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ABSTRACT

A user’s manual for operation of the chemical transport simulator CHEMTRN is
presented. The manual includes descriptions of the basic equations to be solved, the
solution procedure, information needed for the simulations, and the input parameters.
Also included are four examples of simulations with their input and output listings,

and a listing of the CHEMTRN source code with embedded comments.
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C. W. Miller

Earth Sciences Division
Lawrence Berkeley Laboratory
University of California

Berkeley, California 94720

INTRODUCTION

CHEMTRN is a computer code which. simulates the transport of chemical species
in groundwater systems. The program is based on thermodynamic principles. Equili-
brium is assumed in all chemical reaction_s and thermodynamic activities of all reacting
species are related by mas"s-aétioﬁ'i expressiollvls‘.:‘ The solution‘pro’cédﬁre is flexible
enough so that kinetic effects and effects of temperature gradients may be included
with minor modifications. CHEMTRN can simulate either one-dimensional or purely
radial. flow in porous media using a grid with either a uniform or a variable spacing.
The program includes the effects of dispersion/diffusibﬁ; advection, sorption via ion
exchange or surface complexation, aqueous complexation, precipitation/dissolution of
solids, and the dissociation of water. No data base is provided' with the program; the
user must supply the equilibrium constants and the stoichiometric coefficients for the

reactions of interest.
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This user’s manual includes sections describiﬁ.g the basic equations solved, the
solution procedure, a description of the different types of boundary conditions used in

the program, thebtypes of information needed for each problem, the input parameters,

four different examples with sample input and output, an alphabetical listing of the

input variables, and a listing of the prograin. The program listing includes comments

which describe the input parameters and definitions-of some of the variables used within

the program.

BASIC EQUATIONS

CHEMTRN defines all reactions involving the formation of aqueous complexes,
the sorption of aqueous spécies, and the formation of precipitates by mass-action rela-

tions. This procedure simplifies the problem'formulation. The basic equations solved

in CHEMTRN for chemical changes and transport of 'aqueous species are des_cribed

below.

Aqueous phase complezation and formati'on of preci’pitates |

Given the basis set of Ny species, A;” , the reactions for the formation of a complex

B} and a precipitate G are written,

Ny ’ .
Z aijA;-l‘i <:>B;?=¢, 5 I - (R1)
=1 '
and
]Vb L : . )
Z sij;” = Gk, ' (R2)

=1
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where a;; and sg; are the stoichiometric reaction coefficients, n; is the charge of the.
basis species, and n., is the charge of the complex. Assuming chemical equilibrium,
mass action expressions can be written for each of these cases. For the formation of a

complex,

57)

Ki= (1)

N ’

L [A;?J]au
J=1

where the square brackets denote the t.hefmodynamic activity of a species and K is

the equilibrium constant. For the dissolution of a precipitate,

Ny
S Ky = H [A;,U]su. _ (2)

Jj=1
where K;; is the solubility product_of the solid Gx. In CHEMTRN, the activity of a

dissolved species is approximated by the relation,
(A7) = vjm; - ' (3)

where 5 is an activity coefficient and mj is the mass concentration of the species in

moles per liter solution. Equation (1) then becomes

' _,YC‘ m(" T .
= 4
K Ny ( )

II (vimy)*

J=1

. . n, . .
where m¢; is the concentration of the complex B¢ in moles per liter.
The activity coefficients of the aqueous species (basis species and complexes) are

functions of temperature, pressure, and chemical composition. In CHEMTRN, they

are approximated using the Davies equation [Stumm and Morgan, 1970),

VI
14+ V1

1

log,g vy = ——En

2
i

— 0.31

—
L
—
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where / is the ionic strength defined by

1 7 Ny : . “Ng - . v o :
. 9 .
= 5(2 wmit Y neme ) ©

j=1 =1
and Nc is the number of complexes in the the aqueous phase. The activity of water
is taken to be unity. (Note that 0.3 has been used in the Davies equation instead of

0.2] as per footnote, p.83 of Stumm and Morgan [1970].)

Sorption via ton exchange

The mass transfer of ions and complexes from the aquebus phase to the solid phase
is simulated by either ion exchange or surface complexation. For an ion exchange
process, the charge on the sﬁl‘oliﬁ‘d surface and the number of sites available for exchange
reactions are constant. Aqueous species are sbrbed on the solid phase by displacing
exchangeable ions. Because the charge on the solid matrix does not change, a species
which is sorbed must displace an equivalent amount of charge. For species. AT?

exchanging with spe;cies Ag'z,
no AT (ag) + n1 A2 2n2Ar + n1A5%(ag), (R3)

where A; denotes the sorbed component. This reaction is described by a thermo-
dynamic equilibrium constant,

_ @m0
[A?llnz [Z2]n17.

-

(7)
where the square brackets again denote activities. Because of the present lack of data
for estimating activity coefficients for the surface phase, CHEMTRN approximates
activities in the surface phase by an ideal solution model in which
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where m; is the concentration of species j on the surface phase, T is the total

concentration sorbed in the surface phase given by

Ny = " N, T v v
= E my + z Meys (9)
Jj=1 =]

Ny is the number of sorbed basis species, N is the number of sorbed complexes,
and mq is the concentration of sorbed complexes. ' Thé units of ?r‘z},’ e, and mr
are moles/¢ solution. These units can be related to more conventional ones (moles/g
solid) used for the sorbed phase by dividing m; by ps(1 — ¢)103/¢, where ps is the
the den51ty of the solid phase in g/cm and ¢ is the porosu;y of the porous medium.
An effective equilibrium constant, K% 2 is then used to model the ion exchange process

and (7)is replaced by " -

(71 /mT)™ (yama)™
MNa

(mim1)"* " (mafmr)"

Ki = - (10)

>

In addmon it is asaumed that the number of eqmvalents of surface sites per 14 solut,lon,

Ng, av allable for ion exchange is constant and gn en by,
Z n;my + Z NegMeq- (11)
j=1 =1

N can be evaluated from the cation exchange capacity, CEC (meq/g solid), by’

Ne = (CEC)ps ! ; :

(12)

In the present version of CHEMTRN, the solid phase: density, ps, and the porosity, ¢,
are not input to the program. Therefore Ns must be evaluated and is input as the

parameter CECNS.
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Sorption via surface complezation - - - .

For a surface complexation model, a neutral surface site denoted by SOH can

dissociate to give a negatively charged site, SO™,
SOH =80~ +HF . . (R4)

where the subscript s denotes that the ion is located at the so—called surfa.ce-plane
SOH can also react with HT at the surface‘ plane to give a positively charged site

SOHS", -
SOH+HF =sont. -+ (R5)

In contrast to the ion exchange model, 'the'vc'harge on the solid surface changes and
both cations and anions can be sorbed. In additipn,'_becé.use of the variable surface
charge, an ion does not necessarilv.';ha(\'e to diSplace an equal dmoﬁnt ef chdrge when
it forms a complex w1th the surface site. For example in an ion exchange model, the

sorption of Sr2+ on the sohd phase would reqmre a reactlon vnth two surface s:tes

BOH+SF+2¢(28_>52+)+2H+ . (Re)

whereas in a surface complexation model, it is possible that a reaction may involve
only one site,
SOH+ st =so~ st +uf. - (R7)

The subscript 8 denotes the plane where the Sr2+ ion is located when it forms a

complex with the surface site. In an ion exchange model, the s and 3 planes are not

differentiated. In the surface complexation model, the 38 plane is displaced from the

surface plane.

S
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Following the discussion by Davis et al. [1978], .the equilibrium constant for
reaction R4 is

IS0~ J|HF |

K= 3
[SOH] (13)
The activity of H+_ at the surface plane is related to the activity in the bulk solution

by

«

i) = e — %), "
where ¥; is the change of electrical potential when a species moves from the bulk phase
to the solid phase, &k is the Boltzmann eonsten:'t, T is the :;i)éolute temperature, and
e is 'the electronic charge. In reactions R6 and R7, the sorbed sr®t ion resides at
the 3 plane and mevee ‘thp‘(}uéh- a .pote.nt"ial diﬂ'erehce. of ’L/)ﬂ Therefore, the activity
of Sr°t at the 8 plane is equal to the activity in the bulk phase multiplied by

-—-2e¢)ﬁ/kT) The factor of 2 1s a result of the double positive charge of the
strontium ion. CHEMTRN treats only reactions involving one surface site in the surface

complezation model because these are expected to be more dominant; if reactions of

the type of R6 are dominant, an ion exchange model must be used.

rl’he potentlals Vi and z; g are functlons of the charge distribution developed
between the bulk ﬂu1d and the sohd surface and are defined in terms of this charge and

3

the eapaCltances between the layers A complete discussion of the surface comp]exatlon

1

mode] for sorptlon is glven in Davis et al [19725]

Transport equations

All aqueous species are subject to transport by advection and dispersion/diffusion.
In addition, they may undergc mass transfer reactions such as sorption and precipita-

tion or dissolution. A mass balance can be written for the concentration of each species.
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If W is the total concentration of species A; in the aqueous pha.se, given by

Ne : ' ‘
Wy =mj+ D aigme, - (15)

=1

and if W, is the total concentration of the sorbed species Xj, given by

W; =7+ E aiMeg, | (18),
and if Np is the total number of precipitates, then

o 0 62 0 8 X L |
— e — —_— M,’.=_—w.__. . G

' (8t'+ "oz Dax2) R k; TR . (17)
where v is the mean velocity of advective flow and D is the coefficient of hydrodynamic

dispersion.

The number of unknowns is Nb ++ N -I— Ne+N¢ + Np. Therefore, an equal
number of equations is needed for solution of this system. There are Nb equations of the
type of (17). The mass actioh .rela'tions, (4), provide Nc equatibns for the complexes.
There are _J\_r’bv +Ne—1 re!ationships of ﬁhe form of (10) and:(13)_, and Np relations
of the form of (2); (11) ﬁrpvides the final relétionship needed. 'The acjt.iv_ity coéfﬁcients
are given by (5), and 77 is defined by (9). Therefore a éﬁfﬁcient numbér of equations

exists to determine mj, m;, me,;, My, and M.

SOLUTION PROCEDURE

The partial differential equations (17) are discretized in space leading to a set of

ordinary differential equations (ODE’s). For a constant grid spacing, the ODE’s have
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the form
. N .
- d r. d_ d . . —
’(E”'Jrn + E't'WJ,n +-d_fk¥1 skj Gk =
. D
A 2(%n+1—2%n+vvjn-—l)—“—( 7,n vvj,n-—l)
T

(18)
where ;7 denotes the species, n is the spatial position, and Az is the grid spacing. The -

advection term has been expiessed using an upwinci differencing method.

Because aqueous species are transported at different rates, a uniformly spaced
grid does not allow efficient tracking of different solute fronts. Errors propagated by
an arbitary change in the grid spécing can become excessive. Therefore, a variable grid
spacihg is provided w1th this program with the grid locations dictated by the equation

| A(i—l)AN/AN, 1

z(7) = ZTmax /AN 1 + z(1) (19)

where AN = 1/(number of grid points — 1), Tmax is the position where the outer

boundary condition is .imposved, and A and AN, are adjustable constants.

After replacing the spatial derivatives with finite difference approximations for a

variable grid spécing, the transport equatibn can be written

’ wh—wh_,
dt ]n+dtwj’n+dt Esk] L__v( Tn — Tn—1 )
) | ' ' 20
D woth —wit! wett _yeriy] 0
+— \_ (e |
~ %(I‘n-f-l — Tn—1) ITn+1 —Tn Tn — Tn—1

Equations (2,4,10,11,13,14,18 or 20) form a set of differential /algebraic equations
(DAE’s) which fits the form

G(m, t)d + F(m,t) = (21)
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where m is a vector which contains all the unknowns (mj, My, me, Mey; mp) at all the
nodes. The matrix G is singular because g; 5, = 0 when the mass action equations

(2,4,10) and the site constraint-equation (11) are cast in"the form of (21).

A backward Euler method was used to discretize m in time:

el ey ; o
G(nz‘+1,t)(fn — i )+F(mffr1,t,)=o, | (22)

where ¢ denotes the prev'i(‘)ﬁs"time"levél. and £ + 1 denotes the new time level. The

finite difference approximation to the ti'ansport equation is then written as

BN "_754-1'_'4 N B o
‘/Vja_: - Wj;n + M’j,n - J, + Ep s Ge+,1 —_— Gk : _v WC — w%_l
At ky——— 7 = T - z'n—l
. D Wﬁry— Wf{“ ‘+1 Wfﬁiﬁ
%(xn—i-—l - .’Cn——l) ' xn,+1 — In Ipn — ITpn—1

(23)

More sophisticated DAE solvers bas;ed on more than one previous time level are
available, such as those of Hindmarsh [1980] and Petzold [1981]. However, CHEMTRN
includes precipitation, and when precipitates f(;rm the» number of unknowns increases.
Methods based on Jﬁsing derivatives at several previéus time steps would have to be
restarted when the number of unknowns cha.nges. Therefore, the simpler backward

differencing method was used in CHEMTRN.

An advantage of using just two time-levels is that it is possible to modify the
backward Euler method slightly by evaluating the advection terms at the old time
level using an upwind differencing method while still evaluating the diffusion terms at
the new time level. Then the physical significance of the advection term is maintained:
information is transported in the direction of the flow. The upwind differencing scheme
used in CHEMTRN for the advection term does, however, introduce numerical diffusion

with a coefficient of (vAz/2)(1 — ¢). where ¢ is the Courant number equal to v A/ A,

L
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and the équations are no longer unconditionally stable.. The numerical dispersion. can
be thought of as contributing to the physical dispersion.térm; it is directly proportional -
to the ‘velocit‘y«in‘athe'same manner ifi which.the physical dispersion is formulated. The
numerical dispersion can be-minimized 'by,:using a time step such that c = 1 (Af =
Az /v); however, this restriction evan be rather@stringent.‘-ln addition, for a variable grid
spacing, one cannot:necessarily have ¢ = 1.thoughout the entire grid. : In this case,
if numerical dispersion is comparable to or greater than physica‘l dispersion, alternate
differencing methods [Roache 1972] may have to be used for the advection term. As
for the stability of the equatlons, the 1mp11c1t, form of the dlspersmn term oﬁ‘ers greater
stability than a purely explicit dlﬂ'erencmg scheme ‘No exact stability analysis has
been-domne for the finite differerice scheme. ‘If the flow is mainly advective and if large
oscillations .begin ‘to occur in the calculated concentrations, the time. step should be -

L

reduced.

A Newton-Raphson 1terat10n techmque is uaed to solve the system of equatlons
Estimates of the values of the unknowns at the new tlrne level are used to calculate’

the residues of all the equations for those estimates,
Gm”Wﬂ(

where k£ denotes the iteration number and R is a matrix containing the residues of

btk e T S
+ne“k)=Rm”“¢L (24)

the equations. New estimates are obtained by first calculating the Jacobian, J, where

J = 3R/3m, and then using the Jacobian to predict the. values of the unknowns at

the new time level,
JAm — J( mitL k+1 —‘£+1,k)= ;—R(me'*;l’k). . '(25)

Since one-dimensional flow-is being modeled, any component of the residue vector
will be a function of m at that node and the neighboring nodes resulting in a block

tridiagonal Jacobian matrix. The linear system:of equations (25) is solved using LU
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decomposition where the Jacobian is fact§red'» into lower and upper trviangular. matrices.
A software package written by Hindmarsh [1977] was used both to perform the LU
decomposition and to-solve the set of equations. To save: time, the Jacobian is. not
necessarily evaluated at every time step [Kee and Miller, 1980]. The:iterations of (25)

continue until the changes in the new values. of m are less than the specified error

tolerance. At present the convergence criterion used has been taken from Kee and -

Miller [1980]. In CHEMTRN the following norm,

N N-,- e+1k+1 : e+1k 27%
Map,j 1
Y

naQn— 3 Z e

e+1 k+1
Am1 =1 max; m,

where N is the number of nodes-and NT is the total number of species, must be
less than 10~ %: 1f convergence is not obtained in ten.iterations, a new Jacobian is
calculated. If convergence is still not obtained within five iterations, the time step
is halved When convergence is obtamed w1th1n only ﬁve 1terat10ns the time step is

multiplied by 1. 75 This criterion is set w1th1n the program

Precipitation is only included in the set of equations when it occurs. One type of
precipitate many _form at one noc_ie( while another type may form at a different node.
After each iime:step, éhe éctivity produéi il'or- e:ach p‘lté‘cipitat:e that ié being ébnsidered
is evaluated at each node. If the activity ‘product exceeds the solubility product at a
node, the total amount of each basis species is computed and a new distribution of
species is calculated -at that node. All the solubility products are considered when the
new equilibrium distribution is calculated.. From that time on, the solubility product
is satisfied for any precipitate which has formed at the node and is included in the
system of differential/algebraic equations which are solved si‘-milltanéously. Thus, the
two-step procedure is only used at the time step when a precipitate first forms. The

transport equation at a node with a precipitate henceforth includes an additional

termn representing the change'in the amount of precipitate at that node. If complete

L)
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dissolution- occurs, the species concentration is forced. to go to zero during the time
step .when the dissolution occurs. After this time step, the solubility product will no

longer -be satisfied at that node:

New chemical reactions aré treated by Calculafing the residues of the new equa-
tions dés’éfibiﬁg the reactions. The calculation of the Jacobian is done numerically and

therefore is independent of the types of chemical reactions considered.

" The matrix G is never stored; only the residues for each set of estimates are
stored.. The Jacobian, however, requires the calculation and the storage of the changes
in- residues of each equation ‘with respect' to the ¢hanges in all the unknowns at a
node and at.the two neighboring nodes. Although only the nonzero block matrices are
stored, this storage requirement can be-excéssive for some computers. It is possible
to break: up the Jacobian matrix into several-different blocks and then store these
blocks separately. For example, this procedure helps to overcome some of the storage

limitations of the CDC 7600 computer which was used for these calculations.

Boundary conditions

.. Different boundary conditions may be used with CHEMTRN. The flexibility is
obtained by expressing the boundary conditions in the form of (19) and thus both
time=dependent and steady-state boundary conditions can be simulated. At the inner

boundary it is ‘possible to specify a constant-concentration boundary condition,
..M o= myp,

or a constant-flux boundary condition,

- Om
gy = vm — D—.
- dr
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The flux ‘boundary condition is imposed at 0 if the flow is one-dimensional and at
z(1)/2 if the flow is radial. At the outer bdundary; either a constant concentration
equal to that of the initial condition or a no-flux boundary condition ’éan be imposed.
An additional feature of CHEMTRN is that at tvhevinvn,er boundary, it is possible to
impose a solubility product constraint for the equilibrium of a solid phase with the

initial groundwater:

K2 = [A1]|Ag], - | (26)

where K2 is an equilibrium'solubility product. The equilibrium distribution of species
is determined at.this boundary from knowledge of the total afnount of precipitate that
has been added and from the additional condition that the increased amounts of each
species making up the precipitate, A1 and A2 in this case, in the groundwater are in the

same ratio as prescribed by the stoichiometry of the reaction forming the precipitate.

Water dissociation

To avoid convergence problems, CHEMTRN treats the'dissociation of water by

solving for a dummy variable, y, defined by
y=mH+——moy—. - _ (27)

This method is employed because a mass balance equation for either Ht or OH™ must
include the concentration of water. Relatively large changes in concentrations of the
former produce extremely small relative changes in the concentration of the latter. To
solve for y, a slight modification must be made to the mass balance equations for Ht

and OH™ . The mass balance equation for the hydrogen ‘ion is

8 — 4
Llmg+ 4+ E (ai,H+)me, | + -5-1-WH+ = —L(mH.0), (28)
) .

#
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and for the hydroxylion,

L[mOH— + Z(ai,OH—)mct} = —L(mH;0),

i

where the operator L is defined by

| 'a 52 )
b (a‘ 8?“55)

If (29) is subtracted from (28), the result is

o,
L[y + Z (@i, H+ — az'.OH—)mc‘} 4 5 WH+ =0.

)

(29)

(30)

An additional relationship is obtained from the mass action equation for the dissociation

of water:
[HT)OHT| = Ku,

where K, has the value of 10— 13-99 3¢ 25° C.

PROBLEM FORMULATION

(30)

The user must supply the following items of information for the chemical reactions.

1. The smehlometnc coefficients of the basis specles participating in the reac-

tlons which are belng consndered must be provided. These reactions include

" both aqueous phase complexation and the formation of precipitates.

The

reaction for the formation of a complex is written in terms of one mole of that

complex. The basis species are the least number of species which can be used

“to define all other 'speéies present. The order of the stoichiometric coefficients

is the same as that in which the information about the basis species is read
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into the program. Because the program includes the dissociation of water, the
hydroxyl complex (OH™ ) is treated in a special manner which is explained

below.

2. For each reaction, the equilibrium constant .or solubility product must be
provided and is expressed as the negative common logarithm of the equi-

librium constant or solubility product (pK).

3. For sorption of aqueous species, it is necessary to specify whether the species
will be sorbed by the solid and if it is, whether the sorption mechanism will

be simple ion exchange or surface complexation.

4. The equilibrium constant must be provided for each sorption reaction ex-
pressed as —log (equilibrium constant). For ion exchange, every reaction
must be written in terms of exchange with the same species: Ht ion or else
the first species sorbed. For surface complexation, the reactions are written

in terms of a reaction with a SOH site.

5. For sorption via surface complexation, one must also specify how many HT
species are displaced or additionally sorbed, e.g., a Sr2Tt ion could displace
one or two HT ions depending on whether it reacts with one or two SOH
sites. At present, a species may react with only one surface site in the surface
complexation model so the number of H jons reacting is either —1 for

sorption, O for the H+‘ ion itself, or 41 for displacement of HT.

As stated above, OH™ is treated differently than the other complexes. If dissocia-
tion of water is included, then the chemical reactions are written in terms of Ht and
OH™ instead of HT and H20, as if OH™ were a basis species. Because the concentra-
tion of OH™ can be obtained from HT and the equilibrium constant for dissociation

of water, information read about this species will be like that read for a complex.



C.W. Miller 17

Because information about the basis species is read before the complexes, OH™ will
be the first “complex” read and the stoichiometric coefficient for OH™ in any reaction
will always be the last one in the list. For example, in a system composed of Na+,
Ca2+,.H+, and CO%™, with complexes NaOH, NaCO3 , HCO3 , HoCO3, CaOH™,
CaCOg3, NaH,.COg, Ca.HCOé" and H2O, the basis species for defining the reactions are
NaT, Cég+, H+, é03_, ;md OH™. Then for the reaction

NaT + OH™ = NaOH
the stoichiometric coeflicients are 1,‘0,0,0,1 and for the reaction
Ca®t +Ht 4+ co%2™ =caHcOF

they are 0,1,1,1,0. The equilibrium constants are read by providing —log K (pK) of
the reactions. Because the reactions are expressed in terms of Ht and OH™ instead

of HY and Ho O, the pK’s must be those for the reactions expressed in terms of OH™ .

In addition to providing the chemical reaction data, the user must specify the
dispersivity, the fluid velocity and information on the grid spacing. Because a dispersion
coefficient is usually written as av where a is the dispersivity and v is the velocity, the
dispersion /diffusion coefficient is evaluated as av -+ b where b is the diffusion coefficient.
Therefore, the user can also specify pure diffusion if desired. Either a uniform or

variable grid spacing is possible.

To initialize the system and to calculate the boundary conditions, the user must
provide information about every basis species except OH™ . However, the information
about each species does not have to be the same. For example, for HTt the pH can
be specified; for the NaT species, any one of the following can be specified: the total
concentration of Na in the aqueous phase, the concentration of the NaT ion or the
total concentration of Na in the aqueous phase plus the sorbed phase, etc. The exact

form and order of the input data are given in the next section.
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INPUT PARAMETERS

The following variébles are listed in the order in which CHEMTRN reads them.
The variable names, descriptions, units and read formats have be_en provided. The
formats are either F or I, E format may be used i.ns‘tea‘d of F as long as.th.e value is
correctly right justified in tﬁe field. For Lines 2-12, 135, 13c, 14b, 15b-d, and 16b, thev
first ten spaces have been left blank' so that the user fnay use this space to identify
the input line. Any consistent set of units may be used; in the variable descriptions,
L indicates a unit of length and ¢ a unit of time. Some of the input lines have been
groupéd in sets according to the type of information which they provide. Not all of
the input is required for all simulations. An alphabetical list of the variables and their

definitions appears in Appendix A.

Line 1a  The title.of the problem can be up to 80 characters long.

variable TITLE
columns 1-80

20A4

format

TITLE title information for the problem

Line 1b  List of units of length and time used in calculations

variable ULENGTH | UTIME
columns 1-10 11-20
format - Al10 A10
ULENGTH units of length
UTIME units of time
Line 2 The user must provide an integer code for the tyvpe of flow, either one-

dimensional or radial. In addition, the user should specify whether the program
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should stop after calculating the equilibrium distributions for the initial and boundary

conditions and whether the program or the user will provide the initial guesses for the

concentrations.
variable ITYPE IDYNAM 1G
columns 11-20 21-30 31-40
format- | 110 - | 110 110
ITYPE type of flow:

0 - one-dimensional flow; 1 - radial flow
IDYNAM code to indicate whether the program should stop after
calculating the equlibrium distribution for the initial
and boundary conditions: ‘
0 - stop; 1 - continue executing
1G code to indicate whether the program or the user will
provide initial guesses of the concentrations:
0 - user will; 1 - program will

Line 3 - These parameters control the number of iterations performed, when calculat-
ing the equilibrium distribution of species, before intermediate calculations are printed.
If t-he calculations converge slowly because of a poor initial guess, for example, then
examin{ng fhe old and new guesses will prbvide an idea of how the gues.s can be im-
proved. To supb;ess printing intermediate calculations, values of 100 are recommended
for all of these paramei;ers. If the calcul_ations do not converge after 100 iterations, the

program will stop executing and print a message.

variable CIN1 ‘IN2 IN3

columns 11-20 21-30 31-40

format 110 110 110
IN1 number of iterations before printing when calculating
) the equilibrium distribution of the. initial conditions
IN2 number of iterations before printing when calculating

the equilibrium distribution at the grid point
‘where the boundary condition is specified
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IN3 number of iterations before printing when calculating
the equilibrium distribution at a node where
a new precipitate is forming

Line 4 The user must supply several parametérs which control the grid spacing. For
an evenly spaced grid (DNO=0), the grid spacing DX is equal to XMAX /(NMAX-1).
For a variable grid, DX varies and is the difference between adjacent grid points z(J)

calculated from

z(j) = XMAX[ ] + z(1),

where j = ¢ for the concentration boundary condition, j = i —1 for the flux boundary
condition and one-dimensional flow, and AN = 1/(NMAX-1). This equation generates
a spacing that is approximately exponential; DNO should be chosen less than 1 and .

AK should be chosen greater than 1.to have the smallest grid variation near z = 0.

If a concentration boundary condition is speciﬂed at the inner boundary (on Line 8,
IBND(1)=0), it ié imposed at the first grid point which is located at 0; XMAX is the
location of the last grid pbint‘. If a flux boundary condition is specified at the inner
boundary (IBND(1)=1 on Line 8) and if one-dimensional flow is specified, (ITYPE=0
on Line 2), the boundary condition is imposed at 0 and the program adjusts the grid
spacing so that the new value of the first grid point is one-half of the old value of
the first grid point; the last grid point is offset from XMAX by the same amount.
If a flux boundary condition is specified at the inner boundary and if radial flow is
specified (ITYPE=1 on Line 2), it is imposed at RW and the first grid point is at 2
X RW with the last grid .point.. offset from XMAX by the same amount. If a no-flux
boundary condition is speciﬁed at the outer bomﬁlary (IBND(2)=1 on Line 8), it is

imposed midway between the last and next to last grid point.
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variable NMAX XMAX DNO AK RW
columns 11-20 21-30 31-40 41-50 51-60
format 110 F10.3 F10.3 F10.3 F10.3
NMAX  number of grid points .
XMAX distance between the first and last grid points [L]
DNO " parameter used to calculate the grid spacing (see equation
above); if DNO==0, then the grid spacing will be uniform
and equal to XMAX/(NMAX-1)
AK parameter used to calculate the grid spacing (see equation
above) ._
RW for the case of radial flow with a flux condition at the
inner boundary, the first grid point is located at 2 X RW
(can be left blank in other cases)
Line 5 The user must specify the number of times at which the results are to

be printed, the size of the first time step and the size of the maximum time step

allowed. The initial time step is usually between 10™* and 107> (in units of time

used for the flow velocity). To minimize numerical dispersion, the maximum time step

should be approximately DX/VO, where DX is the grid spacing calculated from the

grid parameters on Line 4 and VO is the velocity on Line 7.

variable KMAX | ' DTINI DTMAX
columns 11-20 21-30 31-40
format 110 F10.3 F10.3
KMAX number of times at which the results are to be printed
D TINI size of the initial time step [t}
DTMAX size of the maximum time step permitted [t]
Line 6 The program will print the results at times nearest those specified. KMAX

times, where KMAX was given on Line 5, are read, seven to a linc.
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variable TPRINT(K), K=1, KMAX
columns 11-80
format " TF10.3
TPRINT array which holds the times at which the results are to be

printed [t]

Line 7 The hydrodynamic dispersion coefficient is calculated from the dispersivity,

diffusion coefficient and fluid velocity given by the user (DOA X VO + DOB).

variable DOA DOB YO
columns 11-20 21-30 31-40
format F10.3 F10.3 F10.3

DOA  dispersivity [L]
DOB  diffusion coefficient [L?/t]
- YO . for one-dimensional flow (ITYPE=0 on Line 2), this is the mean
” fluid velocity (i.e., the specific discharge divided by the
porosity) [L/t]; for radial flow (ITYPE=1 on Line 2), it is
a constant of proportionality equal to the radial distance
times the mean fluid velocity [1/t]

Line 8 The user must provide integer codes for the type of boundary conditions at
both the inner and outer boundaries. At the inner boundary, either a concentration or
a flus boundary condition is possible. At the outer boundary, either a cc}nce‘ntration

boundary where the fluid remains at the initial conditions or a no-flux boundary is

possible.
variable IBND(1) IBND(2)
columns 11-20 21-30
format 110 110
IBND(1) type of boundary condition to be imposed at the inner

boundary:
0 - constant concentration; 1 - constant flus
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IBND(2) type of boundary condition to be imposed at the outer

boundary:

0 - constant concentration equal to initial conditions;
1 - no flux

Line9 There is an option in the program to allow a solid to leach into the groundwater;
however, at this time, the option is limited to one solid located at the first grid point.
The user must include the solid in the list of precipitates and give its position in that list

on this line.

variahle

LEACH

NB
columns -~ 11-20 21-30
format 110 I10
LEACH position in the list of prempltates of the sohd which is
leaching:
0 - no leaching
NB location of the solid which is leaching:
0 no leaching;:
- solid is leaching at the first grld point
Line 10 ' Integer data are read on this line: the number of basis species, the number

of species which are sorbed following either an ion exchange mechanism or a surface
comp]exatlon model, the number of aqueous complexes, the number of solid prec1p1tat( $

and the posxtlon of HT in the list of basis species which follows.

variable NUM(1) NUM(2) NUM(3) NUM(4) NUM(5) LNH
columns$ 11-20 21-30 31-40 41-50 51-60 61-70
format 110 110 - 110 110 110 110
NUM(1) - number of basis species (OH™ must be included in the count
if the dissociation of water is to be incorporated in the model)
NUM({2) number of species (both basis species and complexes) which
are sorbed according to an ion exchange mechanism
NUM(3) number of species (both basis species and complexes) which

are sorbed according to a surface complexation model



24 CHEMTRN User's Manual

NUM(4) number of aqueous complexes
NUM(5) number of solid precipitates
LNH position of HT in the list of basis species:

0 - dissociation of water not included

Line 11 If any of the species are sorbed according to an jon exchange mechanism,
then the user must specify the number of equivalents of sites per liter of solution that
are available for sorption. This value is obta,ine'd from the cation exchange capacity
(CEC), usually given in meq/g of solid, by multiplying the CEC by 10™2p,(1 — ¢)/4,
where ¢ is the porosity and p; is the solid density (g/cm3). This input line should be

omitted if none of the species is sorbed according to an ion exchange mechanism.

variable CECNS
columns - 11-20
format F10.3
CECNS . concentration of sites in [equivalents /I solution]

available for sorption in ion exchange model

Line 12 If any of the species is sorbed accordmg to the surface complexatlon model,
then the user must specify the five parameters described below This line is oxmtted if

none of the species is sorbed according to the surface complexation model.

variable C1 - C2 .PK1 PK2 AREA SOH
columns 11-20 '21-30 " | "~ 31-40 - 41-50 51-60 61-70
format F10.2 ~ F10.3 F10.3 F10.3 F10.3 F10.3

Cl- capacitance between the surface plane and the beta plane

| |7/ L7 —
C2 capacitance between the heta plane and the diffuse layver
[nF'/L7] '
PK1 — loz of tho dissociation ‘constant of the posm\ elv charged

site SOH=+
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PK?2 — log of the the dissociation constant of the neutral site SOH
AREA * sorption area [L?/! solution]
SOH concentration of sites in [equivalents/! solution]

available for forming complexes in surface complexation model

Lines 13a,b,c  This set of input lines reads information about the basis species and
constants involved in the processes of ion exchange or surface complexation. Line 13a
is always read; both Line 13b and Line 13c are omitted if the basis species is not sorbed
(ISORPI=ISORPE=0). Line 13b is read if the basis species is sorbed according to an
ion exchange mechanism (ISORPI=1); Line 13c is read if the basis species is sorbed
according to a surface complexation model (ISORPE=1). GUESSI and GUESSB can all

be left blank if the program is to provide the guesses (IG=1 on Line 2).

- Line 13a

variable DUM Vi INDEXI BI GUESSI | INDEXB BC GUESSB
columns 1-10 11-20 21-25 26-35 36-45 46-50 51-60 {  61-70
format Al0Q F10.3 | 1 F10.3 F10.3 15 F10.3 F10.3

Line 13a- - continued

variable ISORPI ISORPE
columns T1-75 _ 76-80

format 15 15

DUM ’ name of the species
Vi charge of the species
INDEXI - type of initial condition:
0 - the total concentration of the species will be given
(including sorbed phase, aqueous phase and precipitate);
-1 - only the concentration of the basis species will be given:
2 - the combined concentration of the basis species and the
aqueous complexses will be given: (if a species can
form a precipitate, option 3 must be used instead of
option 2 to allow for the inclusion of the
solubility product if necessary)
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3 - the combined concentration of the basis species,
aqueous complexes and precipitates will be given;

4 - the initial concentration will be determined from a
charge balance;

value of the initial concentration accordlng to the value
of INDEXI [moles/!]

guess for the initial concentration of the basis species
[moles/l]; can be left blank if the program is to provide
the guess (IG=1 on Line 2)

takes the same values as INDEXI and describes what t) pe of
concentration is being specified at the boundary

value of the concentration at the boundary [moles/!]
according to the value of INDEXB [moles/l];

if a solid is leaching into the groundwater at the

inner boundary, the value of BC for the first species
making up this solid is the amount of the solid

while the value of BC need not be specified for the

"+ other species making up the solid

GUESSB

ISORPI

ISORPE v

Line 13b

guess for the boundary concentration of the basis species
[moles/l]; can be left blank if the program is to provide
the guess (IG=1 on Line 2)
code to indicate whether the species is sorbed accordlng to
an ion exchange mechanism:

0 -.is not sorbed; 1 - is sorbed
code to indicate whether the species is sorbed accordlng to .

- a surface complexation model:

0 - is not sorbed; 1 - is sorbed

ion exchange

variable

PKI

GUESSI

GUESSB

columns

11-20

21-30

31-40

format

F10.3

F10.3

F10.3

PKI

‘GUESSI

GUESSB

— log of the equilibrium constant for the ion exchange
between the basis species and H (or another common
species)

guess for the amount of this species which is sorbed initially
[moles/l]; can be left blank if the program is to provide the
guess (IG=1 on Line 2 )

guess for the amount of this species which is sorbed initially
at the boundary conditions {moles/l]; can be left blank if the
program is to provide the guess (IG=1 on Line 2)
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Line 13¢ surface complexation

variable PKE | GUESSI | GUESSB AH
columns 11-20 21-30 31-40 41-50
format F10.3 F10.3 F10.3 F10.3
PKE — log of the equilibrium constant for the surface complex
S - - reaction between the basis species and an SOH site
GUESSI guess for the amount of this species which is sorbed initially
. [moles/l]; can be left blank if the program is to provide the
- < : guess (IG=1 on Line 2) :
GUESSB. = guess for the amount of this species ' which is sorbed initially
at the inner boundary; [moles/!] can be left blank if the
program is to provide the guess (IG=1 on Line 2)

AH

amount of charge which is displaced or sorbed for each
surface complexatlon reaction with a SOH site: '
+1-a HT ion is displaced,
0 - used for the HT ion,
—1-aH™ jon is sorbed

Lines 14a,b  These two lines are omitted if water dissociation is not included in the

simulation (LNH=0 on Line 10). If water dissociation is allowed, information about

OH must be read immediately after all of the information about the basis species has

been read. OH must be included in the number of basis species (see NUM(1)) read on

Line 10. If Line 14a is used, Line 14b must be included.

Line 14a
variable DUM | H20K
.columns 1-10 - 11-20 .
format - Al0 F10.3
DUM name
H20K

of the species
— log of the dissociation constant of water
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Line 14b
variable GUESSI GUESSB
columns 11-20 " 21-30 ¢
format F10.3 F10.3
- GUESSI . guess for the amount of this species which is sorbed initially

[moles/l]; can be left blank if the program is to provide the
guess (IG=1 on Line 2) .

guess for the amount of this species whlch is sorbed initially
at the boundary [moles/l]; can be.left blank if the
-program is to provide the guess (IG=1 on Line 2)

GUESSB

Lines 15a,b,c,d These four lines are omltted if NUM(4) 0 on Line 10 that is, if

no aqueous complexes form. If the -aqueous complex is sorbed according to an ion
exchange mechanism, then Lines 15a,b,c are read; if the complex is sorbed according

to a surface complexation reaction, then Lines 15a,b,d are read. If the complex is not

sorbed, then only Lines 15a,b are read.

Line 15a -
variable DUM PK S(J), J=1,NUM(1)
columns 1-10 11-20 21-70,/,1-75
format Al0 F10.3 10F5.1,/,15F5.1
DUM name of the complex
PK — log of the equilibrium constant for the formation of the
A complex ’ »
S array which holds the stoichiometric coefficients for the reaction,
read in the same order in which the basis species are read
Line 15b
variable GUESSI GUESSB ISORPI ISORPE
columns 11-20 21-30 31-35 36-10
format F10.3 F10.3 I5 I5
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GUESSI

GUESSB

ISORPI .

ISORPE

guess for the initial éohcentfatioh’oi‘ this complex
[moles/]; can be left blank if the program is to provide the

guess (IG=1 on Line 2) .

guess for the concentration of this complex at the boundary
[moles/l]; can be left blank if the program is to provide the
guess( IG=1 on Line 2)

‘code to.indicate whether the complex Is sorbed accordmg to

an ion exchange mechanism:

;0 - is not sorbed; 1-- is sorbed.
code to indicate whether the complex is sorbed accordmg to
a surface complexation model:

0 - is not sorbed; 1 - is sorbed

Line 15¢  ion exchange
variable PKI | GUESSI | GUESSB_
columns 11-20 21-30 . 31-40 -
format F10.3 F10.3 F10.3
- PKI — log of the equlllbrlum constant for the ion exchange
© oo+ .between the aqueous complex and H+ :
GUESSI : guess for the.amount,of this complex which is sorbed mltlallv :
[moles/l]; can be left blank if the program is to provide the
guess (IG=1 on Line 2)
GUESSB guess for the amount of the complex which is sorbed
at the boundary conditions[moles/(]; can be left blank if
the program is to provide the guess (IG=1 on Line 2)
Line 15d  surface complexation
variable " PKE ' { "GUESSI | .GUESSB* | - AH
columns 11-20 | 21-30 3140 | 41-50
format F10.3 | - F10.3 F10.3 F10.3
PKE — log of the equilibrium constant for the surface complex
reaction between the complex and an SOH site
GUESSI guess for the amount of this complex which is sorbed initially
[moles/l]; can be left blank if the program is to provide the
guess (IG=1on Line 2)
GUESSB guess for the amount of this complex which is sorbed at the

boundary [moles/l]; can be left blank if the program is to
provide the guess (IG=1 on Line 2)
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AH amount of charge which is displaced or sorbed for each

surface complexation reaction with a SOH site:
~ 41-aHT jon is displaced,
0 - used for the H™ ion,’
—1-aHT ion is sorbed

Lines 16a,b These two lines are on}itted if NUM({5) = 0 on Line 10, that is, if no
precipitates form. The concentration units for the precipitate are in equivalent moles/!

of solution.

