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SUMMARY 

Research being conducted under the Radionuclides in Soils 

Program is attempting to predict the distribution and movement 

of liquid wastes in the heterogeneous subsurface environment 

of the Hanford Reservation. As part of this program, a trans- 

port model is being developed to predict chemical phenomena in 

soil-waste reactions. This document describes the use of the 

PERCOL model, which was developed as a simplified one-dimensional 

precursor to the transport model. PERCOL numerically describes 

the complex chemical reactions which occur during percolation 

of a waste solution through a porous media. This User's Manual 

describes the main program (PERCOL) and two subroutines (NEWTIT 

and DIST) and gives procedures for accessing these programs, 

inputting data to them and interpreting the output. 
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PERCOL USER'S MANUAL 

INTRODUCTION 

The objective of the "Radionuclides in Soils" program 

being conducted by Battelle-Northwest for the Atlantic 

Richfield Hanford Company is development of tools for managing 

groundwater resources. As part of this program a transport 

model has been developed to predict the movement of contami- 

nants in groundwater systems. Another model, PERCOL, was 

developed to describe the complex chemical reactions which 

occur during percolation of waste solutions through porous 

media such as soils. The PERCOL model can also be used as a 

simplified one-dimensional transport model; in this capacity, 

with support from experimental studies utilizing soil columns, 

PERCOL has been used as a precursor of the more complex trans- 

port model. This report is intended to provide the necessary 

direction for use of the PERCOL computer model. More detailed 

theory can be found in BNWL 1718.l 

The PERCOL program is an extended and revised version of 

a program developed by ~utt* and ~ a n j i ~  for predicting the 

quality of water and breakthrough of contaminants at incre- 

mental lengths throughout a soil profile. Basically the use 

of the computer code entails the input of the initial values 

for all the chemical species present in solution and in the 



s o i l  a s  w e l l  a s  t h e  va lues  f o r  t h e  s o i l  and s o l u t i o n  volumes; 

i n  a d d i t i o n ,  t h e  ou tpu t  va lues  corresponding t o  t h e  e q u i l i b r i u m  

c o n d i t i o n s  i n  s o l u t i o n  and on t h e  s o i l  must be i n t e r p r e t e d .  

The c a l c u l a t i o n s  t h u s  produced a r e  i n p u t  t o  t h e  t r a n s p o r t  

model of t h e  Radionuclides i n  S o i l s  program. 

PERCOL s o l v e s  a  one-dimensional ve r s ion  of t h e  t r a n s p o r t  

equa t ion .  D i f fus ion  and d i s p e r s i o n  a r e  neg lec t ed  and a  

Lagrangian coo rd ina t e  system ( fo l lowing  a  f i x e d  mass o f  f l u i d  

a s  it moves i n  space)  i s  u t i l i z e d .  

This  r e p o r t  g i v e s  d e t a i l e d  procedures  f o r  acces s ing  t h e  

main program and two sub rou t ines  (NEWTIT AND DIST), i n p u t t i n g  

d a t a ,  and i n t e r p r e t i n g  t h e  r e s u l t i n g  ou tpu t .  The Appendices 

c o n t a i n  sample i n p u t  c a r d s ,  program l i s t i n g s ,  and ou tpu t .  



THE PERCOL PROGRAM 

A s o i l  column i s  d i v i d e d  i n t o  K s e p a r a t e  c e l l s ,  c a l l e d  s o i l  
s u b d i v i s i o n s ,  t o  f a c i l i t a t e  numerica l  c a l c u l a t i o n s  o f  t h e  
macro s p e c i e s  c o n c e n t r a t i o n s  (macro c o n s t i t u e n t s  a r e  t h o s e  
s p e c i e s  which a r e  p r e s e n t  i n  s u f f i c i e n t  c o n c e n t r a t i o n s  t o  
a p p r e c i a b l y  a f f e c t  t h e  i o n i c  s t r e n g t h  o f  t h e  s o l u t i o n  and 
c a t i o n  exchange s i tes  a v a i l a b l e  on t h e  s o i l ) .  A s o i l  sub- 
d i v i s i o n  r e p r e s e n t s  a  homogeneous l a y e r  o f  s o i l .  Thus a  
column c o n s i s t i n g  o f  s e v e r a l  s o i l  t ypes  i s  modeled w i t h  
i n t e g r a l  numbers o f  d i f f e r e n t  s o i l  s u b d i v i s i o n s .  

To model t r a c e  c o n s t i t u e n t  s o r p t i o n  it was found nece s sa ry  
t o  f u r t h e r  subd iv ide  each  ~ t h  s o i l  s u b d i v i s i o n  t o  p r even t  
numer ica l  d i s p e r s i o n .  Th i s  p a r t i t i o n i n g  i s  nece s sa ry  o n l y  
f o r  modeling t h e  s o r p t i o n  o f  t h e  t r a c e  c o n s t i t u e n t s  and i s  
r e p r e s e n t e d - b y  t h e  v a r i a b l e  JSUB. 

A l l  macro s p e c i e s  chemical  r e a c t i o n s  t a k e  p l a c e  i n  K s o i l  sub- 
d i v i s i o n s  and a l l  micro  t r a c e  s o r p t i o n  r e a c t i o n s  t a k e  p l a c e  
i n  (JSUB) X ( K )  p a r t i t i o n s .  I n  a  s a t u r a t e d  regime a  po re  
volume o f  i n f l u e n t  i s  i n t roduced  i n t o  t h e  t o p  s u b d i v i s i o n  and 
b a t c h  t y p e  chemical  e q u i l i b r i a  a r e  c a l c u l a t e d .  The e q u i l i -  
b r a t e d  e f f l u e n t  s o l u t i o n  from t h e  f i r s t  s u b d i v i s i o n  becomes 
t h e  i n f l u e n t  t o  t h e  second s u b d i v i s i o n  and b a t c h  t ype  
e q u i l i b r i a  a r e  aga in  c a l c u l a t e d .  The pore  volume of  s o l u t e  
moves i n t o  s u c c e s s i v e  s u b d i v i s i o n s  and e q u i l i b r a t e s  u n t i l  it 
e x i t s  t h e  l a s t  s u b d i v i s i o n  a s  e f f l u e n t .  A f r e s h  a l i q u o t  i s  
t h e n  i n i t i a t e d  i n  t h e  t o p  c e l l  and t h e  sequence i s  r e p e a t e d  
u n t i l  t h e  d e s i r e d  q u a n t i t y  of  e f f l u e n t  i s  reached.  F igu re  1 
i s  a  c o n c e p t u a l i z a t i o n  o f  t h e  s o l u t e  movement. 

Add i t i ona l  assumpt ions  which b e a r  on t h e  u t i l i z a t i o n  o f  PERCOL 
a r e  l i s t e d  i n  Appendix A .  

PERCOL has  two s u b r o u t i n e s ,  NEWTIT AND DIST. NEWTIT u se s  a  
numer ica l  t e chn ique  t o  s o l v e  f o r  t h e  r e a l  r o o t  o f  an e q u a t i o n  
F(x)=O. Th is  equa t i on  de te rmines  t h e  e q u i l i b r i u m  concen t ra -  
t i o n s  o f  t h e  chemical  s p e c i e s  which a r e  r e a c t i n g  by p r e c i p i -  
t a t i o n ,  c a t i o n  exchange,  e t c .  Subrou t ine  DIST c a l c u l a t e s  t h e  
e m p i r i c a l  d i s t r i b u t i o n  c o n s t a n t  Kd f o r  s o r p t i o n  of each t r a c e  
c o n s t i t u e n t .  D e t a i l s  on t h e  s p e c i f i c  chemical  r e a c t i o n s  i n -  
volved and a  d i s c u s s i o n  o f  t h e  e m p i r i c a l  d i s t r i b u t i o n  c o n s t a n t  
can be found i n  BNWL 1 7 1 8 . l  

PERCOL i n p u t  c o n s i s t s  o f :  

s o i l  column paramete r s  - s o i l  volume, number o f  s o i l  sub- 
d i v i s i o n s ,  bu lk  d e n s i t y ,  s o l u b l e  s a l t  c o n t e n t ,  c a t i o n  
exchange c a p a c i t y ,  s l i g h t l y  s o l u b l e  c r y s t a l l i n e  s a l t  
c o n t e n t  
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FIGURE 1. So lu t e  Movement i n  PERCOL Model 

s o l u t i o n  parameters  - volume of s o i l  t o  be  p e r c o l a t e d ,  
concen t r a t i on  of  a l l  c o n s t i t u e n t s  i n  t h e  s o l u t i o n ,  pH 

chemical  r e a c t i o n  parameters  - empi r i ca l  i on  exchange 
c o n s t a n t s  

Input  f o r  t h e  sub rou t ine  NEWTIT c o n s i s t s  of an approximation 
of  t h e  r o o t  x ,  t h e  func t ion  F ( x ) ,  t h e  f i r s t  d e r i v a t i v e  o f  t h e  
func t ion  and s e v e r a l  i n d i c e s  con ta in ing  l o g i c a l  in format ion .  
A l l  of t h i s  i n p u t  i s  au toma t i ca l ly  genera ted  i n  PERCOL. 

