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SUMMARY

Research being conducted under the Radionuclides in Soils
Program is attempting to predict the distribution and movement
of liguid 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 1718.1

The PERCOL program is an extended and revised version of
a program developed by Dutt? and Tanji3 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 wvalues

for all the chemical species present in solution and in the



soil as well as the values for the scil and solution volumes;
in addition, the output values corresponding to the equilibrium
conditions in solution and on the soil must be interpreted.

The calculations thus produced are input to the transport

model of the Radionuclides in Soils program,

PERCOL solves a one-dimensional version of the transport
equation. Diffusion and dispersion are néglected and a
Lagrangian coordinate system (following a fixed mass of fluid
as it moves in space) is utilized.

This report gives detailed procedures for accessing the
main program and two subroutines (NEWTIT AND DIST), inpufting
data, and interpreting the resulting output. The Appendices

contain sample input cards, program listings, and output.



THE PERCOL PROGRAM

A so0il column is divided into K separate cells, called soil
subdivisions, to facilitate numerical calculations of the
macro species concentrations (macro constituents are those
species which are present in sufficient concentrations to
appreciably affect the ionic strength of the solution and
cation exchange sites available on the soil). A soil sub-
division represents a homogeneous layer of soil. Thus a
column consisting of several soil types is modeled with
integral numbers of different soil subdivisions.

To model trace constituent sorption it was found necessary
to further subdivide each Kth soil subdivision to prevent
numerical dispersion. This partitioning is necessary only
for modeling the sorption of the trace constituents and is
represented by the variable JSUB.

All macro species chemical reactions take place in K soil sub-
divisions and all micro trace sorption reactions take place
in (JSUB) X (K) partitions. 1In a saturated regime a pore
volume of influent is introduced into the top subdivision and
batch type chemical equilibria are calculated. The equili-
brated effluent solution from the first subdivision becomes
the influent to the second subdivision and batch type
equilibria are again calculated. The pore volume of solute
moves into successive subdivisions and equilibrates until it
exits the last subdivision as effluent. A fresh aliquot is
then initiated in the top cell and the sequence is repeated
until the desired quantity of effluent is reached. Figure 1
is a conceptualization of the solute movement.

Additional assumptions which bear on the utilization of PERCOL
are listed in Appendix A.

PERCOL has two subroutines, NEWTIT AND DIST. NEWTIT uses a
numerical technique to solve for the real root of an equation
F(x)=0. This equation determines the equilibrium concentra-
tions of the chemical species which are reacting by precipi-
tation, cation exchange, etc. Subroutine DIST calculates the
empirical distribution constant Kd for sorption of each trace
constituent. Details on the specific chemical reactions in-
volved and a discussion of_ the empirical distribution constant
can be found in BNWL 1718.1

PERCOL input consists of:

¢ s0il column parameters - soil volume, number of soil sub-
divisions, bulk density, soluble salt content, cation
exchange capacity, slightly soluble crystalline salt
content
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FIGURE 1. Solute Movement in PERCOL Model

e solution parameters - volume of soil to be percolated,
concentration of all constituents in the solution, pH

¢ chemical reaction parameters - empirical ion exchange
constants

Input for the subroutine NEWTIT consists of an approximation
of the root x, the function F(x), the first derivative of the
function and several indices containing logical information.
All of this input is automatically generated in PERCOL.

Input for the subroutine DIST consists of the concentrations

of chemical species in the waste solution, the soil type pre-
sent, and the Kd predictor equation for the trace constituent
of interest. The Kd predictor equation is added to the sub-

routine by the user. The other input is automatically trans-
ferred from the main program.

ACCESS

At present the PERCOL program and its subroutines are available
in a FORTRAN IV punched deck consisting of about 700 cards which

is set up to run on a UNIVAC 1108 computer.



INPUT REQUIREMENTS

The input requirements for the PERCOL model vary depending on
the options chosen. Regardless of the options being used, all
input data are transferred to the computer on data cards. The
data needed if the soil column is originally dry are different
from those used if the soil column is initially wet and well
leached. If the soil column is nonhomogeneous each cell re-
quires its own set of input data cards; only one set of data
cards is necessary for a homogeneous soil column, however, as
the computer program automatically generates the necessary
input data for all the remaining soil cells.

The required input for PERCOL is arranged in four basic cate-
gories:

® descriptive or control parameters

¢ empirical data for ion exchange reactions
¢ s50il column dimensions and constituents

¢ waste solution volumes and concentrations

Two examples of a typical input arrangement are given in Appen-
dix B.