Line 16a
variable DUM PK SS(J), JI=1NUM(1)
columns 1-10 11-20 21-70,/,1-75
format Al0 F10.3 10F5.1,/,15F5.1
DUM name of the precipitate
PK — log of the solubility product
SS array which holds the stoichiometric coeﬂiments for the reactlon,
read in the same order in which the basis species are read
Line 16b
variable | GUESSI | GUESSB
columns 11-20 21-30
format F10.3 ' F10.3
GUESSI guess for the initial concentration of this precipitate

[moles/l]; can be left blank if the program is to provide the
guess (IG=1 on Line 2)

guess for the concentration of this precnpltate at

the boundary |[moles/l]; can be left blank

if the program is to provide the guess (IG=1 on Line 2)

GUESSB
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EXAMPLES

Sample inputs and outputs for four different examples are given here. The ex-
amples incorporate (1) ion exchange only, (2) ion exchange and aqueous-phase com-
plexation with water dissociation, (3) surface complexation, and (4) precipitation and

dissolution of solids. All evxamples include advection and dispersion/diffusion.

(1) Ion ézc‘hange case

In this example, surface complexation is not considered (NUM(3)=0) and no com-
pl_exes or precipitates form (NUM(4)=NUM(5)=0). The major species in the ground-
water are Nat, Mg®t, Ca?t, and Cl— with other cations and anions making up the
balance of the chefhical spgciés. ’fhis case isl a simulatioﬁ of a field test described by
Valocchi et al. [1981] in v;'hich t}éat-ed municipal wastewater effluent was injected into
a shallow ;Lcmifer in the Palo Alto (California) Béylands region. The field data used for
this simulation were obtained from Valocchi et al. [1981]. More data are available in
Roberts et al. [1978] and Charbeneau and Street [1978], referenced by Valocchi et al.
[1981].

The composition of the fluid arriving at well S23, 16 m from the injection site,
is simulated. Pure radial flow is assumed so ITYPE=1. The initial composition of
groundwater in this region consisted of 5700 mg/¢ Cl—, 1990 mg/¢ Nat, 436 mg/¢
Mg2+, and 444 mg/é Ca?t. However, because CHEMTRN requires concentrations
in moles/? solution, these valu‘es must be divided by 10® times the molecular weight
of the species. For example, the initial value of CI™ is Omoles/! solution (BI=0.16,
INDEXI=2). The effluent water was injected at an average rate of 21 m® /hr and had an
average composition of 320 mg/¢ C17, 216 mg/¢ Nat, 12 mg/{ Mg?t, and 85 mg/¢

Ca®t. (Again the reported concentrations must be divided by 10% times the molecular
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weight of the species.) As given by Valocchi et al. [1981], the aquifer thickness was
taken to be 2 m, the solid matrix density was 2500 g/(, the CEC wés 0.09 meq/g,
and the porosity was 25.per cent The concentration of sites avnilabilé for sorption is
then 0.67 equnalents per hter (CECNS) Assuming the ﬁow to be radial with the fluid
velocity equal to Q/(27rb¢»-r) where Qis , the 1nJectlon rate, ¢ is the porosny, and b is
the aquifer thickness, then the velocity would be 6.8/r m /hr. Hdwever based on tracer
tests, Valocchi suggested that the field had a permeability about 1.45 times greater
in the direction of flow toward well $23. Therefore this velocity has been multiplied
by 1.45 so YVO=9.8. A diépersivity of 1.0 m is assumed (DOA=1.0 and DOB=0).
Numerical dispersion contributes about an additional 20 per cent to the c'alculated

dispersion coefficient because of the grid sp:’icing used.

The number of basm spec1es is 4 (NUM( )) with 3 (NUM(2)) of 'them'(Na'*' Ca2t,
and Mﬂ'“+) bemg sorbed via ion exchange For each of these three ions, ISORPI=1
and ISORPE—O The negatn( log of the effective equ1]1br1um constant used for the

exchange reaction of Mg2+ replacmg Nat
. Mg2+(aq) + 2Na = Mg -|—‘2Na+ :
is —0.35 (PKI) and that for Caz'*.' replacing Nat
Ca.;2+(aq) +2Na =Ca+ 2Nat

is —0.6 (PKI ). Note that the effective equilibrium constants in CHEMTRN are defined
using a mole fraction convention for the sorbed phase instead of the equivalent fraction
convention used by Valocchi et al. [1981] and incorporate activity coefficients for the

aqueous phase species.

The input listing for this problem is given in Appendix B1. . A uniform grid

was used (DNO=0) with NMAX=40 and XMAX==64. - :The, initial time step used
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was 10~* hour (DTINI) with a maximum time step of 1.6 hours (DTMAX). Because
the dissociation of water is not included LNH (position of the H7 ion in the list of
basis species) is 0. Also no solid is being leached into the groundwater so LEACH=0
and NB==0. For calculating the initial distribution of species, the concentrations of
the basis species (BI) are given with INDEXI=2. (Since there are no complexes or
precipitates, INDEXI=1, 2 or 3 represents the same initial condition.) For calculating
the distribution of species in the injected fluid, INDEXB=1, 2 or 3 represents the same
condition in this example. Intermediate printouts of the calculations of concentrations
of species until an equilibrium distribution of species is determined are not desired so

IN1=IN2==IN8=100. In addition, the initial estimates are being supplied so IG=0.

The treated wastewater .is injected at a constant rate at the inner boundary so
a flux boundary condition is used at this boundary (IBND(1)=1). The wastewater
is assumed to be injected through a well of radius RW=0.5 m. This value of the
well radius is large; however, if the grid variation is too drastic near the injection
well, a stability problem 6ccurs. Because a uniformly spaced grid is being used, the
well radius was chosen to be more consistent with the grid spacing. At the outer
boundary, a constant concentration equal to that of the initial groundwater is assumed

(IBND(2)=0).

An example of the output for this problem follows the input listing in Appendix
- B1. The equilibrium distributions of species corresponding to the initial conditions and
the inner boundary condition are given. Because there are no aqueous complexes or
precipitates, the calculation gives the concentrations of the species sorbed on the solid
matrix which must be in equilibrium with the given concentrations of the species in
the groundwater. The output also lists the concentrations of the species as a function
of distance from the inner boundary for two different times, 80 hours, and 800 hours.
The number of printout times specified on input was fourteen but only two of them

are reproduced here.
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Figures 1 and 2 compare the results of the simulation with the field measurements
at well S23 as 'functions ‘of total injected volume. The figures show concentrations (in
mg/£) of the exchanging ions Ca?t and Mg®T, respectively, in the aqueous phase.
The results of the simulation are encouraging given that purely radial flow with only
longitudinal dispersion was assumed while the field did not seem to be purely radial
from tracer tests. Additional data on the concentrations of SO2~, HCO3~, CO3—,
and HT would be required to assess the effects of aqueous-phase complexation on the

transport of Ca®t and Mg*T.

(2) Ion ezchange and aqueous-phase complezation.

This example consnders the trdnsport of snrontlum when solid SrCO3 is placed in
contact with the groundwater at the inner boundary The groundwater is assumed to
have a ve]oc1ty of 0. 1 m/}r (VO) and a dlspersn ity of 1.0 m (DOA). H20 is allowed
to dissociate (4 nonzero value of LNH) and eleven complexe; (NUM(4)==11) form from
Na+ Ca2+ Sr“+ H+ (‘03—,7and OH_.I‘ To balance the charge of the cations,
Cl™ has been lncluded in the calcu]a’clon makmg NUM(1)=T7. The species .Na+,
Ca2+, Sr2+, and HT are sorbed by ion exchange only (NUM(2)=4, NUM(3)==0).
Two precipitates (SrCO3 and CaCOg) are considered in the calculation (NUM(5)=2).
The concentration of sites available for sorption is 0.1 equivalents/£ solution (CECNS).
The groundwater contains NaCl, Na2CO3s and CaCls in concentrations such that the
total initial concentrations of NaT and Ca?T in the aqueous phase (INDEXI=2) are
1 X 1072 and 5 X 107 moles/¢ solution (BI) respectively. The initial concentration
of CO%._ is 5 X 10~ * moles/f and INDEXI=3 because CO:;;)_ may be precipitated

as CaCOgz or SrCOs. The concentration.of C1™ is determined from a charge balance
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(INDEXI=4). The initial pH is 8 (INDEXI=1 for HT) and the initial concentration of
strontium is 1 X 10~ % (INDEXI=3, BI=1 X 10™8). Dissociation of H20O is included
so the position of the HT ion must be given (LNH=4) with OH™ last in the list
of basis species. At the inner boundary 6.95 X 105 equivalent moles/l solution
of solid SrCOs3 is placed in contact with the groundwatér (LEACH=1, NB=1). As
sr?t and CO§_ are released into the groundwater, the pH of the water will change.
Therefore, the concentration of H af the inner boundary is now determined by a
charge balance (INDEXB=4). The concentrations of Sr?t and CO%™ in equilibrium
with solid SrCO3 at the inner boundary must be determined from the solubility product
of SrCOj3 calculated from Equation 2 with Ky = 9.25 and the additional constraint
that the amounts of Sr>* and CO% released into the groundwater must be in the
stoichiometric ratio fof that solid. The value of BC given for the first basis species
(Sr2+) making up solid SrCO3 must be equal to the total amount of the solid. No
values of BC need be given for the other species (CO3) which is leaching in from this
solid so the field is left blank. For the other species present, a concentration boundary

is imposed at the first node.

A nonuniform grid spacing is used with 40 grid points (NMAX). Node locations
are determined from Equation 21 with DNO=0.2, AK=1.4 and XMAX=5.0 m and
are listed in the output. The initial time step (DTINI) is 10~ % yr and the maximum
time step (DTMAX) is 0.5 yr. One-dimensional flow is assumed (ITYPE=0) with a
concentration boundary condition imposed at the inner boundary (IBND(1)==0) and a

no-flux condition imposed at the outer boundary (IBND(2)=1).

The input listing for the problem is given in Appendix B2. Because the dissociation
of water is included, the complexation reactions are written in terms of H' and OH™
and the pK values appropriate to these reactions are used. For example, the formation

of CaHCOQ’ 1s written as
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ca?t + HT + co3~ =cCaHCOF,

and the pK (PK) used is —11.3. The stoichiometric coefﬁc1ents l'or this reaction in
terms of the listed basm species (Na+ Sr2+ Ca’T, H+ COd— Cl—, and OH™)
are 0,0,1,1, 1 0,0 (8(L,J)). Initial estimates of concentratlons are prov1ded in the input

deck so 1G=0.

The output is listed in Appendix B2 and shows the calculation of the equilibrium
distributions of species for the initial and boundary conditions as well as the concentra-
tions of the species for two times. Figures 3 and 4 show the concentrations of the basis

species and the associated complexes at 5.2 years.

(3) Surface complezation and aqueous-phase complezation

In this example, Pb2T and PbOHT are sorbed on the Vsolid 4-Alo O3 via a surface
complexation model. The background electrolyte is NaClO4 and both cations and
anions can be sorbed. The basis species are Nat, Pb%t HT, Clo7, and OH™
(NUM(1)=>5) The total number of species being sorbed via surface complexation is 5
(NUM(3)); these species are Nat, Pb2t HT, ClO7, and the complex, PbOHT. No

precipitates are being considered so NUM(5)=0.

Data for the reactions and the needed constants are taken from Davis and Leckie
[1978]. The pK (PKE) values for sorption of NaT and ClO7 are 9.2 and —7.9
respectively. The reactions in CHEMTRN are written in ‘terms of the formation of
the complex whereas the convention used by Davis and Leckie [197_8] is to write the
reactions in terms of release of HY. The reactions for sofpt-ion of the background

electrolyte are

SOH + NatT =(S0~ —Nat)+HF
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and
SOH + Cl0; & (SOHT — clo7 ) —Ht

A pK of 11.5 (PK2) is used for the dissociation of SOH (reaction R4) and a pK of 5.7
(PK1) is used for the dissociation of SOHZ (reaction R5). The surface site density is
8 sites/nm?, the surface area is 117 m?/g, and the ratio of solid mass to fluid volume
is 11 g/¢, giving a value of SOH of 0.017 equivalents/¢ solution and a value of AREA
of 1.37 X 107 cm?/¢ solution. The capacitances are 100 uF fcm? (C1) and 20 uF fcm?
(C2).

Following the discussion of Davis and Leckie [1978], the Pb®*T forms a complex
with one surface site and so the amount of charge displaced is 1 (AH). The pK values
(PKE) for sorption of Pb2t and PbOHT are 5.0 and 2.6, respectively. Although Davis
and Leckie [1978] write the sorption of PbOHT in terms of Pb2™ in the aqueous phase,
the reactions in CHEMTRN must be written in terms of the species that is actually
forming the complex with the solid phase. Thus, the Pb2t reacts first with OH™ to
form PbOH7 in the bulk solution; then PbOH1 with a 41 charge moves through the
potential field to form a bond with the surface rather than Pb?t with a +2 charge.
The value of 2.6 for the sorption of PbOHT was determined by correcting Davis and
Leckie’s [1978] data for the formation of PbOHY in the bulk solution. The pK value

of —6.28 (PK) for the formation PbOH was taken from Benson and Teague [1981].

The total concentration of lead in the aqueous phase is assumed to be 2.9 X 10~*
moles/£ solution (BI) so INDEXI=2 and the pH of the solution is 7 (INDEXI=1 for H™).
A feed solution equivalent to the initial solution, but with a pH of 4.5 (INDEXB=1
for HT), is introduced at £ = 0 with a velocity of 0.1 m/hr (VO). The dispersivity
of the porous medium is 0.3 m (DOA). The variable grid spacing given in the second
example is used. The initial time step is 107> hr (DTINI) and the maximum time

step permitted is 0.5 hr (DTMAX). The position of the HY ion is 3 (LNH) and LEACH
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and NB are both 0. The input and the output are listed in Appendix B3. The initial
distribution of species, and the concentration profiles as functions of distance for two

different times, are given.

Plotted in Figure 5 are the concentrations of aqueous pPpet, PbOH+, H+, sorbed
lead in the forms of (SO~ Pb?%) and (SO~ PbOHT), and sorbed H in the form of
SOH at 5 hours. As seen in the figure, the concentration of the Pb2t jon in the aqueous
phase is approximately constant. The ratio of the total concentration of sorbed lead
to the total aqueous phase concentration varies from 18 initially to approximately 1 at

the boundary.

(4) Precipitation/dissolution, ton ezchange and aqueous-phase complezation

In this example CHEMTRN is used to simulate precipitation of CaCOs3 when a
NaT-rich solution flows into a one-dimensional column of porous medium on which
Ca?T has previou siy been sdrbed. Initially, the fluid in the column contains 1.5 X 103
M Ca?T (INDEX1I=3, BI=1.5 X 10~?), 107° M Na™T (INDEX1=2), 6.6 X 10™* M
CO%~ (INDEXI=3), and enough HT to giveapHof 8 (INDEXI=1). The program will
calculate enough C1™ (INDEXI=4) to balance the solution electrically. Then a solution
that has a higher level of NaT (BI=1.1 X 10~2 M, INDEXB=2) is fed into the
column. The Ca%T ion is displaced from the solid matrix. The initial concentrations in
the fluid are such that the solubility product of CaCOgz(s) (NUM(5)=1) is exceeded
when the NaT-rich fluid flows into the column. A constant-flux coundary condition
(IBND(1)=1) is maintained at * = 0 and a boundary condition of constant concentra-
tion equal to that of the initial groundwater is maintained at the outflow boun-
dary (IBND(2)=0). The dissociation of water (a nonzero value of LNH) and the

formation of the compleses NaCO3 , NaHCO2., NaOH?, HCOZ , HaCO%. CaCO%,
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CaHCO;}*’ , and CaOHt (NUM(4)=38) are included in the simulation. The position of
HT in the list of basis species is 3 (LNH); OH is given last in the list of basis

species.-

The input and output listings for this example are given in Appendix B4. The
output shows the initial distributions of species, the time at which a node begins to
precip(iitate CaCOg, and .the concentration profile for two different times. Figure 6 is a
plot of the time when CaCO3 begins to precipitate along the column. Because‘CaCOa
does nbt precipitate in the equilibrium aistribution of species for the fluid flowing into
the column, this precipitate will start to redissolve at the upstream boundary as the

fluid appr.oaches the inflow conditions.

ACKNOWLEDGEMENT

The author would like to thal‘lk Janet Remer for extensive help in preparing this
user’s 'manual and Chalon Carnahan for reviewing it. This manual was written for the
Director, U.S. Nuclear Regulatory Commission, Office of Research, bivision of Health,
Safety and Waste Management, Waste Management Branch, under Order No. 60-80-
180 and also the U.S. Department of Energy under Contract No. DE-AC03-76SF00098.

REFERENCES

Charbeneau, R. J., and R. L. Street, Finite element modeling of injection-extraction
systems, Tech. Rep. 231, Dep. of Civ. Eng., Stanford Univ., Stanford, CA, 1978.

Benson, L. V. and L. S. Teague, A tabulation of thermodynamic data for reactions in-
volving 58 elements common to radioactive waste package systems, Lawrence Berkeley
Laboratory Report LBL-11448. Nat. Tech. Inform. Serv., Springfield, Va., 1980.

Davis, J. A., R. O. James, and J. O. Leckie, Surface jonization and complexation at
the oxide/water interface I. Computation of electrical double layer properties in simple
electrolytes, J. Colloid and Interface Sci., 63(3), 480-499, 1978.



40 CHEMTRN User’s Manual

Davis, J. A. and J.O. Leckie, Surface ionization and complexation at the oxide/water
interface II. Surface properties of amorphous iron oxyhydroxide and adsorption of metal
ions, J. Colloid and Interface Sci., 67(1), 90-107, 1978. :

Helfferich, F., and G. Klein, Multicomponent Chromatography, Marcel Dekker, New
York, 1970.

Hindmarsh, A. C., LSODE and LSODI, Two new initial value differential equation
solvers, ACM SIGNUM Newsletter, 15(4), 1980.

Hindmarsh, A. C., Solution of block-tridiagonal systems of linear equations, UCID-
30150, Lawrence Livermore Laboratory, Livermore, CA 1977.

Kee.,’R. J. and J. A. Miller, A compﬁtational model for chemiéally' reacting flow
in boundary layers, shear layers, and ducts, Report SANDS81-8241 Sandia National
Laboratories, Livermore, CA, 94550, 1981.

Miller, C. W. and L. V. Benson, Simulation of solute transport in a chemically reac-
tive heterogeneous system: model development and application, Lawrence Berkeley
Laboratory Report 13828-Rev., Lawrence Berkeley Laboratory, Berkeley, CA; in press,
Water Resour. Res., 1982.

Miller, C. W., Toward a comprehensive model of chemical transport in porous media,
paper presented at Materials Research Society Annual Meeting, Symposium D: Scientific
Basis for Nuclear Waste Manangement, Boston, MA, Nov. 1-4, 1982; to be published in
Proceedings of Symposium D, 1982.

Petzold, L. R., Differential/algebraic equations are not ODE’s, Report SAND8&1-8668,
Sandia National Laboratories, Livermore, CA; submitted to SIAM Journal on Scientific
and Statistical Computing 1981. :

Roberts, P. V., P. McCarty, and W. Roman, Direct injection of reclaimed water into
an aquifer, J. Env. Eng. Div., ASCE, 104(EE5), 933-49, 1978.

Rubin, J., and R. V. James, Dispersion-aflected transport of réact.ing solutes in satu-
rated porous media: Galerkin method applied to equilibrium-controlled exchange in
unidirectional steady water flow, Water Resour. Res. 9, 1332-1356, 1973.

Stumm, W., and J. J. Morgan, Aquatic Chemistry, Wiley-Interscience, New York, 1970.

Valocchi, E. J.; R. L. Street, and P. V. Roberts, Transport of ion-eschanging solutes
in ground water: chromatographic theory and field simulation, Water Resour. Res.
17(5), 1517-27, 1981. '



Ca2*(mg/! solutions)

| .0E+@3

X FIELD DATA
\ (Valocchi, et al, 1881)

lxl/IIllT

— — COMPUTER SIMULATION

1
~
"

1.,0E+Q2 .
\ : tnJectied vared

ITIIII
—

I
—
/4

/

X
1.0E+Q1 L L1 IIIMI\Z_X_I_X_iL/}/l lllll { 11 |11||

1.QE+Q2 1.0E+03 1.0E+04 1 .0E+05S

M3. injected

Figure 1. Example 1: Results of CHEMTRN simulations and fleld
data [Valocchi et al., 1981] for concentration of Ca®t as

a function of injected volume of treated wastewater.



M92+[ug/| solutions)

|1.0E+Q3
C
. X FIELD DATA
=3r~\\\ (Valocchi, et al, 1981)
i \\ —— COMPUTER SIMULATION
\
1. 0E+02 |- \
n \
- \
— \
§ { K-y
i \ i
\ .}7 AN
\ x
\ X injectred nuvu
1.0E+01 L1 ||1>d o thfﬁlenl NN RTET

-——-——1-/

1.0E+Q2 1.GE+Q3 1.0E+04 1.0E+05

M3 » Injected

Figure 2. Example 1: Results of CHEMTRN simulations and field
data [Valocchi et al., 1981] for concentration of Mg®t as

a function of injected volume of treated wastewater.

144



CONCENTRATION (MOLES/LITER SOLN)

43

TIME = 5.2 YEARS

1 .GE-OZ

1.0E-03
1.8E-04
1.0E-05

| .QE-@7

9.0 1.0 2.0 3.0 4.0 5.0

DISTANCE (M)

Figure 3. Exzample 2: Concentration of basis species at 5.2 years.
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APPENDIX A

" An alphabetical list of the variables and their definitions in this appendix.

AH amount of charge which is displaced or sorbed for each
surface complexation reaction with a SOH site:
~ (Line 13c, Line 15b)
+1 -2 HT ion is displaced,
0 - uséd for the Ht ion,
—1-aH? ion is sorbed

AK - parameter used to calculate the grid spacing (Equation 19)
(Line 4) '
AREA sorption area used in surface complexation model

[L2/1 solution] (Line 12)
BC value of the concentration at the boundary in
[moles/! solution] according to the value of

INDEXB (Line 13a)

BI value of the initial concentration in [moles/! solution]
according to the value of INDEXI (Line 13a)

CECNS concentration of sites in [equivalents/! solution]
available for sorption in ion exchange model (Line 11)

C1 capacitance between the surface plane and the beta plane
in surface complexation model [uF/L?] (Line 12)

Cc2 capacitance between the beta plane and the diffuse layer
in surface complexation model [uF/L?] (Line 12)

DOA dispersivity [L] (Line 7)

DOB diffusion coefficient [L? /t] (Line 7)
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DNO

DTINI

DTMAX

DUM

GUESSB

GUESSI

H20K

IBND(1)

IBND(2)

IDYNAM

IG

parameter used to calculate the grid spacing (Equation 19);
if DNO = 0, then the grid spacing will be uniform and

" equal to XMAX/(NMAX—1) (Line 4)

. size of the initial time step [¢] (Line 5)

size of the maximum time step permitted [t] (Line 5)
name of the species (Lines 13a, 14a, 15a, 16a)

guess for the amount of the species which is sorbed initially at

"= the boundary [moles/! solution] (Lines 13b-c, 14b, 15¢-d, 16b);

can be left blank if the program is to provide:the quess
(IG = 1 on Line 2)

guess for the initial concentration of the species
[moles/l solution] (Lines 13b-c, 14b, 15¢-d, 16b)
can be left blank if the program is to provide the
guess (IG = 1) on Line 2

— log of the dissociation constant of water (Line 14a)

2

‘type of boundary condition to be imposed at: the inner

boundary (Line 8):
0 - constant concentration; 1 - constant flux

type of boundary condition to be imposed at the outer
boundary (Line 8):
0 - constant concentration equal to initial conditions;
1 - no flux

code ‘to indicate whether the program should stop after
calculating the equilibrium distribution for the initial
and boundary conditions (Line 2):

0 - stop; 1 - continue executing

code to indicate whether the program or the user will
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- provide initial guesses of the concentrations (Line 2):
0 - user will; 1 - program will

IN1 number of iterations before printing when calculating the
equilibrium distribution of the initial conditions (Line 3)

IN2  number of iterations before printing when calculating the
equilibrium distribution at the grid point where the
boundary condition is specified (Line 3)

IN3 number of iterations before printing when calculating the
equilibrium distribution at a node point where a new
precipitate is forming (Line 3)

INDEXB type of condition specified for calculating distribution
of species at the boundary conditions (Line 13a):
0 - the total concentration of the species will be given
(including sorbed phase, aqueous phase and precipitate);
1 - only the concentration of the basis species will be given;
2 - the combined concentration of the basis species and the
aqueous complexes will be given (if a species
can form a precipitate, option 3 must be used instead
of option 2 to allow for the inclusion of the solubility
. product if necessary);
.3 - the combined concentration of the basis species,
aqueous complexes and precipitates will be given;
4 - the initial concentration will be determined from a
charge balance

INDEXI takes the same values as INDEXB and describes what type of
concentration is being specified as the initial conditions
(Line 13a)

ISORPI code to indicate whether the species is sorbed according to
an ion exchange mechanism (Lines 13a, 15a):
0 - is not sorbed: 1 - is sorbed
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ISORPE

ITYPE

LEACH

LNH

NB

NUM(1)

NUM(2)

NUM(3)

NUM(4)

NUM(5)

code to indicate whether the species is sorbed according to
a surface complexation model (Lines 13a, 15a):
0 - is not sorbed; 1 - is sorbed

type of flow (Line 2):
0 - one-dimensional flow; 1 - radial flow

number of times at which the results are to be:printed
(Line 5) ' a '

position in the list of precipitates of the solid which is
leaching (Line 9):

0 - no leaching

position of HT in the list of basis species (Line 10):
0 - dissociation of water not-in¢luded

location of the solid which is leaching (Line 9):
0 - no leaching; o
1 - solid is leaching at the first grid point

number of grid points (Line 4)

number of basis species (OH™ must be included in the count if

* the dissociation of water is to be incorporated in the model)

(Line 10)

number of species (both basis species and complexes) which
are sorbed according to an ion exchange mechanism (Line 10)

number of species (both basis species and compleses) which
are sorbed according to a surface complexation model
(Line 10)

number of aqueous complexes (Line 10)

number of solid precipitates (Line 10)
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PK

PK1

PK?2

PKI

PKE

RW

SS

SOH

TITLE

TPRINT

— log of the equilibrium constant for the formation of a
complex (Line 15b) or
— log of the solubility product (Line 16a)

— log of the dissociation constant of the positively charged
site SOH®T (Line 12) '

— log of the the dissociation constant of the neutral site SOH
(Line 12) '

— log of the equilibrium constant for the ion exchange
between the aqueous complex and HY (or another common
species) (Lines 13b, 15c)

— log of thé equilibrium constant for the surface complex
reaction between the aqueous species and an SOH site
in the surface complexation reaction (Lines 13¢, 15d)

for the case of radial flow with a flux boundary condition, the
first grid point is located at 2 X RW (can be left blank in
other cases) (Line 4)

array which holds the stoichiometric coefficients for the reaction

to form a complex; read in the same order in which the
basis species are read (Line 15a)

array which holds the stoichiometric coefficients for the reaction

to form a precipitate; read in the same order in which the
basis species are read (Line 16a)

number of sites in [equivalents/ solution| available
for sorption in surface complexation model (Line 12)

title information for the problem (Line 1a)

array which holds the times at which the results are to be
printed [t] (Line 6)
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v

YO

ULENGTH

UTIME

XMAX

charge of the species (Line 13a)

for one-dimensional flow (ITYPE = 0 on Line 2), this is the mean
fluid velocity (i.e., the specific discharge divided by the porosity)
[L/t]; for radial flow (ITYPE = 1 on Line 2), it is a constant of
proportionality equal to the ra@ial distance times the mean fluid
velocity [1/t] (Line 7)

unit of length used in calculations (Line 1b)

unit of time used in calculations (Line 1b)

distance between the first and last grid points [L] (Line 4)



APPENDIX B1 - Example 1: Sample Input and Output

ION EXCHANGE WITH TRANSPORT

METERS
TYPE
ITERATIONS
GRID
TIME
PRINT TIME
PRINT TIME
PHYSICAL
BOUNDARY
LEACH
NO.SPECIES
CECNS
NA
NA
MG
NG
CA
CA
CL

HOURS
1
100
40
14
4.0
300.
1.000E+0

0

100
0.00
1.60
30.0
600.
9.80E+0

40.0
800.

2 9.48E-3
2 4.94E-4
2 2.12E-3

2  9.04E-3

0.5
80.0 - 120.0
1200. 1400.0
0 0
9.43E-3 1
4.94E-4 N
2.12E-3 | 1 -

9.04E-3 0
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110N EXCHANGE WITH TRANSPORT

UNIT OF LENGTH IS  METERS
INNER BOUNDARY IS CONSTANT FLUX

UNIT OF TIME IS HOURS
OUTER BOUNDARY IS CONSTANT INITIAL COMCENTRATION

DISPERSION COEFFICIENT = 1.0 ¥ +.0 FLUID VELOCITY = 9.800/ R NUMBER OF GRID POINTS = 40
NUMBER OF PRINT OUTS = 14
GIVEN AT THE FOLLOWING TIMES = 4.000 10.00 30.00 40.00 80.00 120.0 170.0 300.0
400.0 600.0 800.0 1200. 1400. 1500.
NUMBER OF SITES(ION-EXCHANGE) .8700 NUMBER OF SITES(EDL MODEL) 0.
4 BARE IONS 3 SORBING IONS (IONEX) 0 SORBING IONS (EDL MODEL)
COMPONENT CHARGE INITIAL CONDITIONS BOUNDARY CONDITIONS PK (IOKEX) PK(EDL)
TYPE VALUE TYPE VALUE
HA 1 2 8.6800E-02 2 9.4300E-03 0. -—-
MG 2 2 1.7900E-02 2 4.9400E-04 ~-.350 -
CA 2. 2 1.1100E-02 2 2.1200E-03 -.800 -—
CL -1. 2 1.6000E-01 2 9.0400E-03 - -
#* SPATIAL GRID »#
1.000 1.641 3.282 4.923 6.564 8.205 9.846 11.49 13.13
16.41 18.05 19.69 21.38 22.97 24.62 28.28 27.90 29 .54
32.82 34.48 36.10 37.74 39.38 41.03 42.87 44.31 45.95
54.15 55.79 57.44 59.08 60.72 62.36

49.23 50.87 52.51

14.77
31.18
47.59
64.00
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COMPONENT

HA
NG
CA
CL

TO HAVE A NET BALANCE OF ZERO CHARGE, OTHER SPECIES MUST BE PRESENT (ALTHOUGH NOT PARTICIPATING IN THE
CEEMICAL REACTIONS) WITH

COMPONENT

NA
NG
CA
CL

TO HAVE A NET- BALANCE OF ZERO CHARGE, OTHER SPECIES MUST BE PRESENT (ALTHOUGHE NOT PARTICIPATING IN THE

TOTAL
AQUEOUS CONC.

.B680E-01
.1T90E-01
.1110E-01

1800

TOTAL
AQUEQUS CONC.

.9430E-02

. 4940E-03
.2120E-02
.9040E-02

BARE ION
CONCENTRATION

.B680E-01
.1T90E-01

.1110E-01

.1600

INITIAL

SORBED CONCENTRATION
(IONEX) (EDL)

.1305
.1283
.1415
0.

0O O O O©

A TOTAL CONCENTRATION TIMES CHARGE OF

BOUNDARY OR IﬁFLUI CONDITIONS

BARE ICN
CONCENTRATION

.9430E-02
.4940E-03
.2120E-02
.9040E-02

SORBED CONCENTRATION

(TONEX) (EDL)

.3668E-01 0
.3669E-01 0.
.2800 0.
0. 0

CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF

CONYERGENCE IS OBTAINED IN LESS THAN 6 ITERATIONS SO TIME STEP IS INCREASED BY 1.75

DELT=

 CONVERGENCE IS OBTAINED IR LESS THAN 6 ITERATIONS S0 TIME STEP IS INCREASED BY 1.75

DELT=

1.7500E-04

3.0625E-04

AT TIME= 1.0000E-04

AT TIME= 2.T500E-04

CONDITIONS

ACT.

.152E-01

ACT.

=.562E-02

COEF .

.7531
.3216
.83218
.T7531

COEF .

.8801
.5999
.59989
.8801

KD(ION EX)

1.503
T.187

12.75 .

KD (ION EX)

3.890
74.28
132.1

KD (EDL)

oo 0o

KD (EDL)

o0 0O

— -
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1

TIME= 80.39188

SPECIES

NA
NG
CA
CL

SORBED (I0REX)

NA
NG
CA

SPECIES

NA
MG
CA
CL

SORBED (IONEX)
NA

NG
CA

- NN

(S

O N WD

1.000

.8941E-03
.82T2E-04
.0203E-03
.0017TE-02

.8110E-02
.6518E-02
.5943E-01

14.769

.3544E-02
.5048E~04
.1591E-04
.0612E-03

.2413E-01
.3025E-01
.4289E-01

DELT= 1.8000E+00 -
1.841 3.282
9.9319E-03 9.8211E-03
8.6396E-04 1.12T4E-03
1.9250E-03 1.4136E-03
1.0028E-02 9.3241E-03
8.8645E-02 4.1350E-02
6.3615E-02 9.T322E-02
2.5206E~01 2.1700E-01

16.410 18.051
1.3574E-02 1.3628E-02
3.5033E~-04 3.5180E-04
2.1589E-04 2.1684E-04
9.0962E-03 9.1620E-03
1.2443E-01 1.2465E-01
1.3018E-01 1.3009E-01
1.4283E-01 1.4259E-01

D O »» O

-

O N W -

CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION

DISTANCE (METERS)
4.928 6.564
.B904E-03 1.0646E-02
.2640E-03 1.1859E-03
.414TE-04 6.9995E-04
.62863E-03 8.T148E-03
.6199E-02 5.4801E~-02
.3418E-01 1.48TTE-01
.TTT2E-01 1.5883E-01

DISTANCE (METERS)
19.692 21.333
.3T30E-02 1.3933E-02
.5628E-04 3.6631E-04
.1964E-04 2.258TE-04
.2995E-03 9.5728E-03
.2485E-01 1.2504E-01
.3002E-01 1.299TE-01
.4255E-01 1.4251E-01

O P O =

-

D W e

[y

8.205

.2046E-02
.2980E-04
.8545E-04
.0616E-03

.3T729E-02
.4812E-01
.5201E-01

22.974

.4313E-02
.B861E-04
.3843E-04
.0090E-02

.2521E-01
.2991E-01
.4248E-01

O N =

-

9.848

.3181E-02
.8488E-04
.9189E-04
.1284E-03

.0396E-01
.3669E-01
.4633E-01

24.615

=N o e

.4993E-02
.2529E-04
.6284E-04
.1024E-02

.2538E-01
.2966E-01
.4245E-01

11.487

.348TE-02
.T327E-04
.28B4E-04
.0558E-03

O N D -

1.1991E-01
.3159E-01
1.4346E-01

[

26 .256

.6148E-02
.9823E-04
.0615E-04
.2627TE-02

W e

1.2558E-01
1.2981E-01
1.4241E-01

O N W=

[

W

Y

18.128

.3514E-02
.582TE-04
.1T46E-04
.0375E-03

.2342E-01
.3047E-01
.4282E-01

27.897

.T991E-02
.2258E-04
.8418E-04
.5242E-02

.25T68E-01
.2975E-01
.4238E-01

9g
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SPECIES

‘NA
MG
CA
CL

SORBED (IONEX)

NA
NG
CA

SPECIES

NA
NG
CA
cL

SORBED (IONEX)

NA
KG
CA

SPECIES
NA
|14
CA
CL

SORBED (IONEX)
"NA

NG
CA

29.538

.07T61E-02
.41681E-04
.1948E-04
.92TTE-02

= Ot N

1.2601E-01
1.2967E-01
1.4233E-01

44.308

.508TE-02
.3086E-02
.1001E-03
.2822E~-01

- e -3

1.3022E-01
1.2837E-01
1.4152E-01

59.077

.8T54E-02
. T8T9E-02
.108TE-02
.5987E-01

- A €D

1.3047E-01
1.2829E-01
1.4147E-01

31.179

.4843E-02
.2088E-03
.4637E-04
.5158E-02

N =N

1.2635E-01
1.2956E-01
1.4226E-01

45.949

.8932E-02
.4563E-02
.0293E-03
.3833E-01

» O -, =3

'1.3035E-01

1.2833E-01
1.4150E-01

60.718

.8T81E-02
.T891E-02
.1095E-02
.5995E-01

- =

1.3047E-01
1.2829E-01
1.4147E-01

32.821

.9T10E-02
.T958E-03
.1093E-03
.3240E-02

W = = N

1.2680E-01
1.2942E-01
1.4218E-01

47.590

.1782E-02
.BT26E-02
.T512E-03
-4601E-01

= O = @

1.3041E-01
1.2831E-01

1.4148E-01

62.359
8.6793E-02
1.789TE-02
1.1098E-02
1.5998E-01

1.3047E-01
1.2829E-01
1.4147E-01

DISTANCE (METERS)

1.4147E-01

34.462 36.103
3.5863E-02 4.2812E-02
2.876TE-03 3.9060E-03
1.8545E-03 2.4160E-03
4.3686E-02 5.8365E-02
1.273TE-01 1.2802E-01
1.2925E-01 1.2905E-01
1.420TE-01 1.4194E-01
DISTANCE (METERS)
49.231 50.872
8.37T64E-02 8.5059E-02
1.6564E-02 1.7127E-02
1.0272E-02 1.0620E-02
1.5146E-01 ‘1.B507E-01
1.3045E-01 1.3048E-01
1.2830E-01 1.2830E-01
‘1.4148E-01 1.4147E-01
. DISTANCE (METERS)
64.000
8.6800E-02
1.7900E-02
1.1100E-02
1.8000E-01
1.304TE-01
1.2829E-01

37.744

.0140E-02
.4839E-03
.3942E-03
.0T94E-02

~N W > O

1.2866E-01
1.2885E-01
1.4182E-01

52.513

.5858E-02
.TATSE-02

[T ]

.5T32E-01

1.3047E-01

-1.2B29E-01

1.4147E-01

.0838BE-02 .

(ST ]

389.385

. TA02E-02
.3336E-03
.541TE~-03
.61T1E-02

0 ¢ 3 N

1.2923E-01
.2868E-01
1.417T1E-01

[y

54.154

.6316E-02
.T683E-02
.0985E-02
.5862E-01

1.3047TE-01
1.2829E-01

-1.4147E-01

41.028

.41T4E-02
.3210E-03
.TT52E-03
.0150E-01

» Ot O M

1.2968E-01

1.2854E-01
1.4162E-01

55.795

.86565E-02
. TT94E-02
.1035E-02
.5933E-01

- e

1.3047E-01
1.2829E-01
1.4147E-01

e e ®

42.6867

.0129E-02
.1283E-02
.9930E-03
.1578E-01

- -

1.3001E-01

-

1.4158E-01

57.438

.6693E-02
.T852E-02
.10TOE-02
.5969E-01

1.3047E-01
.2829E-01
1.414TE-01

-

.2844E-01 .

