREQiIpUNCH 
COKMCN/EQPA/ .EQPAR(25i50 ) I NEMAXiMAXECP 
COMMON/EQPB/ NECALL(50)»NEXEQN(50)iNAME(SC)
COMKON/STMA/ SEXtSV(23i100 ) iSlNTSVlICilOO)iNShAXiMAXSEX/MAXSIN 
CCMMGN/CCNTL/NIN#NOUTiNOCOMP^NEjNEN 
‘INTEGER .COMPNTiTITLE 

C
18 WRITE(6#19)
19 FORMAT( 1I '/////SfSXiSOI * e*)/)# 5X#18( 1 * 1 )#1 C H E S S  ',!Si'*')/

I 2(5X#50(1»I)/),5Xi«»»»1#T53#•»o»«/5X#U »,I#T20#'UNIVERSITY OF H O U ^  
2STCN'#T53#I.6«1/5X#1»«a'#T53#'6o««/5X#«»6, CHEMICAL ENGINEERING ^ 
STIMULATION SYSTEM ■ •.«V S X i '6«» V  T5 - 3 # * V2(5Xi5C('*')/)#5x#
4 I E ( V ) I '  C H E S S  'i!9('a')/2(5X#50('«')/))

C
CwPRINT PROCESS MATRIX HEADING# THEN PROCESS MATRIX 

WRITE( 6 # 22 ) TITLE
22 FORMAT( 'I 1#20A4//18X»'' 'PROCESS VECTORS'«V/i »,*,*, EQUIPMENT e»6 
• I b»*'#13X#'STREAM NUMBERS'/' NUMBER SUBROUTINE NAME' )

CO 24 I»l,NEMAX 
IF (KPM(11 I ),LE,0) GO TO 24
WRITEt 6 # 26 ) KPMtli I)#NAME(I)#NEXEQN(I)i(KPM(J#I)#J = 2#N2MAX)

24 CONTINUE
26 FORMAT(/15#7X#A4#5X#A4#6X#9I5)

C » i
CvvWRITE STREAM AND EQUIPMENTS CONNECTION

WRITEt 6 # 27 ) TITLE
27 FGRMATt'I «#20A4//23X#'«'STREAM CONNECTIONS''V/22X#'STREAM'MX#'EG

1LIPMENTV30X#'FROM TO ' )
CO 28 I=1#NSMAX

Figure 21



IF(KSEM(lin«EQ.O) GO TO 28 
KR ITE ( 6,29) ( KSEM < J, I ) , J=>1,3 )

28 CONTINUE
'29 FORMAT(/20X,16,217)

WRI TE(6,30 ) 'TI TIE,NOCOMP,NE2MAX,NESMAXi(COMPNT(I),I = IiNOCOMP)
■30 FORMAT( 'I ‘,2CA4//12X, 1 1 'OTHER -SYSTEM VARIABLES' '«//

I' NUMBER OF C O M P O N E N T S T 4 S , 14//» NUMBER OF ITEMS IN RECYCLE LlSTI 
' ' 2KE2)«,T45,I4/' NUMBER OF ITEMS IN RECYCLE LIST IKE3 ) ',T45,14//

3' COMPONENT NUMBERS USED'»T42,I2,9ilH,iIg)/tT41,lO(lHi,12)))
C

1=2
IF(NE2MAX«NE»0) WRITE! 6,40) I, IKE2I J ),J = I,NE2MAX)
1=3
IFINESMAX4NEiO) WRITE! 6,40) I#I KES I J ),J = I,NE3MAX)

. IF I N E 4 M A X 4 N E « O ) WRITEI 6,41) I KE4 I J ) , J = I , NE4MAX )
■ 41 FORMAT I'OSTREAMS USED IN CONVo ROUTINE IKE4)',T42,12,S 11H,,12)/IT41

I,10 I IHi,12) ) )
40 FORMAT! ' ORECYCLE LIST KE ‘ , 11 i T42i.I2,9 I IN, , 12 ) / 1 T41, IC I lH, , 12 ) ) I 

C .
WRITE! 6,42) DERROR, LOOPS

42 FORMAT I'OTOLERANCE, 1»DERROR "  »,18X,FlO44//' MAX* LOCPS IN RECYCLE 
I CALCo ' , T4S, 14 I
RETURN "  •

' END

Figure 21 (contd.)
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CONMCN/SYSAA/ TITLE ( 20 ) j COMPNT.t 20 ) J KOMNAM ( 80 )
COHMON/SYSA/ KPM(I 50)»KSEM(3;IOO)#N3MAX 
COMHON/SYSB/ KE1(50)#NE1MAX»KE2(50)»NE2MAX#KE3(5C)#NE3MAX 
COMMON/SYSB/ KE4(IO )#NE4MAX»KRET^KRET2#KRET3 
COMMONVSYSC/ LIMIT,LIMITS,LIMIT3;L00P,LOOPS
COMMON/SYSD/ KEFLAG(50 I,KSFLAG(100)#KTRACE,DERROR#NPFREQ,!PUNCH 
COMMON/EQPA/ EGPAR(25,50 ),NEMAX#MAXEGP 
COMMON/EGPB/ NECALL(50 ),NEXEQN(50 ),NAME(50)
COMMON/STMA/ SEXTSV<23,100 I,SINTSV(IC#lOC)#NSMAX>MAXSEX,MAXSIN 
CCMMCN/CCNTL/NIN,NOUT,NOCOMP,NE,NEN 

C
NAMELIST/FLLIST/ KEFLAG,KSFlAG
IFdPUNCHoGE*!) GO TO 61. <
KRETg=O '
SAVES =NESMAX 
SAVES =NESMAX 

C
C FEED STREAM FLAGS ARE ( M d  UNUSED EQUIP* AND STREAM ARE (°1),
C UNKNOWN STREAMS ARE (O) AS ARE EQUIP. NOT COMPUTED.
C KES IS 'Mt IF ANY EQUIPMENT IS CALCULATED IN KPM SCAN IN SUBSET, 

CALL SCAN
21 KES=O 

LOOP = O
C START PROCESS MATRIX SCAN COLUMN BY COLUMN 
C

22 C O '24 12=1,NEMAX 
NE = K P M M , 12)
IF(NE) 24,24,26

26 IF(KEFLAGtNE)»NE»0) GO TO 24

Figure 22
SUBROUTINE SUBSET

START SCAN OF COLUMN OF UNCALC'D EQUIP« LOOK AT SIGN CF STREAM
_____ 27 CO 42 I=2,N3MAX
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Figure 22 (contd.)

CHECK SIGN CF..STREAM IN PROCESS MATRIX

28 IF(KPM(I ,12)) 44,42,29

IF STREAM IS INPUT SEE IF IT IS KNOWN* IF NOT GO TO NEXT EQUIPMENT*

29 Ie=KPMII ,12)
40 IF(KSFLAGlie) «LE«0) GO TO .24 - 
42 CONTINUE
OUTPUT STREAM REACHED WITH INPUTS KNOWN >

CALL OUT SUBROUTINE OF EQUIPMENT «NE'» CALC* OUTPUT STREAMS 
44 CALL EQUIP 

CALL EQCALL 
CALL REGUIP

46 KES=I
47 KEFLAGlNE)=!
SET OUTPUT STREAM FLAGS FROM O .TO I

48 CO 50 I7=2,N3MAX 
IS-KPMt 17,12)
IFt 18•G E « O } GO TO 50
18— 18
KSFLa G(IS)=I 

50 CONTINUE 
24 CONTINUE
THIS COMPLETES A SCAN OF PROCESS MATRIX COLUMN BY COLUMN 

IF KES IS I RESCAN PROCESS MATRIX

IF KES IS 0, SEE IF ALL. EQUIP* HAS BEEN CALC* IF NOT GO TO RCYCLE 
55 IF(KES»GT*0) GO TO 21 

C
C ' ARE ALL EQUIP* KNOWN? IF NOT GO TO RCYCLE



Figure 22 (contd.)
CO 58 I9=1jNEMAX
IF(KEFlAG <IS)•NE «0) GO TO 58
IF (!PUNCH•LT « O ,AND, KRET2«E0«0) WRI TE I 7jFLL IST)

c START t r i a l & e r r o r c a l c u l a t i o n  of r e c y c l e  s t r e a m s , 
c

61 CALL RCYCLE 
C
C IF K R E T 2 IS 2j .EQUIP* LIST FOR RECYCLE C A LG» NOT AVAIL* IN lRCYcLE 

IF(KRET2•NE « 2) GO TO 21 
GO TO 67 

58 CONTINUE 
C
C ’SUBSET I LOOP COMPLETE*

67 NE2MAX=SAVE2 
'NE3 M AX = SAVEG 
RETURN 
END



O
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O
O
 

O
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COMMCNZSYSA/ KPM IIO*50)* KSEM(3>100>*N3MAX
COMMON/SYSD/ KEFLAG(50IiKSFLAG(100IiKTRACEiDERRORiNPFREQi!PUNCH 
COMMCN/EGPA/ EQP AR (25'i 50 Ii NEMAXi MAXEQP
COMMON/STMA/. SEXTSV (23i 100 Ii SlNTSVdOi 100 IiNSMAXi MAXSEXi MAXS IN 
CO 8 I =IiNSMAX 
IFlSEXTSVdiI I I Bi 5i 3 

3 IF(SINTSV(2iI 1=1*1 7i6i7

FLAG UNUSED STREAM NUMBERS AS =1 ■
5 KSFLAGII I==I 

GO TC 8

FLAG FEED STREAMS EQUAL TO I
6 KSFLAGil )= I 

GO TO 8

FLAG PRODUCT AND INTERMEDIATE STREAMS EQUAL TO O 
1 KSFLAGII I= O 
8 CONTINUE

CO, 9 I =IiNEMAX

C FLAG UNUSED EQUIPMENT NUMBERS AS =Ii OTHERS AS O 
KEFLAGIII=O
IFIKPMIliI I oGT* O I GO TO 9
KEFLAGI I I = =1 - -

S CONTINUE 
RETURN 
END

Figure 23
SUBROUTINE SCAN



SUBROUTINE RCYCLE
COKMON/SYSAZ KPM(10»50)»KSEM(3#IOO)jNShAX 
C0MM0N/SYS8/ KEl(50)»NElMAX»KE2(50)»NE2MAX»KE3(50>»NE3MAX 
COMMONVSYSB/ KE4(IO >»NE4MAX»KRET»KRET2^KRET3 
COMMON/SYSC/. LIMIT,LIMITS,LIMITS,LOOP,LOOPS
COMMON.ZSYSDZ KEFLAG ( 50 ), KSFLAG (100 I , KTRACE, DERROR, NPFREQ, !PUNCH 
COMMCNZCCn TLZNIN,NOUT,NOCOMP,NE,NEN 
COMMONZEQPAZ EQPAR(25»50),NEMAX,MAXEOP
COMMCNZSTMAZ SEXtSV(23»100)»SINTSV(10,100)»NSMAX,MAXSEX,MAXSIN 
INTEGER LKE2Z«KES«1Z»LKESZ•KE3» «Z
IF ( NE2M AX 4 EQ « 0) GO TO .4 
CO 2 I=1»NE2KAX 

'2 KEl I I ) *KE2'( I )
NE1MAX=NE2MAX
NEEMa X=O
NR I TE( 6,3) LKE2

3 FGRMATt ' I **<-v*BEG IN TRIAL AND ERROR RECYCLE CALCULATIONS WITH EQUI 
IPMENT LIST I»A4 >
GO TO 10

... A  IF(NE3MAX «EQ4 QJ GO TO 8 .
CO 5 I-I,NE3MAX 

5 KEl(I )=KE3(I)
NE1MAX=NE3MAX
NE3MAX=0
WRITEi 6,3) LKE3 
GD TO 10

8 WRITEi 6,9)
9 FGRMATi 1 WtRECYCLE COMPUTATION REQUIRED BUT EQUIP * LIST WAS NCT 
I SUPPLIED*****1 )
KRETgeg '
RETURN 

10 LCOP=I 
C

35 LIMITg=O

Figure 24
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'kRlTE(6#36)L00P
■36 FORMAT! *0«a« BEGIN » 1 LOOP *#14*1• • a.a M  

«I 1 IS COUNTING INDEX FOR KEl

DO 86 IelfNElMAX 
37 NE=KEl(I)

CALL EQUIP 
CALL EQCALL 
CALL TEST 
CALL REQUIP

IF LIMIT IS ZERO* CONVERGENCE OBTAINED FOR EQUIP* K E K  I)
NUMBER OF ITEMS EXCEEDING DERROR IS VALUE OF LIMIT 

IF(LIMIT) 86,86,68 
68 LIMItS=LIMIT2tl 
.86 CONTINUE
87 IF (LIMIT2*GT *0) GO TO 1.13 

CONVERGENCE OBTAINED IF LIMITS IS ZERO 

GO TO 13

CHECK NUMBER OF LOOPS THRU KEl

113 IF(LoOPS=LGOPaLEiO)' GO TO 116 
IF(NPFREQ »EQ * O I GO TO 115 
IF (LOOP/NPFREQvNPFREQaEQeLOOP) CALL PTPRNT

115 LOOP=LOCP+1 
C GO THRU KEl LIST AGAIN 
C

GO TC 35
C MAXIMUM NUMBER OF LOOPS TRIED WITHOUT CONVERGING*
C

116 WRITE( 6,117)
117 FORMAT('OvvvvvEQUIPMENT CALCULATION LOOP DID NOT CONVERGE, CQMPUTA

Figure 24 (eontd.)



Figure 24 (contd.)

ITICNS WILL CONTINUE «<)

13 CO 14 I = U N E I M A x 
K=KEl(I)
KEFLAG(K)=I
CO 12 JaSiNSMAX 
L=KPM(UiK)
IF(L) Ili14,12

11 L=aL
IF(KSFLAGtL)eEQtO) KSFLAG(L)=I

12 CONTINUE
14 CONTINUE 

WRITEt 6,16)
16 FORMAT('0v*»*% END OF RECYCLE CALCULATIONS'/////) 

KRETE=I 
RETURN 
END



SUBROUTINE- EQUIP
COMMON/SYSA/ KPM H O # 50)#KSEM(3>100);N3MAX
COMMON/STMa / SEXTSV<23/100)j SINTSV I ICj 100)aNSMAX*MAXSEXjMAXSIN 
CCMMON/CONTL/NINjNOUTjNOCOMPjNEj n EN 
COMMON/STRMIN/SINUM(8j10)jSI C NSKIC j B )j SIM0LE(8)J 

1SIC0MP(11j8)j SIKV(10j8)
CCMMON/STMOUT/SONUM(8jlO') JSOCNSK 10j 8 Jj SOMOLE < 8) j 

ISOCOMP 111»8Ij SOKV<10#8)
■ C '2' ENTRY POINTSi EQUIP S REQUIP

DIMENSION SIIDUM(8#10) jSOIDUMf8,10)
EQUIVALENCE (SINUMj SIIDUM Ij (SONUMjSO IDUM I 
K *1 
U  =1
DO .20 L2-2jN3MAX L 3 = K P M ( L S j N E )

C L3 IS THE STREAM. NUMBER OF KPMsiCOLUMN (NE )
C

21 IF(LS) 24#23j22 
C

. C SET INPUT STREAMS IN COMMON/STRMIN/
22 DO 25 I =IjNOCOMP
25 SICOMP ( IjK ) =SEXTSVf I-HEjLS)

SIMOLE(K)=SEXTSVt12jL 3 I 
DO SI I=Ij IO

51' SICNST (Ij K) = SEXTSV ( I + 1jL3)
DO 27 I =IjMAXSIN

27 SIIDUMfK #I )=S2NTSV(I jL3)
28 K =K +1 

GG TC 20
24 M N  = K “1

C M N  = NUMBER CF INPUT STREAMS 
C
C SET OUTPUT STREAMS IN COMMON/STMOUT/

30 L 3 » " L 3

Figure 25



CO 53 1=1,10
53 SOCNSTI I, J I=SEXTSV ( 1-6-1,13 >

DO 32 I =1,NOCOMP 
32 S0C0MPII,J)“SEXTSVI1+12,L3) 

SOMOLE( J)=SEXTSV 112,L3)
CO 34 I =1,MAXSIN "

34 SOIDUM I J ' ,I I=SINTSVII ,L3)
35 !J =J +1
20 CONTINUE ■
23 NOUT=J =1

C NOUT = NUMBER OF OUTPUT STREAMS 
RETURN

Figure 25 (contd.)