Descriptive Parameters

For all options, the first card in the data deck contains a
number of TRUE or FALSE answers concerning the program options
to be used. The TRUE or FALSE input determines conditions to
be simulated. The options for TRUE or FALSE responses are
presented as statements, as follows (each option statement is
coded into the computer as a variable):

The first statement is, "The soil column is dry and evaporated
salts are present" (the variable which controls this statement
is DRY). If the statement is true, the first aliquot of waste
solution containing the soil will dissolve the soluble salts
present in the dry soil. If the statement is false, the column
is assumed to be wet and evaporated salts have already been
leached from the soil.

The second statement is, "The soil profile is homogeneous and
chemical concentrations are initially the same" (the variable
which controls this statement is UNI). If the statement is
true, only one set of chemical data cards is needed and the
computer generates identical values for the rest of the soil
cells throughout the column. If the statement is false, sepa-
rate sets of data cards must be input for each soil subdivision.



The third statement reads, "Print all initial and equilibrium
chemical concentrations at each soil subdivision" (the variable
which controls this statement is PRINT). If the statement is
true, a large amount of output is generated. For the average
problem this output is unnecessary, but in the debugging phase
the printing may aid the user. If the statement is false, only
the equilibrium concentrations of the solution effluent and of
the last soil subdivision are printed. 1In most applications
these effluent concentration data are the desired gquantities.

The fourth statement is, "Print all equilibrium chemical con-
centrations at each subdivision" (the variable which controls
this statement is PRI). This statement, when true, allows

only the equilibrium values at all subdivisions to be printed.
This permits a more comprehensive output of the effluent from
each subdivision and the equilibrium soil conditions, but
neglects the initial values entering the soil subsections.
Since the effluent from subdivision K-1 is the influent to sub-
division K, initial data for all but the first cell can b
gleaned from this output.

Empirical Data for Ion Exchanges

Three ion exchange reactions are included in the PERCOL model,1
Each soil type is uniquely selective for the major competing
ions in the Hanford waste streams. Numerical description of

the ion exchange phenomena between two cations and the soil
exchange sites requires two empirical constants; the pro-
cedures for measuring the constants are described in BNWL 1721.4
At present three sets of cation exchange reactions are included
in PERCOL. The necessary input variables follow:

Pl = empirical activity correction for solid phase
. MgX
ratio Cax
FK1 = empirical ion exchange selectivity constant

for Mg++ replacing ca*t on the soil

P2 = empirical activity correction for solid phase
ratio NaX
CaX
FK2 = empirical ion exchange selectivity constant

for Na+ replacing Ca++ on the soil

P3 = empirical activity correction for solid phase

ratio RX_
NaX



FK3 = empirical ion exchange constant for K"

replacing Na+

So0il Column Parameters

The parameters which specify column sizes, numbers of sub-
divisions, and soil chemical characteristics are given below.
Variables which must be specified whether the soil column is
initially dry or wet include:

K = number of subdivisions in which soil column is
divided. At present the program is dimensioned
for a maximum K=20

VSOIL = total volume of so0oil column (units must corre-
spond with units on solution aliquot size); i.e.,
cm3-cm3, etc.

JSUB number of partitions into which each soil sub-

division is further divided to aid the mathematical

computations involved in trace constituent sorp-
tion. Macro reactions are carried out in K sub-
divisions and micro (trace) sorption divided in

JSUB partitions for each Kth subdivision. A

total trace partition (JSUB) X (K) equal to the

physical length of the laboratory column (cm)

has proven to give the best results. For example,

a 50 cm column is modeled with X=10 and JSUB=5.

At present, the column is dimensioned for a maxi-

mum JSUB=50

I

PORE

the empirically determined effective porosity of
the so0il column. The value is less than one and
represents the drainable pore space

caL = calcium carbonate (moles/gm) found in soil

GYP = calcium sulfate (moles/gm) found in soil

CAF = calcium fluoride (moles/gm) found in soil

SRS = initial trace constituent concentration sorbed
on soil (for radioactive substances units
cpm/gm, or mc/gm, etc.)