19 XTpuaddy
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1

TIME= 800.39186

SPECIES

NA
NG
CA
CL

SORBED (IONEX)

NA
NG
CA

SPECIES

NA
'TH
CA
CL

SORBED (IONEX)
NA

NG
CA

O = w @® -~ o

-

1.000

.1864E-03
.T219E-04
.996TE~03
.4208E-03

.8T18E-02
.T168E-02
.T948E-01

14.7869

.4917E-03
.4824E-03
.1014E-03
.0418E-03

.1084E-02
.354TE-01
. T899E-01

DELT=

(7] @ = =0

(-2 - -

-

1.841

.1884E-03
.T460E~-04
.9950E-03
.424TE-03

.86T728E-02
.T361E-02
.T92TE-01

18.410

.51TTE-03
.5T48E~03
.949TE-04
.0392E-03

.17T84E-02
.4792E-01
.8619E-01

w N RO

0 O - 0

[

1.8000E+00

3.282

.37T08E-03
.07T56E-04
.0694E-03
.8855E-03

.8T8TE-02
.B3T6E-02
.T824E-01

18.051

.56 T6E-03
.8045E-03
.4059E-04
.0398E-03

.2425E-02
.53683E-01
.86015E-01

-

O O = O

-

CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION

DISTANCE (METERS)

4.923

.5396E-03
.5623E-04
.1209E-03
.3136E-03

.8B8B9E-02
.0888E-02
.T588E-01

O N ;o

[ ]

6.564

.5137E~03
.1145E-04
.04T2E-03
.240TE-03

.TOBBE-02
.5508E-02
.TO95E-01

DISTANCE (METERS)

19.892

.8650E-03
.5894E-03
.0T10E-04
.0401E-03

.3343E-02
.5551E-01
.5T82E-01

O W = O

[

21.333

.8532E-03
.5332E-03
.692TE-04
.0400E-03

.5044E~02
.5560E-01
.5688E~01

© = 3 ©

(¢ ]

0O D - -

[

8.205

.4325E-03
.0495E-04
.B996E-03
.0211E~-03

.T493E-02
.4603E-02
.8165E-01

22.974

.0202E-02
.4210E-03
.08T4E-04
.0400E-03

.888BTE-02
.5486E-01
.5614E-01

[ B I ]

D P -

-

9.646

.4264E-03
.6880E-04
.T235E-03
.9850E-03

.816TE-02
.9761E-02
.4616E-01

24.615

.0808E~02
.2253E-03
.9993E-04
. 0400E-03

.5018E-02
. 5254E-01
.5495E-01

O = = 0

O N O -

[y

11.487

.4568E-03
.0902E-03
.50TTE-03
.0338E-03

.9108E-02
.11BBE-02
.2426E-01

26 .256

.1729E-02
.2TT1E~04
.3T01E-04
.0400E-03

.8165E-02
.4828E-01
.5284E-01

0 = =D

-

O W O -

-

13.128

.4T66E-03
.3141E-03
.2801E-03
.0481E-03

.0161E-02
.1526E-01
.9986E-01

27.897

.2T53E-02
.9TTAE-04
.5458E-04
.0400E-03

.1232E-02
.4083E-01
.4858E-01

pandxiuoo - 149 xTpuaddy
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SPECIES

NA
MG
CA
CL

SORBED{IONEX)

NA
NG
CA

SPECIES

NA-
NG
CA
CL

SORBED (IONKEX)

NA
NG
CA

SPECIES
NA -
MG
CA
CL

SORBED (IONEX)
NA

MG
CA

O N W

29.538

.3329E-02
.1320E-04
.512TE-04
.0400E-03

O N > =

1.1328E-01
1.33T4E-01
1.4463E-01

44.308

.3568TE-02
.376TE-04
.0852E-04
.0413E-03

1.2650E-01
1.2952E-01
1.4223E-01

59.077
.1288E-03

.TT21E-04
.T235E-02

- 0 e

9.6047E~02
.3884E-01
1.4813E-01

-

.8111E-02.

31.179
1.3504E-02
3.5735E-04

2.1971E-04
9.0400E-03

1.2268E-01
1.3073E-01
1.4293E-01

45.949
.35TOE-02

.0835E-04

0: N =

1.2658E-01
1.2949E-01
1.4222E-01

60.718

.4659E-02
.6983E-03
.6303E-03
.0683E-02

W = DN

8.T0B3E-02
.4050E-01
1.5096E-01

-

.3T38E-04

.0435E-03

32.821

1.3545E-02
3.4431E-04
2.1231E-04
9.0400E-03

1.2517E-01
1.2994E-01
1.4248E-01

AT.590

.85T5E~02
.3T21E-04
.0828E~04
.0491E-08

W N W=

1.2865E-01
1.2947E-01
1.4220E-01

62.359
4.1752E-02
6.8701E-03
4.2213E-03
6.6200E-02

9.6498E-02
1.3703E-01
1.4972E-01

DISTANCE (METERS)

34.462 36.103
1.3554E-02 1.3558E-02
3.4123E-04 3.4017E-04
2.1056E-04 2.0998E-04
9.0400E-03 9.0400E-03
1.2578E~01 1.2598E-01
1.2974E-01 1.2968E-01
1.4237E-01 1.4233E-01
" DISTANCE (METERS)
49.231 50.872
1.3587E-02 1.8817E-02
3.3746E-04 3.3873E-04
2.0844E-04 2.0924E-04
9.0841E-03 9.1038E-03
1.2672E-01 1.26T7TE-01
1.2945E-01 1.2943E-01
1.4219E-01 1.4218E-01
DISTANCE (METERS).
64.000 :
8.6800E-02
1.T900E-02
1.1100E-02
1.6000E-01
1.3047E-01
1.2829E-01

1.414T7E-01

\

‘O N G

37.744

.3560E-02
.3953E-04
.0959E-04
.0400E-03

O N W -

71.2811E-01
"1.2964E-01

1.4231E-01

' 52.513

.3894E-02
. 4290E-04
.1181E-04
.2084E-083

‘1.28T5E-01

1.2944E-01
1.4218E-01

89.385

1.3562E-02
3.3899E-04
2.0928E-04
9.0401E-03

1.2622E-01
1.2960E-01
1.4229E-01

54.154

.3890E-02
.5605E-04
.1982E-04
.4B49E-03

W N W -

1.2831E-01

[

.2958E-01
1.4226E-01

41.026

1.3563E-02
3.3850E-04
2.0900E-04
9.0402E-03

1.2832E-01
1.2957E-01
1.4227E-01

55.795

1.43T4E-02
4.0143E-04
2.4T0BE-04
1.0215E-02

1.2358E-01
1.3045E-01
1.4276E-01

42.887

1.3585E-02
3.3808E-04
2.08T5E-04
9.0405E-03

1.2641E-01
1.2055E-01
1.4225E-01

57.438

.5501E-02
.6935E-04
.4641E-04
.2143E-02

- W -

1.1323E-01
1.3371E-01
1.4467E-01

peonurjuod - g xTpuaddy
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APPENDIX B2 - Example 2: Sample Input and Output

ION EXCHANGE, AQUEOUS PHASE COMPLEXATION, WATER DISSOCIATION, TRANSPORT

METERS
TYPE
ITERATIONS
GRID
TIME
PRINT TIME
PRINT TIME
PEYSICAL
BOUNDARY
LEACH

NO.SPECIES
CECNS
NA
NA
SR
SR
CA
CA
B
H
cos3
CL
): §
0):§
~ SRCO3
SRC03
. SRHCO3
SRHCO3
SROH
SROE
NACO3
NACO3
NAHCO3
NAHECO3
NAOH
NAOH
'HECO3
HCO3
H2C03
H2C03
CACO03
CACO3
CAHCO3
CABCO03
CAOE
CAOB
SRCO3
SRCO3
CACO3
CACOD3

YEARS
0

100

40

10
.000100
10.0
1.00

13.990
1.00E-8
-3.00
0.000
-11. 30
0.000
-0.799
0.000

-0.9600

© 0.000
-10.08
.0.000
.213
0.000
-10.300
.0.000
-16.70
. 0.000
-3.150
0.000
-11.3
0.000
-1.32
0.000
9.250
0.0000
8.350
0.0000

1
100
5.000

1.0E-4

0.0020
15.0
0.0

S I

1.0E-3
1.0E-3
.00E-8
.0E-10
.00E-4
. 00E-2
.O0E-8
.00E-9
.00E-4

1t JRV ST O? RPOEN

1.00E-7

[
o

[

0O 0000000000000 O0OO0OO00O0O00 O O

o
o =
o
o

0.0 0.0
© 0.000

OOOOOOOOOOO0.0000000000

0

100
0.2
0.50
0.4000
20.0
1.00E-1

1.0B-3
1.0E-3
.00E-8
.00E-8
.00E-4
.00E-2
.00E-8
.00E-9
.00E-8
.00E-2

FA ek e e T D e

1.4

1.00

11

1.00E-3

5.00E-4

3.0

2
1.0E-3

6.95E-5

5.00E-4

2.00E-9

8.95E-5

"~ 1.00E-2

7.0



1I0ON EXCHANGE, AQUEQUS PHASE COMPLEXATION, WATER DISSOCIATION, TRANSPORT

UNIT OF LENGTH IS  METERS UNIT OF TIME IS ' YEARS
INNER BOUNDARY IS CONSTANT CONCENTRATION OUTER BOUNDARY IS ZERO FLUX
DISPERSION COEFFICIENT = 1.0 V +.0 FLUID VELOCITY = .100 NUMBER OF GRID POINTS = 40
- NUMBER OF PRINT OUTS = 10 N ‘ . v
GIVEN AT THE FOLLOWING TIMES = .1000E-03 ..2000E-02 .4000  1.000 3.000 5.000 7.000 10.00
15.00 '20.00 ‘
NUMBER OF SITES(ION-EXCHANGE) .1000 NUMBER OF SITES(EDL MODEL) 0.
8 BARE IONS S SORBING IONS (IONEX) _ 0 ° SORBING.IONS (EDL’ MODEL)
COMPONENT CHARGE iu:TiAL CONDITIONS BOUNDARY CONDITIONS PK (IONEX) . 'Px(sz)
: TYPE  ° VALUE TYPE VALUE
NA 1. 2 1.0000E-03 2 1.0000E~-03 - .178 _ _—
-8R 2. 3 - -"1.0000E-08 s 6.9500E-05 T .852 -
CA 2. 2 5.0000E-04 3 5.0000E-04 . 357 : T -
B 1. 1 1.0000E-08 4 -0 0. —
co3 ‘=2, 3 5.0000E-04 3 -0 - -—
CL -1, 4 -0 -0 -0 _— —

peonuUT3uoD - zg xTtpuaddy

(]



12

CONPLEX

1): |
SRCO3
SRHCO3
SROH
NACO3
NAHCO3
RACH
HCOD3
H2C03
CACO3
CAECO3
CAOH

COMPLEXES

CHARGE

- - 0 O

1.0233E-14
1.0000E+03

EQUIL. CONSTANT

1,9953E+11 .

6.2951E+00
9.1201E+00
1.2023E+10
6.1235E-01

1:9953E+10

5.0119E+18
1.4125E+03
1.9953E+11
2.0893E+01

SOLID PRECIPITATES

PRECIPITATE SOLUBILITY PRODUCT

SRCO3
CACO3

.8160
1.564
3.024

5.8234E~10
4.4668E-09
.5034E-01 .1029
.8935 .TT44
1.883 1.808
3.207 3.399

o
.

SORBING COMPLEXES (IONEX)

PK (IONEX) PX (EDL)

STOICHIOMETRY

1.0 0. 0. 1.0 oO.

0. 1.0 0. 1.0 O.

*» SPATIAL GRID @+

.1578 .2151 .2749
.8589 .94T1 1.089
1.938 2.074 2.216
3.599 3.808 4.027

OO0 00O K ~r»rOOOOo

SORBING COMPLEXES (EDL MODEL)

STOICHIOMETRY
0. oO.
1. 0.
1. 0.
1. 0.
0. o.
0. o.
0. o.
0. o.
0. o.
0. 1.
0. 1.
0. 1.

. 3374

1.185
2.3684
4.254

O » O N =» O =00 =» 0O

T T - -
. . . 3 - . - . 3 . - .

.4028

1.238
2.518
4.492

OO0 000000 O O0Oo

» 00 0 0 » O O » O O

.AT0T7

1.340
2.679
4.7T41

5417

1.450
2.848
5.000

Z9
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INITIAL CONDITIONS

COMPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COEF. KD(ION EX)
AQUEQUS CONC. CONCENTRATION (IONEX) (EDL)
KA .1000E-02 .999TE-03 .2380E-02 0. .9475 2.381
SR . 1000E-07 .9942E-08 .9883E-08 0. ..8060 99.41
CA .5000E-03 .496TE-03 .4881E-01 0. .8080 98.27
: .5085E-03 .  .1000E-07 .85TOE-07 O. .9475 3.570
co3 .5000E-03 .3000E-05 0. 0. .8060 0.
CL .1505E-02 .1505E-02 0. 0. .9475 0.
0H .1150E-05 .1140E-05 0. 0. .9475 0.
COMPLEX VALENCE AQUEOUS CONC.  SORPTIOK (I0) SORPTION (EDL)
SRCO3 0. “1938E-10 0. 0.
SRECO3 1.000 .3867TE-10 0. 0. -
SROH 1.000 .57T50E-13 0. 0.
NACO3 -1.000 .2205E-07 0. 0.
NAHCO3 0. .2810E-08 0. 0.
NAOH 0. .8264E-09 0. 0.
~ HCO3 -1.000 .4825E-03 0. 0.
H2C03 0. .1088E-04 0. 0.
CACO3 0. ' .1368E-05 0. 0.
CAHCO3 1.000 .1932E-05 0. 0.
CAOH 1.000 .9534E-08 0. 0.
PRECIPITATE  EQUIVALENT MOLES/LITER SOLUTIOR
SRCO3 0.
CACOD3 0.

TO HAVE A NET BALANCE OF ZERO CHARGE, OTHER SPECIES MUST BE PRESENT (ALTHDUGE NOT PARTICIPATIIG IN THE

' CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF 0.

KD (EDL)

00O 00000
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BOUNDARY OR INFLUX CONDITIONS

COMPONENT TOTAL BARE ION SORBED CONCENTRATION . ACT. COEF. . KXD(ION EX) = KD(EDL)

AQUEOUS CONC.  CONCENTRATION (IONEX)  (EDL)

RA .1000E-02 .9997E-03 .243BE-02 0. .9481 2.437 0.

SR . 5359E-04 .5286E-04 .5511E-02 0. .8080 104.3 0.

CA .42T6E-03 .4199E-03 .432TE-01 0. .8080 108.1 0.

"B .405TE-03  .152TE-08 - .5581E-08 0. .9481 3.655 0.

co3 .42T6E-03 .1630E-04 0. 0. .8080 0. 0.

cL .1505E-02 .1505E-02 0. 0. .9481 0. 0.

[ .T514E-05 .TA55E-05 0. 0. .9481 0. 0.

COMPLEX VALENCE AQUEOUS CONC.  SORPTION(IO) SORPTION (EDL)

SRCO3 0. .5623E-08 0. 0.
SRHCO3 1.000 .1T13E-06 0. 0.
SROH 1.000 .2004E-08 0. 0.
NACO3 -1.000 .1200E-06 0. 0.
NAHCO3 0. .2172E-08 0. 0.
NAOH 0. .4102E-08 0. 0.
ECO3 -1.000 .4012E-03 0. 0.
H2C03 0. .1383E-05. 0. 0.
CACO3 0. .8310E-05 0. 0.
CAHCO3 1.000 .1361E-05 0. 0.
CAOH 1.000 .5284E-07 0. 0.

PRECIPITATE EQUIVALENT MOLES/LITER SOLUTION
SRCO3 .895E-04
CACO3 .T24E-04

TO HAVE A NET BALAKCE OF ZERO CHARGF, OTHER SPECIES MUST BE PRESENT (ALTHOUGH KOT PARTICIPATING IN THE
CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF .T63E-1T

14°)
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1

TIME=

SPECIES

NA
SR
CA
E
co3
_CL
" OB

sunngp(;oizx)

NA
SR
CA
B
COMPLEXES

SRCO3

. SRECO3
PR SROK» A

NACO3
NAHCO3'
NAOH
HCO3
H2C03
CAC03
CAHCO3
CAOH

PRECIPITATES

SRCO3
CACO3

[ VO SV G G U RO TR | oo N N ARt

-~ »

5.20189

.9966E-04
.2858E-05
.198TE-04
.52T0E~09
.8296E-05
.5054E-03
.4554E-08

.4364E-03
.5106E-03
.32T1E-02
.5813E-09

.8234E-07
.T133E-07
.0044E-09
.2004E-0T
.1720E-0T
.1022E-09
.0116E-04
.3831E-08
.3096E-06
.3609E-086
.2842E-08

.9500E-05
.2408E-05

N e N ~N AW D

O =2 O = WON = =W

DELT= 5.0000E-01
.050 .103
.9891E-04 9.9810E-04
.2856E-05 1.BT40E-05
.4010E-04 4.5688E-04
.80TOE-09 1.8T60E-09
.5548E~-05 1.497TE-05"
.5054E-03 1.5054E-03-
.0BA0E-08 - 6.T923E-08
.4348E-03 2.4315E-03
.4253E-03 1.T43BE-03
.535TE-02 4.TO41E-02
.8T38E-09 6.1232E-09
.334TE-0T 1.636TE-07
.0892E-0T7 5.4T33E-08
.1839E-09 5.T832E-10
.1444E-07 1.1015E-07
.1T91E-07 2.18TEE-0T
.8950E-09 3.T316E-09
.0276E~-04 4.048TE-04
.4614E-08 1.5314E-08
.30968E-08 6.3096E-08
.4322E-08 1.4938E-08
.2632E-08 5.2384E-08

0.
.2004E~04 8.139TE-06

N 2~ N N ==~ O

N> D= WD 2NN

CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION

DISTANCE
.158 .215
.9T26E-04 9.9641E-04
.0211E-06 2.456TE-06
JBTBAE-04 4.T333E-04
.T2B4E-09 1.T8T1E-09.
.4604E-05 1.4211E-05
.5054E-03 1.5054E-03
.5889E-068 6.3T0BE-08"
.42T1E-03" 2.4223E-03°
.298TE-04 2.54B1E-04
.B05TE-02 4.8534E-02
.3083E-09 6.5153E-09
.6930E-08 2.2T84E-08
.3081E-08 8.1240E-09
.3521E-10 T7.9593E-11
.0T31E-0T 1.0432E-07
.1978E-0T 2.2090E-07
.6155E-09 3.4938E-09
.0690E-04 4.0934E-04
.5879E-06 1.8518E-06
.2989E-08 6.200TE-08
'.B3T3E-068 1.5653E-08
.1994E-08 5.089TE-08
" 0.
0.

o NN - QT SO P

=2 O LN =R, DN

.275

.955TE-04
.3093E-0T
-T625E-04
.8549E-09
.3TB1E-05 -
.5054E-03"
.1382E-08

:41T8E-03
.5830E-05
.8T16E-02
. T543E-09

. 5T26E-09
.4325E-09
.2814E-11
.010TE-07
.2213E-07
.3632E-09
.1199E-04
.T252E-08
.0492E-08
.5849E-06
.9336E-08

-~ =N O = = = = O

T T X R Y X

.337

.94ATBE-04
.9153E-07 .
-T802E-04
.8337E-09
.3813E-05
.5054E-03 .
.8884E-08

. 4124E-03
.9788E-05
.8TT4E-02
.0324E-09

.B8834E-09
.417TE-10
. T344E-12
. T550E-08
.2348E-0T
.2236E-09
.1485E-04
.8109E-08
. 8641E-06
.8017E-08
. TA99E-08

[C IR CI A )

NN

I N N U

.403

.9402E-04
.9309E-08
.T942E-04
.0255E-09 .
.2805E-05 -
.5054E-03
.8218E-08

.4075E-03:
.0780E-06
.8791E-02
.3568E-09

.1181E-10
.6843E-10
.4093E-12
.3T49E-08
. 2495E-07
.0T52E-09
.1792E-04
.9108E-08
.B855TE-08
.6161E~08
.54TTE-08

.4T1

.9336E-04
.T190E-08
.8072E-04
.1326E-09
.2258E-05
.5054E-03
.3398E-08

[ T U )

2+ 40298E-08
1.7851E-08
4.87T9TE-02
T.7358E-09

1.3741E-10
5.848TE-11
4.6660E-13
8.9691E-08
2.2858E-07
2.9188E-09
4.2120E-04
2.0275E-08
5.42T9E-08
1
4

..86351E-086:

.380TE-08

penutiuod - zg xrpuaddy
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SPECIES

NA
SR
CA
H
c03
' CL
OE

SORBED (IONEX)

NA
SR
CA

H

CONPLEXES

SRCO3
SRHCO3
SROH
NACD3
NAHCO3
NACE
HCO3
H2C03
CACO3
CAHCO3
CAOH

PRECIPITATES

SRCO3
CACO3

= = DN ON D D+ =N - = N O

[~ 2 ]

.542

.9285E-04
.0918E-08
.8198E-04
.28TTE-09
.16T6E-05
.5054E-03
.0441E-08

.3985E-03
.1180E-08
.8800E-02
.1791E-09

.3096E-11
.TA32E-11
.T98TE-18
.5368E-08
.2830E-07
.T55TE-09
.2469E-04
.1641E-06
.1826E-06
.852TE-08
.1013E-08

L ;. =N = =N O

W NERNDMDON WS

.816

.9248E-04
.BB0BE-09
.8323E-04
.4039E-09
.1062E-05
.5054E-03
. T375E-08

.3945E-03
.00T4E-086
.8802E-02
.8981E-09

.1095E-11
.4101E-11
.8T42E-13
.0836E-08
.3017TE-07
.58TOE~-09
. 2838E-04
.3241E-06 -
.9214E-08
.8T11E-08
.B815E-08

O s O N =D OO

W NN

.893

.9227TE-04
.T215E-09
.8444E-04
.5751E-09
.0420E-05
.5054E-03
. 4229E-08

.3911E-03
.90TOE-0T
.8803E-02
.3060E-09

.8012E-11
.391T7E-11
.1850E-13
.8123E-08
.3217E-07
.4146E-09
.3219E-04
.511TE-06
.8466E~08
.8901E~-08
.613TE-08

- O N PO O

- o N

W NRENMNNN®WO

DISTANCE

.T7T4

.9224E-04
.T230E-08
.8561E-04
. TT53E-09
.T583E-06
.5054E-03
.1040E-08

.3882E-03
.B850E-0T
.8805E-02
.0018E-08

.1814E-11
.4230E-11
.027T5E-13
.1278E-08
.3428E-07
.2403E-09
.3618E-04
.T817E-08
.3609E-08
.TO96E-08
.3809E-08

W = O W oo

= i O N

W= NN OWC

.859

.923TE-04
.T428E-09
.B6T3E-04
.0094E-09
.0842E-08
.5054E-08
. T850E-08

.3859E-03
.8825E-07
.8808E-02
.0851E-08

.T648E-11
.4815E~-11
.8T35E-13
.8354E-08
.3648E~-07
.0863E-09
.4022E-04
.9895E-08
.0881E-08
.T293E-08
.1084E-08

T P PR GO O P P

W O W DO

= o N

.947

.9266E-04
.T639E-09
.8TBOE-04
.2822E-09
.4081E-08
.5054E-03
.ATOTE-08

.3840E-03
.8824E-07
.8B80TE-02
.1821E-08

.3460E-11
.5010E-11
.T214E-13
.1426E-08
.3875E-07
.8951E-09
.4433E-04
.2908E-06
.TT2TE-08
.T491E-08
.8544E-08

W = 3 W O O

- s 0N

B =W W

1.039

.9307TE-04
. T841E-09
.8881E-04
.5983E-09
.TA11E-08
.5054E-03
.1660E-08

.3826E-03
.8828E-07
. 8808E-02
. 294TE-08

.9810E-11
.5402E-11
.5T34E-13
.85T1E-08
. 4104E-07
. T294E-09
.4644E-04
.8408E-08
.AT98BE-086
.TEBTE-06
.B089E-08

N o= D= Nt WO - ON N = 30 kDO

1.135

.9380E-04
.8032E-09
.89TBE-04
.9614E-09
.0958E-08
.5054E-08
.8T59E-08

.3818E-08
.8B2TE-0T
.8808E-02
.4240E-08

.5276E-11
.5T86E-11
.A319E-18
.18T5E-08
.4332E-07
.5T1TE-09
.524TE-04
.0440E-06
.1951E-08
. TSTBE-06
.3T42E-08

N = O @O O

- g © N

R N N N N

1.238

.9419E-04
.8211E-09
.9086E-04
.3731E-09
.483TE-08
.5054E-03
.6053E-08

.3809E-03
.882TE-07
.8809E-02
.5TOSE-08

.1438E-11
.6158E-11
.2994E-13
.TA24E-08
.4555E-0T
.4246E-09
.5636E-04
.5025E-06
.9243E-06
.8083E-08
.1545E-08
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SPECIES

NA
SR
CA
H
co3
CL
OH

SORBED (IOKEX)

NA
SR
CA
B

COMPLEXES

SRCO3
SRHCO3
SROH
NACO3
NAHCO3
NAOH

HCO3
H2C03
CACO3

CAHCOS3

CAOH

PRECIPITATES

SRCO3
CACO3

N = 0O O

= DN

(=]

=N Ut N W W

1.340

.9483E-04
.837TTE-09
.9149E-04
.8317E-09
.9185E-08
.5054E-03
.3582E-08

.3805E-03
.8828BE-07
.8809E-02
.T339E-08

.T8TO0E-11
.850TE-11
.17T80E-13
.3299E-08
.4768E-07
.2902E-09

.8008E-04
.014TE-08
.8T24E-086
.8239E-08
.9533E-08

W Ut O O

= O N

=N e e )W WwwW

1.450

.954TE-04
.8531E~09
.9228E-04
.3311E-09
.4030E-08
.5054E~-03
.137T4E-08

.3802E-03
.8828E-07
.8809E-02
.9117E-08

.4630E-11
.8835E-11
.0693E-13
.9563E-08
.4969E-07
.1T01E-09

.6351E-04
.5T43E-08
.4438E-08
.8402E-08
.TT30E~08

N o N [l W B ]

o= N® e DWW oW W

1.564

.9610E-04
.B6T2E-09
.9296E-04
.860TE-09
.9488E-06
.5054E-03
.9444E-06

.8801E-03
.8828E-0T7
.8809E-02
.1001E-08

.1T58E-11
.T135E-11
.T399E-14
.6256E-08
.5154E-07
.0651E-09

.666TE~-04
.1695E-08
.2411E-06
.B553E-08
.8150E~-08

N ON

- NPk ONW®DWN

TN NN R

DISTARCE

1.683

.9670E-04
.88600E-09
.9360E-04
.4052E-09
.5559E-08
.5054E-03
.TT91E-08

.3800E-03
.8828E-0T
.8809E-02
.2938E-08

.92T0E-11
.T40BE-11
.9229E-14
.3395E-08
.5321E-07
.T508E-10

.8951E-04
.T835E-08
.0855E-086
.86BBE-08
.4T95E-08

Nk O N = =MD

Ll e B - - I S I 7S - I /- L)

1.808

.9725E-04
.8913E-09
.9417E-04
.94T1E-0S
.2232E~06
.5054E-03
.8404E-08

.3B00E-03
.8829E-07
.8809E-02
.4885E-08

.T159E-11
.T848E-11
.2859E-14
.09T1E-08
.5469E-0T
.9951E-10

.T201E-04
.3983E-08
.9166E-08
.B8B0BE~086
.3658E-08

=W~

NN

[~

Lk e = DN NN

1.938

.9TTSE-04
.9014E-09
.94BTE-04
.4682E-09
.9488E-08
.5054E-03
.5260E-06

.3800E-03
.8829E-07
.8809E-02
.8T1TE-08

.5404E-11
.T854E~11
.668TE-14
.8956E-08
.559TE-0T
.8T15E-10

.T418E-04
.98T3E-08
.T92TE-06
.8912E-08
.2T16E-08

N O N =W~ o

o D N DNDNNWN

2.074

.9816E-04
.9100E-09
.9510E-04
.9522E-09
.T212E-08
.5054E-03
.4331E-06

.3800E-03
.8829E-07
.8809E-02
.B438E-08

.39TOE-11
.8032E-11
.2081E-14
.T311E-08
.5TOTE-07
.8653E-10

. T802E-04
.5376E-086
.8916E-08
.9001E-086
.1952E-08

e e DD O W

N ON

o

» o O R DN WN

2.218

.9852E-04
.9173E-09
.9546E-04
.3882E-09
.5402E~08
.5054E-03
.3590E-08

.38B00E-03
.8829E-07
.BB09E-02
.99TTE-08

.2818E-11
.8181E-11
.8398E-14
.5990E-08
.5T98E-0T
.4809E-10

.TT55E-04
.0324E-08
.6103E-08
.9075E-08
.1841E-08

- =m0

@ e oN

o O NN N

2.364

.9881E-04
.9234E-09
.95TTE-04
.T623E-09
.39T7T3E-08
.5054E-03
.3007TE-08

.3800E-03
.8829E-07
.8809E-02
.1313E-08

.1909E-11
.8303E-11
.5501E-14
.4948E-08
.58T3E-07
.1428E-10

.T881E-04
.4621E-08
.5481E-08
.9136E-08
.08681E-08
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SPECIES

NA
SR
CA
H
co3
CL
1): 1

SORBED (IONEX)

NA
SR
CA

H

CONPLEXES

SRCO3
SRHCO3
SROH
NACO3
NABCO3
NAOH
HCO3
H2C03
CACO3
CABCO3
CACH

PRECIPITATES

SRCO3
CACO3

W ON WO O D

o= O R BAONONNNBN

2.518

.9905E-04
.9283E-09
.9601E-04
.OTT1E-09
.2864E-06
.5054E-03
.2556E-06

.3801E-03
.BB29E-07
.B8B09E-02
.2430E-08

.1208E-11
.B401E-11
.3260E-14
.4139E-08
.5933E-0T
.8967TE-10
.T981E-04
.8223E~06
.4983E-06
.9185E-06
.0489E-08

o= WO kO O

W e 0N

o NN LN

2.679

.9924E-04
.9321E-09
.9620E-04
.33168E-09
.2021E-08
.5054E-03
.2214E-06

.3801E-03
.8829E-0T7
.8809E-02
.3333E-08

.0665E~11
.BATTE-11
.155TE-14
.3523E-08
.5980E-07
.TO9BE-10
.8059E-04
.0114E-05
.4584E-08
.9223E-08
.0207E-08

O = =N N W e OoN o WO OO

o

2.848

.9939E~-04
.9351E-09
.9635E-04
.5305E-09
.1392E-08
.5054E-03
.1959E-08

.3801E-03
.8829E-0T
.8809E-02
.4038E-08

.0265E~11
.8535E-11
.0290E-14
.3084E-08
.80186E-07
.5TO8E-10
.8118E-04
.0342E-05
.4301E-06
.9252E~086
.9968E-09

O = DN U -

WO RO O

W@ e N

o

DISTANCE

3.024

.9949E-04
.9373E-09
.9646E-04
.8804E-09
.0935E-08
.5054E-03
.1TT4E-06

.3801E-03
.8829E-0T7
.8809E-02
.45T70E-08

.9973E-11
.85TBE-11
.9369E-14
.2T30E-08
.6042E-07
.489TE-10
.8162E-04
.0514E-05
.4095E-08
.92T4E-06
.8441E~09

W b O N WO DO

W = = =N N Ut W -

3.207

.995TE-04
.9389E-09
.9854E-04
.TB95E-09
.0810E-08
.5054E-03
.1843E-08

.3801E-03
.BB29E-07
.8809E-02
.495TE-08

.9T6TE-11
.8609E-11
.BT1TE-14
.2493E-08
.8081E-0T -
.3982E-10
.8194E-04
.0840E-=05
.3949E-08
.9289E-08
. T359E-09

L ¢+ O N [TV T I )

[-I A BB

3.399

.9962E-04
.9400E-09
.9660E-04
.BBBOE-09
.038TE-08
.5054E-03
.1553E-08

.3801E-03
.B829E-07
.9809E-02
.5228E-08

.9624E-11
.8831E-11
.826TE-14
.2330E-08
.80TAE-07
.8489E-10
.8216E-04
.0T28E-05
.3849E-06
.9300E-08
.8615E-09

W oN =W w0 O

O = NN U W e

3.599

.99668E-04
. 940TE-09
.9863E-04
.91T6E-09
.0238E-086
.5054E-03
.1492E-08

.3801E-03
.8829E-07
.8609E-02
.5411E-08

.9529E-11
.8645E-11
.T968E~-14
.2221E-08
.6083E-0T7
.3160E-10
.8280E-04
.0T8TE-05
.3T82E-086
.930TE-08
.8118E-09

W e ON L I I

WO = = =P DN N Ut -

3.808

.9968E-04
.9412E-09
.9666E-04
.9512E-09
.0142E-08
.5054E-03
.1454E-08

.3801E-03
.8629E-07
.8609E-02
.5530E-08

.9468E-11
.8654E-11
.TTT5E-14
.2151E-08
.6088E-07
.2949E-10
.B240E-04
.0828E-05
.3T39E-08
.9312E-08
.5T99E-09

O BN U W

[ T - B B - B -]

W - ON

o

4.027

.99T0E-04
.9415E-09
.968TE-04
.9T21E-09
.0083E-08
.8054E-03
.1430E-08

.3801E-03
.8829E-07
.8809E-02
.5605E-08

.9430E-11
.8680E-11
.T658E-14
.2108E-08
.8092E-07
.2818E-10
.8246E-04
.0B50E-05
.3T12E-08
.9314E-08
.5601E-08

89

penutjuocd - Zd xTpuaddy



SPECIES

NA

SR

CA

H

cos
CL

OH

SORBED (IONEX)

NA

SR
CA
H

COMPLEXES

SRCO3
SRHCO3
SROH
NACO3
NAHCO3
NAOH
HCO3
H2C03
CAcao3
CAECO3
CAOE

PRECIPITATES

SRCO3
CACO3

Lol - I B ]

w e N

©O == = = BN N W -

4.254

.9971E-04
.9417E-09
.9668E-04
.9845E-09
.0048E-08
.5054E-03
.1416E-06

.3801E-03

.8829E-07
.8809E-02
.5849E-08

.9408E-11
.8664E-11
.T585E-14
.2082E-08
.8094E-0T7
.2T40E-10
.8249E-04
.0864E-05
.3696E-08
.9316E-08
.5483E-09

w e o N = WO Y

O = =P NRW -

4.492

.99T1E-04
.9418E-09
.966BE-04
.9913E-09
.0028E-08
.5054E-08
.1408E-086

.3801E-08

.8829E-07
.8809E-02
.58T3E-08

.93968E-11
.B8666E~11
. TEABE-14
. 2088E-08
.B095E-0T
. 2698E-10
.8251E-04
.0872E-05
.368TE~-08
.9817E-08
.5419E-09

w e N o DO WD

O = = e BN W -

4.741

.99T1E-04
.9418E~-09
.9669E-04
.9944E-09
.0020E-06
.5054E~-03
.1404E-08

.3801E-03

.8829E-07
.8809E~02
.5684E-08

.9390E-11
.B686E-11
.T529E-14
.2081E-08
.8096E-07
.28TBE~10
.B252E-04
.0875E-05
.3883E-06
.9318E-06
.B390E-09

O - = O NN WKW w koo N = WOk Y-

o

DISTANCE

5.000

.9971E-04
.9418E~-09
.9689E-04
.9944E-09
.0020E-08
.5054E~03
.1404E-06

.3801E-03

.8829E-07
.8809E-02
.5684E-08

.9390E-11
.8666E-11
.T529E-14
.2081E-08
.6096E-0T
.2678E-10
.8252E-04
.0875E-05
.3893E-08
.9318E-086
.5390E-09

penuTtjuod - zd XTpuaddy
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1

TIME= 10.20169
SPECIES 0.
NA 9.9966E-04
SR 5.2858E-05
CA 4.1987E-04
: { 1.5270E-09
cos 1.8296E-05
cL 1.5054E-03
) T.4554E-06
SORBED (IONEX)
NA 2.4364E-03
SR 5.5106E~03
CcA 4.32T1E-02
i\ 5.5813E-09
COMPLEXES
SRCO3 5.6234E-07
SRECO3 1.7133E-0T
SROH 2.0044E-09
NACO3 1.2004E-0T
NAHCO3 2.1720E-07
NACH 4.1022E-09
HCO3 4.0116E-04
H2€03 1.3831E-086
CACO3 6.3096E-06
CAHCO3 1.3609E-06
CAOH 5.2842E-08
PRECIPITATES
SRCO3 6.9500E-05
CACO3 7.2408E-05

- e WO

O N

N ® WM W

DELT= 5.0000E-01

.050

.9915E-04
.8843E-05
. 33B4E-04
.5807E-09
.5TTOE-05
.5054E-03
.201TE-08

.435TE-03
.0512E-03
.4TS1E-02
. TT89E-09

.9993E-07
.2613E-07
. 4229E-09
.1811E-07
.1T49E-07
.9808E-09
.0189E-04
.4344E-08
.3096E-086
. 4088E-06
.2T46E-08

. T282E-04

NN D = e N O

D o= ©ON

.108

.9860E-04
.5598E-05
.4T20E-04
.8329E-09
.5298E-05
.5054E-03
.9T15E-08

.4344E-03
.8T01E-03
.8113E-02
.9699E-09

.5568E-0T
.3303E-08
.0TTAE-10
.1258E-07
.1T84E-07
.8321E-09
.02T4E-04
.4BA9E-086
.3096E-08
.4553E-06
.2633E-08

.6117E-05

== O - P N - Ot D > = N O = e P = O

o

CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION

DISTANCE
.158 .215
.9T99E-04 9.9736E-04
.4930E-05 7.8519E-08
.5823E-04 4.6611E-04
.6TT4E-09 1.T114E-09
.4930E-05 1.4879E-05
.5054E-03 1.5054E-03
.T865E-08 6.6520E-06
.4324E-03 2.4295E-03
.556B8E-03 7.9692E-04
.T22TE-02 4.T988E-02
.1311E-09 6.2518E-09
.4554E-07 7.3329E-08
.8T11E-08 2.5039E-08
.1540E-10 2.5890E-10
.0980E-07 1.0788E-0T
.182B8E-07 2.187TE-0T
.T281E-09 3.68518E-09
.037TE-04 4.0498E-04
.5293E-068 1.5849E-08
.3098E-068 6.3096E-06
.4950E-08 1.5252E-08
.2500E~-08 5.2343E-08
0.
.6543E-06 2.1030E-08

» W N T TN R

UL b O s B O D) A A GO

.27T5

.96TOE-04
.4341E-08
.T108E-04
.T413E-09
.44T6E-05
.5054E-03
.537TTE-08

.4262E-03
.5T14E-04
.B430E-02
.3568TE-09

.2451E-08
.1275E-08
.1419E-10
.0631E-07
.1938E-07
.5866E-09
.0638E-04
.B9T6E-08
.28B0E-06
.5486E-08
.1989E-08

o a N W - =

U ks B e WON = e

.337

.9804E-04
.350TE-08
. T396E-04
.TTATE-09
.425TE-05
.5054E-03
. 4150E-086

.4226E-03
.4024E-04
.B8648E-02
.4T33E-09

.2569E-08
.4507E-09
.408TE-11
. 0483E-07
.2002E-07
.5189E-09
.0T86E-04
.8342E-08
.2300E-06
.581TE-08
.1321E-08

[ I [ I N S - ]

Gt D = @ N =

.403

.9536E-04
.8902E-07
.T58TE-04
.8132E-09
.4011E-05
.5054E~03
.2T89E-06

.4189E-08
.861TE-05
.8T42E-02
.8083E-09

.2888E-09
.5515E-09
.49T6E~-11
.0275E-07
.20T4E-07
.4398E-0¢
.0949E-04
.87T63E-086
.143TE-08
.5T36E-08
.0411E-08

W TN ) L ST T T ")

PR B R LA N

.4T1

.9469E-04
.AT55E-07
.T686E-04
.B5TTE-09
.3T3BE-05
.BOB4E-03
.1289E-08

.4151E-08
.52688E-05
.8TTTE-02
.T642E-09

.32258-09
.9020E-10
.598TE-12
.0086E-07
.2154E-07
.3552E-09
.1128E-04
.T248E-08
.0373E-08
.5842E-06
.9326E-08

0L

penuTriuod - zg xtpusddy



SPECIES

HA
SR
CA
H
cos
CL
OH

SORBED (IONEX)

NA
SR
CA

H

COMPLEXES

SRCO3
SRHCOD3
SROH
NACO3
NAHCO3
NAOH
HCO3
H2C03
CACO3
CABCO3
CAOH

PRECIPITATES

SRCO3
CACO3

[ S I W S ] RN Ot = = 2 O

o O

.542

.9403E-04
.6001E-08
.TT8BE-04
.908BE-09
.3431E-05
.5054E-03
.9650E-06

.4113E-03
.T511E-08
.8T90E-02
.9440E-09

.0311E-10
.5352E-10
.3952E-12
.8351E-08
. 2242E-07
.2632E-09
.1318E-04
.T805E-08
.9150E-06
.5948E-08
.8104E-09

<N & =N OV =0 =2 g D

o RN O R,

.616

.9340E-04
.8064E-08
. T8B1E-04
.96T5E-09
.30968E-05
.5054E-03
.TBT1E~-06

.4075E-03
.8622E-06
.BT94E-02
.1510E-09

.5433E-10
.0588E-11
.3151E-13
.5B33E~-08
.2339E-0T
.1637E-09
.1528E-04
. B444E-08
. TT82E-086
.8059E-08
.8T58E-08

~ N Ul ed 4 NI = O

o= = WO WWY

.693

.9282E-04
.1348E-08
.T9TBE-04
.0350E-09
.2T32E-05
.5054E-03
.5955E-08

.4038E-03
.16 T6E-08
.BT9TE-02
.3890E-09

.4233E-11
.8262E-11
.2281E-13
.3103E-08
.2445E-07
.05T1E-09
.1750E-04
.9179E-08
.6275E-08
.61T6E-086
.5296E-08

NN O N WS -~ =N Ot = > N O O

o

DISTANCE

.T74

.9231E-04
.9403E-09
.BOT1E-04
.1124E-09
.233TE-05
.5054E-03
.3908E-06

.4002E-03
.0208E-08
.8T99E-02
.8682TE-09

.9973E-11
.3T07TE-11
.T240E-13
.0161E-08
.2562E-07
.9435E-09
.1990E-04
.0022E-08
.4B30E-06
.8301E-08
.3T7T21E-08

Ol o = N & O D

~N O N

== BN NN DN W

.859

.9188E-04
.8929E-09
.B18TE-04
.2013E-09
.1912E-05
.5054E-03
.1T30E~-08

.39689E-03
.9340E-07
.8801E-02
.9TTS5E-09

.5285E-11
.306TE-11
.5488E-13
.TO13E-08
.2890E-07
.B234E-09
.2248E-04
.0992E-086
.2848E-08
.8432E-08
.203TE-08

D e ON == N

= RNV NNON W

. 947

.9156E-04
.86T9E-09
.8283E-04
.3036E-09
.1458E-05
.5054E-03
.9436E-08

.393TE-03
.B891E-07
.8802E-02
.3400E-09

.2218E-11
.3194E-11
.4293E-13
.3664E-08
.2829E-07
.89T2E-09
.2523E-04
.2109E-06
.0925E-06
.85T1E-06
.0249E-08

@ O N == =N O

WG NNV ONNO®

1.039

.9135E-04
.8805E-09
.8359E-04
.4213E-09
.09TTE-05
.5054E-03
. TO35E-08

.3909E-03
.882TE~-0T
.8804E-02
. TST8E-09

.9262E-11
.3482E-11
.3140E-13
.0125E~-08
.2980E-07
.5855E-09
.2815E-04
. 3398E-08
.88T3E-08
.8T16E-06
.8368E-08

O OV > ==

WD 2NN VDO®

1.185

.9127E-04
.B9B4E-09
.8452E-04
.55T1E-09
.0ATOE-05
.5054E-03
.4540E-08

.3865E-03
.8821E-07
.86805E-02
.2400E-09

.81T3E-11
.3761E-11
.1952E-13
.8410E-08
.3142E-07
.4291E-09
.3122E-04
.4886E-08
.8669TE-08
.8B6TE-08
.8399E-08

= O N O O

O M~ OoN

@ NN ®

1.238

.9131E-04
.T188E-09
.8545E-04
.T137E-09
.9401E-08
.5054E-03
.19T1E-08

.3864E-03
.8822E-07
.8808E-02
.T969E-09

.2932E-11
.40T5E-11
.0T23E-13
.2540E-08
.38315E-07
.2890E-09
.3444E-04
.B660BE-08
.4411E-08
.TO24E-08
.4381E-08

psnutjucd - zg XTpuaddy

|4



SPECIES

NA
SR -
CA

H

- co3
CL
)

SORBED (IONEX)

NA
SR
"~ CA
H

COMPLEXES

SRCO3
SRHCO3
SROH
NACD3
NAHCO3
NAOH
HCO3
B2C03
CACO3
CAHCO3
CAOH

PRECIPITATES

SRCO3
CACO3

W AN W - 0N W = O N OO

(=]

1.340

.9148BE-04
.T348E-09
.8B635E-04
.8946E-09 -
.391TE-08
.5054E-03
.9350E-06

. 3846E-03
.8824E~-07
.8807E-02 -
.0440E-08"

.9559E-11
.4397E-11
.9463E-13
.8544E-08

.349TE-0T7
.1464E-09
.3779E-04
.8597E-08
.2030E-086
.T185E-08
.2272E~-08

W = O WO D

= 0N

W R W W NN P WO

1.450

.917TE-04
.T523E-09
.8T22E-04
.1033E-09
.8299E-08 -
.5054E-03
.6TOBE~-06

.3832E-03
.BB25E-0T
.BB0TE-02
.1183E-08

.6088E-11
.4728E-11
.8186E-13
. 4456E-08

.3688E-0T
.0026E-09
.4124E-04
.0899E-08
.9580E-08
.T350E-086
.0155E-08

W =2 WO

- 0N

N 0w DWWt

1.564

.921TE-04
.T694E-09
.8B0TE-04
.343T7E~09 .
.2611E-08
.5054E-03
.4068E-08

.3822E-03
.8B2BE~07
.8808E~02
.2040E-08

.2554E-11
.5062E-11
.890TE-13
.0322E-08

.3885E-07
.8593E-09
.44T6E-04
.355TE-06
.TOBTE-06
.T517TE-08
.8034E-08

W = N Wb 0O

- 0N

N - Wwd = 8wk

DISTANCE

1.683

.9265E-04
.T859E-09
.8890E-04
.619TE-09 -
.8929E-06
.5054E~-03
.1472E-06

.3814E-03
.882TE~OT
.8808BE-02
.3023E-08

.9013E-11
.5399E-11
.5643E-13
.6195E-08

.408TE-OT
.T184E-09
.4831E-04
.8815E-08
.A588E-06
.T685E~08
.5939E-08

TN O T O B

N = 3 W 0o

- o ON

1.808"

.9320E-04
.8019E-09
.B9TOE-04
.9348E-09.
.1338E-08
.5054E~03
.8954E-08

.3808E-03"
.BB828E-07
.B809E-02
.4145E-08

.5516E-11
.5733E-11
.4414E-13
.2135E-08.