N



C REQUIP **V
C SET CALCd OUTPUT STREAM VALUES 
C

ENTRY REQUIP 
CO 39 I =1 * NCUT 
J =SOIDUMI I t U  ♦ «01 
CO 55 K = I H O

55 SEXTSVIK+1,JI=SOCNSflKiI)
CO 41 K =IiNOCOMP 
SEXTSVIlSiJI=SOMOLEI I I 

41 SEXTSVlK-Hgi Jl=SOCOMPIKiI I 
CO 43 K =IiMAXSIN

43 SINTSVI K iJ I=SOIDUmi I i K 
39 CONTINUE

CO 46 I=IiNIN 
K = SIIDUM(Iil I + «01 
CO 57 J=IilO

57 SEXTSV I JtliKI=SICNST I Ji I I 
CO 44 J=IiNOCOMP

44 SEXTSV I JtlBiKI=SICOMPIJi I I 
SEXTSV(IBiK)=SIMOLEI I I
CO 45 -J = IiMAXSlN

45 SINTSV I JiKI=SIIDUMIIiJI
46 CONTINUE 

RETURN 
END

Figure 26

IN SEXTSV S SINTSV



Figure 2?
SUBROUTINE EQCALL
COKKON/SYSD/ KEFLAG(50)#KSFLAG(IOO)#K7RACE#DERROR>NPFREQ#!PUNCH' 
CONNON/EQPB/ NECALL(50)#NEXEQNi50)#NAME< 50)
CCMMCN/CCNTL/NIN#NOUT#NOCOMP#NE#NEN
COMMON/STRM IN/SINUM{B#10)#SlCNST<10#8)#siMOLE(S)#

ISICOMP(11#8I#SIKV(10#8)
NAMELIST/DATA IN/ s i n u m #s i v p f r #s i t e m p #s i p r e s #s i e n t h #s i m c l e #s i c o m p
IF(KTRACE»GT. C I WRITE I 6,60) NE# NAME(NE)
IF I KTRACE .EQe 2 ) WRITE(6#DATAIN)

60 FORMAT( * ONOW CALLING EQUIPMENT'#14#' «''',44#' + '.') 
NEGUiP=NECALL(NE)
GO TO (1#2#3#4#5#6#7#8#9#10#11#12#13#14#15#16#17#18#19#2C#21,22, 

I 23#24#25#26#27#28#29#30)#NEQUIP
1 CALL ROST 

RETURN
2 CALL SCRN 

RETURN
3 CALL MIXR
v r e t u r n
4 CALL GRND 

RETURN
5 CALL PREP 

RETURN
6 CALL LECH 

RETURN
7 CALL FLUE 

RETURN
8 CALL FLTR 

RETURN
9 CALL SETL 

RETURN '
10 CALL CLAS 

RETURN
11 CALL RLTS ------

MAN

£



Figure 2? (contd.)
RETURN-

12 CALL ELET 
RETURN

13 CALL AMIX 
RETURN '

14 CONTINUE 
. 15 CONTINUE

16 CONTINUE
17 CONTINUE
18 CONTINUE.

■ ' 19 CONTINUE '
20 CONTINUE
21 CONTINUE
22 CONTINUE
23 CONTINUE
24 CONTINUE
25 CONTINUE
26 CONTINUE
27 CONTINUE
28 CONTINUE
29 CONTINUE
30 CONTINUE 

RETURN 
END
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SUBROUTINE TEST
COP.MCN/SYSB/ KEl (50),NE1MAX,KE2( 50 ),NE2MAX,KE3(50),NESMAX 
COMNON/SYSB/ KEA(IO) >NE4MAX,KRET,KRET2,KRET3 
COMMCNVSYSC/ LIMIT,LIMIT2,LIMITS,LOOP,LOOPS
COMMCNVSYSD/ KEFLAQ ( EO ), KSFLAG (100 ),KTRACE,DERROR, N'P FREQ, !PUNCH 
COMMON/CONTL/NIN,NOUT,NOCOMP,NE, NEN
COMMON/STMA/ SEXTSV(23,IOO > #SINTSV(1C,IOO),NSMAX,MAXSEX,MAXSIN 
COMMON/STMOUT/SONUM(8,10),SOCNST(10,8),SOMOLE(8), 

1SOCOMP(11,8),SOKV(10,8)
C I MENS I ON SOIDU M. (8,10)
EQUIVALENCE (SONUM,SO IDUM)
LOGICAL FLAG,FFLAG

Figure 28

R E A L  S A V E X t  1C, 2 0 . ) / 2 0 0 * 0 » / , S A V E F l  1 0 , 2 0  ) / 2 0 0 * 0  V  ‘
REAL SAVEQdO,20/200*1»/

. LIMIT=C 
LIMITS=O .
I = I

20 J = SOIDUM ( 1 , 0 + 0 * 0 1

J IS OUTPUT STREAM NUMBER OF EQUIP*(NE)
USE 'DERRCR * TO CHECK OUTPUT STREAM VALUES AGAINST »SEXTSV»,‘SINTSV'*

TM0LE=SEXTSV(12,J)
IF(ABStTMOLE)«LT»1»E°20) GO TO 21
IF ( ABS ( ( TMOLEe5SOMOLE ( I ) ) /TMOLE ) »GT * DERROR > LIMIT3 = L IM IT3 + 1 
GO TO 22

21 IF(A6S(SCM0LE(I) )»GT»DERROR) LIMIT3 = LIM IT3 + 1 
CO TO 22

24 CONTINUE x 
K = 3
SINK=SINTSVfK,J)
IF(ABSfSINK)»LT»1«E°20) GO TO 25



Figure"28 (contd,).
I F ( A B S ( ( S I N K  = S 0 I D U M ( I , K ) )/ S I N K )eQ T «D E R R O R ) L I M I T S  = L I M IT3 + 1 
GO TO 26

25 IF(ABS(SClDUM(IfK))oGTdDER'ROR) L IM I TS = L IM IT3 + 1
26 CONTINUE

IF(LIMITSoLEoO) GO TO 28
C IF(KTRACE «GT• C ) WRlTE(6f30) LOOPfJfNEf LIMITS

LIMIT3 = 0 
LIMIT = LIMITf-I

.28 IF ( I d GE • NOUT ) RETURN 
1 = 1 + 1 
CO TC 20

30 FORMAT!'OIN LOOP NUMBER'# H f  1 CF THE TRIAL 5 ERROR ITERATIVE CALCU 
ILATIONSf'/ ' OUTPUT STREAM NUMBER'fI5f1 OF EQUIPMENT NUMBER•fI4f 
2- 1 HAS 1f 14f 1 STREAM VALUES WHICH EZCEED THE CONVERGENCE LIMITS*')

C WEGSTElN'S ITERATIVE METHOD
22 LINIT4=0 £

FLAG= «FALSE« ^
FFLAQ=6FALSE«

C»'d« TEST PERMISSIBLE STREAM NUMBERS o,, O < N E 4 M A X o LE« 10 
IF(NE4M.AX«LE»0 ,OR, NE4MAX. GT = 10 ) GO TO 42 .
CO 40 IK = If NE4MAX 
IF(IK-GTdlO) GO TO 42 
IF(J »EG d KE4(IK)) GO TO 41

40 CONTINUE 
GO TO 42

41 FLAG= o TRUE d
42 CO 55 K=IfNOCOMP 

SOCGKeSQCOMP(KfI)
COMPK=SEXTSV(K+I2fJ )
IF(ABS(COMPK)»LT« 1,5=20) GO TO 2?
IF(ABS((COMPKnSOCOM )/COMPK),LT»DERRCR) GO TO 43
GO TO 47

27 IF (ABS(SCCOM )« GT,DERRCR ) GO TO 47
43 IF ('NCTaFLAG) GO TO 55



Figure 28 (contde)
Ceoe NCK TEST LOOP COUNTER AND BRANCH FOR I, 2 & oGE»3 

IF(LOOP=S) 44,45,46
44 SAVEX(IK,KI=SOCOM 

GO TO 55
45 SAVEF(IK,KI=SOCOM 

GO TC 55
46 SAVEX(IKfK)=COMPK 

SAVEF(IK,K)=SOCOM 
.GO TO 55

' 47 LINIT4=LINIT4+1
IF(LC0P»LTe3) GO TO 43 
IF («NCT o FLAG I GO TO 55

Ce«» CALCULATE WEGSTEIN'S COEFFICIENTS * PHI 5 C «•e 
GOLD=SAVEO(IKfK)
PHI=(CCMPK»SAVEX(IK,K))/(SOCOM ‘ =SAVEF(IKfK))
IF(Ie=PHI) 48,50,48

■ " 4g G = I o/( Ie=PHI.) , -----  --------------------
IF(QeLTeQeOO)GO TO 52 
IF(KTRACEeQTeO) WRITE!6,49) J,I,G

49 F O R M A T ( ' C W E G S T E I N / T E S T S  S T R E A M ' , 14 , ' “ ' , 1 3 , 5 X , »Q = »,F l C e3)
■ - G = I e E = I O

GO TO 53
50 IF(KTRACE«GT.O) WRITE!6,51 ) J,I,PHI
51 FORMAT! 1OWEGSTEIN/TESTI STREAM',14,• = f,13,5X,•PHI = «,E15»5>

GO TO 46
52 IF(QeGTeaiQeO) GO TO 53 

IF(KTRACEeQTeO) WRITE!6,49) J,I,Q 
G==10*0

53 X2=QvCGMPK+(Ie=Q)VSOCOM
IF(KTRACEeQTeO) WRI TE(6,36) J,K,COMPK,SOCOM,X2,Q,SAVEX(IK,K>,

° v SAVEF(IKiK)
36 FORMAT( 1CSTREAM«,14,‘ ,13,5X,VX=»,E13 s5,5X, 1F=«,El3»5,5X, VXNEW=1, 

I E13*5,5X,'Q=',FlOeQ/ 16X,'SAVEX=',El3»5,' SAVEF=',El3•5) 
IF(XSeLEeCe) XS=SOCOM/2e

148 |



Figure 28 (contd.)
FfrLAQ= * t r u e »
I F ( G * Q O L D » L T t O «  «O R «L O O P «E Q «3) GO TO 54
IF( ( X 2a C CMPK,) v ( SAVEFi IK# K > =COMPK ) »LE«C« ) GO TO 54
SCCOKPdO I)=COMPK
GO TO 37

54 SCCOMPdO I )-XE
37 GAVE*(IK,Kf=COMPK 

SAVEF(IK,KI=SOCCM 
SAVEQ(IK,KI=Q

55 CONTINUE '
56 LIKIT3»LIKIT3+LIMIT4 

IF(FLAGoANDeFFLAG) GO TO 57 
CO TC 24

57 TMOLE=Ce
CO 58 K=l,NQCOMP

58 TMCLE=TMOLE+SOCOMP(K,I) jr
IF(KTRACEeGTeO) WRITE(6,59) J,SOMOLE(I),TMOLE

59 FORMAT('OSTREAM ",14,' OLD AND NEW T - M O L E S a 2F15*5)
SOMOLEt I ) =TMOLE
CO TC 24 

■ END



Figure 29
SUBROUTINE TRANSF(I#LTHjKFLAGiNl#SV#N2*N3iAiL) ^AN

C
CwTHIS SUBROUTINE TRANSFERS DATA FROM TWO DIMENSIONAL ARRAY SV(N2,N3)
C w  TO A ONE DIMENSIONAL A (I•) <> « . A ( 5 > FOR Fr INT = OUT •

DIMENSION KFLAG(Ni )# SV(N2/N3)t A(5)
CO 5 K= I# LTH 
K I = K ® I-PI 
KS=KFLAG(K)

5 AlKl ) 8 S V (L j K 2)
RETURN

CwTHIS PORTION FOR INTEGER AND LITERAL ARRAYS 
ENTRY -TRANSK (I#LTH#KFLOGj NI/IVj IA )
DIMENSION KFLCGl NI )j IV(NI)j IA(S)
CO 7 K=IjLTH
Kl = K=I + ! 1 i-1
KS=KFLCG(K) o

7 IA(Kl)=IV(KS) 
r e t u r n
END



Figure JO
SUBROUTINE TPRlNT
COMMCNVSYSA/ KPM 110*50)#KSEM(3/IQOj#N3MAX 
COMMON/SYSAA/ T I TLE(20)* COMPNT(20)* KOMNAM(80)
COMMCNVSYSB/ KEl(50)»NElMAX#KEg(50i*NE2MAX#KE3(50)* N E 3 M A X 

KE4(10)*NE4MAX*KRET*KRET2*KRET3 
LIMIT*LIMIT2*LIMITS*LOOP*LOOPS
K E F L A G (S O )*K S F L A G ( 1 0 0 ) * K T R A C E * D E R R O R  * N P F R E G i  I P U N C H  E G P A R ( 2 5 * 5 0 ) * N E M A X * M A X E G P  
N E C A L L < 5 0 ) * N E X E Q N { 5 0 ) < N A M E (50)
SEXTSV ( 23» 100 )*SlN.TSVf 10* 100)* NSMAX* MAXSEX* MAXSlN 

COMMCN/CCNTLZN IN*NOUT*NOCOMP*NE*NEN 
INTEGER COMPNTiPFLAG(IOO) * TITLE

COMMCNVSYSB/ 
COMMCN/SYSC/ 
COMMON/SYSD/ 
COMMONVEOPA/ 
CCMMON/EQPB/ 
COKMONZSTMA/

C
THIS PORTION WAS TO PRODUCE RELOAD DECK*,*''TEMPORARILY DELETED? 

C
RETURN

C
C * >,t q  * * BIPRNT' vvvv*
C 1

ENTRY BIPRNT
C » «.• COMMON AREA PUNCH D E L E T E D " "

INTEGER FHDG(4)/1 FINAL RESULTS'*//'/
INTEGER HDNG(16)/'(I Hl *3X*15H« «F INA «* «L RESULTS'«//13X*'*'20A4//32 

1X*16H‘*ST'*'REAM SUMMARY'')'/
INTEGER HDG( IO)/'(IHI*3X*15H'1FINA'*'L RESULTS'«//13X* «* «2CA4//)'/ 

C -  
CO. 5 1 = 1*4 
H D N G ( I + 3 ) = F H D G ( I )

5 HCG ( 143 )=FHDG(Ii 
GO TO 10 

C
pTppMY *****

C

M-VtH-



Figure JO (contd.)
ENTRY PTPRNT
DIMENSION IPNT(5),JPNT(5),RPNT(5)
INTEGER IHDG(4!/'INPUT DATA'1 //'/
INTEGER LABEL(32 I/'VAPOR FRACTIONTEMPERATURE# R «#‘PRESSURE# PSI 

IA'#'ENTHALPY# BTU ' t ' VISCOSITY# P F H S 1Ki BTU-aFT-aHRiaF S  1Z = FACToRt LI 
.SG o S  « Z=aFACTQR^ VAP*'/
DO 7 I»l#4 
hDNGI1*3 I=IHDGI I)

7 HDG (1 + 3 J = IHDGI I )
IC URITE I 6iHCNG ) TITLE 

U = O
DO 12 I = I# NSMAX
IFISEXTSVIl#I J 6EQ»0») GO TO 12 
'U = J-H 
PFLAG(J)=I 

12 CONTINUE
DC 24 1=1#J#5 
LTH=I+4
IF ILTHAGT*JJ LTH = J
kRlTEI 6# 14) I PFLAG I K )# K= I# LTH)

14 FORMAT I'OSTREAM NUMBER SSII9#5X))
C

DO 15 K = S L T H  
KPNT=K=I+!
MPNT= PFLAG(K)
IPNTIKPNT)=KSEM I 2*MPNT)

15 -JPNT I KPNT ) =KSEM I 3# MPNT )
LTHP=LTH=I+!
WRITE! 6# 16 ) I IPNTIK S  JPNTIKS K = SLTHP)

16 FORMAT!'CEQUIP* CONXION S5ISH FR #I2#4H TO #I2#1X))
IS FORMAT I 1 S4A4# T16#5F14.4)

WRITE! 6# 20 )
20 FORMAT! ,0S40X# 'COMPOSITION# LB«=MOLES/HOUR < / >



NCC0P2 = NOCOMP + 2 
DO 22 L ■■= N0C0P2
'CALL TRANSFI I,LTH, PFLAG,ICOjSEXTSV*23>100jRPNT#L > 
Kl = 4*L=11 
K2=Kl+3

22 NRITEI 6 #15) I KOMNAM I K ) # K = Kl > K2 ) # IRPNT(K)^Ki=IZLTHP) 
CALL TRANSFI I,LTH# PFLAG#100#SEXTSV#23^100#RPNT>3) 
NRITEI 6 # 23 ) I RPNT I K )#K = i#LTHP)

'23 FORMAT I '0'#5X#'TOTAL'#SFl4.4)
24 NRITEI . 6 # 26)
26 FORMAT I////// )

RETURN
END

Figure 30 (contd.)



Supporting Subroutine Printouts



Figure 31

:  ■■ ■ i

SUBROUTINE ROST
COMMON/SYSD/KEFLAGt'SO) ,KSFLAG(IOO) , KTRACE, DERROR ,NP FREQ , !PUNCH MAN

. COMMON/EQPAZ EQPAR(25,50), NEMAXtMAXEQP 
COMMON/CONTL/N IN t-NOUT, NOCOMP,NE,NEN 
COMMON/STRM IN/SINUMt 8,10) ,SiCNSTt10,8) ,SIMOLE(S),
IS I COMP(11,8)* SIKV(10,8)
COMMON/STMOUT/SONUM(8,10),SOCNST(IO ,8),SOMOLE(S),
ISOCOMP(11,8),SOKV(10,8)
DIMENSION RM(5),AVC(S),SICPWT(11,8),SOCPWT(11,8),X (10),Y(IO)
WRITE (6,4)

4 FORMAT( 'I ROASTER ')
M=NOCOMP-I 
DO 13 J=IjNOUT 
DO 11 K=1,M- 

11 SOCPWT(KjJ)=O.
13 SOMOLE(J)=O. vJ!

KC=EQPAR(2,NE)+.I ^
DO 15 K = I,M
SICPWT(K,1)=SIC0MP(K,1)*S.I MOLE(I)

15 WRITE(6,501) K,SICPWT{K ,I)
501 FORMATt ' SICPWTt ',12,') = ' ,G14.7)

\ TWZNS=SICPWT(KC,I )/(I.-S ICNST(5,1))
WR ITE(6 ,5 02) TWZNS 

502 FORMATf' TWZNS = ',G14.7)
GVOL = EQPARt 3,NE )*(I./EQPAR(4,NE))*(EGPAR(5,NE)+460.)/492.*24.*60. 
CR=EGPARt 6,NE )^SQRT(GVOL)
WR ITE(6 ,600 ) CR

600 FORMAT('OCRITIOAL RADIUS = ',G14.7)
SOCOMP(NOCOMP,I )=GVOL/(24.*60.)*492-/(EQPAR(5,NE)+460.)
AR=SICNST(1,1)
BR=SICNSTt 2,I )
CC=SICNSTt3,I) 
XF=O..

19 XF=XF+.I



Figure 31 (contd,)
Q=XF/[l.-CC*XF)

„ • ROP=AR*BR**Q
IF(ROP.GE-CR) GO TO 21 
I F ( X F . GE . I . ) GO TO 20 

f GO TO 19
20 XF=I.

