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ABSTRACT 

A user's manual ror operation or the chemical transport simulator CHEMTRN is 

presented. The manual includes descriptions or the basic equations to be solved, the 

solution procedure, inrormation needed ror the simulations, and the input parameters. 

Also included are rour examples or simulations with their input and output listings, 

and a listing of the CHEMTRN source code with embedded comments. 
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INTRODUCTION 
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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 reactions and thermodynamic activities of all reacting 

species are related by mass-actio~ expressions: The solution procedure is flexible 

enougp so t~at kiIletiS, effects, and effects of temperature gradients may be included 

with minor modifications. CHEMTRN can simulate either one-dimensional or p,urely 

radial. flow in porous media using a grid with either a uniform or a variable spacing. 

The ])rogram includes the effects of dispersion/diffusiorf; 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 t.he 

reactions of interest. 
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This user's manual includes sections describing the basic equations solved, the 

solut.ion procedure, a description of the different types of bouridar)' conditions used in 

the program, the types 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 program. The program listing includes comments 

whic h 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 species, and the formation ·of precipitates by mass-action rela­

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

in CHEI'",ITRN for chemical changes and transport of aqueous species are described 

below. 

Aqueous phase complexation and formation of precipitates 
. . 

Given the basis set of Nb species, A''ji, the reactions for, the formation of a complex 

B~Ci and a precipitate Gk, are written; 

and 

N,. 

L SkjAji +=tGk, 

j=l 

(Rl) 

(R2) 



C. ,\V. Miller 3 

where aiJ and Skj a,re the stoichiometric reaction coefficients, nj is the charge,of the 

basis species, and nc, 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, 

[B~C' ] 
Ki=~~--­

N" 
IIIAjl]a'l 

)'=1 

(1) 

where the square brackets denote the thermodynamic activity of a species and Ki is 

the equilibrium, constant. For the dissolution of a precipitate, 

IV" 

Kk = II IAj/]SIrI (2) 
j=1 

where Kk is the solubility product of the solid Gk. In CHEMTRN, the activity of a 

dissolved species is approximatedby the, relation, 

(3) 

wherE'i'j is an actiyit.y coefficient and mj is the mass concentration of the species in 

moles per liter solution. Equation (1) then becomes 

(4) 

where 'Inc, is the concentration of the complex B~c, in moles per liter. 

The activity coefficients of the aqueous species (basis species and complexes) are 

functions of temperature, pressure, and chemical composition. In CHEI\!lTRN, thc'y 

are approximated using the Davies equa'tio~ ISt.ilmm and A/organ, 1970], 

(3) 
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where 1 is the ionit strength defined by 

(6) 

and Nc is the number of complexes in the the aqueous phase. The activity of water 

is taken to be unity. (Note that 0.31 has been used in the Davies equation instead of 

0.21 ~s per footnote, p.83 of Stumm and Alorgari[19701.) 

Sorption via ion exchange 

The mass transfer of ions and com})lexes from the aqueous phase to the solid phase 

IS simulat.ed by either ion exchange or surface complexation. For an ion exchange 

process~ the charge on the solid surface a:nd the number of sites available for exchange 

reactions are constant. Aqueous species are sorbed 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 All 

exchanging with species A~2, 

(R3) 

where Aj denotes t.he sorbed component. This reaction is described by a thermo-

dynamic equilibrium constant, 

K ~ rAl(2[A~<~lnl, . 
eq - [A?ll n2 [A2(1' 

(7) 

where the square brackets again denote activities. Because of t.he present lack of data 

for estimating activity coefficients for the surface phase, CHE}'·1TRN approximates 

activities in the surface phase by an ideal solution model in which 

- mj 
[Ajl. '==-, 

my 
(8) 
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where my is the concentration of speCies J on the surface phase, mT is the total 

concentration sorbed in the surface phase given by 

N. - Nc 

mT = L mj" + Lme" (9) 
j==1 i=1 

N b is the number of sorbed basis species, N e is the number of sorbed complexes, 

and ?~c, is the 'c~n~~ntrati~n of sorbed ~omplexes. I The units of mj; me" and mT 

are mole~/e sdi~ti6n: These u~its c~n be r~lated;to more conventional ones (moles/g 

solid) used for the sorbed phase by dividing mj by Ps(l - ¢)103 /¢, where ps is the 

the qens,ity of the solid phase in g/cm~:"a.p.d ¢ is the port?sity of the porous medium. 

An effective equilibrium constant, Kt, is then used to model the ion exchange process 

and '(i)'is replaced ''by' 

-2 ' '(tnl/mT't2 b2 m2t1 

. K 1 -;-, ( )n" '(_ /_ )n . . '/1 ml ~ m2 mT 1 
(10) 

In addition, it 'is assumed th~t the' nurriber of ~quivalents of surface sites' per e solution, 

N s , available for ion exchange is constant and given by, 

. ' 
'i" 'N. /'./~ 

Ns = L nJmj + L ne,me,. (11) 
j=1 z=1 
, , ...... " 

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

, .' 1-¢ 
Ns = (CEC)ps ¢ . (12) 

In the present version of CHEMTRN, the .solid phase, density, PSI and the porosity, ~), 

are not input' to the prograni. Therefore Ns must be evaluated and is input as the 

parameter CECNS. 
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Sorption via surface complexation 

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

dissociate to give a negatively charged site, SO- , 

(R4) 

where the subscript s denotes that the ion is located at the so-called "surface-plane". 
\.' . . 

SOH can also react with H+ at the surface plane to give a positively c~arged site 

SOH!, 

SOH+ Ht +=t SOHt ... (R5) 
i •. : 

In contrast to the ion exchange model, the charge on the solid surface changes and 

both cations and anions can be sorbed. In addition, because of the variable surface 

charge, an ion does not necessarily'haye to displace an equal amount of charge when 

it forms .a complex with the surface site. For example, in an ion exchange model, the 

sorption of Sr2+ on the solid phase would require a reaction with twosurrace sites, 

(R6) 

whereas in a surface complexation model, it is possible that a reaction may involve 

only one site, 
) . 

(Ri) 

The subscript f3 denotes the plane where the Sr2+ ion is located when it forms a 

complex with til(' surface site. In an ion exchange model, the sand /1 planes are not 

differentiated. 1n thf' surface complexation model, t.he 13 plane is displaced from t.he 

surface plane. 
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Following the 'discussion by Davis et al. [1978], the equilibrium constant for 

reaction R4 is 

(13) 

The activity of H+ at the surfact plane is related to the activity in the bulk solution 
. ; '. ", .. 

by 

(14) 

where 'l/Ji is the change of electrical potential when a species moves from the bulk phase 

to the solid phase, k is the Boltzmann constant, T is the ~'bsolute 'temperature, and' 

e is the electronic charge. In ,reactions .R6 and R7, the sorbed 8r2+ ion resides at 

the ~, plane and m~ve~ through a potential differ~nce. of ~ f3. Therefore, the activity 

of 8r2+ at the !3 plane is equal to the activity in the bulk phase multiplied by 

exp( - 2e'I/J f3 / kT). The factor of 2 is a result of the double positive charge of the 

strontium ion. CHEMTRN treats only reactions involving one surface site in the surface 

complexation in'odel because these are expected to be more dominant; if reactions of 

the t:);pe of R6 are dominant,an ion exchange model must be used. 

The potentials' 'l/Ji and'~, f3 are functions of the charge distribution developed 

between the bulk fluid and the solid surfac'e and are defined in {erms of this charge and 

the capacitances between the layers. A complete discussion of the surface complexation 

model for sorption is given in Davis et' al. [19781. 

Transport equations 

All aqueous species are subject to transport by advection and dispersion/diffusion. 

In addition, t.hey may uildergomass 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 "'J' is the total concentration of species Aj in the aqueous phase, given by 

Nc 

WJ' = mj' + E aijmq, 
i=l 

and if l17 j is the total concentration of the sorbed species AJ', given by 

Nc 

lttr'J'=mj,* E aijmc" 
i=l 

and if Np is the total number of precipitates, then 

(
'a a . "cP ) . 0- '. a Np 

. - + v- -D- M'j = --Wj - -' ·E SkjGk 
at ax ax2 at· at . 
. . k=l 

(15) 

(16), 

(17) 

where v is the mean velocity of advective flow and D is the coefficient of hydrodynamic 

dispersion. 

The number of unknowns is Nb + Nb + Nc + N c + N p• Therefore, an equal 

number of equations is needed for solution of this system. There are Nb equations of the 

type of (17). The m,ass action relations, (4), provide Nc equations for the complexes. 

There are Nb + IV c - 1 relationships of the form of (10) and (13), and Np relations 
• • l" . 

of the form of (2); (11) provides the final relationship needed. The activity coefficients 

are given by (5), and mT is defined by (9). Therefore a sufficient number of equations 

SOLUTION PROCEDURE 

The partial differential equations (17) arediscretized 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 

d d _ d N,. . 

dt "'J',n + dt WJ',n + dt L SkJ'Gk = 
k=1 

9 

D 2 ("'J',n+1 - 2Wj,n + Wj,n-d - ;X ("'j',n - Wj,n-l) 
~X 

(18) 

where J denotes the species, n is the spatial position, and ~X is the grid spacing. The 

advection term has been expressed using an upwind differencing method. 

Because aqueous species are transported at different rates, a uniformly spaced 

grid does not allow efficient tracking of diff~rEmt solute fronts. Errors propagated by 

an arbitary change in the grid spacing can become excessive. Therefore, a variable grid 

spacing is provided with this program with the grid locations dictated by the equation 

. A (i-I)A.N / A. No - 1 
x(i) = Xmax + x(l) 

A.I/A.No - 1 
(19) 

where t::.N == 1/(number of grid points - 1), Xmax is the position where the outer 

boundary condition is imposed, and A and flNo are adjustable constants. 

After replacing the spatial d'erivatives with finite difference approximations for a 

variable grid spacing, the transport equation can be written 

d d _ d N,. (Wf - We ) T. . n. n-I 
-"J,n +-W),n + - L skJGk =-v 
dt dt dt Xn - Xn-I 

k=1 

, [(lVe
+

1 
_lV

e+l
) (lArl+1 lATe+l)] D n+l n Hn - Hn-l 

+ ~(Xn+l - Xn-l) Xn+l - Xn .,- Xn - Xn-I . 

(20) 

Equations (2,4,10,11,13,14,18 or 20) fonn a set of differential/algebraic equations 

(DAE's) which fits the form 

dm 
G(m, t)Tt + F(m, t) = 0, (21) 
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where m is a vector which contains all the unknowns (m), mj, me" me,; mp) at all the 

nodes. The matrix G is singular because gj,n =0. when the mass action equations 

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

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

. ( £+1'_ 'e) 
G(n/+ 1 t) m m + F(mffl t) = 0 , . 'At' , (22) 

. . 

where f denotes the preyious t.ime level and f + 1 denotes the new time level. The 

finite difl'erence approximation to the transport equation is~henwritten as 

1\1ore sophisticated DAE solvers based on more than one previous time level are 

available, such as those of Hindmarsh 11980] and Petzold 11981]. However, CHEMTRN 

includes precipitation, and when precipitat.es form the number of unknowns increases. 

Met.hods based on using derivatives at several previous time steps would have to be 

restarted when the number of unknowns changes. Therefore, the simpler backward 

differencing method was used in CHEMTRN. 

An advantage of using just two time levels is t.hat it is possible to modify the 

bacb .... ard 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 ne", t.ime level. Then the physical significance of the advection term is maint.ained: 

information is transport,ed in t.h(> direction of t.he flow. The upwind diifrrencing sch('m(~ 

used in CHE\-fTRN for t.he advection t.erm does, howeH~r, introducE' numerical diffusion 

with a coefficient of (v~;r/2)(1- c), where (" IS the Courant number equal to 7':::.t/:::':r. 
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and the equations are no longer unconditionally stabk.· .. The·numerical.dispersion can 

be thought of as contr.ibtiting. to the physical dispersion,.term; it is di.rectly pr9portional 

to the ·velocity.in .the same manner iIi which.the physical dispersion is formulated. The 

numerical dispersion can beIIiinimizedby,~using a time step such that c = 1 (at = 

::'x/v); .however, this rest?iction can be rather,stringent. In addition, tor a variable grid 

spating, one cannot necessarily:have. c '~ l.thoughout -the entire· grid. '. In this case, 

if numerical dispersion is comparable t.o or greater than physical d~spersion, alternate 

differencing methods IRoacl1e, 1972] may have to be used for the advection term. As 
!' , . .! ,;.~ 0' 

i . 

for the stability of the equations, the implicit fo'rinof the dispersion term offers greater 
, "/! ,\,'. . "' . 

stability than a purely explicit differencing scheme. No exact stability analysis has 

been 'dorie for'the firllte difference scheIIle .. If the 'flbw is mainly advective and if large 

oscilla:tions begih to occur :in thecalNilated concentrations,' the time step should be ' 

reduced. ' 

A Newton-Raphsod it'eration t.echi;iqu~' is used' t~ s~lve th'e system ~f equations. 
. \', .' ~ . :. ..' ." . . . , 

Estimates of the values of the unknowns at the new time level are used to calculate' 

the residues of all the equations for thoseestimat'es; 

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

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

J = oR/8m, and then using the Jacobian to predict. the, values of the unknowns at 

the new time level, 

(25) .' . 

Since one.;dimensional flow is being m~deled, ,any component of the residue vector 

will be a function of Tn at thatnodf' and the neighboring nodes resulting in a block 

tridiagonal Jacobian matrix. The linfar system;of equations (25) is solvfd using LU 
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decomposition where the Jacobian is raet~redinto lower and upper triangular matrices. 

A software package written by Hindmarsh [1977} was used both to perrorm the LV 

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}. Theiterations or (25) 

continue until the changes· in the new· values· or m are less than the specified error 

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

l\tfiller !1980j.In CHEMTRNthe rollowing norm, " 

where N is ,the number of nodes and NT is the,total number of ,species, must be 

less than 10-4~ If convergence is not obtained in ten iterations, a new Jacobian is 

calculated. If convergence is still not obtained within five iterations, the tim~ step 

is halved. VVhen convergence is obtained within only five iterations, the time step is 
< , " .' " • • , 

multiplied by 1.75. This criterion is set within the program. 

Precipitation is only included in the set ,or equations when it occurs. One type of 

precipitate many form at one node while another type may form at a different node. 
. - . 

After each time step, the activity product for each precipitate that is being considered 

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 th:1tnode.· All the solubility products are considered when the 

new equilibrium distribution is calculated. From that time on, the solubility product 

is satisfied ror any precipitate which has formed at the node and is included in the 

system of differential/algebraic equations which are solved simultaneously. Thus, the 

two-st.ep procedure is only used at the time step when a precipitate first forms. The 

transport equation at anode with a precipit'ate henceforth includes an additional 

term representing t.he change·in the amou'nt, of prcCipitatc at, that node. If complete 
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dissolution· occurs, the species concentration is forced to go to zero during the time 

st.ep .,when the dissolution oc.curs. After this time step, the solubility product.will no 

longerb.e satisfied at that node; 

Ne,v chemical reactions ar~ treated by calculating the residues of the new equa­

tions describl~g 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, howev.er,'requires the calculation and ,the storage of the changes 

in residues' of~ach equation 'with respect· to' the changes in all the unknowns at a 

node andaLthe two neighboring nodes. Although only the ·nonzero block matrices are 

stored,: this storage requir,ement can be excessive for some computers. It is possible 

to break,up t,heJacobian matri.x into sever,al· 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 boundarycon'ditions can be simulated. At the inner 

boundary 'it is 'possible t.o specify a constant-concentration boundary condition, 

m = rnb~ 

or a ronstant-flux boundary condition, 

om 
qb = vm ..,- D-,-. ox 
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The flux boundary condition is imposed at 0 if the flow is one-dimensional and at 

x(1)/2 if the flow is radial. At the outer boundary; either a. constant concentration 

equal to that of the init.ial condition or a no-flux boundary condition can be imposed. 

An additional feature of CHEMTRN is that at the inner boundary, it is possible to 

impose a solubility product constraint for the equilibrium or a solid phase with the 

initial groundwater: 

K12 = (AIl (A2) , . (26) 

where K 12 is an equilibrium; solubility producL The equilibrium distribution or species 

is determined at this boundary rrom knowledge or the total amount of precipitate that 

has been added and from the additional condition that the increased amounts of each 

species making up the precipitate, Al 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+ - mOH- . (27) 

This method is employed because a mass balance equation for either H+ or OH- must 

include the concentration of water. Relatively large changes in concentrations of the 

former produce extremely small relative changes in the concentration or the latter. To 

solve for y, a slight modification must be made to the mass balance equations for H+ 

and OH-. The mass balance equation tor the hydrogen ion is 

L[mH+ + ~(a;'H+)mc,] + :tWH+ = -L(mH,o), (28) 
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and for the hydroxyl ion, 

(29) 

where the operator L is defined by 

(
0 [P a) L= --D-+v- . 
at ox2 ax 

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

(30) 

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

of water: 

(30) 

where Kw has the value of 10-13. 99 at 25 0 C. 

PROBLEM FORMULATION 

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

1. The stoichiometric coefficients of the basis species participating in the reac-

'- tions which are being considered 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 uf species which can be uSf'd 

to define all other species present. The order of the st.oichiometric coefficients 

is thf' same as that. in wh'ich t.he information about t.he basis species is read 
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int.o the program. Because the program includes the dissociation of water, the 

hydroxyl complex (OH-) is treat.ed 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 wit,h the same species: H+ ion or else 

the first species sorbed. For surface complexation, the reactions are written 

in terms of a reaction with a SOH site. 

s. For sorption via surface complexation, one must also specify how many H+ 

species are displaced or additionally sorbed, e.g., a Sr2 + ion could displace 

one or two H+ 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+ ions reacting is either -1 for 

sorption, 0 for the H+ ion itself, or + 1 for displacement of H+ . 

As stat.ed above, OH- is treated differently than the other complexes. If dissocia­

tion of water is included, then t.he chemical reactions are written in terms of H+ and 

OH- instead of H+ and lbO, as if OH- were a basis species. Because the concentra­

tion of OH- can be obtained from H+· anel the equilibrium constant for dissociation 

of' water, informat.ion read about this species will be like that read for a complex. 
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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+, 

(:a2+, H+, and CO~-, with complexes NaOH, NaC03 , HC03 , H2C03, CaOH+, 

CaC03, NaHC03, CaHCOt and H20, the basis species for defining the reactions are 

Na +, Ca2+, H+, CO~-, and OH-. Then for the reaction 

Na+ + OH- .¢NaOH 

the stoichiometric coefficients are 1,0,0,0,1 and for the reaction 

Ca2+ + H+ + CO~- .¢ CaHCot 

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 H+ and OH- instead 

of H+ and H20, 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 a,v + b where b is the diffusion coeffident. 

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 H+ the pH can 

be specified; for the Na + species, anyone of the following can be specified: the total 

concentration of Na in the aqueous phase, the concentration of the Na + ion or the 

total concentration of Na in the a.queous 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 variables are listed in the order in which CHEMTRN reads them. 

The variable names, descriptions, units and read formats have been provided. The 

formats are either F or I; E format may be used instead of F as long as the value is 

correctly right justified in the field. For Lines 2-12, lSb, 13c, l4b, lSb-d, and 16b, the 

first ten spaces have been left blank so that the user may 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 t a unit of time. Some of the input lines have been 

grouped 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 

format 20A4 

TITLE title information for the problem 

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

variable 

columns 

format 

Line 2 

ULENGTH 

1-10 
. AIO 

ULENGTH 
UTIME 

UTIME 

11-20 

A10 

units of length 
units of time 

The user must provide an integer code for th<:' type of flow, either one-

dimensional or radial. In addition. the user should sp<:'cify wh<:,ther 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 IG 

columns 11-20 21-30 31-40 
' . 

forrriat .. 110 110 110 

ITYPE 

IDYNAM 

IG 

type of flow: 
o - one-dimensional flow; 1 - radial flow 

code to indicate whether the program should stop after 
calculating the equjIibrium distribution for the initial 
and boundary con'ditions: 

o - stop; 1 - continue executing 
code to indicate whether the program or the user will 
provide initial guesses of the concentrations: 

o - user will; 1 - program will 

Line a These parameters control the number of iterations performed, when calculat­

ing the equilibrium distribution of species, before intermediate ealculations are print.ed. 

If the calculations converge slowly because of a poor initial guess, for example, then 

examining the old and new guesses will provide an idea of how the guess can he im­

proved. To suppress print.ing intermediate calculations, values of 100 are recommended 

for all of these parameters. If the calculations do not converge after 100 iterations, the 

program will stop executing and print a message. 
. , . \ 

variable 

columns 

format 

IN! 1N2 INa 

11-20 21-30 31-40 

110 110 110 

IN! 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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number oC iterations beCore' printing when calculating 
the equilibrium distribution at a node wherp 
a 'new precipitate is Corming 

Line 4 The user must supply several parameters which control the grid spacing. For 

an evenly spaced grid (DNO=O), the grid spacing DX is equal to XMAX /(NMAX-l). 

For a variable grid, DX varies and is the difference between adjacent grid points xU) 

calculated Crom 

. [AK(i-l )~N/DNO - 1] , 
xU) = XMAX + x{l), AK1/DNO - 1 

where j = i for the concentration boundary condition, .i = £ -1 Cor the flux boundary 

condition and one-dimensional flow, and ~N = 1/{NMAX-l). 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 x =0. 

If a concentration boundary condition is specified at the inner boundary (on Line 8, 

mND(l)=O), it. is imposed at the first grid point which is located at 0; XMAX is the 

location of the last grid point. If a flux boundary condition is specified at the inner 

boundary (IBND(l)=l onLine 8) and if one-dimensional flow is specified, (ITYPE=O 

on Line 2), the boundary condition is imposed at 0 and the program adjusts the grid 

spacing so that the neVI' value of the first grid point is one-half oC the old value of 

the first grid point; th(' last grid point is offset from XMAX by the same amount. 

If a flux boundary condition is specHied at. the inner boundary and if radial flow is 

specified (ITYPE=l 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-nux 

boundary condition is specified at the outer boundary (mND(2)=1 on Line 8), it is 

imposed midway between the last and next to last grid point. 
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variable 

columns 

format 

NMAX 
XMAX 
DNO 

AK 

RW 

NMAX XMAX DNO AK RW 

11-20 21-30 31-40 41-50 51-60 

110 FlO.3 F10.3 F10.3 F1O.3 

number of grid points 
distance between the first and last grid points [L] 
parameter used to calculate the grid spacing (see equation 
above); if DNO=O, then the grid spacing will be uniform 
and equal to XMAX/(NMAX-1) 
parameter used t.ocalculate the grid spacing (see equation 
above). 
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) 
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Line 5 The user must specify the number of, times at which the results are t.o 

be printed, t.he size of the first time step and the size of the maximum time step 

allowed. The initial time step is usually between 10-4 and 10- 5 (in units of time 

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

should be approximat.ely 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 

columns 11-20 

format 

KMAX 
DTINI 
DTMAX 

110 

' DTINI DTMAX 
21-30 31-40 

F10.3 F10.3 

number of times at which the results are to be printed 
size of the initial time step ttl 
size of the maximum time step permitted ttl 

Line 6 The program will print the result.s at, times nearest, those specified. KMAX 

timE'S, where KMAX was given on Line 5, are read, Sf'Vcn to a line. 
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variable 

columns 

format 
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TPRINT(K), K=l, KMAX 

TPRINT 

11-80 

' 7FlO.3 

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 VO 

columns 11-20 21-30 31-40 

format FlO.3 F10.3 FlO.3 

DOA dispersivity [L] 
DOB diffusion coefficient [L 2 It] 
VO· for one-dimensional flow (ITYPE=O on Line 2), this is the mean 

fluid velocity (i.e., the specific discharge divided by the 
porosity) [Lit]; for radial flow (ITYPE=l on Line 2), it is 
a constant of proportionality equal to the radial distance 
times the mean fluid velocity [lit] 

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 flux boundary condition is possible. At the outer boundary, either a concentration 

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

possible. 

variable mND(l) 

columns 11-20 

format 110 

IBND(l} 

mND(2) 

21-30 

110 

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

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

o - constant concentration equal to initial conditions; 
1 - no flux 
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Line 9 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 . 
. , 

variable LEACH NB 

columns 11-20 

format 110 

LEACH 

NB 

21-30 

110 

position in the list of precipitates of the solid which is 
leaching: 

o - no leaching 
location of the solid which is leaching: 

o - no leaching: 
1 - solid is leaching at the first grid point 

Line 10' Infeger 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 

complexation model, the number of aqueous complexes~ the number of solid precipitates 

and the position of H+ in the list of basis species which follows. 

variable NUM(l) 

columns 11-20 

format 110 

NUM(l) 

NUM(21 

NUM(31 

NUM(2) NUM(3) NUM(4) NUM(5) LNH 

21-30 31-40 41-50 51-60 61-70 

110 110 110 110 110 

. number of basis species (OH- must be included in the count 
if t.he dissociation of water is to be incorporatf'd in the model) 
number of s}X'cics (both basis spec:i{'s and complex('s) which 
are sorbed according to an ion exch:mgf:' mechanism 
number of species (both basis species and complex('s) which. 
are sorbed according t.o a surface complexation model 



24 

NUM(4) 
NUM(5) 
LNH 

number of .aqueous complexes 
number of solid precipitates 
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position of H+ in the list of basis species: 
o - dissociation of water not included 

Line 11 If any of the species are sorbed according to an ion exchange mechanism, 

then the ~ser must specify the number of equivalents of sites per liter of solution that 

are available for sorption. This vaJue is obtained from the cation exchange capacity 

(CEC), usually given in meq/g of solid, by multiplying the CEC by 1O-3 ps (1- ¢)/rfJ, 

where ¢ is the porosity and Ps 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 /1 solution] 
available for sorption in ion exchange model 

Line 12 If any of the species is sorbed according to the surface complexation model, 

then the user must specify the five parameters described below. This line is omitted if 

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

variable Cl C2 ,PK1 PK2 AREA SOB 

columns 11-20 21-30 . 31-40 41-50 51-GO 61-70 

format. F10.3 - F10.3 F10.3 FI0.3 F10.3 FlO.3 

Cl' capacitance betw('en the surface plane and the beta plane 
[liF / L~] -

C2 eapacitanc(' between the beta plane and the diffuse layrr' 
[/IF / L2] 

PKI -log of the dissociation const.ant, of t.h(~ posit,iYeI~' chargNJ 
sit-(, ~OH::+ . 
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PK2 - log of the the dissociation constant of the neutral site SOH 
AREA sorption area [L 2 fi solution] 
SOH concentration of sites in [equivalentsfl solution] 

available for forming complexes in surface complexation model 

Lines 13a,b,t This set of input lines reads information about the basis species and 

constants involved in the processes of ion exchange or surface complexatiQn. Line 13a 

is always read; both Line lSb and Line 13t are omitted if the basis species is not sorbed 

(ISORPI=ISORPE=O). Line 13b is read if the basis species is sorbed according to an 

ion exchange mechanism (ISORPI= 1); Line 13t is read if the basis species is sorbed 

accordihg to a surface complexation model (ISORPE=l).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 VJ INDEXI BI GUESSI INDEXB Be GUESSB 

columns 1-10 11-20 21-25 26-35 36-45 46-50 51-60 61-70 

format A10 FI0.3 15 FI0.3 FI0.3 15 FI0.3 FlO.3 

Line 13a - continued 

variable 

columns 

format 

ISORPI 

71-75 

15 

DUM 
VJ 
INDEXI 

ISORPE 

76-80 

15 

name of the species 
charge of the species 
type of initial condition: 

o - 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 giyen: 
2 - the combined concent ration of the basis species and til<' 

aqueous complexes will be given: (if a speciE'S can 
form a precipitatE'~ option 3 must be used instead of 
option 2 to allow for til(' inclusion of the 
solubility product if necessary) 
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Bl 

GUESSI 

, 
INDEXB 

BC 

GUESSB 

ISORPI 

ISORPE 
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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; . 