I npu t  f o r  t h e  sub rou t ine  D I S T  c o n s i s t s  o f  t h e  concen t r a t i ons  
of chemical  s p e c i e s  i n  t h e  waste s o l u t i o n ,  t h e  s o i l  t ype  pre-  
s e n t ,  and t h e  Kd p r e d i c t o r  equa t ion  f o r  t h e  t r a c e  c o n s t i t u e n t  
of i n t e r e s t .  The Kd p r e d i c t o r  equa t ion  i s  added t o  t h e  sub- 
r o u t i n e  by t h e  u s e r .  The o t h e r  i n p u t  i s  au toma t i ca l ly  t r a n s -  
f e r r e d  from t h e  main program. 

ACCESS 

A t  p r e s e n t  t h e  PERCOL program and i t s  sub rou t ines  a r e  a v a i l a b l e  
i n  a  FORTRAN I V  punched deck c o n s i s t i n g  of about 700 c a r d s  which 
i s  set  up t o  run on a  UNIVAC 1108 computer. 



INPUT REQUIREMENTS 

The i n p u t  requirements  f o r  t h e  PERCOL model vary  depending on 
t h e  o p t i o n s  chosen. Regardless o f  t h e  o p t i o n s  being used,  a l l  
i n p u t  d a t a  a r e  t r a n s f e r r e d  t o  t h e  computer on d a t a  c a r d s .  The 
d a t a  needed i f  t h e  s o i l  column i s  o r i g i n a l l y  d ry  a r e  d i f f e r e n t  
from t h o s e  used i f  t h e  s o i l  column i s  i n i t i a l l y  wet and w e l l  
l eached .  I f  t h e  s o i l  column i s  nonhomogeneous each c e l l  re- 
q u i r e s  i t s  own s e t  of i n p u t  d a t a  ca rds ;  on ly  one s e t  of d a t a  
ca rds  i s  necessary  f o r  a  homogeneous s o i l  column, however, a s  
t h e  computer program au toma t i ca l ly  gene ra t e s  t h e  necessary  
i n p u t  d a t a  f o r  a l l  t h e  remaining s o i l  c e l l s .  

The r equ i r ed  i n p u t  f o r  PERCOL i s  arranged i n  fou r  b a s i c  c a t e -  
g o r i e s  : 

d e s c r i p t i v e  o r  c o n t r o l  parameters  

empi r i ca l  d a t a  f o r  i on  exchange r e a c t i o n s  

s o i l  column dimensions and c o n s t i t u e n t s  

waste s o l u t i o n  volumes and concen t r a t i ons  

Two examples of a  t y p i c a l  i n p u t  arrangement a r e  given i n  Appen- 
d i x  B.  

Desc r ip t ive  Parameters 

For a l l  o p t i o n s ,  t h e  f i r s t  c a rd  i n  t h e  d a t a  deck con ta ins  a  
number o f  TRUE o r  FALSE answers concerning t h e  program o p t i o n s  
t o  be used.  The TRUE o r  FALSE i n p u t  determines  cond i t i ons  t o  
be s imulated.  The o p t i o n s  f o r  TRUE o r  FALSE responses  a r e  
p re sen ted  a s  s t a t emen t s ,  as fo l lows  (each op t ion  s ta tement  i s  
coded i n t o  t h e  computer a s  a  v a r i a b l e ) :  

The f i r s t  s ta tement  i s ,  "The s o i l  column i s  dry  and evaporated 
s a l t s  a r e  p r e s e n t "  ( t h e  v a r i a b l e  which c o n t r o l s  t h i s  s ta tement  
i s  D R Y ) .  I f  t h e  s ta tement  i s  t r u e ,  t h e  f i r s t  a l i q u o t  o f  waste 
s o l u t i o n  con ta in ing  t h e  s o i l  w i l l  d i s s o l v e  t h e  s o l u b l e  s a l t s  
p r e s e n t  i n  t h e  dry s o i l .  I f  t h e  s ta tement  i s  f a l s e ,  t h e  column 
i s  assumed t o  be w e t  and evaporated s a l t s  have a l r eady  been 
leached from t h e  s o i l .  

The second s ta tement  i s ,  "The s o i l  p r o f i l e  i s  homogeneous and 
chemical concen t r a t i ons  a r e  i n i t i a l l y  t h e  sameH ( t h e  v a r i a b l e  
which c o n t r o l s  t h i s  s ta tement  i s  U N I )  . I f  t h e  s ta tement  i s  
t r u e ,  only  one s e t  of chemical d a t a  ca rds  i s  needed and t h e  
computer gene ra t e s  i d e n t i c a l  va lues  f o r  t h e  rest o f  t h e  s o i l  
c e l l s  throughout  t h e  column. I f  t h e  s ta tement  i s  f a l s e ,  sepa- 
r a t e  sets of  d a t a  c a r d s  must be  i n p u t  f o r  each s o i l  subd iv i s ion .  



The t h i r d  s t a t emen t  r e a d s ,  " P r i n t  a l l  i n i t i a l  and e q u i l i b r i u m  
chemical  concen t r a t i ons  a t  each s o i l  s u b d i v i s i o n n  ( t h e  v a r i a b l e  
which c o n t r o l s  t h i s  s ta tement  i s  P R I N T ) .  I f  t h e  s t a t emen t  i s  
t r u e ,  a  l a r g e  amount of ou tpu t  i s  genera ted .  For t h e  average 
problem t h i s  ou tpu t  i s  unnecessary,  b u t  i n  t h e  debugging phase 
t h e  p r i n t i n g  may a i d  t h e  u s e r .  I f  t h e  s ta tement  i s  f a l s e ,  only  
t h e  e q u i l i b r i u m  concen t r a t i ons  o f  t h e  s o l u t i o n  e f f l u e n t  and of 
t h e  l a s t  s o i l  subd iv i s ion  a r e  p r i n t e d .  I n  most a p p l i c a t i o n s  
t h e s e  e f f l u e n t  concen t r a t i on  d a t a  a r e  t h e  d e s i r e d  q u a n t i t i e s .  

The f o u r t h  s t a t emen t  i s ,  " P r i n t  a l l  equ i l i b r ium chemical con- 
c e n t r a t i o n s  a t  each subdiv is ion t '  ( t h e  v a r i a b l e  which c o n t r o l s  
t h i s  s ta tement  i s  P R I ) .  This s t a t emen t ,  when t r u e ,  a l lows 
on ly  t h e  e q u i l i b r i u m  va lues  a t  a l l  subd iv i s ions  t o  be p r i n t e d .  
This pe rmi t s  a  more comprehensive ou tpu t  of t h e  e f f l u e n t  from 
each subd iv i s ion  and t h e  e q u i l i b r i u m  s o i l  c o n d i t i o n s ,  b u t  
n e g l e c t s  t h e  i n i t i a l  va lues  e n t e r i n g  t h e  s o i l  subsec t ions .  
S ince  t h e  e f f l u e n t  from subd iv i s ion  K - 1  i s  t h e  i n f l u e n t  t o  sub- 
d i v i s i o n  K ,  i n i t i a l  d a t a  f o r  a l l  b u t  t h e  f i r s t  c e l l  can be 
gleaned from t h i s  ou tpu t .  