GO TO 25
21 XF=XF-.I
23 Q=XF/(1.-CC*XF)

ROP=AR*BR**Q 
IF (ROP.GE.CR) GO TO 25 

. XF=XF+.Ol 
GO TO 23

25 WRITE(6,338) XF 
338 FORMAT{* XF ',G14.7)

DO 33 J=I,2
IF(J.NE.l) GO TO 29
HF=EQPAR(7,NE)/GVOL+SICNST{4,1 )
DO 27 1=1,10 
P = I
X(I)=P*.!
XX=P *XF/10.
Q = XXZt l.-CC*XX)

, 27 Y(I)=AR*BR**Q
CALL LSC(X,Y,10,A,B,C)
GO TO 31

29 HT = EUPAR(8,NE)/(SIMOLEt I)*(l.-XF))+SI CNST(4,1 ) 
A=EQPAR(9,NE)*AR 
B = EQPAR(IO,N E )* B R 
C = EQPAR(11,N E)*CC 

31 SOCNSTI I,J )=A 
SOCNST(2,J)=B 
SOCNSTt 3,J )=C 
SOCNSTt 4,J )=HT



WRITE!6,342) A,B,C
WR I TE(6,503) SOONST(4,J)

503 FORMAT!« HT = ',014.7)
342 FORMAT!’ A = «,014.7,» B = *,G14.7,' C = «,GI4.7)

CALL CGNVT(A,B,C, SINUM! I ,3.) ,HT7AVC(J) )
WRITE(6,344) AVC(J)

344 FORMAT! ' AVC = ’ ,514.7)
33 SOCNST(S7J)=AVC(J)

511 DO 45 J = 1,2
IF!J.NE.I) GO TO 37 
XJ = XF 
GO TO 39 

37 XJ=I.-XF
39 DO 45 K=I7M <

L=K + 11
IF (K.NE.KC) GO TO 41
SOCPWT(KCyJ) = TWZNS*XJ*(1.-AVC(J))
WRITE!6»504) J ,TWZNS,XJ,SOCPWT(KC,J )

504 FORMAT(' J = ',12,' TWZNS = ',G14.7,' XJ = ',G14.7,'SOCPWT(KC ,J )
1= ',G14.7)
GO TO 45

41 SOCPWTtK,J)=(SICPWTIKyl)+EQPARlL,NE)*TWZNS*!AVC(J)-SICNST(5,I)))* 
IXJ
WRITE(6,505) SICPWT(K7I),EQPAR(L7NE),XJ

505 FORMAT(' SICPWT = ',G14.7,' EQPAR = ',G14.7,« XJ = ',G14.7)
WR ITE I 6 ,506) AVC ( J ) , S ICNST ( 5,1 ) , SOCPWT ( K ,..J )

506 FORMAT(' AVC = ’,314.7,' SICNST(S7I) = ',G14.7,' SOCPWT = ',G14.7) 
45 CONTINUE

DO 51 J=l,2 
DO 47 K=I7M
I F (SOCP WT(K7J).GT.0.) GO TO 47
SQCPWT(K7J)=0.

47 SUMOLE ( J ) =SOMOLE ('J )+SOCPWT ( K , J )
DO 49 K=IyM

Figure 31 (contd.)



49 SOCOMP IK,J )=SOCPWT IK,J)/SOMOLE(J)
DO 51 1=3,10

51 SONUM(J,IJ=SINUM(I,I)
WR I TE(6,6) SOCUMP(NUCOMP,!)

6 FORMAT!*0 GAS FLOW OVERHEAD (CFM) =. *,G14.7) 
OO 57 J = 1,2 
WR ITE(6,10) SONUM(JjI)

10 FORMAT( ' O STREAM NUMBER ',014,7)
DO 53 K= I,M

53 WRITE (6,12) K ,SOCOMP(K,J )
12 FORMAT!' WT FRACTION COMP ',12,' = «,G14.7) 

WRITE (6,14) SOMOLE(J)
14 FORMAT(' TOTAL STREAM WEIGHT = *,514.7)
57 WRITE (6,18) AVC(J)
18 FORMAK ' AVERAGE CONVERSION = ' ,G14,7) 

RETURN 
END

Figure 31 (contd.)
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SUBROUTINE SCRN
CGMMOiM/SYSD/KEFLAG (50) ,KSFLAG ( 100) , KTRACE , DERROR ,NPFREQ , !PUNCH 
COMMGN/EQPA/ EQPAR(25,50), NEMAX,MAXEQP 
C-OMMON/CONTL/N IN ,NOUTt NOCOMP, NE^NE N 
C0MM0N/STRMIN/SINUM(8,10) ,SI CNSt(10,8) ,SIMOLE(S),

■ ISICOMPt 11,6) ,SIKV(10,8)
COMMON/STMOUT/SONUM ( S, 10) , SOcM t (10,8) ,SOMOLE ( 8 ) ,

.ISOCOMP ( 11,8) ,.SOKV(IOtS)
DIMENSION R M (5),AVC(5) ,SICPWT(11,8) ,SOCPWT(11,8),X(IO)tY (10) 
WRITE (6,4)

4 FORMAT( • I SCREEN*)
M=NOCOMP-I 
DO 13 J=1,N0UT 
CO 11 K=1,M 

11 SOCPWT(K,J)=0.
13 SOMOLEtJ)=0.

KC=EQPAR(2,NE)+.l 
DO 15 K=1,M

15 SICPWT (K, D  = SIC OM P (K,l ) *S I MOLE (I )
TWZNS=SICPWTtKCt I )/(I.-SICNST(5,1 ) )
AR = SICNST t I,I)
BR=SICNST(2,1)
CC = S ICNST(3,I)
XF=O.

19 XF=XF+.I
Q=XF/(I.-CC^XF)
KOP=AR*BR**Q '
I F {ROP.GT.EQPAR(3,NE)) GO TO 23 
IF(XF.GE.I.) GO TO 21 
GO TO 19 

21 XF=I. ■
DO 61 K=1,M

61 SOCOMP(K,I)=SICOKPtK,I)
SOMOLE(I) = SIMOLEt I)

Figure 32



Figure 32 (contd,)
DO 63 J = I7Z ■
DO 63 1=3,10 

65 SONUMtJ7I ) = SINUm I7D  
DO 63 K=I7S

63 SOCNST(K7J)=SICNSI(K7I)
,GG TO 99 

23 XF=XF-.I 
25 Q=XF / ( I .-CC5--XF )

ROP=AR*BR**Q
IF(ROP.GE.EQPAR(3,NE)) GO TO 27 
XF=XF+.Ol 
GO TO 25 

27 DO 35 J=I7Z
SOCNST(4,JI=SlCNST(4, I)
WR ITE(6,503) S0CNST(4,J)

503 FORMAT! 1 HT = ’ ,G14.7.)
DO 33 I=I7IO 
X(I)=O.
Y( I ) = 0.
P = I
I F (J.NE.I ) GO TO 29 
XX=P *XF/10.
GO TO 31

. 29 XX=XF+(I.O-XF)/10»*P
31 X(I)=P*.!

Q=XX/(l.-CC*XX)
33 Y(I) =AR*8R**Q

CALL LSC(X7Y 7IO7A 7B 7C)
SOCNST(I7J)=A 

• -SGCNSTt Z7J )=8 
SOCNSTt3,J)=C 
WRITE(6,342) A 7B 7C

342 FORMAT ( ' A .= 1 7G14.77 ' B = ',GlA-T7' C = ',614.7) 
HT=S0CNST(4,J)
CALL CONVT(A7B 7C7SINUM(l,3),HT7AVC(J))



Figure 32 (contd.)
W R I T E(6,344) AVC(J)

344 FORMAT(' AVC = ',G14.7)
35 S0CNST15,J)=AVC(J)

00 45 J=l,2 
IF(J-NE-I) GO TO 37 
XJ=XF 
GO TO 39 

37 XJ=I.-XF 
39 CU 45 K=1,M 

L=K+3
IF(K-NE-KC) GO TO 41
.SOCPWT(KCrJ) = TVIZNS*XJ*(1.-AVC(J) )
GO TO 45

41 SOCPWT(KrJ) = (SICPWT (K, I) +EQP AR ( L , NE ) *T WZNS* ( AV C ( J )-S ICNST (Srl))')* 
IXJ

45 CONTINUE
DO 51 J=IrZ 
DO 47 K=IrM

47 SOMOLE(J )=SOMGLE I J )+SOCPWT(KrJ)
DO 49 K=1,M

49 SOCOMP(K,JI=SOCPWT(KrJ)/SOMOLE(J)
DO 51 1=3,10 

5l SONUM(J,I)=SINUM(I,I)
99 DO 57 J=l,2

WRITE(6,10) SONUM(Jrl)
10 FORMAT(1O STREAM NUMBER ’,014-7) - (

DO 53 K=1,M
53 WRITE (6,12) K,SOCOMP(K ,J )
12 FORMAT(’ WT FRACTION COMP ',12,' = ',G14.7)

WRITE (6,14) SOMOLE(J)
14 FORMAT(’ TOTAL STREAM WEIGHT = ’,614.7)
57 WRITE (6,'"18) AVC(J)
18 FORMAT(« AVERAGE CONVERSION = ',614.7)

RETURN
END

On •



SUBROUTINE GRND
C0MMON/SYSD/KEFLAG(50),KSFLAGt100) ,KTRACE,DERROR,NPFREQ,!PUNCH 
COMMQN/EQPA/ EQPAR(25,50), NEMAX,MAXEQP 
COMMON/CONTL/NIN,NOUT,NOCOMP,NE,NEN 
COMMON/STRM IN/SI NUM(8,10) ,SICNSTt10,8),SIMOLE(S),

ISICOMPt11,8)fSIKVl10,8)
COMMON/STMOUT/SONUM(8,10),SOCNST(10,8),SOMGLE(S) ,

ISO CO M P( 11,8),SOKVt10,8)
DIMENSION X(IO),Y(IO)
WR I TE(6,A )

4 FORMAT(* I BALLMILL’)
M=NOCOMP-I
AR=SICNST(1,1)
BR=SICNSTf2,I)
CC = SICNSTt 3,I)
DO 7 1=1,10 
X(I)=O.
Y (I)=0.
P=I
Z=P**I ■
Q=Z/(l.-CC*Z)
RM=AR*BR**Q
RN=(RM-EQPAR(2,NE))*EXP(-EQPAR(3,NE)/SI MOLEtl) )+EQPARt 2,NE) 
X(I)=Z 

7 Y(I )=RN
CALL LSC(X,Y»10,A,B,C)
SOCNSTt I, D = A  
SOCNSTt 2, D = S  
SOCNSTt3,I )=C 
WRITE(6,342) A,B,C

342 FORMAT(1 A = *,014.7,' B = ',614.7,» C = ',G14.7)
TLL=O.
UL=SICNSt (4,1)
CALL TGS(TLL,UL,S0CNST(5,I),SONUMt I,3),A,B,C,AHT)

Figure 33



59 SOCNSTt4,Ii=AHT
WRITE[6 T 503) SOCNST(4,I)

503 FORMAT!* HT = «,G14.7)
DU 13 K=1,M ;

13 SDCOMP (K, D=SICOMP(KtI) : 
SOMQLE(I)=SIMOLE(I)
DO 15 1=3,10 

15 SONUM(I,I)=SINUMC1,1)
WRITE(6,10) SONUM(I7I)

10 FORMAT( '0 STREAM NUMBER■ ' ,614.7)
DO 53 K=I7M

53 WRITE (6,12)' K7SOCOMP(K7I)
12 FORMAT( ' WT FRACTION COMP •1,12,' = ',G14.7) 

WRITE (6,14) SOMOLE(I)
14 FORMAT(' TOTAL STREAM WEIGHT ='«,014.7) 

RETURN
END '

Figure 33 (contd„)
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SUBROUTINE PREP
CUMMON/SYSD/KEFIA3(50),KSFLAG(100) , KTRACE,DERRORfNPFREQ,I PUNCH
COMMON/EQPA/ EGPAR(25,50), NEMAX7MAXEQP
COMMON/CONTLZNINfNOUT,NOCOMP,NE,NEN
COMMON/STRM IN/SI NUM(8,10),SICNST(IOfS),SIMOLE(S),

IS ICOMP(11,8),SI K V (10,8)
COMMON/STMOUT/SON UM(8,10),SOCNST(IOfS),SOMOLE(S),
ISOCQMP(11,8),SOKV(IOjs)
DIMENSION EFF(10),AVC(S),SICPWT(IlfS),SOCPWTf11,8),X (10),Y(IO) 
WRITE (6,4)

4 FORMAT!'I PRECIPITATOR')
„■ . M = NOCOMP-I

DO 13 J=IfNOUT 
. DO 11 K=IfM 

11 SOCPWT(KfJ)=Oo 
13 SOMOLE(J)=O.

KC=EQPARf2,NE)+.I 
DO 15 K=IfM

15 SlCPWT(KfI)=SICOMP(K,1)*SIMOLE(I)
TWZNS = S ICPWT(KCfI)/(I.-S ICNST(5,1))
AR=SICNST(IfI)
BR=SICNSt (2,1)
CC=SICNST(3,1)
SOCOMP(NOCOMP,I)=SI COMP(NQCOMP,I)
GVOL=SICOMP(NOCOMP,I)/60.*(EQPAR(3,NE)+460.)/492.
DO 17 J=IfIO 

17 EFF(J)=O.
TEFF=O.
Z=-.025 
DO 19 J = If 20 
Z=Z+.05 
Q=Z/(I.-CC*Z)
RM=AR*BR**Q
EFFZ=I.-EXP(-EQPAR(4,NE)*RM/GVOL)

....I__T£FF=JEFF + EFFZ*. 05............................ . ...........

Figure 34



I=(J-I)/2+1
19 EFFt I) = EFF(I)+£FFZ*.05 

DO 20 1=1,10
20 EFF { D = E F F d  )/.I 

DO 31 J=l,2
XF = O-
DO 25 1=1,10 
X(I)=O- 
Y ( I J=O.
P=I
Z=P*.I
Q=Z/(l.-CC*Z)
Y (I )=AR*BR**Q
IF(J-NE-I) GD TO 21
RX=.I*(I.-EFF(I))/(I.-TEFF)
GO TO 23

21 RX=.1*EFF(I )/TEFF 
23 XF=XF+RX
25 X( D = X F

CALL LSC(X,Y,10,A,B,C)
SOCNST(ItJ)=A 
SOCNST(2,J J = B 
SOCNST(BtJ)=C 
S0CNST(4,J ) = SICNST(4, I)
WRITE(6,503) SOCNST(4,J)

503 FORMAT( ' HT = 1 ,G14.7)
HT=SOCNSt (4 tJ )
WRITE(6,342) A tB tC

342 Fo r m a t (• a = 1 tGi4.?,' e = 1 ,G14.7,1 
CALL CONVTfAtBtC tSINUMil,31,HTtAVCIJ)) 

31 SOCNST(StJ)=AVC(J)
DO 49 J = It 2 •
IF(J.NE.l) GO TO 35
XJ=I--TEFF
GO TO 37

Figure 34 (contd.)
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Figure 3^ (contd.)
35 XJ=TEFF .
37 DO 43 K=ItM 

L = K+4
IFtK-ME.KO GO TO 39
SOCPWTt KCtJ )=Tv,ZNS*XJ*( I.-AVC (J) )
GO TO 43

39 SGCPWTtK,J)=<SICPhTlK,!)+EQPAR(L,NE)*TWZNS*{AVClJ)-SICNST(5tI)))*
IXJ

43 CONTINUE 
DO 45 K=ItM

45 SOMOL E t J V = SOMOLE(J )+SOCPWT(KtJ)
DO 47 K=ItM

47 SOCOMPtKtJ )=SOCPWT(KtJ)/SGMOLE(J)
DO 49 I = 3 t10

.49 SONUM(JjI)=SINUMt1,1)
DO 57 J = It 2 j*
WRITE (6,10) SONUM(JtI)

10 FORMAT!'0 STREAM NUMBER ',614.7)
DO 53 K=ItM

53 WRITE (6,12) K tSOCOMP(KtJ)
• 12 FORMATt ' WT FRACTION COMP 1 , 12, « = ' ,G14.7)

WRITE (6,14) SOMOLE(J)
• 14 FORMAT { ' TOTAL STREAM WEIGHT' = '',614.7)

57 WRITE (6,18) AVC(J)
18 FORMATt « AVERAGE CONVERSION = ',G14.7)

WRITE (6,26) TEFF *
26 FORMATt ' TOTAL EFF = ',014.7)

RETURN



Figure 35
SUBROUTINE AMIX
COMMON/SYSD/KEFLAU(50),KSFLAG(100)»KTRACE,DERROR,NPFREQ,I PUNCH 
CGMMON/EQPA/ EQPAR(25,50), NEMAX,MAXEQP 
CUMMON/CONTL/NIN,NOUT,NOCOMP,NE,NEN 
C0MMUN/STRMIN/SINUM(8,10),SICNST(10,8),SIMOLE(S),
IS I COMP(11,8),SIKV(10,8)
COMMON/STMOUT/SONUM(8,10) ,SOCNSTf10,8),SOMOLE(8) ,
1S0C0MP(11,8),SOKV(10,8)
DIMENSION SICPWT(11,8),SOCPWT(11,8)
W-RITE (6,4)

4 FORMAT('I LEACH SLURRY TANK')
SOMOLE(I)=O.
M=NOCOMP-I 
DO 11 J = 1,2 
DO 11 K=I,M

11 SICPWT(K,J)=SICOMP(K,J)*SI MOLE(J)
KCI=EQPAr (2,NE ) + .I 
KC2=EQPAR(3,NE)+.I 
KC3=EQPAR(4,NE)+.l 
KC4 = EQPAR(5,NE ) + , I 
NS = EQPAR(6,Nt ) + » I 
DO 13 K=IfN

13 SOCPWT(K,I J = SICPWT(K,I) + S ICPWT(K,2)
ZNO=SOCPWTt KCl,1)/81.38 
ACID=SOCPWT(KC2,I)/98.08 
FESO=SOCp WT(KC3,I)/399.9 
Xl=ACIDZZNO"
X2=FES0/ZN0
XS=X1+3.*X2
I F (XS.GE.(EQPAR(7,NE)+3.*EQPAR(8,NE))) GO TO 19
IF(X1.GE.EQPAR(7,NE)) GO TO 17
IF(X2.GE.EQPAR(S1NE)) GO TO 15
AREQ=ZNO^EQPAR(7,NE)*98.08
ANEED=AREQ-SOCPWT (KC2,1)



Figure 35 (contd.)
WRITE(6,400) ANEED

400 FORMAT!'0 TUNS/DAY MAKEUP ACID ADDED = *,014.7)
SUCPWT{KC2,I I=SOCPWT(KC2,I)+ANEED 
FcREQ=ZN0*EGPAK(8,NE)*399.9 
FEMR=FEREU-SOCPWT(KC3,I)
WR I TE(6,402) FEMR

402 FORMAT( * 0 TONS/DAY MAKEUP FE2(S04)3 ADDED = ’,014.7) 
S0CPWT(KC3,1)=S0CPWT(KC3,1)+FEMR 
GO TO 19

15 X1=EQPAR(7,NE ) + 3.*EQP'AR(8,NE)-3.*X2 
AREQ=ZNO*Xl*98.08 
ANEED=AREQ-SOCPWT{KC2,1)
WRITE(6,400) ANEED
S0CPWT(KC2,1)=SOCPWT(KC2,D+ANEED
GO TO 19

17 X2=(,EQPAR( 7,NE) + 3.*EQPAR ( 8 , NE )-Xl) / 3 .
FEREQ=ZNU*X2*399.9 
FEMR = FEREQ-SOCPWT(KC3 , I)
WRITE(6,402) FEMR 
SGCP WT(KC3,I)=SOCPWT IKC3,1 ) + FEMR 