,ralue of the initial concentration according to the value 
of INDEX! [moles/l] 
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 INDEX! and describes what type of 
concentration is being specified at the boundary 
value of the concentration at the boundary [moles/l] 
according to the value ofINDEXB [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 
guess for the boundary concentration of the basis species 
[moles/I]; 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 according to 
an ion exchange mechanism: 

o - is not sorbed; 1 - is sorbed 
code to indicate whether the species is sorbed according to 
a surface complexation model: 

o - is not sorbed; 1 - is sorbed 

Line lSb ion exchange 

variable PIa 

columns 11-20 

format F10.3 

PIa 

GUESSI 

GUESSB 

GUESSI GUESSB 

21-30 31-40 

FIO.3 FlCI.3 

- log of the equilibrium constant for the ion exchange 
between t.he basis species and H+ (or. another common 
species) 
guess for the amount of this species which is sorbed initially 
[moles/I]; 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/f]; can be left blank if the 
program is to provide the guess (IG=l on Line 2) 

, 
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Line 13e surface complexation 

variable PKE 

columns 11-20 

format FlO.3 

PKE 

GUESSI 

GUESSB . 

AD 

GUESSI GUESSB AD 

21-30 31-40 41-50 

FI0.3 FlO.3 F10.3 

-log of the equilibrium constant for the surface complex 
reaction between the ba'sis species and an SOH site 
guess for the amount of this species which is sorbed initially 
[moles/l];ean be left blank if the program is to provide the 
guess (IG=1 on Line 2) 
guess f6r the amount of this species·which is sorbed initially 
at the inner boundary; [moles/i] ean be left blank if the 
program is to provide the guess (IG= 1 on Line 2) 
amount of charge which is displaced or sorbed for each 
surface complexation reaction with a SOH site: 
. + 1. - ~ H+ ion is displaced, 
. 0 - used for the H+ ion, 
-1 - a H+ ion is sorbed 

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

simulation (LNH=O 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(l)) read on 

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

Line 14a 

variable 

columns 

format 

DUM 
H20K 

DUM 

1-10 

AlO 

D20K 

11-20 

FI0.3 

name 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 FlO.3 FlO.3 

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

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

Lines lSa,b,e,d These four lines are omitted if ~UM(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,e are read; if the complex is sorbed according 

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

sorbed~ then only Lines lSa,b are read. 

Line 15a· 

variable 

columns 

format 

Line 15b 

variabl(~ 

DUM 
PK 

S 

eolurnns 

format 

DUM PK S(J), J=I,NUM(l) 

1-10 11-20 21-70,/,1-75 

A10 FI0.3 10F5.1,/,15F5.1 

name of the complex 
- log of the equilibrium constant for the formation of the 
complex 
array which holds the stoichiometric coefficients for the reaction, 
read in the same order in "'- hich the basis species are read 

GUESSI GUESSD ISORPI ISORPE 

11-20 21-30 31-3:> 36--10 

FIO.3 Fl O.~~ 15 15 
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GUESSI 

GUESSB 

"- ., 

gue~s Cor the ini'tia,l concentratip~' of this complex 
Imoles/l]; can be left blank ir the program is to provide the 
guess (IG=1 on Line 2) . . 
guess for the concentration of this complex at the boundary 
Imoles/ l]; can be left blank ir the program is to provide the 
guess( IG=1 on Line 2) 
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ISqJtP~ .', , .code .to,indicate wl1ether the complex is sorbed according to 
an ion exchange mechanism: . 

\. 

ISORPE 
,0 - is not sorbed; 1- issorbeq.. , 

code to indicate whether the complex is sorbed according to 
a surface complexation model: 

o - is not sorbed; 1 - is sorbed 

Line 15c ion exchange 

variable PIO 

columns 11-20 

format FlO.3 

PKI 

GUESSI 

GUESSB 

" 

GUESSI "'GUESSB 

21-30 . 31-40 

F10.3 F10.3 

- log of the equilibriuqI cqrtstant for the ion exchange 
between the aqueous complex and H+ 
guess fOJ the amount,of this cOInplex which is sorbed initially 
[moles/I]; can be left blank ir the program is to provide the 
guess (IG=1 on Line 2) 
guess for the amount of the complex which is sorbed 
at the boundary conditionslmoles/l]; can be left blank if 
the program is to provide the guess (IG= 1 on Line 2) 

Line 15d surface complexation 

variable 

columns 

format 

PKE 

PKE :0' GUESSI .. GUESSB' AD 

11-20 21-30 31-40 . 41~50 

F 10.3 F 1 0~.9 
.,<. ,'I .. 

F10.3 F10.3 
" . 

- log of the equilibrium constant for the surface complex: 
reaction between the complex and an SOH site 

GUESSI guess for t.he amount of this complex: which is sorbed initially 
[moles/ I]; can be left blank ir the program is to provide the 
guess (IG=1on Line 2) 

GUESSB gupss for the amount of this complex: whieh is sorbecl at the 
boundary [moles/I]; can be left blank ir the program is to 

provide the guess (IG= 1 on Line 2 ) 
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AD amount of charge which is displaced or sorbed for each 
surface complexation reaction with a SOH site: 

+ 1 - aH+ ion is displaced,· 
o - used for the H+ ion, 

~ 1 - a H+ ion is sorbed 

Lines 16a,b These two lines are o~itted if NUM(5) ..:-. 0 on Line 10, that is, if no 

precipitates form. The concentration units for the precipitate are in equhraJent moles/ I 

of solution. 

Line 16a 

variable 

columns 

format 

Line 16b 

variable 

columns 

format 

DUM 
PK 
SS 

DUM PK SS(J), J=lNUM(I) 

1-10 11-20 21-70,/,1-75 

A10 FIO.3 lOF5.1,/,15F5.1 

name of the precipitate 
- log of the solubility product 
array which holds the stoichiometric coefficients for the reaction, 
read !n the same order in which t.he basis species are read 

GUESSI GUESSB 

11-20 21-30 

FlO.3 FlO.3 

GUESSI guess for the initial concentration of this precipitate 
[moles/ II; ean be left blank if the program is to provide the 
guess (IG=l on Line 2) 

GUESSB guess for the concentration of this precipitate at 
the boundary [moles/IIi ean be left blank 
if the program is to provide the guess (IG= 1 on Line 2) 
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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 exampJes include advection and dispersion/diffusion. 
. ." '. ' , ~ 

(1) Ion exchange case· 

In this example, surface complexation is not considered (NUM(3)=0) and no com­

plexes or precipitates form (NUM(4)=NUM(5)=0). The major species in the ground­

water are Na+, M~+, Ca2+, and CI- with other cations and anions making up the 

balance of the chemical species. This case is a simulation of a field test described by 

"Falocchi et al. [1981J in which treated municipal wastewater effluent was injected -into 

a shallow aquifer in the Palo Alto (California) Baylands region. The field data used for 

this simulation were obtained from Valocchi et a1. [1981J. More data are available in 

Roberts et a1. [1978J and Charbeneau and Street [1978J, referenced by Valocchi et a1. 

[1981]. 

The composition of the fluid arriving at well 523, 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/t CI-, 1990 mg/e Na+, 436 mgjf. 

M~+, and 444 mgt e Ca2+. However, because CHEMTRN requires concentrations 

in molest f. solution, these values must be divided by 103 times the molecular weight 

of the species. For example, the initial value of Cl- is Omoles/ ( solution (BI=0.16, 

INDEXI=2). The effluent water was injected at an average rate of 21 m3 /hr and had an 

average composit.ion of 320 mgjf Cl-, 216 mg/f. Na+, 12 mgt' Mg2+, and 85 mg/C 

Ca2+. (Again the reported concent.rat.ions must be divided by 103 times the molecular 
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weight of the species.) As given by Valocchi et al. [19811, the aquifer thickness was 

taken to be 2 m, the solid matrix density was 2500 g/f., the CEC was 0.09 meq/g, 
: . 

and the porosity was 25 per cent. The concentration of sites available for sorption is 

then 0.67 equivalents Per liter (CECNS). Assuming the flow to be radial :With the fluid 

velocity equal to Q/(27rb¢r), where Q i"s the injection rate, ¢ is the porosity, and b is 

the aquifer thickness, then the velocity would be 6.8/rm/hr. However based on tracer 

tests, Valocchi suggested that the field had a permeability about. 1.45 times greater 

in the direction of flow toward well S23. Therefore this velocity has been multiplied 

by 1.45 so VO=9.8. A dispersivity of 1.0 m is assumed (DOA=1.0 and DOB=O). 

Numerical dispersion contributes about an additional 20 per cent to the calculated 

dispersion coefficient because of the grid spacirig used. 

The numb~r of basis species is 4 (NUM(l)) with 3 (NUM(2)) of them (Na+, Ca2+, 

and :l\'1g2+) being ~orbed ~'ia ion excha~ge. For each of these three io~s, ISORPI= 1 

and ISORPE=O. The negative log of the effective equilibrium c~nstant used for the 

exchange reaction of :Mg2 + rel;lacing Na + 

is -0.35 (PIa) and that for Ca2 + replacing Na+ 

Ca2+(aq) + 2Na +=tCa+ 2Na+ 

is -0.6 (PIa). Not.e that the effective equilibrium constants in CHEMTRN are defined 
• ". •. r 

using a mole fraction convention for t.he sorbed phase, instead of the equivalent fraction 

convention used by "Vaiocchi, ei; a1. [19811 and incorporate activity coefficients for the 

aqueous phase sp,ecies. 

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

was used (DNO=O) with NMAX=,to amI XMAX=6-L' :The, initial, time stpp used 



c.w. Miller 33 

was 10-4 hour (DTINI) with a maximum time step of 1.6 hours (DTMAX). I;3ecause 

the dissociation of water is not included LNB (position of the H+ ion in the list of 

basis species) is o. Also no solid is being leached into the groundwater so LEACB=O 

and NB=O. 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=l, 2 or 3 represents the same initial condition.) For calculating 

the distribution of species in the injected fluid, INDEXB=l, 2 or 3 represents the same 

condition in this example. Intermediate printouts of the calculations of concentrations 

of species until an equilibrium distribution or species is determined are not desired so 

INl=1N2=1N3=100. In addition, t.he initial estimates are being supplied so IG=O. 

The treated wastewater:is ¥tjected at a constant rate at the inner boundary so 

a flux boundary condition is used at this boundary (mND(l)=l). 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 occurs. 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 

(mND(2)=O). 

An example or the output. for this problem rollows 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 ealculation 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 concent.rations 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 resultsot the simulation with the field measurements 

at well S23 as tunctionsot total injected 'volume. The figures show concentrations (in 

mg/t)ot the exchanging ions Ca2+ and Mi+, 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 soi~, HC03" , CO~-, 

and H+ would be required to assess the effects of aqueous-phase complexation on the 

transport of Ca2+ and Mg2+ . 

(:2) Ion exchange and aqueous-phase complexation 

This example considers the transport of strontium when solld SrC03 is placed in 

contact with the groundwater at the inner boundary. The groundwater is assumed to 
" ,~, 

have a velocity of 0.1 m/yr (VO) and a dispersivity of 1.0 m (DOA). H20 is allowed 

to dissociate (a nonzero value of LNB) and eleven complexes (NUM(4)=11) tormfrom 

Na +, Ca2+, Sr2+, H+, CO§-,' and OH~.' To balance the charge of the cations, 

CI- has been included in the calculation making NUMll)=7. The species Na+, 

Ca2+, Sr2 +, and H+ are sorbed by ion exchange only (NUM(2)=4, NUM(3)=0). 

Two precipitates (SrC03 and CaC03) are considered in the calculation (NUM(5J=2). 

The concentration of sites available for sorption is 0.1 equivalents/ e solution (CECNS). 

The groundwater contains NaCI, Na2C03 and CaCh in concentrations such that the 

total initial concentrations of Na+ and Ca~+ in the aqueous phase (INDEXI=2) are 

1 X 10-3 and 5 X 1O-:-~ moles/ £ solution (BI) respectively. The initial concentration 

of CO~- is 5 X 10-4 moles/I!. and INDEXI==3 because CO~- may be precipitated 

as CaC03 'orSrC03. The concentration, of Cl- is determined from a charge balance 

" .. '" 

'. 
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(INDEXI=4). The initial pH is 8 (INDEXI= 1 Cor H+) and the initial concentration of 

strontium is 1 X 10-8 (INDEXI=3, BI=l X 10-8
). Dissociation oC H20 is included 

so the position oC the H+ ion must be given (LNB=4) with OH- last in the list 

of basis species. At the inner boundary 6~95 X 10-5 equivalent moles/l solution 

of solid SrC03 is placed in contact with the groundwater (LEACB=l, NB=l). As 

Sr2+ and CO~- are released into t.he groundwater, the pH of the water will change. 

Therefore, the concentration oC H+ at the inner boundary is now determined by a 

charge balance (INDEXB=4). The concentrations oC Sr2 + and CO§- in equilibrium 

with solid SrC03 at the inner boundary must be determined Cromthe solubility product 

of SrC03 calculated Crom Equation 2 with Kk = 9.25 and the additional constraint 

that the amounts oC Sr2+ and CO§ released into the groundwater must be in the 

stoichiometric ratio Cor that solid. The value of BC given for the first basis species 

(5r2+) making up solid SrC03 must be equal to the total amount of the solid. No 

values of BC need be given for the other species (C03) 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=O.2, AK=1.4 and XMAX=5.0 m and 

are listed in the output. The initial time step (DTINI) is 10-4 yr and the maximum 

time step (DTMAX) is 0.5 yr. One-dimensional flow is assumed (ITYPE=O) with a 

concentration boundary condition imposed at the inner boundary (mND(l}=O) and a 

no-flux condition imposed at the outer boundary (mND(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 readions are used. For example, the format.ion 

of CaHCOt is writ.ten as 
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and the pK (PK) used is -11.3. The stoichiometric coefficients for this reaction in 

terms of the listed basis species (Na+, Sr2+, Ca2+, H+, CO~-, Cl-, and OH-) 
, 

are 0,0,1,1,1,0,0 (S(I,J)). Initial estimates of concentrations are provided in the input 

deck so IG=O. 

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 complexation and aqueous-phase complexation 

In this example, Pb2+ and PbOH+ are sorbed on the solid I-A1203 via a surface 

complexation model. The background electrolyte is NaCI04 and both cations and 

anions can be sorbed. The basis species are Na +, Pb2+, H+, CI04", and OH-' 

(NUM(1)=5) The total number of species being sorbed via surface complexation is 5 

(NUM(3)); these species ar~ Na+, Pb2+, H+, CI04" , and the complex, PbOH+. No 

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

Data for the reactions and the needed constants are taken from Daris and Leckie 

[19781. The pK (PKE) values for sorption of Na+ andCI04" 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 Lec1..ie [19781 is t.o write the 

reactions in terms of release of H+. The reaetions for sorption of the background 

electrolyte are 
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and 

SOH+ CIO;- ¢(SOHt - CIO:!) - Ht 
A pK of 11.5 (PK2) is used for the dissociation of SOH (reaction R4) and a pK of 5.7 

(PKl) is used for the dissociation of SOHt (reaction R5). The surface site density is 

8 sites/nm2 , the surface area is 117 m2 /g, and the ratio of solid mass to fluid volume 

is 11 gil, giving a value of SOH of 0.017 equivalents/f solution and a value of AREA 

of 1.37 X 107 cm2 /t solution. The capacitances are 100 IlF Jcm2 (CI) and 20 IlF /cm2 

(C2). 

Following the discussion of Davis and Leckie [1978], the Pb2+ forms a complex 

with one surface site and so the amount of charge displaced is 1 (AH). The pK values 

(PKE) for sorption of Pb2 + and PbOH+ are 5.0 and 2.6, respectively. Although Davis 

a,nd Leckie [1978] write the sorption of PbOH+ 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 Pb2+ reacts first with OH- to 

form PbOH+ in the bulk solution; then PbOH+ with a + 1 charge moves through the 

potential field to form a bond with the surface rather than Pb2+ with a +2 charge. 

The value of 2.6 for the sorption of PbOH+ was determined by correcting Dal'is and 

Leckie's [1978] data for the formation of PbOH+ 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 10-4 

moles/ f solution (BI) so IND~XI=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 H+), is introduced at x = 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 10-5 hr (DTINI) and the maximum time 

step permitted is 0.5 hr (DTMAX). The position of the H+ ion is 3 (LNH) and LEACH 
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and NB are both O. 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 concentrati?ns of aqueous Pb2 + , PbOH+ , H+ , sorbed 

lead in the forms of (SO-Pb2 +) and (SO-PbOH+), and sorbed H+ in the form of 

SOH at 5 hours. As seen in the figure, the concentration of the Pb2 + ion 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) Precip~'tation/dissolutionJ ion. exchange and aqueous-phase complexation 

In this example CHE!vfTRN is used to simulate precipitation of CaC03 when a 

Na + -rich solution flows into a one-dimensional column of porous medium on which 

Ca2 + has previously been sorbed. Initially, the fluid in the column contains 1.5 X 10-3 

M Ca2+ (INDEXI=3, BI=1.5 x· 10-3 ), 10-5 M Na+ (INDEXI=2), 6.6 X 10-4 1\·1 

CO~- (INDEXI=3), and enough H+ to give a pH of 8 (INDEXI=I). The program will 

calculate enough Cl- (INDEXI=4) to balance the solution electrically. Then a solution 

that has a higher level of Na+ (BI=1.1 X 10-2 M, INDEXB=2) is fed into the 

column. The Ca2 + ion is displace.d from the solid matrix. The initial concentrations in 

the fluid are such that the solubility product of CaC03(S) (NUM(5)=I) is exceeded 

when the Na+ -rich fluid flows into the column. A const.ant-flux coundary condition 

(IBND(I)=I) is maintained at x = 0 and a boundary condition of constant. concent.ra­

tion equal to that of tIl<' initial groundwater is maint.ainc'd at the outflow boun­

dary (IBND(:2)=O). TIl(' dissociation of wai..rr (a nonzero value of LNH) and the 

formation of the complexes NaC03 , NaHC02. N:lOHo, He03 , 1-12 cog. CaCOg, 
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CaHcot, and CaOH+ (NUM( 4)=8) are included in the simulation. The position of 

H+ in the list of basis species is 3 (LNB); 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 

precipitate CaC03, and the concentration profile for two different times. Figure 6 is a 

plot of the time when CaC03 begins to precipitate along the column. Because CaC03 

does not precipitate in the equilibrium distribution of species for the fluid flowing into 

the column, this precipitate will start to redissolve at the upstream boundary as the 

fluid approaches the inflow conditions. 
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Figure 3. Example 2: Concentration or basis species at 5.2 years. 
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TIME = 20.3 YEARS 
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Figure 5. Example 3. Concentration or sorbed and aqueous species, 

H+, Pb2+, PbOH+ at 20.3 years. 
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as a runction or time. 
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APPENDIX A 

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

AD 

AK 

AREA 

BC 

BI 

CECNS 

C1 

C2 

DOA 

DOB 

amount of charge which is displaced or sorbed for each 
surface complexation reaction with a SOH site: 

(Line 13c, Line15b) 
+ 1 - a H+ ion is displaced, 

o - used for the H+ ion, 
-1 - a H+ ion is sorbed 

parameter used to calculate the grid spacing (Equation 19) 

(Line 4) 

sorption area used in surface complexation model 

[L 2 I l solu tion] (Line 12) 

value of the concentration at the boundary in 
[molesl l solution] according to the value of 
INDEXB (Line 13a) 

value of the initial concentration in [molesl I solut.ion] 
according to the value of INDEXI (Line 13a) 

concentration of sites in [equivalentsl l solution] 
available for sorption in ion exchange model (Line 11) 

capacitance between the surface plane and the beta plane 
in surface complexation model [/1.F I L 21 (Line 12) 

capacitance between the beta plane and the diffuse layer 

in surface corp.plexation model [I1FIL2] (Line 12) 

dispersivity [L] (Line 7) 

diffusion coefficient [L2 It] (Line 7) 

47 
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DNO 

DTINI 

DTMAX 

DUM 

GUESSB 

GUESSI 

B20K 

mND(I) 

mND(2) 

IDYNAM 

IG 
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parameter used to calculate the grid spacing (Equation 19); 

if DNO = 0, then the grid spacing will be uniform and 

equal to XMAX/(NMAX-l) (Line 4) 

size of the initial time step [tl (Line 5) 

size of the maximum time step permitted ttl (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/l solution] (Lines 13b-c, 14b, 15c-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, 15c-d, 16b) 

can be left blank if the program is to provide the 
guess (IG =. l}on Line 2 

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

'type of boundary condition to be imposed at the inner 
boundary (Line 8): 

o - constant concentration; 1 - constant flux 

type of boundary condition to be imposed at the out.er 

boundary (Line 8): 
o - constant concentration equal to init.ial conditions; 

1 - no flux 

code -to indicate whether the program should stop after 

calculating the equilibrium distribution for the initial 

and boundary condit.ions (Line 2): 
o - st.op; 1 - continue executing 

code to indicat.e whet.her the program or the user will 
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1N1 

1N2 

1N3 

INDEXB 

INDEXI 

ISORPI 

provide initial guesses of the concentrations (Line 2): 

o - user will; 1 - program will 

number of iterations before printing when calculating the 

equilibrium distribution of the initial conditions (Line 3) 

number of iterations before printing when calculating the 

equilibrium distribution at the grid point where the 

boundary condition is specified (Line 3) 

number of iterations before printing when- calculating the 

equilibrium distribution at a node point where a new 

precipitate is forming (Line 3) 

type of condition specified for calculating distribution 
of species at the ,boundary conditions (Line 13a): 

o - 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 

takes the same values as INDEXB and describes what type of 

concentration is being specified as the initial conditions 

(Line 13a) 

code to indicate whether th(' species is sorbed aecording to 

an ion exchange ITH'chanism (Lines 13a, 15a): 

o - is nol sorbed: 1 - is sorlwd 

49 
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ISORPE 

ITYPE 

KMAX 

LEACH 

LNH 

NB 

NMAX 

NUM(l) 

NUM(2) 

NUM(3) 

NUM(4) 

NUM(5) 
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code to indicate whether the 'species is sorbed according to 

a surface complexation model (Lines 13&, 15&): 

o - is not sorbed; 1 - is sorbed 

type of flow (Line 2): 

o - one-dimensional flow; 1 - radial flow 

number of times at which the results are to be' printed 

(Line 5) 

position in the list. of precipitates of the solid which is 

leaching (Line 9): 

o - no leaching 

position of H+ in the list of basis species (Line 10): 

o - dissociation of water not -included 

location of the solid which is leaching (Line 9): 

o - no lea.ching: 

1 - solid is leaching at the first grid point 

number of grid points (Line 4) 

number of basis species (OH-' must be induded 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 complexes) 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 

PKI 

PK2 

PIa 

PKE 

RW 

S 

SS 

SOB 

TITLE 

TPRINT 

- log or the equilibrium constant ror the formation of a 
complex (Line lSb) or 

-log or the solubility product (Line 16&) 

- log or the dissociation constant of the positively charged 

site SOH2+ (Line 12) 

- log or the the dissociation constant or the neutral site SOH 

(Line 12) 

- log of the equilibrium constant for the ion exchange 

between the aqueous complex and H+ (or another common 

species) (Lines 13b, lSc) 

- log of the equilibrium constant for the surface complex 

reaction between the aqueous species and an SOH site 

in the surface complexation reaction (Lines 13c, lSd) 

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) 

51 

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 lSa) 

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 16&) 

number of sites in [equivalents/ l solution] available 

for sorption in surface complexat.ion model (Line 12) 

title information for the problem (Line 1&) 

array which holds the times at which the results ar(' to be 

print.ed [t] (Line 6) 
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VJ 

VO 

ULENGTB 

UTIME 

XMAX 

CHEMTRN User's Manual 

charge of the species (Line 13a) 

for one-dimensioIlal 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 [l/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) 

i.,. 
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APPENDIX B1 - Example 1: Sample Input and Output 

ION EXCBAKGE lITH TRANSPORT 
METERS HOURS 

TYPE 1 1 0 
ITERATIONS 100 100 100 

GRID 40 64.0 0.00 0.5 
TIME 14 1.0E-4 1.60 

PRINT TIME 4.0 10.0 30.0 40.0 80.0 120.0 110. 
PRINT TIME 300. 400. 600. BOO. 1200. 1400.0 1500.0 
PHYSICAL 1.000E+0 0.0 9.BOE+0 
BOUNDARY 1 0 

LEACH 0 0 
NO.SPECIES 4 3 0 0 0 0 

CECNS 0.67 
NA 1.0 ' 2:" '9. 68E-2 B.68E-2 2 9. 43E-3 9.438-3 1 0 
NA .0000 1.0E-3 1.0E-3 
MG 2.0 2 1.79E-2 1.79E-2 2 4.94E-4 4.94E-4 1 . 0 
IIIG -0.350 1.00E-3 1.00E-3 
CA 2~0 2 1. 11E-2 1. 11E-2 2 2.12E-3 2.12E-3 1 0 
CA -0.600 4.00E-2 4.90E-2 
CL -1.0 2 1. 80E-1 1. 80E-l 2 9.04E-3 9.04E-3 0 0 

" 



1101 ElCBJlGE IITI TRANSPORT 

UIIT OF LEIGTI IS METERS UN IT OF TIME IS lOURS 

OUTER BOUNDARY IS COISTAIT IIlTIAL COICEITRATIOI IllER BoUiDARY IS ColSTAIT FLUI 

DISPERSIol COEFFICIEIT = 1.0 V +.0 FLUID VELOCITY = 9.800/ R lUMBER OF GRID POIITS = 40 

lUMBER OF PRIIT OUTS = 14 
GIVEI AT TIE FOLLoIING TIMES = 4.000 

400.0 

lUMBER OF SITES(IOI-EXCBJlGE) .8700 

10.00 
800.0 

30.00 
BOO.O 

'&0.00 
1200. 