E m ~ i r i c a l  Data f o r  Ion Exchanaes 

Three i o n  exchange r e a c t i o n s  a r e  inc luded  i n  t h e  PERCOL mode1.l 
Each s o i l  t ype  i s  uniquely  s e l e c t i v e  f o r  t h e  major competing 
i o n s  i n  t h e  Hanford waste s t reams .  Numerical d e s c r i p t i o n  of 
t h e  i o n  exchange phenomena between two c a t i o n s  and t h e  s o i l  
exchange s i t e s  r e q u i r e s  two empi r i ca l  c o n s t a n t s ;  t h e  pro- 
cedures  f o r  measuring t h e  c o n s t a n t s  a r e  descr ibed  i n  BNWL 1721.4 
A t  p r e s e n t  t h r e e  s e t s  of  c a t i o n  exchange r e a c t i o n s  a r e  inc luded  
i n  PERCOL. The necessary  i n p u t  v a r i a b l e s  fol low:  

P 1  = e m p i r i c a l  a c t i v i t y  c o r r e c t i o n  f o r  s o l i d  phase 

r a t i o  

F K 1  = e m p i r i c a l  i o n  exchange s e l e c t i v i t y  c o n s t a n t  
++ ++ f o r  Mg r e p l a c i n g  Ca on t h e  s o i l  

P2 = empi r i ca l  a c t i v i t y  c o r r e c t i o n  f o r  s o l i d  phase 
NaX r a t i o  - CaX 

FK2 = e m p i r i c a l  i on  exchange s e l e c t i v i t y  c o n s t a n t  
+ ++ 

f o r  Na r e p l a c i n g  Ca on t h e  s o i l  

P3 = e m p i r i c a l  a c t i v i t y  c o r r e c t i o n  f o r  s o l i d  phase 
KX r a t i o  - NaX 



FK3 = e m p i r i c a l  i o n  exchange c o n s t a n t  f o r  K 
+ 

+ 
r e p l a c i n g  Na 

S o i l  Column Parameters  

The pa ramete r s  which s p e c i f y  column s i z e s ,  numbers o f  sub- 
d i v i s i o n s ,  and s o i l  chemical  c h a r a c t e r i s t i c s  a r e  g iven  below. 
V a r i a b l e s  which must be s p e c i f i e d  whether  t h e  s o i l  column i s  
i n i t i a l l y  d r y  o r  w e t  i n c l u d e :  

K = number o f  s u b d i v i s i o n s  i n  which s o i l  column i s  
d i v i d e d .  A t  p r e s e n t  t h e  program i s  dip-ensioned 
f o r  a  maximum K=20 

VSOIL = t o t a l  volume of  s o i l  column ( u n i t s  must c o r r e -  
spond w i t h  u n i t s  on s o l u t i o n  a l i q u o t  s i z e ) ;  i . e . ,  
cm3-cm3, e t c .  

JSUB = number o f  p a r t i t i o n s  i n t o  which each  s o i l  sub- 
d i v i s i o n  i s  f u r t h e r  d i v i d e d  t o  a i d  t h e  mathemat ica l  
computa t ions  i nvo lved  i n  t r a c e  c o n s t i t u e n t  so rp-  
t i o n .  Macro r e a c t i o n s  a r e  c a r r i e d  o u t  i n  K sub- 
d i v i s i o n s  and micro  ( t r a c e )  s o r p t i o n  d i v i d e d  i n  
JSUB p a r t i t i o n s  f o r  each K~~ s u b d i v i s i o n .  A 
t o t a l  t r a c e  p a r t i t i o n  (JSUB) X ( K )  e q u a l  t o  t h e  
p h y s i c a l  l e n g t h  o f  t h e  l a b o r a t o r y  column (cm) 
h a s  proven t o  g i v e  t h e  b e s t  r e s u l t s .  For example, 
a  50 c m  column i s  modeled w i t h  K=10 and JSUB=5. 
A t  p r e s e n t ,  t h e  column i s  dimensioned f o r  a  maxi- 
m.um JSUB=50 

PORE = t h e  e m p i r i c a l l y  de te rmined  e f f e c t i v e  p o r o s i t y  o f  
t h e  s o i l  column. The v a l u e  i s  less t h a n  one and 
r e p r e s e n t s  t h e  d r a i n a b l e  p o r e  space  

C AL = ca lc ium ca rbona t e  (moles/gm) found i n  s o i l  

GYP = ca lc ium s u l f a t e  (moles/gm) found i n  s o i l  

CAF = ca lc ium f l u o r i d e  (moles/gm) found i n  s o i l  

S  RS = i n i t i a l  t r a c e  c o n s t i t u e n t  c o n c e n t r a t i o n  so rbed  
on s o i l  ( f o r  r a d i o a c t i v e  subs t ances  u n i t s  
cpm/gm, o r  mc/gm, e t c . )  

B 1 1  = mois tu r e  pe r cen t age  a t  which s o i l  e x t r a c t  r uns  = 



B2 = mois ture  percentage a t  s a t u r a t i o n  

where P D  = p a r t i c l e  d e n s i t y  i n  gm/cm3, 
u s u a l l y  s e t  a t  2 . 6 5 ,  and BD = s o i l  bulk  
d e n s i t y  i n  g-m/cm3 

B3 = p e r c e n t  s a t u r a t i o n  i n  t h e  s o i l  column be ing  
modeled 

Addi t iona l  s o i l  parameters  f o r  i n i t i a l l y  d ry  s o i l s  a r e :  

SOCA = r e a d i l y  s o l u b l e  calcium (meq / l i t e r )  found i n  
t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  (example: 100 g-ms 
i n i t i a l l y  d ry  s o i l  i s  e q u i l i b r a t e d  w i t h  X m l s  
d i s t i l l e d  wa te r ;  t h e  s o l u t i o n  e x t r a c t  i s  then 
measured f o r  Ca) 

SOMG = r e a d i l y  s o l u b l e  magnesium (meq / l i t e r )  found - in  
t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  

SONA = r e a d i l y  s o l u b l e  sodium (meq / l i t e r )  found i n  
t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  

SOK = r e a d i l y  s o l u b l e  potassium (meq / l i t e r )  found i n  
t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  

SOSR = r e a d i l y  s o l u b l e  s t a b l e  s t ron t ium (meq / l i t e r )  
found i n  t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  

SOCL = r e a d i l y  s o l u b l e  c h l o r i d e  (meq / l i t e r )  found i n  
t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  

SOS04 = r e a d i l y  s o l u b l e  s u l f a t e  (meq / l i t e r )  found i n  
t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  

SOHC03 = r e a d i l y  s o l u b l e  b i ca rbona te  (meq / l i t e r )  found 
i n  t h e  B 1 1  s o i l - s o l u t i o n  e x t r a c t  

EC = c a t i o n  exchange c a p a c i t y  o f  s o i l  (meq/gm) 

Add i t i ona l  parameters  f o r  i n i t i a l l y  wet s o i l  from which r e a d i l y  
s o l u b l e  s a l t s  have a l r eady  been removed a r e :  

CT = exchangeable magnesium sorbed on t h e  s o i l  
(moles/gm) 

RS R = exchangeable s t a b l e  s t ron t ium sorbed on t h e  
s o i l  (moles/gm) 



ET = exchangeable ca lc ium,sorbed  on t h e  s o i l  
(moles/gm) 

RP = exchangeable potassium sorbed on t h e  s o i l  
(moles/gm) 

SAT = exchangeable sodium sorbed on t h e  s o i l  
(moles/gm) 

Waste So lu t ion  Parameters 

The r e a c t i o n s  which t a k e  p l a c e  a s  a  s o l u t i o n  p e r c o l a t e s  through 
porous media depend upon t h e  chemical makeup of t h e  s o l u t i o n .  
Thus s o l u t i o n  c o n s t i t u e n t s  a r e  necessary  i n p u t  t o  t h e  PERCOL 
model. Waste s o l u t i o n  parameters  a r e  : 

WCA = calcium ion  concen t r a t i on  i n  s o l u t i o n  
(meq / l i t e r )  

WMG = magnesium concen t r a t i on  i n  s o l u t i o n  
(meq / l i t e r )  

WNA = sodium concen t r a t i on  i n  s o l u t i o n  (meq / l i t e r )  

WK = potass ium concen t r a t i on  i n  s o l u t i o n  
(meq / l i t e r )  

WSR = s t ron t ium concen t r a t i on  i n  s o l u t i o n  
(meq / l i t e r )  