Bl1l = moisture percentage at which soil extract runs =

100 (gms H5O/gm Soil)



B2

B3

moisture percentage at saturation

where PD

usually
density

pexrcent
modeled

(PD-BD)

(PD-BD)

= particle density in gm/cm3,

100

set at 2.65, and BD = soil bulk
in gm/cm3
saturation in the soil column being

Additional soil parameters for initially dry soils are:

S0oca

SOMG

SONA

SOK

SOSR

SOCL

S0504

SOHCO3

EC

readily
the Bl1l

soluble calcium (meg/liter) found in
soil-solution extract (example: 100 gms

initially dry soil is equilibrated with X mls

distilled water;

the solution extract is then

measured for Ca)

readily
the Bl1

readily
the Bl1l

readily
the Bll1

readily

soluble magnesium (meqg/liter) found in
soil-solution extract

soluble sodium (meg/literxr) found in
soil-solution extract

soluble potassium (meqg/liter) found in
soil-solution extract

soluble stable strontium (meg/liter)

found in the Bll soil-solution extract

readily
the Bll

readily
the Bll

readily

soluble chloride (meg/liter) found in
soil-solution extract
soluble sulfate (meg/liter) found in

soil-solution extract

soluble bicarbonate (meg/liter) found

in the Bll soil-solution extract

cation exchange capacity of soil (meg/gm)

Additional parameters for initially wet soil from which readily
soluble salts have already been removed are:

CcT

RSR

exchangeable magnesium sorbed on the soil
(moles/gm)

exchangeable stable strontium sorbed on the
soil (moles/gm)



ET = exchangeable calcium sorbed on the soil
(moles/gm)

RP = exchangeable potassium sorbed on the soil
(moles/gm)

SAT = exchangeable sodium sorbed on the soil

(moles/gm)

Waste Solution Parameters

The reactions which take place as a solution percolates through
porous media depend upon the chemical makeup of the solution.
Thus solution constituents are necessary input to the PERCOL
model, Waste solution parameters are:

WCA = calcium ion concentration in solution
(meq/liter)

WMG = magnesium concentration in solution
(meg/liter)

WNA = sodium concentration in solution (meg/liter)

WK = potassium concentration in solution
(meg/liter)

WSR = strontium concentration in solution
(meq/liter)

WCL = chloride concentration in solution
(meg/liter)

WS04 = gulfate concentration in solution (meg/liter)

WHCO3 = bicarbonate concentration in solution
(meg/liter)

WNO3 = nitrate concentration in solution (meg/liter)

WFL = fluoride concentration in solution (meqg/liter)

CASOI = associated calcium sulfate complex in solution
(moles/liter)

APH = pH of solution

SRIN = influent concentration of trace ion being

investigated; units to correspond to units
on SRS (cpm/ml or mc/ml)



If more than one tracer is to be studied at once, SRIN1l, SRIN2,
etc., must be programmed in and appropriate variables through-
out PERCOL added:

ALI = volume equivalent to one aliquot (pore volume
of column/column subdivisions) times percent
saturation

M = number of aliquots of this particular waste which

should be percolated
LB = total number of aliquots of waste to be percolated
As many different waste solutions as are desired can be per-
colated through the soil. Each waste requires its own set

of data cards with the input values of the above variables.

OUTPUT INTERPRETATION

As mentioned, the bulk of the work in using PERCOL is data
manipulation. The necessary input variables were described
in the previous section. The interpretation of the large
amount of computer generated output follows. Besides output
such as initial and equilibrium values of all the chemical
species interacting in the soil-waste solution regime, diag-
nostic output is possible if problems with the numerical
calculations are encountered.

Printed Output

The first outputs generated by PERCOL are the four option
statements and replies for the particular run being submitted,
followed by the printout of the chemical concentrations of the
variables read as input. This provides a check on the accuracy
of the data cards. The number of output lines will depend on
the option taken. The values fall directly under a heading
which contains a list of the input variables, so identification
should be obvious.

Provided the Newton-Raphson iteration techniques (see NEWTIT)
converge in fewer than 90 iterations, all output will consist
of lines of heading followed by lines of numerical output for
either initial or equilibrium chemical concentrations. The
headings state whether the values to follow are equilibrium
or initial and give the solution aliquot numbers and soil sub-
divisions. ’

The two headings are as follows:

e INITIAL CONDITIONS AFTER SOLUTION DISSOLVES SOLUBLE,
COLUMN K ALIQUOT LL

10



e EQUILIBRIUM VALUES FOR ALL IONS, COLUMN K ALIQUOT LL

Chemical headings are explained below:

K
KX
NA
NAX
MG
MGX

SR

SRX

CA
CAX
HCO3
NO3
S04
CL
FL

CASO4UN

GYPSUM
CAL
CAF

PH

KD

W

)

potassium concentration in solution, m/1
potaésium concentration sorbed on soil, m/gm
sodium concentration in solution, m/1

sodium concentration sorbed on soil, m/gm
magnesium concentration in solution, m/1l
magnesium concentration sorbed on soil, m/gm

strontium concentration in solution, m/1
(stable macro portion)

strontium concentration sorbed in soil, m/gm
(stable macro portion)

calcium ion concentration in solution, m/1l
calcium concentration sorbed on soil, m/gm
bicarbonate concentration in solution, m/1
nitrate concentration in solution, m/1
sulfate concentration in solution, m/1
chloride concentration in solution, m/1
fluoride concentration in solution, m/1

associated calcium sulfate concentration in
solution, m/1l

calcium sulfate precipitated in soil, m/gm
calcium carbonate precipitated in soil, m/gm
calcium fluoride precipitated in soil, m/gm
pH of effluent solution

distribution constant for particular waste

soil-to~-solution ratio, gm/liter

11



U = square root of ionic strength of waste solution,

/m/1
SR85 = concentration of trace constituent sorbed on
SOIL soil (cpm/gm or mc/gm)
SR85 = concentration of trace constituent in effluent
SOL solution (cpm/ml or mc/ml)
VOLUME = total volume of effluent through column, mls
(MLS) (but can change to any units)
COVOL = column volumes of effluent through column
Cc/Co = effluent trace concentration/influent trace

concentration (breakthrough)

INTERNALLY GENERATED DIAGNOSTICS

One further type of numerical output is possible if NEWTIT does
not converge within 90 iterations. The output will be lines
consisting of the fixed point variable, ION, with values of
from 1 to 5, followed by 5 to 7 floating point numbers. The
fixed point number identifies the chemical reaction which is
not converging.

1 = Mg-Ca Ion Exchange

2 = Na-Ca Ion Exchange

3 = Na-K Ion Exchange

4 = Calcium Carbonate Solubility

5 = Calcium Fluoride Solubility
The floating point numbers give the value of F(x), the root (x),
the first derivative of F(x) which is the wvariable FXP, and the

values of the chemical species involved. The numbers help to
determine why the system is not converging.

NEWTIT SUBROUTINE

The subroutine NEWTIT is a mathematical algorithm which solves
for the real root of an equation in the form of F(x)-C=0,
where F(x) is any polynomial function of x and C is a constant.

12



The ion exchange and precipitation reactions being modeled can
be put in the above form. The subroutine utilizes the Newton-
Raphson iterative technique.

ACCESS

The subroutine NEWTIT is available as a FORTRAN IV punched
deck of about 70 cards, It is found directly behind the main
program PERCOL, NEWTIT should not have to be altered unless
new chemical species which enter into reactions solved by the
Newton-Raphson technique are added to the main program. This
subroutine is a modification of the Program NEWTIT found in
the UNIVAC 1108 Math Pack, Section 4 UP 7545.9/6

INPUT REQUIREMENTS

Because all input requirements for the subroutine NEWTIT are
generated in the main program PERCOL, the user need not input
further information. The UNIVAC 1108 Math Pack may be con-
sulted for details of the subroutine.

Briefly, the variables automatically generated in PERCOL for
subsequent input to NEWTIT include:

X an initial estimate of the real root
FX the polynomial function of X
FXP the first derivative of the polynomial function of X

ERROR the tolerance limit near zero which will satisfy
convergence (the digital computer will repeatedly
attempt to reach zero exactly if this tolerance
limit is not specified. Defining a narrow band
on the number line around zero allows the computer
to accept convergence tests which are not exactly
zexro)

NUMB the number of iterations the program should try
before stopping (this prevents the computer from
entering an infinite loop due to lack of con-
vergence)

KAR an integer which acts as an indicator by NEWTIT
(details can be found in Reference 5)

ION identifies the chemical equation being solved

13



OUTPUT INTERPRETATION

Internal Diagnostics

Built into NEWTIT are two checks to insure that computations
are proceeding properly. If the chemical computations do not
converge after a designated number of iterations, N (set at

100 for this program), the diagnostic occurs: "ROOT DID NOT
CONVERGE WITHIN MAXIMUM NUMBER OF ITERATIONS, PROGRAM RETURNING
TO NEXT SET OF DATA." Following this diagnostic are three
numbers showing the soil subdivision, K; the aliquot, ISOL;

and the chemical equation in which the program was stuck, ION
(described in the "Internally Generated Diagnostics" section).
Unless data for a new soil column follows, the run terminates.