BO.OO 
1400. 

lUMBER OF SITES(EDL MODEL) O. 

120.0 
1500. 

170.0 

4 BARE IONS 3 SORBIIG lOIS (IOIEX) o SORBIIG lOIS (EDL MODEL) 

COMPOIiEtT CIARGE IIiITIAL COIDITIOIIS BOUNDARY CONDITIOIS PKeIo.EI) PK(EDL) 
TlPE VALUE TlPE VALUE 

IA 1. 2 8.8BOOE-02 2 9. 4300E-03 O. 
IIG 2. 2 1.7900E-02 2 4. 9400E-04 -.350 
CA 2. 2 1. 1100E-02 2 2. 1200E-03 -.800 
CL -1. 2 1.8000E-Ol 2 9.0400E-03 

•• SPATIAL GRID •• 

1.000 1.841 3.2B2 4.923 8.584 B.205 9.B48 11.49 
18.41 1B.05 19.89 21.33 22.97 24.82 28.28 27.90 
32.82 34.48 38.10 37.74 39.38 41.03 42.87 44.31 
49.23 50.87 52.51 54.15 55.79 57.44 59.08 60.72 

300.0 

13.13 
29.54 
45.95 
82.36 

14.77 
31.18 
47.59 
84.00 

\.J\ 
oI.l. 

;J:oI 
'0 
"0 

CD 
::s 
P.o ..... 
X 

ttl 
I-' 

(') 

0 
::s 
rt ..... 
::s c 
CD 
P.o 



1 INITIAL CONDITIONS 

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

1 

AQUEOUS CONC. CONCENTRATION (IONEX) (EDL) 

NA . 8680E-Ol . 8680E-Ol .1305 O. .1531 1.503 
MG . 1190E-Ol . 1790E-Ol .1283 O . .3216 1.161 
CA . 1110E-Ol . 1110E-01 .1415 O. .3216 12.75 . 
CL .1600 . 1600 O. O . .1531 o. 

TO HAVE A NET BALANCE OF ZERO CHARGE. OTHER SPECIES MUST BE PRESENT (ALTHOUGH NOT PARTICIPATING II THE 
CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF . 152E-01 

BOUNDARY OR INFLUX CONDITIONS 

COMPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COEF. ID(IOI EX) 
AQUEOUS CONC. CONCENTRATION (IONEX) (EDL) 

NA . 9430E-02 . 9430E-02 . 3668E-Ol o . .8801 3.890 
MG . 4940E-03 . 4940E-03 . 3669E-Ol o . .5999 14.26 
CA . 2120E-02 . 2120E-02 .2800 O. .5999 132.1 
CL . 9040E-02 .9040E-02 O. O. .8801 O. 

TO HAVE A NET· BALANCE OF ZERO CHARGE. OTHER SPECIES MUST BE PRESENT (ALTHOUGH NOT PARTICIPATING IN THE 
CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF -.562E-02 

CONVERGENCE IS OBTAINED II LESS THAN 6 ITERATIONS SO TIME STEP IS INCREASED BY 1.15 
DELT= 1.1500E-04 AT TIME= 1.0000E-04 

CONVERGENCE IS OBTAINED IN LESS THAN 6 ITERATIONS SO TIME STEP IS INCREASED BY 1.15 
DELT= 3.0625E-04 AT TIME= 2.7500E-04 

KD(EDL) 

O. 
o. 
o. 
O. 

ID(EDL) 

O. 
O . 
O . 
O . 

>' to 
'0 
(l) 
::s 
p. 
f-'. 
X 

t:Jj 
~ 

() 

o 
::s 
rt 
f-'. 
::s 
c 
(l) 
p. 

VI 
VI 



1 TIME= 80.39186 DELT= 1.6000E+00 CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTIOI 
. , \J'1 

0'1 

DISTAICE(METERS) 
SPECIES 1.000 1.641 3.282 '.923 8.564 8.205 9.8'8 11.'81 13.128 

NA 9.89'IE-03 9. 9319E-03 9.8211E-03 9.890U-03 1.06'6E-02 1.20'6E-02 1.3181E-02 1.3'81E-02 1.3510-02 
MG 1.8212E-0' 8. 8398E-0' 1.121U-03 1.26'OE-03 1. 1859E-03 8.2980E-0' '.U88E-0' 3.1321E-0' 3. 5321E-0' 
CA 2.0203E-03 1. 9250E-03 1.'138E-03 9.UUE-0' 8.9995E-0' '.85'5E-0' 2. 9189E-0' 2.2880-0' 2. 11'8E-0' 
CL 1. 0017E-02 1.0028E-02 9. 32UE-03 8. 8263E-03 8.7U8E-03 9.0816E-03 9. 128U-03 9.0558E-03 9.0315E-03 

SORBED (lOREX) 

NA 3.8110E-02 3. 88'5E-02 '.1350E-02 '.8199E-02 5.'801E-02 1.3129E-02 1.0398E-Ol 1.1991E-01 1.23'2E-Ol 
MG 5.6518E-02 8.3815E-02 9.1322E-02 1.3'18E-Ol 1.4.871E-Ol 1.'812E-Ol 1. 3889E-Ol 1.3159E-Ol 1.304.TE-Ol 
CA 2. 59'3E-Ol 2. 5206E-Ol 2. 1100E-Ol 1.7112E-Ol 1.5883E-Ol 1.5201E-Ol 1.'633E-Ol 1.'3'6E-Ol 1.'282E-Ol 

DISTAICE(METERS) 
SPECIES U.789 18.UO 18.051 19.692 21.333 22.9U 2'.815 28.258 21.891 

!J:oo 
"d 

NA 1.35'U-02 1.351U-02 1.3628E-02 1.3130E-02 1.3933E-02 1.'313E-02 1.'993E-02 1.8U8E-02 1.1991E-02 "d 
(\) 

MG 3.50'8E-0' 3.5033E-0' 3.5180E-0' 3.5828E-0' 3.8831E-0' 3.8881E-0' '.2529E-0' '.9823E-0' 8.2258E-0' ::s 
CA 2.1591E-0' 2. 1589E-0' 2.188U-0' 2. 198U-0' 2. 2581E-0' 2.38'3E-0' 2.8230-0' 3.0815E-0' 3.8U8E-0' 

P, ,.... 
CL 9.0612E-03 9.0962E-03 9. 1620E-03 9. 2995E-03 9. 5128E-03 1.0090E-02 1.1020-02 1.2821E-02 1.52'2E-02 ~ 

tl:I 
I-' 

SORBED (lOREX) 

NA 1.2'13E-Ol 1.2"3E-Ol 1.2485E-Ol 1.2'85E-01 1.250'E-Ol 1.2521E-Ol 1. 2538E-Ol 1.2558E-Ol 1.2518E-Ol 
() 

0 
MG 1.3025E-Ol 1.3018E-Ol 1.3009E-Ol 1.3002E-Ol 1.2991E-Ol 1.2991E-Ol 1. 2988E-Ol 1.2981E-Ol 1.2915E-Ol ::s 

rt 
CA 1.4289E-Ol 1.'263E-Ol 1.'259E-Ol 1.'255E-Ol 1.'251E-Ol 1.'2'8E-Ol 1.'2'5E-Ol 1.'2UE-Ol 1.'238E-Ol ,.... 

::s 
c 
(\) 
0.. 



DISTANCE (METERS) 
SPECIES 29.538 31.119 32.821 34.462 36.103 31.144 39.385 41.028 42.881 

NA 2.0161E-02 2. 4843E-02 2.9110E-02 3.5863E-02 4.2812E-02 5.0140E-02 5. 1402E-02 6.4114E-02 1.0129E-02 ~ 
"0 

JIG 8.4161E-04 1.2088E-03 1.1958E-03 2. 6161E-03 3.9060E-03 5.4839E-03 1. 3336E-03 9.3210E-03 1. 1283E-02 '"0 
CA 5. 1948E-04 1. 4631E-04 1.1093E-03 1.6545E-03 2. 4160E-03 3.3942E-03 4. 5411E-03 5. 1152E-03 8.9930E-03 CD 

::::s 

CL 1.9211E-02 2. 5158E-02 3.3240E-02 4. 3686E-02 5. 6365E-02 1.0190.-02 8. 6111E-02 1. 0150E-Ol 1.1578E-Ol P.o 
1-" 
X 

SORBED (IONEX) tJj 
f--' 

NA 1.2601E-Ol 1. 2635E-Ol 1. 2680E-Ol 1.2131E-Ol 1.2802E-Ol 1.2866E~01 1.,~923E-Ol 1.2968E-Ol 1.3001E-Ol 
IIG 1.2967E-Ol 1. 2956E-Ol 1. 2942E-Ol 1.2925E-Ol 1.2905E-Ol 1.2885E-Ol 1.2868E-Ol 1.2850.-01 1. 28'0.-01 ' 0 

0 
CA 1.4233E-Ol 1. 4226E-Ol 1.4218E-Ol 1.4201E"':(}1 1.4194E-Ol 1.4182E-Ol 1 . 4.111E-0 1 1. 4182E-Ol 1.U58E-Ol ::::s 

rt 
1-" 
::::s 
C 

DISTARCE(IIETERS) CD 
p. 

SPECIES 44..308 45.9'49 41.590 49.231 50.812 52.5f3 54.154 55.795 5'1'.438 

NA 7.5061E-02 1. 8932E-02 8. 1182E-02 8.3160.-02 8.5059E-02 8.5858E-02 8. 8318E-02 8. 8585E-02 8. 8693E-02 
JIG 1.3068E-02 1. 4583E-02 1.5126E-02 1.6560.-02 1.1121E-02 1.1418E-02 1. 1883E-02 1.1190.-02 1.1852E-02 
CA 8.1001E-03 9.0293E-03 9.1512E-03 1;0272E-02 1.0620E-02 1.0838E-02 1.0965E-02 1.1035E-02 1.1010E-02 
CL 1.2822E-Q1 1. 3833E-01 1.4601E-01 1.5148E-Ol'1.5501E-Ol 1.5732E-Ol 1. 5862E-Ol 1.5933E-Ol 1.5989E...,.01 

SORBED (lOREX) 

NA 1.3022E-Ol 1.303~E-Ol 1.3041E-Ol 1.3045E-Ol 1.3046E-Ol 1.3041E-Ol 1.3041E-Ol 1.3041E-Ol 1.304.1E-Ol 
KG 1.2831E-01 1.2833E~01 1.2831E-01 1.2830E-Ol 1.2830E-01 1.2829E;;"01 1. 2829E;"01 1.2829E-Ol 1.2829E-Ol 
CA 1.4152E-Ol 1. 4150E-Ol 1.4148E-Ol 1.4148E-Ol 1. 4141E-Ol 1 .4'141E-:-Ol 1. 4141E-Ol 1. 4147E-Ol 1. 4147E-Ol 

DISTARCE(IIETERS) 
SPECIES 59.017 80.118 82.359 84.000 

NA 8. 6754E-02 8.6781E-02 8. 6193E-02 8.6800E-02 
KG 1.1819E-02 1.1891E-02 1.1891E-02 1.1900E-02 
CA 1.1087E-02 1.1095E-02 1.1098E-02 1. 1100E-02 
CL 1. 5981E-Ol 1. 5995E-Ol 1. 5998E-Ol 1.6000E-Ol 

SORBED (IOREX) 

NA 1. 3041E-Ol 1. 3041E-Ol 1.3041E-Ol 1.3047E-Ol 
V'I 

JIG 1.2829E-Ol 1. 2829E-Ol 1.2829E-Ol 1.2829E-Ol 'I 

CA 1.4141E-Ol 1. 4141E-Ol 1.4141E-Ol 1. 4147E-Ol 



1 TIIIE= 800.39188 DELT= 1.8000E+OO 

SPECIES 1.000 1.64.1 3.282 

IA 9. 188'E-03 9.1884£-03 9.3108E-03 
IIG '.1219E-0' '.1480E-0' 5.0158E-0' 
CA 1.9961E-03 1.9950E-03 2.0694£-03 
CL 8.'208E-03 8.'2'7E-03 8.8855E-03 

SORBED (IOIEX) 

IA 3.8718E-02 3. 6728E-02 3. 8787E-02 
IIG 3.7188E-02 3.7381E-02 3.8378E-02 
CA 2.194.8E-01 2. 1927E-01 2.7824£-01 

SPECIES 14.189 18.4.10 18.051 

IA 9.'911E-03 9. 5171E-03 9.5676E-03 
IIG 1.'8241-03 1. 5148E-03 1.80'5E-03 
CA 1.1014£-03 9.9'91E-0' 9.'059E-0' 
CL 9.0418E-03 9.0392E-03 9.0398E-03 

SORBED (lOREX) 

IA '.10841-02 '.1784£-02 '.2'25E-02 
IIG 1.3541E-Ol 1.4.792E-Ol 1. 5383E-Ol 
CA 1.7899E-Ol 1.8619E-01 1.6015E-01 

CONCENTRATIOI OF SPECIES II MOLES/LITER SOLUTIOI 

DISTAICE(KETERS) 
'.923 8.584 8.205 9.848 11.'81 

9. 5398E-03 9.5131E~03 9.4325E-03 9.'284£-03 9.'588E-03 
5.5823E-0' 8. 1145E-0' 1.0'95E-0' 8. 8880E-0' 1.0902E-03 
2. 1209E-03 2.0412E-03 1.8998E-03 1. 7235E-03 1.5017E-03 
9. 3138E-03 9.2'01E-03 9.0211E-03 8. 9850E-03 9.0338E-03 

3. 8889E-02 3.7088E-02 3.1493E-02 3. 8187E-02 3.9108E-02 
'.0888E-02 '.5508E-02 5.4803E-02 8. 9781E-02 9. 1188E-02 
2. 1588E-Ol 2.7095E-01 2.8185E-Ol 2.'818E-Ol 2.2'28E-Ol 

DISTAICE(KETERS) 
19.892 21.333 22.914 2'.815 28.258 

9. 8850E-03 9.8532E-03 1.0202E-02 1.0808E-02 1. 1129E-02 
1.58941-03 1.5332E-03 1.'210E-03 1. 2253E-03 9.2171E-0' 
9.0710E-0' 8. 8921E-O' 8.08141-0' 8. 9993E-0' 5.3101E-O' 
9.0'0IE-03 9.0'00E-03 9.0'00E-03 9.0'00E-03 9.0'00E-03 

'.33'3E-02 '.5044E-02 '.8381E-02 5.5018E-02 8.8185E-02 
1.5551E-Ol 1. 5580E-Ol 1.5'88E-Ol 1.5254£-01 1. 4828E-Ol 
1.5182E-Ol 1.5688E-Ol 1.58141-01 1.5'95E-Ol 1.52841-01 

13.128 

9. 4188E-03 
1.3141E-03 
1.2801E-03 
9.0'81E-03 

'.0181£-02 
1.1528E-Ol 
1.9988E-Ol 

21.891 

1.2153E-02 
5.91141-0' 
3. 54.58E-0' 
9.0'00E-03 

9. 1232E-02 
1.'083E-Ol 
1.'858E-01 

\J1 
00 

~ 
'0 
"0 
CD 
::s 
P. 
1-" 
X 

tl1 
I-' 

() 
0 
::s 

·rT 
1-" .::s 
C 
CD 
P. 



DISTARCE(METERS) 

SPECIES 29.538 31.179 32.821 34.462 36.103 37.744 39.385 41.026 42.881 :J::' 
'U 
'U 

NA 1.3329E-02 1. 3504E-02 1.3545E-02 1.3554E-02 1.3558E-02 1.3580E-02 1. 3562E-02 1.3563E-02 1.3585E-02 (]) 

::l 
MG 4. 1320E-04 3. 5735E-04 3.4431E-04 3. 4123E-04 3.4017E-04 3.3953E-04 3. 3899E-04 3.3850E-04 3.3808E-04 p. 

1-" 

CA 2.512TE-04 2. 1971E-04 2. 1231E-04 2.1056E-04 2.0998E-04 2.0959E-04 2.0928E-04 2.0900E-04 2.0875E-04 ~ 

CL 9.0400E-03 9.0400E-03 9.0400E-03 9.0400E-03 9.0400E-03 9.0400E-03 9.0401E-03 9.0402E-03 9.0405E-03 
tJj 
I-' 

SORBED (lOREX) 
<C~ 

, () 

NA 1.1328E-01 1.2268E-01 1. 2511E-Ol 1.2578E-Ol 1. 2598E~01"1 . 2811E-01 1. 2822E-01 1.2832E-Ol 1.284.1E-01 0 
::l 

MG 1.3314&-01 1.3073E-Ol 1.2994E-Ol 1.2974&-01 1.2968E-Ol '1.2984&-01 1. 2960E-Ol 1.2957E-Ol 1.2955E-01 r!-

CA 1.4463E-Ol 1. 4293E-01 1.4248E-Ol 1.4231E-Ol 1.4233E-Ol 1.4231E-Ol 1 .:4229E-0 1 1.4227E-Ol 1. 4225E-Ol 
1-'-
::l 

. '" c 
DISTAICE(METERS) 

(1) 
p. 

SPECIES 44.308 45.949 41.590 49.231 50.812 52.513 54.154 55.795 51.438 
":; 

NA 1.3581E-02 1.3570E-02 1.3575E-'-02 1.3581E-02 1.3811E-02 1.3894&-02 1. 3890E-02 1.4314&-02 1.5501E-02 
MG 3.3'161E-04 3. 3736E-04 3. 3721E-:04 3.3746E-04 3.3873E-04 3.4290E-04 3. 5805E-04 4.0143E-0' 5.8935E-04 
CA 2.0852E-04 2.0835E-04 2.0828E-04 2.0844&-04 2.092'E-04 2.1181E-04 2. 1982E-04 2. 4708E-04 3 .... 641E-04 
CL 9.0413E-03 9.0435E-03 9.0491E""03 9.0841E-03 9.1038E-03 9.2084&-03 9. 4849E-03 1.0215E-02 1.2143E-02 

SORBED (lOREX) 

NA 1.2650E-Ol 1.2658E-Ol 1.2885E-Ol 1 .2872E-Ol: 1.2871E-Oi1.2815E-Ol 1.2831E-Ol 1.2358E-Ol 1. 1323E-Ol 
MG 1.2952E-Ol 1.2949E-Ol 1.2947E-Ol 1.2945E-Ol 1.2943E-Ol 1.2944&-01 1.2958E-Ol 1.30"'5E-Ol 1.3371E-Ol 
CA 1.4223E-Ol 1.4222E-:Ol 1.4220E-Ol 1.4219E-Ol 1.4218E-Ol 1.4218E-Ol 1. 4228E-Ol 1.4278E-01 1.4481E-Ol 

DISTARCE (METERS), 
SPEciES 59.071 80.718 82.359 64.000 

NA 1 .8111E-02 2. 4659E-02 4. 1752E-02 8. 6800E-02 
MG 1.1288E-03 2. 6983E-03 6.8701E-03 1.7900E-02 
CA 8.7721E-04 1.6303E-03 4.2213E-03 1.1100E-02 
CL 1.7235E-02 3.0683E-02 8. 6200E-02 1.6000E-01 

SORBED (IONEX) 

NA 9.6047E-02 8.7083E-02 9. 6498E-02 1.3041E-Ol 
1.3703E-Ol 1. 2829E-Ol 

lJ1 
MG 1.3884&-01 1.4050E-Ol '" CA 1.4813E-Ol 1.5096E-Ol 1.4972E-Ol 1.4147E-Ol 
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APPENDIX B2 - Example 2: Sample Input and Output 

ION EXCHANGE. AQUEOUS PHASE COMPLEXATION. lATER DISSOCIATION, TRAISPORT 
METERS YEARS 

TTPE 
ITERATIONS 

o 
100 

GRID 40 
TIME 10 

PRINT TIME .000100 
PRINT TIME 
PHYSICAL 
BOUNDARY 

LEACH 
NO. SPECIES 

10.0 
1.00 

o 
1 
7 

0.10 
1.0 2 

.1760 

1 
100 

5.000 
1.0E-4 
0.0020 

o 
100 
0.2 

0.50 
0.4000 

15.0 20.0 
0.0 1.00E-l 

1 
1 

4 o 

1.4 

1.00 3.0 

11 2 

2 1.00E-3 1.0E-3 
CECNS 

NA 
NA 
SR 
SR 
CA 

2.0 3 

1.0E-3 
1.0E-3 

1.00E-8 
4.0E-I0 
5.00E-4 

1.0£-3 
1.0E-3 

1.00£-8 
8.00E-6 
5.00E-4 

3 6.95E-5 8.95£-5 
.3520 

2.0 2 3 5.00E-4 5.00E-4 
CA . S570 4. 00E-2 4. 00E-2 

H 1.0 1 1.00E-8 1.00E-8 4 

H .0000 1.00E-9 1.00E-9 
C03 

CL 
OH 
OH 

SRCOS 
SRCOS 

SRHCOS 
SRHCOS 

SROH 
.SROH 

NACOS 
NACOS 

NARCOS 
NARCOS 

-2.0 
-1.0 

S 5.00E-4 1.00E-8 
4 1.00E-2 

13.990 
1.00£-8 1.00£-7 

S 

-S.OO 0.0 1.0 0.0 0.0 1.0 0.0 0.0 
0.000 0 0 

-ll~SO 0.0 1.0 0.0 1.0 1.0 0.0 0.0 
0.000 o o 

-0.T99 0.0 1.0 0.0 0.0 0.0 0.0 1.0 
0.000 0 0 

-0.9600 1.0 0.0 0.0 0.0 1.0 0.0 0.0 
0.000 o 

-10~08 1.0 0.0 0.0 1.0 1.0 0.0 0.0 
,0.000 o o 

MAOH .21S 1.0 0.0 0.0 0.0 0.0 0.0 1.0 
MAOH 
HCOS 
HCOS 

H2COS 
H2COS 
CACOS 
CACOS 

CAHCOS 
CARCOS 

CAOH 
CAOH 

SRCOS 
SRCOS 
CACOS 
CACOS 

0.000 o o 
-10.300 0.0 0.0 0.0 1.0 1.0 0.0 0.0 

.0.000 0 0 
-16.70 ,0.0 0.0 0.0 2.0 1.0 0.0 0.0 
0.000 o o 

-3.150 0.0 0.0 1.0 0.0 1.0 0.0 0.0 
0.000 0 0 
-11.S 0.0 0.0 1.0 1.0 1.0 0.0 0.0 
0.000 0 0 
-1.32 0.0 0.0 1.0 0.0 0.0 0.0 1.0 
0.000 o o 
9.250 0.0 1.0 0.0 0.0 1.0 0.0 0.0 

0.0000 0.000 
8.S50 0.0 0.0 1.0 0.0 1.0 0.0 0.0 

0.0000 0.000 

2.00E-9 

8.95£-5 
1.00£-2 

5.0 

4 

1 

1 

1 

1 

o 
o 

o 

o 

o 

o 

o 
o 

T.O 



1ION EXCBAHGE, AQUEOUS PHASE COMPLEXATION, WATER DISSOCIATION, TRANSPORT 

UNIT OF LENGTH IS- METERS UN IT 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 POIITS = '0 

lUMBER OF PRINTOUTS::: 10 
GIVEN AT THE FOLLOWING TIMES = . 1000E-OS ". 2000E-02 . '000 1.000 S.OOO 5.000 7.000 

15.00 20.00 

lUMBER OF SITES(ION-EXCBANGE) . 1000 lUMBER OF SITES(EDL 1I0DEL) O . 

6 BARE IONS 

COIIPONENT CHARGE 

IA 1. 
o SR 2. 

CA 2. 
H 1. 

COS -2. 
CL -1. 

, SORBING lOIS (IOIEX) 

,-; 

IN~TI~ CONDITIONS BOUNDARY CONDITIOIS 
TTPE VALUE TTPE VALUE 

2 1.0000E-OS 2 1.0000E-OS 
S .' 1. OOOOE-OB S 6. 9500E-05 
2 5.0000E-0' S 5.0000E-0' 
1 1.0000E-OB , -0. 
S 5.0000E-0' S -0. -, -0. -0 -0. 

o SORBING, lOIS (EDL'1I0DEL) 

PK(IONEX) 

.176 

.S52 

.S57 
O. 

PK(EDL) 

10.00 

:t::' 
'D 
'D 
(1) 

::l 
p,. 
1-'. 
X 

to 
l\..) 

() 

o 
::l 
rt 
1-'. 
::l 
C 
(1) 
p,. 

0\ 
N 



12 COMPLEXES 0 SORBING COMPLEXES(IONEX) 0 SORBING COMPLEXES (EDL MQDEL) C\ 
l\) 

COMPLEX CHARGE EQUIL. CONSTANT PK(IONEI) PK(EDL) STOICHIOMETRY 

OH -1. 1.023SE-14 O. O. O. O. O. O. 1. 
SRC03 O. 1.0000E+OS O. 1. O. O. 1. O. O. 

.~ ~ 

SRKCOS 1. ' 1: 995SE+11 -.-.. O. 1. O. 1. 1. O. O. 
SROH 1. 6.2951E+00 O. 1. O. O. O. O. 1. 

NACOS -1. 9. 1201E+00 1. O. ,.' O. O. 1. O. O. 
IABCOS O. 1.202SE+10 1. O. O. 1. 1. O. O. 

NAOH O. 6. 12S5E-01 1. O. O. O. O. O. 1. 
HCOS -1. 1:995SE+l0 O. O. O. 1. 1. O. O. 

H2COS O. 5.0119E+16 O. O. O. 2. 1. O. O. 
CACOS O. 1.'125E+OS O. O. 1. O. 1. O. O. 

CARCOS 1. 1.9953E+ll O. O. 1. 1. 1. O. O. 
CAOH 1. 2.089SE+Ol O. O. 1. O. O. O. 1. 

:t=' 2 SOLID PRECIPITATES "0 
"0 
CD 

STOICHIOMETRY ::s PRECIPITATE SOLUBILITY PRODUCT 
0.. 
~. 

SRC03 5.62S0-10 O. 1.0 O. O. 1.0 O. O. X 

tJj CAC03 ' .. '668E-09 O. O. 1.0 O. 1.0 O. O. I\.) 

() 

0 
::s 
rt 
~. 

•• SPATIAL GRID •• ::s 
c 
CD 

O. .50S4E-01 .1029 .1578 .2151 .2U9 .SSU .'026 .UOT 
0.. 

.5'11 
.6160 .6935 .TT44 .8589 .9Ul 1.0S9 1.lS5 1.2S6 1.340 1.'50 1.564 1.88S 1.808 1.938 2.014 2.216 2.S64 2.518 2.679 2.8'8 3.024 3.207 S.399 S.599 S.808 '.027 '.25' '.'92 4.141 5.000 



1 INITIAL CONDITIONS 

COIPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COU. KD(ION EX) 
AQUEOUS CONC. CONCENTRATION (lOREX) (EDL) 

RA .1000E-02 . 9991E-03 . 2380E-02 O. . 9415 2.381 
SR .1000E-01 . 9942E-08 . 9883E-08 O. _.B060 99.41 

.CA . 5000E-03 . 4961E-03 . 4881E-Ol O. .8060 98.21 
H . 5085E-03 .1000E-01 . 3510E-01 O. .9415 3.510 

C03 . 5000E-03 .3000E-05 O. O. .8060 O. 
CL . 1505E-02 . 1505E-02 O. O. .9415 O. 
OH . 1150E-05 . 1140E-05 O. O. .9415 O. 