19'WS=O-
DO 25 K=1,NS 

25 WS=WS+S0CPWT(K,1)
TW = O.
DO 27 K=I1M

27 TW=TW + SOCPWT(K1I)
WFS=WSZTW
I F'( WFS . LE . EQPAR.( 9 ,NE ) ) GO TO 29 
TWAW = WSZEQPARty1INE )
w a d d =t w a w -tw
WRITE(6,404) WADD

404 FORMAT(’O TONSZDAY MAKEUP WATER ADDED = ',014.7) 
SOCPWT(KC4,I)=S0CPWT(KC4,I)+WADD 

29 DO 31 K=I1K



31 SOMOLEt I I=SOMOLE(IHSOCPWT(K,I)
DO 33 K= I,M

33 SOCOMPt Kf D  = SOCPWTt Kf I ) /SOMOLE ( I ) 
DO 37 J=3,10 

37 SONUM(I,JI=SINUMt I,J)
DO 39 J=IfIO

39 SOCNSTtJt I)=SICNSTtJt I)
WRITE(6,10) SONUM(Itl)

10" FORMAT ( 1 O STREAM NUMBER ',614.7) 
DO 41 K=1,M

41 WRITE (6,12) K,S0C0MP(K,1)'
12 FORMATt * WT FRACTION COMP ',12, 
.59 WRITE(6,14)S0M0LE(1)
14 FORMATt' TOTAL STREAM WEIGHT = 

RETURN 
END

Figure 35 (contd.)
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SUBROUTINE LECH
COMMON/SYSD/KEFLAG(50) ,KSFLAG 1100),KTRACE,DERRCR,NPFREQ,!PUNCH 
CUMMON/EQPA/ EQPAR(25,50) , NEMAXtMAXEQP 
COMMON/CONTL/NINtNOUT,NOCOMPtNE,NEN 
COMMON/STRM IN/S INUM(8,10),SICNST(IOtS),SIMOLE(S)t 
ISICOMPt 11,8),SIKV(IOtS)
COMMON/STMOUT/SONUM(StIO),SOCNST(IOtS),SOMOLE(S),
ISOCOMP(11,8),SOKV(IOtS)
DIMENSION SICPWT(11,8),SOCPWT(IltS),Y(IO) ,X(10),XF[2),RES(2),CA(2) 
I, CF(2),R(2)
WRITE(6,4)

4 FORMAT(’I LEACH TANK')
M=NOCOMP-I
IF(EQPAR(StNE).GT.I.E-06)GO TO 7 
XA=Io
DO 3 K=ItM

3 SOCOMP(KtI)=SICOMP(KtI)
SOMOLE(I)=SIMOLE ( I)
DO 5 J=ItIO

5 SUCNST(JtI)=SICNST(JtI)
GO TO 99

7 DO 11 K=ItM
■ 11 SICPWT(KtI )=SI COMP(K 11)* SI MOLE(I)

AR = S ICNST(It I)
BR=SICNSTt 2,I)
CC = S ICNST(3,1)
XX=-.025 
RAI=O.
DO 13 1=1,20 
XX=XX+.05 
Q=XX/(l.rCC*XX)
RM=AR*BR**Q 

13 RA I = RAI + .05/RM 
RA=1.0/RAI 
KCl=EQPAR(ZtNE)+.I

Figure 36



Figure 36 (cohtd.)
KCZ=EQP AR{3»NE) + .I 
KC3=EQPAR(A,NE)+.l 
KC4=EQPAR(5,NE)+.l 
ZNOIN=SICPWKKCl,I)/81.38 
ACIDIN=SICPWT(K02,l)/98.08
fesoin=sicpwt(KC3 fi)/399.9
FEOHIN = S ICPWT(KC47I)/106. 89 
KC5=EQPAR(6,NE)+.l
Vq l =^ i m o l e (i >/e q p a r (7»n e )
CAO=Z.*ACI0IN/V0L 
•CF0=Z.*FES0IN/V0L 
IFtFEOHIN.LE.O.) GO TO 30 
EOC=CFD/(CA0**3)
IFCEOC.GE.Z.535E08) GO TO 30' 
AA=O.
BB=I.
ERR=.001
XF ( 1)=AA + 0.618034*(BB-AA)
XF(Z)=AA+B3-XF(I)
DO 17 J = K Z
QF=CFO+I-/3.*CAO*XF(J) 
QFF^Z.56E08*(CA0*(l.-XFCJ)))**3 

17 RtS(J)=ABS(QFF-QF)
■ 19 IF(RES(I).LE.RES(Z)) GO TO 21

BB=XF l I )
XF(I)=XF(Z)
RES ( U=RES(Z)
XF(2)=AA+BB— XF(I) 
QF=CF0+1.73.*CA0*XF(2) 
QFF=2.56E08*(CA0*(1.-XF(2)))**3 
RES(Z)=ABS(QFF-QF)
GO TO. 23 

21 AA=XF(Z)
XF(Z)=XF(I)
RES(Z)=RES(I)

H-~o
H-



*•

I*

I # #

Figure 36 (contd.)
XF{I)=AA+8B-XF(2)
QF=CF0 + 1<,/3.*CA0*XF (I)
QFF=2.56E08*(CAO^ri.-XF(I)))**3 
RES ( l')=ABS( QFF-CF )

23 IF((86-AA).GT.ERR) GO TO 19 
IF(RES(2),LT-RhSl I) ) GO TO 25 
GAA=0A0*(I.-XF(I ))
CFF=CFO+!./ 3 . AO^XF ( I)
FEOH = FEOH IN-(l./3.*CA0*XF(I) )*VOL 
GO TO 27

25 CAA=CAO*(l.-XF(2))
CFF=CFO+!./3.*CAO-XF(2)
FEOH= FEOHIN-I I . /3 . -CAO-XF ( 2 ) JX=VOL

27 IFIFEOH.GE.O.) GO TO 29 
■ CFF=FEOh i N/VOL+CFO 

XFA=3. =M CFF-CFO)/CAU 
CAA=CAO-11.-XFA)
FEOH=O.

29 CAO=CAA 
CFO=CFF 
FEOHIN=FEOH

30 CONTINUE
WRITE(6,701) CAO,CFO

701 FORMAT(1OCAO = ',G14.7,' CFO = ',G14.7) 
ST=EQPAR(8,NE)/SIKOLE(I)
ZNOR= 1.0/2.-VOLX= (CAO+3. *CFO) 
IFI(ZNOIN-ZNOR).GE.0.) GO TO 91 
XFX=I.

, . 71 XFX=XFX-.!
CAX=CAOX=XFX 
CFX=2.56E08*CAX**3 
IF I CFX 0 LE.CFO) GO TO 73 
CFX=CFO

__ 73 ZNOR=I. / 2. X= VOLX= I C AO-C AX+3.* (CFO-CFX) )



Figure 36 (contcL)
I F (ZNOR.LE.ZNO IN* AND.XF X.GT.0.) GO TO Tl- 
XFX=XFX+.I 

75 XFX=XFX-.Cl 
CAX=CAO*XFX 
CFX=2.56E08*CAX**3 
IF(CFX.LE.CFO) GO TO 77 
CFX=CFO

77 ZNQR=I./2.tVOI_t( C AO—C'AX+3 . t { CFO-CFX) )
' IFIZNOR.LE.ZNOIN.AND.XFX.GT.O.) GO TO 75 
XFX=XFX+.Ol 

79 XFX=XFX-.OOl 
CAX=CAOtXFX 
CFX=2.56E08tCAX**3 
IF(CFX.LE.CFO) GO TO 81 
CFX=CFO

81 ZN0R=l./2.*V0Lt(CAO-CAX+3.*(CFO-CFX))
.1F(ZNOR.LE.ZNOIN.AND.XFX.GT.O.) GO TO 79 
XFX=XFX+.OOl 
AA=CAOtXFX 
GO TO 87 

91 AA=O- 
87 BB=CAO

ERR=.Olt(BB-AA)
CAl I)=AA+0.618034*(BB-AA)
CA (2)=AA+BB-CA(I )
DO 33 J = I» 2

CF(J )=2.56E08*CA(J)**3 
IF(CF(J)-LE-CFO) GO TO 31 
CF(J)=CFO

31 ZNOR=I-/2i*V0L*(CAO-CA(J )+3.*(CFO—CF CJ) ))
WRITE(6,702) CA(J),CF (J) ,ZNO IN,ZNOR 

702 FORMAT(* OCA = ',G14.7,' CF = ',614.7,' ZNOIN = ',G14.7, 
I' ZNOR = ',G14.7)
R(J)=RA*((ZNOIN-ZNOR)/ZNOIN)**(!./3.)



Figure 36 (contd.)RR = SQRT ( RA**3*(CA0-CA (J)+3. =MCFO-CF (J) ) ) / ( EQPAR ( 9 T NE ) *ST*CA ( J ) 
I*S I COMP(KClt I)))

33 R E S U  ) =ABS ( RR-R ( J ) )
35 I F (RES(I).LE.RES(Z)) GO TO 39 

BB = CA(I)
C M  I )=CA( 2 )
CF(I)=OFt2)
R(I)=R(Z)
R ES ( I ) = RE S ( 2 ).
CA(2)=AA+BB-CA(I)
CF(2)=2.56E08*CA(2)**3 
IF(CF(2).LE.CF0) GO TO 37 
CF(2)=CFO

37 ZNOR = I-/2.* V O L M CAO-CA(2)+3.*(CFO-CF(2) ) )
R I 2)= R A *( (ZNOIN-ZNOR)ZZNOIN)**(I./3.)
RR=SQR T (RA** 3*(CAO-CA(2) + 3.*(CFO-CF(2)) )/(EQPAR(9,NE)*ST*CA{2) 

I* S IC O M P (K C I j I)))
R£S(2)=ABS(RR-R(2) )
GO TO 43 

39 AA=CA(2)
CA(2)=CA (I)
CF(2)=CF(I)
R ( 2) = R (I )
RES(2 ) =RES(I)
CA(I)=AA+BB-CA(2)
CF(1)=2.56E08*CA(1)**3 
IF(CFd).LE.CFO) GO TO 4.1 
CF(I)=CFO

41 ZNOR=I./2.*VOL*(CAO-CA(I)+3.M C F C - C F (I)))
R ( D = R A M  (ZNOIN-ZNOR)/ZNOIN)**( I./3. )

* RR = SQRTtRA**3*(CAO-CAt I )+3.*(CFO-CF(I)))/(EQPAR(9,NE)*ST*CA(I)
1*SICOMP(KCItI)))
RES(I)=ABS(RR-Rd))

43 IF((BB-AA).GT.ERR) GO TO 35 
IF(RES(2).LT.RES(I)) GO TO 45

/



Figure 36 (contd.)
CAF=CA(I)
CFF=CF(I)
RF=R(I)
GO TO 47 

45 CAF=CA(Z)
CFF=CF(Z) . k
RF=R(Z)

47-XA=(RF**3)/(RA**3)
SQCPWK KCl,D=SICPWT(KCltl)^XA 
SOCPWT(KCZt I)=CAF*V0L*98.08/2.
SOCPWT(KC3,1)=GFF*V0L*399.9/Z.
,SOCPWT ( KC4» I ) = ( FEOHIiN+(CFG-CFF)*VOL) *106.89 
DO 49 K=ItM 
L =K +9
IF(K.EQ.KC1.0R.K.EC.KCZ.0R.K.EQ.KC3.0R.K.EQ.KC4) GO TO 49 
SOCPWTt K,I)=SICPWT(Ktl)+EQPAR(L ,NE)*(I.-XA )*S ICPWT(KC I, I) 

49 CONTINUE
DO 51 1=1,10 
P = I
X(I)=P*.!
Q=X(I )/( l.-CC*X(I) )
RM=AR*BR**Q 
RN=RM*XA**(1./3.)

51 Yt D = R N
CALL LSC(X,Y,10,At8tC)
SOCNST(Itl)=A 
SOCNST ( Z, D = B  
SOCNSTt3,D = C  
WR I TE(6,34Z) A fBtC

. 34Z FORMAT( ' A = 1,G14.7,1 B = ',014.7,' C = ',614.7)
SOMOLEt D=O.
DO 53 K=1,M

53 SOMOLE(I)=SOMOLE(I)+SOCPWT(K ,I)
S0CPWT(KC5tI )=S0CPWT(KC5tD+SIKOLE(D-SOMOLEd)



Figure 36 (contd.)
SGMOLE(I)=SIMOLEt I)
DO 55 K = I, M

55 SOCOMP(K,I)=SOCPWTtK,I)/SOMOLE(I)
DO 59 J =4,10

59 SUCNSTt J,D=SICNSTtJ,I)
99 DO 57 J = 3 1 IO
57 SOMUM(ItJ) = SINUMl I,J I 

. WRITE(6,10) SONUM(1,1)
10 FORMATt eO STREAM NUMBER ' ,014.7)

DO 61 K=I,M
61 WR I TE(6,12) KtSOCOMP(Ktl)
12 FORMATt • WT FRACTION COMP ',12,' = 1 ,014.7) 

WRITE(6,14)SOMOLE(I)
14 FORMAT! * TOTAL STREAM WEIGHT = ' ,G14.7) 

XA=I--XA 
WRITE(6,18) XA

18 FORMAT!'U FRACTION OF ZNO LEACHED = ',G14.7) 
RETURN 
END



SUBROUTINE CLAS
C0MM0N/SYSD/KEFLAG(50),KSFLAG(IOO),KTRACE,DERROR,NPFREQ,I PUNCH
COMMON/EQPA/ EQPAR{25,50), NENAX,MAXEQP
COMMON/CUNTL/NIN,NQUT,NOCOMP,NE,NtN
COMMON/STRMIN/SINUM(8,10),SICNST(10,8),SIMOLE(S),
ISICOMP(11,8),SIKV(IOrS)
C0MM0N/STM0UT/S0NUM(8,10) ,SOCNST I 10,8),SOMOLE(S),
ISOCOMP(11,8),SOKV(10,8)
DIMENSION TWS(2),SICPWTI11,8),SOCPWT(11,8),X(10),Y(IO)
WRITE(6,4)

4 FORMAT! *1 CLASSIFIER *)
M=NOCOMP-I 
DO 143 J=I1NGUT 
DO 141 K=I,M 

141 SOCPWT(K7J)=O.
143 SUMOLE(J)=O.

DO 11 K=I7M
11 SICPWTt K,I)=SICOMP(K,I)*SI MOLE 11)

WIS=O.
NS=EQPAR(2,NE)+0.1 
DO 15 I=I7NS

: 15 W IS = WIS + SICPWTlI,1)
AR=SICNSTI1,1)
BR=SICNST(2,I)
,CC = SICNSTt 3,I)
XF=O.

17 XF=XF+.I
Q=XF/(l.-CC*XE,
ROP=AR-BR^-Q
IF(R0P.GE.EQPAR(3,NE))'GO TO 21 
IF(XF.GE.I.) GO TO 19 
GO TO 17'

Figure 37



21 XF=XF-.I 
23 Q=XF/(l.-CC*XF)

ROP=AR*BR**Q
IF(R0P.GE.EQPAR(3,NE)) GO TO 25 
XF=XF+.Ol 
GO TO 23

■ 25 WRITE(6j338) XF 
‘388 FORMAT ( ’ XF = ' ,G14-.7)

• DO 37 J = 1» 2 
DO 27 1=1,10 
X(I)=O.

27 Y d )=0,
DO 35 1=1,10 
P = I
I F(J.NE.I) GO TO 31 
XX=P*XF/10.
GO TO 33

31 XX=XF+(l.-XF)/10.*P 
33 Q=XX/(l.-CC*XX)

RM=AR*BR**Q 
X( I ) = P*-. I 

35 Y(I)=RM
CALL LSC(X,Y,10,A,B,C)
SOCNST(I,J )=A 
SOCNST(2,J )=B 
SOCNST(3,J )=C 

37 WRITE(6,342) A,B,C
342 FORMAT{1 A = «,014.7,• B = ',G14.7,' C = *,G14.7) 

DO 45 J = 1,2 
TWS(J)=O.

Figure 37 (contd.)
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Figure 3? (contd.)
IF!J.NE.I) GO TO 39 
XJ=XF 
GO TO 41 

39 XJ=I.-XF 
41 DO 43 1=1,NS
43 SOCPWT!I,J )=SICPKT(I,1)*XJ .
45 TWS(J)=WIS4XJ

SOMOLEt 2)=TWS(2)/EQPARt4,NE)
' -SOMOLE(I)=SI MOLE(I)-SOMOLE ( 2)
K=NS+I '
DO 47 J = 1,2 
DO 47 I=K,M

47 SOCPWT(I,J) =S ICPWT(I,I)*!SOMOLE(J)-TWS(J))/(SI MOLE(I )-WIS) 
DO 51 J=l,2 
DO 211 1=3,10 

211 SONUMtJ,I J = SINUMt I*I)
DQ 213 1=4,IC

213 SOCNSTtI,J)=SICNST(I,1)
WRITE(6,10) SONUM(Jfl)

10 FORMATt'0 STREAM NUMBER ',G14.7)
DO 49 K = I,M
SOCOMPtK,J )=SOCPWT(K,J)/SOMOLE(J)

49 WRITE (6,12) K,SOCOMPtK,J)
12 FORMATt' WT FRACTION COMP ',12,' = ’,G14.7)
51 WRITE (6,24) SOMGLE(J)
24 FORMATt» TOTAL STREAM WEIGHT = ',G14.7)

RETURN
END



SUBROUTINE SETL
COMMON/SYSD/KEFLAG(50),KSFLAG I 100),KTRACE,DERROR * NPFREQ, !PUNCH 
COMMON/EQPA/ EQPAR(25 ,50) , NEMAXtMAXEGP 
COMMON/CGNTLZNINtNOUTiNOCOMP,NE,NEN 
COMMON/STRMIN/SINUM(8,10),SICNST(10,8),SIMOLE(S),

IS ICOMP(11,8),SIKV(10,8)
COMMON/STMOUT/SONUM(8,10) ,SOCNST(10,8) ,SOMOLE(S) ,
ISUCOMP(11,8),SDKV(IOVS)

• DIMENSION SICPWT(11,8),SOCPWT(II,8)
WR I TE I 6,4)

4 FORMAT ('I THICKENER')
M=NOCOMP-I 
DO 11 K=ItM

11 S ICPWT ( K tD = S  ICOMP (K, I )*SI MOLE(I)
TwS=O-O
NS = EQPARf 2,NE) + 0.1 

A DO 31 J=ItNS
31 TWS-TWS + SICPWT(Jt I)

Xl=TWSZSIMOLE(I)
SOMOLEl D = S  IMOLE (I)* ( XI-EQP AfU4, NE) )/ (EQP AR ( 3 , NE)-EQP AR ( 4, NE ) ) 
SOMOLEt 2)=SIMOLE(I)-SOMOLEt I)
DO 39 1=1,2 
DO 33 J=ItNS

33 SOCPWTfJ,I)= S I C P W n J tI)*(SOMCLEt I)*EQPAR(I+2,NE))/(SIMOLE(I)*XI) 
K=NS+1 
DO 35 J=KtM

35 SOCPWTtJ , D  = SICPWTt J fI)* ( SOMOLE ( I)* (I.O-EQPARt 1 + 2,NE) ) / < S IMOL E( I) * 
K  I.O-XI) ))
DO 37 K=ItIO

37 SOCNST(KtI) =SICNST(KtI)
DO 39 J=3,10 

39 SONUM(I,JI=S I NUMt I,J)
DO 93 J = 1,2
DO 65 K = ItM .... ........  . _________ _____

Figure 38
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65 SOCOMP(KtJ)=SOCPWT(KtJ)/SOMOLE(J)
WRITE(6,10) SONUM(JtI)

10 FORMAT(’0 STREAM NUMBER = 1tG14.7)
DO 41 K=ItM
WRITE(6,32) KtSOCOMP(KtJ)

32 FORMAT(1 WT FRACTION COMP ’tI2,* = »,G14.7)
41 CONTINUE
93 WRITE!6,49) SOMOLE(J)
49 FORMAT( * TOTAL WEIGHT STREAM = $ tG14.7) 

RETURN 
END

Figure 38 (contd.)