WCL = c h l o r i d e  concen t r a t i on  i n  s o l u t i o n  
(meq / l i t e r )  

WS04 = s u l f a t e  concen t r a t i on  i n  s o l u t i o n  (meq / l i t e r )  

WHC03 = b ica rbona te  concen t r a t i on  i n  s o l u t i o n  
(meq / l i t e r )  

WN03 = n i t r a t e  concen t r a t i on  i n  s o l u t i o n  (meq / l i t e r )  

WFL = f l u o r i d e  concen t r a t i on  i n  s o l u t i o n  (meq / l i t e r )  

CASOI = a s s o c i a t e d  calc ium s u l f a t e  complex i n  s o l u t i o n  
( m o l e s / l i t e r )  

APH = pH of s o l u t i o n  

SRIN = i n f l u e n t  concen t r a t i on  of t r a c e  i on  be ing  
i n v e s t i g a t e d ;  u n i t s  t o  correspond t o  u n i t s  
on SRS (cpm/ml o r  m c / m l )  



I f  more than  one t r a c e r  i s  t o  be  s t u d i e d  a t  once, SRIN1, SRIN2, 
e t c . ,  must be programmed i n  and app rop r i a t e  v a r i a b l e s  through- 
o u t  PERCOL added: 

ALI = volume equ iva l en t  t o  one a l i q u o t  (pore  volume 
o f  column/column subd iv i s ions )  t imes  p e r c e n t  
s a t u r a t i o n  

M = number of  a l i q u o t s  of t h i s  p a r t i c u l a r  waste which 
should be  p e r c o l a t e d  

LB = t o t a l  number o f  a l i q u o t s  of  waste t o  be  p e r c o l a t e d  

A s  many d i f f e r e n t  waste s o l u t i o n s  a s  a r e  d e s i r e d  can be per -  
c o l a t e d  through t h e  s o i l .  Each waste r e q u i r e s  i t s  own s e t  
of  d a t a  c a r d s  w i th  t h e  i n p u t  va lues  of  t h e  above v a r i a b l e s .  

OUTPUT INTERPRETATION 

A s  mentioned, t h e  bulk of t h e  work i n  u s ing  PERCOL i s  d a t a  
manipulat ion.  The necessary  i n p u t  v a r i a b l e s  w e r e  de sc r ibed  
i n  t h e  prev ious  s e c t i o n .  The i n t e r p r e t a t i o n  of t h e  l a r g e  
amount of  computer genera ted  ou tpu t  fo l lows .  Besides o u t p u t  
such a s  i n i t i a l  and e q u i l i b r i u m  va lues  of  a l l  t h e  chemical  
s p e c i e s  i n t e r a c t i n g  i n  t h e  so i l -was te  s o l u t i o n  regime, d iag-  
n o s t i c  ou tpu t  i s  p o s s i b l e  i f  problems wi th  t h e  numerical  
c a l c u l a t i o n s  a r e  encountered.  

P r i n t e d  Output 

The f i r s t  o u t p u t s  genera ted  by PERCOL a r e  t h e  f o u r  o p t i o n  
s t a t emen t s  and r e p l i e s  f o r  t h e  p a r t i c u l a r  run be ing  submi t ted ,  
fol lowed by t h e  p r i n t o u t  of t h e  chemical concen t r a t i ons  of  t h e  
v a r i a b l e s  r ead  a s  i n p u t .  This p rov ides  a  check on t h e  accuracy 
of t h e  d a t a  c a r d s .  The number of  ou tpu t  l i n e s  w i l l  depend on 
t h e  op t ion  taken .  The va lues  f a l l  d i r e c t l y  under a  heading 
which c o n t a i n s  a  l i s t  of t h e  i n p u t  v a r i a b l e s ,  s o  i d e n t i f i c a t i o n  
should be obvious.  

Provided t h e  Newton-Raphson i t e r a t i o n  techniques  ( see  NEWTIT) 
converge i n  fewer t han  90  i t e r a t i o n s ,  a l l  ou tpu t  w i l l  c o n s i s t  
of  l i n e s  o f  heading followed by l i n e s  o f  numerical  ou tpu t  f o r  
e i t h e r  i n i t i a l  o r  equ i l i b r ium chemical c o n c e n t r a t i o n s .  The 
headings  s t a t e  whether t h e  va lues  t o  fo l low a r e  e q u i l i b r i u m  
o r  i n i t i a l  and g ive  t h e  s o l u t i o n  a l i q u o t  numbers and s o i l  sub- 
d i v i s i o n s .  

The two headings  a r e  a s  fo l lows:  
- .  

I N I T I A L  CONDITIONS AFTER SOLUTION DISSOLVES SOLUBLE, 
COLUMN - K ALIQUOT LL - 



EQUILIBRIUM VALUES FOR ALL IONS, COLUMN K ALIQUOT LL - - 
Chemical headings a r e  expla ined  below: 

K = potassium concen t r a t i on  i n  s o l u t i o n ,  m / l  

KX = potassium concen t r a t i on  sorbed on s o i l ,  m/gm 

NA = sodium concen t r a t i on  i n  s o l u t i o n ,  m / l  

NAX = sodium concen t r a t i on  sorbed on s o i l ,  m/gm 

MG = magnesium concen t r a t i on  i n  s o l u t i o n ,  m / l  

MGX = magnesium concen t r a t i on  sorbed on s o i l ,  m/gm 

S R  = s t ron t ium concen t r a t i on  i n  s o l u t i o n ,  m / l  
( s t a b l e  macro p o r t i o n )  

SRX = s t ron t ium concen t r a t i on  sorbed i n  s o i l ,  m/gm 
( s t a b l e  macro p o r t i o n )  

C A = calcium ion  concen t r a t i on  i n  s o l u t i o n ,  m / l  

CAX = calcium concen t r a t i on  sorbed on s o i l ,  m/gm 

HC03 = bicarbona te  concen t r a t i on  i n  s o l u t i o n ,  m / l  

NO3 = n i t r a t e  concen t r a t i on  i n  s o l u t i o n ,  m / l  

SO4 = s u l f a t e  concen t r a t i on  i n  s o l u t i o n ,  m / l  

CL = c h l o r i d e  concen t r a t i on  i n  s o l u t i o n ,  m / l  

FL = f l u o r i d e  concen t r a t i on  i n  s o l u t i o n ,  m / l  

CAS04UN = a s s o c i a t e d  calcium s u l f a t e  concen t r a t i on  i n  
s o l u t i o n ,  m / l  

GYPSUM = calcium s u l f a t e  p r e c i p i t a t e d  i n  s o i l ,  m/gm 

CAL = calcium carbonate  p r e c i p i t a t e d  i n  s o i l ,  m/gm 

CAF = calc ium f l u o r i d e  p r e c i p i t a t e d  i n  s o i l ,  m/gm 

PH = pH of e f f l u e n t  s o l u t i o n  

KD = d i s t r i b u t i o n  c o n s t a n t  f o r  p a r t i c u l a r  waste 

B = s o i l - t o - s o l u t i o n  r a t i o ,  g m / l i t e r  



U = squa re  r o o t  of i o n i c  s t r e n g t h  of waste  s o l u t i o n ,  

rn 
SR85 = concen t r a t i on  of t r a c e  c o n s t i t u e n t  sorbed on 
SOIL s o i l  , (cpm/grn o r  mc/gm) 

SR85 = . c o n c e n t r a t i o n  of  t r a c e  c o n s t i t u e n t  i n  e f f l u e n t  
SOL s o l u t i o n  (cpm/ml o r  mc/ml) 

VOLUME = t o t a l  volume o f  e f f l u e n t  through column, m l s  
(MLS (bu t  can change t o  any u n i t s )  

COVOL = column volumes of  e f f l u e n t  through column 

C/CO = e f f l u e n t  t r a c e  c o n c e n t r a t i o n / i n f l u e n t  t r a c e  
concen t r a t i on  (breakthrough)  

INTERNALLY GENERATED DIAGNOSTICS 

One f u r t h e r  t y p e  of numerical  ou tpu t  i s  p o s s i b l e  i f  NEWTIT does 
n o t  converge w i t h i n  90 i t e r a t i o n s .  The ou tpu t  w i l l  be l i n e s  
c o n s i s t i n g  of t h e  f i x e d  p o i n t  v a r i a b l e ,  I O N ,  w i t h  va lues  of  
from 1 t o  5 ,  fol lowed by 5  t o  7 f l o a t i n g  p o i n t  numbers. The 
f i x e d  p o i n t  number i d e n t i f i e s  t h e  chemical r e a c t i o n  which i s  
n o t  converging.  