COIPLEX YALENCE AQUEOUS' CONC. SORPTION (10) SORPTION (EDL) 
SRC03 O. . 1938E-l0 O. O. 

SRBC03 1.000 . 3861E-l0 O. O. 
SROH 1.000 . 5150E-13 O . O. 

IAC03 -1.000 . 2205E-01 O. O. 
IABC03 O. . 2810E-06 O. O. 

NAOH O. .8284&-09 O. O . 
. HC03 -1.000 . 4825E-03 O. O . 
H2C03 O. . -1088E-04 O. O. 
CAC03 O. . 1388E-05 O. O. 

CABC03 1.000 . 1932E-05 O . O . 
CACH 1.000 . 9534&~08 O. O. 

.. 

PRECIPITATE EQUIYALEIT IDLES/LITER SOLUTION 

SRC03 O. 
CAC03 O. 

TO HAVE A lET BALANCE OF ZERO CHARGE. OTHER SPECIES lUST BE PRESEIT (ALTHOUGH lOT PARTICIPATIIG II THE 
CHEIICAL REACTIONS) WITH A TOTAL CONCENTRATION TIMES CHARGE OF O. 

ID(EDL) 

O . 
O . 
O . 
O . 
O . 
O . 
O . 

~ 
'0 
(l) 

~ 
P.­
I-'-
X 

tl:l 
tv 

() 

o 
~ 
rt 
1-" 
~ 
s:: 
(1) 
0.. 

Q) 

Lv 



1 BOUNDARY OR INFLUX CONDITIONS 

COMPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COU. 
AQUEOUS COIC. COICENTRATION (IOIEX) (EDL) 

IIA .1000E-02 . 9991E-OS . 2438E-02 O. .9481 
SR . 5S59E-04 . 5288E-04 . 5511E-02 O . .8080 
CA . 4216E-03 . 4199E-OS .4S21E-01 O. .8080 
R . 4051E-OS . 1521E-08 . 5581E-08 O. .9481 

COS . 4218E-OS . 18S0E-04 O . O. .8080 
CL . 1505E-02 . 1505E-02 O . O. .9481 
OR . 1510-05 . 1455E,..05 O . O. .9481 

COMPLEX VALEICE AQUEOUS COIC. SORPTIOI (10) SORPTIOI (EDL) 
SRCOS O. . 582SE-08 O . O. 

SRUCOS 1.000 . 1113E-08 O . O. 
SROR 1.000 . 2000-08 O . O. 

IACOS -1.000 . 1200E-08 O . O. 
IABCOS O. . 2112E-08 O . O. 

IAOR O. . 4102E-08 O . O . 
RCOS -1.000 . 4012E-03 O. O. 

R2C03 O. . 1383E-05, O . O. 

CACOS O. . 8S10E-05 O. O . 
COCOS 1.000 . 1381E-05 O. O . 

CAOR 1.000 . 5280-01 O. O . 

PRECIPITATE EQUIVALEIT MOLES/LITER SOLUTIO. 

SRC03 
CACOS 

. 895E-04 

.120-04 

KQUON EX) 

2.4S1 
104.S 
10S.1 
S.855 
O. 
O. 
O. 

TO BAVE A lET BALAICE OF ZERO CRARGE, OTRER SPECIES MUST BE PRESENT (ALTHOUGR lOT PARTICIPATIIG II THE 
CHEMICAL REACTIONS) WITR A TOTAL CONCENTRATION TIMES CRARGE OF . 18SE-11 

KD(EDL) 

O . 
O . 
O . 
O . 
O . 
O . 
O. 

0'1 
~ 

~ 
'0 
(1) 
::I 
0.. ..... 
~ 

t::O 
N 

() 

o 
::I 
rt ..... 
::I 
C 
(1) 
0.. 



1 TIME= 5.20189 DELT= 5.0000E-Ol CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION 

DISTANCE 
:J:::I 

SPECIES O. .050 .103 .158 .215 .275 .337 .'03 .'71 '0 
'0 
CD 

NA. 9.9968E-0' 9. 9891E-O' 9.9810E-0' 9. 9728E-0' 9. 98&1E-0' 9.9557E-O' 9.9&78E-O' 9.9'02E-O' 9.9338E-O' ::s 
0. 

SR 5.2858E-05 3. 2858E-05 1. 8140E-05 1.0211E-08 2. 4581E-08 7.3093E-07 1.9153£-07, '.9309E-08 1.7190E-08 \-'. 
~ 

CA '~1987E-0' '.'010E-0' '.5688E-0' '.878&£-04. 4. 7333E":04 '.7825E-0' '.7802E-0' '.79'2E-O' '.8072E .... 0' 
tJj 

B 1.5210E-09 1.8070E-09 1.8760E-09 1.128&£-09 1.7871E-09, 1.85'9E-09' 1.9337E-09 2.0255E-09 2.1328E~09 N 

C03 1.8298E-05 1. 5548E-05 1;4971E-05 1.'60&£';;05 1.'211E:"05 1.3781E-05 1. 3313E-05 1.2B05E-05 1.2258E-05 
CL 1.505&£-03 1.505&£-03 1:5050-03 1.505'E-03 1.5054E-03 1.505&£-03 1.505&£~03 1.505&£-03 1.505&£-03 () 

OB 1~'55&£-08 1.08'OE-08' 8 ;'1923E-08 8. 5889E-08 8.3708E-08' 8.1382E-08 5.8B8&£-08 5.8218E-08 5. 3398E-08 0 
::l 
rt 

SORBED (IOilEX) 
\-'. 
::s 

: ; -~" . C 
CD 

IA 2.'36&£-03 2.'3,8E':;'03 2.'315E-03 2.'211E;;;'03' 2.'223&''';'03' 2;'173E-03 2.&12&£:-03 2. '075E .. 03 '; 2-: '028E-0, 0. 

SR 5.5106E-03 3.'253E-03 1.7'38E-03 7.2987&-0' 2.5'81E-0' 7.5830E-05 1. 9788E-05 5.0780E-08 1.7851E-08 
CA' '.3271E-02 '.5357E-02 '.1041E-02 '.8057E-02 '.853&E-02 '.8718E-02 '.877&£-02 '.8791E-02 '.8197E-02 

B 5.5813E-09 5. 8738E-09 8. 1232E-09 8.3083E-09 8. 5153E-09 8.75'3E-09 7.032&£-09 7. 3588E-09 7. 735BE-09 

COIiPLElES -, ./ 

,- . :.~ 

SRC03 5.823'£-07 3. 334.1E";'07 1~8387E-01 8.8930E-08 2. 278U .... 08 8;. 5728E-09 1.883&£-09 '.1181E-l0 1. 37'lE-l0 
, ~RHC03 1.7133E-01 1.0892E-01 5.'133E-08 2.3081E-08 8. 12'OE-09 2.'325E-09 8.'171E-l0 1.884.3E-l0 5.84.87E-ll 

"SROB' , 2.004&£-09 1. 1839E-09 5.1032E-l0 2.3521E-10 7.9593E-ll 2.281&£-11 5.73'&£-12 1.'093E-12 '.8680E-13 
nC03 1.200&£-07 1.14.4.&£-07 1.1015E-07 1.0731E-01 1.0'32E-01 1.0101E-07 9. 7550E-00 9. 374.9E-00 B.9881E-00 

, .'. -
2. 1078E:"07~ IARC03' 2. 1120E'-07 2. 1191E-07 2. 1970E-07 2.2090E-01 2.2213E-07 2.23'OE-07' 2.2'95E-07 2. 2858E-07 

nOB '.1022E-09 3.0950E-09 3. 73i6E-09 3.8155E-09 3.'930E-09 3.3832E-09 3. 2238E-09 3.0152E-09 2. 9108E-09 
BCO~ '.0118E-0' 4..0218E-0' '.04.87&-0' '.0890E:"0' '.093U-0' '.1199E-0' '.14.85E-0' '.1792E-0' '.2120E-0' 

B2C03 1.3831E-08 1.'61&£-08 1.531&£-08 1.5079E-08 1.8518E-08 1.7252E-06 1. 8109E-08 1.9108E-08 2.0215E-08 
CAC03 8.3096E-08 8.3098E-08 8.3098E-08 8.2989&-08 8.2007E-08 8.0'92E-08 5. 88'lE-08 5'. 8557E-08 5 . '2,79E-08 

CARC03 1.3809E-08 1.'322E-08 1.'938E-08 1. 5373E-08 1.5853E-08 1.58'9E-08 1.8017E-08 1.8:181E-08 1. 8351E-08 
CAOB 5.20'2E-08 5. 2632E-08 5.238&£-08 5.199&£-08 5.0897E-08 '.9338E-08 '.74.99E-08 '.5&77E-08 '.3307E-08 

PRECIPITATES 0\ 
OJ 

SRCOS 8.9500E-05 O. O. O. 0: O. O. O. O. 
CAC03 7.2408E-05 1.200'E-04. 0.1391E-06 O. O. O. O. O. O. 



DISTAICE 

SPECIES .542 .616 .693 .114 .859 .941 1.039 1.135 1.236 0\ 
0\ 

IA 9.9285E-04 9. 9248E-04 9.9221E-04 9.9220-04 9. 9231E-04 9.9266E-04 9. 9301E-04 9. 9360E-0' 9. 9419E-04 
SR 1.0916E-08 9. 8606E-09 9. 1215E-09 9.1230E-09 9.1428E-09 9.1639E-09 9. 1841E-09 9.8032E-09 9.82111-09 
CA '.8198E-04 4. 8323E-04 '.8440-04 '.8561E-04 4. 8613E-04 4.8180E-04 4. 8881E-0' 4. 8916E-0' '.9066E-0' 

B 2. 2511E-09 2.'039E-09 2. 5151E-09 2. 1153E-09 3.0094E-09 3.2822E-09 3. 5983E-09 3.96141-09 '.3131E-09 
CD3 1.1616E-05 1.1062E-05 1.0420E-05 9.1583E-06 9.08421-06 8.40811-06 1.14111-06 1.0958E-08 8.'831E-08 

CL 1.50541-03 1.5050-03 1.50541-03 1.50541-03 1.50541-03 1.50541-03 1.5050-03 1.5050-03 1.5050-03 
DB 5.0441E-08 '.13151-08 '.42291-06 '.1040E-06 3. 1850E-08 3. 4101E-08 3. 1880E-08 2. 8159E-08 2.6053E-08 

SORBED (IOIEX) 

IA 2.3985E-03 2. 3945E-03 2.3911E-03 2. 3882E-03 2. 3859E-OS 2.S84.0E-OS 2.S828E-OS 2.3816E-03 2.3809E-03 
SR 1.1180E-06 1.0010-06 9.9010E-01 9.8850E-01 9.8825E-01 9.88241-01 9. 8826E-01 9. 8821E-01 9. 8821E-01 
CA '.8800E-02 '.8802E-02 4. 8803E-02 4. 8805E-02 '.88061-02 '.8801E-02 '.8808E-02 '.8808E-02 '.8809E-02 
B 8. 1191E-09 8. 6981E-09 9.3080E-09 1.0018E-08 1.0851E-08 1.1821E-08 1. 2941E-08 1.'2'OE-08 1.5106E-08 

COIIPLEXES 

SRC03 8.3096E-11 1.1095E-11 8.6012E-11 8.1810-11 5. 1848E-11 5. 3480E-11 '.9310E-11 '.5218E-11 '.14381-11 
SRlCD3 S.1432E-11 3.4101E-11 3.S911E-11 3. 4230E-11 3.4815E-11 3.5010E-11 3. 5402E-11 3. 5188E-11 3.8158E-11 

SRDB 2.1981E-13 2.3142E-13 2. 1850E-13 2.0215E-13 1.8135E-13 1.12141-13 1.51341-13 1. 4319E-13 1.2990-13 ::t:" 
'0 

NACD3 8.5368E-08 8.0836E-08 1.8123E-08 1. 1216E-08 6.63541-08 6. 1428E-08 5. 6511E-08 5. 1815E-08 '.1'20-08 '0 

UBC03 2.2830E-01 2.3011E-01 2.3211E-01 2. 3428E-01 2. 3648E-01 2.3815E-01 2.'1041-01 
(0 

2.'332E-01 2.'555E-01 ::s 
HADB 2.1551E-09 2. 5810E-09 2.'146E-09 2. 2403E-09 2.0663E-09 1.8951E-09 1.12941-09 1.5111E-09 1.'2'8E-09 Po. 

f-'. 

BC03 '.2469E-0' '.2838E-04 '.3219E-0' 4.3616E-04 '.4022E-04 4. 4433E-04 4. '8441-04 4. 5241E-0' '.5638E-0' ~ 

B2CD3 2.1641E-06 2. 3241E-06 2.5111E-08 2.1311E-08 2.9895E-08 3.2908E-06 3.6'08E-08 4. o 440E-08 '.5025E-08 ttl 
r-.J 

CACD3 5. 1826E-08 '.92141-06 4. 6486E-08 4. 3809E-06 4.0881E-06 3.1121E-06 3. 4198E-08 3. 1951E-:-08 2. 92'3E-08 
CARCD3 1.6521E-06 1.6111E-08 1.6901E-08 1.1096E-06 1.1293E-06 1.1491E-06 1. 1881E-06 1.1818E-08 1.8083E-06 

CADB 4.1013E-08 3. 8815E-08 3. 6131E-08 3. 3609E-08 3.1084E-08 2.8540-08 2.8089E-08 2.3142E-08 2. 1545E-08 
() 

0 
::s 
rt 

PRECIPITATES f-'. 
::s 
c 

SRCD3 o. O. o. o. o. O. O. o. o. (0 

Po. 
CAC03 o. O. o. o. o. o. o. o. O. 



" 

DISTABCE 
SPECIES 1.340 1.450 1.564 1.683 1.808 1.938 2.074 2.216 2.364 

~ 
'0 

IA 9.9483E-04 9. 9547E-04 9.9610E-04 9.9670E-04 9. 9725E-04 9.9773E-04 9. 9816E-04 9. 9852E-0' 9.9881E-0' '"d 
CD 

SR 9.8377E-09 9. 8531E-09 9.B672E-09 9. 8800E-09 9.8913E-09 9.90141-09 9. 9100E-09 9.9173E-09 9.9230-09 ::s 
CA '.9149E-04 4. 9226E-04 4. 9296E-04 4.9360E-04 '.9417E-04 '.946TE-04 4. 9510E-04 '.9546E-0' '.9517E-0' 

p" 
f-'. 

B 4.8317E-09 5. 3311E-09 5. 8607E-09 6,.4052E-09 6. 9471E-09 7.46a2E-09 1. 9522E-09 8.3862E-09 8.7623E-09 X 

C03 5.9165E-06 5.4030E-06 4. 9488E-06 4. 5559E-06 4. 2232E-06 3.9'68E-06 3. 7212E-06 3.5'02E-06 3. 3913E-06 tJj 
N 

CL 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 1.50541-03 1.5054E-03 1.5050-03 1.5050-03 
DB 2.3582E-06 2. 1374E-06 1.9444E-06 1.7791E-06 1.6404E-06 1.5260E-06 1. 4331E-06 1.3590E-06 1.300TE-06 

() 

0 
SORBED (lOREX) ::s 

rt 
f-'. 

2.3800E-03 
::s 

IA 2.3805E-03 2. 3802E-03 2.3801E-03 2. 3800E-03 2.3800E-03 2.3800E-03 2. 3800E-03 2. 3800E-03 C 

SR 9. 8828E-07 9.8828E-07 9. 8828E-07 9.8829E-07 !J.8829E-07 9.8829E-01 9. 8829E-01 
CD 

9. 8828E-07 9.8829E-07 p" 

CA '.8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 4.8809E-02 '.8809E-02 '.8809E-02 '.8809E-02 
B 1.7339E-08 1.9117E-08 2.1001E-08 2. 2938E-08 2. 4865E-08 2.6711E-08 2. 8436E-08 2. 9977E-08 3. 1313E-08 

COMPLEXES 

SRC03 3.7870E-11 3. '630E-11 3. 1758E-11 2.9270E-l1 2.7159E-11 2.54041-11 2. 3970E-l1 2.2818E-11 2. 1909E-11 
SRUC03 3.6507E-ll 3. 6835E-l1 3.7135E-11 3.7406E-11 3. 7646E-ll 3.7854E-ll 3.8032E-ll 3.8181E-11 3.8303E-ll 

SROB 1.1780E-13 1.0693E-13 9.7399E-14 8. 9229E-14 8.2359E-14 7.6687E-14 1.2081E-14 6.8398E-14 6.5501E-1.& 
IAC03 4. 3299E-08 3. 9563E-08 3. 6256E-08 3. 3395E-08 3.0971E-08 2.8956E-08 2. 1311E-08 2. 5990E-08 2.'9'8E-08 

IARC03 2.4768E-07 2. 4969E-07 2.5154E-07 2.5321E-07 2. 5469E-07 2.5597E-07 2. 5707E-07 2.5798E-01 2. 5813E-01 
IAOB 1.2902E-09 1. 1701E-09 1.0651E-09 9.7508E-l0 8.9951E-l0 8.3715E-l0 7. 8653E-l0 7 . .&609E-l0 1. 1428E-l0 

BC03 '.6006E-04 '.6351E-0' '.6667E-04 4. 6951E-04 '.7201E-04 '.7418E-04 '.7602E-04 4. 1155E-04 4. 1881E-04 
B2C03 5.0147E-06 5.S743E-06 6. 169SE-06 6.783SE-06 7. 3963E-06 1 .98.13E-06 8. 5316E-06 9.0320-06 9.'621E-06 
CAC03 2.6720-06 2. 4438E-06 2.2411E-06 2.0655E-06 1.9166E-06 1.7927E-06 1. 6916E-06 1. 6103E-06 1.5461E-06 

CARC03 1.8239E-06 1.8402E-06 1.8553E-06 1.8688E-06 1.8808E-06 1.8912E-06 1.9001E-06 1.9075E-06 1. 9136E-06 
CAOB 1.9533E-08 1.7730E-08 1.6150E-08 1.4795E-08 1.3656E-08 1.2716E-08 1. 1952E-08 1.1341E-08 1.0861E-08 

PRECIPITATES 
0'\ 
'-I 

SRCD3 O. O. O. O. O. O. O. O. O. 
CACD3 O. O. O. O. O. O. O. O. O. 



DISTANCE 
SPECIES 2.518 2.619 2.848 3.024 3.201 3.399 3.599 3.808 4.021 0\ 

<Xl 

NA 9.9905E-04 9. 9924E-04 9.9939E-04 9. 9949E-04 9.9951E-04 9.9962E-04 9. 9966E-04 9. 9968E-04 9. 9910E-04 
SR 9. 9283E-09 9. 9321E-09 9. 9351E-09 9. 9313E-09 9. 9389E-09 9. 9400E-09 9. 9401E-09 9. 9412E-09 9. 9415E-09 
CA 4. 9601E-04 4. 9620E-04 4. 9635E-04 4. 9646E-04 4.9654&-04 4. 9660E-04 4. 9663E-04 4. 9668E-04 4. 9881E-04 
B 9.0111E-09 9. 3318E-09 9. 5305E-09 9.8808-09 9.1895E-09 9.8880E-09 9. 9118E-09 9.9512E-09 9.9121E-09 

C03 3.2884E-08 3.2021E-08 3. 1392E-08 3.0935E-08 3.0810E-08 3.0381E-08 3.0238E-08 3.0142E-08 3.0083E-08 
CL 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054&-03 1.5054&-03 1.5054&-03 
DB 1.2558E-08 1. 2214E-08 1.1959E-08 1. 1114E-08 1. 1843E-08 1.1553E-08 1. 1492E-08 1.1454&-08 1. 1430E-08 

SORBED (lOREX) 

NA 2.3801E-03 2. 3801E-03 2. 3801E-03 2.3801E-03 2.3801E-03 2.3801E-03 2. 3801E-03 2.3801E-03 2. 3801E-03 
SR 9.8829E-01 9. 8829E-01 9. 8829E-01 9. 8829E-01 9.8829E-01 9.8829E-01 9. 8829E-01 9. 8829E-01 9.8829E-01 
CA 4. 8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 4. 8809E-02 
B 3.2430E-08 3. 3333E-08 3.4038E-08 3. 4510E-08 3. 4951E-08 3.5228E-08 3. 5411E-08 3. 5530E-08 3.5605E-08 

COMPLEJES 

SRC03 2. 1203E-ll 2.0665E-l1 2.0265E-ll 1.9913E-ll 1.9181E-l1 1.9824E-l1 1. 9529E-l1 1.9468E-ll 1. 9430E-ll 
SaRC03 3.8401E-ll 3. 8471E-ll 3. 8535E-ll 3. 8578E-ll 3.8809E-ll 3.8831E-ll 3. 8845E-l1 3.8854&-11 3. 8860E-ll ::t=' 

SROB 8.3280E-14 6. 1551E-14 6.0290E-14 5.9369E-14 5. 8717E-14 5.8261E-14 5. 7968E-14 5. 7775E-14 5. 7658E-14 toO 
"0 

NACO 3 2.4139E-08 2. 3523E-08 2.3084E-08 2.2730E-08 2. 2493E-08 2.2330E-08 2. 2221E-08 2.2151E-08 2.2108E-08 ro 
::s 

IABC03 2.5933E-07 2. 5980E-07 2.6016E-07 2.6042E-07 2.6081E-07 ·2.6074E-07 2.6083E-07 2.8088E-07 2.8092E-07 P, 

lAOB 8.8967E-l0 6.7098E-l0 8.5708E-l0 6.4897E-l0 6. 3982E-l0 6.3489E-l0 6.3160E-l0 8.2949E-l0 6.2818E-10 
1-" 
~ 

HC03 4.7981E-04 4.8059E-04 4.8118E-04 4.8162E-04 4.8194&-04 4. 8216E-04 4. 8230E-04 4. 8240E-04 4. 8246E-04 tJ:j 

H2C03 9. 8223E-06 1.0114E-05 1.0342E-05 .1.0514E-05 1.0840E~05 1.0728E-05 1.0787E-05 1.0826E-05 1.0850E-05 N 

CAC03 1.4963E-06 1. 4584E-06 1.4301E-06 1.4095E-06 1.3949E-06 1.3849E-06 1. 3782E-06 1.3739E-06 1.3712E-08 
CARC03 1.9185E-06 1. 9223E-06 1.9252E-08 1.9274E-08 1.9289E-08 1.9300E-06 1.9307E-06 1.9312E-06 1.9314&-08 () 

CAOH 1.0489E-08 1.0207E-08 9.9968E-09 9.8441E-09 9. 7359E-09 9.8615E-09 9. 6118E-09 9.5799E-09 9.5801E-09 0 
::s 
rt 
1-" 

PRECIPITATES ::s 
C ro 

SRcoa o. O. O. o. O. O. o. O. 
0.. 

O. 
CACOa O. O. O. O. O. O. o. o. O. 



• -. 

DISURCE 
SPECIES 4.254 4.492 4.741 5.000 :J::I 

'0 RA 9.9971E-04 9. 9971E-04 9.9971E-04 9. 9971E-04 '0 
CD SR 9.9417E-09 9.941BE-09 9.941BE-09 9. 941BE-09 ::1 
P. CA 4. 966BE-04 4. 966BE-04 4. 9669E-04 4. 9669E-04 1-'. 

B 9.9B45E-09 9. 99l3E-09 9. 9944E-09 9. 99UE-09 X 

C03 S.004BE-06 S.002BE-06 3.0020E-06 3.0020E-06 ttl 
N CL 1.5054E-OS 1.5054E-OS 1.5054E-03 1.5054E-OS 

DB 1.1416E-06 1. l40BE-06 1. 1404E-06 1. 1404E-08 
() 

0 
SORBED (IOIEX) ::1 

rt-
1-'. 
::1 RA 2.SB01E-OS 2.SB01E-OS 2.SB01E-OS 2.SB01E-03 C 
CD 

SR 9.BB29E-07 9.B829E-07 9.BB29E-07 9.B829E-07 P. 

CA 4.BB09E-02 4.BB09E-02 4.8B09E-02 4.B809E-02 
B S.S849E-OB S.S673E-OB S.58B4E-OB 3.S8B4E-08 

CDIIPLEJES 

SRCOS 1.940BE-ll 1.9S98E-ll 1.9S90E-ll 1.9S90E-ll 
SRBCDS 3.B864E-ll S.B666E-ll 3.B88SE-ll 3.B868E-ll 

SRDB 5. 7585E-14 5.7S48E-14 5. 7529E-14 5.7529E-14 
IACD3 2.20B2E-OB 2.208BE-OB 2.2081E-OB 2.2081E-OB 

RAKCOS 2.6094E-07 2.6095E-07 2.8096E-07 2.6096E-07 
RAOB 8.2740E-l0 8. 269BE-l0 8.287BE-l0 6.2878E-l0 
BCDS 4. 8249E-04 4.B251E-04 4. 8252E-04 4. 8252E-04 

B2CDS 1.0B84E-OS 1.0872E-05 1.087SE-OS 1.0875E-OS 
CAC03 1.3898E-08 1.3B87E-08 1.S88SE-06 1.S88SE-08 

CAKCOS 1.93t6E-08 1. 93l7E-OB t.93tBE-06 1. 93t8E-06 
CADB 9.S483E-09 9. 5419E-09 9. 5390E-09 9.5S90E-09 

PRECIPITATES 
0\ 

SRC03 o. o. o. o. \0 

CAeDS O. o. o. o. 