Figure 39
SUBROUTINE FLTR
COMMON/SYSD/KEFLAG( 50) , KSFLAG ( 100 )., KTRACE , DERROR,NPFREQ, I PUNCH 
COMMQN/EQPA/ EQPAR(25T50), NEMAX,NAXEQP 
COMMON/CONTL/NIN j NOUT,NOCONP » NE » NEN 
COMMUN/STRMIN/SINUM(8,10),SICNSTt10,8),SIMOLE(S),

IS ICOMP(11,8),SI K V (10,8)
COMMON/STMOUT/SONUMl8,10),SOCNST(10,8),SOMOLE(8),
ISOCOMP ( 11,8) ,SOKVd 0,8)
DIMENSION S I C P W d 11,8),SOCPWT(11,8)
WRITE(6,4)

4 FORMAT( * I FILTER’ )
M=NOCOMP-I '
'DO 11 K=IfM

11 SICPWd K, D=SICOMP (K, IdSIMOLE (I)
TWS=O.0
NS=EQPAR(2,NE)+0.I 
DO 31 J=1,NS 

31 TWS=TWS+SICPWdJ,l)
XI=TWS/SIMOLE(I)
SOMOLE ( D=SIMOLEt I)* ( XI-EQP AR (4, NE) ) / ( E QP AR (3 , NE I-EQPAR ( 4, NE ) ) 
SOMOLE(Z)=SIMOLE(I)-SOMOLE(I)
DO 39 1=1,2 
DO 33 J=I,NS

33 SOCPWd J , D  = S I C P W d J jD 5M  SOMOLE ( I DEGPAR ( 1+2 , NE ) )/(SI MOLE(I) * X D  
K=NS+I 
DO 35 J=KfM

35 SOCPWTt J, i ) =SICPWd J, D M  SOMGLE ( D M 1 .  O-EQPAR ( 1+2,NE) )/( SIMOLE ( I )* 
I(I.O-XI)))
DO 37 K = I,10

37 SOCNSTt K,I) =SICNST(KtI)
DO 39 J = 3,10 

39 'S0NUM(I,J) = SINUM(1,J)
DO 93 J = I,2 
DO 65 K=1,M

182



Figure 39 (contd,,)

65 SOCOMP(K1J)=SOCPWK K1J)/SOMOLE(J)
WR H E  (6,10) SONUM(J1I)

10 FORMATt '0 STREAM NUMBER = *,014.7)
DU 41 K=I1NOCOMP 
WRITE(B1BZ) K 1SOOUMP(K1J)

32 FORMATt « WT FRACTION COMP ',12,' = ’ ,G14.7) 
41 CONTINUE
93 WRITE(6,49) SOMOLE(J)
49 FORMAT( * TOTAL WEIGHT -STREAM = 1,G14.7) 

RETURN 
END



SUBROUTINE"' M I XR ..............
COMMON/SYSD/KEFLAG(50),KSFLAG(100) ,KTRACE,DERROR,NPFREQ,I PUNCH
COMMON/EQPA/ EQPAR(25,50) , NEMAX,MAXEQP
COMMON/CONTL/NIN,NOUT1 NOCOMP,NE,NEN
COMMON/STRM IN/SINUM(8,10 ) ,SICNSTi10,8) ,SIMOLE(S) ,

" ISICOMPdl,8),SIKV(IO1S)
COMMON/STMCUf/SONUM(8,10) ,SGCNST(10,8) ,SOMOLE(S),
ISOCOMP(11,8),SOKVt10,8)
DIMENSION SICPWTt 11,8),SOCPWTt11,8),X(80),Y(80),R(10,8),WIS(8) 
WRITE(6,4)

4 FORMATt 1 I MIXER* )
WF = O.
M=NOCOMP-I 
DO 141 K=I1NOCOMP 

141 SOCPWT(K1I)=O.
SOMOLE(I)=O.
SOCOMPt NOCOMP,I)=0.
KC=EQPARt 2,N E ) + . I 
NNN=EQPARt 3, NE)+-.I 
WOS=O.
DO 15 J=I1NIN 
WIS(J)=O.
DO 11 K=I1M

11. SICP WT (K1J)=SICO M P(K1J)* SI MOLE ( J )
DO 13K=1,NNN

13 WIS(J)=WIStJ !+SICPWT(K1J)
SOCOMP(NOCOMP,I )=SOCOMP(NOCOMP,I )+SICOMP(NOCOMP1J )

15 WGS=WOS+WIS(J )
DO 19 K=I1M 
DO 17 J=I1NIN

17 SOCPWT(K 1 I)=SQCPWT(K,I)+SICPWT(K1J)
19 SOMOLEt I)'= SOMOLEt DtSOCPWT(K1I)

DO 20 K=I1M ' • '
20 SOCQMP(K1I)=SOOPWT(K1I)/SOMOLE(I)

Figure 40



IF(WDS.LE.l.E-06) GO TO 75 
DO 21 J=IjNIN 
AR=SICNST(IjJ)
BR = SICNST(2 » J )
CC=SICNSTt3,J)
DO 21 1=1,10 
P = I
Z=P*.I

• Q=Z/(l.-CC*Z)
21 R (I,J I=AR*B R**Q 

K=O
23 MJ=I

' MI = I
DO 25 J=1,NIN 
DO 25 1=1,10
IF(RtItJ).GE.R(MI1MJI) GO TO 25 
MI = I 
MJ = J

25 CONTINUE
IFtR(MI1MJ).LE.O.) GO TO 35
IF(R(MI,MJ).GE.1.E05) GO TO 27
WFZ=WIS(HJ)*.10/WGS
IF(WFZ.LT.l.E-04) GO TO 35
W F = F + W  IS(MJ)*.10/WOS
K = K + 1
X(K)=WF
Y(K)=R(MI1MJ)
WRITE(6,701) K 1X(K)1Y(K)

701 FORMATt ’.K = ',13,' X = ' ,G14.7,' Y = ’,G14.7) 
' 35 RlMI1MJ )=1.E06

GO TO 23
27 CALL LSC(X1Y1K 1A 1B 1C)

SOCNST(I1I)=A
.SOCNST (2, I) =B ....

Figure 40 (contd.)



SOCNST( 3-» I) =C
WR ITfc(6 t 342) A,BtC

342 FORMAT( 1 A = ',614.7,' B = ' ,G14.7,« C = ' ,G14.7) 
TKS=O.
CONST=O.
DG 29 J=IjNIN
CON ST=CONST + SI,C NST(5,J)*WIS(J)

29 TKS=TKS+SINUM(J,3)*WIS(J)
SOCNST(5,I)=CONST/WOS 
SONUM(1,3)=TKS/W0S 
TLL=O.
UL = O.
DG 63 J=ItNIN
IFtSIMOLE(J).LE.I.£-04) GO TO 63 
IFtTLL.GT.l.E-05) GO TO 61 
TLL=SICNSTt4,J )
GO TO 63

61 IF(SICNST(4,J).GT.TLL) GO TC 63 
TLL=SICNSTt4,J)

63 CONTINUE
DO 67 J=1,NIN
IFtSIMOLEtJ)„LE.I.fc-04) GO TO 67 
IFtUL.GT.l.E-05) GO TO 65 
UL=S ICNST(4» J )
GO TO 67

65 IFt SICNST(4,J ).LT.UL) GO TO 6 7 
UL = SICNSTI 4,J )

67 CONTINUE
IFtUL.NE.TLLI GO TO 69
AHT=UL
GO TO 71 x

69 CALL TGS (ILL, UL ,,SGCNST (5,1) ,SONUMt 1,3) ,A ,BtC » AHT )
71 SOCNSTt 4,1)=AHT

WRITE(6,503) S0CNST(4,1)

Figure 40 (contd.)



503 FORMAK • HT = ',G14.7)
75 CONTINUE

DO 31 1=4,10 
31 SUNUM(1,1J=SINUM(1,1)
. WRITE(6,10) SONUM(Itl)

10 FORMAT( ' O STREAM NUMBER *,G14.7)
DO 53 K=I,M

53 WRITE (6,12) K ,SOCOMP(K,I)
12 FORMAT( ' WT FRACTION COMP ' ,12,' = »,G14. 

WRITE (6,24) SOMOLE(I)
24 FORMAT( ' TOTAL STREAM WEIGHT = ,,G14.7) 

WRITE(6,26) SOCNST(5,I)
26 FORMAT(* AVERAGE CONVERSION = *,G14.7) 

RETURN 
END

Figure 40 (contd.)

• v •



SUBROUTINE ELET
COMMON/SYSD/KEFLAG(50),KSFLAGt100) , KTRACE,DERROR,NPFREQ,!PUNCH
COMMON/EQPA/ EQPAR(25,50), NEMAXfMAXEQP
COMMQN/CONTL/NIN,NQUT,NOCOMP,NE,NEN
COMMON/STRM IN/S INUM(5,l0),SICNST(10,8),SIMOLE(8),
ISICOMPl11,8),SIKV(IO7S)
C0MM0N7STM0UT/S0NUM{8,10),SUCNST(10,8),SOMOLt(S),
ISOCOMP(11,8) ,SQKV(10,8)
■ DIMENSION S I C P W K 11,8),SOCPWT(11,8)
M=NOCOMP-L 
DO 11 K=IfM

11 SICPWK K, D=SICOMP (K, I) *S I MOLE (I )
WRITE(6,4)

4 FORMAT('I ELECTROLYTIC PLANT')
KCl = EQPARt 2,NE) + .I
.EFF=EQP AR (3, NE) .
WZNP=SICPWT ( KClf I )*EFF*65.38/16D44 
WRITE(6,6) WZNP

6 FORMAT(1O TONS/DAY ZINC PRODUCED = ’,014*7)
SOCPWT(KCI,I J=SICPWT(KCI,D  *(I.-EFF)
.AMP=WZNP*68.3 
CAMP=AMP/EQPAR(4,NE)
WRITE(6,8) CAMP

8 FORMAT!'O CELL CURRENT (AMPS) = ' ,G14.7)
SOMQLEt D=O- 
DO 13 K = I,M 
L=K+4
IF (K-EQ.KCI) GO TO 13
SOCP WT ( K , I) = SICP W K  Kt I) + EQPAR ( Lf NE ) *S TCPWT ( KCI f I ) *EFF 

13 SOMOLEt D=SOMOLE ( I)+SOCPWK K, I )
DO 15 K=I7M

15 SOCOMP(K,I J=SOCPWT(K7I)/SOMOLE(I)
WRITE(6,10) SONUMt1,1)

10 F O R M A K '0 STREAM NUMBER = ',014.7)

Figure 41



DO 17 K=I» M
17 WRITE(6,12) K,SOCOMPtK,!)
12 FORMATt' WT FRACTION COMP ',12,' = ',G14.7) 

WRITEt6,14) SOMOLE(I)
14 FORMATt' TOTAL WEIGHT STREAM = *,G14.7) 

RETURN 
END

Figure 41 (contd.)



Computing Subroutine Printouts



Figure 42
SUBROUTINE CONVT ( AR ,B ,CC , CK-, TH , AVC )
X=-.025
AVC=O.
DO 99 J = 1,2O 
X=X+.05 
Q=X/(l.-CC*X)
RM=AR*B**Q 
DG 11 1=1,10 
P=I
RC=P-RM*.09999
VRC=RM**3-RC**3-CK*TH*(RM*RC/(RM-RC)) 
I F {VRC.LE.O . ) GO TO 13 

11 CONTINUE 
13 A=RC-.09999*RM 

DO 15 1=1,10 
P=I
RC=A+P*.009999*RM
VRC=RM**3-RC**3-CK*TH*(RM*RC/(RM-RC)) 
IF(VRC.LE.O. ) GO TO 17 

15 CONTINUE 
17 A=RC-.009999*RM 

DO 19 1=1,10 
P = I
RC=A+P*.0009999*RM
VRC=RM**3-RC**3-CK*TH*(RM*RC/(RM-RC)) 
IF(VRC.LE.O.) GO TO 21 

19 CONTINUE
21 CONV= I.— RC * * 3/R M * * 3 

AVC = AVC+CONV*.05 
99 CONTINUE 

RETURN 
END



Figure kj
SUBROUTINE LSC(Z,R,N,A,B,G)
DIMENSION Z(L),R(1),RES(2),CC(2)tTA(2),TB(2),X{3),Y(3)
AA = C.
BB=I.
ERR=.OI
CC(I)=AA+0.618034*(BB-AA)
CC{2)=AA+BB-CC(I)
DO 19 J = I» 2 
DO 11 1=1,3 
X(I)=O.

I l Y d  ) =O.
DO 15 1=1,N
Q = Z (I)/(l.-CC(J)*Zt I ) )
X(I)=X(I)+Q
X(2)=X(2)+Q**2
X(B)=X(B)+!.
Y ( I ) = Y (I)+ALOG(R (I))

15 Y(2)=Y(2)+AL0G(R(I))*Q 
CALL SIME(XtY)
TA(J)=EXP(Yd))
TB(J)=EXPIY(2)) ■ '
R ES(J )=0.
DO 17 I=ItN

Q=Z(I)/(l.-CClJ)*Z(I) )
RC=TA(J )*TB(J)**Q 

17 RES(J)=RES(J)+(R(I)-RC)**2 
19 CONTINUE
21 IFlRESt I).LE.RESC2)) GO TO 29 

BB=CC(I)
CC(I)=CC(2)
RtS(I)=RES(2)
R E S ( 2 ) = O T 
CC(2)=AA+3B-CC(1)



DO 23 1=1,3 
X( I ) =0«.

23 Y(I)=C.
DO 25 1=1,N
Q=Z(I)/(I.-CC{2)*Z(I))
X(L)=X(I)+Q 
X(2)=X(2)+Q**2 
X (3)=X(3)+1.
Y (I) = Y (1)+AL0G(R(1 ) )

25 Y(2)=Y(2)+AL0G(R(I))*C 
CALL SIME (X ,Y ) 
TA(2)=EXP(Y(1) ) 
T6(2)=EXP(Yt2) )
DO 27 1=1,N
Q = Z(I)/(l.-CC(2)*Z(I) ) 
RC=TA(2)*TB(2)**Q 

27 RES(2)=RES(2)+(R(I)-RC)**2 
GO TO 37 

29 AA=OC(2)
CC(2)=CC(I)
R ES(2)=RE S(I )
RES(1)=0.
CC(I)=AA+BB-CC(2)
DO 31 1=1,3 
X(I)=O. .

31 Y(I)=O.
DO 33 1=1,N
Q = Z ( I ) / ( I.-CC (IK-Zd))
X(I )=X(I)+Q 
X(2)=X(2)+Q**2 
X (3) = X (3 ) +1.
Y (1) = Y(I)+ALOGtR( I ) )

33 Y (2) = Y (2)+ALOG(R (I ) )*Q

Figure 43 (contd.)



CALL SIME(XfY)
TA(I)=EXP (Y(D)
TB(I)=EXP(Y(2))
DO 35 I=IfNQ-Z(i)/(i.-cci n*zm )
RG = TAl I )*TB(I)**Q 

35 RES(1)=RES(1) + (R( I )-RC)**2 
37 IF((BB-AA)-GT.ERR) GO TO 21 

IF(RES(2)«LT.R£S(I)) GO TO 39 
A=TA(I)
B=TB(I)
C=CCl I)
RETURN 

39 A=TAl2)
B=TB(2)
C=CC(Z)
RETURN
END

Figure UrJ (contd.)