The second diagnostic is "OVERFLOW IN COMPUTATIONS, RETURNING
TO NEXT SET OF DATA." This occurs when F(x) is very large
and/or FXP is very small in the Newton-Raphson scheme. If
this occurs for no apparent reason, the tolerance level, E,
for F(x) = E must be increased. This is done by increasing
the value of the variable ERROR in the PERCOL deck for the
appropriate reaction.

Output to Main Program

NEWTIT's output to the program PERCOL is internally interpreted
and unless one of the two error diagnostics is indicated the
run continues.

SUBROUTINE DIST

The subroutine DIST contains the mathematical equation used to
estimate the value of Kd. The e%uation is derived from experi-
mental data described elsewhere.l/4 The equation requires the
input of equilibrium chemical variables of the waste solution
which are automatically transferred from PERCOL.

ACCESS

The subroutine DIST is available as a FORTRAN IV punched deck
of about 15 cards. It is found directly behind NEWTIT and
must be altered whenever a new Kd predictor equation is to be
used.

The variable AKD is the predictor equation and must be repunched
whenever a new equation is used. Monitoring of more than one
trace constituent requires use of several Kd equations (such as
AKD1l, AKD2.....); cards are added to the deck for each of these.
Variables for the new wastes would also be added in appropriate
spots in the main program.

14



INPUT REQUIREMENTS

The input requirements are the current equilibrium concentration
values of all the macro constituents in the solution. These
values are automatically transferred from the main program.

OUTPUT INTERPRETATION

The output is the value of Kd for the particular waste solu-
tion, soil type and trace constituent of interest. The value is
automatically returned to PERCOL and computations continue,

15
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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 IS WET
COLUMN IS NONUNIFORM
PRINT ALL VALUES
COLUMN HAS FOUR SUBDIVISIONS
ONE WASTE SOLUTION
3. CASE TWO
COLUMN IS DRY
COLUMN IS UNIFORM
PRINT ONLY EQUILIBRIUM VALUES AT LAST SUBSECTION
COLUMN HAS TEN SUBDIVISIONS

ONE WASTE SOLUTION

GENERAL INPUT CARD DESCRIPTION

The data card which contains values, or answers, for the True
or False Program Option Statements should be as follows:
(true or false) value for each statement occupying a card
column field 10 columns wide and beginning with card column 1
must be punched in the card. Each value is left justified
within its card column field and statements are punched in
the order they are asked. SEE FORMAT STATEMENT 1150.

The data card containing values for the variables P1l, FK1l, P2,
FK2, P3, and FK3 must be as follows: beginning with card
column 1, each value must be a real number and occupy a card
column field 10 columns wide. All values are punched on the
card and each is right justified within its card column field.
They must be in the same order on the card as they are above.
SEE FORMAT STATEMENT 1200.



The data card containing values for the variables K, JSUB,
VSOIL, PORE, and B3 must have the following format: the

first two values are integers, each occupying a card column
field 6 columns wide beginning with card column 1. Each value
must be present on the card and right justified within its
field. The next three values are real numbers; each occupies
a card column field 10 columns wide beginning with card column
13. Each value must be present on the card and right justified
within its card column field. All values on this card must

be punched in the same order as they appear above. SEE FORMAT
STATEMENT 1220.

The data card containing values for the variables SOCA, SOMG,
SONA, SOK, SOSR, SOCL, S0S04, and SOHCO3 is as follows: all
values are real numbers; each occupies a card column field

8 columns wide, beginning with card column 1. Each value must
be right justified within its card column field. All values
need not be present but card column fields for those missing
must be left blank. All values punched on this card must be
in the same order on the card as they are above. SEE FORMAT
STATEMENT 1140.

The data card containing values for the variables SONO3, EC,
CAL, Bl1l, B2, GYP, SRS, and CAF follows the same rules and
format as the data card containing values for the variables
S0CA, SOMG, SONA, SOK, SOSR, S0S04, and SOHCO3. SEE FORMAT
STATEMENT 1140.