1 TIME= 10.20169 DELT= 5.0000E-Ol CONCENTRATION OF SPECIES IN KOLES/LITER SOLUTION 

DISTANCE 
'l 
0 

SPECIES O. .050 .103 .158 .215 .275 .337 .403 .411 

NA 9.9966E-04 9.99~5E-04 9.9860E-04 9.9799E-04 9. 9136E-04 9.9670E-04 9. 9604E-04 9. 9536E-04 9.9469E-04 
SR 5.2858E-05 3. 8843E-05 2.5598E-05 1.4930E-05 7.6519E-06 3.4341E-06 1. 3507E-06 4. 6902E-07 1.4755E-01 
CA 4.1987&-04 4.3384&-04 4. 4720E-04 4. 5823E-04 4.8611E-04 4. 1108E-04 4. 7396E-04 4.1581E-04 4.1886E-04 
H 1.5270E-09 1. 5807E-09 1.6329E-09 1.6774E-09 1.7114E-09 1. 1413E-09 1. 1141E-09 1.8132E-09 1.8511E-09 

C03 1.6296E-05 1. 5110E-05 1.5298E-05 1.4930E-05 1.4619E-05 1.4476E-05 1.4257E-05 1.4011E-05 1.313BE-05 
CL 1.5054&-03 1.5054&-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054&-03 1.5054&-03 1.5054&-03 1.5050-03 
DB 7.4554&-08 7.2017E-06 8.9115E-06 6.7865E-08 6. 8520E-08 6. 5317E-06 6. 4150E-08 6. 2189E-06 8. 1289E-08 

SORBED ~IOIEX) 

RA 2.4364&-03 2. 4357E-03 2.4344E-03 2. 4324E-03 2. 4295E-03 2.4282E-03 2. 4226E-03 2. 4189E-03 2.4151E-03 
SR 5.5106E-03 4.0512E-03 2.6701E-03 1.5566E-03 7.9692E-04 3.5114&-04 1.4024&-04 4.8811E-05 1.5268E-05 
CA 4. 3211E-02 4. 4731E-02 4. 6113E-02 4.7227E-02 4. 7988E-02 4. 8430E-02 4. 8648E-02 4. 8142E-02 4. 8111E-02 

B 5. 5813E-09 5. 7789E-09 5. 9699E-09 6. 1311E-09 6.2518E-09 8. 3561E-09 6. 4733E-09 6.6083E-09 8. 7842E-09 

COMPLEXES 

:t::' 
SRC03 5.6234&-07 3. 9993E-07 2. 5568E-07 1.4554E-07 1. 3329E-08 3.2451E-08 1. 2569E-08 4. 2886E-09 1.3225E-09 'U 

'U 
SRBC03 1.1133E-01 1. 2613E-07 8. 3303E-08 4.8711E-08 2.5039E-08 1.1275E-08 4. 4501E-09 1.5515E-09 4.9020E-l0 CD 

::s 
SROB 2.0044&-09 1.4229E-09 9.0774&-10 5. 1540E-l0 2. 5890E-l0 1.1419E-l0 4.4067E-ll 1.4916E-ll 4. 5987E-12 P. 

NAC03 1.2004&-07 1. 1611E-01 1. 1258E-07 1.0980E-07 1.0788E-07 1.0631E-07 1.0463E-01 1.0215E-01 1.0066E-01 
1-" 
X 

RAKC03 2. 1720E-07 2. 1749E-07 2.1784&-07 2. 1826E-01 2. 1817E-07 2. 1936E-01 2.2002E-07 2.2074&-01 2.2150-01 to 
RADB 4.1022E-09 3. 9608E-09 3.8321E-09 3.1281E-09 3.6518E-09 3.5866E-09 3. 5189E-09 8.4398E-09 3. 3552E-09 IV 

BC03 4.0116E-04 4.0189E-04 4.0274E-04 4.0317E""04 4.0498E-04 '.0636E-04 4.0186E-04 4.0949E-04 4. 1126E-04 
B2C03 1.3831E-"06 1.4344&-06 1.4849E-06 1.5293E-06 1.564.9E-06 1.5976E-06 1. 6342E-06 1.8763E-08 1.7248E-06 () 

CACD3 6.3096E-06 6.3096E-06 6.3096E-06 6.3096E-06 6.3096E-06 6.2880E-06 8. 2300E-06 6. 1437E-06 6.0313E-08 0 
::s 

CAKCD3 1.3609E-06 1.4088E-06 1. 4553E-06 1.4950E-06 1.5252E-06 1.5466E-06 1. 5611E-08 1.5736E-08 1.584.2E-08 rt 
1-" 

CADB 5.2842E:-08 5. 2746E-08 5.2633E-08 5. 2500E-08 5. 2343E-08 5. 1989E-08 5. 1321E-08 5.0411E-08 4. 9326E-08 ::s 
s:; 
CD 

PRECIPITATES 
P. 

SRC03 6.9500E-05 O. O. O. O. O. O. O. O. 
CACD3 7. 2408E-05 1. 7282E-04 9. 6117E-05 4. 6543E-06 2.1030E-06 O. O. O. O. 



DISTAIICE 
SPECIES .542 .616 .69S .174 .859 .94.1 1.0S9 1.135 1.2SS 

IIA 9.940SE-04 9. 934.0E-04 9.92B2E-04 9.9231E-04 9.91BBE-04 9.91S6E-04 9. 913SE-04 9.912TE-04 9.9U1E-04 :;s::. 

SR 4.6001E-OB 1. B064E-OB 1. 134BE-OB 9. 9403E-09 9.B929E-09 9.BB79E-09 9.BBOSE-09 9.B984E-09 9. 71S8E-09 "0 
'"d 

CA 4.T7BBE-04 4.TBB1E-04 4. 797BE-04 4.B071E-04 4.B1B7E-04 4.B2BSE-04 4. BSS9E-04 4.B452E-04 4.B545E-04 CO 
::s 

R 1.90BBE-09 1. 96T5E-09 2.0350E-09 2. 1124E-09 2.201SE-09 2.S036E-09 2. 421SE-09 2. 5571E-09 2.71S7E-09 0.. 

COS 1.3431E-05 1.S09BE-05 1.27S2E-05 1.2SS7E-05 1. 1912E-05 1. 1458E-05 1.0977E-05 1.0UOE-05 9. 9401E-OS 
1-'-
~ 

CL 1.5054E-OS 1.5054E-OS 1.5054E-03 1.5054E-03 1.5054E-OS 1.5054E-OS 1.5054E-OS 1.5054E-OS 1.5050-0S to 
DB 5.9B50E-OB 5. 7871E-OS 5. 5955E-OS 5.S90SE-OS 5. 17S0E-OB 4. 94SSE-OS 4.70S5E-OS '.4540E-OS 4. 1971E-OS tv 

SORBED (IOIIEX) ('l 
0 
::s 

IA 2.411SE-03 2.4075E-03 2.4038E-03 2.4002E-03 2. 39S9E-03 2.393TE-03 2. 3909E-03 2.3885E-03 2.3880-03 rt 
1-'-

SR 4. T511E-OB 1.8B22E-OB 1.lSTSE-OB 1.0208E-08 9. 9340E-07 9.8891E-07 9. 8827E-07 9.8821E-07 9.BB22£-OT ::s 
C 

CA 4.8T90E-02 4.8190-02 4. 819TE-02 4.BT99E-02 4.8801E-02 4.8802E-02 4.B800-02 4. 8805E-02 4.B80S£-02 CO 

R 8.9440E-09 T.3890E-09 T.SS27E-09 B.3400E-09 8.T5T8E-09 9. 2400E-09 9.T989E-09 
0. 

T.1510E-09 T.9TT5E-09 

COMPLEXES 

SRCOS '.0311E-l0 1. 54SSE-l0 9. 4233E-ll 7. 99T3£-11 T.5285E-ll T.2218E-ll 8. 92S2E-11 S.S173E-11 S.2932E-11 
SRRC03 1.5352E-l0 B.058SE-ll 3.82S2E-ll 3.3TOTE-ll S.30STE-ll 3.3190-11 3. 34S2E-l1 3.3TB1E-11 3.40T5E-11 

SROR 1.3952E-12 5. 3151E-13 3.22B1E-13 2.T240E-13 2. 5488E-13 2.4293E-13 2.3140E-13 2. 1952E-13 2.0T23£-13 
IAC03 9.B351E-08 9.5B33E-08 9.3103E-08 9.01B1E-08 8.T013E-08 8.SSB4E-08 8.0125E-OB 7.8410£-08 T.2540E-08 

IIABC03 2.2242E-OT 2.2S39E-OT 2. 2445E-OT 2.2SB2E-OT 2.2S90E-OT 2.2829E-OT 2. 29BOE-07 2.3142E-OT 2. 3315E-OT 
MAOR S.26S2E-09 S.163TE-09 3.0571E-09 2. 9435E-09 2. 82S4E-09 2.B9T2E-09 2.5S55E-09 2.4291E-09 2.2B90E-09 
BC03 '.131BE-0' 4.152BE-04 4.1T50E-04 4. 1990E-04 4. 2248E-04 4.2523£-04 4.2B15E-04 4. 3122E-04 '.3440-04 

R2C03 1.T805E-OB 1. 8444E-OS 1. 91T9E-OB 2.0022E-OB 2.0992E-OB 2. 2109E-06 2. 3398E-OB 2.'B8SE-OS 2.BBOBE-OS 
CACOS 5.9150E-OS 5.T1B2E-OB 5. 6215E-OS 5.'BSOE-06 5. 284BE-OB 5.0925E-OB '.B8T3E-OS '.BS9TE-OS '.4411E-OB 

CABC03 1.5948E-OB 1. B059E-OB 1.6116E-06 1.S301E-OS 1.84S2E-OS 1.S571£-OB 1.S71S£-OS 1.S8S1E-OS 1.T020-0S 
CAOR '.Bl00-08 4.B15BE-08 4. 5296E-08 4.3T21E-OB '.203T£-08 4.024.9£-08 3.B3SSE-08 S.BS99E-08 S.'3S1E-08 

PRECIPITATES 

SRCDS O. O. O. O. O. O. O. O. O. 
CACD3 O. O. O. O. O. O. O. O. O. '.J 

...... 



DISTANCE 
SPECIES 1.340 1.450 1.564 1.683 1.808 1.938 2.074 2.216 2.364 

'J 
l\) 

NA 9.9148E-04 9. 9177E-04 9.9217E-04 9.9265E-04 9.9320E-04 9.9380E-04 9. 9443E-04 9.9506E-04 9. 9568E-04 
SR 9.7348E-09 9. 7523E-09 9. 7694E-09 9. 7859E-09 9.8019E-09 9.8173E-09 9. 8321E-09 9.8482E-09 9.8594E-09 
CA 4.8635E-04 4. 8722E-04 4.8807E-04 4. 8890E-04 4. 8970E-04 4.9047E-04 4. 9121E-04 4.9191E-0' 4.9257E-04 

H 2.8946E-09- 3.1033E-09 3.3437&-09 3.6197E-09 _ 3.9346&-09 4.2906&..,,09 4. 6880E-09 5. 1243E-09 5:5939E-09 
C03 9.3917E-06 8. 8299E-06 8.2611E-06 7. 6929E-06 7.1338&~06 6.5930E-06 6.0794E-06 5.6013E-06 5.1651~-06 

CL 1.5054E-03 1.5054E-03 1.5054&-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 1.5054E-03 
OH 3.9350E-06 3. 6706E-06 3.4068E-06 3.1472E~06 2.8954&-06 2.6554E-06 2. 4304E-06 2.2235&-06 2.0370E-06 

SORBED (IONEI) 

NA 2.3846&-03 2.3832&-03 2. 3822E:-03 2. 3814E-03 2. 3808E-03 2. 3804E-03 2. 3802E-03 2. 3801E-03 2. 3800E-03 
SR 9.8824E-07 9.8825&-07' 9.8826&-07 9.8827&-07 9.8828&-07 9.8828&-07 9. 8828E-07 9. 8828E-01 9.8828&-07 
CA 4.8807&-02 4.8807&-02 4.8808&-02 4.8808&-02 4.8809&-02 '.8809E-02 4. 88Q9E,..02 4. 8809E-02 '.8809E-02 
H 1.0440E-08 1. 1183E-08 1.2040&-08 1.3023&,..08 1.4145E-08 1.54.12&-08 1. 6828E-08 1.8381E-08 2.0052E-08 

COMPLEXES 

SRC03 5. 9559E-ll 5.6086E-11 5.2554E-ll 4.9013E-ll 4.5516E-ll 4.2124E-ll 3.8893&-11 3.5879&-11 3. 3124E-ll 
SRHC03 3.4397&-11 3.4728E-11 3.5062E-ll 3.5399E-ll 3.5733E-ll 3.6081E-ll 3.6380E-ll 3.6684E-ll 3.6970E-l1 

SROH 1.9463&-13 1. 8186&-13 1.8907&-13 1.5643&-13 1.441,4E-13 1.3239&-13 1. 2134E-13 1. 1118E-13 1.0198E-13 ~ 
't:I 

NAC03 8.8544&-08 6. 4456E-08 8.0322&-08 5.6195&-08 5.2135&...,08, 4.8201&-08 4.4415&-08 4.1000&-08 3.1828E-08 't:I 
(D 

NARC03 2.3497&-07 2. 3688E-01 2.3885&-07 2.4081&-07 2.4289&-07 2.4490E-07 2.4686&-01 2. 4873E-01 2.5051&-01 ~ 
p, 

MAOH 2.1464E-09 2.0026&-09 1.8593&-09 1.7184&-09 1.5817E-09 1.4514&-09 1. 3292E-09 1.2168&-09 1. 1154E-09 f-J. 

HC03 4.3179&-04 4. 4124E-04 4. 4476E-04 4.4831E-04 4.5185&-04 4.5533E-04 4.5870&-04 4.6192&-0' 
~ 

'.6494E-04 
H2C03 2.8597&-06 3.0899&-06 3. 3557E-06 3.6615E-08 4.0112&-06 4.4076E-08 4. 8512E-06 5. 3398E-06 5.8669&-06 to 

tv 
CAC03 '.2030&-06 3.9580&-06 3.7087&-06 3.4588&-06 3.2121E-06 2.9121E-06 2.7447&-06 2.5320E-08 2.3375&-06 

CARC03 1.7185E-06 1.7350&-06 1.7517&-06 1.7685&-06 1.7852E-08 1.8016&-06 1.8175E-06 1.8327E-08 1.8470E-06 
CAOH 3.2272&-08 3.0155E-08 2.8034E-08 

() 
2.5939&-08 2.3901&-08 2.1951&-08 2.0120E-08 1.8432&-08 1.8907E-08 0 

~ 
rt 

PRECIPlTAT&S f-J. 
~ 
C 

SRC03 O. O. O. O. O. 
(D 

O. O. O. O. P, 

CAC03 O. O. O. O. O. O. O. O. O. 



" -n 

DISTANCE 
SPECIES 2.518 2.679 2.848 3.024 3.207 3.399 3.599 3.808 4.027 

NA 9. 9828E-04 9. 9884E-04 9. 9734E-04 9. 9780E-04 9. 9820E-04 9.9854&-04 9. 9882E-04 9. 9905E-04 9. 9923E-04 ::t:' 
'D 

SR 9.8718E-09 9. 8832E-09 9. 8935E-09 9.9027E-09 9.9108E-09 9.9177E-09 9. 9235E-09 9.9282E-09 9.9319E-09 'D 
(D 

CA 4.9319E-04 4. 9378E-04 4. 9427E-04 4. 9473E-04 4.9514E-04 4.9548E-04 4.9577&-04 '.9801E-0' '.9819E-0' ::s 
p. 

B 8.0872E-09 8. 5917E-09 7.0928E-09 7.5754&-09 8.0256E-09 8.4320E-09 8. 7883E-09 9.0842E-09 9.3242E-09 1-'. 
X 

C03 4.7754&-08 4. 4342E-08 4. 1410E-08 3.8937E-08 3.8887E-08 3.5217E-08 3. 3883E-08 3. 2838E-08 3.2043E-08 
CL 1.5054&-03 1.5054&-03 1.5054&-03 1.5054E-03 1.5054E-03 1.5054&-03 1.5054&-03 1.5054&-03 1.5054&-03 to 

N 

DB 1.8720E-08 1. 7288E-08 1.8087E-08 1.5044&-08 1.4200E-08 1.3518E-08 1. 2971E-08 1.2548E-08 1.2223E-08 

0 
SORBED (IOIEX) 0 ::s 

rt 

NA 2. 3800E-03 2. 3800E-03 2.3800E-03 2.3800E-03 2.3800E-03 2.3800E-03 2. 3800E-03 2. 3801E-03 2. 3801E-03 
1-'. 
::s 

SR 9. 8829E-07 9. 8829E-07 9. 8829E-07 9.8829E-07 9. 8829E-07 9.8829E-07 9. 8829E-07 9.8829E-07 9. 8829E-07 C 
(D 

CA '.8809E-02 '.8809E-02 '.8809E-02 4. 8809E-02 4. 8809E-02 '.8809E-02 '.8809E-02 '.8809E-02 '.8809E-02 p.. 

B 2. 1808E-08 2. 3802E-08 2.5383E-08 2.7098E-08 2. 8898E-08 3.0140E-08 3. 1398E-08 3.2'55E-08 3.3307E-08 

COMPLEXES 

SRC03 3.0858E-ll 2. 8498E-l1 2.8838E-ll 2.5085E-11 2.3782E-l1 2.2700E-l1 2. 1851E-11 2.1188E-ll 2.0880E-ll 
SRBC03 3.7238E-l1 3.7478E-ll 3.7894&-11 3.7885E-11 3.8051E-11 3.8190E-ll 3. 8308E-ll 3.8400E-ll 3. 8473E-11 

SROB 9.3814E-14 8. 6730E-14 8.0884&-14 7. 5811E-14 7. 1426E-14 8.8029E-14 8. 5322E-14 8. 3209E-14 8.1804&-14 
IAC03 3. 4992E-08 3. 2507E-08 3.0371E-08 2. 8568E-08 2.7073E-08 2.5855E-08 2. 4881E-08 2. 4119E-08 2. 3539E-08 

NABC03 2.5215E-01 2. 5385E-01 2. 5499E-07 2.5811E-07 2.5718E-01 2.5804&-07 2. 5875E-07 2. 5933E-07 2. 5977E-07 
HAOB 1.0258E-09 9. 4181E-l0 8.8111E-l0 8.2535E-l0 7.1938E-l0 7.4205E-l0 1. 1233E-l0 8.8913E-l0 8.7151E-l0 
BC03 4.8713E-0' 4.1028E-04 4. 7252E-04 4.7451E-04 4.1821E-04 '.7788E-04 '.7884&-04 '.1980E-0' '.8055E-0' 

B2C03 8.4223E-08 8. 9920E-08 7. 5595E-08 8.1015E-08 8. 8200E-08 9.0838E-08 9. 4887E-08 9.8299E-08 1.0105E-05 
CAC03 2. 1835E-08 2.0109E-08 1.8197E-06 1.7888E-08 1.8769E-08 1.8019E-08 1.5'20E-08 1.'951E-08 1.'593E-08 

CABC03 1.8603E-08 _1.8124&-06 1.8832E-06 1.8921E-06 1.9010E-08 1.9080E-06 1.9138E-08 1.9184&-08 1.9221E-08 
CAOB 1.5558E-08 1.'381E-08 1.3378E-08 1.2537E-08 1. 1843E-08 1.1280E-08 1.0831E-08 1.0'81E-08 1.0215E-08 

PRECIPITATES 

SRC03 O. O. o. o. o. O. O. O. O. 'I 
lv 

CAC03 O. O. O. o. o. o. o. o. O. 



DISTAICE 
SPECIES 4.254 4.492 4.141 5.000 

RA 9.9938E-04 9. 9948E-04 9.9951E-04 9.9951E-04 '-J 
It;. 

SR 9.9348E-09 9. 9385E-09 9. 9315E-09 9.9315E-09 
CA '.9633E-04 '.9642E-0' '.9UrE-04 '.9841E-0' 

B 9.5010E-09 9. 8335E-09 9.1018E-09 9.1018E-09 
C03 3.1'80-08 3.1016E-08 3.0810E-08 3.0810E-06 

CL 1.5050-03 1.5050-03 1.505'E-03 1.5050-03 
DB 1.1989E-08 1. 1831E-08 1. 11'8E-08 1. 11'8E-08 

SORBED (IOIEX) 

RA 2.3801E-03 2. 3801E-03 2.3801E-03 2.3801E-03 
SR 9.8829E-01 9.8829E-01 9. 9829E-01 9. 8829E-01 
CA '.8809E-02 '.8809E-02 '.8809E-02 '.8809E-02 

B 3. 3955E-08 3.44.00-08 3.'8'6E-08 3.'84.8E-08 

COJ(PLUES 

SRC03 2.0310E-ll 2.0083E-ll 1. 9932E-ll 1.9932E-l1 
SRBCD3 3.8521E-ll 3.8580-11 3.8583E-ll 3.8583E-11 

SRDB 8.0'36E-14 5. 9653E-14 5. 92'OE-14 5. 9240E-14 
MACD3 2.3118E-08 2. 2832E-08 2.2883E-08 2. 2883E-08 

IABCD3 2.8010E-01 2.8033E-01 2.8045E-01 2.8045E-01 :t:' 
MADB 8.5889E-l0 8.5010E-l0 8.'556E-l0 8.4556E-l0 '0 

'0 
BCD3 '.8110E-0' '.8148E-04 '.8168E-04 4.8188E-0' (D 

::l 
B2CD3 1.0315E-05 1.0480E-05 1.0539E-05 1.0539E-05 p, 

CACD3 1.4333E-08 1. 4158E-08 1.'066E-08 1.4088E-08 
1-'. 
X 

CABCD3 1.9248E-08 1. 9288E-08 1.9216E-06 1.9218E-08 ttl 
CADH 1.0021E-08 9. 8913E-09 9. 8228E-09 9. 8228E-09 ~ 

PRECIPITATES () 
0 
::l 

SRCD3 O. O. O. o. rt 
1-'. 

CACD3 O. O. O. O. ::l 
C 
(D 
P, 
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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 S;O 10.0 20.0 
PHYSICAL 0.300 0.00 1.00E-1 
BOUNDARY 0 1 

LEACH 0 0 
NO.SPECIES 5 0 5 1 0 3 
SURF. CaMP. 1.00E2 2.0E1 5.100 11.500 1.31E1 .01100 

NA 1.0 2 1. 00E-1 1. 00E-1 2 1.0E-1 1.0E-1 0 1 
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 1 
PB 5.000 3.50E-5 9.50E-5 1.0 

H 1.0 1 1.00E-1 1.00E-1 1 3.16E-5 3.16E-5 0 1 
H 0.0000 6.00E-3 1.40E-2 0.0 

CL04 -1.0 2 1.00E-1 1.00E-.1 2 1. 00E-1 1. 00E-1 0 1 
CL04 -1.90 5.50E-3 2.12E-3 -1.0 

OH 13.99 0.0 0.0 0.0 0.0 ·1.0 
OH 1.00E-1 3.1&-10 0 0 

PBOH -6.2S0 0.0 1.0 0.0 0.0 1.0 
PBOH 5.00E-5 5.06E-1 0 1 
PBOH 2.600 5.00E-3 1.19E-5 1.0 

.': 

.. 



lSURFACE COMPLEXATIOI. WATER DISSOCIATION 11TH TRAISPORT 

UNIT OF LEIGTH IS METERS UN IT OF TIME IS HOURS 

FLUID VELOCITY = .100 lUMBER OF GRID POIITS = '0 DISPERSION COEFFICIENT = .S V +.0 

INNER BOUNDARY IS COISTANT COICENTRATION OUTER BDUIDARY IS ZERO FLUX 

lUMBER OF PRIRT OUTS = 8 
GIVEN AT THE FOLLOWING TIMES = 1.000 2.000 '.000 8.000 10.00 20.00 

lUMBER OF SITES(IOI-EXCRAlGE) O. lUMBER OF SITES(EDL MODEL) .01TO 

, BARE IONS o SORDIIO lOIS (IOREI) , SORDIIG lOIS (EDL IODEL) 

COIPONENT CHARGE 

NA 
PB 

H 
CL04 

1. 
2. 
1. 

-1. 

INITIAL CONDITIONS 
TTPE VALUE 

2 1.0000E-Ol 
2 2.9000E-0' 
1 1.0000E-OT 
2 1.0000E-Ol 

BOUNDARY CONDITIOIS PI (IO.EX) PK(EDL) 
TTPE VALUE 

2 1.0000E-Ol 9.200 
2 2.9000E-0' S.OOO 
1 S.1800E-OS O. 
2 1.0000E-Ol -T.900 

2 COMPLEXES 0 SDRDIIG COMPLEJES(IOIEX) 1 SORDIIQ COMPLEXES (EDL 10DEL) 

COMPLEX CHARGE EQUIL. COISTANT PK(IOIEX) PK(EDL) STOICHIOMETRY 

OH -1. 1.023SE-14. O. O. 0. O. 1. 
PBOH 1. 1.9055E+08 2.800 O. 1. O. O. 1. 

•• SPATIAL GRID •• 

0 . .4.048E-Ol .8S08E-Ol . 1280 .1753 .2251 .277S .S328 .S910 
. 5170 .5850 .6587 .7322 .8117 . 895S .9837 1.077 1.17S 
1.386 1.501 1.621 1. U8 1.882 2.023 2.171 2.328 2.492 
2.B4.8 S.04.1 3.244 3.457 3.882 3.919 4.189 4.431 4.70B 

.'52' 
1.278 
2.688 
5.000 

'J 
0\ 

;J::i 
""d 
""d ro 
::s 
0.. 
1-" 
X 

ttl 
w 

() 

o 
::s 
rt 
1-" 
::s 
C ro 
0. 



1 INITIAL CONDITIONS 

COIIIPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COEF. 
AQUEOUS CONC. CONCENTRATION (IONEX) (EDL) 

NA .1000 . 1000 O. . 4186E-05 
PB . 2900E-03 . 2589E-03 O . . 3301E-04 

I .1000E-08 . 1000E-08 O . . 8583E-02 
CL04 .1000 . 1000 O. . 5158E-02 

01 .31241-04 . 1862E-08 O. o. 

COMPLEX VALENCE AQUEOUS CONC. SORPTION (10) SORPTION (EDL) 
PBOl 1.000 . 3108E-04 O . . 5178E-02 

SIGo= 2.74.5E-02 
PSIO= 4.2841-02 

SIGB= 8.378E-01 SIGD=-8.852E-01 
PSIBETA= 4.236E-02 PSID= 9.101E-03 

80- = 1.0918E-08 SOl2+ = 8.2538E-05 

.7846 

.3189 

.7848 

.7848 

.7848 

ID(ION EX) 

O . 
o. 
O. 
O . 
O. 

TO HAVE A lET BALAWCE OF ZERO CHARGE, OTIER SPECIES MUST BE PRESENT (ALTHOUGI lOT PARTICIPATIIG II THE 
CHEMICAL REACTIONS) 'ITI A TOTAL CONCEITRATIOI TIMES CHARGE OF -.549E-03 

ID(EDL) 

.41881-04 

.1275 

. 8583E+05 

.5158E-01 
O . 

::t:' 
'0 
'0 
(D 

::s 
p. 
1--'-
~ 

IJj 
w 

() 

0 ::s 
rt 
1--" 
::s 
C 
(D 

P. 

'.J 
'.J 



1 BOUNDARY OR INFLUX CONDITIONS 

COIIPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COEF. ID(IOI EX) 
AQUEOUS CONC. CONCENTRATION (IONEX) (EDL) 

NA .1000 .1000 O. . 3271E-04 .7845 O. 
PB . 2900E-03 . 2899E-03 O. . 1380E-03 .3188 O . 

H . 3180E-04 . 3160E-04 O . . 1375E-Ol .7845 O. 
CL04 .1000 .1000 O. . 2898E-02 .1845 O. 

OH . 1106E-08 . 5262E-09 O. O . .7845 O. 