M-



Figxire 44

SUBROUTINE SIHE(X1Y)
DIMENSION X(I)tY(I)
A = ( X ( 2  ) * Y ( I ) - X ( I ) * Y ( 2 ) ) / ( X ( 3 ) ^ X ( 2 ) - X ( I ) )  
3=(X(3)*Y(2)-X(1)*YI1))/(X(3)*X(2)-X(1)**2)Y(I)=A 
Y (2)=B 
RETURN 
END



Figure 45

SUBROUTINE TGSt ILL,ULt AVC,CK1 A,B,C,AHT) 
DIMENSION RES(2),CVC(2),X(2) 
ERR=(UL-TLL)*.Cl 
X(I)=TLL+0.618034*(UL-TLL)
X(2)=TLL+UL-X(I)
DU 7 1=1,2
CALL CONVl(A,B,C,CKfcXt I N C V C (I))

7 R E S d )=ABS((CVC(I)-AVC)ZAVO)
21 IF(RES(1).LE.RES(2)> GO TO 29 

UL=X( I)
X(I)=Xt2)
R ES(I )=RE S(2)
X(2)=TLL+UL-X(I)
CALL CONVTt A,B,C,CK,X(2),CVC(2) )
RES(2)=ABS((CVC(2 )-AVC)/AVC)
GO TO 37 

29 TLL =X(2) ■
X (2 ) = X (I)
RES(Z)=RES(I)
X(I)=TLL+UL-X(2)

' GALL CONVTtA,B,C,CK,X(I),CVC(I)) 
RES(I)=ABSt(CVC(I)-AVC)/AVC)

37 IF((UL-TLL)-GT.ERR) GO TO 21 
IF(RES(Z)-LT-RESd)) GO TO 39 
AHT=X(I)

■ RETURN 
* 39 AHT=X(Z)

RETURN
END



Sample Problem Printouts



Figure 46
CLEAN

ZINC PLANT SIMULATION ROASTING SECTION DAXA
CPMLIST
KPMl=I, 1ROST • ,,1R-I 
KPM2 = 2 , 1MIXR*', 1M-I 
K PM3 = 3,1SCRN*,1S-I 
KPMA=A,1GRND1,1G-I 
KPM 5=5,1MIXR1,'M-2 
KPM6=6,1PREP1,1F-I 
KPMT=Tr1PREP1,1P-I 
KPM8=8,1PREP1, 1F-Z 
K P M 9 = 9,1MIXR1,1M-S 
KPMlO=IO,1ROST1,1R

1,1, — Z,-3,A*0,
1,3,I T,—A ,A * 0,
1,4,-5,—6,A*O ,
1,6,—14,5*0, 
1,Z,16,-T,4*0,
1,T, — 8, — 9,4*0,
1 ,8, —10,-11,A*O ,
1 ,1U,—1Z, — 13,4*0,
1,9,11,13,14,-15,Z*0 
Z 1 , 15, — 16, — IT,4*0,

,
N0C0MP=6,C0MPNT=1,Z,3,4,5,6,14*0,
SEND
SEQLIST
EQPl=I.,I.,65681.,I.,14T5.,6.412-08,3.E05,86.,.9825,I.19,1.017,-1., 
.835,-.1148,.0T64,10*0.,
EQPZ=Z.,I.,5.,22*0.,
EQP3=3.,I.,.093T,Z2*0., \
EQPA=A.,l.E-03,1.5E02,22*0. ,
EQP5 = 5.,I.,5.,22*0. ,
. EQP6=6., 1.,396.,8.E05, — I.,.835, — . 1148,.0764,17*0.,
EQP 7=7.,I.,396., 5.£06, — I.,.835, — .1148,.0764,17*0.,
EQP8=8.,I.,396., 1.5E06, — I.,.835, — .1148,.07 64,17*0.,
EQP9=9.,I.,5.,22*0.,
EQPlO=IO.,!.,4266.,1.0,1475.,2.I7E-O7,.80205,24.6,.9825,I.19,1.000,-1 
.835,-.1148,.0764,10*0.,
ENAME=50*0,
SEND
CSEXLST
SEXl=I.,1.20496E— 03,I.12 046,.949301,7*0.,350.,«784,.0,,0899,.0,.1261,
6*0 . ,



Figure (contd.)

SNAME=Z,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,84*0,
SEND 
£ SIN L S T
SINl=I.,I-,.00096,7*0,
SIN5=5.,2.,8*0.,
SINlZ=12.,2«,8*0.,
SNAME=Z,3,4,6,7,8,9,10,11,13,14,15,16,17,86*0,
' SEND 
EKEL 1ST
KEZ=Z,3,4,5,6,7,8,9,10,41*0,LOOPS=I0,OERROR=O.05 ,KE4=5,9*0, 
SEND

3

/"



Figure 4?

ii-

CLEAN

Z INC PL1ANT SIMULATION LEACHING SECTION DATA 
CPMLIST
KPMl=I,1AMIX AM-I I,2,-3,4*0,
KPM2=2,1LfcCH1, L-I 1,3 ,—4,5*0,
KPM3=3,1LECH1, L-2 1 , A ,-5,'5*0,
KPMA=Ay1LECH1, L-3 1 , 5,— 6,5*0,
KPM5=5,1LECH1, L-A 1 ,6 ,-7,5*0,.
KPM6=6,1LECH17 L-5 1,7 , — 8,5*0,
KPM7=7,1LECH1, L— 6 1 , 8,-9,5*0,
KPM8=8,1LECH1, L-7 * , 9',— 10,5*0,
KPM9=9,1LECH1, L— 8 1 ,10,-11,5*0,
KPMlO=IO,1CLAS 7 1C-I 1,11,-12,-13,4*0
KPMll=Il7 1CLAS 7 1C-Z 1,13,-14,-15,4*0
KPM12=12,1MIXR 71M-I 1,12,14,-16,4*0,
KPM13=13,1SETL 7 1S-I 1,16,-17, — 18,A* 0
KPMlA=IA7 1AMIX ? •AM-2 1,15,41,-19,4*0,
KPMI 5=15,1GRND J 1BM-I1,19,-20,5*0,
KP M 16 = 16 71MIXR 7 1LM-21,18,20,-21,4*0,
KPM17=.17, 1AMIX 7 1 AM-3 1,21,40,-22,4*0,
KPM18=18,1LECH 7 1ALlS1,22,-23,5*0,
KPM19=19,1LECH 7 1ALLZ1,23,-24,5*0,
KPM20=20,1LfcCH 7 1ALll1,24,-25,5*0,
KPM21=21,1LECH 7 1ALlO1,25,-26,5*0,
KPM22 = 22,1 LECH 7 1AL-O1, 26,-27,5*0,
KPM23=23,1LECH 7 1 AL-S1,27,-28,5*0,
KPM2A=2A7 1LECH 7 1AL-I1,28,-29,5*0,
K PM 2 5 = 2 5, 1LECH 7 1AL-S1,2 9,—3 0,5*0,
KPM26=26,1 LECH 7 1AL-S1,30,-31,5*0,
KPM27=27,1LECH 7 1AL-A1,31,-32,5*0,
KPM28=28,1LECH 1,1AL-3 1,32,-33,5*0,

f
?

200



KPM29=29,’LECH1, «AL-2 * »33,-34,5*0,
KPM30 = 307 «LECH', 1AL-I',34,-35,5*0,
KPM3 1 = 3 I,'S E T L 'AL-S',35,-36,-37*4*0,
KPM32=32,1FLTR','F-AO',37,-38,-39,4*0,
KPM33 = 33,'M I X , 1M-2 ',36,38,-2,4*0,
KPM34=34,'ELET','ELET',17,-40,5*0,
NOCOMP = 11,COMP,NT= I,2,3,4,576,7,8,9,10,11 ,9*0,
GENQ . ' •
GEQL I ST

■- EQP 1 = 1. , 2., 7. , 8., 10., 6 .,. 0025,-.200 2,16*0. ,
EQP2=2•,2.,7.,8.,6.,10.,112.3,300.,0.6E01,0.,-I.,3*0.,3*0.,1.973,7*0. 
EQP3=3.,2.,7.,8.,6.,10.,112.3,3006,0.6E01,0.,-I.,3*0.,3*0.,I.973,7*0. 
EQP4=4.,2., 7., 8.,6.,10.,112.3,300. ,0.6E01 ,0», I.,3*0.,3*0., 1.973,7*0. 
E Q P 5 = 5.,2.,7.,8.,6»,10.,112.3,300.7O.6ECI7O., 1.,3*0.,3*0., 1*973,7*0. 
EQP6 = 6.,2.,7.,8.,6.,I 0.,112.3,300.,0.6EOI,0.,-I.,3*0.,3*0.,I.9 73,7*0. 
EQP7=7.,2.,7.»8.,6.»10.,112-3,300«,0.6E01,0.,-I.,3*0.,3*0.,1.973,7*0. 
£QP8=8.,2.,7.,8.,6.,10.,112.3,300.,0.6E01,0.,-I.,3*0.,3*0.,1.973,7*0. 
EQP 10=10.,6.,1.21E-03,.20,21*0.,
EQP 11 = 11.,6.,I.370E-03,.9,21*0.,
EQP12=12.,6.,23*0.,
EQP13=13.,6.00,.60,21*0.,
EQP14=14.,2.,7.,8.»10.,6*,0.00,0.,1 *,16^0.?
EQP I 5= 15.,I.E-03,7.5E02,22*0.,
EQP16=16.,6.,23*0.,
EwP17=17,,2.,7.,8«,10.,6.,1.60,0.».3 ,16*0»,
EQP 18=18.,2.,7.,8.,6.,10.,112.3,300.,0.2E-01,0.,-1.,3*0.,3*0.,1.973, 
7*0.,
EQP19= 19.,2.,7., 8.,6., 10., 112.3,300.,0.2E-01,0.,-I.,3*0.,3*0.,1.973, 
7*0. ,
EQP20 = 20.,2.,7.,8 .,6., 10., 112.3,300.,0.2E-01,0.,-I.,3*0.,3*0.,1.973, 
7*0 .,
EQP21 = 21.,2-,7.,8.,6 ., 10.,112.3,300.,0.2E-Ol,0.,-I.,3*0.,3*0.,1.973, 
7*0.

Figure 47 (contd.)
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EQP22 = 22.t2« »7® j 8•»6® »10«?112« 3 >300«?0«2E — 01? 0•?—1«?3*0«?3*0«?1«973? 
7*0 « ?
EQP23 = 23« » 2.,7.,8«,6.,10., 112.3,300.,0.2E-01,0.,-1« ,3*0.,3*0., 1.973, 
7*0. ,
EGP24=24.?2.,7.,8.,6.,10.,112.3,300.,0.2E-01,0.,-I.,3*0.,3*0.,1.973, 
7*0.,
fcQP25 — 25., 2.,7., 8«,6.»10», 112.3,300.,0.2b—01,0., — 1.,3*0.,3*0«, 1*973, 
7*0. ,
EQP26=26.,2.»7.,8«,6« »10«, 112. 3,300.,0.2E — 01,0*, I«,3*0.,3*0., 1.973, 
7*0. ,
EQP27=27.,2.,7.,8.,6.,10.,112.3,3CO.,0.2E-01,0.,-I.,3*0.,3*0.,1.973, 
7*0. ,
EQP28 = 28., 2.,7.,8.,6.,10., 112.3,300.,0.2E-01,0.,-I.,3*0.,3*0.,1.973, 
7*0.,
EQP29=29.,2.,7.,8.,6.,10.,112.3,300.,0.2E-01»0.,-I.,3*0.,3*0.,1.973,
.7*0.,
EQP30=30.,2.,7.,8.,6.,10.,112.3,300.,0.2b 01,0.,— I.,3*0.,3*0«,1.973, 
7*0.,
EQP31=31.,6.,.00,.50,21*0.f 
EQP32=32.,6.,.00,1.0,21*0.,
EQP33=33.,6.,23*0.,
EQP34=34.,9.,.5,.9,6*0.,.607,0.,-I. 1 1 1 7 , 1 1 * 0 . ,
ENAME=50*0,

■ EEND 
ESEXLST
SEXl=I.,I.1172-03,1.271379,.9543234,7*0.,292.4,.1427344E-0I,.7628663, 
.3622894E-02,«6979978E-Ol,.1494384,6*0. ,
SEX2=2.,10*0.,386.,8*0.,1.,2*0.,
SEX40=40 * » IO^O.,304.,8*0.,I.,2*0.,

. SNAME=3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,
v 26,27,28,29,30,31,32,33,34,35,36,37,38,39,41,62*0,

EEND

Figure 47 (contd.)
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Figure 4? (contd.)

SSINLST
SINL- ley Io
SIN39=39.,2>y8*0.,
SIN41=41.»le y8*0# y
SNAME = Zy 3,4, 5,6,7,8,9»1'0,11,12»13»14,15,16,17,18,19,20t21,22,23,24,25
26y27y28y29;30y31y32y33y34y35,36,37y38y40y62*0ySEND
SKEL I ST
KE2=l,2,3,4y5y677,8y9yl0yllyl2yl3yl4yl5yl6yl7,18yl9y20y21,22,23y24y252 6,27y 28y 29,30y 31y32y 33,34,16*0,LOOPS=OS,DERROR=.OS,SEND



Figure 48

ZINC PIANT SIMULATION ROASTING SECTION RESULTS 

1 PROCESS VECTORS’

NUMBER
. EQUIPMENT■. 
SUBROUTINE NAME

STREAM NUMBERS

I ROST R-I I -2 -3 .0 0

2 MIXR M-I 3 17 — 0 0

3 SCRN S-I 4 -5 -6 0 0
4 GRND G-I 6 -14 0 0 0

5 MIXR M-2 2 16 -7 0 0
6 PREP F-I 7 -8 -9 P 0

7 PREP P-I 8 -10 -11 0 0

. 8 PREP F-2 10 -12 -13 0 0

9 MIXR M-3 9 11 13 14 -15
10 ROST R-2 15 -16 -17 0 0
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ZJNC PIANT SIMDIATION ROASTING SECTION
'STREAM CONNECTIONS' 
STREAM EQIPMENT

F i g u r e  4 8  ( c o n t d , )

FROM TO
I 0 I
2 I ' 5
3 I 2
4 2 3
5 3 0
6 3 4

7 5 6
8 6 7
9 6 9
10 7 8
11 7 9
12 8 0
13 8 9
14 4 9
15 9 10
16 10 5
17 10 2



Figure 48 (contd.)
ZHC PIANT SIMUIATION ROAST HG SECTION

'OTHER SYSTEM VARIABLES'
NUMBER OF COMPONENTS
NUMBER OF ITEMS H  REC-ICIE LIST (KE2) 
NUMBER OF ITEMS H  RECICLE LIST (KE3)
COMPONENT NUMBERS USED
RECICLB LIST KE2
STREAMS USED H  CONV. ROUTINE (KE4) 
TOLERANCE, 'DERRCE'
MAX. LOOPS IN RECICLB CALC.

6
9
O

1, 2,  3, 4 ,  5 ,  6,

2,  3, 4 ,  5,  6 ,  ?,  8, ?, 10,

5»
ro

0 . 0 5 0 0  §,

10



ROASTER
GAS FLOW OVERHEAD (CFM)
STREAM NUMBER 2,000000 
WT FRACTION COMP 1 = 0  
IVT FRACTION COMP 2 = 0 
WT FRACTION COMP 3 = 0
WT FRACTION COMP 4 = 0  
WT FRACTION COMP 5 = 0  
TOTAL STREAM WEIGHT = 58 
AVERAGE CONVERSION = 0
STREAM NUMBER 3,000000 
W  FRACTION COMP 1 = 0  
■ WT FRACTION COMP 2 = 0  
WT FRACTION COMP 3 = 0  
VJT FRACTION COMP 4 = 0 
WTT FRACTION COMP 5= 0 
TOTAL STREAM WEIGHT =240 
AVERAGE CONVERSION = 0

F i g u r e  4 8  ( c o n t d . )

MIXER
STREAM .NUMBER 4.000000 
WT FRACTION C O M P  1 = 0  
WT FRACTION COMP 2 = 0  
WT FRACTION COMP 3 = 0  
WT FRACTION COMP 4 = i 
WT FRACTION COMP 5 = 0  
TOTAL STREAM WEIGHT =303 
AVERAGE CONVERSION = 0

20?

=  6 5 6 8 0 . 9 4

. 1 9 4 7 5 3 0

.5853676.2223969E-OI
5 3 5 5 9 3 3 B - 0 1
. 1 4 4 0 8 0 8
2 0 0 9 3
7 8 2 5 9 1 3

, 4 0 2 5 4 8 4 2 - 0 1
,7388481
, 4 4 9 9 4 5 8 2 - 0 2
,67602282-01
, 1 4 8 7 9 5 2,2586
, 9 5 6 4 8 6 1

3I8353IE-OI
7 4 9 2 7 5 3
3 5 5 8 3 5 5 E - 0 2
1.685563IE-OI
1467761
8013
9655874
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F i g u r e  4 8  ( c o n t d „ )

SCREEN
STREAM NUMBER 5 .0 00000  
WT FRACTION COMP 1 = 0  
WT FRACTION COMP 2 = 0  
WT FRACTION COMP 3 = 0  
VjT FRACTION COMP 4 = 0  
WP FRACTION COMP 5 = 0  
TOTAL STREAM WEIGHT =292 
AVERAGE CONVERSION = 0

.1427344E-01.7628663

. 3 6 2 2 8 9 4 E - 0 2

. 6 9 7 9 9 7 8 E - 0 1

. 1 4 9 4 3 8 4

. 4 2 0 9

. 9 8 4 8 4 5 9

STREAM NUMBER 6 . 0 0 0 0 0 0  
WT FRACTION COMP I = 0.4767834  
WT FRACTION COMP 2 = 0 . 4 0 4 9 2 3 7
WT FRACTION COMP 3 = 0o1923006E-02
WT FRACTION COMP 4 =  0,3704922E-01 
WT FRACTION COMP 5 = ■0.7932079E-01 
TOTAL STREAM WEIGHT = 1 1 , 2 4 3 3 7  
AVERAGE CONVERSION = 0,4632967E-01

BALLMILL
STREAM NUMBER 1 4 . 0 0 0 0 0  
WT FRACTION COMP I = 0 „4767834 
VjT FRACTION COMP 2 = 0.4049237 
WT FRACTION COMP 3 = 0.1923006E-02
WT FRACTION COMP 4 = 0.3704922E-01 
WT FRACTION COMP 5 = 0.7932079E-01 
TOTAL STREAM WEIGHT = 1 1 . 2 4 3 3 7

MIXER
STREAM NUMBER 7.000000 
WT FRACTION COMP . I = 0.1337095 
VJT FMCTION COMP 2 = 0.6492445 
WT FMCTION COMP 3 = 0.1514918E-01 
WT FMCTION COMP 4 = 0.5940391E-01 
WT FMCTION COMP 5 = 0.1424931 
TOTAL STREAM. WEIGHT = 85.44159 
AVEMGE CONVERSION = 0.8504454
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PRECIPITATOR
STREAM NUMBER 8,000000 
WT FRACTION COMP I = 0,1326493
WT FRACTION COMP 2 = 0,6502986
WT FRACTION COMP 3 = 0.1502741E-01 
VJT FRACTION COMP 4 = 0.59500'38E-01 
TOTAL STREAM WEIGHT = 54.41214 
AVERAGE CONVERSION = 0,8516642

F i g u r e  4 8  ( c o n t d . )

STREAM NUMBER 9,000000 
WT FRACTION COMP I = 0,1348186 
WT FRACTION COMP 2 = 0.6481422
WT FRACTION COMP 3 = 0.1527654E-01 
WT FRACTION COMP 4 = 0.5930304E-01 
WT FRACTION COMP 5 = 0,1424600 
TOTAL STREAM WEIGHT = 31,02551 
AVERAGE CONVERSION- = 0,8491700 
TOTAL EFF = 0 . 3 6 3 0 2 3 8

PRECIPITATOR 
STREAM NUMBER 10.00000 
WT FRACTION COMP I = 
WT FRACTION COMP 2 = 
WT FRACTION COMP 3 = 
OT FRACTION COMP 4 = 
OT FRACTION COMP 5 = 
TOTAL STREAM OTIGHT = 
AVERAGE CONVERSION =