.428B9E-07
.581TE-09
.5185E-04
.0112E-08
.2121E-08
.T852E-08
.3901E-08

N o= kOO

= 0N

N =N =N R

1.938

.8380E-04
.81T3E-09
.904TE-04
.2906E-09
.5930E-08
.5054E-03
.8554E-06

.3804E-03
.8828E-07
.BB09E-02
.5412E-08

.2124E-11
.8081E-11
.3239E-13
.8207TE~08

.4490E-07
.4514E-09
.5533E-04
.4076E-08
.9T2TE-06
.8018E-08
.1951E-08

N = OO

= o N

NN R BN PR ®

2.074

.9443E-04
.8321E-09
.9121E-04
.88B0E-09
. 0T94E-06
.5054E-08
.4304E-08

. 3802E-03
.8828E-07
.8809E~02
.6828E-08

.8893E-11
.8380E-11
.2134E-13
. 44T5E-08

. 4686E-0T
.3292E-09
.58TOE-04
.8512E-08
.TAATE-086
.8175E~-086
.0120E~-08

N = Ot O O

_ DR N W W

Y X

2.216

.9508E-04
.8482E-09
.9191E-04
.1243E-09
.8013E-08
.5054E-08
.2235E-08

.3801E-03
.8828E-07
.BB09E-02
.8381E-08

.5879E-11
.6684E-11
.1116E-13
.1000E-08

.48T3E-07
.2168E-09
.8192E-04
.3398E-08
.5320E-08
.8327TE-08
.8432E-08

o N e ) B W

N = Ot O 0

N O N

2.364

.958BE-04
.8594E-09
.925TE-04
.5939E-09
.1851E-08
.5054E-03
.03TOE-08

.3800E-03.
.882BE-07
.8809E~02
.0052E-08

.3124E-11
.69T0E-11
.0198E-13
.T828E-08

.5051E-07
.1154E-09
.B494E-04
.8669E-06
.3375E-06
.B4T0E-06
.86907TE-08

Z/l

penurtjuod - zg xTpuaddy



SPECIES

NA
SR
CA
H
cas
CL
OH

SORBED (IOKEX)

NA
SR
CA

H

CONPLEXES

SRCO3
SRHCO3
SROH
NACO3
NAHCO3
NACH
HCO3
H2C03
CACO3
CAHCO3
CAOB

PRECIPITATES

SRCO3
CACO3

= =N e DWW O W N ON = - 0O

o

2.518

.9628E-04
.8T1BE-09
.9319E-04
.0872E-09
. TT54E-086
.5054E~-03
.8T20E-08

.3800E-03
.8829E-07
.8809E-02
.1808E-08

.0658E-11
.T238E-11
.3814E-14
.4992E-08
.5215E-07
.0256E-09
.8TT3E-04
.4223E-08
.1635E-08
.B8603E-08
.5558E-08

O ON WD WN

[l I A - -]

N> O N

2.679

. 9684E-04
.8832E-09
.93T6E-04
.5917TE-09
.4342E-06
.5054E~-03
.T288E-06

.3800E-03
.8828E-07
.8809E-02
.3602E-08

.8498E-11
.TATBE-11
.6T30E-14
.250TE-08
.5385E-0T7
.4T61E-10
.TO26E-04
.9920E~086
.0109E-08
.8T24E-08
.438B1E~08

N ON R e )

o = e 0N LN

2.848

.9T34E-04
.8935E-09
.942TE-04
.092BE-09
.1410E~-08
.5054E-03
.808TE-08

.3800E-03
.8829E-07
.8809E-02
.5383E-08

.B6636E-11
.T694E-11
.0684E-14
.03T1E-08
.5499E-07
.8111E-10
.T252E-04
.5595E-08
.8T9TE-06
.8832E-08
.33T8E-08

Nk O N = oW o

o DO NN NN

DISTANCE

3.024

.9T80E~04
.9027E-09
.9473E-04
.5T54E~09
.B93TE-06
.5054E-03
.5044E-08

.3800E-03
.8629E~-0T
.8809E-02
.TO98E-08

.5085E-11
.T8B5E-11
.5611E-14
.8568E-08
.5617TE-07
.2535E-10
.T451E-04
.1075E-06
.T888E-08
.892TE-08
.253TE-08

= =W 0O

N O N

ek ek D =N WN

3.207

.9820E-04
.9108E-09
.9514E-04
.0256E-09
.888TE-08
.5054E-03
.4200E-06

.38B00E-03
.8829E-07
.8B809E-02
.B698E-08

.37T62E-11
.8051E-11
.1426E-14
.TOT3E-08
.5T18E-07
.T936E-10
.T621E-04
.6200E-08
.8T69E-08
.9010E-06
.1843E-08

W e ON [ - B

O RN NN N

3.399

.9854E-04
.91TTE-09
.9548E-04
.4320E-09
.521TE-06
.5054E-03
.3516E-06

.8800E-03
.8829E-0T
.8809E-02
.0140E-08

.2T00E-11
.8190E-11
.B029E-14
.5855E-08
.5804E~07
.4205E-10
.TT66E-04
.0836E-08
.8019E-06
.9080E-08
.1280E-08

W OoON = kO 0O

O eI NN

3.599

. 9882E-04
.9235E-09
.95TTE-04
.T863E-09
. 3883E-08
.5054E-03
.29T1E-08

.3800E-08
.8829E-07
.8809E-02
.1398E-08

.1851E-11
.83068E-11
.5322E~14
.4881E-08
.587T5E-07
.1233E-10
. T884E-04
.488TE-086
.5420E-08
.9138E-086
.0831E-08

W s OoN W0 e OO

oD AN N

3.808

.9905E-04
.9282E-09
.9601E-04
.0842E-09
.2838E-086
.5054E-03
.2548E-06

.3801E-03
.8829E-07
.8809E-02
.2455E-08

.1186E-11
.B400E-11
.3209E-14
.4119E-08
.5933E-0T
.B913E-10
.T980E-04
.B299E-08
.4951E-06
.9184F-08
.0481E-08

== DML N

[ I I

W s oNn

4.027

.9923E-04
.9319E-09
.9619E-04
.3242E-09
.2043E-08
.5054E-03
.2223E-08

.3801E-03
.8829E-07
.8809E-02
.3307TE-08

.0880E-11
.B4T3E-11
.1804E-14
.3539E-08
.59TTE-07
.T151E-10
.8055E-04
.0105E-05
.4593E-08
.9221E-06
.0215E-08

panuIjuod - zg xTpuaddy
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SPECIES
A
SR
CA

H
co3
cL
oH

SORBED (IONEX)

RA
SR
CA

B

COMPLEXES

SRCO3
SRHCO3
SROH
NACO3
RABCO3
NAOH
HCO3
H2CO03
CACO3
CAHCO3
CAOH

PRECIPITATES

SRCO3
CACO3

e DN W N W i ON - WO OO

o O

4.254

.9936E-04
.9346E-09
.9633E-04
.5070E-09
.1464E-06
.5054E-03
.1989E-08

.3801E-03
.8829E-07
.8809E-02
.3955E-08

.0310E-11
.852TE-11
.0436E-14
.3116E-08
.8010E-07
.5869E-10
.8110E-04
.0315E-05
.4333E-08
.9248E-08
.0021E-08

- =W kOO

W+ ON

O =R BN LN

4.492

. 9948E-04
.9365E-09
.9642E-04
.6835E-09
.1076E-08
.5054E-03
.1831E-08

.3801E-03
. 8829E-07
.8609E~02
. 4404E-08

.0063E-11
.8584E-11
.9653E-14
.2832E-08
.6033E-07
.5010E~-10
.8148BE-04
.0480E-05
.4158E-08
.928B8E-08
.8913E-09

Lo -

W ON

O RO NN U

4.741

.9951E-04
.93T5E-09
.964TE-04
.TO16E-09
.08TOE-08
.5054E-03
.1T4BE-08

.3801E-03
.8829E-07
.8809E-02
.4646E-08

.9932E-11
.B8583E-11
.9240E-14
.2683E-08
.8045E-07
.4556E-10
.8168E-04
.0539E-05
.4066E-08
.92T6E-08
.8228E-09

=W w0

Wk OoN

O - o 2O NN U@ -

DISTANCE

5.000

.9951E-04
.9375E-09
.9647TE-04
.TO18E-09
.08TOE-06
.5054E-03
.1T48E-08

.3801E-08
.8829E-07
.8809E-02
.48646E-08

.9932E-11
.8583E-11
.9240E-14
.2683E-08
.8045E-07
.A556E-10
.8188E-04
.0539E-05
.4086E-06
.92TBE-08
.8228E-09

vs
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APPENDIX B3 - Example 3: Sample Input and Output

SURFACE COMPLEXATION, WATER DISSOCIATION WITH TRANSPORT
METERS HOURS

TYPE 0 1 0
_ITERATIONS 100 100 100
GRID 40 '5.00 0.2 1.5
. TIME 8 .00001 0.5
PRINT TIME 1.0 2.0 4.0 8.0 10.0 20.0
PEYSICAL 0.300 0.00 1.00E-1
BOUNDARY 0. 1
‘LEACH 0 0
NO.SPECIES 5 ) 5 1 0 3
'SURF . COMP . 1.00E2 2.0E1 5.700 11.500 1.37ET .01700
NA 1.0 2 1.00E-1 1.00E-1 2 1.0BE-1 1.0E-1 0
NA - - 9.200 4.19E-6 3.52E-5 1.0
PB 2.0 2 2.90E-4 2.90E-4 2 2.900E-4 2.90E-4 0
PB 5.000 38.50E-5 9.50E-5 1.0 :
)i 1.0 1  1.00E-T 1.00E-7 1 3.18E-5 3.186E-5 ]
E 0.0000 6.00E-3 1.40E-2 0.0
CLO4 -1.0 2 1.00E-1 1.00E-1 2 1.00E-1 1.00E-1 0
CLO4 -7.90 5.50E-3 2.72E-3 -1.0 :
0):4 13.99 0.0 0.0 0.0 0.0 1.0
1): 4 1.00E-7 38.1E-10 0 0
PBOH -6.280 0.0 1.0 0.0 0.0 1.0
PBOE 5.00E-5 5.06E-T 0 1
PBOH 2.600 5.00E-3 7.19E-5 1.0



1SURFACE COMPLEXATION, WATER DISSOCIATION WITH TRANSPORT

UNIT OF LENGTHE IS  METERS UNIT OF TIME IS HOURS

DISPERSION COEFFICIENT = .8 V +.0 FLUID VELOCITY = .100 NUMBER OF GRID POINTS = 40
INNER BOUNDARY IS CONSTANT CONCENTRATION OUTER BOUNDARY I8 ZERO FLUX

NUMBER OF PRIRT OUTS = 6

GIVEN AT THE FOLLOWING TIMES = 1.000 2.000 4.000 8.000 10.00 20.00

NUMBER OF SITES(ION-EXCHANGE) 0. NUMBER OF SITES(EDL MODEL) .0170
4 BARE IONS 0 SORBING IONS (IONEX) 4 SORBING IONS (EDL MODEL)
CONPONENT CHARGE INITIAL CONDITIONS BOUNDARY CONDITIORS PK (I0NEX) PK (EDL)
TYPR VALUE TYPE VALUE
NA 1 2 1.0000E-01 2 1.0000E-01 -—— 9.200
PB 2 - 2 2.9000E-04 2 2.9000E-04 - - 5.000
H 1. 1 1.0000E-07 1 8.1800E-05 == - 0.
CLO4 -1. 2 1.0000E-01 2 1.0000E-01 . - =T7.900
2 COMNPLEXES 0 SORBING COMPLEXES (IONEX) 1 SORBING COMPLEXES (EDL MODEL)
CONPLEX  CHARGE EQUIL. CONSTANT PX (IONEX) PK(EDL) STOICHIONETRY
0): 4 -1. 1.0233E-14 - ——- . 0. 0. 0. 1.
PBOER 1. 1.9055E+08 - 2.800 0. 1. 0. 0. 1.

#* SPATIAL GRID »»

0. .4046E-01 .B308E-01 .1280 .1753 . 2251 2778 3828
.5170 .5850 .6587 . 7322 . 8117 . 8955 . 9837 1.077
1.386 ' 1.501 1.621 1.748 1.882 2.023 2.171 . 2.328

2.848 3.041 3.244 3.457 3.882 3.919 4.169 4.431

.3910
1.175
2.492
4.708

.4524
1.278
2.668
5.000

9L
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INITIAL CONDITIONS

COMPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COEF. KD(ION EX) KD (EDL)
AQUEQUS CONC. CONCENTRATION (IONEX) (EDL)
NA .1000 - .1000 0. .4186E-05 . 7846 0. .4186E-04
PB .2900E~-03 .2589E-03 0. .3301E-04 .3789 0. .1278
): ¢ .1000E-06 .1000E-08 0. .8583E-02 .T7848 0. .85683E+05
CLO4 .1000 .1000 0. .5158E~-02 .T848 0. .5158E-01
OH .3124E-04 .1862E-08 0. 0. . 7848 0. 0.
COMPLEX YALENCE AQUEOUS CONC. SORPTION (10) SORPTION (EDL)
PBOH 1.000 .3108E-04 0. .5178E-02
SIGO= 2.TA5E-02 SIGB= 6.378E-01 SIGD=-8.652E-01
PSIO= 4.284E-02 PSIBETA= 4.236E-02 PSID= 9.101E-03
80- = 1.0918E-08 SOH2+ = 6.2538BE-05

TO HAVE A NET BALANCE OF ZERO CHARGE, OTHER SPECIES NUST BE PRESENT (ALTHOUGH NOT PARTICIPATING IN THE
CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TINES CHARGE OF = .549E-03

ponuIT3luod - ¢g XTpuaddy
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COMPONENT TOTAL
AQUEDUS CONC.
NA .1000
PB .2900E-03
H .3180E-04
CLO4 .1000
OH .1106E-086
CONPLEX ¢ VALENCE
PBOH 1.000

TO HAVE A KET BALANCE OF ZERO CHARGE, OTHER SPECIES MUST BE PRESENT (ALTHOUGH NOT PARTICIPATING IN THE

BOUNDARY OR INFLUX CONDITIONS

BARE ION
CONCENTRATION

.1000
.2B99E-03
.3160E-04
.1000
.5262E-09

AQUEOUS CONC.
.1101E-08

SORBED CONCENTRATION ACT.
(IONEX)  (EDL)
0. .32T1E-04
0. .1380E-03
0. .13T5E-01
0. .2898E-02
0. 0.
SORPTION(IO)  SORPTION (EDL) -
0. .1434E-03

CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF —-.611E-03

SIGD=~-9.843E-01

PSID= 1.311E-02

SIGO= 1.819E+01 SIGB=-1.T23E+01
PSIO= 2.432E-01 PSIBETA= 6.133E-02
80-.= 1.T858E-05 SOH2+ = 1.8T89E-05

COEF .

. 7845
.3788
.7845
. 7845
.7845

KD(ION EX)

QOO0 0O

8L

KD(EDL)

.82T71E-03
.4760
435.2
.2898E-01
0.
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TIME= 20.29697

SPECIES

NA
PB
H
CLO4
0).

SORBED (EDL)

S0
SOH2
H
NA
PB
CLO4
PBOH

COMPLEXES

PBOH

O == W N =

[ R~ R

0.

.0000E~01
.8989E-04
.1600E-05
.0000E-01
.2618E~-10

. TB56E-05
.8789E~05
.3T53E~02
.2T12E-05
.3T99E-04
.8980E-03
.4337E-04

.1009E-07

e A ) e

W N G

DELT= 5.0000E-01

.040

.0000E-01
.087T8E~04
.5109E-05
.0000E-01
.1005E-09

.87TT9E-05
.5T22E-05
.3649E-02
.3104E-05
.4220E-04
.8204E-03
.2110E-04

. 4365E-07

N W M = = W

N e N O -

.083

.0000E-01
.2186E-04
.17TT3E-07
.0000E-01
.3168E-08

.0348E-06
.2343E-05
.0136E-02
.3232E-05
.8858E-05
.8915E-03
.8329E-03

.3TTTE-08

D =N W

=t DN

CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION

DISTANCE

.128

.0000E-01
.2235E-04
.5520E-07
.0000E-01
.5160E-08

.1298E-08
.8043E-05
.0350E-03
.9398E-08
.T901E-05
.86625E-03
.1875E-03

.515TE~05

O = e W e

=3

.175

.0000E-01
.2253E-04
.T908E-07
.0000E-01
.285TE~08

.5855E-08
.3950E-05
.3000E-03
.4155E-08
.T995E-05
.9318E-03
.8593E-03

.1611E-05

I N B

= Ut O

.0000E-01
.2258E-04
.5009E~-0T
.0000E-01
.1079E-07

.3418E-06
.6860E-05
.9383E-03
.T649E-08
.3357E-05
.0835E-03
.8919E-03

.5TBBE-05

e R A D R

R R DN

.278

.0000E-01
.2258E-04
.3653E-07
.0000E-01
. 217T9E-07

.2353E-06
.839TE-05
. TA86E-03
. 4442E-08
.0966E-05
.1830E-03
.0154E-03

.834TE-05

T

(SR B -

.383

.0000E-01
.224TE-04
.2993E-07
.0000E-01
.2T98E-07

.1831E-08
.9191E-05
.84T3E-03
.2B45E-06
.9TASE-05
.1888E-03
.0T95E-03

.9TBOE-05

T " N

O

.391

.0000E-01
.2234E-04
.2683E-07
.0000E~-01
.3111E-07

.1588E-08
.95T5E-05
.599TE-03
.2095E-086
.9154E-05
.1859E-08
.1103E-038

.0494E-05

panuIjuod - ¢g xTpuaddy
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SPECIES

A
PB
H
CLO4
OB

SORBED(EDL)

S0
SOH2
i
NA
PB
CLO4
PBOE

COMNPLEXES

PBOH

A R O

Ot o O U

.452

.0000E-01
.2218E-04
.2548E-07
.0000E-01
.3252E-07

.14B4E-08
.9TA3E-05
.5T94E-03
.1TT8E-08
.8893E-05
.1931E-03
.1235E-03

.0805E-~08

e e W e

N ot d®d >R

517

.0000E-01
.2193E-04
.2492E-07
.0000E-01
.3311E-07

. 1444E-08
.9812E~05
.5T18E-08
. 1661E-08
.8T83E-05
.195TE-03
.1286E-03

.0922E-05

[ S~

R

.585

.0000E-01
.2186E-04
.2486E-07
.0000E-01
.3339E-07

.1430E-06
.9842E-05
.5694E-03
.1624E-08
.BT30E-05
.1964E-03
.1303E-03

.0960E~05

T N

RN Ot O

DISTANCE

.857

.0000E-01
.2133E-04
.2449E-07
.0000E-01
.335TE-07

.1424E-06
.9861E-05
.588TE-03
.18615E-08
.8B893E-05
.1985E-08
.18310E-03

.09T1E-05

T

L Ot Wb M Ot =

.T32

.0000E-01
.2094E-04
.2433E-07
.0000E~-01
.8875E-07

.1420E-06
.98TBE-05
.5685E-03
.1613E-06
.865TE~05
.1963E-03
.1314E-03

.09T4E-05

— A e O e

e R

.812

.0000E-01
.2047E-04
.2414E-07
.0000E-01
.3395E-0T

.1416E-08
.9898E-05
.5684E-03
.1615E-06
.8616E-05
.1961E-08
.1817E-03

.09T5E~05

[T N Y

MR 3

.895

. 0000E-01
.1990E-04
.2392E-07
.0000E-01
. 3419E-07

.1411E-08
.9921E-05
.56B4E-03
.1618E-08
.8566E-05
.1958E-03
.1321E-08

.09TBE~05

A W e

RN RO

.984

.0000E-01
.1922E-04
.2365E-0T
.0000E-01
.3448E-07

.1408E-08
.9948E-05
.5883E-03
.1819E-06
.850TE~05
.1954E-08
.1326E-03

.09TTE-0B

1.077

1.0000E-01
3.1841E-04
1.2333E-07
1.0000E-01
1.3483E-0T

1.1399E-08
5.9981E-05
6.5682E-08
4.1622E-08
3.8436E-05
5.1949E-08
5.1331E-03

'3.0979E-05

08
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SPECIES

HA
PB
H
CLO4
1):§

SORBED (EDL)

S0
S0H2
H

NA
PB
CLO4
PBOH

COMPLEXES

PBOH

T "

W -

1.175

.0000E-01
.1T44E-04
.2295E-07
.0000E-01
.3525E-07

.1392E-086
.0021E-05
.5882E-03
.1825E-08
.8352E-05
.1944E-03
.1338E-03

.0980E-05

o s O e

RN WM

1.278

.0000E-01
.1829E-04
.2250E-07
.0000E-01
.35T4E-07

.1382E-06
.0068E-05
.5681E-03
.1629E-06
.8252E-05
.193TE-03
.1348E-03

.0982E-05

TN I

NP -

1.388

.0000E-01
.1494E-04
.2197E-07
.0000E~-01
.3633E-0T7

.13T1E-08
.0123E-05
.5680E-03
.1634E-08
.8133E-05
.1930E-03
.1355E-08

.0984E-05

- = e

LN WM =

DISTANCE

1.501 1.821
.0000E-01 1.0000E-01
.1335E-04 3.1151E-04
.2134E-07 1.2082E-0T
.0000E-01 1.0000E-01
.3TO3E-07 1.3786E-0T
.1359E-08 1.1344E-08
.0189E-05 6.0285E-05
.56T8E-03 B.58TTE-03
.1639E-06 4.1846E-08
.T994E-05 3.7831E-05
.1920E-03 5.1910E-03
.1366E-03 5.13T9E-03
.098TE-05 3.0990E-05

1.748

.0000E-01
.093TE-~-04
.19T8E-07
.0000E-01
.3882E-07

[T Y P

.132TE-08
.0353E-05

.1854E-08
.T643E-05
.1898E-03
.1895E-03

(S B O -

3.0993E-05

.56T5E-03

1.882

1.0000E-01
3.0893E-04
1.1882E-07
1.0000E-01
1.3994E-07

1.1307E-08
6.0454E-05
6.568T3E-03
4.1662E-06
3.T42TE-05
5.1883E-03
5.1412E-08

3.0997E-05

- e WD e

R RO ®D -

2.023

.0000E-01
.0418E-04
.1TT4E-07
.0000E-01
.4122E-07

.1285E-08
.0569E-05
.56T1E-03
.1673E-08
.T183E-05
.186TE-03
.1432E-08

.1001E-08

N N WO

T N " I

2.171

.0000E-01
.0111E-04
.1653E-07
.0000E-01
.4288E-07

.1260E-08
.0698E-05
.5668E-03
.1684E-08
.8909E-05
.1849E-03
.1454E-083

.1008E-05
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SPECIES

NA
PB
H
cLO4
_OH .

.o

SORBED (EDL)

S0
SOH2
B
NA
PB
CLO4
PBOE

COMPLEXES

PBOH

Ut Ot e -

[ I I X

3

2.328.

.0000E-01
.9TTAE-04
.1521E~-07
.0000E-01
.4432E-07

.1233E-08
.0B40E-05
.5665E-03
.1696E-08
.8B06E-05
.1829E-~03
.14T9E-03

s B e

1R WO DT

2.492

.0000E~01
.9411E-04
.13T9E-0T
.0000E-01
.4812B-07

.1203E-08
.0994E-05
.5662E-03
.1710E-08
.62T9E-05
.1807E-03
.1505E-03

.1012E-05 8.101BE-05

2.688

.0000E-01
.902TE-04
.1228E-0T
.0000E-01
.4808E-07

[T T T

.1158E-05

.1T25E-08
.5930E-05
.1783E-03
.1534F-03

WD =

$.1024E-05

.1172E-06 .

.5859E-08-

e e N e

Ut OV O D -

DISTANCE
2.848 3.041
.0000E-01 1.0000E-01
.B630E-04 2.8229E-04
.1072E-07 1.0915E-0T
.0000E-01 1.0000E-01
.5018E-07 1.5232E-07
.1140E-06 1.1107E-08
.1328E-05 ~ 6.1502E-05
.5655E-03 6.5652E-03
.1T41E-06 4.1757E-08
.5568E-05 3.5200E-05 -
.1759E-03 5.1T33E-03
.1564E-03 5.1595E-03
.1030E-05 3

.108TE-05

I T

R D

3.244

.0000E-01
.TB3TE-04
.0T81E-07
.0000E-01
.5450E~-07

.1075E-08
.1673E-05
.5849E-03
.1TT3E-08
.483TE-05 -
.1708E-03
.1625E-03

.1044E-05

P T Y

NNt M=

3.457

.0000E-01
. TAB4E-04
.0615E-07

.0000E-01
.5662E-07

.1045E~08
.1838E-05
.5645E-03
.1T88E-08
. 4491E-05
.1884E-03
.1855E-03

. 1050E-05

tﬂ(ﬂtﬂﬁiﬂav—h

T Ll

3.682

.0000E-01
.T123E-04
.0482E-0T -
.0000E-01
.5861E-07

.101TE-08.
.198TE-05
.5642E-03
.1802E-08
.41T1E-05
.16§2E-03
.1682E-03

-1055E-05

N ED B

8.919

1.0000E-01
2.8822E-04

1.0364B-07

1.0000E-01
1.6041E-07

.2120E-05
.5640E-03
.1815E-08
.3889E-05
.1842E-08
.1T0BE-03

3.1080E-05

.0993E-08

28

ponuTjuod - ¢g xtpuaddy



SPECIES
NA
PB
H
CLO4
H):

SORBED (EDL)

8o
SOH2
B
NA
PB
CLO4
PBOH

COMPLEXES

- PBOH

A N e

R Ut MO O

4.169

.0000E-01
.85T2E-04
.0266E-0T7
.0000E-01
.8194E-07

.09T2E-~08
.2232E-05
.583TE~-03
.1826E-086
.3653E-05
.1625E-03
.1726E-03

.1085E-05

4.431
1.0000E-01
2.838B0E-04
1.0191E-07
1.0000E-01
1.6314E-07

1.0956E-08
6.2318E-05
6.5636E-03
4.1834E-08
3.34T1E-05
5.1612E-03
5.1742E-03

3.1068E~05

Ot W DM -

BRI S (I

4.708

.0000E~01
.6261E-04
.0144E-07
.0000E-01
.6388E-07

.094TE-08
.23T1E-05
.5635E~03
.1839E-06
.3358E-05
.1804E-03
.1T52E-08

.10TOE-05

(T T VS

UL OV W = O =

DISTAKCE

5.000

.0000E~-01
.8261E-04
.0144E-07
.0000E-01
.8388E-07

.094TE-08
.23T1E~05
.5635E-03
.1839E-06
.3358E-05
.1804E-03
.1752E-03

.10T0E-05

panutiluod - ¢g xtpuaddy
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APPENDIX B4 - Example 4: Sample Input and Output

fRECIPITATION AND DISSOLUTION OF CACOS8

METERS
TYPE
ITERATIONS
GRID
TIME
PRINT TIME
PRINT TIME
PEYSICAL
BOUNDARY
LEACE
NO.SPECIES
CECNS
NA
NA
CA
CA
H
co3
CL
1):4
):{
NACO3
NACO3
NAHCO3
NAHCO3
NAOH
NAOH
HCO3
HCO3
H2C03
H2C03
CACO3
CACO3
CAHCO3
CAHCO3
CAOH
CACH
CACO3
CACO3

HOURS
0

100
40

1.0 2
.1760

2.0 3
.3570

1.0 1
-2.0 3
-1.0 4
13.990
1.00E-6
-0.9600
0.00
-10.0800
0.000
.2130
0.0000
.3000
0.0000
.T000
0.0000
.1500
0.0000
-11.330
0.0000
-1.320
0.0000
8.350
0.0000

100
10.0
1.00E-5
0.01
4.0

o

.00E-5
.0E-12
.50E-3
.00E-2
.00E-8
.66E-3

O H

0.000

0.000°

o - o [X) - o e
o000 O0O0OO0OO0OODOC OO0 0O

o

NN = s U = e

100
0.2
1.00
0.1
5.0

.00E-1

.00E-5
.00E-1
.00E-4
.90E-3
.00E-8
.00E-4
.35E-3

3
o - -
o

- -
C0O0O0O0O0O00O0OO0OO00 OO OO0 O

[ I ]
o n

1.10E-2

4.000E-4

8.00E-5

@ =

oo

1.1E-2
4.00E-4
2.0E-12

3.00E-5
2.35E-3

o =

o ™

o

o

o N
[~ - ]



1
1PRECIPITATION AND DISSOLUTION OF CACOS
UNIT OF LENGTH IS  METERS UNIT OF TIME IS HOURS .
DISPERSION COEFFICIENT = 1.0 V +.0 FLUID VELOCITY = .100 NUMBER OF GRID POINTS = 40
INNER BOUNDARY IS CONSTANT FLUX OUTER BOUNDARY IS CONSTANT INITIAL CONCENTRATION
 NUMBER OF PRINT OUTS. = 14 . S | |
GIVEN AT THE FOLLOWING TIMES = .1000E-02 .1000E-01 .1000 .5000  1.000  1.500  2.000  $.000
I ~ 4.000 5.000 8.000 8.000 9.000 10.00
NUMBER OF SITES (ION-EXCHANGE) .1000 NUMBER OF SITES(EDL MODEL)  O.
BARE IONS . .2 SORBING IONS (IONEX) h 0  SORBING IONS (EDL MODEL):
COMPONENT CHARGE INITIAL CONDITIONS BOUNDARY CORDITIONS PK(IONEX) .  PK(EDL)
- : TYPE.. .. ,VALUE TYPE VALUE ' o
T NA 1. 2. . .1.0000E-05 2 1.1000E-02 T8 -
CA 2. 3 . . 1.5000E-08 3 4.0000E-04 L38T . oe- )
K 1. 1 1.0000E-08 4 -0. | — e
€03 -2. 3 . 6.6000E-04 .3 3.0000E-05 — -
cL -1. 4 -0. 0 -o. - —

peonuTtijuod - pg xTtpuaddy
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9 COMPLEXES 0 SORBING COMPLEXES (IONEX) 0 SORBING CONPLEXES (EDL MODEL)
CONPLEX  CHARGE EQUIL. CONSTANT PK(IONEX)  PK(EDL) STOICHIONETRY
OB -1. 1.0233E-14 - --- --- 0. 0. 0. o0 o0 1.
KACOS -1. . 9.1201E+00 , - = 1. 0. 0. 1. 0. 0.
NAHCO3 0. 1.20288+10 - - 1. 0. 1. ‘1. 0. 0.
~ NAOH 0. ~ 6.1235E-01 ' -—- - 1. . 0. 0. 0. 0. 1.
HCOS 1. 1.9953E+10 - --- ——- 0. 0. 1. 1. 0. oO.
H2C0S 0. '~ 5.0119E+18 o e 0. 0. 2. 1. 0. 0.
CACO3 0. 1.4125E+03 L e e 0. 1. 0. 1. 0. o
CAHCOS 1. 2.1380B+11 , S e 0. 1. 1. 1. 0. 0.
'CAOR 1. 2.0893E+01 : L - ;0. 1. 0. 0. 0. 1.
1 SOLID PRECIPITATES
- PRECIPITATE SOLUBILITY PRODUCT STOICHIOMETRY
CACOS3 4.4868E-09 0. 1.0 0. 1.0 0. O.
s* SPATIAL GRID »¢
.5034E-01  .2561 .3659 .4805 .8001 .T251 .8555 .9917 1.134
1.437 1.599 1.768 1.944  2.129 2.321 2.522 2.731 2.950
3.417 3.866 . . 3.926 4.198 4.482  4.TT8 5.087 5.409 5.748
6.485 6.849 T.249 7.867 8.104 8.559 9.035 9.532 10.05

1.282
3.179
6.098
10.59

penut3juod - pg xTpuaddy
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COMPONERT

INITIAL CORDITIONS

TOTAL BARE ION SORBED CONCENTRATION ACT. COEF . kD(IOl EX)

AQUEOUS CONC. CONCENTRATION (IONEX) (EDL)
NA .1000E-04 .9998E-05 .1399E-04 0. .9817 1.399
CA .1500E-02 = .148TE-02 - - .4999E-01 0. .T537 33.81
: .6646E-03 .1000E-07 0. 0. .9817 0.
co3 .6800E-03 .4186E-05 0. 0. . 7537 0.
. CL . 2353E-02 .2353E-02 0. 0. .9817 0.
" OB .1208E-05 ~1179E-05 0. 0. .9317 0.
COMPLEX VALENCE AQUEOUS CONC. SORPTION(IO) SORPTION (EDL)
NACO3 -1.000 .2878E-09 0. 0.
NAHCO3 0. .3292E-08 0. 0.
' NACH 0. .6264E-11 0. 0.
- HCO3 -1.000 .6295E-03 0. 0.
.H2C03 0. - .137T3E-04 0. 0. .
CACO3 0. .4996E-05 0. 0.
CAHCO3 1.000 .T562E-05 0. 0.
CAOH 1.000 - .2T61E-07 0. 0.
PRECIPITATE EQUIVALENT MOLES/LITER SOLUTION
CACO3 0.

TO BAVE A NET BALANCE OF ZERO CHARGE, OTHER SPECIES NUST BE PRESENT (ALTHOUGH NOT PARTICIPATING IN THE

CHENICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF 0.

KD (EDL)

000000

penutiuoo - pd xTpuaddy
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BOUNDARY OR INFLUX CONDITIONS

COMPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COEF. KD(ION EX)
AQUEOUS CONC. CONCENTRATION (IONEX) (EDL)
NA .1100E-01 .1095E-01 .3116E-01 0. .8960 2.848
CA .4000E-03 .3512E-03 . .3442E-01 0. .6446 98.00
H .4139E-08 .18372E-11 0. 0. .8960 0.
co3 .3000E-04 .2829E-04 0. 0. .8448 0.
CL .2353E-02 .2353E-02 0. 0. .8960 0.
oH .938TE-02 .9293E-02 0. 0. .8980 0.
COMPLEX VALENCE AQUEQUS CONC. SORPTION(X0) SORPTION (EDL)
NACO3 -1.000 .1489E-05 0. 0.
NAHCO3 0. .2176E-08 0. 0.
NACH 0. .5002E-04 0. 0.
HCO3 -1.000 .4108E-08 0. 0.
H2C03 0. .1138E-11 0. 0.
CACO3 0. .4800E-05 0. 0. )
CAHCO3 1.000 .9965E-09 0. 0.
CAOH 1.000 .4396E-04 . 0. 0.