COIIPLEX ' VALENCE AQUEOUS CONC. SORPTION (IO) SORPTION (EDL) '. 
PBOH 1.000 . 1101E-08 O. . 1434E-03 

TO HAVE A NET BALAICE OF ZERO CHARGE. OTHER SPECIES lUST BE PRESENT (ALTHOUGH lOT PARTICIPATIIG II THE 
CHEMICAL REACTIONS) lITH A TOTAL CONCENTRATION TIMES CHARGE OF -.811E-03 

SIGO= 1.819E+Ol 
PSIO= 2.432E-Ol 

SO- = 1.1858E-05 

SIGB=~1.123E+01. SIGD=-9.843£-01 
PSIBETA= 8.133E-02 PSID= 1.311E-02 

SOH2+ = 1.8789E-05 

ID(EDL) 

. 3211E-03 

.4780 
435.2 
. 2898E-01 
O . 

'-J 
0;) 

>' 
"0 
"0 
(l) 
::s 
0. 
1-" 
~ 

ttl 
w 

o 
o 
::s 
rt-
1-" 
'::I 
C 
fD 
OJ 



,.. 

1 TIME= 20.2969T DELT= S.OOOOE-Ol 
\ 

SPECIES O. .0'0 .083 

IA 1.0000E-01 1.0000E-Ol 1.0000E-Ol 
PB 2.8989E-0' 3.08T8E-0' 3.2188E-O' 

B 3. 1800E-OS 1.S109E-OS T.1773E-OT 
CLO' 1.0000E-Ol 1.0000E-Ol 1.0000E-01 

OB S.2818E-l0 1.100SE-09 2.3188E-08 

SORBED (EDL) 

SO 1.T8S6E-OS 1. 8779E-OS S.034BE-06 
SOB2 1.8T89E-OS 1.ST22E-OS 3.2S'SE-05 

B 1.STS3E-02 1.S6'9E-02 1. o 136E-02 
IIA 3.2712E-OS 3.S10U-OS 1.32S2E-OS 
PB 1.ST99E-0' 1.4220E-04 8.88SSE-OS 

eLO' 2.8980E-OS 2. 820U-OS 3. 891SE-03 
PBOB 1.433TE-0' 3. 2110E-04 2.8S29E-03 

COMPLEXES 

PBOB 1.1009E-OT 2.'36SE-OT S.3777E-OB 

COICEITRATIOI OF SPECIES II MOLES/LITER SOLUTIO. 

DISTARCE 
.128 .lT5 .225 .2T8 .333 

1.0000E-Ol 1.0000E-01 1.0000E-Ol 1.0000E-Ol 1.0000E-01 
3. 223SE-0' 3.22S3E-0' 3.22S8E-0' 3. 22SBE-0' 3 .224.7E-0' 
2.SS20E-OT 1.T908E-OT 1.S009E-OT 1. 38S3E-OT 1.2993E-OT 
1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 
8.S180E-08 9. 28STE-08 1.10T9E-OT 1. 21T9E-OT 1.2T98E-OT 

2. 1298E-08 1.S8S5E-OB 1.3418E-06 1. 2353E-08 1.ta3lE-OB 
'.8043E-OS S.39S0E-OS S.6880E-OS 5. 839TE-OS 5.9191E-OS 
8.03S0E-03 T.3000E-03 B.938SE-03 B.7488E-03 B.UT3E-03 
6. 9398E-08 S.41SSE-OB 4.TB49E-08 '.'''2E-OB '.284SE-08 
S.T901E-OS 4.T99SE-OS '.33STE-OS 4.0988E-OS 3. 9743E-OS 
'.8B2SE-03 4.9318E-03 S.OB3SE-03 S.1330E-03 5.1B88E-03 
'.18TSE-03 4.8S93E-03 '.8919E-03 S.01SU-03 S.OT9SE-03 

1.SlS7E-OS 2.1B11E-OS 2.ST88E-OS 2. 83'TE-OS 2.9T80E-OS 

.311 

1.0000E-Ol 
3.223U-0' 
1.2883E-OT 
1.0000E-Ol 
1.3111E-OT 

1.1588E-OB 
5. 95TSE-OS 
B.S99TE-03 
'.209SE-OB 
3.91SU-OS 
5. 1859E-03 
S.1103E-03 

3.049U-05 

:x:-
'D 
'D 
(1) 

::s 
p,. 
1-" 
X 

t:Jj 
w 

() 

0 
::s 
rt 
1-" 
::s 
C 
(1) 
p,. 

" \0 



<Xl 
o 



DISU.ICE 
SPECIES 1.175 1.278 1.388 1.501 1.821 

Ii 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 
PB 3.17441-0' 3. 1629E-0' 3. 14.94.E-0' 3.1335£-0' 3.1151£-0' 

B 1.2295E-07 1.2250E-07 1.2197E-07 1.2134.E-07 1.2062£-07 
CLO' 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 

DB 1.3525E-07 1.3574.E-07 1.3833E-07 1.3703E-07 1.3786E-07 

SORBED (EDL) 

SO 1.1392E-06 1. 1382E-06 1. 1371E-06 1. 1359E-06 1. 134.4.E-06 
SOB2 6.0021E-05 6.0068E-05 6.0123E-05 8.0189E-05 8.0265E-05 

B 6.S882E-03 8.5681E-03 6.5880E-03 6.5678E-03 8. 587TE-03 
NA '.1625E-06 '.1629E-06 '.1634.E-06 '.1639E-06 '.164.6E-06 
PB 3.8352E-05 3. 8252E-05 3. 8133E-05 3. 7994.E-05 3 .. 7831E-05 

eLO' 5. 19'4.E-03 5. 1937E-03 5. 1930E-03 5. 1920E-03 5. 1910E-03 
PBOB 5. 1338E-03 5. 13'6E-03 5. 1355E-03 5. 1386E-03 5. 1379E-03 

COJIPLEIES 

PBOB 3.0980E-05 3.0982E-05 3.0984.E-05 3.098TE-05 3.0990E-05 

1.748 1.882 2.023 

1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 
3.0937E-0' 3.0693E-0' 3.0'18E-0' 
1.1978E-07 1. 1882E-07 1. 1 TT 4.E-07 
1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 
1.3882E-07 1. 3994.E-07 1.4.122E-07 

1.1327E-06 1. 1307E-06 1. 1285E-08 
6.0353E-05 6.0'54.E-05 6.0589E-05 
6.5875E-03 8. 5873E-03 8.5671E-03 
'.1654.E-06 '.1662E-06 '.1673E-06 
3.764.3E-05 3.n2TE-05 3. 7183E-05 
5. 1898E-03 5. 1883E-03 5. 1867E-03 
5. 1395E-03 5. 14.12E-03 5.1'32E-03 

3.0993E-05 3.01ITE-05 3.1001E-05 

2.171 

1.0000£-01 
3.0111E-0' 
1.1853£-07 
1.0000E-Ol 
1.'268E-07 

1. 1280E-06 
8.0898E-05 
6. 5868E-03 
'.1684.E-06 
3.6909E-05 
5. 184.9E-03 
5.1'54.E-03 

3.1008£-05 

:to' 
'"0 
'0 
ro 
::::1 
0. ...... 
X 

ttl 
w 

() 

0 
::::1 
rT ...... 
::::1 
c 
ro 
0. 

Q) ,.... 



0;) 

I\J 

DISTAICE 
SPECIES 2.328 2.492 2.688 2.848 3.041 3.244 3.457 3.882 3.919 

fiA 1.0000E-01 1.0000E-01 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 
PB 2.9774&-04. 2. 9411E-04 2.9021E-04 2. 8630E-04 2. 8229E-04 2. 7831E-04 2.74.68-04. 2. 7123E-04. 2. 6822E-04. 

B 1.1521E-01 1. 1379E-01 1.1228E-01- 1.1072E-01 1.0915E-07 1.0181E-07 1.0615.E-07 1.04.82E-01- 1.0388-07 
CL04. 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 1.0000E-Ol 'l.0000E':'01 1.0000E-Ol 1.000llE-Ol 

.OB '. 1.4432E-01 1.4612E-01 1.4808E-07 1.5018E-07 1.5232E-01 1.54.50E-07 1. 5882E-07 1.5881E-07 1.804.1E-07 

SORBED (EDL) 

SO 1.1233E-06 1. 1203E-06 1 . 1112E-06 , 1. 1140E-08 1. 1101E-08 1 . ,1075E-08 1.1045E-08 1.101TE-06 1.09931':'06 
SOB2 8.0840E-05 8.0994&-05 6.1158E-05 6. 1328E-05 6. i502E~05 6. 1613E-05 6. 1836E-05 6. 1981E-05 6.2120E-05 

B 6.5665E-03 6.5662E~03 6.5659E-03 6.5655E-03 8. 5652E-03 6.5649E-03 6. 5645E:-03 6. 564.2E-03 6.564.0E-03 
fiA 4.. 1696E-06 4.1110E-06 ,4.1125E-06 4. 1141E-06 4. 1151E-06 4. 1113E-06 4.. 1188E-06 '.1802E-06 '.1815E-06 
PB 3.6606E-05 3. 6219E-05 3. 5930E-05 3. 5568E-05 3. 5200E;"05 3.4831E-05 3.4.491E-05 3.4111E-05 3. 3889E-05 

CLO' 5. 1829E-03 5. 1801E-03 5. 1183E-03 5. 1159E-03 5. 1133E-03 5. 1708E-03 5.1688-03 5.16~2E-03 5. 1642E-03 
PBOB 5. 1419E-03 5. 1505E-03 5.1534&-03 5. 1564E-03 5. 1595E-03 5. 1625E-03 5. 1655E-03 5. 1682E-03 5. 1106E-03 :J;:< 

~ '" '0 
'0 

COMPLEXES ro 
::s 
p, 

PBOB 3 .1012~-05 3.1018E-05 3.1024&-05 3.1030E-05 3.1037E-05 3.1040-05 
\-'. 

3.1050E ... 05 3.1055E-05 3.1060E-05 X 

tx:l 
w 

() 

0 
::s 
rt 
\-'. 
::So 
C 
ro 
p, 



SPECIES '.169 ' . .&31 
IA 1.0000E-Ol 1.0000E-Ol 
PB 2.6572E-0' 2. 6380E-0' 

B 1.0266E-07 1.0191E-07 
CLO' 1.0000E-01 1.0000E-01 

DB 1.6190-07 1.6310-07 

9 ORBED (EDL) 

SO 1.0972£-06 1.0958E-06 
9012 8. 2232E-05 8.2318£-05 

B 8.5637E-03 6. 5638E-03 
IA 4..1826£-06 '.1830~06 

PB 3.3653£-05 3.3'71E-05 
CLO' 5.1825£-03 5.1812£-03 
PBOB 5.1728£-03 5. 174.2E-03 

COII'LEDS 

PBOB 3.1065E-05 3.1068E-05 

DISTAICE 
'.708 5.000 

1.0000E-01 1.0000E-01 
2.6261E-0' 2.6281E-0' 
1.014.0-07 1.014.0-07 
1.0000E-01 1.0000E-01 
1.8388E-07 1.8388E-07 

1.09'7£-08 1.09'7E-06 
8. 2371E-05 6.2371£-05 
6. 5635E-03 6. 5835E-03 
':1939E-06 '.1839E-08 
3.3358£-05 3.3358E-05 
5. 1600-03 5. 1800-03 
5.1752£-03 5. 1752E-03 

3.1070£-05 3.1010E-05 

~ 
'"d 
'"d 
CD 
!:l 
p.. ..... 
>< 

ttl 
LV 

() 

0 
!:l 
rt ..... 
!:l 
C 
CD 
p.. 

00 
w 
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APPENDIX B4 - Example 4: Sample Input and Output 

PRECIPITATION AND DISSOLUTION OF CAC03 
METERS HOURS 
TYPE a 1 a 

ITERATIONS 100 100 100 
GRID 4.0 10.0 0.2 1.4. 
TIME 14. 1.00E-5 1.00 

PRINT TIME 0.001 0.01 0.1 0.5 1.0 1.5 2.0 
PRINT TIME S.OOO 4..0 5.0 8.0 8.0 9.0 10.0 
PHYSICAL 1.0 O. 1.00£-1 
BOUNDARY 1 0 

LEACH a a 
NO. SPECIES 8 2 a 8 1 3 

CECNS 0.10 
NA 1.0 2 1.00£-5 1.00£-5 2 1.10£-2 1.11-2 1 0 
NA .1160 1.01-12 1.00£-1 
CA 2.0 3 1.50E-S 5.00£-4. S 4..0001-4. 4..001-4. 1 0 
CA .S510 4..00E-2 4..90E-S 

H 1.0 1 1.00E-8 1.001-8 4. 2.01-12 0 0 
C03 -2.0 S 0.66E-S 2.00E-4. 3 3.001-5 S.001-5 0 0 

CL -1.0 4. 2.35E-S 2.351-3 a 0 
OH lS.990 
OH 1.001-6 1.00E-9 

MACOS -0.9800 1.0 0.0 0.0 1.0 0.0 0.0 
NACOS 0.00 0.000 a a 

NARC OS -10.0800 1.0 0.0 1.0 1.0 0.0 0.0 
NARC OS 0.000 0.000 O· .0' 

MAOH .21S0 1.0 0.0 0.0 ~ 0.0 0.0 1.0 
MAOH 0.0000 0.000 ,( ,0 . ':. ~ a 
HCOS -10.S000 0.0 0.0 1.0 .' 1.0 0.0 . 0.0 
HCOS 0.0000 0.000 a a 

H2COS -18.1000 0.0 0.0 2.0 1.0 0.0· 0.0 
H2COS 0.0000 0.000 '0 a 
CACOS -S.1500 0.0 1.0 0.0 1.0 0.0 0.0 
CACOS 0.0000 0.000 a a 

CARC03 -11.330 0.0 1.0 1.0 1.0 0.0 0.0 
CARC03 0.0000 0.000 a a 

CAOH -1.320 0.0 1.0 0.0 0.0 O~O 1.0 
CAOH 0.0000 0.000 a a " 

CAcoa 8.S50 0.0 1.0 0.0 1.0 0.0' 0.0 
CAC03 0.0000 0.000 

' .. , 



1PRECIPITATION AID DISSOLUTION OF CACOS 

UIIT OF LEIGTB IS METERS URIT OF TIME IS BOURS: 

FLUID VELOCITT = .100 lUMBER OF GRID POIITS = DISPERSIOI COEFFICIENT = 1.0 V +.0 

INNER BOURDART IS COISTAIT FLUX OUTER BOURDART IS COISTAIT IIITIAL COICERTRATIOI 

NUMBER OF PRIIT OUTS = 14 
GIVEN AT THE FOLLOWING TIMES = .1000E-02 .1000E-01 .1000 .. '; ", 

4.000 5.000 8.000 
.5000 
8.000 

1.000 
9.000 

1.500 
10.00 

2.000 

lUMBER OF SIT~S (t~lIl~EXC~GE) .1000 NUMBER OF SITES(EDL MODEL) o. 

;:'~:S, BARE IONS 

COMPONENT C~RGE 

c. 

IA 
CA 
"B 

C03 
CL 

1. 
2. 
1. 

-2. 
-1. 

:J" 

"''":2. ' SORBING IONS (IOIEI) 

IIIITi~', CONDITIONS 
TTPE,' ;, ,.! VALUE 

2· ., i.OOOOE-OS 
3 . ' 1,. SOOOE-03 . ... ~ . 

1 1.0000E-08 
3 6.6000E-04 
4 -0. 

BOURPART CONDITIONS 
TTPE VALUE 

2 
3 

4 
,,3 

-0 

1.1000E-02 
4.0000E-at. 

-0. 
3.0000E-OS '. ' 

-0. 

." .~ 

o 
~ 

SORBIIG lOIS (EDL MODEL): 
.}..r. 1.lr 

PK(ION¥) 
" 

.178 
..357 ' 

" 

PK(EDL) 

. ~ 

40 

S.OOO 

~ 
"0 
'D 

CD 
::l 
P, 
1-" 
X 

trJ 
.!» 

() 

o 
::l 
rt-
1-" 
::l 
C 
CD 
P, 

Co 
I.n 



9 COMPLUES 0 SORBIRG COMPLEJES(IOREX) 

COMPLEX CHARGE EQUIL. COISTAIT PKUOIEX) PK(EDL) 

01. -1. 1.0233E-14 
IAC03 -1. 1.1201£+00 

IAlC03 O. 1.20231+10 
IAOI O. 6.1235£-01 
ICDS -1. 1.11531+10 

12C03 O. 5.0111E+16 
CACOS O. 1.'125E+03 

CAlC OS 1. 2.1380£+11 
CADI 1. 2.0813£+01 

1 SOLID PRECIPITATES 

PRECIPITATE SOLUBILITY PRODUCT STOICHIOMETRY 

CAC03 4. 4668E-09 O. 1.0 O. 1.0 O. O. 

.... sPATIAL GRm •• 

.5034£-01 .2561 .3659 .4805 .6001 .T251 
1."T 1.599 1.T68 1.9" 2.129 2.321 
3.UT 3.666 3.926 4.19B 4.4B2 4.TTB 
6.465 6.B49 T.249 T.66T B.l04 B.559 

0 SORBIIG COMPLEJES (EDL MODEL) 

STOICIIODTRY 

O. O. o. o. O. 1. 
1. O. O. 1. O. O. 
1. O. 1. 1. O. O. 
1. O. O. O. O. 1. 
O. O. t. 1. O. O. 
O. O. 2. 1. O. O. 
O. t. O. t. O. O. 
O. 1. .t. t. O. O. 
O. 1. O. O. O. 1. 

.8555 .991T 1.134 
2.522 2.731 2.950 
5.0BT 5.409 5.746 
9.035 9.532 10.05 

1.282 
3.1T9 
8.09B 
10.59 

00 
~ 

> 
"0 
"0 
CD 
::3 
0. 
1-" 
X 
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() 

0 
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1-" 
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CD 
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1 INITIAL CONDITIONS 

COMPONENT TOTAL BARE ION SORBED CoNCENTRATIoI ACT. COU. KD(ION EX) 
AQUEOUS CONC. CoNCENTRATIOI (IONEX) (EDL) 

NA .1000E-04 . 9998E-05 . 1399E-04 O. .9317 1.399 
CA . 1500E-02 . 1487E-02 .. 4999E-01 O. .7537 33.81 
H . 8848E-03 . 1000E-07 O. O. .9317 O. 

C03 . 8800E-03 . 4186E-05 O. O. .7537 O. 
CL . 2353E-02 . 2353E-02 O. O. .9317 O. 

, oH . 1208E-05 . 1179E~05 O. O. .9317 O. 

COMPLEX VALENCE AQUEOUS CoNC. SORPT 101 (10) SORPTIoi (EDL) 
NAC03 -1.000 . 2878E-09 (l. O. 

IAHC03 O. . 3292E-08 O . O. 
NAoH O. .6264&-11 O. O. 
HC03 -1.000 . 6295E-03 o. O. 

H2C03 O. . 1373E-04 O. O. .:1 

CAC03 O. . 4998E-05 O. O. 
CARC03 1.000 . 7562E-05 O . o. 

CAOH 1.000 .2761E-07 O. O. 

PRECIPITATE EQUIVALEIT MOLES/LITER SoLUTIOI 

CAC03 O. 

TO HAVE A NET BALAICE OF ZERO CHARGE, OTHER SPECIES MUST BE PRESENT (ALTHOUGH NOT PARTICIPATING II THE 
CHEMICAL REACTIONS) WITH A TOTAL CONCENTRATIOI TIMES CHARGE OF O. 

KD(EDL) 

O . 
O. 
O . 
O . 
O . 
o . 

:t::' 
"0 
CO 
(l) 

::l 
0.. 
1-'. 
X 

tJj 
~ 

0 
0 
::s 
rt" 
1-'. 
::l 
C 
(l) 

0-

<:Xl 
'oJ 



1 BOUNDARY OR INFLUX CONDITIONS 

COMPONENT TOTAL BARE ION SORBED CONCENTRATION ACT. COEF. KD(ION EX) 
AQUEOUS CONC. CONCENTRATION (lONEX) (EDL) 

MA . 1100E-01 . 1095E-01 . 3116E-01 O . .8960 2.846 
CA . 4000E-03 . 3512E-03 . 3442E-01 O. .6446 98.00 
B . 4139E-06 . 1372E-11 O. O . . 8960 O . 

C03 . 3000E-04 . 2329E-04 o . O. .8446 O. 
CL . 2353E-02 . 2353E-02 O. O . .8960 O. 
DB . 9387E-02 . 9293E-02 o. o. .8980 O . 

COMPLEX VALENCE AQUEOUS CONC. SORPTION (10) SORPTION (EDL) 
MAC03 -1.000 . 1499E-05 o. O . 

NARC03 o. . 2176E-08 O. O . 
NAOB o. .5002E-04 o. O. 
BC03 -1.000 . 4108E-06 o. O. 

B2C03 o. . 1136E-11 O. o. 
CAC03 O. . 4800E-05 O. O. 

CARC03 1.000 . 9965E-09 o. O. 
CAOB 1.000 . 4396E-04 o. o. 

PRECIPITATE EQUIVALENT 10LES/LITER SOLUTION 

CAC03 o. 

TO HAVE A NET BALANCE OF ZERO CHARGE, OTBER SPECIES lUST BE PRESENT (ALTBOUGB NOT PARTICIPATING IN THE 
CHEIICAL REACTIONS) WITB A TOTAL CONCENTRATION TIMES CHARGE OF -.102E-15 

KD(EDL) 

O . 
O . 
O . 
o. 
O . 
O . 

CX) 
CX) 

:t:oo 
"0 
'"d 
CD 
::s 
0. ..... 
X 

tl:1 
~ 

() 

o 
::s 
rT ..... 
::s 
c 
CD 
0. 



~ 

PRECIPITATION AT NODE 1 FOR SPECIES CAC03 AT TIME 8.589E-04 

THE ACTIVITY PRODUCT IS 4.56BE-09 WHICH NOW EXCEEDS THE SOLUBILITY PRODUCT OF 4.4S1E-09 

PRECIPITATION AT NODE 2 FOR SPECIES CAeos AT TIME 1.049E-01 

THE ACTIVITY PRODUCT IS 8.304E-09 WHICH NOW EXCEEDS THE SOLUBILITY PRODUCT OF 4.481E-09 

PRECIPITATION AT NODE 3 FOR SPECIES CACOS AT TIME S.S59E-01 

THE ACTIVITY PRODUCT IS 1.15BE-09 WHICH NOI EXCEEDS THE SOLUBILITY PRODUCT OF 4.481E-09 

PRECIPITATIOI AT lODE 4 FOR SPECIES CAC03 AT TIME 5. 128E-01 

THE ACTIVITY PRODUCT IS 5. 800E-09 WHICH 101 EXCEEDS THE SOLUBILITY PRODUCT OF 4.481E-09 

,~ 
'0 

(1) 
::l 
0.. 
1-'. 
X 

to 
01::> 

I 

() 

o 
::l 
rt" 
1-'. 
::l 
C 
(1) 
:0.. 

a::. 
1.0 



1 TIIIE= 1 .0654.4 DELT= 1.1316E-02 

SPECIES .050 .258 .388 

RA 2.5838E-03 1.0545E-03 5.1112E-04 
CA 1.3121E-03 1. 4201E-03 1.3839E-03 
B '.0130E-12 1. 6213E-12 1.2325E-ll 

C03 8.4328E-08 5.8051E-08 5.8359E-08 
CL 2.3533E-03 2. 3533E-03 2. 3533E-03 
OB 3.0238E-03 1. 58'OE-03 9. 5922E-04 

SORBED (lOREX) 

RA 3.8158E-03 1. 5189E-03 8.'555E-0' 
CA '.8092E-02 '.92UE-02 4. 9511E-02 

COIiPLElES 

RAC03 1.0780E-01 4.1089E-08 2.3035E-08 
RABC03 4.8095E-l0 3. 54.41E-l0 3.23941-10 

NAOB 4.03UE-06 8. 6835E-07 2.9311E-01 
BC03 3.8633E-07 8.5019E-01 1.0751E-08 

B2C03 3.1a2E-12 1.0888E-ll 2.8810E-11 
CAC03 8.3096E-06 6.3096E-06 8.3096E-06 

CABC03 3.8324E-09 1. 2840E-09 1. 1771E-08 
CAOH 6. 1816E-05 3.4163E-05 2.0478E-05 

PRECIPITATES 

CAC03 9.2588E-0' 1.9861E-04 6.8931E-04 

CORCENTRATIOR OF SPECIES II 1I0LES/LITER SOLUTION 

DISTARCE 
.480 .800 .125 .855 .992 

2.8388E-04 1.2548E-04 5.3151E-05 2.5050E-05 1.4828E-05 
1.2889E-03 1. 1898E-03 1.2831E-03 1. 3852E-03 1.'2'2E-03 
2. 5341E-11 1.3310E-l0 2.3091E-09 5.0058E-09 1.2812E-09 
8.0808E-08 8.3851E-08 5.9911E-08 5. 1115E-08 '.5189E-08 
2. 3533E-03 2.3533E-03 2.3533E-03 2. 3533E-03 2. 3533E-03 
4. 824.4E-04 8. 8883E-05 5.0552E-08 2. 3425E-08 1.8132E-08 

'.2890E-04 1.9810E-0' 8. 1222E-05 3.U91E-05 2.0892E-05 
4. 9188E-02 4. 9902E-02 '.9959E-02 '.9982E-02 '.9990E-02 

1. 1958E-08 5.8498E-09 2.2558E-09 8. 9918E-l0 4. 8288E-l0 
3.4883E-l0 8.1756E-l0 6.0197E-09 5.18141-09 3.8108E-09 
1.0175E-08 5.8582E-09 1.'582E-l0 3. 1358E-l1 1. 2578E-11 
2.3381E-08 1.3176E-05 2. 120TE-04 3. 9335E-04 5.04.49E-0' 
1.2985E-l0 3.1085E-09 1.0783E-06 4. 3162E-06 8.0386E-08 
8.3096E-06 6.3096E-08 6.3096E-06 5. 1841E-08 5.2893E-08 
2. 4207E-08 1.2168E-01 2.2051E-06 4. 3822E-08 5. 8339E-08 
9. 3434E-06 1.6380E-06 1.0252E-07 5.0886E-08 3. 6313E-08 

6. 4665E-04 4. 1485E-04 4.0480E-05 O. O. 

1.13' 

1.1253E-05 
1.'581E-03 
8. 8108E-09 
'.3UTE-08 
2. 3533E-03 
1.3518E-08 

1.5902E-05 
4. 9992E-02 

3.3885E-l0 
3.3410E-09 
8. 1322E-12 
5.8185E-0' 
1.0151E-05 
5.1038E-08 
6. 8911E-06 
3. 1223E-08 

O. 

1.0 
o 

~ 
'U 
'U 
CD 
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P, 
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~ 

~ 
'0 
'0 

DISTAICE 
(]) 

::1 
SPECIES 1.282 1.437 1.599 1.788 1.944 2.129 2.321 2.522 2.731 0. ...... 