0 . 1 2 8 1 3 9 3
0,6547818
0.1450947E-01
0.5991061E-01
0 . 1 4 2 6 5 9 2
3.331538
0 . 8 5 6 8 4 2 6

STREAM NUMVER 1 1 . 0 0 0 0 0  
OT FRACTION COMP I = 0.1327724 
WT FRACTION COMP 2 = O.65OI76I
OT FRACTION COMP 3 = 0 .1504156E-01 
WT FRACTION COMP 4 = 0.5948918E-01 
OT FRACTION COMP 5 = 0 . 1 4 2 5 2 1 1  
TOTAL STREAM WEIGHT = 51.07874 
AVERAGE CONVERSION = 0 . 8 5 1 5 2 2 7  
TOTAL EFF = 0.9387144



. 2 1 0  ■

FRECIPITAT OR 
STREAM NUMBER 12,00000 
WT FRACTION COMP I = 0,1267599
WT FRACTION COMP 2 = 0.6561542 
WT FRACTION COMP 3 = 0.1435106E-01 
WT FRACTION COMP 4 = O.6OO36I7E-OI 
VJT FRACTION COMP 5 = 0.1427006 
TOTAL STREAM WEIGHT = I.453330 
AVERAGE CONVERSION = 0.8584247

F i g u r e  4 8  ( c o n t d . )

STREAM NUMBER 13.00000 
WT FRACTION COMP I = . 
VJT FRACTION COMP 2 = 
WT FRACTION COMP 3 = 
WT FRACTION COMP 4 = 
WT FRACTION COMP 5 = 
TOTAL STREAM WEIGHT = 
AVERAGE CONVERSION = 
TOTAL EFF

0 . 1 2 9 1 1 9 9  
0 . 6 5 3 8 0 7 2  
0.146221OE-OI 
0,5982143E-01 
0.1426300 
1 . 8 7 8 1 6 9  
0 . 8 5 5 7 1 7 5  
0.5636395

MIXER
STREAM NUMBER 1 5 . 0 0 0 0 0  
WT FRACTION COMP I = 0,1739850 
WT FRACTION COMP. 2 = 0 ,6206276  
WT FRACTION COMP 3 = O.I35609OE-OI 
VJT FRACTION COMP 4 = O.5678556E-OI 
VJT FRACTION COMP 5 = 0.1350412 
TOTAL STREAM WEIGHT = 95,22472 
AVERAGE CONVERSION =' 0 . 7 5 0 2 9 8 0



Figure 48 (contd,) 

ROASTER

2 1 1

GAS FLOW OVERHEAD (CFM) = 4265„996

STREAM NUMBER 16„00000 
WP FRACTION COMP I = 0,32793373-02
WT FRACTION COMP 2 = 0,7857931 
WT FRACTION C O M P  3 = 0,000000,0
WT FRACTION COMP 4 = 0 . 7 1 8 9 7 6 9 3 - 0 1
WP FRACTION COMP 5 = 0.1390306
TOTAL STREAM WEIGHT = 2 7 . 7 4 7 6 ?  
AVERAGE CONVERSION = 0,9954286
STREAM NUMBER 1 7 . 0 0 0 0 0  
WT FRACTION COMP I = 0 . 6 4 1 5 5 0 3 E - 0 6
WT FRACTION COMP 2 = '0,7887595 
WT FRACTION COMP 3 = 0,0000000
WT FRACTION COMP 4 = 0„7216913E-01
WT FRACTION COMP 5 = 0,1390710
TOTAL STREAM WEIGHT = 64,72583 
AVERAGE CONVERSION =  0 . 9 9 9 9 9 9 1



2 1 2

ZINC PLANT SIMULATION LEACHING SECTION RESULTS 
1 PROCESS VECTORS'

F i g u r e  4 - 9

NUMBER
. EQUIPMENT . 
SUBROUTINE NAME

STREAM NUMBERS

I AMK AM-I I 2 -3
2 LECH L-I 3 -4 0
33 LECH L-2 4 -5 0
4 LECH L-3 5 -6 0
5 LECH L-4 6 -7 0
6 LECH L-5 7 -8 0
7 LECH ' L-6 8 -9 0
8 LECH L-7 9 -10 0
9 LECH L-8 10 -11 0
10 CIAS C-I 11 -12 -13
11 CLAS C-2 13 -14 -15
1 2 MKR M-I 1 2 14 -16

13 SETL S-I 16 -17 -18
14 AMK AM-2 " 15 41 -19
15 G R N D BM-I 19 -20 0
16 MKR , LM-2 18 20 -21

17 AMK AM-3 2 1 40 - 2 2 .



2 1 3

F i g u r e  4 9  ( C o n t d 0 )

18 LECH ALl 3 2 2 -23 0

19 LECH ALl 2 ■ 23 -24 0

2 0 LECH ALll 24 -25 0

21 LECH ALlO 25 - 2 6 0

2 2 LECH AL-9 2 6 -27 0

23 LECH AL- 8 27 - 2 8 0

24 LECH AL-? 2 8 - 2 9 0

25 LECH AL-6 2 9 -30 0

2 6 IECH AL-5 30 -31 0

2 7 LECH AL-4 31 - 3 2 ■ 0

2 8 LECH AL-3 32 -33 0

2 9 LECH AL-2 33 -34 0

30 LECH AL-I 34 -35 0

31 SETL AL-S 35 - 3 6 -37

32 FLTR F-AO 37 - 3 8 - 3 9

33 MBCR M-2 36 3 8 -2

34 ELET EIET 17 -40 0



F i g u r e  4 9  ( c o n t d , )

2 1 4

ZINC PLANT SIMULATION LEACHING SECTION 
'STREAM CONNECTIONS'

STREAM EQUIPMEliT
FROM TO

I 0 I
2 33 I

3 I 2
4 2 3
5 3 4
6 4 5
7 5 6
8 $ 7
9 7 8
10 . 8 9
11 9 10
12 10 12

13 10 11
14 11 12

15 11 14
16 12 13
17 13 34



2 1 5

F i g u r e  4 9  ( c o n t d . )  '

18 13' 16

19 14 15
20 15 16

21 16 17
2 2 17 1 8

23 18 19
24 19 20

25 . 2 0 21

26 21 2 2

27 2 2 23
2 8 23 24
2 9 24 ■ 25
'30 25 26

31 ' 2 6 27
32 2 7 2 8

33 2 8 29
34 29 30
35 30 31
36 31 3 3

37 31 32
38 32 3 3



Figure 49 (contd,)
216

39 32 0

40 34 17
41 O 14



F i g u r e  4 9  ( c o n t d . )

ZINC PIANT SIMULATION LEACHING SECTION
‘OTHER SYSTEM VARIABLES’

NUMBER OF COMPONENTS
NUMBER OF ITEMS IN RECYCLE LIST (KE2) 
NUMBER OF ITEMS IN RECYCLE LIST (KE3)
COMPONENT NUMBERS USED I,
RECYCLE LIST KE2 I,

12,
21,
3 0,

TOLERANCE, ’ DERROR ’
MAX. LOOPS IN RECYCLE CALC.

1 1 '

O
2, '3, 4, 5, 6 , 7, 8 , 9, 10, 11,
2, 3, 4, 5, 6 , 7, 8 , 9, 10, 11,
13, 14, 15, 16, 17, 18, 19, 2 0,
2 2, 2 3, 24, 25, 2 6, 27, 28, 29,
31, 32, 33, 34, ES<3
0 .0 5 0 0

5

i



218

F i g u r e  4 9  ( c o n t d „ )

m C H  SLURRY TAMK
• TONS/LAY MKEUP ACID ACCED = 0.187211?
TONS/DAY MKEUP FEZ(SO4 ) 3 ADDED 
STREAM NUMBER 37000000
WT FRACTION COMP I = 
WT FRACTION COMP 2 = 
WT FRACTION COMP 3 = 
WT FRACTION COMP 4 = 
WT FRACTION COMP 5 = 
WT FRACTION COMP 6 = 
WT FRACTION COMP 7 = 
WT FRACTION COMP 8 = 
WT FRACTION COMP 9 = 
WT FRACTION COMP 10 = 
TOTAL STREAM WEIGHT =

0.704956IE-02

0,28545192-02
0.1525642
0.72453592-03
0,13959112-01
0.2988590E-01
0.0000000
0 .4596794E-0 3
0.1499395
0 .2638180
0 .3857947
1462.086



F i g u r e  4 9  ( c o n t d , )

L E A C H  T A N K

219

S T R E A M  N U M B E R  4 , 0 0 0 0 0 0

WT FRACTION COMP I 
WT FRACTION COMP 2 
MT FRACTION COMP 3 
VJT FRACTION COMP 4 
MT FRACTION COMP 5 
MT FRACTION COMP 6 
MT FRACTION COMP ? 
MT FRACTION COMP 8 
MT FRACTION COMP 9 
MT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0,2854518E-02
=  0.1287601 
= 0.7245352E-03 
= M395910E-01 
= 0 .29885892-01
= 0 .20700482-01
= 0.2728770E-03 
= 0.1112167 
= O.3IO7656  
=  0.3808512 
= 1462.086

FRACTION OF ZNO LEACHED = O.I559678

LEACH TANK
STREAM NUMBER 5.000000
MT FRACTION COMP I = 0 .28545188-02
MT FRACTION COMP 2 = 0 .1098006
MTIFRACTION COMP 3 = 6 .72453472-03
MT FRACTION COMP 4 = 6 .13959092-01
MT FRACTION COMP 5 = 0 .29885882-01
MT FRACTION COMP 6 = 0,3728958E-OI
MT FRACTION COMP 7 = 0.24468508-03
MT FRACTION COMP 8 — 0.80184828-01
MT FRACTION COMP 9 = 0.3481901
MT FRACTION COMP 10 = 0.3768662
TOTAL STREAM WEIGHT = 1462.086 
FRACTION OF ZNO LEACHED = 0.1473058

I



220
F i g u r e  4 9  ( C o n t d e )

LEACH TANK
STREAM NUMBER 6 . 0 0 0 0 0 0
WT FRACTION COMP I = 0 . 2 8 5 4 5 1 7 2 - 0 2
OT FRACTION CiQMP 2 = 0.9458804E-01
WT FRACTION COMP 3 = 0 . 7 2 4 5 3 4 0 E - 0 3
OT FRACTION COMP 4 = 0.1395908E-01
OT FRACTION COMP 5 = 0 . 2 9 8 8 5 8 7 2 - 0 1
WT FRACTION COMP 6 = 0 . 5 0 5 8 9 7 3 2 - 0 1
OT FRACTION COMP 7 = 0 ,21618832-03
OT FRACTION COMP 8 = 0 . 5 5 3 0 5 3 2 2 - 0 1
OT FRACTION COMP 9 — 0 . 3 7 8 2 0 4 2
OT FRACTION COMP 10 = 0 . 3 7 3 6 7 2 7
TOTAL STREAM WEIGHT = 1462„086 
FRACTION-OF ZNO LEACHED = 0,1385473
LEACH TANK
STREAM NUMBER 7.000000
' WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION C O M P  6 
W  FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
OT FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 2 8 5 4 5 1 6 E - 0 2  
= 0.8258682E-01 
= 0.7245333E-03 
= 0.1395907E-01
=  0 . 2 9 8 8 5 8 6 E - 0 1  
= 0.61077152-01 
= O0I868I63E-O3 
=  0 . 3 5 6 8 7 3 4 2 - 0 1  
=  0 . 4 0 1 8 8 2 3  
=  0 . 3 7 1 1 5 5 8  
= 1462,086

F R A C T I O N  O F  Z N O  L E A C H E D  =  0 . 1 2 6 8785



F i g u r e  4 9  ( c o n t c L ) .

L E A C H  T A N K  .

221

S T R E A M  N U M B E R  8 . 0 0 0 0 0 0

WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
OT FRACTION COMP 4 
OT FRACTION COMP 5 
OT FRACTION COMP 6 
OT FRACTION COMP 7 
OT FRACTION COMP 8 
OT FRACTION COMP 9 
OT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0.2854516E-02
= 0 .73358122-01 
= 0.72453262-03 
= 0.13959062-01 
= O.2988585E-OI 
= 0„6913549S~01 
= 0.1555817E-03 
= 0 .2061323E-01  
= 0.4200903
= 0 .3692237
= 1462.086

FRACTION OF ZNO LEACHED = 0,1117453
LEACH TANK
STREAM NUMBER 9.000000
OT FRACTION COMP I 
OT FRACTION COMP 2 
OT FRACTION COMP 3 
OT FRACTION COMP 4 
OT FRACTION COMP 5 
OT FRACTION COMP 6 
OT FRACTION COMP 7 
WT FRACTION COMP 8 
OT FRACTION COMP 9 
OT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0.2854515B-02
= 0 .66606222-01
= 0.72453192-03 
= 0.1395905E-01 
= 0.29885842-01 
= 0.75022162-01 
= 0.1206017E-03
=. 0.96012692-02 
= 0.4334114 
= 0.3678145 
= 1462.086

F R A C T I O N  O F  Z N O  L E A C H E D  =  0 . 9 2 0 3 9 7 0 2 - 0 1



F i g u r e  4 9  ( c o n t d , )

L E A C H  T A N K

222

STREAM NUMBER 10.00000 
W T  FRACTION COMP 
WT FRACTION C O M P  
WT FRACTION COMP 
WT FRACTION COMP 
WT FRACTION COMP 
MT FRACTION COMP 
WT F R A C T I O N  COMP 
WT F R A C T I O N  COMP 
WT FRACTION COMP 
WT FRACTION COMP 
TOTAL STREAM WEIGHT

I = 0.2854514E-02
2 = O.623765IE-OI
3 = 0 . 7 2 4 5 3 1 5 E - 0 34 = 0.1395904E-01
5 — O . 2 9 8 8 5 8 3 E - O I
6 = 0 , 7 8 6 9 5 7 1 2 - 0 1
7 = 0 . 7 9 2 9 7 7 4 E - 0 4
8 = O . 2 7 2 9 3 0 7 E - O 2
9 = 0 . 4 4 1 7 5 6 2

10 = 0 . 3 6 6 9 3 9 2
1 4 6 2 . 0 8 6

FRACTION OF ZNO LEACHED = O.635032IE-OI 
LEACH TANK
STREAM NUMBER 11.00000
OT FRACTION COMP I 
OT FRACTION COMP 2 
OT FRACTION COMP 3 
OT FRACTION COMP 4 
OT FRACTION COMP 5 
OT FRACTION COMP 6 
OT FRACTION COMP .? 
WT FRACTION COMP 8 
OT FRACTION COMP 9 
OT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0.2854514E-02 
= 0.6076643E-01 
= 0.7245308E-03 
= 0.1395903E-01 
= 0.2988582E-01 
= 0.8007014E-01 
= 0.3068696E-04 
= 0.1581728E-03 
= 0.4449325 
=  O . 3 6 6 6 I 8 3  
=  1 4 6 2 . 0 8 6

F R A C T I O N  O F  Z N O  L E A C H E D  =  0 . 2 5 8 1 1 9 1 E - 0 1



Figure 49 (contd,) 
CIASSIFIER

223

S T R E A M  N U M B E R  1 2 . 0 0 0 0 0

MT FRACTION COMP I 
WT FRACTION COMP 2 
OT FRACTION' COMP 3 
OT FRACTION COMP 4 
OT FRACTION COMP 5 
OT FRACTION COMP 6 
OT FRACTION COMP 7 
OT FRACTION COMP 8 
OT FRACTION COMP 9 
OT FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 2 7 6 3 2 7 5 E - 0 2
= 0„58824l6E-01 
=  0 . 7 0 1 3 7 2 0 E - 0 3  
= 0.13512&SE-01 
=  0 . 2 8 9 3 0 5 7 2 - 0 1  
= 0.7751083E-01 
= 0.3091441E-04 
= 0,15934522-03 
=  0 . 4 4 8 2 3 0 3  
=  0 . 3 6 9 3 3 5 5  
= 966 .6306

STREAM NUMBER 13.00000
WT FRACTION COMP I 
OT FRACTION COMP 2 
OT FRACTION COMP 3 
WtFFRACTION COMP 4 
OT FRACTION COMP 5 
OT FRACTION COMP 6 
OT FRACTION COMP 7 
OT FRACTION COMP 8 
OT FRACTION COMP 9 
OT FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 3 0 3 2 5 1 6 E - 0 2  
=  0 . 6 4 5 5 5 7 0 E - 0 1  
=  0 . 7 6 9 7 1 1 1 E - 0 3  
= 0.1482949E-01 
= 0.3174946E-01 
=  0 . 8 5 0 6 3 2 2 E - 0 1  
= 0,3024313E-04 
= 0.1558850E-03 
=  0 . 4 3 8 4 9 7 5  
= 0.3613158 
= 495,4551



F i g u r e  4 9  ( c o n t d * )

CLASSIFIER

2 2 4

STREAM NUMBER 14,00000
'.MT FRACTION.COMP I 0 . 7 0 2 6 5 5 6 E - 0 3
MT FRACTION COMP 2 = 0.1495802E-01
W FRACTION COMP 3 nr 0 . 1 7 8 3 4 7 6 E - 0 3MT FRACTION COMP 4 r r 0 . 3 4 3 6 0 9 9 E - 0 2
W FRACTION COMP 5 =r 0 . 7 3 5 6 5 8 0 E - 0 2
VJT FRACTION COMP 6 6 . 1 9 7 0 9 7 6 E - 0 1
MT F R A C T I O N COMP 7 = 0,3605199E-04
MT FRACTION COMP 8 r r 0 . 1 8 5 8 2 6 0 E - 0 3
MT FRACTION COMP 9 0 . 5 2 2 7 2 0 7
MT FRACTION COMP 10 = 0 . 4 3 0 7 1 4 5
TOTAL STREAM MEIGBT 4 0 6 . 2 7 2 9

STREAM NUMBER 15.00000
MT FRACTION COMP I = 0,1364630E-01
MT FRACTION COMP 2 =: 0 . 2 9 0 5 0 0 5
MT FRACTION COMP 3 = 0 . 3 4 6 3 7 0 0 E - 0 2
MT FRACTION COMP 4 sr 0 . 6 6 7 3 2 7 0 E - 0 1
MT FRACTION COMP 5 = 0 . 1 4 2 8 7 2 6
MT FRACTION COMP 6 rs 0 . 3 8 2 7 8 4 2
MT FRACTION COMP' 7 =r 0.3780385E-05
MT FRACTION COMP 8 SS 0.1948558̂ -04
MT FRACTION COMP 9 = 0.5481212E-01
MT FRACTION COMP 10 SS 0,4516442E-01
TOTAL STREAM MEIGHT =S 8 9 . 1 8 1 9 2