PRECIPITATE EQUIVALENT MOLES/LITER SOLUTION

CACO3 0.

TO HAVE A NET BALANCE OF ZERO CHARGE, OTHER SPECIES NUST BE PRESENT (ALTHOUGH NOT PARTICIPATING IN THE
CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF —.102E-15

KD (EDL)

000000

88

panuTt3juocd - pd XTpuaddy



PRECIPITATION AT NODE 1 FOR SPECIES CACO3 AT TIME 6.569E-04

THE ACTIVITY PRODUCT IS 4.568E-09 WHICH NOW EXCEEDS THE SOLUBILITY PRODUCT OF 4.46TE-09

PRECIPITATION AT NODE 2 FOR SPECIES CACOS AT TIME 1.049E-01

THE ACTIVITY PRODUCT IS 6.304E-09 WHICH NO¥ EXCEEDS THE SOLUBILITY PRODUCT OF 4.48TE-09

PRECIPITATION AT HODE 3 FOR SPECIES CACO3 AT TIME 3.35§E-01

THE ACTIVITY PRODUCT IS T7.158E-09 VHICH NOW EXCEEDS THE SOLUBILITY PRODUCT OF 4.487E-09

PRECIPITATION AT NODE 4 FOR SPECIES CACO3 AT TIME b5.128E-01

THE ACTIVITY PRODUCT IS 5.800E-09 WHICH NOW EXCEEDS THE SOLUBILITY PRODUCT OF 4.487E-09

- -

yg XTpuaady
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1 TIME=

SPECIES

NA
CA
B
€03
CL
1)1

SORBED (IONEX)

NA
CA

COMPLEXES

NACO3
NAHCO3
NAOH
HCG3
H2C03
CACO3
CAHCO3
CAOQR

PRECIPITATES

CACO3

(7] W NN

DWW wWw k-

1.06544

.050

.5836E-03
.3T2TE-03
.0130E-12
.4326E-086
.3533E-03
.0236E-03

.8158E-03
.8092E-02

.07T80E-07
.8095E-10
.0341E-06
.8633E-0T
.1142E-12
.3096E-06
.8324E-09
.18T6E-05

.2568E-04

DELT= T.T73T6E-02
.256 .368
1.0545E~-03 5.TTT2E-04
1.4207E-03 1.3639E-03
T.627T3E-12 1.2325E-11
5.8057TE-08 5.8359E-08
2.3533E-03 2.3533E-03
1.5640E-03 9.5922E-04
1.5189E-03 B.4555E-04
4.9241E-02 4.95T7TE-02
4.1089E-08 2.3035E-08
3.5441E-10 3.2394E-10
8.68635E-07 2.93T1E-07
6.5019E-07 1.0751E-06
1.0686E-11 2.8810E-11
6.3098E-06 B.3096E-06
T.2840E-09 1.17T1E-08
3.4163E-05 2.0476E-05
7.9861E-04 6.8931E-04

NN =N

F

O NN =N W=

CONCENTRATION OF SPECIES IN NOLES/LITER SOLUTION

DISTAKNCE

.480

.8386E-04
.2689E-03
.534TE-11
.0608E-08
.3533E-03
.8244E-04

.2890E-04
.9TBBE-02

.1958E-08
.4883E-10
.0175E-08
.3861E-08
.2985E-10
.3096E-08
.4207E-08
.3434E-08

.46685E-04

@ N B = = e

o W= Ut DR

.800

.2548E-04
.1698E-03
.3370E-10
.385TE-06
.3533E-03
.86B3E-05

.96TOE-04
.9902E-02

.6498E-09
.TT56E-10
.B562E-08
.31T8E-05
.TOB5E-09
.3096E-08
.2T68E-0T
.8380E-08

.T4B5E-04

NN -

NN, N

.T25

.3T51E-05
.263TE-03
.309TE-09
.9911E-06
.3533E-03
.0552E-08

.1222E-05
.9959E-02

.2558E~09
.019TE-09
.4582E-10
.1207E~-04
.07T83E-08
.3096E-08
.205TE-06
.0252E-07

.0480E-05

NN =N

o O b W W W @O

.855

.5050E-05
.3652E-03
.0058E-09
.17T15E-08
.3533E-03
.3425E~-086

.849TE-05
.9982E-02

.9978E~-10
.1814E-09
.1858E-11
.9335E-04
.3182E-06
. T841E-06
.3822E-08
.08B6E-08

[T CIN SR Ty

WMot O W

.992

.4828E-05
.4242E-03
.28T2E-09
.5T89E-08
.3533E-03
.8132E-08

.0892E-05
.9990E-02

.8288E-10
.8TOBE-09
.25T8E-11
.0449E-04
.08B6E-06
.2893E-08
.833%E-08
.63T3E-08

= N O =

LWLt DWW

1.154

.1253E-05
.458TE-03
.8TOBE-09
.343TE-08
.3533E-03
.35T6E-08

.5902E-05
.9992E-02

.3685E-10
.34T0E-09
.13822E-12
.8T85E~04
.0T51E-05
.1036E-06
.69TTE-08
.1223E-08

06

penurtjucd -~ g XTpuaddy



SPECIES

NA
CA
H
c03
CL
OH

SORBED (IOKEX)

" NA
CA

COMPLEXES

NACO3

NAHCO3 .
NAGH
HCO3

H2CO03
CACO3

CAHCO3

CAOH

PRECIPITATES

CACO3

P I G T

N =10 -~ 000 W W

1.282

.0291E-05
.4735E-03
.3939E-09
.2519E-06
.3533E-03
.2540E-06

.4465E-05
.9993E-02

.0112F-10

.2391E-09
.8645E-12
.0135E-04
.2326E-05
.0388E-08
.1843E-08
.9131E-08

= N b O =

N0 mw N

1.437

.0053E-05
.4816E-03
. T429E-09
.2138E-08
.3533E-03
. 2095E-06

. 4095E-05
.9993E-02

.9132E-10

.2490E-09
.4659E-12
.1T66E-04
.3126E-05
.0139E-06
.393TE-08
.8232E-08

N O e e

NN, OOm N

1.599

.0004E-05
.4852E-03
.B992E-09
.19T4E-08
.3533E-03
.1906E-08

.4011E-05
.9993E-02

.8868E-10

.2TOTE-09
.3327E-12
.2493E-04
.3491E-05
.0034E-06
.4965E-08
.TB49E-08

== N O = O

N kb= 00N

DISTAKNCE
1.768 1.944
.9966E-08 9.9960E-06
.4866E-03 1.4872E-03
.9638E-09 9.9880E-09
.1905E-08 4.1878E-06
.3533E-03 2.3533E-03
.1830E-08 1.1801E-08
.3993E-05 1.3990E-05
.9993E-02 4.9993E-02
.8T95E~10 2.8TT4E-10
.2835E-09 3.2890E-09
.286BE-12 6.2712E-12
.2789E-04 6.2899E-04
.8643E-05 1.3T0OE-05
.9988E-06 4.9969E-06
.5385E-08 T.5541E-06
.TB94E-08 2.7636E-08
0.

“ N O o

-

NN, OO0 W N

2.129

.9962E-06
.48T3E-03
.9964E-09
.1869E~08
.3533E-03
.1792E-06

.3990E-05
.9993E-02

.8T6TE-10

.2910E-09
.2B860E-12
.293TE-04
.8T19E-05
.9962E-08
.5594E~-06
.T816E-08

N RO D

[y

NNk OO®m W N

2.321

.9964E-06
.48T4E-03
.9990E-09
. 1865E-086
.3533E-03
.1788E-086

.3990E-05
.9993E-02

.8T85E-10

.2916E-09
.2845E-12
.2948E-04
. 8725E-05
. 9960E-08
.5810E-06
. TBO9E-08

= N O = O

[WY

N OO N

2.522

.9964E~08
.48T4E-03
.9998E-09
.1885E-08
.3533E-03
.1TBOE-08

.3990E-05
.9993E-02

.8765E-10

.2918E-09
.2640E-12
.2951E-04
.3727E-05
.9959E-08
.5815E-06
.T6OTE-08

-» N © - D

[

N0 N

2.731

.9964E-086
.48TAE-03
.9999E-09
.1884E-08
.3533E-03
.1787E-08

.3990E-05
.9993E-02

.8T65E-10

.2918E-09
.2639E-12
.2952E-04
.372BE-05
.9959E-08
.5616E-08
.T60TE-08

penuTtjuocd - pg xTpuaddy
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SPECIES

NA
CA
H
cos
CL
CH

SORBED (IONEX)

NA
CA

COMPLEXES

NACO3
NAHCO3
NAOH
HCO3 .
H2C03
CACO3
CAHCO3
CAQR

PRECIPITATES

CACO3

[ I .

[

N <N =000 LN

2.950

.9964E-06
.4874E-03
.0000E-08
.1864E-086
.3533E-03
.1787E-06

.3990E-05
.9993E-02

.8T65E-10
.2919E-09
.2639E-12
.2952E-04
.3728E-05
.9959E-08
.5616E-086
.T60TE-08

=N PO

-

N =N b =00 LN

8.179

.9964E-06
.48T4E-03
.0000E-08
.1864E-06
.3533E-03
.178TE-08

.8990E-05
.9993E-02

.8765E~-10
.2919E~09
.2639E-12
.2952E~04
.372BE-05
.9959E-06
.5616E-06
. T60TE-08

(WS R S

oy

N~ =00 WN

3.417

.9964E-08
.48T4E-03
.0000E-08
.1864E-08
.3533E-03
.1787E-08

.3990E-05
.9993E-02

.8T65E~10
.2919E~09
.2639E-12
.2952E-04
.372BE-05
.9959E-08
.5616E-08
.T60TE-08

- N ok e O

[

DISTANCE

3.666

.9984E-06
.48T4E-03
.0000E~-08
.1884E-06
.3533E-03
.178TE-08

.3990E-05

4.9993E-02

N <Nd =00 wN

.B7T85E-10
.2919E-09
.2639E-12
.2952E~04
.3T28E-05
.9959E-06
.5616E-06
.T60TE-08

N e D

-

N~ DM WN

3.928

.9964E-08
.4BT4E-03
.0000E~-08
.1864E-08
.3533E-03
.1797E-08

.3990E-05
.9993E-02

.87T65E-10
.2919E-09
.2639E-12
.2952E-04
.3T28E-05
.9959E-08
.5618E-06
.T6OTE-08

[T I TRV

-

N NN

4.198

.9964E~08
.48T4E-03
.0000E-~08
.18684E-08
.3533E-03
.178TE-08

.3990E-05
.9993E-02

.8TB5E-10
.2019E-09
.2639E~-12
.2952E-04
.3T28E-05
.9959E-06
.5616E-06
.T60TE-08

[T R STy r

[

N~ OO WN

4.482

.99684E-08
.48T4E-03
.0000E-08
.1864E-08
.3533E-03
.1787E-08

. 3990E-05
.9993E-02

.8T65E-10
.2919E-09
.2839E-12
.2952E-04
.3728E-05
.9959E-08
.5616E-086
. T6OTE-08

P T

NN ;=000 N

4.778

.9964E-08
.48T4E-08
.0000E-08
.1864E-08
.3533E-03
.17T8TE-06

.3990E-05
.9993E-02

.8T65E-10
.2919E-09
.2639E-12
.2952E-04
.3T28E-05
.9959E-08
.5618E-08
.T60TE-08

T Yo

(]

BN =N = O WwN

5.087

.9964E-08
.48T4E-03
.0000E-08
.18684E-086
.3538E-03
.1T87E-08

.3990E-05
.9993E-02

.9785E-10
.2919E-09
.2839E-12
.2952E-04
.3728E-05
.9959E-08
.5618E-06
.T80TE-08

c6
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SPECIES

NA
CA
H
co3
CL
OH

SORBED (IONEX)

RA
CA

COMPLEXES

NACO3
NAHCO3

NAOH
HCO3
H2C03
CACO3
CAHCO3
CACQH

PRECIPITATES

CACO3

N - O

-

N N - 0Mm w N

5.409

.9964E-08
.48T4E-03
.0000E-08
.1864E-08
.3533E-03
.1787E-08

.3990E-05
.9993E-02

.8T65E-10
.2919E-09

.2839E~-12
.2952E-04
.3728E-05
.9959E~-08
.5818E~-06
.T60TE-08

= N s = = O

[

N b2 5

5.748

. 9964E-08
.48T4E-03
.0000E-08
.1864E-08
.3533E-03
.1T8TE-08

.3990E-05
.9993E-02

.8T85E~-10
.2919E-09

.2639E-12
.2952E-04
.3728E-05
.9959E-06
.5618E-08
.T60TE-08

= N o=

N Nk ® 5

6.098

.9964E-06
.4BT4E-03
.0000E-08
.1864E-08
.3533E-03
.1T8TE-086

.3990E-05
.9993E-02

.8TE5E-10
.2919E-09

.2639E-12
.2952E-04
.3728E-05
.9959E-08
.5618E-06
.T60TE-08

=N O

-

NNk >R 5

DISTANCE

6.465

.9964E-06
.48T4E-03
.0000E-08
.1864E-086
.3533E-03
.17T87TE-08

.3990E-05
.9993E-02

.B8T65E-10
.2919E-09

.2639E-12
.2952E-04
.3728E-05
.9959E-08
.5618E-06
.T60TE-08

NN N

= N o e O

6.6849

.9964E-06
.48T4E-03
.0000E-08
.1864E~-086
.3533E-03
.178TE-08

.3990E~-05
.9993E-02

.87T65E-10
.2919E~09

.2639E-12
.2952E-04
.3T728E-05
.9959E-08
.5616E~-06
.T60TE-08

= N o=

-

NNk ® N

7.249

.9964E~06
.48T4E-03
.0000E-08
.1864E-06
.3533E-03
.17T8TE-08

.3990E-05
.9993E-02

.8765E-10
.2919E-09

.2839E-12
.2952E-04
.3T2BE-05
.9959E-08
.5616E-08
.T6O0TE-08

[T N OV . ]

-

N NP N

7.667

.9964E-06
.48T4E-03
.0000E-08
.1864E-08
.3533E~-03
.1T8TE-08

.3990E-05
.9993E-02

.8T65E-10
.2919E-09

.2639E-12
.2952E-04
.3T28E-05
.9959E-08
.5616E-08
.T60TE-08

[T R Ty .

[WY

NN b= OO® N

8.104

.9964E-06
.48T4E-03
.0000E-08
.1864E-08
.3533E-03
.178TE-08

.3990E-05
.9993E-02

.87T65E~10
.2919E-09

.2639E-12
.2952E-04
.37T2BE-05
.9959E-08
.5618E-06
.T60TE-08

A e e O

N N b0 N

8.559

.99684E-06
.48T4E-03
.0000E-08
.1864E-08
.3533E-03
.1T87TE-08

.3990E-05
.9993E-02

.BT85E-10
.2919E-09

.2639E-12
.2952E-04
.3T28E~05
.9959E-08
.5616E-06
.T60TE-08

79 XTpuaddy

panuT3uoD

£6



SPECIES
NA
CA
H
cos
CL
OH

SORBED (I0KEX)

-NA
CA

COMPLEXES

NACO3
NAHCO3
NAOE
HCO3
H2C03
CACO3

* CAHCO3
CAOE

PRECIPITATES

CACO3

T I A -

N <N 00®M LN

9.035

.9964E-06
.48T4E-03
.0000E-08
.1864E-06
.3533E-03
.1TBTE-06

.3990E-05
.9993E-02

.8T85E-10
.2919E-09
.2639E~-12
.2952E-04
.3T28BE-05
.9959E-08
.5618E-08
.T607E~-08

TN CI ST

[y

N == 0O WwWwN

9.532

.9964E-06
.4BT4E-03
.0000E-08
.1864E-06
.3533E-03
.17T87E-08

. 3990E-05
.9993E-02

.8T65E-10
.2919E-09
.2839E-12
.2952E-04
.3T28E~-05
.9959E-086
.5616E~-08
.T60TE-08

A e O

N =N b2 ® N

10.050

.9964E-08
.48T4E-03
.0000E~08
.1864E-06
.3533E-03
.1787E-08

- 3990E-05
.9993E-02

.8T65E~10
.2919E-09
.2839E~12
.2952E-04
.3T28E-05
.9959E~-086
.5616E~08
.T607TE-08

P I

N N =MW N

DISTANCE
10.592
.9964E-06
.48T4E-03
.0000E-08
.1864E-08
.3533E-03
.1T8TE-08

.3990E-05
.9993E-02

.8T65E-10
.2919E-09
.2639E~12
.2952E-04
.3728E-05
.9959E-08
.5616E-08
.T60TE-08

veé

panuTt3uod - 49 xTpuaddy



1

TIME= 10.19828

SPECIES

NA
CA
H
co3
CL
oH

SORBED (IONEX)

NA
CA

COMPLEXES

NACO3
'NAHCOS

NAOH
HCO3
H2C03
- CACD3
CAHCO3
CAOH

PRECIPITATES

CACO3

[

~NN®D ]

= = ;=N ;W

.050

.8941E-03
.2801E-03
.T505E-12
.07T92E-08
.3533E-03
.2109E-03

.0TOOE-02
.4850E-02

.3384E-07
.2453E-10

.46TBE-05
.8545E-07
.6106E-13
.3098E-06
.8T1TE-09
.26TAE-04

.0315E-03

= -, DN - N

DN A,

DELT= 4.1469E-01
.256 .366
.T8TOE-03 5.2198E-03
.5220E-03 1.B8359E-03
.9058E-12 2.0039E-12
.T102E-08 6.1956E-086
.8533E-03 2.3533E-03
.8026E-03 6.26T4E-03
.243TE-03 7.1T14E-03
.58TBE-02 4.8414E-02
.3421E-07 1.9580E-07
.T851E-10 4.2143E-10
.9027E-05 1.8322E-05
.68T5E-0T 1.6445E-07
.5693E-13 6.TA45E-13
.3096E-06 6.3096E-06
.8200E-09 1.9137TE-09
.3885E-04 1.4221E-04
.18T4E-04 7.04B81E-04

VRN =

O U T S Wy SN

CONCENTRATION OF SPECIES IR MOLES/LITER SOLUTION

DISTANCE

.480

.6510E-03
.T412E~-03
.1199E-12
.T698E-06
.3533E-03
.9113E-03

.1910E-03
.8905E-02

.8319E-07
.T241E-10

.8T4BE~05
.62T3E-0T
.0T82E~13
.3096E~06
.0245E-09
.4339E-04

.B850TE-04

T - T O

RN =

(3]

.600

.08T8E-03
.8350E-03
.2583E-12
.4199E-06
.3533E-03
.5351E-03

.2982E-03
.T352E~-02

.3541E-07
.3001E-10
.1342E-05
.836TE-0T
.8003E-13
.3096E-06
.1566E-09
:4222E-04

.3207E-04

> N DO O N

(S I SIS - I

-

.T25

.53T4E~-03
.9143E~-03
.424TE-12
.1360E-08
.3533E-03
.1405E-03

.482TE-03
.TT59E-02

.1188E-07
.9308E-10

.1418E-08
.8TABE-0T7
.8T43E-13
.3096E-08
.3155E-09
.3858E-04

.2668BE-04

» N DR - N

DN =W

(7 4

.855

.0083E-03
.9T83E-03
.8288E-12
.9109E-08
.3533E-03
.T297TE-03

.TAT1E-03
.8128E-02

.1407E-08
.80TOE-10

.1T83E-08
.TA81E-07
.4896E-13
.3096E-08
.5085E-09
. 3249E-04

.8444E-04

NP NNN

w

=N RO N -

.5084E-03
.0182E-03
.8T51E-12
.T395E-08
.3533E-03
. 3054E-03

.0869E-03
.845TE-02

.4095E-08
.3215E-10

.ABTOE-08
.8580E-07
.1092E-12
.3098E-06
.TASTE-09
.2408E-04

.8T56E-04

W N WD N

=W M- N NW;m

1.134

.0455E-03
.0378E-03
.1845E~12
.8183E-08
.3533E-03
.8T14E-03

.5004E-03
.8T50E-02

.9356E-08
.0682E-10

.0249E-08
.0218E-07
.3423E-12
.3096E-08
.0412E-09
.1355E-04

.T668E-04

penuTtiluod - g xXTpuaddy
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SPECIES

HA
cA
4
co3
CL
OH

SORBED (IONEX)

RA
CA

COMPLEXES

NACO3
NAHCO3
NAOH
HCO3
H2C03
CACO3
CAHCOD3
CAOH

PRECIPITATES

CACO3

W N N =

[y

-0 NN =

1.282

.6264E-03
.0836E-03
.5783E-12
.5455E~08
.3533E-03
.4318E-03

.9860E-03
.900TE-02

.68TOE-08
.8423E-10
.BA9TE-08
.254TE-0T
.688TE-12
.3096E-06
.4153E-09
.0136E-04

.5810E-04

NN N

-

D WO, N W

1.437

.2588E-03
.0050E-03
.0822E-12
.5204E-08
.3533E-03
.9918E-03

.5418E-03
. 9229E-02

.83T5E-08
.6401E-10
.9282F-06
.5848BE-0T
.2208E-12
.3096E-06
.B985E-09
.T982E-05

.4369E-04

[ S N W]

~N W W= =N

1.599

.403TE-04
.9527E-03
.T516E-12
.5438E-06
.3538E-08
.5587TE-03

.1859E-03
.941TE-02

.T850E-08
.4589E-10
.2401E-06
.0585E-0T
.0T30E-12
.3096E-08
.537TTE-09
.4009E~05

.1TT1E-04

NN - ®d

B RO W =N

DISTANCE

1.768

.T85TE-04
.8T8TE-03
.6643E-12
.8169E-086
.3533E-03
.1326E-03

.5536E-04
.95T2E-02

.0504E-08 -
.29TOE~-10
.506 TE-0T
. TA45E-0T
.5132E-12
.3096E-08
.4093E-09
.00TOE-05

.9389E-04

[ O I

- N RN R

1.944

.T029E-04
.T862E-03
.9582E-12
.T414E-08
.3533E-03
.T257E-03

.081TE-04
.989TE-02

.ATE69E-08
.1545E-10
.2352E-07
.T8O0TE-07
.1208E-12
.3096E-06
.6450E-09
.8TTOE-05

.0526E-04

- N D - W

[ 3

WO M= MN > =

2.129

.1189E-04
.8T99E-03
.8920E-12
.918TE-08
.3533E-08
.3421E-03

.1325E-04
.9T93E-02

.028TE-08
.0339E-10
.1979E-0T
.4163E-0T
.2288E-11
.3096E-086
.4918E-09
.4834E-05

.9010E~04

O N Ut = =

N = ON D= OMm

2.321

.9T44E-04
.5855E-03
.2010B-11
.1488E-086
.3533E-08
.8T55E~04

.TO16E-04
.98685E-02

.9016E-09
.4273E-11
.0302E-07
. 1843E-07
.3905E-11
. 3098E-08
.1469E-08
. 4046E-05 -

.T453E~04

BN U -

-

@Ot O M

2.522

.1942E-04
. 4492E-03
.T673E-11
.42TTE-08
.3533E-03
.6T01E-04

.8932E-04
.9915E-02

.A548E-09
.0093E-11
.2343E-08
.4423E-08
.B5T9E~11
.3096E-08
.8BTTE-08
.5219E-05

.3803E-04

W N RW D

(5]

DN NS ON

2.731

.9598E-05
.3874E-03
.0472E-11
.T48BE-08
.3533E-03
.8481E-04

.0242E-04
.9949E-02

. TBO9E-09
.T536E-11
.4312E-08
.8637E-08
.T802E-10
.3096E-086
.9101E-08
.1928E-08

.44T38R-04

panuiqdoo - pg xTpuaddy
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SPECIES

NA
CA
H
cos
CL
OH

SORBED (IONEX)

NA
CA

COMPLEXES

NACG3
NAECO3
NAOH

HCO3
H2C03
CACO3

CAHCO3

CAOH

PRECIPITATES

CACOD3

= N’ =W

N Dy @

4

2.950

.9988E-05
.238B0E-03
.0197E-11
.0BOBE-06
.3533E-08
.4538E-04

.1007TE-05
.9969E-02

.TO83E-09
.5851E-10
.1245E-09

.4952E-08
.3252E-09
.3096E-06
.86588E-08
.8966E-08

.15T5E~04

= N - N

w

NO @ M

3.179

. 3856E-05
.217T6E-03
.4528E-10
.1512E-08
.3533E-03
.8TTGE-05

.66T5E-05
.9982E-02

.0335E-09
.0121E-09
.T685E~10

.0117E-05
.4949E-07 -
.3096E-086
.0T23E-07
. TOB4E-0T

.4951E-04

NN =

OO N W®e®

3.417

.599TE-05
.2932E-03
.8108E~-09
.8731E-06
.3533E-03
.4T5TE-08

.3905E-05
.9988E-02

.5T10E-10
.9805E-09
.8394E-11

.3482E-04
.34TAE-06
.3096E-06
.4933E-06
.2T40E-08

.1096E-08

NN O e

MWW =N

DISTANCE
3.868 3.926
.2389E-05 1.0842E-05
.3540E-03 1.3986E-03
.422TE-09 6.2848E-09
.3113E-06 4.70TBE-08
.3533E-03 2.3533E-03
.6494E-06 1.B8682E-08
.8118E-05 1.561TE-05
.9991E-02 4.9992E-02
.5786E~10 8.5380E-10
.38302E-09 2.5533E-09
.T552E-11 1.0810E-11
.5TASE-04 4.4842E-04
.ABT9E-06 6.169TE-08
.9082E-06 5.3663E-06
.9550E-06 5.104TE-06
.T159E-08 - 4.148TE-08
0.

L I R I

-

WO ©@N W

4.198

.0239E-05
.4305E-03
.8T55E-09
.4258E-08
.8533E-03
.5319E-08

.4593E-05
.9993E-02

.1303E-10
.T566E-09
.3589E-12
.1338E-04
.6143E-08
.1306E-06
.9604E-08
.46TBE-08

O AT

wowmemun INON

4.482

.0033E-05
.4524E-03
.6089E-09
. 2985E-06
.3533E-08
.36T4E-08

. 4199E-05
.9993E-02

.9T36E-10
.9334E-09
.3048E-12
.5805E-04
.0490E-05
.0398E-086
.5854E-06 .
.1368E-08

= Nk O O

-

N, ® LN

4.7718

.9T93E-08
.4868E-03
.196TE-09
.2403E-08
.3533E-03
.2805E-08

.4057E-05
.9993E~02

.913TE-10
.0694E-09
.T994E-12
.8T46E-04
.1T92E-05
.0082E-06
.9T12E-06
.9629E-08

N - T

-

NNk ® LN

5.087

.9T44E-08
.4T59E-03
.5554E-09
.2128E-08
.3533E-03
.2330E-08

.4010E-05
.9993E-02

.8911E-10
.1632E-09
.5409E-12
.0594E-04
.2632E-05
.9985E-08
.2291E-08
.8682E-08

penuTtjuod - pg xIpuaddy
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SPECIES

NA
CA
H
cao3
CL
1)1

SORBED (IONEX)

NA
CA

COMPLEXES

NACO3
NAHCO3
NAQH
HCO3
H2CO03
CACO3
CAHCO3
CACH

PRECIPITATES

CACO3

=N O QO

NN =0 WN

5.409

.9810E-06
.4813E-03
. T649E-09
.1994E-08
.3533E-03
.2068E-06

.3995E-05
.9993E-02

.8825E-10
.2221E-09
.4048E-12
.169TE-04
.3141E-05
.9961E-06
.3841E-06
.8162E-08

=N D=

[

NN LN

5.748

.98TTE-08
.4843E-03
. BB19E-09
.1927E-08
.3533E-03
.1927E-08

.3991E-05
.9993E-02

.8T91E-10
.2564E-09
.3332E-12
.2320E-04
.8431E-05
.995TE-06
.4T20E-06
. T882E-08

- » Ao O O

N N =00 N

6.098

.9920E-08
.4859E-03
.943BE~08
.1894E-08
.3533E-03
.1853E-08

.3990E-05
.9993E-02

.BTTSE-10
.2T49E-09
.2965E-12
.2651E-04
.3588E-05
.9958E-08
.5190E-06
.TT3TE-08

=N kO =0

[

N <= 00 WN

DISTANCE

6.465

.9944E-08
.4888E-03
.9TABE-09
.18T8E-086
.3533E-03
.181TE-08

.3990E-05
.9993E-02

.BTTOE-10
.2843E-09
.2TB4E-12
.2818E-04
.3664E-05
.9959E-08
.5425E-08
.T6B5E-08

= N © - O

N <X =N

6.649

.9958E-06
.48T1E-03
.9894E-09
.18TOE-06
.3533E-03
.1800E-06

.3990E-05
.9993E-02

.8T6TE-10
.288TE-09
.2T00E-12
.28B96E~-04
.3T01E-05
.9958E-06
.5536E-08
.T631E-08

= NP =P

NN RO WN

7.249

.9961E-06
.4BT3E-03
.9958E~09
.1866E-06
.3533E-03
.1792E-06

.3990E-05
.9993E~02

.8T85E-10
.2906E-09
.26683E~-12
.2930E-04
.3T1TE-05
.9959E-08
.5585E-08
.T618E-08

Ll = N O -

NN =00 WN

7.887

.9983E-08
.48T4E-03
.9985E-09
.1865E-08
.3533E-03
.1T89E-08

.3990E-05
.9993E-02

.8TB5E-10
.2914E-09
.2648E-12
. 2944E-04
.3T24E-05
.9959E-08
.5605E-06
. T610E-08

P O - I

Y

NN WN

8.104

.9964E-08
.48T4E-03
.9995E-09
.1865E~08
.3533E-03
.1T88E-08

.3990E-05
.9993E-02

.BT85E-10
.291TE-09
.2642E-12
.2950E-04
.3726E~05
.9959E~06
.5812E-08
.T60BE-08

O I -

NN MmN

.9984E-08
.48T4E-03
.9998E-09
.1864E-08
.3533E-03
.1T88E-08

.3990E-05
.9993E-02

.8T65E-10
.2918E-0S
.2840E-12
.2952E-04
.3T27E-05
.9959E-06
.5615E-08
.T60TE-08

86

penutjuod - pg xTpusddy



SPECIES

NA
CA
B
cos
CL
0H

. SORBED (IONEX)

RA
CA

COMPLEXES

NACO3
NAHCO3
NACH
HCO3
H2C03

CACO3
CAHCO3
CACH

PRECIPITATES

CACO3

- N g e

-0 ;MW N

-

9.035 9.532 10.050 10.592
9.9964E-08 9.9964E-08 9.9964E-08 9.9984E-06
.48T4E-03 1.4874E-03 1.48T4E-03 1.4874E-03
.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08
-1864E-06 4.1864E-06 4.1864E-08 4.1864E-08
.3533E-03 2.3533E-03 2.3533E-03 2.3533E-03
.178TE-068 1.1T8TE-08 1.1TSTE-08 1.1T7TBTE-08
.3990E-05 1.3990E-05 1.3990E-05 1.3990E-05
.9993E-02 4.9993E-02 4.9993E-02 4.9993E-02
.8T65E-10 2.8785E-10 2.8T85E-10 2.8765E-10
.2919E-09 3.2919E-09 3.2919E-09 3.2919E-09
.2639E-12 6.2639E-12 6.2639E-12 6.2839E-12
.2952E-04 B6.2952E-04 6.2952E-04 6.2952E-04
.3728E-05 1.3728E-05 1.3728E-05 1.372BE-05
_9959E-068 4.9959E-068 4.9959E-08 4.9859E-08
.5616E-06 7.5616E~-08 T.5618E-08 7.5616E-08
_T60TE-08 2.T6O0TE-08 2.TB0TE-08 2.TBOTE-08

0. 0. 0.

DISTANCE

penuIjuod - pd xTpuaddy
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100

o000 0o0a0000O0000000000000O00000000000000000000000000000

PROGRAM CHEMTRN(INPUT,OUTPUT, TAPE6=0UTPUT, TAPES=INPUT,FILM,DEBUG=

10UTPUT)

CHEMTRN SOLVES A MULTI-COMPONENT-CHEMICAL-TRANSPORT-MODEL. THIS VERSION
OF CHEMTRN WAS COMPLETED JAN. 1983.

AUTHOR

DESCRIPTION

SOLUTION
PROCEDURE

C. W. MILLER .
EARTH SCIENCES DIVISION
GEOCHEMISTRY GROUP
LAWRENCE BERKELEY LAB
BERKELEY, CA 94720

CHEMTRN SIMULATES SOLUTE TRANSPORT FOR STEADY ONE-DIMENSIONAL
FLUID FLOW BY CONVECTION AND DIFFUSION/DISPERSION IN A
SATURATED POROUS MEDIUM BASED ON THE ASSUMPTION OF LOCAL
CHEMICAL EQUILIBRIUM. THE CHEMICAL INTERACTIONS INCLUDED

IN THE MODEL ARE AQUEOUS-PHASE COMPLEXATION, SOLID-PHASE

ION EXCHANGE OF BARE IONS AND COMPLEXES, SOLID-PHASE
SORPTION OF BARE IONS AND COMPLEXES USING THE SURFACE
COMPLEXATION MODEL, AND PRECIPITATION/DISSOLUTION OF

SOLIDS.

THE NONLINEAR PARTIAL DIFFERENTIAL EQUATIONS USED BY CHEMTRN
ARE DISCRETIZED IN SPACE BY FINITE DIFFERENCES AND COMBINED
WITH THE ALGEBRAIC EQUATIONS TO FORM A SET OF

ORDINARY DIFFERENTIAL AND ALGEBRAIC EQUATIONS. THIS SYSTEM:
IS SOLVED USING A NEWTON-RAPHSON ITERATION METHOD

DESCRIPTION OF INPUT VARIABLES:

TITLE

= TITLE OF RUN UP TO 80 CHARACTERS

ULENGTH = UNIT OF LENGTH USED IN THE PROBLEM

UTIME = UNIT OF TIME USED IN THE PROBLEM
ITYPE = O IF ‘ONE-DIMENSIONAL FLOW IS MODELLED
1 IF RADIAL FLOW IS MODELLED o
IDYNAM = O  STATIC DISTRIBUTION OF SPECIES CALCULATED
=1  DYNAMIC TRANSPORT CALCULATION
IG = 0 USER PROVIDES THE INITIAL GUESSES

1 PROGRAM PROVIDES THE INITIAL GUESSES

IN1, IN2, IN3 = NUMBER OF ITERATIONS DONE IN EQUILIBQIQM SPECIATION

SUBROUTINE UNTIL PRINTOUT IS DESIRED. IF THE SPECIATION CALCULATION
CONCLUDES BEFORE THIS VALUE IS OBTAINED, THERE IS NO PRINTOUT;

IN1 IS FOR THE INITIALIZATION CALCULATION, IN2 Is FOR THE SPECIATION
CALCULATION FOR THE BOUNDARY OR INFLUX CONDITIONS, AND IN3 IS WHEN
THERE IS AN EQUILIBRIUM SPECIATION CALCULATION WHEN A NEW PRECIPITATE
FORMS. IF THE VALUES ARE SET TO0 100 OR GREATER, NO PRINTOUT
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WILL OCCUR HERE.

NMAX = MAXIMUM NUMBER OF GRID POINTS. LIMITED TO 100 POINTS AT
PRESENT :

XMAX = SPATIAL DISTANCE OVER WHICH PROBLEM IS SOLVED

DNO AND AK = CONSTANTS IN THE MESH GENERATING EQUATION.

RW = PO
TH
BO

IF DNO = O, A UNIFORM GRID IS GENERATED OF SPACING
1/ (NMAX-1)
BITION WHERE A FLUX BOUNDARY CONDITION IS IMPOSED FOR
E RADIAL FLOW PROBLEM WITH A FLUX CONDITION AT THE INNER
UNDARY : : '

KMAX = NUMBER OF PRINTOUTS DESIRED _
DTINI = FIRST TIME STEP USED, USUALLY ABOUT 1.E-4 OR 1.E-5 TO ALLOW

DIMAX =

TPRINT =

DOA = DIS
’ IN
DOB = DIF

VO = AVER

IBND(1) =

IBND(2)

LEACH =

FOR THE INITIAL LARGE CHANGES WHICH USUALLY OCCUR

MAXIMUM TIME STEP DESIRED. IF CONVERGENCE IS WITHIN 4 ITERATIONS
TIME STEP IS MULTIPLIED BY 1.75 EACH TIME. HOWEVER, THERE ARE
OTHER CRITERIA SUCH AS NUMERICAL DISPERSION WHICH MUST BE
CONSIDERED. USUALLY THERE IS A MAXIMUM TIME STEP WHICH SHOULD

BE USED.

ARRAY CONTAINING PRINTOUT TIMES

PERSIVITY (IT IS MULTIPLIED BY THE VELOCITY .
THE PROGRAM) .

FUSION COEFFICIENT

AGE FLUID VELOCITY

O CONSTANT CONCENTRATION AT INNER BOUNDARY

1 CONSTANT FLUX AT INNER BOUNDARY .

O CONSTANT CONCENTRATION EQUAL TO INITIAL CONDITIONS AT
OUTER BOUNDARY )

1 NO FLUX AT OUTER BOUNDARY

POSITION IN THE LIST OF PRECIPITATES OF THE SOLID WHICH

HAS BEEN PUT IN CONTACT WITH THE GROUNDWATER. THE EQUILIBRIUM

C

P

P

)

NB =TH
' Wl
IF

NUM(1)

NUM(2)
NUM(3)

NUM(4)
NUM(5)

ONDITION USED IS THAT THE TOTAL CONCENTRATION OF THIS
RECIPITATE IS GIVEN AND THAT THE SPECIES MAKING UP THIS
RECIPITATE ARE ENTERING THE GROUNDWATER EQUIVALENT TO THE
TOICHIOMETRIC COEFFICIENTS; EQUALS O IF NO LEACHING

E NUMBER OF THE NODE WHERE THE SOLID WAS PLACED IN CONTACT
TH THE GROUNDWATER. IN THIS VERSION IT MUST BE AT NODE 1.
NO SOLID IS PUT IN CONTACT WITH THE GROUNDWATER, NB = O.