The data card containing values for the variables SAT, RP,
ET, CT, and RSR must be as follows: all the values must be
punched in exponential notation and each value must occupy

a card column field 15 columns wide, beginning with card
column 1. Each value must be right justified within its card
column field. All the values need not be present but card
column fields for those missing must be left blank. All the
values punched must be in the same order on the card as they
are above. SEE FORMAT STATEMENT 1260.

The data card containing values for the variables GYP, CAL,
B2, CAF, and SRS must follow the same rules and format as
the data card containing values for the variables SAT, RP,
ET, CT, and RSR. SEE FORMAT STATEMENT 1260.

The data card containing values for the variables WCA, WMG,
WNA, WK, WSR, WCL, WS04, WHCO3, and M should be as follows:
the first eight values are real numbers, and each must occupy
a card column field 8 columns wide, beginning with card column
1. Each value must be right justified within its card column
field. The last value punched on the card must be an integer
number; it must occupy a card column field 5 columns wide,

B-2



beginning with card column 70, and be right justified within
its field. All values need not be present but card column
fields for those missing must be left blank. The values
must be in the same order on the card as they are above.

SEE FORMAT STATEMENT 1140.

The data card containing values for the wvariables WNO3, SRIN,
CASOI, APH, and WFL follows the same rules and format as the
data card containing values for the variables WCA, WMG, WNA,
WK, WSR, WCL, WS04, WHCO3, and M. SEE FORMAT STATEMENT 1140.

The data card containing values for the variables ALI and LB
must be as follows: the first value is punched in exponential
notation and occupies a card column field 14 columns wide,
beginning with card column 1. It must be right justified
within this field. The second value punched in the card must
be an integer and it must occupy a card column field 6 columns
wide, beginning with card column 15. It must be right justi-
fied within its field. SEE FORMAT STATEMENT 1270.

CASE ONE (WET SOIL)

The first example of data input and computer output considers
a soil column which is initially wet and has had the slightly
soluble salts entirely leached from the soil. The so0il column
has four nonhomogeneous soil subdivisions for which input is
needed. The computer generated output is in the mode which
prints both the initial and final chemical concentrations for
each soil cell.

The first data card contains a string of four words which
answer true or false to the four questions posed by the program
options. Each true or false answer is punched in a card

column field 10 columns wide beginning with card column 1

and each word is left adjusted within its field. SEE FORMAT
STATEMENT 1150.

The second data card contains values for the variables P1l, FK1,
P2, FK2, P3, and FK3, the empirical ion exchange constants for
the cation exchange reactions. A real number value for each
variable must occupy a 10 card column field, beginning with
card column 1, and the values must be in the order specified
above. SEE FORMAT STATEMENT 1200,

The third data card contains values for the wvariables K (the
number of soil subdivisions), JSUB (the number of micro sub-
divisions), VSOIL (the volume of the soil column), PORE (the
effective porosity), and B3 (the percent saturation) that the
soil column will have. A value for each variable must be



entered in the following format, The first two variable values
are integers and each occupies a card column field six columns
wide beginning with card column 1. The column field is right
adjusted. The next three variable values are real numbers,
each occupying a card column field ten columns wide beginning
with card column 13. They also must be in the order specified
above on the card. SEE FORMAT STATEMENT 1220.

The first three data cards are present in the described format
whether the soil is wet or dry. If the soil is wet, the fourth
data card contains values for the variables SAT, RP, ET, CT,
and RSR; these are the exchangeable sodium, potassium, calcium,
magnesium and strontium concentrations sorbed on the soil.

Each of these values present must occupy a card column field 15
columns wide beginning with card column 1 and must be written
in exponential notation, such as (2.221E-05). The values must
appear on the card in the order specified above and the 15 card
column field of each missing variable value must be left blank,
or zeroed. SEE FORMAT STATEMENT 1260.

The fifth data card contains values for the variables GYP, CAL,
B2, CAF, AND SRS. These are calcium sulfate, calcium carbonate
found in soil, moisture percentage at saturation, calcium
fluoride found in the so0il, and initial trace constituent con-
centrations sorbed on the soil. Every one of these values need
not be present, but those that are must follow the format out-
lined for the fourth data card. SEE FORMAT STATEMENT 1260.

The fourth and fifth data cards will be present if the soil con-
ditions are termed WET, For DRY soil conditions different var-
iables and card formats will be used for data cards four and
five,. SEE CASE TWO.