1 = Mg-Ca Ion Exchange 

2 = Na-Ca Ion Exchange 

3 = Na-K Ion Exchange 

4 = Calcium Carbonate S o l u b i l i t y  

5  = Calcium F luo r ide  S o l u b i l i t y  

The f l o a t i n g  p o i n t  numbers g ive  t h e  va lue  of F (x )  , t h e  r o o t  (x )  , 
t h e  f i r s t  d e r i v a t i v e  of F (x )  which i s  t h e  v a r i a b l e  FXP, and t h e  
va lues  of t h e  chemical  s p e c i e s  involved.  The numbers h e l p  t o  
determine why t h e  system i s  n o t  converging.  

NEWTIT SUBROUTINE 

The sub rou t ine  NEWTIT i s  a  mathematical  a lgor i thm which s o l v e s  
f o r  t h e  r e a l  r o o t  of an equa t ion  i n  t h e  form of F(x)-C=O, 
where F (x )  i s  any polynomial func t ion  of x  and C i s  a  const 'ant .  



The i o n  exchange and p r e c i p i t a t i o n  r e a c t i o n s  b e i n g  modeled can 
b e  p u t  i n  t h e  above form. The s u b r o u t i n e  u t i l i z e s  t h e  Newton- 
Raphson i t e r a t i v e  t e c h n i q u e .  

ACCESS 

The s u b r o u t i n e  NEWTIT i s  a v a i l a b l e  a s  a  FORTRAN I V  punched 
deck of  abou t  70 c a r d s ,  It i s  found d i r e c t l y  behind t h e  main 
program PERCOL, NEWTIT s h o u l d  n o t  have t o  be a l t e r e d  u n l e s s  
new chemical  s p e c i e s  which e n t e r  i n t o  r e a c t i o n s  s o l v e d  by t h e  
Newton-Raphson t e c h n i q u e  a r e  added t o  t h e  main program. T h i s  
s u b r o u t i n e  i s  a  m o d i f i c a t i o n  of  t h e  Program NEWTIT found i n  
t h e  UNIVAC 1108 Math Pack,  S e c t i o n  4 U P  7545 .5 16  

I N P U T  REOUIREMENTS 

Because a l l  i n p u t  r e q u i r e m e n t s  f o r  t h e  s u b r o u t i n e  NEWTIT a r e  
g e n e r a t e d  i n  t h e  main program PERCOL, t h e  u s e r  need n o t  i n p u t  
f u r t h e r  i n f o r m a t i o n .  The UNIVAC 1108 Math Pack may b e  con- 
s u l t e d  f o r  d e t a i l s  o f  t h e  s u b r o u t i n e .  

B r i e f l y ,  t h e  v a r i a b l e s  a u t o m a t i c a l l y  g e n e r a t e d  i n  PERCOL f o r  
subsequen t  i n p u t  t o  NEWTIT i n c l u d e :  

X an  i n i t i a l  e s t i m a t e  o f  t h e  r e a l  r o o t  

FX t h e  polynomial  f u n c t i o n  o f  X 

FXP t h e  f i r s t  d e r i v a t i v e  of  t h e  polynomial  f u n c t i o n  

ERROR t h e  t o l e r a n c e  l i m i t  n e a r  z e r o  which w i l l  s a t i s f y  
convergence ( t h e  d i g i t a l  computer w i l l  r e p e a t e d l y  
a t t e m p t  t o  r e a c h  z e r o  e x a c t l y  i f  t h i s  t o l e r a n c e  
l i m i t  i s  n o t  s p e c i f i e d .  Def in ing  a  narrow band 
on t h e  number l i n e  around z e r o  a l l o w s  t h e  computer 
t o  a c c e p t  convergence tests  which a r e  n o t  e x a c t l y  
z e r o )  

NUMB t h e  number o f  i t e r a t i o n s  t h e  program shou ld  t r y  
b e f o r e  s t o p p i n g  ( t h i s  p r e v e n t s  t h e  computer from 
e n t e r i n g  an i n f i n i t e  l o o p  due t o  l a c k  o f  con- 
ve rgence)  

KAR an  i n t e g e r  which a c t s  a s  an i n d i c a t o r  by NEWTIT 
( d e t a i l s  can b e  found i n  Reference  5 )  

I O N  i d e n t i f i e s  t h e  chemical  e q u a t i o n  b e i n g  s o l v e d  



OUTPUT INTERPRETATION 

I n t e r n a l  Diagnos t ics  

B u i l t  i n t o  NEWTIT a r e  two checks t o  i n s u r e  t h a t  computations 
a r e  proceeding p rope r ly .  I f  t h e  chemical computations do n o t  
converge a f t e r  a  des igna t ed  number of i t e r a t i o n s ,  N (set  a t  
100 f o r  t h i s  program) , t h e  d i a g n o s t i c  occurs  : "ROOT D I D  NOT 
CONVERGE W I T H I N  MAXIMUM NUMBER OF ITERATIONS, PROGRAM RETURNING 
TO NEXT SET OF DATA." Following t h i s  d i a g n o s t i c  a r e  t h r e e  
numbers showing t h e  s o i l  subd iv i s ion ,  K ;  t h e  a l i q u o t ,  ISOL; 
and t h e  chemical equa t ion  i n  which t h e  program was s t u c k ,  I O N  
(desc r ibed  i n  t h e  " I n t e r n a l l y  Generated ~ i a g n o s t i c s "  s e c t i o n )  . 
Unless d a t a  f o r  a  new s o i l  column fo l lows ,  t h e  run t e r m i n a t e s .  

The second d i a g n o s t i c  i s  "OVERFLOW I N  COMPUTATIONS, RETURNING 
TO NEXT SET OF DATA." This  occu r s  when F ( x )  i s  ve ry  l a r g e  
and/or FXP i s  very smal l  i n  t h e  Newton-Raphson scheme. I f  
t h i s  occurs  f o r  no apparen t  reason ,  t h e  t o l e r a n c e  l e v e l ,  E ,  
f o r  F ( x )  5 E must be i nc reased .  This  i s  done by i n c r e a s i n g  
t h e  va lue  of t h e  v a r i a b l e  ERROR i n  t h e  PERCOL deck f o r  t h e  
a p p r o p r i a t e  r e a c t i o n .  

Output t o  Main Program 

NEWTITfs o u t p u t  t o  t h e  program PERCOL i s  i n t e r n a l l y  i n t e r p r e t e d  
and u n l e s s  one of t h e  two e r r o r  d i a g n o s t i c s  i s  i n d i c a t e d  t h e  
run con t inues .  

SUBROUTINE DIST 

The sub rou t ine  DIST c o n t a i n s  t h e  mathematical  equa t ion  used t o  
e s t i m a t e  t h e  va lue  of Kd. The e ua t ion  i s  de r ived  from expe r i -  
mental  d a t a  desc r ibed  elsewhere.714 The equa t ion  r e q u i r e s  t h e  
i n p u t  of e q u i l i b r i u m  chemical v a r i a b l e s  of  t h e  waste  s o l u t i o n  
which a r e  au toma t i ca l ly  t r a n s f e r r e d  from PERCOL. 

ACCESS 

The sub rou t ine  DIST i s  a v a i l a b l e  a s  a  FORTRAN I V  punched deck 
of about  15  c a r d s .  I t  i s  found d i r e c t l y  behind NEWTIT and 
must be  a l t e r e d  whenever a  new Kd p r e d i c t o r  equa t ion  i s  t o  be  
used.  

The v a r i a b l e  AKD i s  t h e  p r e d i c t o r  equa t ion  and must be repunched 
whenever a  new equa t ion  i s  used.  Monitoring of more than  one 
t r a c e  c o n s t i t u e n t  r e q u i r e s  use  of  s e v e r a l  Kd equa t ions  (such a s  

w 

A K D 1 ,  AKD2 ..... 1;  c a r d s  a r e  added t o  t h e  deck f o r  each of t h e s e .  
Va r i ab l e s  f o r  t h e  new wastes  would a l s o  be  added i n  a p p r o p r i a t e  
s p o t s  i n  t h e  main program. 