NUMBER OF BASIS SPECIES (MUST INCLUDE HYDROXYL ION IF WATER
DISSOCIATION IS INCLUDED) o

NUMBER OF CATIONS AND COMPLEXES WHICH ARE SORBED BY ION EXCHANGE
NUMBER OF IONS AND COMPLEXES WHICH ARE SORBED BY SURFACE
COMPLEXATION MODEL (VALUE IS INCREASED BY 2 IN PROGRAM TO

ALLOW FOR INCLUSION OF NEGATIVELY CHARGED SURFACE SITE AND
POSITIVELY CHARGED SURFACE SITE)

NUMBER OF AQUEOUS COMPLEXES

NUMBER OF PRECIPITATES THAT COULD FORM
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QOO0 000000 00000000000 0000000000000000000000000000O0

LNH= THE POSITION OF THE H ION IN THE BASIS SPECIES LIST.
EQUALS O IF WATER DISSOCIATION IS NOT INCLUDED.: -

CECNS = CONCENTRETIONUOF SITES AVAILABLE FOR SORPTION IN ION EXCHANGE
MODEL; EXPRESSED IN EQUIVALENTS/LITER SOLUTION

CAPACITANCE BETWEEN THE SURFACE PLANE’AND THE BETA PLANE 'FOR

c1 =
SURFACE COMPLEXATION MODEL (MICROFARADS/LENGTH**2) 5
C2 = CAPACITANCE BETWEEN THE BETA PLANE AND THE DIFFUSE LAYER FOR SURFACE

COMPLEXATION MODEL (MICROFARADS/LENGTH*%2)
PK1 = NEGATIVE LOG OF THE EQUILIBRIUM CONSTANT FOR THE DISSOCIATION OF
POSITIVELY' CHARGE SITE FOR SURFACE COMPLEXATION* ’
PK2 = NEGATIVE LOG OF THE EQUILIBRIUM CONSTANT FOR. THE FORMATION OF THE
, NEGATIVELY CHARGE SITE FOR SURFACE COMPLEXATION
AREA = AREA OF SITES FOR SORPTION IN SURFACE CDMPLEXATION IN
LENGTH**Z/LITER SOLUTIDN :

SOH = CONCENTRATION OF SITES FOR FORMING CDMPLEXES IN SURFACE
COMPLEXATION MODEL; IN EQUIVALENTS/LITER SOLUTION
DUM = ARRAY CONTAINING THE NAMES OF THE BASIS SPECIES, COMPLEXES AND

THE PRECIPITATES
VI = ARRAY CONTAINING ION VALENCES AND COMPLEX VALENCES; THE -COMPLEX
VALANCES ARE COMPUTED FROM THE VALENCES OF THE BASIS .SPECIES
INDEXI = ARRAY GIVING TYPE OF INITIAL CONDITIUNS ‘USED FOR a0
EACH PARTICULAR SPECIES
VALUE OF O MEANS TOTAL CONCENTRATION IS SPECIFIED
VALUE OF 1 MEANS BASIS SPECIES CONCENTRATION IS ‘GIVEN
VALUE OF 2 MEANS TOTAL AQUEOUS CONCENTRATION IS
GIVEN EXCLUDING ANY PRECIPITATES (HOWEVER, IF A SPECIES MAY
FORM A PRECIPITATE, THE VALUE OF 3 ‘SHOULD BE USED INSTEAD OF !
2 T0 ALLOW FOR THE INCLUSION OF-THE SOLUBILITY PRODUCT IF
‘NECESSARY)
VALUE OF 3 MEANS TOTAL AQUEOUS CONCENTRATION PLUS.-
ANY PRECIPITATES IS GIVEN
_VALUE OF 4 MEANS THAT THE CONCENTRATION OFﬁTHIS
SPECIES COMES FROM A CHARGE BALANCE
BI = ARRAY OF INITIAL CONDITIONS
GUESSI = GUESS OF EQUILIBRATED INITIAL CONDITIONS
FOR ALL THE SPECIES
INDEXB = ARRAY GIVING TYPE OF CONDITIONS USED ‘TO DETERMINE
BOUNDARY OR INFLUX CONDITIONS; VALUES OF. O TO 4 ARE USED;
SBAME AS GIVEN IN INDEXI ABOVE
BC = ARRAY OF BOUNDARY CONDITIONS T e
GUESSB = GUESS OF EQUILIBRATED:BOUNDARY OR -INFLUX CONDITIONS
FOR ALL THE SPECIES
ISORPI = ARRAY CONTAINING INFORMATION ABUUT WHETHER THE BASIS SPECIES
OR THE COMPLEX SORBS VIA ION EXCHANGE;
0 - NO SORPTION
1 - SORPTION
ISORPE = ARRAY CONTAINING INFORMATION ABOUT WHETHER THE BASIS SPECIES
OR COMPLEX SORBS VIA SURFACE COMPLEXATION :
O - NO SORPTION
1 - SORPTION
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ARRAY CONTAINING NEGATIVE LOG OF THE EQUILIBRIUM CONSTANTS FOR

PKI =
‘ MASS ACTION EQUATIONS DESCRIBING SORPTION VIA ION EXCHANGE
~PKE = ARRAY CONTAINING NEGATIVE LOG OF THE EQUILIBRIUM CONSTANTS FOR

MASS ACTION EQUATIONS DESCRIBING SORPTION VIA SURFACE COMPLEXATION

'8(J,I) = THE STOICHIOMETRIC COEFFICIENTS FOR THE AQUEOUS
PHASE COMPLEXES; GIVEN FOR 1 MOLE OF THE COMPLEX AND READ IN
SAME ORDER AS THE BASIS SPECIES ARE GIVEN

PK = NEGATIVE LOG OF THE FORMATION OF ONE MOLE OF A COMPLEX FROM
THRE BASIS SPECIES

H20K = NEGATIVE LOG OF THE DISSOCIATION OF WATER

88(J,I) = STOICHIOMETRIC COEFFICIENTS FOR PRECIPITATES; GIVEN IN
SAME ORDER AS THE LIST OF THE BASIS SPECIES

NUMBER OF H IONS RELEASED OR TAKEN UP BY THE BURFACE
IN SURFACE COMPLEXATION MODEL

+1 - IF H+ ION IS RELEASED

O - SPECIAL CASE FOR H+ ION

-1 - IF B+ ION IS SORBED

AH(I)

DESCRIPTION OF OTHER IMPORTANT VARIABLES USED IN THE PROGRAM

ARRAY CONTAINING ALL THE UNKNOWN SPECIES. THE ORDER IS FIRST

THOSE IN NODE i, THEN THOSE IN NODE 2, ETC. THE ORDER OF THE SPECIES
AT EACH NODE IS FIRST THE BASIS SPECIES (THE LAST BASIS SPECIES

. IS ALWAYS OH IF WATER DISSOCIATION IS INCLUDED), THEN SORBED

BASIS SPECIES AND COMPLEXES VIA SIMPLE ION EXCHANGE, THEN SORBED
BASIS SPECIES AND COMPLEXES VIA SURFACE COMPLEXATION, THEN COMPLEXES
AND THE LAST ARE THE PRECIPITATES.

ARRAY CONTAINING ALL THE OLD VALUES OF THE SPECIES IN THE SAME

ORDER AS LISTED FOR CN(J)

R(I.N) = RESIDUES FROM THE EQUATIONS ARE STORED HERE. N IS THE NODE, AND

I IS THE NUMBER OF THE EQUATION. THE ORDER OF THE EQUATIONS

AT EACH NODE IS (1)TRANSPORT EQUATIONS, (2)THE SITE CONCENTRATION FOR
ION EXCHANGE (3)MASS ACTION EQUATIONS FOR SORPTION VIA ION EXCHANGE,
(4) SITE CONSTRAINT FOR SORPTION VIA SURFACE COMPLEXATION, (5) MASS
ACTION EQUATIONS FOR SURFACE COMPLEXATION, (6) MASS ACTION EQUATIONS
FOR FORMATION OF COMPLEXES IN-THE AQUEOUS PHASE, AND (T) SOLUBILITY

CN(D)

co(n

o PRODUCTS

AC(I,N) = ACTIVITIES OF THE BASIS SPECIES AND COMPLEXES IN THE AQUEOUS
PHASE ARE STORED HERE; I IS THE SPECIES, N IS THE NODE

EQCONST(J) = ARRAY CONTAINING THE EQUILIBRIUM CONSTANTS

FIRST FOR SORBED SPECIES VIA ION EXCHANGE,
THEN FOR SPECIES SORBED VIA SURFACE COMPLEXATION,
THEN FOR AQUEOUS PHASE COMPLEXATION,
~ THEN SOLUBILITY PRODUCTS
A(I,J,N) = THE DIAGONAL MATRIX OF THE BLOCK TRIDIAGONAL JACOBIAN MATRIX
IT IS CHANGE IN RESIDUE(I) DIVIDED BY THE CHANGE IN CONCENTRATION
AT THE NODE N
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OFF DIAGONAL MATRIX OF THE BLOCK TRIDTAGONAL- JACOBIAN MATIRX

c ‘B(I,J.N) =
c c(I,J,N) = OFF DIAGONAL MATRIX OF THE BLOCK TRIDIAGONAL JACOBIAN MATIRX
c

DIMENSION CN(3000),C0(3000),DUM(20),TITLE(20),PKI(30),PKE(30)
DIMENSION CM(25),WCONST(25),BI(25),BC(25),TPRINT(25) ,NUM(20),
1INDEX1(10) , INDEX2(25) , INDEXB(25) , CMAX (25) , IBND (2) , BC2(25) ,
2IIP(3000),GUESSI(30),GUESSB(30) , INDEXI(25)
COMMON/AB/VJ(T5) ,AC(T5,100) ,EQCONST (100),
15(25,25) ,85(25,25) ,AH(25),
2 ILBLI(25),ILBLE(25)
COMMON/EDL/C1,C2,AREA, SOH
COMMON/EDL2/SIGO, SIGB, SIGD,PSIO, PSIBETA,PSID
COMMON/NJ/ISORPI(30),ISORPE(30),IION,IEION
COMMON/AD/X(200) ,DELT,DOA,DOB, VO, CECNS, H20K
COMMON/CONST/REL, ABSV '
COMMON/LCM/A (25,25, 100) ,B(25, 25, 1oo)
COMMON/LCM1/R(25,100)
COMMON/LCM2/C (25,25, 100)
COMMON/SPEC/LEACH1 (5) ,NB,PINI(5)
LEVEL 2,A,B,C.R
MDIM=25
€ %k dk ok ok ok 2k 3k ok 3k Sk 3 3k 3k 3k 3k ok 3k ok ok 3k oK ok e ok K
C READ IN INPUT PARAMETERS
€ sedkook ok 5k ok ok ok e 3k ok 3k 5k ok ok ok ok 3k o ok 3k oK o ok ke 3k
READ(5,1000) TITLE
" WRITE(6,999) TITLE
READ 1010, ULENGTH,UTIME
WRITE (6,1011) ULENGTH,UTIME ~ : T
 READ 910, ITYPE,IDYNAM,IG LT L e
READ 910, IN1,IN2,IN3 , B T
READ 920, NMAX,XMAX,DNO, AK,RW
READ 920, KMAX,DTINI,DTMAX
READ 900, (TPRINT(K),K=1,KMAX) ;
'READ 900, DOA,DOB,VO" = S
"READ 610, IBND(1),IBND(2) :
READ 910,LEACH,NB ' - ‘ L
READ 910, (NUM(I),I=1,5),LNH - ' . . Sl -
NUM(10) =NUM (1) +NUM (4) ' S
NUM (11) =NUM (10) +NUM(5) oo _ :
IF (NUM(2).EQ.0) CECNS=0. L o C
IF (NUM(2).GT.0) READ 900, CECNS ‘
~ IF (NUM(3).EQ.O0) SOH=0.
IF (NUM(3) .EQ.0) GO TO 5 SRR
READ 900, Ci,C2,PK1,PK2,AREA,SOH ' = *° L
EQCONST (NUM(2) +1)=10. %% (-PK1) SR .
EQCONST (NUM(2) +2)=10. **(-PK2) o .o
NUM (3) =NUM(3) +2 : ' S :
DUM(NUM(11) +1) =2HSO
DUM (NUM(11) +2) =4HSOH2
'ILBLE(1)=NUM(11)+1
ILBLE(2)=NUM(11)+2
5 CONTINUE
NUM(6)=NUM (1) +NUM(2)
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NUM (T) =NUM (6) +NUM(3)
NUM(8) =NUM(T) +NUM(4)
NUM (9) =NUM (8) +NUM(5)
NUM (12) =NUM(2) +NUM(3)
NUM(14)=NMAX
NTOTP=NUM(9)
LEACH1 (1) =LEACH
IF (LEACH1(1).NE.0) GO I0 7
D0 6 I=2,5
6 LEACH1(I)=0
7 IF (LNH.EQ.0) GO T0 8
80=0
S1=1
8 CONTINUE
ek o ok o o o o 2k ok ok ok ok ok ok ok R kK ok Rk kR
WRITE OUT SOME OF THE CONSTANTS USED
S 3 3 o e o 3 ok ol ok 3k of o o ok ok ok o o ke o ok ke o ok ok o ko ak ok ok
IF ((IBND(1).EQ.O).AND. (IBND(2).EQ.1)) WRITE(6,2060)
IF ((IBND(1) .EQ.1).AND.(IBND(2) .EQ.1)) WRITE(6,2061)
IF ((IBND(1).EQ.0).AND.(IBND(2).EQ.0)) WRITE(6,2062)
IF ((IBND(1).EQ.1).AND.(IBND(2).EQ.0)) WRITE(6,2063)
IF (ITYPE.EQ.0) WRITE(6,600) DOA,DOB,VO, NMAX
IF (ITYPE.EQ.1) WRITE(6,601) DODA,DOB,VO, NMAX
 WRITE(6,610) KMAX, (TPRINT(I),I=1,KMAX)
WRITE(6,611) CECNS,SOH
II=0
IE=3
LI=0
LB=0
ok 3 o o o ok 3 3o o ok K e o o o A oK ok o ok R ko ok o ok o ko ok kR kR
READ IN INFORMATION ON BARE IONS AND TYPE OF SORPTION
o 3 3 ke S 3 o o 3 3 o 3 o o o 3 o o o 3 o o ok o o 3K 3k ok 3 o 3k o ok 3 e o 3 ok e 3 oo ok 3 o ok R 3k 3k oK
M1=NUM(1)
NSPECM=NUM (1)
IF (LNH.GT.O0) NSPECM=NUM(1)-1
DO 1T J=1,NSPECM
READ 950, DUM(J),VJ(J),INDEXI(J),BI(J),GUESSI(J),INDEXB(J),
1 BC(J) ,GUESSB(J) , ISORPI(J),ISORPE(J)
IF (INDEXI(J).EQ.4) LI=J
IF (INDEXB(J).EQ.4) LB=J

IF THE SPECIES IS SORBED VIA ION EXCHANGE, READ IN EQUILIBRIUM CONSTANT,
AND GUESSES IF THEY ARE BEING PROVIDED

IF (ISORPI(J).EQ. o) G0 TO 15
II=II+1
ILBLI(II)=J
K=II+NUM(1)

READ 960, PKI(II),GUESSI(K),GUESSB(K)
EQCONST (II)=10.%*(-PKI(II))

IF THE SPECIES IS SORBED VIA SURFACE COMPLEXATION, READ IN EQUILIBRIUM
CONSTANT AND NUMBER OF H IONS SORBED OR RELEASED FROM THE SURFACE, AND
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C GUESSES IF BEING PROVIDED

c
15 IF (ISORPE(J).EQ.O0) GO TO 1T
IF (J.EQ.LNH) IEJ=3
IF (J.EQ.LNH) GO TO 16
IE=IE+1
IEJ=IE
16 CONTINUE
ILBLE(IEJ)=J
K=IEJ+NUM(6)
READ 960, PKE(IEJ),GUESSI(K),GUESSB(K),AH(IEJ)
EQCONST (NUM(2) +IEJ)=10.**(-PKE(IEJ))
17 CONTINUE
c
C kool e ok ok ok ok e ok ak e ok ok o o k o 3 ke ok 3k e ok ok ok ok o ke 3 ok o o 3K ok ok ok ok 3ok ok ok ek kR
C WRITE OUT THE CONDITIONS ON THE BASIS SPECIES ~
Cc ***********************************************
IIE=IE-2 - : :
IF (NUM(3).EQ.0) IIE=0
WRITE (6,800) NSPECM,II,IIE
IION=II
IEION=IE
Ii=0
IE=3
D0 20 J=1,NSPECM
IF (ISORPI(J).EQ.1) II=II+1
. IF (J.EQ.LNH.AND.ISDRPE(J).EQ.1) IEK=3
IF (J.EQ.LNH.AND.ISORPE(J)" En 1) GO TD 19
IF (ISORPE(J).EQ.1) IE‘IE+1 E
IEK=IE
19 CONTINUE
IF (ISORPI(J).EQ.O.AND.ISORPE(J).EQ.0) WRIIE (6, aos) DUM(J) ;-
1VJ(J) , INDEXI(J) ,BI(J),INDEXB(J),BC(J) .
IF (ISORPI(J).ER.1.AND.ISORPE(J).EQ.0) WRITE (s aos) DUM(J) '
1VJ(J) , INDEXI(J),BI(J),INDEXB(J) ,BC(J),PKI(II)
IF (ISORPI(J).EQ.O.AND.ISORPE(J).EQ.1) WRITE (6,80T) DUM(J)
1VJ (J) , INDEXI(J) ,BI(J),INDEXB(J) ,BC(J) ,PKE(IEK)" '
IF (ISORPI(J).EQ.1.AND.ISORPE(J).EQ.1) WRITE (6,808) DUM(J),
1VJ(J) , INDEXI(J) ,BI(J), INDEXB(J) BC(J) PKI(II) PKE(IEK)
20 CONTINUE : . ;
c . ,
NCMPLXP=NUM(4)
C k3o 3k ok ok ok ok ok ok ke ok s vk ke e e 2 3K ok ok Sk 3k e sk s s o o o ok 3 3 3k sk 3 ok 5K o o 3k o ok o 3k 3k ok 3k ok o ok ok ok o ek Kk ko
C IF WATER DISSOCIATION IS CONSIDERED, NEED T0 READ AND WRITE OUT
C INFORMATION ABOUT THE OH ION
c

33k 3 oK 3k ok ok 3k 3 3 o ke ok ok ok o b 3 3 e 3 ok ok 3k S o 3 e 3 o 3 o o o ook ok ok ok ok K ok e K ok 3ok ok ok 3k ok ok ok ok ok ok ok K ok ok koK
IF (LNH.EQ.0) GO TO 21 ;
READ 970,DUM(NUM({1)),H20K
H20K=10. ** (-H20K)
VJI(NUM(1))=-1.0 -
INDEXI(NUM(1))=1
INDEXB(NUM(1))=1
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READ 980, GUESSI(NUM(1)),GUESSB(NUM(1)),6ISORPI{NUM(1)),
1 ISORPE(NUM(1))
NCMPLXP=NUM(4) +1
BI(NUM(1))=GUESSI(NUM(1))
BC(NUM(1))=GUESSB(NUM(1))
21 IF (NUM(4).EQ.0) GO TO 35
P P T e YT T T TE331 22
READ IN INFORMATION ON COMPLEXES AND TYPE OF SORPTION
Fokdokokokokolok ook Rk Rk Rk ROk ok ok Ak ke sk o
M4=NUM(4)

DO 27 I=1,M4

KK=I+NUM(1)
READ 970, DUM(KK),PK, (8(J,I),J=1,M1)
EQCONST(NUM(12)+I)=10.**(-PK)

VI(KK)=0.

DO 22 J=1,M1
22 VI(KK)= VI(KK)+(S(J,I)*VI(I)

IC=KK+NUM(12)
READ 980, GUESSI(IC),GUESSB(IC), ISORPI(KK), ISORPE(KK)

IF COMPLEX IS SORBED VIA ION EXCHANGE NEED TO READ IN EQUILIBRIUM CONSTANT

IF (ISORPI(KK).EQ.0) GO TO 25
II=II+1
K=II+NUM(1)
READ 960,PKI(II),GUESSI(K), GUESSB(K)
ILBLE(II)=IC
EQCONST(II)=10.**(-PKI(II) )

107

IF COMPLEX IS SORBED VIA SURFACE COMPLEXATION NEED TO READ IN EQUILIBRIUM

CONSTANT AND NUMBER OF H IONS SORBED OR RELEASED BY THE SURFACE

25 IF (ISORPE(KK).EQ.0) GO TO 27
IE=IE+1
ILBLE(IE)=IC
K=IE+NUM(6)
READ 960, PKE(IE),GUESSI(K) ,GUESSB(K) ,AR(IE)
EQCONST(NUM(2) +IE)=10.**(-PKE(IE) )
2T CONTINUE

WRITE OUT INFORMATION ABOUT THE COMPLEXES

ICMPLX=TI-IION
IECMPLX=IE-IEION
WRITE (6,802) NCMPLXP,ICMPLX, IECMPLX
IF (II.NE.NUM(2)) WRITE (6,990) II, NUM(2),IE,NUM(3)
II=IION
IE =IEION
. IF (LNH.GT.0) WRITE (6,820) DUM(NUM(1)),VJ(NUM(1)), H20K,
1 (80, J=1,NSPECM), S1
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DO 30 I=1,M4

IF (ISORPI(I).EQ.1) II- TII+1

IF (ISORPE(I).EQ.1) IE=IE+1

KK=I+NUM(1)

INP=NUM(12)+I

IF (ISORPI(KK) .EQ.O.AND.ISORPE(KK).EQ.0) WRITE (6,820) DUM(KK)

1 VJ(XK) ,EQCONST(INP), (8(J,I),J=1,M1)
IF (ISORPI(KK).EQ.1.AND.ISORPE(KK) .EQ.0) WRITE (6,821) DUM(KK),
i VJ(KX) ,EQCONST (INP) ,PKI(II), (8(J,I),J=1,M1)
IF (ISORPI(KK).EQ.O.AND.ISORPE(KK).EQ.1) WRITE (6,822) DUM(KK),
1 VJ(KK) ,EQCONST (INP) ,PKE(IE), (8(J,I),J=1,M1) »
IF (ISORPI(KK) .EQ.1.AND.ISORPE(KK).EQ.1) WRITE (6,823) DUM(KK),
1 VJ(XK) ,EQCONST (INP) ,PKI(II) ,PKE(IE), (8(J,I),J=1,M1)
30 CONTINUE
35 CONTINUE

o ke 3k o e 3 ot 3 6 3k o o o 3 3 ok ok 3 o 3k ok o ok 3k o e ok ok sk ak e K ok ok
READ IN INFORMATION ON PRECIPITATES
3% 3 3 3 ok 3k 3k ok 3k ok 3 3k ok 3k 3k 3k 3k e e o 3k ok ok 3k o 3 3 e ok ok ek ek %k
IF (NUM(S5).EQ.0) GO TO .41
WRITE (6,840) NUM(5)
M5=NUM(5)

DO 40 I=1,M5
KK=NUM(10)+I
KL=KK+NUM(12)
READ 970, DUM(KX),PK, (§8(J,I),J=1,M1) .
EQCONST (NUM(12) +NUM(4) +I)=10. %% (-PK)
READ 960,GUESSI(KL),GUESSB(KL)

IF A SOLID IS BEING PLACED IN CONTACT WITH THE INITIAL GROUNDWATER
NEED TO DETERMINE THE SPECIES MAKING UP THIS SOLID :

IF (I.NE.LEACH1(1)) GO TO 39
JLEACH=1
DO 38 J=1,mi
IF (s8s(J,I).EQ.0) g0 T0 38
ILEACH=ILEACH+1
LEACH1 (ILEACH)=J
38 CONTINUE
33 3 ok ok o s o o o o ook 3 33K 3 o o o S S 3 R s o o o ok ok SRR ok
WRITE OUT INFORMATION ABOUT THE PRECIPITATES
0o 3o o o o o o o ok o o o Sk o o RS S o ok ok o ok
39 WRITE (6,9T1) DUM(KK),EQCONST(NUM(12)+NUM(4)+I),(SS(J,I),J=1,M1)
40 CONTINUE
41 CONTINUE
REL=0.01
ABSV=1.E-12
DELT=DTINI
NTOT=NUM(8)
NEQ=NUM(9) *NMAX
ok ook o K
SET UP GRID
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ERRA AR
CALL SETUP (XMAX,DNO,AK, NMAX,ITYPE, IBND,RW)
INDEX=0 '

FRRRRR kR Rk R

EQUILIBRATE INITIAL CONDITIONS

ERERLEEERR RN
M9=NUM(9)

DETERMINE HERE WHETHER THE PROGRAM OR THE USER IS
PROVIDING THE FIRST GUESSES

IF (IG.EQ.1) CALL IGUESS(CM,BI,NUM,LNH)
D0 50 J=1,M9
"AC(J,2)=1.0
IF (IG.EQ.1) GD 70 50
CM(J)=GUESSI(J)
50 CONTINUE
IF ((NUM(3).EQ.0).OR.(IG.EQ.1) ) GO TO0 51 -
CM(NUM(6) +1) =EQCONST (NUM(2) +2) *SOH/CM (LNH)
CM(NUM(6) +2) =CM (LNH) *SOH/EQCONST (NUM(2) +1)
: cm(NUM(s)+2)-CM(NUM(6)+2)/10
51 CONTINUE

CT0T=0. .
HRA R RN R AR RN R RERRREEREERRR RN AR EERR R R E R R R R R AR
DETERMINE THE EQUILIBRIUM CONCENTRATIONS FOR THE INITIAL CONDITIONS
e e L L

CALL EQLIB(CM,BI, INDEXI INDEXI, NUM 2, SS EQCONST CTOT,AC,

1LI,LNH, IN1)

S ok K R AN

WRITE OUT INITIAL CONDITIONS
8 S ok o o o o o oo ok ok o o o o ok ok ok ok ok SRk oK
WRITE (6,T60)
WRITE (6,T80)
I1=0
IE=0
ILEACH=2

CALCULATE CONVENTIONAL KD'S HERE, THE TOTAL AMOUNT OF THE
SPECIES IN THE AQUEOUS PHASE

Do 80 J=1,M1
CMTOTAQ=CM(J) :
IF (ISORPI(J).EQ.0) SORB=0.
IF (ISORPI(J).EQ.0) GO TO 55
I1=11+1
SORB=CM (II+NUM(1))

55 DK=SORB/CM(J)
CONTINUE
IF (ISORPE(J).EQ.0) SORBE=0.
IF (ISORPE(J).EQ.0) GO IO 56
IE=IE+1
SORBE=CM(IE+NUM(6)+3)
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IF (J.EQ.LNH) SORBE=CM(3+KUM(6)) : ER s
IF (J.EQ.LNH) IE=IE-1
56 DKE=SORBE/CM(J)
CONTINUE
IF (NUM(4).EQ.0) GO TO 61
DO 60 I=1,M4
60 CMTOTAQ=CMTOTAQ+S(J, I)*CM(NUM(7)+I)

IF A SOLID IS GOING TO BE PLACED IN CONTACT WITH THE GROUNDWATER,
NEED TO CALCULATE HOW MUCH OF EACH SPECIES THAT MAKES UP THIS
SOLID ALREADY EXISTS IN THE GROUNDWATER \ : ?

61 IF (LEACH1(1).EQ.0) GO TO T9
IF (J.NE.LEACH1(ILEACH)) GO TO 70
PINI(ILEACH-1)=CMTOTAQ
INDEXB(J)=3
ILEACH=ILEACH+1 S -
TO CONTINUE ST e
T8 IF (INDEXI(J).EQ.4) INDEXB(J)=2'+ - ~-* =~ = 7.7
IF (INDEXI(J).EQ.4) BC(J)=CMIOTAQ

WRITE OUT THIS INFORMATION

80 WRITE (s,Tpoi’pUMgJ}TCMfdeﬁ;Cmtjj.EﬁgégsonBE,Ac(;;a);px.nxs'°

IF (NUM(4) .EG.0) GO T0 91 o
WRITE (6,T40)

DO 80 I=1,M4

KK=I+NUM(1)

IF (ISORPI(KK).EQ.0) SORB=0.

IF (ISORPI(KK).EQ.0) GO T0 85

II=II+1

SORB=CM(II+NUM(1))
85 CONTINUE

IF (ISORPE(KK) .EQ.0) SORBE=O0.

IF (ISORPE(KK).EQ.0) GO T0 8 o

TE=IE+1 LT o PIFRORE e

SORBE=CM (IE+NUM(6) +3) e
86 CONTINUE

IK=I+NUM(T)

WRITE OUT INFORMATION ABOUT THE AQUEDUS PHASE coMPLEXEs "3
90 WRITE (6,750) DUM(KK) ,VJ(KK),CM(IK),bSORB,SORBE
91 DO 110 N=1,NMAX
DO 110 J=1,M9
CN((N-1)*NUM(9) +J)=CM(J)
AC(J,N)=AC(J,2)
110 CONTINUE

'IF (LI.NE.O) GO TO 141
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- A SPECIES AT THE BOUNDARY MAY BE CALCULATED FROM A CHARGE BALANCE

THEREFORE IT I8 NECESSARY TO KNOW THE CHARGE THAT

Is

NOT BEING CONSIDERED IN THESE CALCULATIONS AND WHICH IS BEING

MADE UP BY SPECIES NOT PARTICIPATING IN THE CHEMICAL CHANGES

130

140

141

IF

CTOT=0.

CT0T1=-CTOT

DO 130 J=1,M1

CTOT=CM (J)#VJ (J) +CTOT

IF (NUM(4).EQ.0) GO TO 141

DO 140 I=1,M4
CTOT=CTOT+CM(NUM(T)+I)*VJI(NUM(1)+I)

IF (NUM(5).EQ.0) GO TO 160

WRITE (6,841)

D0 150 I=1,M5

II=NUM(10)+I

WRITE (6,845) DUM(II), CM(II+NUM(12))

A SOLID IS BEING PLACED IN CONTACT WITH THE INITIAL GROUNDWATER

NEED T0 CALCULATE HOW MUCH OF EACH PARTICULAR SPECIES IN THIS
SOLID WAS INITIALLY IN THE GROUNDWATER THIS CALCULATION INCLUDES
THE AQUEOUS PHASE COMPLEXES

145

150

160

IF

IF (LEACH1(1) .EQ.0) GO TO 150
ILEACH=2

DO 145 J=1,NSPEC

IF (8s8(J,I).EQ.0) GD TO 145

IF (J.NE.LEACH1(ILEACH)) GO TO 145
PINI(ILEACH-1)=PINI(ILEACH-1)+88(J,I)*CM(NUM(8)+I)
ILEACH=ILEACH+1

CONTINUE

CONTINUE
CONTINUE

A SURFACE COMPLEXATION MODEL IS USED FOR SORPTION,

THEN WRITE OUT THE CHARGES DEVELOPED AT THE LAYERS AND
THE POTENTIALS BETWEEN THESE LAYERS

161

IF (NUM(3).EQ.0) GO TO 161

WRITE (6,59T) SIGO,SIGB,SIGD,PSIO,PSIBETA,PSID
WRITE (6,598). CM(NUM(6)+1),CM(NUM(6)+2)
CONTINUE '

WRITE (6,596) CTOT1

L e Al
EQUILIBRATE BOUNDARY CONDITIONS

111



112

OO0 0a0n

FRRRRRRR R R RRRREERAE
DECIDE IF THE PROGRAM IS SUPPLYING THE FIRST GUESSES
FOR THE SPECIES CONCENTRATIONS

IF (IG.EQ.1) CALL IGUESS(CM,BC,NUM,LNH)
DO 1TO J=1,M9
AC(J,1)=1.0
IF (IG.EQ.1) GO I0 1TO
CM(J)=GUESSB(J)

170 CONTINUE
IF ((NUM(3).EQ.0).OR.(IG.EQ.1)) GO TD 1iT1
CM(NUM(6) +1) =EQCONST (NUM(2) +2) *SOH/CM(LNH)
CM(NUM(6) +2) =CM (LNH) *SOH/EQCONST (NUM(2) +1)
CM(NUM(6) +2) =CM(NUM(6) +2) /1000.

171 CONTINUE

e e R L il
DETERMINE THE EQUILIBRIUM DISTRIBUTION OF SPECIES FOR THE BOUNDARY °

OR INFLUX CONDITIONS

33 o Ko o K K oo KSR S R kR R

CALL EQLIB(CM,BC,INDEX1,INDEXB,NUM,1, ss EQCONST CTDT AC
1LB,LNH, IN2)
WRITE (6,790).
WRITE (6,780)
11=0
IE=0
NEND= (NMAX-1) *NUM(9)
38 3¢ 5 3k 3k 3k ok 2k 3 ok ok 3k 3k o S 3K 3k 3k sk ol 3 3k ke e e 3¢ 3k o e 3k ek ok ok ok ok ok Sk ok koK 3k ok
WRITE OUT THE BOUNDARY OR INFLUX CONDITIONS
3 3 3 3k e ok ok ok Sk 3k o e e e i o S o o e e ok 3k 3 ok ok o e ok ok S 3 ok ok o 3 e S o 3k ok oK

ALSO CALCULATE CONVENTIONAL KD'S, AND THE TOTAL AQUEDUS
PHASE CONCENTRATION OF THE SPECIES

y -

“pgoen

DO 180 J=1,M1
IF (IBND(2).EQ.0) BC2(J)=CN{NEND+J)
CMTOTAQ=CM{J)
IF (ISORPI(J).EQ.O) SORB=0.
IF (ISORPI(J).EQ.0) GD TO 1T2
IT=II+1
SORB=CM (II+NUM(1))
172 DK=SORB/CM(J)
CONTINUE
IF (ISORPE(J) .EQ.0) SORBE=0.
IF (ISORPE(J) .EQ.0) GD TO 173
IE=IE+1
SORBE=CM (IE+NUM(6) +3) o
IF (J.EQ.LNH) SORBE=CM(NUM(6)+3) " -
IF (J.EQ.LNH) IE=IE-1
173 DKE=SORBE/CM(J)
CONTINUE
IF (NUM(4) .EQ.0) GO TO 176
DO 175 I=1,M4
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c

c

c

C

c

175

176

11T

CMTOTAQ=CMTOTAQ+S (J, I) *CM(NUM(T)+I)
BBC=CMTOTAQ

IF (NUM(5).EQ.0) GO TO 1T®

DO 17T I=1,M5
BBC=BBC+8S§ (J, I)*CM(NUM(8)+I)
CONTINUE

ERHEE RN RN RN R RRR R RRRR R R R AR RN

SET INNER BOUNDARY CONDITION
ERERREEEFRRRE R AR TR RERRERREERRR R LR AR R LN

SET UP THE ACTUAL BOUNDARY CONDITIONS FOR THE INNER
BOUNDARY '

179

180

DO

192

193

190

191

IF (IBND(1).EQ.0) BC(J)=BBC
IF (IBND(1) .EQ.1 ) BC(J)=VO*CMTOTAQ

IF((IBND(1) .EQ.1) .AND. (ITYPE.EQ. 1)) BC(J)=VO*CMTOTAQ/X (1)

INDEX2(J)=0

WRITE (6,700) DUM(J),CMTOTAQ,CM(J),SORB, SORBE,AC(J,1),DK,DKE

CALCULATIONS FOR THE COMPLEXES

IF (NUM(4).EQ.0) GO TO 191
WRITE (6,T40)

DO 190 I=1,M4
KK=I+NUM(1)

IF (ISORPI(KK) .EQ.0) SORB=0.

IF (ISORPI(KK).EQ.0) GO TO 192
II=II+1

SORB=CM(II+NUM(1))

CONTINUE

IF (ISORPE(KK) .EQ.0) SORBE=0

IF (ISORPE(KK).EQ.0) GO TO 193
IE=IE+1

SORBE=CM(NUM(6) +IE+3)

CONTINUE

IK=I+NUM(T)

WRITE (6,T50) DUM(KK) VJ(KK) ., CM(IK) , SORB, SORBE

CONTINUE

LT T T T P T T P P P T T TP T Y T 1
C IF FLUX CONDTION IS USED, THEN FIRST GRID IS THE SAME

C AS THE REST OF THE GRIDS _
NN A AN AR AR REREAERERTEERRE RN AR RR U R R RN

200

201

IF (IBND(1).EQ.1) GO TO 201
N=1

DO 200 J=1,M9
CN((N-1)*NUM(9) +J)=CM(J)
CONTINUE

CONTINUE

113
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C WRITE OUT INFORMATION ABOUT THE PRECIPITATES
c Lo
IF (NUM(5).EQ.0) GO TO 210
WRITE (6,841)
c

DO 205 I=1,M5

II=NUM(10)+1 :

WRITE (6,845) DUM(II),CM(II+NUM(12))
205 CONTINUE

C
210 CONTINUE
CT0T1=0.
C
C DO A CHECK OF THE CHARGE BALANCE
c : L - o - -‘ .

DO 215 J=1,M1 | '
215 CTOT1=CM(J)*VJI(J)+CT0T1 =

IF (NUM(4) .EQ.0) GO TO 221

D0 220 I=1,M4

220 CTOT1=CTOT1+CM(NUM(T)+I)*VJI(NUM(1)+I)
CT0T1=-CTOT1

221 WRITE (6,596) CTOT1

IF SURFACE COMPLEXATION IS USED FOR SORPTION, WRITE'
OUT THE CHARGES DEVELOPED AT THE SURFACES AND THE
POTENTIALS BETWEEN THE SURFACES FOR THE BOUNDARY CONDITIONS

OO0 00

IF (NUM(3).EQ.O0) GO TO 231
WRITE (6,59T) SIGO,SIGB,SIGD,PSIO,PSIBETA,PSID
WRITE (6,598) CM(NUM(6)+1),CM(NUM(6)+2) :
231 CONTINUE .
TIME=0. C e
Ki=1
DELT=DTINI '
IF (IDYNAM.EQ.0) GO TOD 500° "~
3k 3k o 3K ke ok ok o ok ok o ok sk ok ok ok o o 3 ok o 3 o ok 3 oK o o oK o Sk ook ok ke ok o ok sk ok o ok Rk Sk sk ok ok ok ok ok ok ok
CALCULATE NEW VALUES OF THE CONCENTRATION AS A FUNCTION OF TIME

aaaaoaoaan

SET OLD VALUES OF CONCENTRATION = TO NEW VALUES

235 D0 240 N=1,NMAX
D0 240 J=1,M8
240 CO((N-1)*NUM(8)+J)=CN((N-1)*NUM(8)+J)

TIME=TIME+DELT
250 ITER=0
ITER2=0

QO

CALCULATE THE RESIDUES OF THE EQUATIONS FOR THE NEW GUESS OF
CONCENTRATIONS AT THIS TIME

(o]

ke 3 o o S 8 o Sk 3ok ok KoK ok K 3 o 3 3 ok S o oK Sk o KR RO R R kR
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CALL RES(CN,CO0,BC,BC2,R,NUM,MDIM,LNH, IBND, ITYPE)
CALCULATE THE JACOBIAN

260 CALL JACOBI(A,B,C,CO,CN,BC, BC2 NUM,R,MDIM, LNH, IBND, ITYPE)
ITER =0
THE SUBROUTINES DECBT AND SOLBT INVERT THE JACOBIAN

263 CALL DECBT(NUM(9),NMAX,MDIM,A,B,C,IIP,IER)
2T0 CONTINUE

ITER=ITER+1

CALL SOLBT(NUM(9) ,NMAX MDIM,A,B,C,R,IIP)

DO 280 I=1,M9
280 CMAX(I)=0.

L2222 2233123323232 3333283123232 3223333132232 23 2323333322522
DETERMINE THE NEW VALUE OF THE CONCENTRATIONS FROM THE OLD VALUES
AND THE INVERSION OF THE JACOBIAN
**********#*************#**************************#**#*******t**

DO 291 N=1,NMAX

DO 290 J=1,M9

COLD=CN ((N-1) *NUM(9)+J)

CN((N-1)*NUM(9)+J)=CN((N- 1)*NUM(9)+J)-R(J N

IF (CN((N-1)*NUM(9)+J).LT.0.) CN({(N-1)*NUM(9)+J)=COLD/10.

. NPNSNE=NUM(T)+1

IF((J.GT.NUM(6)) .AND. (J.LT.NPNSNE) .AND.

1 (CN((N-1) *NUM(9)+J) .gt .80H)) CN ((N-1) *NUM(9) +J)=S0H

CMAX (J) =AMAX1 (CN((N-1)*NUM(9) +J) ,CMAX(D) )
290 CONTINUE
291 CONTINUE

R T T s e L ot

DETERMINE IF THE CHANGES IN THE CONCENTRATIONS ARE WITHIN THE ERROR

RANGE .

SO R A AR R AR AR RNk R NOR Rk Rk Rk
ERR=0.

DO 300 N=1,NMAX
DO 300 I=1,M9
AAA=R(I,N)
BBB=CMAX (I)
IF (BBB.LT.1.E-30) GO TO 300
AAA=AAA/BBB
ERR=ERR + AAA*AAA
300 CONTINUE
ERR=SQRT (ERR)

IF (ERR.LT.1.E-3) GO TO 310
S ok SR Kk Nk SRR R R R R A R RN R R

IF CONVERGENCE IS NOT OBTAINED CALCULATE THE RESIDUES FOR THE NEXT GUESS
S5 30 305 ok oo o o S sk o o o o o o SO SR o o 3 0 3 o 30 o o oS 3 S R R R 3o ok ok
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CALL RES(CN.CO.BC,BCZ.R.NUM,MDIM,LNK,;BND.ITYPE).
IF (ITER.LT. 10) GO I0 2T0
301 CONTINUE
ITER2=ITER2+1
IF (ITER2.LT.3) GO TO 260
c **************************************#******t***#**#**********#t#****#
C IF CONVERGENCE IS NOT OBTAINED WITHIN 10 ITERATIONS REDUCE THE TIME STEP.
c *********************************************#****#****#***************
TIME=TIME-DELT
DELT=DELT/2.0
WRITE (6,2022) DELT

Ké=1
c ' '
C SET NEW VALUES EQUAL TO OLD VALUES AND START THIS TIME STEP OVER
c .