The sixth through eleventh data cards pertain to a nonuniform
soil column. These cards are input in pairs containing data
for the same variables found on data cards four and five and
follow the same format as cards four and five. The number of
pairs depends upon the number of soil cells. For this particu-
lar case there were four soil cells, hence eight data cards
(data cards four through eleven).

The next three data cards are considered to be a set, and at
least one set is always present. The presence of additional
sets signifies that additional waste solutions will be used.

The twelfth data card contains values for the variables WCA,
WMG, WNA, WK, WSR, WCl, WS04, WHCO3, and M. These represent
the calcium, magnesium, sodium, potassium, strontium, chloride,
sulfate, and bicarbonate concentrations in the solution and M
represents the number of aliquots of this particular waste



which should be percolated. Values for all these variables
need not be present; however, those that are must be in the
following format: the first eight values must be real numbers
and each must occupy a card column field eight columns wide
beginning with card column 1, The last value to be punched
on this card, "M", is an integer which occupies a card column
field five columns wide beginning with card column 70; this
value must be right adjusted within its card column field.
All values punched must be in the order described above; the
respective card column fields of those that are not to be
punched must be left blank. SEE FORMAT STATEMENT 1140,

The 13th data card contains values for the variables WNO3 (the
nitrate concentration in the solution), SRIN (the influent
concentration of trace ion being investigated), CASOI (associa-
ted calcium sulfate complex in the solution), APH (the pH of
the solution), and WFI (the fluoride concentration in the
solution). All of these values need not be present, but those
that are must follow the format rules of the 12th data card.
Again, they must be punched on the card in the order specified,
and blank card column fields must be retained. SEE FORMAT
STATEMENT 1140.

The 14th data card contains values for the variables ALI (the
volume equivalent to one aliquot) and LB (the total number of
aliquots to be percolated). These must be present in the fol-
lowing format. The first variable value is punched in exponen-
tial notation and occupies a card column field 14 columns wide
beginning with card column 1. The second value is an integer
and occupies a card column field six columns wide beginning
with card column 15. Each value must be right adjusted in its
field. SEE FORMAT STATEMENT 1270.

The last card is the FIN card, signifying the end of data input.
Sample CASE ONE input data cards and printed output will be
found on the following pages.

The first portion of output indicates the options which are
being used and the values of the data cards which were used to
initialize the program. This allows a check to make sure the
cards were correctly read by the computer and leaves a permanent
record with the output for future reference.

Further output are the initial and equilibrium values for each
soil subdivision for each aligquot of solution percolated through
the soil cell.
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CASE TWO (DRY SOIL)

For Case Two the first, second and third data cards are the same
as those described in Case One; refer to Case One for their for-
mat descriptions.

The variables on the fourth data card represent the amount of
calcium, magnesium, sodium, potassium, strontium, chloride,
sulfate and bicarbonate in the Bll soil extracts. These values
may be in real or exponential form and may or may not be present.
Each value occupies a card column field eight columns wide and
all exponential notations must be right justified within the
card column field. Zero variables may have blank card column
fields. The variables must be punched in the order listed above.
SEE FORMAT STATEMENT 1140.

The fifth data card contains wvalues for the variables SONO0O3, EC,
CAL, Bl1l1l, B2, GYP, SRF, AND CAF, representing the nitrate in the
B1ll extract, cation exchange capacity, calcium carbonate in soil,
% moisture at which soil extract was run, % moisture of a sat-
urated soil column, calcium sulfate in soil, initial concentra-
tion of trace ion sorbed on soil and amount of calcium fluoride
present in soil. The format is identical to that of the pre-
vious card. Variables EC, B1ll and B2 must be present but the
other variables may or may not be present. SEE FORMAT STATEMENT
1140.

Since the soil is designated as uniform, no further dry soil

data cards are needed. If the soil is nonuniform, as in Case
One, a set of data cards containing the same variables as cards
four and five above would be present for each soil cell. Two

x K gives the number of dry soil cards needed in the general non-
uniform case.

In this uniform case, one set of data cards is present and the
computer automatically generates the data for the remaining
uniform soil cells.

The sixth, seventh and eighth data cards represent the waste
solution data. The description is the same as for Case One.

SEE FORMAT STATEMENTS 1140 and 1270. Again, only one waste
solution was run, thus only one set of waste solution data cards
is present. The last card is a FIN card to signify the end of
input data cards. Sample Case Two input data cards and printed
output follow.
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APPENDIX C

FORTRAN IV LISTING
OF PERCOL, DIST, NEWTIT
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