INPUT REQUIREMENTS 

The i n p u t  requirements  a r e  t h e  c u r r e n t  equ i l i b r ium concen t r a t i on  
va lues  of a l l  t h e  macro c o n s t i t u e n t s  i n  t h e  s o l u t i o n .  These 
va lues  a r e  au toma t i ca l ly  t r a n s f e r r e d  from t h e  main program. 

OUTPUT INTERPRETATION 

The o u t p u t  i s  t h e  va lue  of Kd f o r  t h e  p a r t i c u l a r  waste  so lu -  
t i o n ,  s o i l  type  and t r a c e  c o n s t i t u e n t  of i n t e r e s t .  The va lue  i s  
au toma t i ca l ly  r e t u r n e d  t o  PERCOL and computations cont inue .  
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APPENDIX A 

ASSUMPTIONS INTRINSIC TO PERCOL 

Dispersion, diffusion and evaporation are neglected. 

Seepage velocity is slow enough for equilibrium to be 
attained. 

Cation exchange capacity is constant for each soil type. 

Binary equations approximate the complex cation exchange in 
porous media. 

Equilibrium states are path independent. 

Anion exchange is negligible. 

Limestone, fluorite and gypsum are considered to be the only 
slightly soluble salts present and their solubility is 
assumed to be that of the crystalline form. 

Undissociated calcium sulfate is the only complex ion formed. 

Activity coefficients follow the Davies extension of the 
Debye-Huckel theory. 

Moisture content is uniform. 

Reactions of macroions present are described by factorial 
design regression coefficients. 
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APPENDIX B 

SAMPLE INPUT CARDS AND PRINTED OUTPUT 

1. GENERAL INPUT CARD DESCRIPTION 

2 .  CASE ONE 

COLUMN I S  WET 

COLUMN I S  NONUNIFORM 

PRINT ALL VALUES 

COLUMN HAS FOUR SUBDIVISIONS 

ONE WASTE SOLUTION 

3. CASE TWO 

COLUMN I S  DRY 

COLUMN I S  UNIFORM 

PRINT ONLY EQUILIBRIUM VALUES AT LAST SUBSECTION 

COLUMN HAS TEN SUBDIVISIONS 

ONE WASTE SOLUTION 

GENERAL INPUT CARD DESCRIPTION 

The d a t a  c a r d  which c o n t a i n s  v a l u e s ,  o r  answers ,  f o r  t h e  True 
or  F a l s e  Program Option S ta tements  should  b e  as  fo l lows :  
( t r u e  o r  f a l s e )  v a l u e  f o r  each  s t a t emen t  occupying a c a r d  
column f i e l d  10 columns wide and beg inn ing  w i t h  c a r d  column 1 
must be punched i n  t h e  ca rd .  Each v a l u e  i s  l e f t  j u s t i f i e d  
w i t h i n  i t s  c a r d  column f i e l d  and s t a t e m e n t s  a r e  punched i n  
t h e  o r d e r  t hey  a re  asked.  SEE FORMAT STATEMENT 1150. 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  P1, FK1, P2, 
FK2, P3, and FK3 must be  a s  fo l lows :  beginning w i t h  c a r d  
column 1, each  v a l u e  must be a r ea l  number and occupy a ca rd  
column f i e l d  10 columns wide. A l l  v a l u e s  are punched on t h e  
c a r d  and each  i s  r i g h t  j u s t i f i e d  w i t h i n  i t s  c a r d  column f i e l d .  
They must be i n  t h e  same o r d e r  on t h e  c a r d  as  t hey  are above. 
SEE FORMAT STATEMENT 1200. 



The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  K ,  JSUB, 
VSOIL, PORE, and B3 must have t h e  fo l l owing  format :  t h e  
f i r s t  two v a l u e s  are i n t e g e r s ,  each  occupying a c a r d  column 
f i e l d  6  columns wide beginning w i t h  c a r d  column 1. Each v a l u e  
must be  p r e s e n t  on t h e  c a r d  and r i g h t  j u s t i f i e d  w i t h i n  i t s  
f i e l d .  The nex t  t h r e e  v a l u e s  are rea l  numbers; e ach  occup ie s  
a c a r d  column f i e l d  10 columns wide beginning w i t h  c a r d  column 
13.  Each v a l u e  must be p r e s e n t  on t h e  c a r d  and r i g h t  j u s t i f i e d  
w i t h i n  i t s  c a r d  column f i e l d .  A l l  v a l u e s  on t h i s  c a r d  must 
be  punched i n  t h e  same o r d e r  as t h e y  appear  above. SEE FORMAT 
STATEMENT 1220. 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  SOCA, SOMG, 
SONA, SOK, SOSR, SOCL, SOS04, and SOHC03 i s  a s  f o l l o w s :  a l l  
v a l u e s  are  rea l  numbers; each  occup ie s  a c a r d  column f i e l d  
8 columns wide, beginning w i t h  c a r d  column 1. Each va lue  must 
be r i g h t  j u s t i f i e d  w i t h i n  i t s  c a r d  column f i e l d .  A l l  v a l u e s  
need n o t  be  p r e s e n t  b u t  c a r d  column f i e l d s  f o r  t h o s e  miss ing  
must be l e f t  b lank .  A l l  v a l u e s  punched on t h i s  c a r d  must be 
i n  t h e  same o r d e r  on t h e  c a r d  a s  t hey  are above. SEE FORMAT 
STATEMENT 1140. f ' 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  SON03, EC, 
CAL, B 1 1 ,  B 2 ,  GYP, SRS, and CAF fo l l ows  t h e  same r u l e s  and 
fo rmat  as t h e  d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  
SOCA, SOMG, SONA, SOK, SOSR, SOS04, and SOHC03. SEE FORMAT 
STATEMENT 1140. 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  SAT, RP, 
ET, CT, and RSR must be a s  fo l l ows :  a l l  t h e  v a l u e s  must be 
punched i n  e x p o n e n t i a l  n o t a t i o n  and each  v a l u e  must occupy 
a c a r d  column f i e l d  1 5  columns wide,  beg inn ing  w i t h  c a r d  
column 1. Each v a l u e  must be r i g h t  j u s t i f i e d  w i t h i n  i t s  c a r d  
column f i e l d .  A l l  t h e  v a l u e s  need n o t  be p r e s e n t  b u t  c a r d  
column f i e l d s  f o r  t h o s e  miss ing  must be  l e f t  b l ank .  A l l  t h e  
v a l u e s  punched must be  i n  t h e  same o r d e r  on t h e  c a r d  a s  t h e y  
are  above. SEE FORMAT STATEMENT 1260. 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  GYP, CAL, 
B 2 ,  CAF, and SRS must f o l l ow  t h e  same r u l e s  and fo rmat  a s  
t h e  d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  SAT, RP, 
ET, CT, and RSR. SEE FORMAT STATEMENT 1260. 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  WCA, WMG, 
WNA, WK, WSR, WCL, WS04, WHC03, and M should  be as fo l l ows :  
t h e  f i r s t  e i g h t  v a l u e s  are real  numbers, and each  must occupy 
a c a r d  column f i e l d  8 columns wide,  beg inn ing  w i t h  c a r d  column 
1. Each v a l u e  must be r i g h t  j u s t i f i e d  w i t h i n  i t s  c a r d  column 
f i e l d .  The l a s t  va lue  punched on t h e  c a r d  must be  an  i n t e g e r  
number; it must occupy a  c a r d  column f i e l d  5 columns wide,  



beginning w i t h  c a r d  column 70, and be  r i g h t  j u s t i f i e d  w i t h i n  
i t s  f i e l d .  A l l  v a l u e s  need n o t  be p r e s e n t  b u t  c a r d  column 
f i e l d s  f o r  t h o s e  mi s s ing  must be l e f t  b l ank .  The v a l u e s  
must be  i n  t h e  same o r d e r  on t h e  c a r d  a s  t h e y  a r e  above. 
SEE FORMAT STATEMENT 1140. 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  WN03, SRIN, 
CASOI, APH,.and WFL fo l l ows  t h e  same r u l e s  and fo rmat  a s  t h e  
d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  WCA, WMG, WNA, 
WK, WSR, WCL, WS04, WHC03, and M .  SEE FORMAT STATEMENT 1140. 