D0 306 N=1,NMAX
DO 306 J=1,M9

306 CN((N- 1)*NUM(9)+J)'C0((N-i)*NUM(9)+J)
TIME=TIME+DELT

GO TO 250
c .
C CONVERGENCE IS OBTAINED, S0 START NEXT TIME STEP
c

310 CONTINUE
(o] *****************************#*********************#******************
C CHECK TO SEE IF THERE IS A NEW SOLID WHICH IS STARTING TO PRECIPITATE
C OR DISSOLVE AT ANY POINT.
C IF THERE IS, RE-EQUILIBRIATE THE SPECIES. i
(o} ********************************************************************** .
DO 400 N=1,NMAX
IF (NUM(5).EQ.0) GO TO 400
DO 390 I=1,M§
AKSOL=1.0
DO 320 J=1,M1
320 AKSOL=AKSOL* (AC(J, N)*CN((N 1)*NUM(9)+J))**SS(J I)
INDEX1(I)=0 )
IJ=NUM(12) +NUM(4)+I
EK=0.01*EQCONST(IJ)
IF ((AKSOL-EQCONST(IJ)).GT.EK) GO TO 325
KK=(N-1) *NUM (9) +NUM(8) +I
IF((CN(KK) .GT.1.E- 30) AND. ((EQCONST (1J)-AKSOL) .GT.EX))GO T0
1 325
IF((CO((N-1)*NUM(8)+NUM(8)+I).GT.0.) .AND. (CN((N-i)*NUM(9)
1 +NUM(8)+I).LE.1.E-16)) GO TO 389
GO TO 390

2.y

CALCULATE THE TOTAL CONCENTRATON OF EACH SPECIES AT A NODE POINT
AND DO A REDISTRIBUTION OF SPECIES WHEN A NEW PRECIPITATE STARTS
TO FORM AT A NODE POINT

aaaoaaoa

325 CONTINUE
KISNUM(10)+I
WRITE(6,2021)N,DUM(KI) , TIME



(2]

WRITE (6,2000) AKSOL,EQCONST(NUM(12)+NUM(4)+I)
II=0
IE=3
DO 330 J=1,M9

330 CM(J)=CN((N-1)*NUM(9) +J)

DO 375 J=1,M1
WCONST (J)=CM(J)
IF (ISORPI(J).EQ.0) GO TO 350
II=II+1
WCONST(J)=WCONST(J)+CM(NUM(1)+II)

350 CONTINUE

IF (ISORPE(J).EQ.0) GO TO 355
IE=IE+1
IEJ=IE
IF (J.EQ.LNH) IEJ=3
IF (J.EQ.LNH) IE=IE-1

" WCONST (J)=WCONST (J)+CM(NUM(6) +IEJ)

IF (J.EQ.LNH) WCONST(J)=WCONST(J)+2.*CM(NUM(8)+2)

355 CONTINUE
IF (NUM(4) .EQ.0) GO T0 362
D0 360 K=1,M4

KK=K+NUM(1)
IF (ISORPI(KK).EQ.0) GO TO 356
II=1II+1
WCONST(J)‘WCONST(J)+S(J K) #CM(NUM(1) +1T)
356 - CONTINUE
IF (ISORPE(KK).EQ.0) GO TO 360
IE=IE+1
WCONST (J) =WCONST (J) +8 (J, K) *CM(NUM(6) +IE)
360 WCONST (J) =WCONST (J) +CM(NUM(T) +K) *8 (J ,K)
362 DO 370 K=1,M5

WCONST (J) =WCONST (J)+88(J, K)*CM(NUM(8)+K)

370 CONTINUE
375 CONTINUE

Rk Rk R R R RN R R R R kR R R

DO AN EQUILIBRIUM SPECIATION IF A NEW PRECIPITATE IS FORMING
33 oo o oS o o S R R Ao o R R kR Rk kR

CALL EQLIB(CM,WCONST, INDEX1,INDEX2,NUM,N,S8,EQCONST,CTIOT, AC,

10,LNH, IN3)
DO 380 J=1,M9
380 CN((N-1)*NUM(9) +J)=CM(J)
GO TGO 390
389 CONTINUE
TMINUS=TIME-DELT

WRITE(6,2050)N,DUM(NUM(10)+I) , TMINUS, CO((N-1)*NUM(9) +NUM(8)+I),

1 TIME,CN((N-1)*NUM(9) +NUM(8) +I)
390 CONTINUE
400 CONTINUE

IF ((TIME-TPRINT(K1)).GT.0.) GO TO 401
- IF (ITER.LT.6) DELT=DELT*1.T5
IF (DELT.GT.DTMAX) DELT=DTMAX

IF ((ITER.LT.6).AND.(DELT.LT.DTMAX)) WRITE (6,2023) DELT,TIME

117
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GO TO 235 .
401 CONTINUE
(ol 22 22 P 23323732223 3332 823833232233 333 32333333333 2333 33822
C WRITE OUT THE SPECIES CONCENTRATIONS
C skseokokok sk ok ok ook sk ok ok oo o ok ok 3 e o o ok 3 3 ok ok ko ek o S ok R ok ok o sk o sl A
K1=K1+1
WRITE (6,530) TIME,DELT
NPRI=NMAX/9
I1=1
I5=1
I4=9 , v
K2P=0 ;
13=0
405 CONTINUE
K1P=K2P+1 :
K2P=K1P+(I4-1) .
I2=13 ’ I
I3=I2+NUM(9)*I4 i A i
WRITE (6,620) (X(K),K=K1P K2P)

ao

BASIS SPECIES

DD 410 J=1,M1

I122=T2+]

WRITE (6,625) DUM(J), (CN(K) ,K=I22;13,M9)
410 CONTINUE

c
C SORBED SPECIES VIA ION EXCHANGE
¢ e
IF (NUM(2) .EQ.0) GO TO 420
WRITE (6,621) v
M2=NUM(2) .
c
DD 415 J=1,M2
I22=T2+NUM(1)+J
KK=ILBLI(J) . N :
WRITE (6,625) DUM(KK) (CN(K) K-Izz 13 MQ)
415 CONTINUE A
c
C SORBED SPECIES VIA SURFACE COMPLEXATION
C
420 IF (NUM(3) .EQ.0) GO TO 435
WRITE (6,622)
M3=NUM(3)
C 3

DO 430 J=1,M3
I22=I2+NUM(6) +J
KK=ILBLE(J)
IF (KK.GT.NUM(1)) KK=KK-NUM(2)-NUM(3)
IF ((J.EQ.1).0R.(J.EQ.2)) KK=ILBLE(J)
WRITE (6,625) DUM(KK), (CN(K),K=I22,I3,M9)
430 CONTINUE v
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c

c

a

Q

AQUEOUS PHASE COMPLEXES

435 IF (NUM(4) .EQ.0) GO TO 445
WRITE(6,623)

DO 440 I=1,M4
I22=I2+NUM(T)+I
KK=I+NUM(1)
WRITE (6,625) DUM(KK), (cn(x) K=I22,13,M9)
440 CONTINUE

PRECIPITATES

445 IF (NUM(5).EQ.O0) GO TO 470
WRITE (6,624)

DO 460 I=1,M5

KK=NUM(10) +I

I122=I2+NUM(8)+I

WRITE (6,625) DUM(KK), (CN(K) K=I122,13, M9)

-460 CONTINUE

470 CONTINUE
I1=T1+1
IF (I1.LE.NPRI) GO TO 405
NPRI2=NPRI*9
IF (NPRI2.EQ.NMAX) GO TO 490
I4=NMAX-NPRI2
IF (I5.EQ.5) GO TO 490
15=5
GO TO 405

490 IF (K1.GT.KMAX) GO TO 500
GO TO 235

500 CONTINUE
STOP

FORMAT STATEMENTS FOR THE MAIN PROGRAM

530 FORMAT (*1%,4X,*TIME=*,F10.5,10X,*DELT=#,1PE12.4, 10X,
1*CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION#,/)

596 FORMAT (//,4X,*TO HAVE A NET BALANCE OF ‘ZERO CHARGE, OTHER *
1*SPECIES MUST BE PRESENT (ALTHOUGH NOT PARTICIPATING IN THE,/,
2 4X, *CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES *,-
2 *CHARGE OF *,G10.3,/)

59T FORMAT (///,5X,*SIGD=+*, (1PE10 3) ,5X,*SIGB=*, (1PE10.3), 5X, *SIGD=*,
1 (1PE10.3),/,5X,*PSI0=*, (1PE10.3),5X,*PSIBETA=*, (1?510.3).sx.
2*PSID=%, (1PE10.3),/)

598 FORMAT (4X,*S0- =%,1PE12.4,10X, *sonz+ =* 19512 4, //)

600 FDRMAT(//.4X,*DISPERSIDN COEFFICIENT =%,F4.1,% V +%,G6.2,5x,
1¥FLUID VELOCITY =#,G10.3,5x, *NUMBER OF GRID POINTS =x%,I5,/)

601 FORMAT(//,4X,*DISPERSION COEFFICIENT =#,F4.1,* V +#%,G6.2,5x,
1*FLUID VELOCITY =#,F10.3,%/ R*, 5x,
2 #NUMBER OF GRID POINTS =#,15,/)

119
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610 FORMAT(/,4X,#NUMBER OF PRINT OUTS =#,15,/,4X,
1#GIVEN AT THE FOLLOWING TIMES =#,8G10.4,/,34X,8G10:.4)

611 FORMAT (/,4X,*NUMBER OF SITES(ION-EXCHANGE)*,F10.4,10X,
1*NUMBER OF SITES(EDL MODEL)*,F10.4)

620 FORMAT (//,4X,55X,*DISTANCE*,/,4X,*SPECIES#*,1X, 9F12 3,/)

622 FORMAT (/,4X,*SORBED(EDL)*,/)

623 FORMAT(/,4X,*COMPLEXES*,/)

621 FORMAT(/,1X, *SORBED (IONEX)*, /)

624 FORMAT(/,2X,*PRECIPITATES*,/)

625 FORMAT (3X,A10,2X,9(1PE12.4))

TOO FORMAT(# #A10,2G15.4,4X,2G11.4,6X,3G15.4)

T40 FORMAT(/# COMPLEX VALENCE AQUEOUS CONC.  SORPTION(IONEX
1) SORPTION (EDL)#) B - ’

T50 FORMAT(# #A10,5G15.4)

T60 FORMAT (*1i*,60X,*INITIAL CONDITIONS*,//)

780 FORMAT(# COMPONENT#5X# TOTAL #5X
1#BARE ION  #5X#SORBED CONCENTRATION#,8X#ACT. COEF.#5X
2#KD(ION EX) KD (EDL) #,/,13X,#AQUEOUS CONC.#4X,
3 #CONCENTRATION#,3X,# (IONEX) (EDL) #.,/)

790 FORMAT(*1%*,30X,* BOUNDARY or influx conditions*,//)

800 FORMAT (////.2X,14.% BARE IONS#,10X,I4,5X,#S0RBING IONS#,
1 # (IONEX)#,10X,I4,5X,#SORBING IONS (EDL MODEL)#,///,
2# COMPONENT CHARGE #,
35X, #INITIAL CONDITIONS#,TX,#BOUNDARY CONDITIONS#,TX, #PK(IONEX)#
4ATX,#PK(EDL) #,/,
525X, #TYPE#,TX, #VALUE#, 9X, #TYPE#, TX, #VALUE#, /)

802 FORMAT (///.2X,I4.# COMPLEXES#,10X, I4,TX, #SORBING COMPLEXES#
1# (IONEX) #, 10X, I4, 5%, #SORBING COMPLEXES (EDL MODEL)#,///.
2# COMPLEX CHARGE #,
33X, #EQUIL. CONSTANT#,9X,#PK(IONEX)#,TX,#PK(EDL)#, 10X,
4#STOICHIOMETRY#, /)

805 FORMAT(A10,F6.0,6X,I5,4X,1PE12.4,4X,1I5,4X,1PE12.4,10X,#---#,12X,
1#-—-#)

806 FORMAT(A10,F6.0,6X,15,4X,1PE12.4,4X,15,4X,E12.4,4X,0PF10.3, 11X,
1#--=#)

80T FORMAT(A10,F6.0,6X,1I5,4X,1PE12.4,4X,15,4X,1PE12:4,11X,#-—-#,6X; . -
10PF10.3)

808 FORMAT(A10,F6.0,6X,I5, 4x 1PE12.4,4X, 15, 4x 1?512 4, 9x OPF10 3,8X,
10PF10.3)

820 FORMAT (A10,F6.0,9X,1PE12.4,15X,#---#,10X,#--<#,TX, 10(0PF5 o))

821 FORMAT (A10,F6.0,9X,1PE12.4,8X,0PF10.3:10X,#---#,TX,10F5.0)."

822 FORMAT (A10,F6.0,9X,iPE12.4,15X,#---#,4X,0PF10.3,6X,10F5.0)

823 FORMAT (A10,F6.0,9X,1PE12.4,8X,0PF10.3,4X,F10.3,6X,10F5.0).

840 FORMAT (///.2X.I5,TX,*SOLID PRECIPITATES*,//,2X, *PRECIPITATE*
12X, *SOLUBILITY PRODUCT*,10X,*STOICHIOMETRY*./) " ‘

841 FORMAT (//,2X,*PRECIPITATE#*,3X, *EQUIVALENT MOLES*
1%/LITER SOLUTION*,/) :

845 FORMAT (1X,A10,G10.3)

900 FORMAT (10X,TF10.3) - SR

910 FORMAT (10X,7I10) ~ - R

920 FORMAT (10X,I10,6F10.3)

950 FORMAT(A10,F5.0,15,2F10.3,15,2F10.3,2I5)

960 FORMAT(10X,3F10.3,F5.1)
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9TO FORMAT (A10,F10.3,10F5.1,/,20F5.1)

9T1 FORMAT (A10,6X,1PE12.4,9X, 10(0PF5 1)) .-

980 FORMAT (10X,2F10.3,2I5)

990 FORMAT (/,4X,*YOUR NUMBER OF SORBING IONS INPUT DOES NOT EQUAL THE
1 NUMBER THAT WAS LISTED INITIALLY*,2I5,10X,2I5)

998 FORMAT (*1%,20A4)

1000 FORMAT (20A4)

1001 FORMAT (10X,5(1PE12.4,/))

1010 FORMAT (2A10)

1011 FORMAT (/,4X,*UNIT OF LENGTH IS*,2X,A10,10X,*UNIT OF TIME IS%*

1,2X,A10)
2000 FORMAT .(/,4X,*THE ACTIVITY PRODUCT IS§*,1PE10.3,5X,
" 1*WHICH NOW EXCEEDS THE SOLUBILITY PRODUCT OF#,1PE10.3) -

2021 FORMAT (//,4X,*PRECIPITATION AT NODE#, I5,5X, *FOR SPECIES* AIO
1 *AT TIME*,1PE11.3)

2022 FORMAT (/,4X,*CONVERGENCE IS NOT OBTAINED, SO TIME STEP IS *

i , *DIVIDED BY 2, DELT=+,1PE12.4) _

2023 FORMAT (/,4X,*CONVERGENCE IS OBTAINED IN LESS THAN 6 *,
1*ITERATIONS SO TIME STEP IS INCREASED BY 1. TS* / 4X, *DELT=#,
11PE12.4,10X, *AT TIME=+,1PE12.4)

2050 FORMAT (/,4X,*AT NODE#*,I5,4X,*SPECIES*,A10,*HAS REDISSOLVED%,/,
1* THE CONCENTRATION OF THIS SPECIES AT TIME* 1PES.2,4x, *IS*,
2 E12.4,/,%AND THE CONCENTRATION OF THIS SPECIES AT TIME%,E8.2,
3 4x,*IS*, E12.4)

2080 FORMAT (/,4X,*INNER BOUNDARY IS CONSTANT concsnrnarxon* 10X,
1*0UTER BOUNDARY IS ZERO FLUX*)

2061 FORMAT (/,4X,*INNER BOUNDARY IS CONSTANT FLUX*, 10X, *OUTER*,

1* BOUNDARY IS ZERO FLUX*)

2062 FORMAT (/,4X,*INNER BOUNDARY IS CONSTANT CONCENTRATION*,10X,
1*0UTER BOUNDARY IS CONSTANT INITIAL CONCENTRATION%*)

2063 FORMAT (/,4X,*INNER BOUNDARY IS CONSTANT FLUX*, 10X, *OUTER#

1% BOUNDRY IS CONSTANT INITIAL CONCENTRATION*)
END : .
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SUBROUTINE ACTIVE(NUM,CN,VJ,AC,ELCONC,MDIM,K NBEGIN,NEND) .
ok o s o S 3SR K o o ok ook R o o o AR o RIS R R
CALCULATES THE ACTIVITIES BASED ON THE DAVIES EQUATION
THE IONIC STRENGTH AT EACH NODE POINT IS STORED IN ELCONC,
THE ACTIVITIES ARE IN THE MATRIX AC(I.N)
sk s 3 v o e o ok 3k ok o o ok sl ok o ok o o o ok e s R SR ok ok ok ok ok e ek ok ko R ke kS kR ke

DIMENSION NUM(1),CN(1),VJ(1),AC(MDIM,1),ELCONC(1)

M1=NUM(1)

M4=NUM(4)

NTOT=NUM(9)

IF (NBEGIN.EQ.NEND) NTOT=0

DO 50 N=NBEGIN,NEND -

OO0 n

C CALCULATION OF IONIC STRENGTH

CTOT=0.
SI=0. : .
DO 10 J=1.,M1 : L
IF (CN((N-1)*NTOT+J) .LT.0.) GO 10 6
CTOT=CTOT+VJ(J) *CN({N-1)*NTOT+J) Lo
10 SI=SI+VJ(J)**2*CN((N-1)*NTOT+J) = . P N ;
IF (NUM(4) .EQ.0) GO T0 16 ¢ | . S
DO 15 I=1,M4 :
IF (CN((N-1)*NTOT+NUM(T)+I)~LT.0) GO TO 60
CTOT=CIDT+VJ(NUM(1)+I)*CN((N-1)*NTOT+NUM(T)+I)
15 SI=SI+VJ(NUM(1)+I)**2*CN{(N-1)*NTOT+NUM(T)+I) .
16 CONTINUE

ALTHOUGE THE NET CHARGE OF THE SPECIES. BEING CONSIDERED..IS -IN THE
CALCULATIONS MAY NOT BE EQUAL TO ZERGC, FOR AN ACCURATE CALCULATION
OF THE IONIC STRENGTH, ALL THE CHEMICAL SPECIES MUST BE CONSIDERED -
THEREFORE, IT IS ASSUMED HERE THAT THE BALANCE OF THE CHARGE IS MADE
UP BY A CHEMICAL SPECIES OF A +1 OR ~1 CHARGE AND A CONCENTRATION

OF CTOT. IF THIS IS NOT REASONABLE, THEN THE ACTUAL CALCULATION
SHOULD BE DONE WITH A NET CHARGE OF 0.

s N s NN Ne]

SI=SI+ABS(CTOT)

CIONST=0.5%SI
ELCONC(N)=CIONST
8I=SQRT(CIONST)
FI=0.5%(8I/(1.+8I)-0.3*CIONST)

o]

CALCULATION OF ACTIVITY COEFFICIENTS

DO 20 J=1,M1
G=FI*VJ (J)*#*2
20 AC(J,N)=10.%*(-G)
IF (NUM(4) .EQ.0) GO TO 50
D0 25 I=1,M4
GCX=FI*VJ(NUM(1)+I)**2
25 AC(NUM(1)+I,N)=10.%*(~-GCX)
50 CONTINUE
RETURN
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60 WRITE (6,100)

100 FORMAT (/,4X,*THE CONCENTRATION I8 LESS THAN ZERO WHICH IS NOT*
1 * ALLOWED, THEREFORE THE PROGRAM HAS STOPPED%*, /)
RETURN
END
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SUBROUTINE ALGEBRC(NUM,CN,R,N1i,N2,MDIM,ELCONC,LNH, K1)

c
[of ke e 3 2k s e v 2k o 3 sk e e S 2k 3 2k e ok e S e s e 2 e o e e e e ke ok e e s e e o e o e ok e ok ek S sk o ok ke ok e ek o
C CALCULATES THE RESIDUE FOR THE SITE CONSTRAINT EQUATIONS
C AND THE MASS ACTION EQUATIONS DESCRIBING THE SORPTION
C REACTIONS AND THE FORMATION OF COMPLEXES AND PRECIPITATES
C 35 e 2k 3 3 3 de ke e 3 v 38 e 2k 2k 2k ke e e e ok a0 e e e e e 3k ok e sk e e 3 ofe ke ok dke ok ke e o 3 ok 3 ke e ok 3 e ok e ok e ok K
c

DIMENSION NUM(1),CN(1) ,R{MDIM,1),RESIDUE(25),6ELCONC(1)

LEVEL2,R

COMMON/AB/VJI(T5) ,AC(T5,100) ,EQCONST (100)

1,8(25,25),55(25,25) ,AH(25)

2,ILBLI(25),ILBLE(25)

COMMON/NJ/ISORPI(30),ISORPE(30),IION,IEION

COMMON/AD/X(200) ,DELT,D0A,DOB, V0, CECNS, H20K

M1=NUM(1)

M2=NUM(2)

M3=NUM(3)

M4=NUM(4)

M5=NUM(5)

KK=K1
c

C FOR SORPTION VIA ION EXCHANGE, SITE CONSTRAINT EQUATION
c
DO 200 N=Ni,N2
NSTART=(N-1) *NUM(9)
IF (KK.EQ.1) NSTART=0
IF (NUM(2).EQ.0) GO TG 45
R(NUM(1) +1,N)=CECNS
AMTOTAL=0.
DO 35 J=1,M2
JJI=ILBLI(J)
R(NUM(1)+1,N)=R(NUM(1)+1,N) -VJ(JJ) *CN(NSTART+NUM(1) +J)
35 AMTOTAL=AMTOTAL+CN(NSTART+NUM(1)+J)
c
C MASS ACTION EQUATIONS DESCRIBING SORPTION VIA ION EXCHANGE
c
IF (NUM(2).EQ.1) GO TO 45
J1=ILBLI(1)
DO 40 J=2,M2
JI=ILBLI(J)
AJ=(CN(NSTART+NUM(1)+J) /AMTOTAL) **VJ(J1)
A1=(CN(NSTART+NUM(1)+1) /AMTOTAL) **VJ(JJ)
IF (CN(NSTART+JJ) .LT.1.E-16) GO TO 36
R(NUM(1)+J,N)=EQCONST (J) #*VJI(J1) *A1/AJ-EQCONST (1) **VI(JJ) *
1(CN(NSTART+J1)*AC(J1,N)) **VJ(JJ)/(CN(NSTART+JJ)*AC(JJ,N) ) **VJ(J1)
GO TO 40
36 R(NUM(1)+J,N)=(EQCONST (J)*CN(NSTART+JJ)*AC(JJ N))**VI(J1)*
1A1-(EQCONST (1) *CN(NSTART+J1) *AC(J1,N) ) **VJI(JJ) *AJ
40 CONTINUE
45 CONTINUE
IF (NUM(3) .EQ.0) GO TO 52
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FOR SOPTION VIA SURFACE COMPLEXATION, MASS ACTION EQUATIONS
ARE SOLVED IN SUBROUTINE REDL

CALL REDL(CN,RESIDUE,NSTART, ELCONC(N) LNH, NUM)
DO 50 I=1,M3
R(NUM(6)+I,N)=RESIDUE(I)
50 CONTINUE
52 CONTINUE
IF (NUM(4) .EQ.0) GO TO 58

MASS ACTIONS EQUATIONS FOR FORMATION, OF COMPLEXES IN THE AQUEOUS
PHASE

DO 56 I=1,M4

CM=EQCONST (NUM(12)+I)

DD 54 J=1,M1

IF (8(J,I).EQ.0) GD T0 54

M=CM#* (AC(J, N) *CN(NSTART+J)) **S(J,I)
54 CONTINUE
56 R(NUM(T)+I,N)=AC(NUM(1)+I, N)*CN(NSTART+NUM(T)+I) cM
58 CONTINUE

IF (NUM(5).EQ.0) GO TO 170

SOLUBILITY PRODUCT EQUATIONS FOR THE FURMATIONS.DF PRECIPITATES

DO 168 I=1,M5
KK=NSTART+NUM(8)+1
KN=NUM(8)+I
IF (CN(KK).LT.1.E-11) GO TO 16T
AKSOL=1.0
DO 162 J=1,M1
IF (8S(J,I).LT.1.E-15) GO T0 162
AKSOL=AKSOL* (AC(J,N) *CN(NSTART+J) )**88(J,I)
162 CONTINUE
R (KN, N)=AKSOL-EQCONST (NUM(12) +NUM(4)+I)
GO TD 168
16T R(KN,N)=CN(KK)
168 CONTINUE
170 CONTINUE
200 CONTINUE
RETURN
END

125
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SUBROUTINE EQLIB(CM,WCONST,INDEX1, INDEX2,6NUM,N,8S, EQCONST,CIO0T,
1AC,LCHRG,LNH, IN) o o ,
e 3 3 s 3 3 o o 3 ok o ok e ok o S ok 3 o ok oK o ok o 3 ok ok ol sk ok R Sk R ok SRSk R sk Nk SRR R kR kR kR Rk RNk R R
THIS SUBROUTINE CALCULATES THE EQUILIBRIUM DISTRIBUTION OF SPECIES. IT
CALLS THE SUBROUTINE RESEQ WHICH CALCULATES THE RESIDUES OF THE EQUILIBRIUM
EQUATIONS. THE EQUILIBRIUM DISTRIBUTION OF SPECIES IS CALCULATED GIVEN
THE TYPE OF CONDITIONS SET FOR EACH SPECIES, I.E. TOTAL CONCENTRATION OF THE
SPECIES, BARE ION CONCENTRATION, ETC. THIS SET OF CONDITIONS MUST EQUAL
THE NUMBER OF BASIS SPECIES. THE MASS ACTION EXPRESSIONS, SOLUBILITY PRODUCT
EQUATIONS, AND THE SITE CONSTRAINT EQUATION ARE USED TO CALCULATE THE
CONCENTRATIONS OF THE REST OF THE SPECIES.
o ke ok S S ke o ok 3 o o o 3 ok 3 3 o o 3 Sk o 3k ok o o o 3 o ok e o ok 3k ot 3 o o 3 5 ok 3 o ok o S sk ok ok o ok ok ok 3k ok ok Sk ak ok ok ok kb kb ok ok ok Rk ok K
DIMENSION CM(1),WCONST(1),2(25,25),Y(25),INDEX1(1), INDEXZ(I)
1,88(25,1) ,EQCONST (1) ,AC(T5,1),ITERP(35),NUM(1) :
COMMON/EDL/C1,C2,AREA, SOH
COMMON/SPEC/LEACH1 (5) ,NB, PINI(5)

MDIM=25
NTOT=NUM(8)

IF (NUM(3) .EQ.0) SOH=20.
ITER=1 o
IF (NUM(5).EQ.0) GO TO'2
M5=NUM(5)
DO 1 I=1,M5

1 ITERP(I)=1

2 ITER=ITER+1

IF CONVERGENCE IS NOT OBTAINED WITHIN 100 ITERATIONS, TRE
CALCULATIONS ARE STOPPED

IF (ITER.GT.100) GO TD 90
NSOL=0

THE SOLUBILITY PRODUCT FOR A PRECIPITATE IS ONLY INCLUDED WHEN
THE PRODUCT OF THE ACTIVITIES OF THE SPECIES MAKING UP THAT
PRECIPITATE EXCEEDS THIS PRODUCT; TO AVOID OSCILLATIONS BETWEEN
THE PRECIPITATE WANTING TO FORM OR NOT, THE SOLUBILITY PRODUCT
IS INCLUDED ONLY WHEN IT IS EXCEEDED FOR TWO CALCULATIONS

IF (NUM(5).EQ.0) GO TO 40
DO 20 I=1,M5
AKSOL=1.0
M1=NUM(1)
DO 5 J=1,M1
5 AKSOL=AKSOL*(AC(J,N)*CM(J))*%S8(J,I)

IF A SOLID HAS BEEN PUT IN CONTACT WITH THE GROUNDWATER AT THE
FIRST NODE POINT, THE SOLUBILITY PRODUCT OF THAT PRECIPITATE WILL
ALWAYS BE INCLUDED FOR THE DISTRIBUTION OF SPECIES AT THE INNER
BOUNDARY CONDITION.

IF ((LEACH1(1) .EQ.I).AND.(N.EQ.NB)) INDEX1(I)=1
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IF ((LEACH1(1).EQ.I).AND.(N.EQ.NB)) GO T0 15
INDEX1 (I)=0
IJ=NUM(12)+NUM(4)+I
EK=0.001*EQCONST (1J)
IF ((EQCONST(IJ).LT.AKSOL).OR.(CM(NTOT+I).GT.1.E-16)) ITERP(I)=
1 ITERP(I)+1
IF ((EQCONST(IJ).LT.AKSOL).OR.(CM{NTOT+I).GT.1.E~16)) GO 10 10
ITERP(I)=0
10 IF (ITERP(I).GE.2) INDEX1(I)=1
15 IF (INDEX1(I).EQ.1) NSOL=NSOL+1
MO=NUM(9)
IF(ITER.GT.IN) WRITE(6,900) (CM(J),J=1,M9),AKSOL,EQCONST(IJ)
20 CONTINUE
40 CONTINUE

RESIDUES OF THE CONSTRAINT EQUATIONS FOR THE INITIAL AND BOUNDARY
CONDITICONS AND THE MASS ACTION AND SITE CONSTRAINT EQUATION ARE
CALCULATED IN THE SUBROUTINE RESEQ

CALL RESEQ(WCONST,CM, INDEX1,INDEX2,Y,N,CTOT,MDIM, NUM,LCHRG,LNH,
1 NSOL)

NTOTP=NTOT+NSOL

IF (ITER.GT.IN) WRITE (6,1000) (Y(I),I=1,NTOTP)

THE JACOBIAN FOR THE EQUILIBRIUM DISTRIBUTION OF SPECIES; I.E. FOR THE
EQUATIONS IN SUBROUTINE RESEQ IS CALCULATED HERE®

CALL JACOB2(Z,CM,WCONST,INDEX1,INDEX2,Y,NUM,N,CTOT,NSOL, LCHRG,
1LNH, MDIM)

FROM THE JACOBIAN AND THE RESIDUES FOR THE LAST GUESS, CALCULATE THE
NEW GUESS FOR THE ALL THE SPECIES

CALL SIMQ(Z,Y,NTCTP,MDIM)

IF (ITER.GT.IN) WRITE (6,101) ITER

DO 60 J=1,NT0T

CC1=CM(J)

CM(I)=CM (D) -Y(D)

IF (ITER.GT.IN) WRITE (6,1000) CC1,CM(J),Y(J)

THE CONCENTRATION OF THE SPECIES IS NOT ALLOWED TO GO NEGATIVE OR
FOR THE SURFACE COMPLEXATION MODEL, THE SORBED CONCENTRATION CANNOT
BE GREATER THAN THE TOTAL NUMBER OF SITES

IF(CM(J).LT.0.) CM(J)=CC1/10.

IF ((J.GT.NUM(6)) .AND.(J.LT.NUM(T)).AND. (CM(J) .GT.SOH)) CM(J)=SO0H
60 CONTINUE

INDEX=0

CALCULATE THE AMOUNT OF THE PRECIPITATES; ONLY PRECIPITATES THAT ARE FORMING
ARE INCLUDED IN THIS CALCULATION
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c
IF (NUM(5) .EQ.0) GO TO 66
DO 65 I=1,M5
IF (INDEX1(I).EQ.0) GO TD 65
INDEX=INDEX+1
CC1=CM(NTOT+I)
CM(NTOT+I)=CM(NTOT+I)-Y(NTOT+INDEX)
II=NTOT+I
III=NTOT+INDEX
IF (ITER.GT.IN) WRITE (6,1000) CCi,CM(II),Y(III)
IF (CM(NTOT+I).LT.0.) ITERP(I)=0
IF (CM(NTOT+I).LT.0.) CM(NTOT+I)=0.
65 CONTINUE
66 CONTINUE
C B
C CHECK CONVERGENCE; IF WITHIN THE CRITERIA SET, THEN END TEE
C ITERATIONS, OTHERWISE CONTINUE
c

DO TO J=1,NTOTP
IF (CM(J).LT.1.E-30) GO TO 70
IF (ABS(Y(J)/CM(J)) .GT.1.E-6) GO TD 2
TO CONTINUE ‘
RETURN ,
80 WRITE(6,100) ITER _
100 FORMAT (# NO CONVERGENCE IN EQLIB AFTER ITER =#I3)
101 FORMAT (4X,I5,10X,*VALUES FOR THIS ITERATION*,/)
900 FORMAT (4X,*PRECIPITATION CHECK*,9(iPE12.4))
1000 FORMAT (/,4X,10(8(1PE12.4),/))
STOP
END
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SUBROUTINE DECBT(M,N,MDIM,A,B,C,IP,IER)

T T L L L LTI e P T
THE NEXT FOUR SUBROUTINES ARE T0O INVERT THE BLOCK TRI-DIAGONAL
MATRIX TO GET THE NEW GUESSES FOR THE CONCENTRATIONS. THE
SUBROUTINES INVOLVED HERE ARE DECBT, DEC, SOL, AND SOLBT AND WERE
WRITTEN BY A.C. HINDMARSH OF LAWRENCE LIVERMORE LABORATORY. THESE
SUBROUTINES ARE COVERED IN A SEPARATE DOCUMENT UCID-30150
“SOLUTION OF BLOCK-TRIDIAGONAL SYSTEMS OF LINEAR ALGEBRAIC EQUATIONS®

ok ook 3o ok o ok o o o K SR ok koo AR o R o R kR Rk Rk Rk R

INTEGER M,N,MDIM,IP(MDIM,N),IER

DIMENSION A(MDIM,MDIM,N),B(MDIM,MDIM,N),C(MDIM, MDIM,6N)

REAL DP

LEVEL 2,A,B,C

IF (M .LT. 1 .OR. N .LT. 4) GO TO 210

NM1 =N -1

NM2 = N - 2

CALL DEC(M,MDIM,A,IP,IER)
K=1

IF (IER .NE. 0) GO TO 200
DO 10 J = 1,M
CALL SOL(M,MDIM,A,B(1,J,1),IP)
CALL SOL(M,MDIM,A,C(1,J,1),IP)
CONTINUE
DO 40 J = 1,M
DO 30 T =1,
DP = 0.
DO 20 L = 1,M
DP = DP + C(I,L,2)*C(L,J,1)
B(1,J,2) = B(1,J,2) - DP
CONTINUE
CONTINUE
DO 100 K = 2,NM1i
KM1

M

DP = 0.
DO 5SOL =1,M

DP = DP + C(I,L,K)*B(L,J, KM1)
A(I,J,K) = A(I,J,K) - DP
CONTINUE

CONTINUE

CALL DEC(M,MDIM,A(1,1,K),IP(1,K),IER)
IF (IER .NE. 0) GO TO 200
DO 80 J = 1,M
CALL SOL(M,MDIM,A(1,1.K),B(1,J.K),IP(1,K))
CONTINUE
DO 130 J = 1,M
DO 120 T = 1
DP = 0.
DO 110 L = 1,M
DP = DP + B(I,L,N)*B(L,J,NM2)
c(I,J,N) = ¢(1,J,N) - DP

M

120 CONTINUVE

129
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130 CONTINUE
DO 160 J = 1,M
DO 150 I = 1,M

DP = 0.
DO 14o L = 1 M

140 = DP + C(I,L, N)*B(L J,NM1)
A(I J,N) = A(I,J,N) - DP

150 CONTINUE

160 CONTINUE
CALL DEC(M,MDIM,A(3,1,N),IP(1,N),IER)
K=N
IF (IER .NE. 0) GO TO 200
RETURN
200 IER =K
RETURN
210 IER = -1
RETURN
END

SUBROUTINE SOLBT(M,N,MDIM,A,B,C,Y,IP)
DIMENSION Y(MDIM,N)
INTEGER M,N,IP(MDIM,N) MDIM
DIMENSION A(MDIM,MDIM,N),B(MDIM,MDIM,N),C(MDIM,MDIM,N)
REAL DP
LEVEL 2,A,B,C,Y
NMi = N - 1
NM2 = N - 2
CALL SOL(M,MDIM,A,Y,IP)
DO 30 K = 2,NM1
KMI = K - 1
DD 20 I = 1,M
DP = 0.
DO 10 J = 1,M
10 DP = DP + C(I,J,K)*Y(J, KM1)
Y(I.K) = Y(I,K) - DP
20 CONTINUE
CALL SOL(M,MDIM,A(1,1,K),Y(1,K),IP(1,K))
30 CONTINUE
DO 50 I = 1,M
DP = 0.
DO 40 J = 1,M ,
40 DP = DP + C(I,J,N)*Y(J,NM1) + B(I,J, N)#*Y(J,NM2)
Y(I,N) = Y(I,N) - DP
50 CONTINUE
CALL SOL(M,MDIM,AC1,1,N),Y(1,N),IP(1,N))
DO 80 KB = 1,NM1
K =N - KB
KP1 = K
DO 70 I
DP = 0.
DO 60 J = 1,M
60 DP = DP + B(I,J.K)*Y(J,KP1)
Y(I.K) = Y(I,K) - DP

1
i.M

In +
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CONTINUE
CONTINUE
DO 100 I = 1,M
DP = 0.
DO 90 J = 1,M
DP = DP + C(I,J,1)*Y(J,3)
Y(I,1) = Y(I,1) - DP
CONTINUE
RETURN
END

SUBROUTINE DEC (N, NDIM, A, IP, IER)
DIMENSION IP(N)
DIMENSION A(NDIM,N)
LEVEL 2,A
IER = ©
IP(N)
IF (N
NM1 =
DO 60

KP1

M=K

D0 10 I = KP1,N

IF (ABS(A(I,K)) .GT. ABSCAM,K))) M=1I

IP(K) = M

T = AM,K)

IF (M .EQ. K) GO TO 20

IP(N) = -IP(N)

AM,K) = A(K.X)

AKK) =T

IF (T .EQ. 0.) GD TO 80

T=1./T

D0 30 I = KP1i,N

A(I,XK) = ~A(I,K)*T
DO 50 J = KP1,N

1) GO 10 7O

Nlll_go-s

n = = -
4+ e e

,NM1
1

T =AM, J)
AM,I) = AK, D)
AKK, I =1

IF (T .EQ. 0.) GO TO 50
DO 40 I = KP1,N
A(T,J) = A(T,J) + A(I,K)*T
CONTINUE
CONTINUE
K=N
IF (A(N,N) .EQ. 0.) GO I0 80
RETURN
IER = K
IP(N) = 0O
RETURN
END

.

SUBROUTINE SOL (N, NDIM, A, B, IP)
DIMENSION B(N), IP(N), A(NDIM,N)
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LEVEL 2, A,B
IF (N .EQ. 1) GO TO 50

DO 2

B(M)
B(K) =
DO 10 I = KP1,N
10 B(I) = B(I) + A(I.K)*T
20 CONTINUE
DO 40 KB = 1,NMi
KM1 = N - KB
K= KM1 + 1
B(K) = B(K)/A(K,K)
T = -B(K)
DO 30 I = 1,KM1
30 B(I) = B(I) + A(I,K)*T
40 CONTINUE
50 B(1) = B(1)/A(1,1)
RETURN
END
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SUBROUTINE IGUESS (CM,CBASIS,NUM,LNH)
ok 3 3 3k e ok 3k 3k 3 ok 3 3 3¢ ke o 3 3 ok o 3 o ok e 2 3 3k ok sk ok 3 3 3 ke ol 3 3 e ok ok o e e ol o ake 3 o 3 M Rk ok ok o ok ok R ok ok 3 ok s e ek Rk ok kK
THIS SUBROUTINE CALCULATES THE FIRST .GUESS OF THE VALUES OF THE
BASIS SPECIES, COMPLEXES, SORBED COMPONENTS AND PRECIPITATES
FOR AN EQUILIBRIUM DISTRIBUTION OF SPECIES CALCULATION. IT ASSUMES
THAT THE CONCENTRATION OF THE BASIS SPECIES IS EQUAL TO VALUE SET
FOR THE INITIAL CONDITION FOR THAT SPECIES, I.E. IT IS SET EQUAL TO
BI(J); THE CONCENTRATIONS OF THE COMPLEXES AND THE SORBED COMPONENTS
ARE THEN CALCULATED FROM THE MASS ACTION EQUATIONS ASSUMING THESE
BASIS SPECIES CONCENTRATIONS. THE CONCENTRATION OF THE PRECIPITATES IS
SET EQUAL TI0 O FOR THE FIRST GUESS. THE SUBROUTINE DOES NOT NECESSARILY
MAKE THE BEST GUESS. THE USER CAN READ IN GUESSES INSTEAD OF CALLING
THIS ROUTINE. SET IG=1 IF YOU WANT TO CALL THIS ROUTINE, OTHERWISE SET
IT EQUAL TO ©.
***********************************************************************

DIMENSION CM(1),NUM(1),CBASIS(25) .