X 

RA 1.0291E-OS 1.00S3E-OS 1.0004E-OS 9. 9988E-08 9. 9980E-08 9.9982E-08 9. 9984E-08 9.9980-08 9.9980-08 to 

""" CA 1.473SE-03 1. 4818E-03 1.48S2E-03 1.4888E-03 1.4872E-03 1.4873E-03 1.4870-03 1.4870-03 1."810-03 
B 9.3939E-09 9. 1429E-09 9.8992E-09 9.9838E-09 9. 9880E-09 9.9980-09 9. 9990E-09 9. 9998E-09 9. 9999E-09 

COS 4.2S19E-06 4. 2138E-08 4. 1974E-08 4. 1905E-08 4. 1878E-08 4. 1889E-08 4. 188SE-08 4. 188SE-08 4.1880-08 () 

0 
CL 2.3S3SE-03 2.3S33E-OS 2.3S33E-03 2.3SS3E-OS 2.SS3SE-9S 2.3S33E-03 2.3S3SE-03 2.3S33E-03 2.3S33E-03 ::1 

rt 
OB 1.2S40E-08 1.209SE-08 1. 1908E-08 1. 1830E-08 1.1801E-08 1.1192E-08 1. 1788E-08 1. 1788E-OS 1. 17B7E-OS ...... 

::1 
~ 

SORBED (IOIEX) 
(]) 

0-

RA 1.448SE-OS 1.409SE-OS 1.4011E-OS 1.3993E-OS 1.3990E-OS 1.3990E-OS 1. 3990E-OS 1.3990E-OS 1.3990E-OS 
CA 4.9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 

COIlPLElES 

NAC03 3.0112E-l0 2.9132E-l0 2. 8868E-l0 2.879SE-l0 2.8774E-l0 2.8787E-l0 2. 878SE-l0 2.818SE-l0 2.81S5E-l0 

IABC03 3.2391E-09 3. 2490E-09 3.2707E-09 3.283SE-09 3.2890E-09 3.2910E-09 3.291SE-09 3.2918E-09 3.2919E-09 
NAOB 8.864SE-12 8. 46S9E-12 S.3327E-12 8. 286BE-12 6. 2712E-12 8.2860E-12 S.284SE-l2 S.2S40E-12 8.2839E-12 
BC03 6.013SE-04 6. 1786E-04 S.2493E-04 6. 2789E-04 8. 2899E-04 8.2937E-04 S.2948E-04 S.29S1E-04 8.29S2E-O" 

B2C03 1.2326E-OS 1. 3126E-OS 1.3491E-OS 1. 38UE-OS 1.3700E-OS 1.37'19E-OS 1. 372SE-05 1.3727E-05 1. 3728E-OS 
CAC03 5.03BBE,:,,08 S.0139E-08 5.0030-06 4. 998BE-08 4. 99S9E-OS 4. 9962E-08 4. 9980E-OS 4. 9959E-OS ".9959E-08 

CABC03 7. 1843E-08 7. 3937E-08 7. 4985E,:"OS 7.538SE~08 7. 5541E-08 7.5590-08 1.SS10E-OS 7.5S15E-OS 7.S818E-OS 
CAOB 2.913lE-OB 2.B232E-08 2. 7849E-OB 2.7894E-08 2.1838E~08 2.78l8E-08 2.7S09E-08 2.7S07E-08 2.1807E-08 

PRECIPITATES 

CAC03 O. O. O. O. O. O. O. O. O. 
1.0 
N 



\0 
t-J 

DISTARCE 
SPECIES 2.950 3.119 3.'11 3.888 3.928 4..198 '.4.82 4..118 5.081 

NA 9.9984oE-08 9. 996'E-08 9. 9984oE-08 9. 9984oE-08 9. 998'E-08 9.9984oE-08 9. 9984oE-08 9. 9984oE-08 9. 9984oE-08 
CA 1.'81~-03 1. '814oE-03 1.'814oE-03 1.'814oE-03 1.'81'E-03 1.'814oE-03 1.'814oE-03 1.'814oE-03 1.4.81.0-03 
B 1.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08 

C03 4..1884oE-08 '.18841-06 4.. 1864oE-08 '.1884oE-08 4.. 18840E-08 4.. 1884oE-08 4.. 1884oE-08 4.. 1884oE-06 4..1884oE-08 
CL 2.3533E-03 2. 3533E-03 2. 3533E-03 2. 3533E-03 2. 3533E-03 2.3533E-03 2. 3533E-03 2.3533E-03 2. 3533E-03 
DB 1.1181E-08 1. 1181E-08 1. 1181E-08 1. 1181E-08 1. 1181E-08 1.1181E-08 1. 1181E-06 1. 1181E-08 1. 1181E-08 

SORBED (lOREX) 

RA 1.3990E-05 1. 3990E-05 1.3990E-05 1.3990E-05 1.3990E-05 1.3990E-05 1. 3990E-05 1.3990E-05 1.3990E-05 
CA 4.. 9993E-02 '.9993E-02 '.9993E-02 4.. 9993E-02 '.9993E-02 4.. 9993E-02 4.. 9993E-02 4.. 9993E-02 4.. 9993E-02 

COMPLEJES 

NAC03 2.8165E-l0 2. 8165E-10 2.8165E-l0 2.8185E-l0 2. 8165E-l0 2.8185E-10 2. 8185E-l0 2.8185E-l0 2.8185E-l0 
RABC03 3.2919E-09 3. 2919E-09 3.2919E-09 3.2919E-09 3.2919E-09 3.2919E-09 3. 2919E-09 3.2919E-09 3.2919E-09 >' 

NAOB 6.2639E-12 6. 2639E-12 6.2639E-12 6.2639E-12 6.2639E-12 6.2639E-12 6. 2639E-12 6.2839E-12 6.2639E-12 '0 
'0 

BC03 6.2952E-0' 6. 2952E-0' 6. 2952E-0' 6. 2952E-0' 6. 2952E-0' 6.2952E-0' 6. 2952E-0' 8.2952E-04. 6.2952E-04. CD 
!:l 

B2C03 1.3128E-05 1.3128E-05 1.3128E-05 1.3128E-05 1.3128E-05 1.3128E-05 1. 3128E-05 1.3128E-05 1.3128E-05 p,. 
1-" 

CAcoa '.9959E-06 '.9959E-06 '.9959E-06 '.9959E-06 '.9959E-06 '.9~59E-06 '.9959E-06 4.. 9959E-06 4.. 9959E-08 X 
CABC03 1.5616E-06 1. 5616E-06 1.5618E-06 1.5616E-06 1.5616E-06 1.5616E-06 1. 5616E-08 1.5618E-06 1. 5616E-06 tx:J 

CAOB 2.1607E-08 2. 7607E-08 2.1601E-08 2.1601E-08 2. 1601E-08 2.1601E-08 2. 160rE-08 2. 1601E-08 2.1601E-08 ~ 

PRECIPITATES () 

0 
!:l 

CAC03 O. O. O. O. O. O. O. O. O. rt 
1-" 
!:l 
C 
CD 
p,. 



DISTANCE 
SPECIES 5.409 5.146 6.098 6.465 6.849 

RA 9. 9964E-06 9. 9964E-06 9.9964&-06 9. 9964E-06 9.9964E-06 
CA 1.4914E-03 1.4874E-03 1.4874&-03 1.4974&-03 1.4914E-03 

R 1.0000E-08 1.0000E-09 1.0000E-08 1.0000E-09 1.0000E-09 
C03 4.1964&-06 4.1864&-06 4.1964&-06 4.1864&-06 4. 1964E-06 

CL 2.3533E-03 2. 3533E-03 2.3533E-03 2. 3533E-03 2. 3533E-03 
OR 1.1181E-06 1. 1781E-06 1. 1787E-06 1. 1191E-08 1.1187E-06 

SORBED (lOREX) 

RA 1.3990E-05 1. 3990E-05 1.3990E-05 1.3990E-05 1.3990E-05 
CA 4.9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 4.9993E-02 

COMPLEXES 

RAC03 2.8765E-l0 2. 9765E-10 2.9185E-l0 2.9165E-l0 2. 9165E-10 
RABC03 3.2919E-09 3. 2919E-09 3.2919E-09 3. 2919E-09 3.2919E-09 

RAOR 8.2839E-12 8.2839E-12 8.2639E-12 6.2639E-12 6. 2639E-12 
RC03 8.2952E-04 6. 2952E-04 6.2952E-04 6.2952E-04 8.2952E-04 

R2C03 1.3128E-05 1. 3129E-05 1.3729E-05 1.3128E-05 1.3128E-05 
CAC03 4. 9959E-06 4. 9959E-06 4. 9959E-08 4. 9959E-08 4. 9959E-08 

CABC03 7.5818E-06 7. 5616E-06 1.5816E-06 1.5816E-06 7. 5816E-08 
CAOR 2.1607E-08 2. 1607E-09 2.7807E-08 2. 1801E-08 2.1607E-08 

PRECIPITATES 

CAC03 O. o. O. O. o. 

1.249 1.661 9.104 

9.9964&-06 9.9964&-06 9.9964&-06 
1.4874E-03 1.4974&-03 1.4874&-03 
1.0000E-08 1.0000E-08 1.0000E-09 
4. 1984E-06 4.1864&-06 4.1964&-06 
2.3533E-03 2. 3533E-03 2. 3533E-03 
1.1191E-06 1. 1781E-06 1. 1781E-08 

1.3990E-05 1. 3990E-05 1.3990E-05 
4. 9993E-02 4. 9993E-02 4.9993E-02 

2.9165E-l0 2. 9185E-10 2.9165E-l0 
3.2919E-09 3. 2919E-09 3.2919E-09 

8.2839E-12 8. 2639E-12 6.2839E-12 
8.2952E-04 8. 2952E-04 8. 2952E-04 
1.3129E-05 1.3128E-05 1.3129E-05 
4. 9959E-08 4. 9959E-08 4.9959E-06 
1.5616E-08 1. 5618E-08 1.5818E-08 
2.1601E-08 2. 1601E-08 2.1601E-09 

O. O. o. 

9.559 

9.9964&-06 
1.4814&-03 
1.0000E-08 
4.1964&-06 
2.3533E-03 
1. 118TE-08 

1. 3990E-05 
4. 9993E-02 

2.8165E-l0 
3.2919E-09 

6.2839E-12 
6. 2952E-04 
1.3128E-05 
4. 9959E-08 
1.5618E-08 
2.160TE-08 

o. 

~ 
'U 
'"0 
(1) 

::l 
0.. 
1-" 
X 

tJj 

"'" 
() 

0 
::l 
rt 
1-" 
::l 
C 
(1) 

0.. 

~ 
w 



~ 
~ 

DISTAICE 
SPECIES 9.035 9.532 10.050 10.592 

IA 9.9964E-06 9. 9964E-06 9. 9964E-06 9. 9964E-06 
CA 1.4814E-03 1. 4874E-03 1.4814E-03 1.4814E-03 

H 1.0000E-08 1.0000E-08 1.0000E-08 1.0000E-08 
C03 4. 1864E-06 4. 1864E-06 4. 1864E-06 4. 1864E-06 

CL 2.3533E-03 2. 3533E-03 2. 3533E-03 2. 3533E-03 
OH 1.U81E-06 1. 1781E-06 1. 1781E-06 1. 1181E-06 

SORBED (lOREX) 

IA 1.3990E-05 1. 3990E-05 1.3990E-05 1.3990E-05 
CA 4. 9993E-02 4. 999SE-02 4. 999SE-02 4. 9993E-02 

COKPLEJES 

MACDS 2.8185E-l0 2.8165E-l0 2.8185E-l0 2.8165E-l0 
RABCOS 3.2919E-09 3. 2919E-09 3.2919E-09 3.2919E-09 

MAOH 6.2639E-12 6. 26S9E-12 6.26S9E-12 6.2639E-12 ~ 
HCOS 6.2952E-04 6. 2952E-04 6. 2952E-04 6. 2952E-04 "0 

"0 
H2C03 1.S128E-05 1.S128E-05 1.3128E-05 1.3128E-05 ro 
CACOS 4.9959E-06 4. 9959E-08 4. 9959E-08 4. 9959E-06 

::s 
p" 

CABCOS 1.5618E-08 1. 5616E-08 1.5816E-08 1. 5816E-06 1-" 
X 

CAOH 2.1601E-08 2. 1601E-08 2. 1601E-08 2. 1801E-08 tJ:1 
11::0 

PRECIPITATES 
() 

CACOS O. O. O. O. 0 
::s 
rt 
1-'-
::s 
C 
ro 
p" 



.. 

:t:' 
'0 

CONCENTRATION OF SPECIES IN KOLES/LITER SOLUTIOI 
'0 

1 TIKE= 10.19828 DELT= 4. 1469E-Ol (1) 

::l 
0-

DISTANCE 1-" 
X 

SPECIES .050 .25B .3BB .4.80 .600 .T25 .055 .992 1.184 tJj 
~ 

IA B.0941E-03 5. TOTOE-03 5.2198E-03 4. 6510E-03 4.00TBE-03 3.5ST4.E-OS S.OOOSE-OS 2.500d-OS 2.0455E-OS 
CA 1.2801E-03 1. 5220E-03 1.B359E-03 1.T412E-03 1.0350E-03 1 .9143E-03 1.9TBSE-OS 2.0102E-OS 2.0STOE-OS () 

B 1.T505E-12 1.9058E-12 2.0039E-12 2. 1199E-12 2.2583E-12 2.424TE-12 2.B2BOE-12 2.8T51E-12 3.1845E-12 0 
::l 

C03 0.OT92E-OB B. T102E-OB B.1956E-OB 5.TB98E-OB 5.4.199E-OB 5. 1360E-OB 4.. 9109E-OB 4.. TS95E-OB 4..Bl0SE-OB rt 
1-" 

CL 2.3533E-03 2. 3533E-03 2.3533E-03 2.3533E-OS 2.S5SSE-OS 2.S5S3E-OS 2.S5SSE-OS 2.S5SSE-OS 2.S5SSE-OS ::l 

DB T.2109E-03 B.B026E-03 B.26T4.E-OS 5.911SE-OS 5.5351E-OS 5.U05E-OS 4..T29TE-OS 4..S054.E-OS S . BT14.E-OS ~ 
(1) 

0-

SORBED (IONEX) 

IA 1.0TOOE-02 8. 24STE-OS T. 1 T14.E-03 B.1910E-03 5.29B2E-03 4..4.B2TE-03 S.T471E-OS S.00B9E-OS 2.500d-OS 
CA 4..4.B50E-02 4.. 58T8E-02 4.. BU4.E-02 4.B905E-02 4.. TS52E-02 4..TT59E-02 4..B12BE-02 4.. 84.5TE-02 4..BT50E-02 

COMPLEXES 

NACOS 3. 33B4.E-OT 2.S4.21E-OT 1: 9580E-OT 1. BS19E-OT 1.S54.1E-07 1. llB8E-OT 9.UOTE-OB T.4.095E-OB 5. 935BE-00 
IARCOS B.24.53E-l0 4..T85tE-l0 4.. 214.3E-l0 3.72UE-l0 3.3001E-l0 2.9S08E-l0 2. B070E-l0 2.S215E-l0 2.0BB2E-l0 

1A0B 2.4.BT8E-05 1.902rE-05 1.B322E-05 1.ST48E-05 1.lS4.2E-05 9. 14.18E-OB T.1TBSE-OB 5.UTOE-OB 4..024.9E-OB 
BC03 1.854.5E-07 1. 68T5E-07 1.6445E-07 1.6273E-07 1.B3BTE-OT 1.BT48E-OT 1. T4B1E-OT 1.85BOE-OT 2.021BE-OT 

B2COS B.Bl0BE-13 B.5B93E-13 B.T445E-13 7.0782E-13 T.B003E-13 8.ST4SE-13 9.4.896E-13 1.1092E-12 1.S4.2SE-12 
CAC03 B.309BE-06 B.S09BE-06 B.309BE-OB B.309BE-OB B.309BE-OB B,S09BE-OB B.309B!-OB B.S09BE-OB B.S09BE-OB 

CARCOS 1.BT1TE-09 1. 8200E-09 1. ~lSTE-09 2.0245E-09 2. 15BBE-09 2.S155E-09 2.5005E-09 2. 74.5TE-09 S.OU2E-09 
CAOB 1.2B74.E-04. 1.S885E-04. 1.4.221E-04. 1.4.SS9E-04. 1:4.222E-04. 1.SB58E-04. 1.S24.9E-04. 1. 24.0BE-04. i.1S55E-04. 

PRECIPITATES 

CACOS 1.0S15E-03 8. 1 BT4E-O 4. T.04.81E-04. B .. B507E-04. B.S20TE-04. B.26B8E-04. 5 . 0444.E-04. 5.BT5BE-04. 5.TBBBE-04. ~ 

\.11 



DISTANCE 1.0 
0'\ 

SPECIES 1.282 1.437 1.599 1.188 1'.944 2.129 2.321 2.522 2.131 

RA 1.8284E-03 1. 2588E-03 9.4031E-04 6. 7851E-04. 4..7029E-04. 3. 1189E-04. 1. 974.4E-04. 1. 194.2E-04. 6.9598E-05 
CA 2.0336E-03 2.0050E-03 1.9521E-03 1.8181E-03 1.1862E-03 1.8799E-03 1. 5855E-03 1."'92E-03 1. 3374E-03 

H 3.5183E-12 4..0822E-12 4.. 7516E-12 5.684.3E-12 6.9582E-12 8.8920E-12 1.2010E-11 1.7613E-11 3.04.72E-11 
C03 4.. 54.55E-06 4.. 5204E-06 4. 5438E-06 4.6169E-06 4. 1414.E-06 4. 9187E-06 5. 14.86E-06 5. 4217E-06 5.1468E-06 

CL 2.3533E-03 2. 3533E-03 2.3533E-03 2.3533E-03 2. 3533E-03 2.3533E-03 2. 3533E-03 2.3533E-03 2. 3533E-03 
OH 3.4.318E-03 2. 9918E-03 2. 5567E-03 2. 1326E-03 1.7257E-03 1.34.21E-03 9. 8755E-04. 6.6701E-04. 3.84.61E-04. 

SORBED (IONEX) 

RA 1.9860E-03 1. 54.18E-03 1. 1659E-03 8. 5538E-04. 8.0811E-04. 4..1325E-04. 2.7018E-04. 1.8932E-04. 1.024.2E-04. 
CA 4..9001E-02 4.. 9229E-02 4.94.11&-02 4. 9512E-02 4.. 9691E-02 4.. 9793E-02 4.. 9865E-02 4.. 9915E-02 4.. 994.9E-02 

COMPLEXES 

RAC03 4. 6810E-08 3. 6315E-08 2.1850E-08 2.0504E-08 1.4.169E-08 1.0287E-08 6.9016E-09 4..4.54.8E-09 2. 7809E-09 
HABC03 1.8423E-10 1. 64.01E-10 1.4.589E-10 1.2910E-10 1.154.5E-10 1.0339E-10 9. 4213E-11 9.0093E-11 9.1536E-11 

HAOH 2.84.91E-06 1.9292E-06 1.24.01E-06 1.5061&-01 4. 2352E-07 2. 1919E-01 1.0302E-01 4.. 234.3E-08 1.4.312E-08 
BC03 2. 254.1E-01 2. 584.8E-01 3.0565E-01 3. 1445E-01 4.. 1801E-01 6. 4163E-01 9.184.3E-07 1.4423E-06 2. 6631E-06 ~ 

H2C03 1.8881E-12 2.2208E-12 3.0130E-12 4.5132E-12 1. 1208E-12 1.2288E-11 2.3905E-11 5.5519E-11 1.1802E-10 '"d 
'LJ 

CAC03 6.3096E-06 6.3096E-08 6.3096E-06 6.3096E-06 8.3096E-06 8.3096E-06 8.3098E-08 6.3098E-.06 8.3096E-06 ro 
~ 

CABC03 3.4.153E-09 3. 8985E-09 4.5311&-09 5.4.093E-09 6. 64.50E-09 8.4.918E-09 1. 14.69E-08 1.8811E-08 2.9101E-08 p, 

CAOH 1.0136E-04 8. 1982E-05 1.4.009E-05 6.0010E-05 4. 8110E-05 3.4.834E-05 2.4.04.6E-05 1. 5219E-05 8. 1928E-08 
1-" 
~ 

to 
PRECIPITATES ~ 

CAC03 5.5810E-04. 5.4.369E-04. 5.1111E-04. 4.. 9389E-04. 5.0526E-04. 4.9010E-04. 4. 1453E-04. 4. 3803E-04. 4.. 4413E-04. () 

0 
'~ 

rt-
1-" 
~ 
C 
ro 
p, 



.. 

>' 
'"0 
ttl 

DISTANCE ro 
::J 

SPECIES 2.950 S.119 S.411 3.666 3.926 4.198 4.482 4.118 5.081 0. 
1-" 
X 

RA S.99BBE-05 2.3B56E-05 1.5991E-05 1.23B9E-05 1.0842E-05 1.0239E-05 1.00S3E-05 9. 919SE-08 9.914,f,E-06 tJj 

CA 1.2380E-03 1. 2116E-03 1.2932E-03 1.3540E-03 1.39B6E-03 1.4305E-OS 1. 4524E-03 1.468BE-03 1.4159E-03 
~ 

H B .0191E-11 B.452BE-l0 2. 610BE-09 4. 4221E-09 6.284BE-09 1.6155E-09 a.6089E-09 9. 1981E-09 9. 5554E-09 
C03 6.0808E-06 8. 1512E-06 5.8131E-06 5. 3113E-06 4.1018E-06 4. 4258E-06 4. 2985E-06 4. 240SE-06 4. 2128E-06 () 

0 
CL 2.3533E-03 2. 3533E-OS 2. 35S3E-03 2. 3533E-OS 2. 3533E-03 2.353SE-03 2. 3533E-OS 2.S53SE-OS 2.S533E-03 ::J 

rt 
OH 1.4538E-04 1. 3116E-05 4. 4151E-08 2. 6494E-06 1.8682E-06 1.5S19E-08 1. 3614E-06 1.2805E-08 1.2330E-08 1-" 

::J 
r::: 

SORBED (lOREX) ro 
0. 

RA 6.1001E-05 3. 6615E-05 2.S905E-05 1. 8118E-05 1.5611E-05 1.4593E-05 1. 4199E-05 1.4051E-05 1.4010E-05 
CA 4.9969E-02 4. 9982E-02 4. 9988E-02 4. 9991E-02 4. 9992E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 4. 9993E-02 

COMPLEXES 

RACOS 1.1083E-09 1.0335E-09 6.5110E-l0 4. 5166E-l0 3.5380E-l0 S.1303E-l0 2.9136E-l0 2.9131E-l0 2.8911E-l0 
RARCOS 1.5851E:-l0 1.0121E-09 1.980SE-09 2.3302E-09 2.5533E-09 2.1566E-09 2. 9334E-09 3.0694E-09 3. 1632E-09 

NAOH 3. 1245E-09 1.1B85E-l0 3.8S94E-11 1.1552E-l1 1 .. 0810E-11 8.S589E-12 1.3048E-12 6.1994E-12 B.5409E-12 

HC03 1.4952E-OB 8.0111E-05 2. 34B2E-04 3. 5145E-04 4. 4842E-04 5. 13S8E-04 5. 5805E-04 5. 814BE-04 8.0594E-04 

H2C03 1.32S2E-09 1. 4949E-01 1.S414E-OB 3.4B19E-06 B.1B91E-OB 8.6143E-OB 1.0490E-05 1. 1192E-05 1.2B32E-05 

CAC03 6.3096E-06 6.309BE-OB B.3096E-OB 5.9082E-06 . 5. 3BB3E-OB 5. 130BE:-OB 5.0398E-OB 5.0082E-06 4. 9985E-08 

CARC03 1.BS88E-08 8.0123E-01 2. 4933E-08 3.9550E-08 5.1041E-OB 5.9B04E-OB 8. 5654E-08 8. 9112E-08 1.2291E-08 

CAOH 2.89BBE-06 2.1084E-01 9.2140E-08 5. 1159E-08 4. 1461E-08 3.4B18E-08 3. 1388E-08 2.9629E-08 2.8682E-08 

PRECIPITATES 

CAC03 4. 1515E-04 1. 4951E-04 1.1096E-08 O. O. O. O. O. O. 

~ 

'J 



\-

~ 
00 



'., 

~' 

'D 
DISTAICI to 

CD 
SPICIIS 9.035 9.532 10.050 10.592 ~ 

Po 
JA 9.99641-08 9.99641-08 9.99641-08 9.99641-06 1-" 

X CA 1.4811£-03 1.'81d-03 1.'8141-03 1.48141-03 
II 1.00001-08 1.00001-08 1.00001-08 1.00001-08 ttl 

"'" C03 '.18641-06 '.18641-08 '.18641-08 4.18641-06 
CL 2.,35331-03 2.35331-03 2.35331-03 2.35331-03 

() 

DB 1.17811-08 1. 118TE-06 1.11811-06 1.17811-06 0 
~ 
rt 

SORBED (IOIEX) 1-" 
~ 
C 
CD 

IA 1.39901-05 1.39901-05 1.39901-05 1:39901-05 " 
.!! Po 

CA '.99931-02 '.99931-02 '.99931-02 4.99931-02 

COMPLEXES 

lAC 0 3 2.81651-10 2.81651-10 2.8165E-10 2.81651-10 
JABC03 3.2919E-09 3. 2919E-09 3.2919E-09 3. 2919E-09 

nOB 6.2639E-12 6. 2639E-12 6.2639E-12 6.2639E-12 
BC03 6.2952E-0' 6. 2952E-04 6. 2952E-04 6. 2952E-04 

B2C03 1.3728E-05 1. 3728E-05 1.3728E-05 1.3728E-05 

CAC03 4.9959E-06 4. 9959E-06 4.99591-06 4. 9959E-06 

CARC03 7.5616E-06 7. 5616E-06 1.5616E-06 1. 5616E-06 

CAOB 2.7601E-08 2. 1601E-08 2. 7607E-08 2.7601E-08 

PRECIPITATES 

CAC03 O. O. O. O. 