The d a t a  c a r d  c o n t a i n i n g  v a l u e s  f o r  t h e  v a r i a b l e s  A L I  and LB 
must be a s  fo l l ows :  t h e  f i r s t  v a l u e  i s  punched i n  exponen t i a l  
n o t a t i o n  and occupies  a  c a r d  column f i e l d  1 4  columns wide,  
beginning w i t h  c a r d  column 1. I t  must be  r i g h t  j u s t i f i e d  
w i t h i n  t h i s  f i e l d .  The second va lue  punched i n  t h e  c a r d  must 
be  an  i n t e g e r  and it must occupy a  c a r d  column f i e l d  6 columns 
wide,  beg inn ing  w i t h  c a r d  column 15 .  I t  must be r i g h t  j u s t i -  
f i e d  w i t h i n  i t s  f i e l d .  SEE FORMAT STATEMENT 1270. 

CASE ONE (WET SOIL) 

The f i r s t  example o f  d a t a  i n p u t  and computer o u t p u t  c o n s i d e r s  
a  s o i l  column which is  i n i t i a l l y  w e t  and ha s  had t h e  s l i g h t l y  
s o l u b l e  s a l t s  e n t i r e l y  l eached  from t h e  s o i l .  The s o i l  column 
has  f o u r  nonhomogeneous s o i l  s u b d i v i s i o n s  f o r  which i n p u t  i s  
needed. The computer gene ra t ed  o u t p u t  i s  i n  t h e  mode which 
p r i n t s  bo th  t h e  i n i t i a l  and f i n a l  chemical  c o n c e n t r a t i o n s  f o r  
each s o i l  ce l l .  

The f i r s t  d a t a  c a r d  c o n t a i n s  a  s t r i n g  of f o u r  words which 
answer t r u e  o r  f a l s e  t o  t h e  f o u r  q u e s t i o n s  posed by t h e  program 
o p t i o n s .  Each t r u e  o r  f a l s e  answer i s  punched i n  a  c a r d  
column f i e l d  10 columns wide beg inn ing  w i t h  c a r d  column 1 
and each  word i s  l e f t  a d j u s t e d  w i t h i n  i t s  f i e l d .  SEE FORMAT 
STATEMENT 115 0. 

The second d a t a  c a r d  c o n t a i n s  v a l u e s  f o r  t h e  v a r i a b l e s  P1, FK1, 
P2, FK2, P3, and FK3, t h e  e m p i r i c a l  i o n  exchange c o n s t a n t s  f o r  
t h e  c a t i o n  exchange r e a c t i o n s .  A r e a l  number v a l u e  f o r  each 
v a r i a b l e  must occupy a  10 c a r d  column f i e l d ,  beg inn ing  w i th  
c a r d  column 1, and t h e  v a l u e s  must be i n  t h e  o r d e r  s p e c i f i e d  
above. SEE FORMAT STATEMENT 1200. 

The t h i r d  d a t a  c a r d  c o n t a i n s  v a l u e s  f o r  t h e  v a r i a b l e s  K ( t h e  
number of  s o i l  s u b d i v i s i o n s ) ,  JSUB ( t h e  number o f  micro sub- 
d i v i s i o n s ) ,  VSOIL ( t h e  volume of t h e  s o i l  column),  PORE ( t h e  
e f f e c t i v e  p o r o s i t y ) ,  and B3 ( t h e  p e r c e n t  s a t u r a t i o n )  t h a t  t h e  
s o i l  column w i l l  have. A v a l u e  f o r  each v a r i a b l e  must b e  



e n t e r e d  i n  t h e  fo l lowing  format.  The f i r s t  two v a r i a b l e  va lues  
a r e  i n t e g e r s  and each occupies  a  ca rd  column f i e l d  s i x  columns 
wide beginning wi th  ca rd  column 1. The column f i e l d  i s  r i g h t  
ad jus t ed .  The n e x t  t h r e e  v a r i a b l e  va lues  a r e  r e a l  numbers, 
each occupying a  ca rd  column f i e l d  t e n  columns wide beginning 
wi th  ca rd  column 13 .  They a l s o  must be i n  t h e  o r d e r  s p e c i f i e d  
above on t h e  ca rd .  SEE FORMAT STATEMENT 1220. 

The f i r s t  t h r e e  d a t a  ca rds  a r e  p r e s e n t  i n  t h e  desc r ibed  format  
whether t h e  s o i l  i s  w e t  o r  d ry .  I f  t h e  s o i l  i s  wet,  t h e  f o u r t h  
d a t a  ca rd  c o n t a i n s  va lues  f o r  t h e  v a r i a b l e s  SAT, RP, E T ,  CT,  
and RSR; t h e s e  a r e  t h e  exchangeable sodium, potassium, calc ium,  
magnesium and s t ron t ium concen t r a t i ons  sorbed on t h e  s o i l .  
Each of t h e s e  va lues  p r e s e n t  must occupy a  ca rd  column f i e l d  1 5  
columns wide beginning w i t h  ca rd  column 1 and must be w r i t t e n  
i n  exponen t i a l  n o t a t i o n ,  such a s  (2.221E-05). The va lues  must 
appear on t h e  ca rd  i n  t h e  o r d e r  s p e c i f i e d  above and t h e  15 ca rd  
column f i e l d  of each miss ing v a r i a b l e  va lue  must be l e f t  b l ank ,  
o r  zeroed. SEE FORMAT STATEMENT 1260. 

The f i f t h  d a t a  ca rd  con ta ins  va lues  f o r  t h e  v a r i a b l e s  GYP, CALI 
B 2 ,  CAF, AND SRS. These a r e  calcium s u l f a t e ,  ca lc ium carbona te  
found i n  s o i l ,  mois ture  percentage a t  s a t u r a t i o n ,  calcium 
f l u o r i d e  found i n  t h e  s o i l ,  and i n i t i a l  t r a c e  c o n s t i t u e n t  con- 
c e n t r a t i o n s  sorbed on t h e  s o i l .  Every one of t h e s e  va lues  need 
n o t  be p r e s e n t ,  b u t  t hose  t h a t  a r e  must fo l low t h e  format ou t -  
l i n e d  f o r  t h e  f o u r t h  d a t a  c a r d .  SEE FORMAT STATEMENT 1260. 

The f o u r t h  and f i f t h  d a t a  c a r d s  w i l l  be p r e s e n t  i f  t h e  s o i l  con- 
d i t i o n s  a r e  termed WET. For DRY s o i l  cond i t i ons  d i f f e r e n t  var -  
i a b l e s  and ca rd  formats  w i l l  be used f o r  d a t a  c a r d s  f o u r  and 
f i v e .  SEE CASE TWO. 

The s i x t h  through e l even th  d a t a  ca rds  p e r t a i n  t o  a  nonuniform 
s o i l  column. These ca rds  a r e  i n p u t  i n  p a i r s  con ta in ing  d a t a  
f o r  t h e  same v a r i a b l e s  found on d a t a  ca rds  f o u r  and f i v e  and 
fo l low t h e  same format a s  c a r d s  f o u r  and f i v e .  The number of  
p a i r s  depends upon t h e  number of  s o i l  c e l l s .  For t h i s  p a r t i c u -  
l a r  c a s e  t h e r e  were f o u r  s o i l  c e l l s ,  hence e i g h t  d a t a  c a r d s  
( d a t a  ca rds  f o u r  through e l e v e n ) .  

The nex t  t h r e e  d a t a  ca rds  a r e  cons idered  t o  be a  s e t ,  and a t  
l e a s t  one s e t  i s  always p r e s e n t .  The presence of a d d i t i o n a l  
s e t s  s i g n i f i e s  t h a t  a d d i t i o n a l  waste  s o l u t i o n s  w i l l  be  used.  