MIXER
STREAM NUMBER 16,00000
MT FRACTION COMP I = 0.2153493E-02
MT FRACTION COMP 2 SS 0.4584324E-01
MT FRACTION COMP 3 = 0.5465981E-03
MT FRACTION COMP 4 =S 0.1053093E-01
MT FRACTION COMP 5 0.2254636E-01
MT FRACTION COMP 6 0.6040628E-01
MT FRACTION COMP 7 =S 0 . 3 2 4 3 4 7 8 E - 0 4
MT FRACTION COMP 8 =S 0 . 1 6 7 1 8 1 6 E - 0 3
MT FRACTION COMP 9 s r O . 4 7 0 2 7 4 2
MT FRACTION COMP 10 sr 0 . 3 8 7 4 9 9 3
TOTAL STREAM WEIGHT = 1372,9.01 
AVERAGE CONVERSION * 0,0000000



Figure 49 (Contd0) 
THICKENER

225

STREAM NUMBER I?. 0 0 0 0 0
WT F R A C T I O N COMP I 'S 0.0000000
WT FRACTION COMP 2 0 . 0 0 0 0 0 0 0
WT FRACTION COMP 3 0.0000000
WT FRACTION COMP 4 rs , 0 . 0 0 0 0 0 0 0
WT FRACTION COMP 5 = 0 . 0 0 0 0 0 0 0
WT FRACTION COMP 6 = 0.0000000
WT FRACTION COMP 7 r r 0 . 3 7 8 0 3 9 5 E - 0 4
WT FRACTION COMP 8 — 0 . 1 9 4 8 5 6 4 E - 0 3
WT FRACTION COMP 9 0 . 5 4 8 1 2 2 0
WT FRACTION COMP 10 = 0 . 4 5 1 6 4 4 8
TOTAL WEIGHT' STREAM S= 1 0 4 7 . 9 1 9

STREAM NUMBER 1 8 . 0 0 0 0 0
WT FRACTION COMP I- =S 0 . 9 0 9 7 5 3 9 E - 0 2
WT FRACTION COMP 2 TS 0 . 1 9 3 6 6 7 1
WT FRACTION COMP . 3 =S 0 . 2 3 0 9 1 3 2 E - 0 2
WT FRACTION COMP 4 =S 0.4448845E-01
WT FRACTION COMP 5 = 0.9524816E-01
WT FRACTION COMP 6 =S 0 . 2 5 5 1 8 9 4
WT FRACTION COMP 7 =S 0,15121588-04
WT FRACTION COMP 8 S= 0.7794256E-04
WT FRACTION COMP 9 =S 0 . 2 1 9 2 4 8 8
WT FRACTION COMP 10 sr 0 . 1 8 0 6 5 7 9
TOTAL WEIGHT STREAM 3 2 4 . 9 8 1 9

LEACH SLURRY
STREAM NUMBER 19.00000
WT FRACTION COMP I S 0.1364631E-01
WT FRACTION COMP 2 =S 0 . 2 9 0 5 0 0 6
WT FRACTION COMP 3 ,S= 0 . 3 4 6 3 7 0 3 E - 0 2
WT FRACTION COMP 4 =S 0 . 6 6 7 3 2 7 6 E - 0 1
WT FRACTION COMP 5 =S 0 . 1 4 2 8 7 2 ?
WT FRACTION COMP 6 =S 0 . 3 8 2 7 8 4 5
WT FRACTION COMP 7 ' S= O . 3 7 8 O 3 8 7 E - O 5
WT'FRACTION C O M P 8 S= 0.1948560E-04
WT FRACTION COMP 9 =S 0.5481217E-01
WT FRACTION COMP 10 =S .0.4516446E-01
TOTAL STREAM WEIGHT = 89.18182



226
F i g u r e  4 9  ( C o n t d e )

MLLMILL
STREAM NUMBER 20.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WP FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 1 3 6 4 6 3 1 E - 0 1  
= 0.2905006 
= 0,3463703E-0 2  
=  O . 6 6 7 3 2 7 6 E - O I  
= O0142872?
=  0 . 3 8 2 7 8 4 5  
=  0 . 3 7 8 0 3 8 7 E - 0 5  
=  0 . 1 9 4 8 5 6 0 E - 0 4  
=  0 . 5 4 8 1 2 1 7 E - 0 1  
=  0 . 4 5 1 6 4 4 6 E - 0 1  
= 89.18182

MIXER ■
STREAM NUMBER 21.00000 
WT FRACTION COMP I 
VJT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT 
AVERAGE CONVERSION

0.1007704E-01
0 . 2 1 4 5 1 8 6  
0 . 2 5 5 7 7 5 0 E - 0 2  
0 . 4 9 2 7 8 4 1 E - 0 1  
0 . 1 0 5 5 0 3 3  
0.2826650 
0.1267949E-04 
0.6535515B-04 
0 . 1 8 3 8 4 1 0  
0 . 1 5 1 4 8 2 4  

4 1 4 . 1 6 2 8  
0.0000000

LEACH SLURRY TANK 
STREAM NUMBER 22.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP , 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
VJT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 3 1 7 4 4 1 6 E - 0 2  
=  0 . 6 7 5 7 6 4 7 E - 0 1  
=  0 . 8 0 5 7 2 8 1 E - 0 3  
=  0 . 1 5 5 2 3 4 1 E - 0 1  
=  0 . 3 3 2 3 5 0 9 E - 0 1  
= 0..8904362E-01. 
=  0 . 1 3 4 7 3 7 5  
= 0.1759013E-03 
=  0 . 2 7 9 8 2 8 8  
=  0 . 3 7 5 8 9 9 2  
=  1 3 1 4 , 7 4 1



22?
F i g u r e  4 9  ( c o n t d , )

L E A C H  T A N K

STREAM NUMBER 23.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
W  FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP ? 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0.6520712E-01
= 0.8057274E-03
=  0 . 1 5 5 2 3 4 0 E - 0 1  
= 0 „3323508E-01  
= 0.0000000 
= 0.9325441E-02
=  0 . 1 6 6 7 4 1 7  
=  0 . 2 8 4 5 0 3 2  
=  0 . 4 2 1 4 8 3 9  
= 1314.741

=  0 „ 3 1 7 4 4 1 5 E - 0 2

FRACTION OF ZNO LEACHED = 0.3506088E-0l
LEACH TANK
STREAM NUMBER 24.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COIP 10 
TOTAL STREAM VJEIGHT

= 0.3174414E-02 
,= 0 . 6 3 4 2 7 9 8 E - 0 1  
=  0 . 8 0 5 7 2 6 7 E - O 3  
= 0.1552339E-01
= O.3323507E-OI 
= 0.0000000 
= 0.7181235E-02
=  0 . 1 6 6 7 4 1 5
= 0.2880132
= 0.4218975 
= 1314.741

F R A C T I O N  O F  Z N O  L E A C H E D 0 . 2 7 2 8 4 2 0 B - 0 1



Figure 49 (contd.)

I S A C H  T A N K

228

S T R E A M  N U M B E R  2 5 . 0 0 0 0 0

VJT FRACTION COMP I 
WT FRACTION COMP 2 
VJT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTOPM CQMP 10 
TOTAL STREAM WEIGHT

= 0.3174413E-02 
= 0,6206?77E-01
=  0 . 8 0 5 7 2 6 0 E - 0 3
= 0.15523381-01
=  0 . 3 3 2 3 5 0 5 E - 0 1
= 0.0000000 
= 0.55419171-02
= 0.1667411 
=  0 . 2 9 0 6 9 6 7  
= . 0.4222141 
=  1 3 1 4 . 7 4 1

FRACTION OF ZNO LEACHED = 0.2144474E-01
LEACH TANK
STREAM NUMBER 26.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
VJT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 3 1 7 4 4 1 3 E - 0 2
= 0,61028911-01 
= 0.80572531-03
= 0,15523371-01 
= 0.3323504E-01
= 0.0000000 
=  0 . 4 2 8 9 9 0 3 1 - 0 2  
=  0 . 1 6 6 7 4 0 7  
=  0 . 2 9 2 7 4 6 0  
=  0 . 4 2 2 4 5 5 8  
=  1 3 1 4 . 7 4 1

F R A C T I O N  O F  Z N O  L E A C H E D 0.1673728E-01



F i g u r e  4 9  ( c o n t d , )

L E A C H  T A N K

2 2 9

STREAM N U M B E R  2 7 , 0 0 0 0 0

WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM VflEIGHT

=  0 . 3 1 7 4 4 1 2 E - 0 2
= O.6023568E-OI 
= 0„8057246e-03 
= 0„1552335E-01
=  0 . 3 3 2 3 5 0 3 E - O I  
= 0 ,0000000  
=  0 . 3 3 3 3 9 0 7 E - 0 2
= 0 ,1 6 6 7 4 0 5
=  0 . 2 9 4 3 1 0 6
= 0 „4226408 
= 1314,741

FRACTION "OF ZNO LEACHED = 0.1299733E-01
L E A C H  T A N K

S T R E A M  N U M B E R  2 8 . 0 0 0 0 0
VJT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 3 1 7 4 4 1 I E - 0 2
=  0 . 5 9 6 2 0 8 Z E - 0 1
=  0 . 8 0 5 7 2 3 9 E - 0 3
= 0,1552334E-01
= 0.3323502E-01
= 0.0000000 ■
=  0 . 2 5 9 2 9 3 8 E - 0 2
=  0 . 1 6 6 7 4 0 2  
= 0.2955234 
=  0 . 4 2 2 7 8 4 1  
- 1314.741

F R A C T I O N  O F  Z N O  L E A C H E D 0 . 1 0 2 0 7 3 6 E - 0 1
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F i g u r e  4 ?  ( c o n t d , )

L E A C H  T A M

S T R E A M  N U M B E R  2 9 „ 0 0 0 0 0

WT FRACTION COMP I
WT FRACTION COMP 2
WT FRACTION COMP 3
WT FRACTION C O M P 4
WT FRACTION COMP 5
WT FRACTION COMP 6
WT FRACTION COMP 7
WT FRACTION COMP 8
WT FRACTION COMP 9
WT FRACTION COMP 10
TOTAL STREAM WEIGHT

= 0.3174411E-02 
= 0„5914369E-01 
=  0 . 8 0 5 7 2 3 2 E - 0 3  
= 0o1552333E-01 
=  0 . 3 3 2 3 5 0 1 E - 0 1  
=  0,0000000 .
= 0 .20179672-02  
=  0 . 1 6 6 7 3 9 8
=  0 . 2 9 6 4 6 4 5  
=  0 . 4 2 2 8 9 5 6  
=  1 3 1 4 . 7 4 1

FRACTION OF ZNO LEACHED = 0,80024602-02
!EACH TANK
STREAM NUMBER 30.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0.3174410E-02
= 0 „58775602-01  
= 0.8057223E-03 
= 0 „15523322-01
= 0.3323499E-01
= 0.0000000 
= 0,157438.8Ŝ Q2
= ■ 0 .1 667395
=  0 . 2 9 7 1 9 0 4  
= 0.4229816 
= 1314.741

F R A C T I O N  O F  Z N O  L E A C H E D 0.6223381E-02



F i g u r e  4 $  ( c o n t d . )

L E A C H  T A N K
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S T R E A M  N U M B E R  3 1 , 0 0 0 0 0

WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP ? 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

=  0 . 3 1 7 4 4 0 9 E - 0 2  
= 0.584-8790E-01 
= 0.8057216E-03
= 0,1552331E-01
= 0,3323̂ 98E-01
= 0.0000000 
= 0 .12277152-02  
=  0 . 1 6 6 7 3 9 2  
=  0 . 2 9 7 7 5 7 7  
= 0 A 230490  
=  1 3 1 4 . 7 4 1

FRACTION OF ZNO LEACHED = 0.48946742-02
LEACH TANK
STREAM NUMBER 32.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRASTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0,31744092-02 
= 0.58265462-01 
= 0.80572092-03 
= 0.15523302-01 
= 0.33234972-01 
= 0.0000000 
= 0,95970182-03
= 0.1667390 
=  0 . 2 9 8 1 9 6 3  
= 0.4231011 
=  1 3 1 4 . 7 4 1

F R A C T I O N  O F  Z N O  L E A C H E D 0.38028362-02



F i g u r e  4 9  ( c o n t d . )

L E A C H  T A N K
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S T R E A M  N U M B E R  3 2 „ 0 0 0 0 0

WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0„31744081-02 
= 0.$8090462-01 
= 0.8057202E-03
= 0 „15523282-01  
= 0 „33234961-01  
=  0,0000000
= 0.7488327E-03 
= 0.1667387
= 0„2985414 
= 0„4231424
= 1314.741

FRACTION "OF ZNO LEACHED ■ = 0„3003240E-02
LEACH TANK
STREAM NUMBER 34.00000
WT FRACTION COMP I 
WT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
MT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
MT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0,31744076-02 
= 0.57955196-01
= 0,80571956-03
= 0„15523276-01
= 0 .33234956-01
= 0.0000000 
= 0.58590096-03
= 0.1667384 
= 0.2988078 
= 0.4231743 
= 1314.741

F R A C T I O N  O F  Z N O  L E A C H E D 0.23282176-02
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F i g u r e  4 9  ( c o n t d „ )

L E A C H  T A N K

•STREAM NUMBER 35.00000
WT FRACTION COMP I 
VJT FRACTION COMP 2 
WT FRACTION COMP 3 
WT FRACTION COMP 4 
WT FRACTION COMP 5 
WT FRACTION COMP 6 
WT FRACTION COMP 7 
WT FRACTION COMP 8 
WT FRACTION COMP 9 
WT FRACTION COMP 10 
TOTAL STREAM WEIGHT

= 0.3174406E-02 
= 0.5784915E-01
= 0„8057188E-03
= 0.1552326E-01
= 0 .3323494E-01 
= 0.0000000 
=  0 . 4 5 8 2 0 1 9 E - 0 3  
= 0.1667382 
= 0 .299016?- 
= 0.4231994 
= 1314,741 .

FRACTION OF ZNO LEACHED = 0 . 1 8 2 9 2 0 7 E - 0 2



Figure 49 (contd„) 
THICKENER
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STREAM NUMBER 36,00000
WT FRACTION COMP I = 0,0000000
WT FRACTION COMP 2 Z= 0,0000000
WT FRACTION COMP 3 = 0.0000000
OT FRACTION COMP 4 SS 0.0000000
OT FRACTION COMP 5 SS 0.0000000
WT FRACTION COMP 6 SS 0.0000000
OT FRACTION COMP 7 0 ,5 1 5 1 7 3 ^ -0 3
OT FRACTION COMP 8 SS 0 . 1 8 7 4 7 0 0
OT FRACTION COMP 9 SS 0 . 3 3 6 1 9 5 6
WT FRACTION COMP 10 =Z 0,4758187
TOTAL STREAM WEIGHT = 1 0 2 3 . 9 5 3

STREAM NUMBER 37.00000
WT FRACTION CQMP I SS 0 . 1 4 3 5 2 4 7 E - 0 1
OT FRACTION COMP 2 = 0 . 2 6 1 5 5 3 8
WT FRACTION COMP 3 SZ 0 . 3 6 4 2 9 0 0 E - 0 2
OT FRACTION COMP 4 SS 0 . 7 0 1 8 5 3 6 E - 0 1
OT FRACTION COMP 5 SS 0 . 1 5 0 2 6 5 3
WT FRACTION COMP 6 .= 0.0000000
WT FRACTION COMP 7 = 0 . 2 5 7 5 8 6 6 E - 0 3
OT FRACTION COMP 8 0 . 9 3 7 3 4 9 2 E - 0 1
WT FRACTION COMP 9 0 . 1 6 8 0 9 7 7
OT FRACTION COMP 10;r = 0 . 2 3 7 9 0 9 3
TOTAL STREAM WEIGHT S 2 9 0 . 7 8 8 1
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F ig u re  4-9 (Contd0) 

FILTER

STREAM NUMBER 38„00000
WT FRACTION COMP I = 0.0000000
WT FRACTION COMP 2 = 0.0000000
WT FRACTION COMP 3 = 0.0000000
WT FRACTION COMP 4 = 0.0000000
WT FRACTION COMP 5 = 0.0000000
WT FRACTION COMP 6 = 0.0000000
WT FRACTION COMP 7 = 0 . 51517251-03
WT FRACTION COMP 8 .= 0.1874697
WT FRACTION COMP 9 = 0.3361952
WT FRACTION COMP 10 = 0.4758183
WT FRACTION COMP 11 = 0.0000000
TOTAL WEIGHT STREAM = 145.3941

STREAM NUMBER 35

OOOOO
WT FRACTION COMP I — 0 . 28704931-01
WT FRACTION COMP 2 = 0.5231076
WT FRACTION COMP 3 = 0.7285796B-02
WT FRACTION COMP 4 = 0.1403707
WT FRACTION COMP 5 = 0.3005305
WT FRACTION COMP 6 = 0.0000000
WT FRACTION COMP 7 = 0.0000000
WT FRACTION COMP 8 — 0.0000000
WT FRACTION COMP 9 = 0.0000000
WT FRACTION COMP 1.0 S= 0.0000000
WT FRACTION COMP 11 = 0.0000000
TOTAL TffiIGHT STREAM = 145.3940
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F igu re  49 ( Contd8) 

MIXER

STREAM NUMBER 2.000000
MT FRACTION COMP I Sr 0.0000000
WT FRACTION COMP 2 = 0.0000000
MT FRACTION COMP 3 0.0000000
MT FRACTION COMP 4 0.0000000
MT FRACTION COMP 5 0.0000000
MT FRACTION COMP 6 0.0000000
MT FRACTION COMP 7 0 . 5151739E-0 3
MT FRACTION COMP 8 0,1874701
MT FRACTION COMP 9 0.3361956
MT FRACTION COMP 10 0.4758191
TOTAL STREAM VffiIGHT = 1169.346 
AVERAGE CONVERSION = 0.0000000

ELECTROLYTIC PLANT

TONS/BAY ZINC PRODUCED = 116.307?

CELL CURRENT (AMPS) = 8826.45?

STREAM NUMBER 40.00000
WP FRACTION COMP I = ' 0.0000000
MT FRACTION COMP 2 = 0.0000000
MT FRACTION COMP 3 = 0.0000000
MT FRACTION COMP 4 =: 0.0000000
MT FRACTION COMP 5 0.0000000
MT FRACTION COMP 6 = 0.0000000
MT FRACTION COMP 7 sr 0.1931026
MT FRACTION COMP 8 sr 0 . 22613545-03
MT FRACTION COMP 9 sr 0.3180539
MT FRACTION COMP 10 sr 0,4886174
TOTAL MEIGHT STREAM SS 902.9714
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