COMMON/AB/VJI(TS) ,AC(75,100) ,EQCONST (100) ,8(25,25),558(25, 25)

1,AB(25),ILBLI(25),ILBLE(25)

COMMON/EDL/C1,C2,AREA, SOH

COMMON/AD/X (200) ,DELT,D0A,DOB, VO, CEC, H20K

M5=NUM(5)

NSPECM=NUM(1)

IF (LNH.GT.O0) NSPECM=NUM(1)-1

SET THE CONCENTRATION OF THE BASIS SPECIES EQUAL TO THE CONCENTRATION
READ IN FOR THAT BASIS SPECIES EVEN THOUGH THAT VALUE MAY BE FOR
THE TOTAL AQUEOUS PHASE CONCENTRATION OF THAT SPECIES.

DO 10 J=1,NSPECM
10 CM(J)=CBASIS(J)
IF (LNH.GT.0) CM(NUM(1))=H20K/CM(NUM(LNH))

CALCULATE THE SORBED CONCENTRATIONS FROM THE MASS ACTION EQUATIONS

IF (NUM(2).EQ.0) GO TO 100
CM (NUM (1) +1)=CEC
AMTOTAL=0
J1=ILBLI(1)
M2=NUM(2)
DO 20 J=2,M2
JI=ILBLI{J)
CM(NUM(1)+J)=(EQCONST (J) /EQCONST (1)) **(1./V(J1))*CM(NUM({1) +1)
1% (VIC(IT)/VI(IL))/ (CU(IL) * (VI (I /VI(I1))
CM(NUM(1)+J)=CM(JJ) *CM(NUM(1) +J)

20 CONTINUE

100 IF (NUM(3).EQ.0) GO TO 200
IJ1=NUM(2)+1
IJ2=NUM(2)+2
CM(NUM(6) +3)=SO0H
KK=NUM(6)
CM(KK+2)=CM (LNH) *SOH*0 . 1/EQCONST (NUM(2) +1)
CM(KK+1)=EQCONST (NUM(2) +2) *CM(KK+3) /CM(LNH)
IF (NUM(3).LT.4) GO TO 200
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DO 120 I=4,M3
JJ=ILBLE(I)

IJ=NUM(2)+I :
CM(KK+I)—EQCONST(IJ)*CM(JJ)*CM(KK+3)/(CM(LNB))*#AH(I)).‘

120 CONTINUE
200 CONTINUE

CALCULATE THE CONCENTRATION OF THE COMPLEXES
USING THE MASS ACTION EQUATIONS

220

250

IF (NUM(4) EQ.0) GO TO 3oo
M4=NUM(4) ‘
DO 250 I=1,M4

CCM=EQCONST(NUM(12)+I) - -~ ' - .
M1=NUM(1)

DO 220 J=1,M1

IF (S(J,I).EQR.0.) GO TO 220
CCM=CCM*CM(J) ¥*s(J,I)

CONTINUE

CM(NUM(T) +I)=CCM

CONTINUE

C SET THE FIRST GUESS FOR THE PRECIPITATES TO BE 0

C

300

350
400

IF (NUM(5).EQ.O0) GO TO 400
DO 350 J=1,M5
CM(NUM(8)+J)=0.0

RETURN

END
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SUBROUTINE JACOB2(Z,CM, wconsr INDEXi INDEX2,RE, nuu N,CTOT,NSOL,

1LCHRG,LNH,MDINM)
****************#*******#*****t****##**##*#*###*#**##**#*#********#
CALCULATION OF THE JACOBIAN DONE FOR THE CALCULATION OF THE ,
EQUILIBRIUM CONDITIONS; IT 18 CALLED FROM THE SUBROUTINE EQLIB ONLY
****#****#*****#*****#**#t***t**t*#****#t**#*#*t*t**#*#*#********#*

DIMENSION RE(1) ,REN(25),CM(1),WCONST(1), INDEx1(1)

1Z2(25,25) , INDEX2(1), NUM(l)

COMMON/CONST/REL, ABSV

M5E=NUM(5)

NTDT=NUM(8)

NTOTP=NTOT+NSOL

DO 15 J=1,NTOT

COLD=CM(J)

CM(J)=CM(J)*(1.+REL)+ABSV

CALL RESEQ(WCONST,CM, INDEX1, INDEX2,REN;N,CT0T, uDIu.

1 NUM,LCHRG,LNH, NSOL)

DO 20 I=1,NTOTP
20 Z(I,J)=(REN(I)-RE(I))/(CM(J)~-COLD)

CM(J)=COLD
15 CONTINUE

INDEX=0

THE SOLUBILITY PRODUCT FOR A PRECIPITATE IS ONLY
INCLUDED IF THAT SPECIES IS GOING T0 PRECIPITATE
IF (M5.EQ.0) GO TO0 26
D0 25 J=1,M5
IF (INDEX1(J).EQ.0).GO T0 25
INDEX=INDEX+1
COLD=CM(NTOT+J)
CM(NTOT+J)=CM(NTOT+J)*(1.+REL) +ABSV
CALL RESER (WCONST,CM,INDEX1,INDEX2,6REN,N,CIDT,MDINM,
1 NUM,LCHRG,LNH,NSOL)
DO 30 I=1,NTOTP
30 Z(I,INDEX+NTOT)=(REN(I)-RE(I))/(CM(NTOT+J)~-COLD)
CM(NTOT+J)=COLD
25 CONTINUE
26 CONTINUE
RETURN
END
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SUBROUTINE JACOBI(A,B.C,CD,CN,BC,BC2,NUM, RO, MDIM, LNH, IBND, ITYPE)

***********************#*******#****#********#***#*******#***##********** -

CALCULATION OF THE JACOBIAN. WHICH IS THE, CHANGE IN THE RESIDUES
OF THE TRANSPORT EQUATIONS 8ITE CONSTRAINT EQUATION. AND THE -
MASS ACTION EQUATIONS FOR A CHANGE IN THE CONCENTRATIONS. THIS SUBROUTINE;
CONSIDERS THE RESIDUES FOR THE TIME DEPENDENT EHUATIUNS
IT IS CALLED FROM THE MAIN PROGRAM CHEMTRN ONLY

"

**************************************#****************************#******‘,

DIMENSION RO(MDIM,1),CN(1),C0(1),CNO(C100),BC(1),NUM(1), IBND(1)
DIMENSION A(MDIM,MDIM,1),B(MDIM,MDIM,1),C(MDIM,MDIM,1),BC2(1)
COMMON/CONST/REL, ABSV
COMMON/LCM3/RN (25, 100)
LEVEL 2,A,B,C,RN,RO S
NTOT=NUM(9) . T,
NMAX=NUM (14) e e e e T
DO 50 K=1,3 ST R
DO 50 J=1,NTOT
DO 30 N=K,NMAX,3
CNO(N)=CN((N-1)*NTOT+J)
30 CN((N-1)*NTOT+J)=CN((N-1)*NTOT+J)*(1.+REL) +ABSV
CALL RES(CN,CO0,BC,BC2,RN,NUM,MDIM, LNH, IBND, ITYPE)
D0 45 N=K,NMAX,3
DO 40 I=1,NTOT
KK=(N-1) *NTOT+J
IF (N.EQ.1) C(I,J,1)=0.
IF (N.LT.2) GO T0 35
B(I,J,N-1)=(RN(I,N-1)-RO(I,N-1))/(CN((N-1)*NTDT+J)-
1CNO(N))
35 A(I,J,N)=(RN(I,N)-RO(I,N))/(CN((N-1)*NTOT+J)-
1CNO(N))
IF (N.EQ.NMAX) B(I,J,N)=0.
IF (N.EQ.NMAX) GO T0 40
C(I,J,N+1)=(RN(I,N+1)-RO(I,N+1))/(CN((N-1)*NTOT+J)~ cno(n))
40 CONTINUE
CN((N-1)*NTOT+J)=CNO(N)
45 CONTINUE
50 CONTINUE
RETURN
END
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SUBROUTINE REDL (CONC,RESIDUE, NP,ELCONC,LNH, NUM)

T Ll L L P T T T T T T e T T T T T T T )
CALCULATES THE RESIDUES FOR THE MASS ACTION EQUATIONS, AND A SITE
CONSTRAINT EQUATION FOR THE SURFACE COMPLEXATION MODEL FOR SORPTION:
THE ACTUAL SURFACE COMPLEXATION MODEL I8 DESCRIBED IN

DETAIL IN THE PAPER BY J.A. DAVIS, R.0. JAMES, AND J.0. LECKIE

J. COLLOID AND INTERFACE SCIENCE, VOL 63, NO. 3, MARCH, 1978
o3 3ok ok o ok o ok o o ok ok ko dk ok sk ak Rk okl ok ak sk R R sk pakok kR bk sk ok kR kR ko Rk Rk R R kR
DIMENSION CONC(1),RESIDUE(1),NUM(1)

COMMON/AB/VJI(T5) ,AC(T5,100) ,EQCONST (100),
18(25,25),88(25,25) ,AH(25) , ILBLI(25) , ILBLE(25)
COMMON/EDL/C1,C2, AREA, SOH
COMMON/EDL2/8IGD, 8IGB, SIGD,PSI0,PSIBETA, PSID

DATA ELEC/1.602E-19/, AVOGAD/6.025E23/, BOLTZ/1.38E-23/

DATA DIELEC/T8.84/

DATA TEMP/298.15/,FARADAY/9.648TE4/, EPSIL/8 B85E~12/
ARCSINH(X)=ALDG(X+SQRT(X*X+1))

KK=NUM(6)

M3=NUM(3)

CALCULATE THE CHARGE DEVELOPED AT THE SURFACE (SIGO) AND
THE BETA PLANE (SIGB) FOR THE GIVEN CONCENTRATION OF SORBED
SPECIES

8IG0=CONC (KK+2+NP) -CONC (KK+1+NP)
SI1GB=0.

IF (NUM(3).EQ.3) GO TO 115

DD 110 I=4,M3

JJI=ILBLE(I)

IF (JJ.GT.NUM(1)) JJ=JJI-NUM(12)
SIGO=SIGO ~ AH(I)*CONC(KK+I+NP)
SIGB=SIGB+VJ(JJ)*CONC (KK+I+NP)
CONTINUE

CONTINUE

FORMAT (4X,5(iPE12.4))
SIG0=SIGD*1.E6*FARADAY/AREA
SIGB=SIGB*1.E6*FARADAY/AREA
SIGD=-8IG0-SIGB

A1=ARCSINH (ABS (SIGD)/(8.*AVOGAD*EPSIL*BOLTZ*
1DIELEC*TEMP*1.ET*ELCONC) #*0.5)

C CALCULATE THE POTENTIALS DEVELOPED BETWEEN THE SURFACE PLANE, BETA
C PLANE, DIFFUSE PLANE, AND THE BULK SOLUTION

a0

sI

PSID=-(SIGD/ABS (SIGD))*(2.*BOLTZ*TEMP/ELEC) *A1
PSIBETA=PSID-SIGD/C2

PSIO=PSIBETA+8IG0/C1

ACONST=ELEC/ (BOLTZ*TEMP)

SURPLN=EXP (-ACONST*PSIO0)

BETAPLN=EXP (-ACONST*PSIBETA)

TE CONSTRAINT EQUATION FOR ALL THE SITES (SOR, SOH-, SOH2+)
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125
120

MASS ACTION EQUATION DESCRIBING THE DISSOCIATION OF SDﬂ2+ SITE

MA

MA
(s

127
126

RESIDUE(1)=S0H- CONC(KK+1+NP)-CONC(KK+2+NP)-CONC(KK+3+NP)
IF (NUM(3).LT.4) GO TO 120 o - , _
DO 125 I=4,M3 a :
RESIDUE(1)=RESIDUE(1) CONC(KK+I+NP)

CONTINUE . _

CONTINUE e T

RESIDUE(Z)—EQCDNST(NUM(Z)+1)*CONC(KK+2+NP)/SURPLN CONC(KK+3+NP)*
1CONC (LNH+NP)

S8 ACTION EQUATION DESCRIBING: THE DISSOCIATION:OF THE SOH SITE

RESIDUE(3)—EQCONST(NUM(2)+2)*CONC(KK+3+NP)/SURPLN-CONC(KK+1+NP)*
1CONC (LNH+NP)
IF (NUM(3).LT.4) GO TD 126

S8 ACTION EQUATIONS FOR THE FORMATION OF SITES (so SPECIES) OR
OH2+ -SPECIES) RN o C e

DO 127 I=4,M3
JJ=ILBLE(I)

J2=JJ

IF (JJ.GT.NUM(1)) J2=JJ-NUM(12)

QUAN=CONC (KX +I+NP) * (CONC (LNH+NP) *SURPLN) **AH (I)
DENOM=CONC (JJ+NP) *CONC (KK+3+NP) *BETAPLN**VJ (J2)
RESIDUE (I)=(DENOM)-QUAN/EQCONST (NUM(2) +1)
CONTINUE

CONTINUE

RETURN

END

t
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SUBROUTINE RES(CN,CD,BC,BC2,R,NUM,MDIM,LNH, IBND, ITYPE)
P22 E32 3223 ESI3 2383828233322 23 23282 R332 33 3222333333222 32 3333231
CALCULATES THE RESIDUES OF THE TRANSPORT EQUATIONS, THE SITE
CONSTRAINT EQUATION, THE MASS ACTION EQUATIONS, AND THE BOUNDARY
CONDITIONS. THE BOUNDARY CONDITIONS ARE STORED IN THE ARRAYS BC
AND BC2. IF BOUNDARY CONDITIONS OTHER THAN THE CONCENTRATION AND
FLUX CONDITIONS ARE OF INTEREST, THE USER WOULD HAVE TO SUPPLY HOW
THE VALUES OF BC AND BC2 WOULD CHANGE. FOR THE CONCENTRATION BOUNDARY
CONDITION AT THE INNER NODE, BC STORES THE TOTAL CONCENTRATION OF A
SPECIES IN THE AQUEOUS PHASE AND IN THE FORM OF A PRECIPITATE. FOR THE
FLUX CONDITION AT THIS BOUNDARY, BC STORES THE FLUID VELOCITY TIMES
THE TOTAL AQUEOUS PHASE CONCENTRATION OF EACH SPECIES. FOR THE OUTER
BOUNDARY, FOR THE CONCENTRATION CONDITION, BC2 STORES THE BASIS
SPECIES CONCENTRATION OF THE INITIAL CONDITIONS, AND FOR THE NO FLUX
CONDITION IT IS NOT USED.
THE SUBROUTINE IS CALLED FROM BOTH THE MAIN PROGRAM AND THE SUBROUTINE
JACOBI.
********************************#****#***t******#*****#**t************#

DIMENSION CN(1),C0(1),BC(1) R(MDIM 1) ,NUM(1) ,IBND(1) ,BC2(1)

LEVEL2,R

COMMON/AB/VJ(T5),AC(T5,100) ,EQCONST (100)

1,8(25,25),58(25,25) ,AH(25) , ILBLI(25) , ILBLE(25)

COMMON/NJ/ISORPI (30) , ISORPE(30),IION, IEION

COMMON/AD/X (200) ,DELT,DOA,DOB, VO, CECNS , H20K

COMMON/AC/ELCONC (100)

NMAX=NUM(14)

NMAXM=NMAX-1

M1=NUM(1)

M2=NUM(2)

M3=NUM(3)

M4=NUM (4)

M5=NUM(5)

NTOT=NUM(9)

CALCULATE THE ACTIVITIES OF THE AQUEOUS PHASE SPECIES
CALL ACTIVE(NUM,CN,VJ,AC,ELCONC,T5,1,NUM(14))

S o ok o ok s ok o ok R R Rk Rk Rk R R RN
INNER BOUNDARY CONDITION. SET HERE
33 S o ok o o ok o o ok o o oo KRR Rk o ok Rk R R
N=1
N1=2 _
IF (IBND(1).EQ.1) GO TO 40

FOR THE CONCENTRATION BOUNDARY CONDITIONS, THE RESIDUES

ARE CALCULATED HERE;  ACTUALLY THE RESIDUES WILL

ALWAYS BE CLOSE TO ZERO HERE UNLESS BC IS CHANGED BY THE USER;

AT A LATER TIME, THIS CALCULATION COULD BE USED T0 HAVE A PRECIPITATE
DISSOLVE INTO THE GROUNDWATER AS A FUNCTION OF TIME.

DO 35 J=1,M1
R{J,1)=BC(J)-CN(J)
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IF (NUM(4)-EQ-0) GO TO" 15

DO 10 I=1,M4
10 R(J,1)=R(J,1)- S(J, I)*CN(NUM(T)+I)
15 IF (NUM(5). EQ o) GO TO 25 - :

DO 20 I=1,M5 -

R(J,1)=RWJ,1D)- SS(J I)*CN(NUM(8)+I)
20 CONTINUE.~
25 CONTINUE . : : -
35 CONTINUE" . - IR e

GO TO 45 * 7-: - e -
40 Ni=1 P . T
45 CONTINUE

CALCULATE THE RESIDUES FOR THE MASS ACTION EQUATIONS

CALL ALGEBRC(NUM CN R, 1 i, MDIM ELCONC, LNH 0)
3 o ok o K sk ook ok ok o o o 3 3 R 3 R HOR SRR K ARk AR R kR KRR
CALCULATION OF CHANGES IN THE POROUS MEDIUM
3 R ok ok ok ok ok o ok o o o o o o o o o o K o S Sk o SRR o o ok K S o s ek ok ok ok ok kK ok o
DO 1TO N=N1,NMAXM i :
NEVEN=(N-1)*NT0T
NPLUS=NEVEN+NTOT
NMINUS=NEVEN-NTOT
II=0
IE=3
DO 140 J=1.,M1
DD=D0OA*V0+D0OB
vv=v0
XNM=X(N-1)

FOR A FLUX CONDITION AT THE INNER BOUNDARY AND FOR
RADIAL FLOW, THE DISPERSION COEFFICIENT AND THE FLUID VELOCITY
FOR THE FIRST GRID ARE CALCULATED HERE - : :

IF (N.EQ.1) XNM=-X(1)

IF (ITYPE.EQ.1) DD= (Don*vo+noa)/x(n)

IF (ITYPE.EQ.1) VV=VO/X(N) - -

IF (N.EQR.1) GO TO 50
CALCULATE THE RESIDUES OF THE TRANSPORT EQUATIONS FOR NODES
2 THROUGH NMAX-1 INCLUDING THE CHANGES IN THE BASIS SPECIES

R(J,N)=(CN(NEVEN+J)-CO{NEVEN+J)) /DELT-DD#* ( (CN(NPLUS+J) -
1CN(NEVEN+J)) / (X (N+1)-X(N)) - (CN(NEVEN+J)=CN(NMINUS+J)) -
2/ (X(N)-X(N-1))) /(0. 5% (X(N+1)-X(N-1))): +VV*(C0(NEVEN+J)-
3C0(NMINUS+J))/(X(N) X(N 1))

GO TO 55° o :

FOR THE FLUX BOUNDARY CONDITION AT THE FIRST NODE POINT,
CALCULATE THE CHANGES IN THE FIRST NODE POINT FOR THE
BASIS SPECIES
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50 R(J,1)=(CN(NEVEN+J)-CO(NEVEN+J)) /DELT
R(J,1)=R(J, 1) ~-DD* (CN(NPLUS+J) -CN(NEVEN+J)) / ((X(2)-X(1))*
1 0.5%(X(2)-XNK)) |
R(J,1)=R(J.1)*(VV*CO(NEVEN+J)-BC(J))/(X(i)-XNH)

55 CONTINUE
INCLUDE THE CHANGE IN THE SORPTION OF THE BASIS SPECIES
FOR NODES 2 THRU NMAX-1 OR 1 THRU NMAX-1 DEPENDING ON THE
BOUNDARY CONDITIONS; FIRST IS FOR SORPTION VIA ION EXCHANGE
NEXT IS FOR ANY BORPTION VIA SURFACE COMPLEXATION
IF (NUM(2).EQ.0) GO T0 60
IF (ISORPI(J).EQ.0) GO T0 60
II=II+1
IP=NUM(1)+II :
R(J,N)=R(J,N) + (CN(NEVEN+IP) -CO(NEVEN+IP)) /DELT
60 CONTINUE '
IF (NUM(3).EQ.0) GO TO 80
IF (ISORPE(J).EQ.0) GO TO 80
IF (J.EQ.LNH) GO 10 TO
IE=IE+1
IP=NUM(6)+IE _ '
R(J,N)=R(J,N)+(CN(NEVEN+IP)-CO(NEVEN+IP))/DELT
GO TD 80
T0 IP=NUM(6)
FOR SORPTION VIA SURFACE COMPLEXATION, NEED TO CONSIDER THE
CHANGES IN THE SOH AND SOH2+ SITES
R(J,N)=R(J,N) +2* (CN(NEVEN+IP+2)-CO(NEVEN+IP+2)) /DELT
1 +(CN(NEVEN+IP+3)-CO(NEVEN+IP+3))/DELT '
NEXT INCLUDE CHANGES IN THE COMPLEXES AT THE NODE POINTS;
TIME CHANGES, ADVECTION AND DISPERSION
80 IF (NUM(4).EQ.0) GO TD 120
DO 110 I=1,M4
IP=NUM(T)+I
IF (N.EQ.1) GO T0 €0
R(J,N)=R(J,N)+8(J, I)*(CN(NEVEN+IP)-CO(NEVEN+IP))/DELT-S(J,I)*
1DD* ( (CN (NPLUS+IP) -CN{(NEVEN+IP))/(X(N+1)-X(N))- (CN(NEVEN
2 +IP)-CN(NMINUS+IP))/(X(N)-X(N-1)))/(0.5%(X(N+1)-X(N-1)))+
38(J, I)*VVv*(CO(NEVEN+IP)-CO(NMINUS+IP))/(X(N)-X(N-1))
GO TO 100 '
90 CONTINUE
SPECIAL CASE FOR CONSIDERING THESE LAST CHANGES AT THE FIRST
NODE POINT IF FLUX BOUNDARY CONDITION AT THE INNER BOUNDARY

R(J,1)=R(J,1)+S(J, I)*(CN(NEVEN+IP)-CO(NEVEN+IP))/DELT
R(J,1)=R(J,1)-S(J, I)*DD*(CN{NPLUS+IP)~-CN(NEVEN+IP))/ ((X(2)-X(1))
1 *0.5%(X(2)-XNM))
R(J,1)=R(J,1)+S(J, I)*VV«CO{NEVEN+IP) / (X (1) -XNM)
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100 CONTINUE

NEED TO ALSO INCLUDE THE CHANGES .IN THE SORPTION .OF THE COMPLEXES
WHETHER VIA ION EXCHANGE OR SURFACE COMPLEXATION

aaoaoan

IF (NUM(2).LE.IION) GO TO 105 e

IF (ISORPI(J+NUM(1)). Eq 0) GO.TO 105. ' ‘ ‘

IT=II+1

IP=NUM(1)+II

R(J,N)=R(J,N)+s8(J, I)*(CN(NEVEN+IP) CO(NEVEN+IP))/DELT
105 CONTINUE

IF (NUM(3).LE.IEION) GO TO 110

IF (ISORPE(NUM(1)+J).EQ.0) GO TO 110

IE=IE+1

IP=NUM(6)+IE

R(J,N)=R(J,N)+8(J, I)*(CN(NEVEN+IP) CO(NEVEN+IP))/DELT
110 CONTINUE
120 CONTINUE

(2]

INCLUDE THE CHANGES IN THE PRECIPITATES AT A NODE POINT

Q

IF (NUM(5) .EQ.0) GO TO 140

DD 130 I=1,M5

IP=NUM(8)+I

R(J,N)=R(J,N)+88(J, I)*(CN(NEVEN+IP)-CO(NEVEN+IP))/DELT
130 CONTINUE
140 CONTINUE

WHEN WATER DISSOCIATION IS. INCLUDED, NEED TG ACTUALLY. CALCULATE
THE CHANGES FOR THE DUMMY VARIABLE WHICH IS THE CONCENTRATION OF .
THE H+ ION MINUS THE CONCENTRATION OF THE OH- ION

a0

IF (LNH.NE.O) R(LNH,N)=R(LNH;N)-R(NUM(1).N);v7
IF (LNH.NE.O) R(NUM(1),N)=H20K-AC(LNH,N)+CN(NEVEN+LNH)+
1AC(NUM(1) , N) *CN (NEVEN+NUM(1))

CALCULATE THE CHANGES IN THE SITE CONSTRAINT, THE MASS ACTION,
AND THE SOLUBILITY PRODUCTS AT THE NODE POINTS

aOOaan

170 CONTINUE - S

(o]

c N e,
CALL ALGEBRC(NUM,CN,R,N1i, NMAXM,MDIM,ELCONC,LNH,0)
C
C CALCULATION OF THE CONDITIONS AT THE LAST NODE POINT
c : -
N=NMAX T
NEVEN=(N-1)*NTOT
NMINUS=(N-2)*NTOT
IF (IBND(2).EQ.0): GO TO 210
C
c

NO FLUX CONDITION R N .
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DD 200 J=1,M1
R(J,N)=(CN(NEVEN+J) ~CN(NMINUS+J) ) / (X (NMAX) -X (NMAX-1))
200 CONTINUE \
GO TO 220
210 DO 215 J=1,M1

CONCENTRATION BOUNDARY CONDITION

215 R(J,N)=CN(NEVEN+J)-BC2(J)

220 CONTINUE ' ‘ '
IF (LNH.NE.O) R(LNH,N)=R(LNH,N)-R(NUM(1),N)
IF (LNH.NE.O) R(NUM(1),N)=H20K-AC(LNH,N)*CN(NEVEN+LNH)*
1AC(NUM(1) , N) *CN(NEVEN+NUM(1))

CALCULATE THE RESIDUES FOR THE ALGEBRIC EQUATIONS FOR THE
CONDITIONS AT THE LAST NODE POINT '

CALL ALGEBRC(NUM,CN,R,NMAX, NMAX,MDIM,ELCONC,LNH,0)
RETURN )
END
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SUBROUTINE RESEQ{WCONST,CM,INDEX1,INDEX2,RE,N,CTOT, MDIN,
1 NUM,LCHRG,LNH, NSOL) B

ek o o e e o e ok ok ke o o ok ok ok ok e ok o ke e ok e Sk koK ok o ek ok ok s kol ok Rk ok kR kR ko
RESIDUES OF THE EQUILIBRIUM EQUATIONS; IT IS CALLED FROM
THE SUBRCUTINES EQLIB AND JACOB2
s e e 3 e ke ke ok e ok o e e ke e e o 3 e e e ke e ke sk sk o e o o ot e o e e o o o e ok o e o SR R R K ok ok
DIMENSION WCONST(1),CM(1),INDEX1(1),INDEX2(1),RE(1),NUM(1)
COMMON/AC/ELCONC (100)

COMMON/LCM1/R(25,100)

LEVEL2,R

COMMON/AB/VJ(T5) ,AC(T5,100) ,EQCONST (100) ,
15(25,25),88(25,25) ,AH(25) , ILBLI(25) , ILBLE(25)
COMMON/NJ/ISORPI(30),ISORPE(30),II0N,IEION
COMMON/AD/X(200) ,DELT,DOA,DOB, VO, CECNS, H20K
COMMON/SPEC/LEACH1(5) ,NB,PINI(5)

NTOT=NUM(8)

II=0

IE=3

M1=NUM(1)

M4=NUM(4)

M5=NUM(5)

M2=NUM(2)

M3=NUM(3)

CALCULATE THE ACTIVITES OF THE SPECIES IN THE AQUEOUS PHASE

CALL ACTIVE(NUM,CM,V,AC,ELCONC,T5,N,N)

THE FIRST SET OF EQUATIONS ARE SETTING THE CONDITIONS TO WHAT
WERE SPECIFIED FOR EACH SPECIES;

IF INDEX2 .NE. O THEN THE AMOUNT OF THE SPECIES WHICH IS SORBED
ONTO THE SOLID MATRIX IS NOT INCLUDED IN THE SPECIFIED AMOUNT OF

TH

30

35

DO 60 J=1,M1
R(J,N)=WCONST(J)-CM(J)

IF (ISORPI(J).EQ.0) GO T0 30
II=II+1

IS SPECIES

IF (INDEX2(J).NE.O) GO TO 30
R(J,N)=R(J,N)-CM(NUM(1)+II)
CONTINUE

IF (ISORPE(J).EQ.0) GO TO 35
IE=IE+1

IEJ=IE

IF (J.EQ.LNH) IEJ=3

IF (J.EQ.LNH) IE=IE-1

IF (INDEX2(J).NE.0) GO TO 35
R(J,N)=R(J,N)-CM(NUM(6)+IEJ)
IF (J.EQ.LNH) R(J,N)=R(J,N)-2*xCM(NUM(6)+2)
CONTINUE

IF (NUM(4) .EQ.0) GO TO 41



ICMPLX=IION
IECMPLX=IEION

IF INDEX2 = 1 THEN ONLY THE CONCENTRATION OF THE BASIB SPECIES
- ITSELF IS BEING GIVEN FOR THIS SPECIES

anooon

IF (INDEX2(J).EQ.1) GO TO 41
DO 40 I=1,M4
KK=I+NUM(1)
IF (ISORPI(KK).EQ.0) GO TO 37
ICMPLX=ICMPLX+1
IF (INDEX2(J).NE.O) GO TO 3T
R(J,N)=R(J,N)-5(J, I)*CM(NUM(1)+ICMPLX)
37 CONTINUE Ce -
IF (ISORPE(KK).EQ.0) GO TO 38
IECMPLX=IECMPLX+1
IF (INDEX2(J).NE.O) GO TO 38
“R(J,N)=R(J,N)-8(J, I)*CM(NUM(6) + IECMPLX)
38 CONTINUE .
40 R(J,N)=R(J,N)-58(J,I)*CM(NUM(T)+I)
41 IF (NUM(5).EQ.0) GO TO 60

INDEX2 MUST = 3 FOR THE CONCENTRATION OF THE PRECIPITATE ‘

TO BE INCLUDED IN THE SPECIFICATION OF THAT SPECIES; HOWEVER

IF THE SPECIES MAY FORM IN A PRECIPITATE, THAN INDEX2 =3 INSTEAD
OF INDEX2 = 2 SHOULD BE USED BECAUSE OF THE WAY THE EQUATIONS ARE
SET UP AT PRESENT

aaoaaonan

IF ((INDEX2(J).EQ.1).OR.(INDEX2(J).EQ.2)) GO 70 60
DO 50 I=1,M5
50 R(J,N)=R(J,N)-INDEX1(I)*SS(J, I)*CM(NUM(8)+I)
1000 FORMAT (10X,I5,10X,10(4(1PE12.4),/))
60 CONTINUE
IF (LNH.EQ.0) GO TO T2

(o]

THE DISSOCIATION OF WATER IS INCLUDED IF IT HAS BEEN SPECIFIED

(¢}

R(NUM (1) ,N)=H20K-CM (LNH) *AC (LNH, N) *CM(NUM(1) ) *AC(NUM(1) ,N)
T2 CONTINUE

IT IS POSSIBLE TO USE A CHARGE BALANCE TO SPECIFY ONE OF THE
CONCENTRATIONS

oo

IF (LCHRG.EQ.0) GO TO T7
R(LCHRG,N)=CTOT
DO 75 J=1,M1
75 R(LCHRG,N)=R(LCHRG,N)-CM(J)*VJ(J)
IF (NUM(4).EQ.0) GO TO 7T
DO T6 I=1,M4 : :
T6 R(LCHRG,N)=R(LCHRG,N)-CM(NUM(T)+I)*VJ(NUM(1)+I)

C THIS IS FOR A SPECIAL CONDITION OF LEACHING OF A SOLID SO THAT
- C .THE INCREASE IN THE AMOUNT OF THE SPECIES IN THE AQUEOUS PHASE
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MAKING UP THE SOLID IS IN EQUAL AMOUNTS; OCCURS WHERE A SOLID HAS
BEEN PLACED IN CONTACT WITH THE GROUNDWATEB IT'CAN ONLY 0CCUR
AT THE FIRST NODE AT PRESENT- SRR A Cn

QOO0

7T IF ((N.NE.NB).OR.(LEACH1(1).EQ.0)) GO TO 80
R(LEACH1(2),N)=WCONST (LEACH1(2))-CM{NUM(8) +LEACH1(1)) =~
INDEX1 (LEACH1(1))=1
ILEACH=3
J1=LEACH1(2) +1
DO T8 J=J1,M1
IF (J.NE.LEACH1(ILEACH)) GO TO 78
R(LEACH1 (ILEACH), N)‘WCONST(LEACHi(ILEACH))-R(LEACHi(ILEACH) N)-

1 PINI(ILEACH-1)- (WCONST(LEACHi(Z))—B(LEACHI(2) N)-
2 PINI(1))
ILEACH=ILEACH+1
78 CONTINUE e
80 CONTINUE SRR ‘

CALCULATION OF THE RESIDUES OF THE SITE CONSTRAINT, AND THE
MASS ACTION EQUATIONS FOR SORPTION AND FORMATION OF COMPLEXES
IN THE AQUEOUS PHASE

aaoao0aan

CALL ALGEBRC(NUM,CM,R,N;N,25,ELCONC,LNH,1) ~. '/~ . %

c ‘ e : : o
IF (NUM(5) .EQ.0) GD TO.90 - o T e T K
c T
C FOR ANY PRECIPITATES, INCLUDE THE RESIDUES FOR THE SOLUBILITY PRODUCT
C ERUATIONS _ : . : £, .
c

CALL RESSOL(INDEX1,CM,NUM,NT0T,R,N; MDIM)
80 NNN=NTOT+NSOL

DO 100 I=1,nnn
100 RE(I)= R(I,N)

RETURN

END
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SUBROUTINE RESSOL (INDEX1,CM,NUM,NIOT,R,N,MDIM)
e o e 3k o b o 3 o 36 36 3 o o o 3 S 3 o o 3o o 3 o o o oo ok o o o o o o o o o ok ok ok ok al ok e ook ok o o
RESIDUES FOR THE SOLUBILITY CONSTRAINT EQUATIONS; IT IS
ONLY USED FOR THE INITIAL EQUILIBRIUM DISTRIBUION OF SPECIES
CALCULATION; THE SUBROUTINE RES ALSO HAS THE SOLUBILITY
PRODUCT EQUATIONS FOR THE TIME CHANGES AT THE NODES AFTER
A PRECIPITATE HAS FORMED
3 2k o 3 36 o 3k S ok K 3 3 3 o o o ok 3 o 3 2 ok o o of ae sk e ok o ok o o o 3 ok dk ok o o o oo o ok ok ok ok ok ok ok ok ok bk
DIMENSION CM(1),INDEX1(1),R(MDIM,1), NUM(12)
LEVEL2,R '
COMMON/AB/VJI(T5) ,AC(T5,100) ,EQCONST (100),
15(25,25),55(25,25) ,AH(25) - '
2,ILBLI(25),ILBLE(25)
INDEX=0 ‘
M5=NUM(5)
M1=NUM(1)
DO 10 I=1,M5
AKSOL=1.
IF (INDEX1(I).ER.0) GO TO 10
INDEX=INDEX+1
DO 20 J=1,M1
IF (8S(J,I).LT.1.E-15) GO TO 20
AXSOL=AKSOL* (AC(J,N)*CM(J) ) **S5(J,I)
20 CONTINUE
R(NTOT+INDEX, N)=AKSOL-EQCONST (NUM(12) +NUM(4)+I)
10 CONTINUE
RETURN
END
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SUBROUTINE SETUP (XMAX,DNO,AK, NMAX, ITYPE, IBND,RW)
****************************#****t**;*f*******tt{y##*t*t*******t*tti
CALCULATES THE GRID BASED ON AN EXPONENTIAL LAW; IF DNO IS SET -
EQUAL TO O, A UNIFORM GRID IS CALCULATED. AT:THE INNER BOUNDARY,

A CONSTANT CONCENTRATION OR A CONSTANT FLUX CAN BE IMPOSED AT
AT X=0 FOR THE ONE-DIMENSIONAL CASE. FOR THE RADIAL CASE, THE
THE CONCENTRATION BOUNDARY IS IMPOSED AT R=0 AND THE FLUX BOUNDARY -
IS IMPOSED AT RW. AT THE OUTER BOUNDARY, THE CONCENTRATION BOUNDARY
IS IMPOSED AT THE LAST GRID POINT, OR A NO-FLUX CAN BE IMPOSED
HALF WAY BETWEEN THE LAST AND THE NEXT TO LAST GRID POINT. THE
DISTANCE OF THE LAST GRID POINT FROM THE FIRST GRID POINT IS NOT
EXACTLY XMAX FOR THE FLUX BOUNDARY CONDITION AT THE INNER BOUNDARY.
L T T T A T T T T YT YT
DIMENSION IBND(1) '
COMMON/AD/X(200) ,DELT,DOA,DOB, VO, CECNS , H20K

DN=1./(NMAX-1)

X(1)=0.

I1=2

IF ((ITYPE.EQ.O).AND. (IBND(1).EQ.1)) Ii=1

IF ((ITYPE.EQ.1) .AND. (IBND(1) .EQ.1)) X(1)=2:*RW
DO 10 I=I1,NMAX v
IP=I-1

IF ((ITYPE.EQ.O).AND.(IBND(1).EQ.1)) IP=I.

CALCULATION FOR UNIFORM GRID

IF (DNO.LT.1.E-16) X(I)=XMAX+DN*IP
IF (DNO.LT.1.E-16) GO TO 10

CALCULATION FOR VARIABLE GRID

X(I) = XMAX* (AK** ((IP)*DN/DND)-1.)/(AK**(1./DNO)-1.)
1 +X(1)

10 CONTINUE
IF ((IBND(1).EQ.O0).OR.(ITYPE.EQ.1)) GO TO 20

FOR FLUX BOUNDARY CONDITION AT INNER BOUNDARY MOVE GRID
S0 THAT IT IS IMPOSED AT X=0 AND NOT AT THE GIRD POINT ITSELF

DX1=X(1)/2.
DO 15 I=1,NMAX
15 X(I)=X(I)-DX1
20 WRITE(6,190) (X(N), N=1,KNMAX)
190 FORMAT(/55X# ** SPATIAL GRID *x#/,/,(# #10G13.4))
RETURN
END
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SUBROUTINE SIMQ(Z,Y,N,MDIN)
WAEEN R RRRRENRREREERFRRREEEREUEPEEEEEREERR R R R R R R R RS
INVERSION OF A MATRIX; IT IS USED IN CALCULATING
AN EQUILIBRIUM DISTRIBUTION OF SPECIES SUCH AS

IN THE INITIAL CONDITIONS AND THE BOUNDARY CONDITIONS.

THE JACOBIAN IS STORED IN Z WHILE THE RESIDUES ARE IN
Y. THIS SUBROUTINE SOLVES THE EQUATION ZX=Y FOR X

T T T T T T T T T T T P T

DIMENSION Z(MDIM,1),Y(1)
PROVISION FOR N=1
IF(N.NE.1) GO TO 50
Y(1)=Y(1)/2(1,1) .
RETURN
50 CONTINUE
ELEMENT OF ELIMINATION
Ni=N-1
DO 10 M=1,N1
ZMAX=0. '
IMAX=0 ‘
FIND MAX OF COLUMN
DO 20 I=M,N
IF(ABS(Z(I,M)).LE.ZMAX) GO TO 20
IMAX=1
ZMAX=ABS(Z(I,M))
20 CONTINUE
ERROR RETURN
IF(IMAX.NE.O) GO TO 30
WRITE(6,1000)
WRITE(6,900) I,M
WRITE (6,990) (Z(I,M),I=1,N)
30 CONTINUE
ROW INTERCHANGE
IF(IMAX.EQ.M) GO TO 35
V=Y (M) v
Y (M) =Y (IMAX)
Y (IMAX) =V
DO 40 J=M,N
V=Z(M,J) _
Z(M, J)=Z(IMAX,J)
Z (IMAX, D)=V
40 CONTINUE
35 CONTINUE
DIAGONALIZE
Mi=M+1
DO 70 I=M1,N
V=2(I,M)/2Z(M, M
YD) =Y(I)-v*Y (M)
DO TO J=M,N -
Z(I,J)=2(T,1)-V*Z (M, D)
70 CONTINUE
10 CONTINUE
BACK SUBSTITUTE
Y(N)=Y(N)/Z(N,N)
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Ni=N-1
DO 100 K=1,Ni T S
I=N-K B T
I1=I+1 T (T
Do 90 J=I1,N S ST SR
90 Y(I)=Y(I)-Y(I)*2(I,I) . . T

100 Y(I)=Y(I)/Z(I,I) I R C A T
RETURN B e e e

900 FORMAT (4X,2I10)

990 FORMAT (4X,5(19E12.4))

1000 FORMAT(# SINGULAR JACOBIAN MATRIX#)
END
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