The t w e l f t h  d a t a  c a r d  c o n t a i n s  va lues  f o r  t h e  v a r i a b l e s  WCA, 
WMG, WNA, W K ,  WSR, WC1, WS04, WHC03, and M .  These r e p r e s e n t  
t h e  calc ium,  magnesium, sodium, potassium, s t ron t ium,  c h l o r i d e ,  
s u l f a t e ,  and b i ca rbona te  concen t r a t i ons  i n  t h e  s o l u t i o n  and M .. _ 
r e p r e s e n t s  t h e  number of a l i q u o t s  of t h i s  p a r t i c u l a r  waste  



which should be pe rco la t ed .  Values f o r  a l l  t h e s e  v a r i a b l e s  
need n o t  be p r e s e n t ;  however, t hose  t h a t  a r e  must be i n  t h e  
fol lowing format:  t h e  f i r s t  e i g h t  va lues  must be r e a l  numbers 
and each must occupy a card  column f i e l d  e i g h t  columns wide 
beginning wi th  ca rd  column 1, The l a s t  va lue  t o  be punched 
on t h i s  c a r d ,  "M", i s  an i n t e q e r  which occupies  a ca rd  column 
f i e l d  f i v e  columns wide beginning wi th  ca rd  column 70; t h i s  
va lue  must be r i g h t  a d j u s t e d  w i t h i n  i t s  ca rd  column f i e l d .  
A l l  v a lues  punched must be i n  t h e  o r d e r  desc r ibed  above; t h e  
r e s p e c t i v e  card  column f i e l d s  of t hose  t h a t  a r e  n o t  t o  be 
punched must be l e f t  b lank .  SEE FORMAT STATEMENT 1140. 

The 1 3 t h  d a t a  ca rd  con ta ins  va lues  f o r  t h e  v a r i a b l e s  WN03 ( t h e  
n i t r a t e  concen t r a t i on  i n  t h e  s o l u t i o n ) ,  S R I N  ( t h e  i n f l u e n t  
concen t r a t i on  of t r a c e  i o n  be ing  i n v e s t i g a t e d ) ,  CASOI  ( a s soc i a -  
t e d  calc ium s u l f a t e  complex i n  t h e  s o l u t i o n ) ,  APH ( t h e  pH of 
t h e  s o l u t i o n ) ,  and WFI ( t h e  f l u o r i d e  concen t r a t i on  i n  t h e  
s o l u t i o n ) .  A l l  of t h e s e  va lues  need n o t  be p r e s e n t ,  b u t  those  
t h a t  a r e  must fo l low t h e  format r u l e s  of t h e  1 2 t h  d a t a  ca rd .  
Again, they  must be punched on t h e  card  i n  t h e  o r d e r  s p e c i f i e d ,  
and blank ca rd  column f i e l d s  must be r e t a i n e d .  SEE FORMAT 
STATEMENT 1140. 

The 1 4 t h  d a t a  ca rd  c o n t a i n s  va lues  f o r  t h e  v a r i a b l e s  A L I  ( t h e  
volume e q u i v a l e n t  t o  one a l i q u o t )  and LB ( t h e  t o t a l  number of 
a l i q u o t s  t o  be p e r c o l a t e d ) .  These must be p r e s e n t  i n  t h e  f o l -  
lowing format .  The f i r s t  v a r i a b l e  va lue  i s  punched i n  exponen- 
t i a l  n o t a t i o n  and occupies  a ca rd  column f i e l d  1 4  columns wide 
beginning wi th  ca rd  column 1. The second va lue  i s  an i n t e g e r  
and occupies  a ca rd  column f i e l d  s i x  columns wide beginning 
wi th  ca rd  column 15. Each va lue  must be r i g h t  a d j u s t e d  i n  i t s  
f i e l d .  SEE FORMAT STATEMENT 1270. 

The l a s t  ca rd  i s  t h e  FIN c a r d ,  s i g n i f y i n g  t h e  end of d a t a  i n p u t .  
Sample CASE ONE i n p u t  d a t a  ca rds  and p r i n t e d  ou tpu t  w i l l  be 
found on t h e  fol lowing pages.  

The f i r s t  p o r t i o n  of ou tpu t  i n d i c a t e s  t h e  op t ions  which a r e  
be ing  used and t h e  v a l u e s  of t h e  d a t a  ca rds  which were used t o  
i n i t i a l i z e  t h e  program. This  a l lows a check t o  make s u r e  t h e  
c a r d s  were c o r r e c t l y  read  by t h e  computer and l eaves  a permanent 
record  w i t h  t h e  ou tpu t  f o r  f u t u r e  r e f e r e n c e .  

Fu r the r  ou tpu t  a r e  t h e  i n i t i a l  and e q u i l i b r i u m  va lues  f o r  each 
s o i l  subd iv i s ion  f o r  each a l i q u o t  of s o l u t i o n  pe rco la t ed  through 
t h e  s o i l  c e l l .  
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CASE TWO (DRY SOIL) 

For Case Two t h e  f i r s t ,  second and t h i r d  d a t a  ca rds  a r e  t h e  same 
a s  t hose  descr ibed  i n  Case One; r e f e r  t o  Case One f o r  t h e i r  fo r -  
mat d e s c r i p t i o n s .  

The v a r i a b l e s  on t h e  f o u r t h  d a t a  card  r e p r e s e n t  t h e  amount of 
calcium, magnesium, sodium, potassium, s t ron t ium,  c h l o r i d e ,  
s u l f a t e  and b icarbonate  i n  t h e  B 1 1  s o i l  e x t r a c t s .  These va lues  
may be i n  r e a l  o r  exponent ia l  form and may o r  may n o t  be p re sen t .  
Each va lue  occupies  a  card  column f i e l d  e i g h t  columns wide and 
a l l  exponent ia l  n o t a t i o n s  must be r i g h t  j u s t i f i e d  wi th in  t h e  
card column f i e l d .  Zero v a r i a b l e s  may have blank card column 
f i e l d s .  The v a r i a b l e s  must be punched i n  t h e  o rde r  l i s t e d  above. 
SEE FORMAT STATEMENT 1 1 4 0 .  

The f i f t h  d a t a  card con ta ins  va lues  f o r  t h e  v a r i a b l e s  SON03, EC,  
CAI,, B 1 1 ,  B2, G Y P ,  SRF, AND CAF, r ep resen t ing  t h e  n i t r a t e  i n  t h e  
B 1 1  e x t r a c t ,  c a t i o n  exchange capac i ty ,  calcium carbonate  i n  s o i l ,  
% moisture  a t  which s o i l  e x t r a c t  was run,  8 moisture  of a  s a t -  
u ra t ed  s o i l  column, calcium s u l f a t e  i n  s o i l ,  i n i t i a l  concentra-  
t i o n  of t r a c e  i o n  sorbed on s o i l  and amount of calcium f l u o r i d e  
p r e s e n t  i n  s o i l .  The format i s  i d e n t i c a l  t o  t h a t  of t h e  pre- 
vious  card .  Var iab les  E C ,  B 1 1  and B2 must be p r e s e n t  b u t  t h e  
o t h e r  v a r i a b l e s  may o r  may n o t  be  p r e s e n t .  SEE FORMAT STATEMENT 
1 1 4 0 .  

S ince  t h e  s o i l  i s  des igna ted  as uniform, no f u r t h e r  dry s o i l  
d a t a  cards  a r e  needed. I f  t h e  s o i l  i s  nonuniform, a s  i n  Case 
One, a  set of d a t a  ca rds  conta in ing  t h e  same v a r i a b l e s  a s  ca rds  
fou r  and f i v e  above would be p r e s e n t  f o r  each s o i l  c e l l .  Two 
x  K g ives  t h e  number of dry s o i l  ca rds  needed i n  t h e  gene ra l  non- 
uniform case .  

I n  t h i s  uniform case ,  one s e t  of d a t a  ca rds  i s  p r e s e n t  and t h e  
computer au tomat ica l ly  gene ra t e s  t h e  d a t a  f o r  t h e  remaining 
uniform s o i l  c e l l s .  

The s i x t h ,  seventh and e i g h t h  d a t a  ca rds  r e p r e s e n t  t h e  waste 
s o l u t i o n  d a t a .  The d e s c r i p t i o n  i s  t h e  same a s  f o r  Case One. 
SEE FORMAT STATEMENTS 1 1 4 0  and 1 2 7 0 .  Again, only one waste 
s o l u t i o n  was run ,  t hus  only one s e t  of waste  s o l u t i o n  d a t a  ca rds  
is  p r e s e n t .  The l a s t  ca rd  is  a  FIN card  t o  s i g n i f y  t h e  end of  
i n p u t  d a t a  cards .  Sample Case Two i n p u t  d a t a  ca rds  and p r i n t e d  
ou tpu t  fol low . 
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