~ 
~ 
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PROGRAM CHEMTRN(INPUT,OUTPUT,TAPE6=OUTPUT,TAPE5=INPUT,FILM,DEBUG= 
10UTPUT) 

C 
C 
C CHEMTRN SOLVES A MULTI-COMPONENT-CHEMICAL-TRANSPORT-MODEL. THIS VERSION 
C OF CHEMTRN WAS COMPLETED JAN. 1983. 
C 
C AUTHOR 
C 
C 
C 
C 
C 

C. W. MILLER 
EARTH SCIENCES DIVISION 
GEOCHEMISTRY GROUP 
LAWRENCE BERKELEY LAB 
BERKELEY, CA 94720 

C DESCRIPTION CHEMTRN SIMULATES SOLUTE TRANSPORT FOR STEADY ONE-DIMENSIONAL 
C FLUID FLOW BY CONVECTION AND DIFFUSION/DISPERSION IN A 
C SATURATED POROUS MEDIUM BASED ON THE ASSUMPTION OF LOCAL 
C CHEMICAL EQUILIBRIUM. THE CHEMICAL INTERACTIONS INCLUDED 
C IN THE MODEL ARE AQUEOUS-PHASE COMPLEXATION, SOLID-PHASE 
C ION EXCHANGE OF BARE IONS AND COMPLEXES, SOLID-PHASE 
C SORPTION OF BARE IONS AND COMPLEXES USING THE SURFACE 
C COMPLEXATION MODEL, AND PRECIPITATION/DISSOLUTION OF 
C SOLIDS. 
C 
C SOLUTION THE NONLINEAR PARTIAL DIFFERENTIAL EQUATIONS USED BY CHEMTRN 
C PROCEDURE ARE DISCRETIZED IN SPACE BY FINITE DIFFERENCES AND COMBINED 
C WITH THE ALGEBRAIC EQUATIONS TO FORM A SET OF 
C ORDINARY DIFFERENTIAL AND ALGEBRAIC EQUATIONS. THIS SYSTEM: 
C IS SOLVED USING A NEWTON-RAPHSON ITERATION METHOD 
C 
C 
C 
C 

:' 

C DESCRIPTION OF INPUT VARIABLES 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

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 = 0 IF-ONE-DIMENSIONAL FLOW IS. MODELLED .. 
= 1 IF RADIAL FLOW IS MODELLED. 

IDYNAM = 0 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 EQUILIB~IVM 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 TO ~OO OR GREATER, NO PRINTOUT 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

:f. C 
C 
C 
C 
C 
C 
C 
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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 AX = CONSTANTS IN THE MESH GENERATING EQUATION. 

IF DNO= 0, A UNIFORM GRID IS GENERATED OF SPACING 
1/(NMAX-1) 

RW = POSITION WHERE A FLUX BOUNDARY CONDITION IS IMPOSED FOR 
THE RADIAL FLOW PROBLEM WITH A FLUX CONDITION AT THE INNER 
BOUNDARY 

KMAX = NUMBER OF PRINTOUTS DESIRED 
DTINI = FIRST TIME STEP USED., USUALLY ABOUT .1. E-4 OR 1. E-5 TO ALLOW 

FOR THE INITIAL LARGE CHANGES WHICH USUALLY OCCUR 
DTMAX = MAXIMUM TIME STEP DESIRED. IF CONVERGENCE IS WITHIN 4 ITERATIONS 

TIME STEP IS MULTIPLIED BY 1. 15 EACH TIME. HOWEVER, THERE ARE 
OTHER CRITERIA SUCH AS NU¥ERICAL DISPERSION WHICH MUST BE 
CONSIDERED. USUALLY THERE IS A MAXIMUM TIME STEP,wHICH SHOULD 
BE USED. 

TPRINT = ARRAY CONTAINING PRINTOUT TIMES 

DOA = DISPERSIVITY (IT IS MULTIPLIED, BY THE VELOCITY 
IN THE PROGRAM) 

DOB = DIFFUSION COEFFICIENT 
VO = AVERAGE FLUID VELOCITY 

IBND(1) = 0 CONSTANT CONCENTRATION AT INNER BOUNDARY 
= 1 CONSTANT FLUX AT INNER BOUNDARY. 

IBND(2) = 0 CONSTANT CONCENTRATION EQUAL TO INITIAL CONDITIONS AT 
OUTER BOUNDARY 

1 NO FLUX AT .OUTER BOUNDARY 

LEACH = POSITION IN THE LIST OF PRECIPITATES OF THE SOLID WHICH 
HAS BEEN PUT IN CONTACT WITH THE GROUNDWATER. THE EQUILIBRIUM 
CONDITION USED IS THAT THE TOTAL CONCENTRATION OF THIS 
PRECIPITATE IS GIVEN AND THAT THE SPECIES MAKING UP THIS 
PRECIPITATE ARE ENTERING THE GROUNDWATER EQUIVALENT TO THE 
STOICHIOMETRIC COEFFICIENTS; EQUALS 0 IF NO LEACHING 

NB = THE NUMBER OF THE NODE WHERE THE SOLID WAS PLACED IN CONTACT 
WITH THE GROUNDWATER. IN THIS VERSION IT MUST BE AT NODE 1. 
IF NO SOLID IS PUT IN CONTACT WITH THE GROUNDWATER, NB = o. 

NUM(1) = NUMBER OF BASIS SPECIES (MUST INCLUDE HYDROXYL ION IF WATER 
DISSOCIATION IS INCLUDED) 

NUM(2) = NUMBER OF CATIONS AND COMPLEXES WHICH ARE SORBED BY ION EXCHANGE 
NUM(S) = 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) 

NUM(4) = NUMBER OF AQUEOUS COMPLEXES 
NUM(5) = NUMBER OF PRECIPITATES THAT COULD FORM 
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C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

LNH= THE POSITION OF THE H ION IN THE BASIS SPECIES LIST .. 
EQUALS 0 IF WATER DISSOCIATION IS NOT INCLUDED., 

CECNS = CONCENTRATION ,.oF SITES' AVAILABLE FOR SORPTION IN ION EXCHANGE 
MODEL; EXPRESSED IN EQUIVALENTS/LITER SOLUTION 

C1= CAPACITANCE BETWEEN THE SURFACE PLANE;AND THE BETA PLANE FOR 
SURFACE COMPLEXATION MODEL (MICROFARADS/LENGTH**2) 

C2 = CAPACITANCE BETWEEN THE BETA PLANE AND THE DIFFUSE 'LAYER FOR SURFACE 
COMPLEXATION MODEL (MICROFARADS/LENGTH**2) 

PK1 = NEGATIVE LOG OF THE EQUILIBRIUM CONSTANT F'OR 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 COMPLEXATION IN 
LENGTH**2/LITER SOLUTION 

SOH = CONCENTRATION OF SITES FOR FORMING COMPLEXES IN SURFACE 
COMPLEXATION MODEL; IN EQUIVALENTS/LITER SOLUTION 

DUM = ARRAY CONTAINING THE' NAMES OF THE BASIS SPECIES', COMPLEXES AND 
THE PRECIPITATES 

VJ = 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 CONDITIONS USED FOR " . 
EACH PARTICULAR SPECIES 
VALUE OF 0 MEANS TOTAL CONCENTRATION IS SPECIFIED 
VALUE OF 1 MEANS BASIS SPECIES CONCEllTRATION IS "GIVEN 

'", "" 
VALUE OF 2 MEANS TOTAL AQUEOUS CONCENTRATION IS 
GIVEN EXCLUDING ANY PRECIPITATES (HOWEVER, IFA ,:SPECIES MAY 
FORM A PRECIPITATE, THE VALUE OF a:SHOULD BE USED INSTEAD OF 
2 TO ALLOW FOR THE INCLUSION OF-THE SOLUBILITY PRODUCT IF 

, NECESSARY) ,; 
VALUE OF a,MEANS TOTAL AQUEOUS CONCENTRATION PLUS, 
ANY PRECIPITATES IS GIVEN .,'. 
VALUE, OF 4 ~EANS THAT THE CONCENTRATION OF~THIS 
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, 0 TO 4 ARE USED; 
SAME AS GIVEN IN INDEXI ABOVE 

BC = ARRAY OF BOUNDARY CONDITIONS ",' '" 
GUESSB = GUESS OF,EQUILIBRATED'BOUNDARY OR INFLUX CONDITIONS 

FOR ALL THE SPECIES , ,'; 
ISORPI = ARijAY CONTAINING INFORMATION ABOUT WHETHER 'THE ,BASIS SPECIES 

OR THE COMPLEX SORBS VIA ION EXCHANGE; 
o - NO SORPTION 
1 - SORPTION 

ISORPE = ARRAY CONTAINING INFORMATION ABOUT WHETHER 'THE BASIS SPECIES 
OR COMPLEX SORBS VIA SURFACE COMPLEXAtION 
o - NO SORPTION 
1 - SORPTION 



PKI = ARRAY CONTAINING NEGATIVE LOG OF THE EQUILIBRIUM CONSTANTS FOR 
MASS ACTION EQUATIONS DESCRIBING SORPTION VIA ION EXCHANGE 
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C 
C 
C 
C 
C 

PKE = ARRAY CONTAINING NEGATIVE LOG OF THE EQUILIBRIUM CONSTANTS FOR 
MASS ACTION EQUATIONS DESCRIBING SORPTION VIA SURFACE COMPLEXATION 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

S(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 
THE BASIS SPECIES 

H20K = NEGATIVE LOG OF THE DISSOCIATION OF WATER 

SS(J,I) = STOICHIOMETRIC COEFFICIENTS FOR PRECIPITATES; GIVEN IN 
SAME ORDER AS THE LIST OF THE BASIS SPECIES 

AR(I) = NUMBER OF H IONS RELEASED OR TAKEN UP BY THE SURFACE 
IN SURFACE COMPLEXATION MODEL 
+1 - IF H+ ION IS RELEASED 
o - SPECIAL CASE FOR H+ ION 

-1 - IF H+ ION IS SORBED 

C DESCRIPTION OF OTHER IMPORTANT VARIABLES USED IN THE PROGRAM 
C 
C CN(J) = ARRAY CONTAINING ALL THE UNKNOWN SPECIES. THE ORDER IS FIRST 
C THOSE IN NODE 1, THEN THOSE IN NODE 2, ETC. THE ORDER OF THE SPECIES 
C AT EACH NODE IS FIRST THE BASIS SPECIES (THE LAST BASIS SPECIES 
C IS ALWAYS OH IF WATER DISSOCIATION IS INCLUDED), THEN SORBED 
C BASIS SPECIES AND COMPLEXES VIA SIMPLE ION EXCHANGE, THEN SORBED 
C BASIS SPECIES AND COMPLEXES VIA SURFACE COMPLEXATION, THEN COMPLEXES 
C AND THE LAST ARE THE PRECIPITATES. 
C CO(J) = ARRAY CONTAINING ALL THE OLD VALUES OF THE SPECIES IN THE SAME 
C ORDER AS LISTED FOR CN(J) 
C R(I,N) = RESIDUES FROM THE EQUATIONS ARE STORED HERE. N IS THE NODE, AND 
C I IS THE NUMBER OF THE EQUATION. THE ORDER OF THE EQUATIONS 
C AT EACH NODE IS (1)TRANSPORT EQUATIONS, (2)THE SITE CONCENTRATION FOR 
C ION EXCHANGE (3)MASS ACTION EQUATIONS FOR SORPTION VIA ION EXCHANGE, 
C (4) SITE CONSTRAINT FOR SORPTION VIA SURFACE COMPLEXATION, (5) MASS 
C ACTION EQUATIONS FOR SURFACE COMPLEXATION, (6) MASS ACTION EQUATIONS 
C FOR FORMATION OF COMPLEXES IN THE AQUEOUS PHASE, AND (1) SOLUBILITY 
C PRODUCTS 
C AC(I,N) = ACTIVITIES OF THE BASIS SPECIES AND COMPLEXES IN THE AQUEOUS 
C PHASE ARE STORED HERE; I IS THE SPECIES, N IS THE NODE 
C EQCONST(J) = ARRAY CONTAINING THE EQUILIBRIUM CONSTANTS 
C FIRST FOR SORBED SPECIES VIA ION EXCHANGE, 
C THEN FOR SPECIES SORBED VIA SURFACE COMPLEXATION, 
C THEN FOR AQUEOUS PHASE COMPLEXATION, 
C THEN SOLUBILITY PRODUCTS 
C A(I,J,N) = THE DIAGONAL MATRIX OF THE. BLOCK TRIDIAGONAL JACOBIAN MATRIX 
C IT IS CHANGE IN RESIDUE(I) DIVIDED BY THE CHANGE IN CONCENTRATION 
C AT THE NODE N 
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C 
C 
C 

B(I, J ,N) 
C(I,J ,N) 

= OFF DIAGONAL MATRIX OF THE BLOCK TRIDIAGONAL JACOBIAN MATIRX 
= OFF DIAGONAL MATRIX OF-THE BLOCK TRIDIAGONAL JACOBIAN MATIRX 

DIMENSION CN(3000) ,CO (3000) ,DUM(20) ,TITLE(20) ,PKI(30),PKE(30) 
DIMENSION CM(25) ,WCONST(25) ,BI(25) ,BC(25) ,TPRINT(25) ,NUM(20) , 

lINDEXl (10), INDEX2 (25), INDEXB(25) , CMAX(25) , IBND(2), BC2'(25); 
2IIP(3000),GUESSI(30),GUESSB(30),INDEXI(25) 

COMMON/AB/YJ(T5) ,AC(T5,100) ,EQCONST(100) , 
lS(25,25),SS(25,25),AH(25), 
2ILBLI(25),ILBLE(25) 

COMMON/EDL/Cl, C2 ,AREA, SOH L . 

COMMON/EDL2/SIGO,SIGB,SIGD,PSIO,PSIBETA,PSID 
COMMON/NJ/ISORPI(30) , ISORPE(30) , IION, IEION .. " 
COMMON/AD/X(200),DELT,DOA,DOB,YO,CECNS,H20K 
COMMON/CONST/REL,ABSY 
COMMON/LCM/ A (25,25, lOb) ,B (25,25,100) '.' 
COMMON/LCM1/R(25 , 100) 
COMMON/LCM2/C(25,25,100) 
COMMON/SPEC/LEACH1(5),NB,PINI(5) 
LEYEL 2,A,B,C,R 
MDIM=25 

C ************************** 
C READ IN INPUT PARAMETERS 
C ************************** 

REAn(5,1000) TITLE 
WRITE(6,999) TITLE 

READ 1010, ULENGTH,UTIME 
WRITE (6,1011) ULENGTH,UTIME 

READ 910, ITYPE,IDYNAM,IG 
READ 910~IN1,IN2,IN3 
READ 920,NMAX,XMAX,DNO,AK,RW 
READ 920, KMAX, DTIN!, DTMAX 
READ 900, (TPRINT(K),K=l,KMAX) 
READ 900, DOA,DOB,YO' 

'READ 910, IBND(1);IBND(2) 
READ 910,LEACH,NB 
READ 910, (NUM(I),I=l,5),LNH 

NUM(10)=NUM(1)+NUM(4) 
NUM (11) =NUM (10) +NUM(5) 
IF (NUM(2).EQ.O) CECNS=O. 

IF (NUM(2).GT.0) READ 900, CECNS 
IF (NUM(3).EQ.0) SOH=O. 
IF (NUM(3).EQ.0) GO T05 

READ 900, Cl,C2,PK1,PK2,AREA,SOH 
EQCONST(NUM(2)+1)=10,**(-PK1) 
EQCONST (NoM (2) +2) =10. **.( -PK2) 
NUM(3)=NUM(3)+2 
DUM(NUM(11)+1)=2HSO 
DUM(NUM(11)+2)=4HSOH2 
ILBLE(l)=NUM(ll)+l 
ILBLE(2)=NUM(11)+2 

5 CONTINUE 
NUM(6)=NUM(1)+NUM(2) 

"t,: 

.. 

.~. 

;1', 

-r" 

. , 



NUM(1)=NUM(6)+NUM(3) 
NUM(8)=NUM(1)+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.O) GO TO 1 

DO 6 1=2,5 
6 LEACH1(I)=O 
1 IF (LNH.EQ.O) GO TO 8 

SO=O 
S1=1 

8 CONTINUE 
C ************************************ 
C WRITE OUT SOME OF THE CONSTANTS USED 
C ************************************ 

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.O) WRITE(6,600) DOA,DOB,VO,NMAX 
IF (ITYPE.EQ.1) WRITE(6,601) DOA,DOB,VO,NMAX 
WRITE(S,S10) KMAX,(TPRINT(I),I=1,KMAX) 
WRITE(6,S11) CECNS,SOH 

II=O 
IE=3 
LI=O 
LB=O 

C ***************************************************** 
C READ IN INFORMATION ON BARE IONS AND TYPE OF SORPTION 
C ***************************************************** 

C 

M1=NUM(1) 
NSPECM=NUM(1) 
IF (LNH.GT.O) NSPECM=NUM(1)-1 

DO 11 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 

C IF THE SPECIES IS SORBED VIA ION EXCHANGE, READ IN EQUILIBRIUM CONSTANT, 
C AND GUESSES IF THEY.ARE BEING PROVIDED 
C 

C 

IF (ISORPI(J).EQ.O) GO TO 15 
II=II+1 
ILBLI (II) =J 
K= II +NUM (1) 

READ 9S0,PKI(II) ,GUESSI(K) ,GUESSB(K) 
EQCONST(II)=10. ** (-PKI(II» 

C IF THE SPECIES IS SORBED VIA SURFACE COMPLEXATION, READ IN EQUILIBRIUM 
C CONSTANT AND NUMBER OF H IONS SORBED OR RELEASED FROM THE SURFACE, AND 

105 



106 

C GUESSES IF BEING PROVIDED 
C 

C 

15 IF (ISORPE(J).EQ.O) GO TO 11 
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» 

11 CONTINUE 

C *********************************************** 
C WRITE OUT THE CONDITIONS ON THE BASIS SPECIES' 
C **********************************i************. 

C 

C 

IIE=IE-2 
IF (NUM(3).EQ.0) IIE=O' 

WRITE (6.800) NSPECM.II.I1E 
IION=II 
IEION=IE 
II=O 
IE=3 

DO 20 J=l.NSPECM 
IF (ISORPI(J).EQ.1) II=I1+1 

'. " 

IF (J.EQ.LNH.AND.ISORPE(J).EQ.1) IEK=3 

"', 

IF (J.EQ.LNH.AND.ISORPE(J)':EQ.1)GO TO 19· 
IF (ISORPE(J). EQ .1) IE=!E+1: ", 
IEK=IE 

19 CONTINUE 

.':-,. 

IF (ISORPI(J) .EQ.O.AND.ISORPE(J) .EQ.O) WRITE (6.805) DUM(JL' 
1VJ(J).INDEXI(J).B1(J).INDEXB(J).BC(J) 

IF (ISORPI(J).EQ.1.AND.ISORPE(J).EQ.0) WRITE (6.806) DUM(J). 
1VJ(J).INDEXI(J).BI(J),INDEXB(J),BC(J),PKI(II) 

IF (ISORPI(J).EQ.0.AND.ISORPE(J).EQ.1) WRITE (6,801) 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 

NCMPLXP=NUM(4) 
C **************************************************************** 
C IF WATER DISSOCIATION IS CONSIDERED, NEED TO READ AND WRITE OUT 
C INFORMATION ABOUT THE OH ION 
C **************************************************************** 

IF (LNH.EQ.O) GO TO 21 
READ 910,DUM(NUM(1»,H20K 

H20K=10.**(-H20K) 
VJ(NUM(1»=-1.0 
INDEXI(NUM(l»=l 
INDEXB(NUM(l»=l 

f :_ 

, .' 

',' 



READ geO,GUESSI(NUM(1»,GUESSB(NUM(1»,ISORPI(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 
C ***************************************************** 
C READ IN INFORMATION ON COMPLEXES AND TYPE OF SORPTION 
C ***************************************************** 

C 

C 

M4=NUM(4) 

DO 27 I=1,M4 
KK=I+NUM(t) 

READ 970, DUM(KK),PK,(S(J,I),J=1,M1) 
EQCONST(NUM(12)+I)=10.**(-PK) 
VJ(KK)=O. 

DO 22 J=1,M1 
22 VJ(KK)= VJ(KK)+(S(J,I)*VJ(J» 

IC=KK+NUM(12) 
READ geO, GUESSI(IC),GUESSB(IC),ISORPI(KK),ISORPE(KK) 
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C IF COMPLEX IS SORBED VIA ION EXCHANGE NEED TO READ IN EQUILIBRIUM CONSTANT 
C 

C 

IF (ISORPI(KK).EQ.O) GO TO 25 
II=II+1 
K=II+NUM(1) 

READ 9S0,PKI(II),GUESSI(K),GUESSB(K) 
ILBLE(II)=IC 
EQCONST(II)=10.**(-PKI(II) ) 

C IF COMPLEX IS SORBED VIA SURFACE COMPLEXATION NEED TO READ IN EQUILIBRIUM 
C CONSTANT AND NUMBER OF H IONS SORBED OR RELEASED BY THE SURFACE 
C 

C 
C 

25 IF (ISORPE(KK).EQ.O) GO TO 27 
IE=IE+1 
ILBLE(IE)=IC 
K=IE+NUM(S) 

READ 9S0,PKE(IE),GUESSI(K) ,GUESSB(K) ,AH(IE) 
EQCONST(NUM(2)+IE)=10.**(-PKE(IE) ) 

27 CONTINUE 

C WRITE OUT INFORMATION ABOUT THE COMPLEXES 
C 

C 

ICMPLX=II-IION 
IECMPLX=IE-IEION 

WRITE (S,e02) NCMPLXP,ICMPLX,IECMPLX 
IF (II.NE.NUM(2» WRITE (S,990) II,NUM(2),IE,NUM(3) 
II=IION 
IE =IEION 
IF (LNH.GT.O) WRITE (S,e20) DUM(NUM(1»,VJ(NUM(1»,H20K, 

1 (SO, J=1,NSPECM), S1 
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C 

DO 30 I=1,M4 
IF (ISORPI(I).EQ.1) II=II+1 
IF (ISORPE(I).EQ.1) IE=IE+1 
KK=I+NUM(l) 
INP=NUM(12)+I 
IF (ISORPI(KK) .EQ.O.AND.ISORPE(KK).EQ.O) WRITE (6,820) DUM(KK), 

1 VJ(KK),EQCONST(INP),(S(J,I),J=1,M1) 
IF (ISORPI(KK).EQ.1.AND.ISORPE(KK),EQ.O) WRITE (6,821) DUM(KK), 

1 VJ(KK),EQCONST(INP),PKI(II),(S(J,I),J=1,M1) 
IF (ISORPI(KK).EQ.0.AND.ISORPE(KK).EQ.1) WRITE (6,822) DUM(KK), 

1 VJ(KK),EQCONST(INP),PKE(IE),(S(J,I),J=1,M1) 
IF (ISORPI(KK).EQ.1.AND.ISORPE(KK).EQ.1) WRITE (6,823) DUM(KK), 

1 VJ(KK),EQCONST(INP),PKI(II),PKE(IE),(S(J,I),J=1,M1) 
30 CONTINUE 

35 CONTINUE 
C *********************************** 
C READ IN INFORMATION ON PRECIPITATES 
C *********************************** 

C 

C 

IF (NUM(S).EQ.O) GO TO 41 
WRITE (6,840) NUM(S) 

MS=NUM(S) 

DO 40 I=l,MS 
KK=NUM(10)+I 
KL=KK+NUM(12) 

READ 9TO, DUM(KK),PK,(SS(J,I),J=1,M1) 
EQCONST(NUM(12)+NUM(4)+I)=10.**(-PK) 

READ 960,GUESSI(KL),GUESSB(KL) 

C IF A SOLID IS BEING PLACED IN CONTACT WITH THE INITIAL GROUNDWATER 
C NEED TO DETERMINE THE SPECIES MAKING UP THIS SOLID 
C 

IF (I.NE.LEACH1(1» GO TO 39 
ILEACH=l 

DO 38 J=1,m1 
IF (SS(J,I).EQ.O) gO TO 38 
ILEACH=ILEACH+1 
LEACH1(ILEACH)=J 

38 CONTINUE 
C ******************************************** 
C WRITE OUT INFORMATION ABOUT THE PRECIPITATES 
C ***************************************.**** 

39 WRITE (6,911) DUM(KK),EQCONST(NUM(12)+NUM(4)+!),(SS(J,I),J=1,M1) 
40 CONTINUE 
41 CONTINUE 

REL=O.Ol 
ABSV=1.E-12 
DELT=DTINI 
NTOT=NUM(8) 
NEQ=NUM(9)*NMAX 

C ************ 
C SET UP GRID 

.,' 
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C ************ 
CALL SETUP(XMAX,DRO,AK,RMAX,ITYPE,IBND.RW) 
INDEX=O 

C ****************************** 
C EQUILIBRATE INITIAL CONDITIONS 
C ****************************** 

M9=NUM(9) 
C 
C DETERMINE HERE WHETHER THE PROGRAM OR THE USER IS 
C PROVIDING THE FIRST GYESSES 
C 

C 

IF (IG.EQ.1) CALL IGUESS(CM,BI,RUU,LRB) 
DO 50 J=1,M9 
AC(J ,2)=1.0 
IF (IG.EQ.1) GO TO 50 
CM(J) =GUESSI (J) 

50 CONTINUE 
IF «NUM(3).EQ.0).OR.(IG.EQ.1) ) GO TO 51 
CM(NUM(6) +1)=EQCONST (NUM(2) +2) *SOH/CM(LRB) 
CM (NUM (6) +2)=CY(LNR) *SOH/EQCONST (NUM(2) +1) 
CM(NUM(6) +2) =CM (NUM (6) +2)/10. 

51 CONTINUE 

CTOT=O. 
C ***********************************************-********.* •• * •••••• * 
C DETERMINE THE EQUILIBRIUM CONCENTRATIONS FORTRE INITIAL CONDITIONS 
C ******************************************************************** 

CALL EQLIB(CM,BI,INDEX1.INDEXI,NUM.2,SS,EQCONST,CTOT,AC, 
1LI, LNH, IN1) 

c**************.*************** 
C WRITE OUT INITIAL CONDITIONS 
C ****************************** 

WRITE (6,760) 
WRITE (6,780) 
II=O 
IE=O 
ILEACH=2 

C 
C CALCULATE CONVENTIONAL KD'S HERE, THE TOTAL AMOUNT OF THE 
C SPECIES IN THE AQUEOUS PHASE 
C 

DO 80 J=1,M1 
CMTOTAQ=CM(J) 
IF (ISORPI(J).EQ.O) SORB=O. 
IF (ISORPI(J).EQ.O) GO·TO 55 
II=II+1 
SORB=CM(II+NUM(1» 

55 DK=SORB/CM(J) 
CONTINUE 
IF (ISORPE(J).EQ.O) SORBE=O. 
IF (ISORPE(J).EQ.O) GO TO 56 
IE=IE+1 
SORBE=CM(IE+NUM(6) +3) 
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IF (J.EQ.LNH) SORBE=CM(3+NUM(S» 
IF (J.EQ.LNH) IE=IE-l 

56 DKE=SORBE/CM(J) 
CONTINUE 
IF (NUM(4).EQ.0) GO TO 61 
DO 60 I=l,M4 

60 CMTOTAQ=CMTOTAQ+S (J, I) *CM (NUM (1).;1) 
C 

C IF A SOLID IS GOING TO BE PLACED IN CONTACT WITH THE GROUNDWATER: 
C NEED TO CALCULATE HOW MUCH OF EACH SPECIES THAT MAKES UP THIS 
C SOLID ALREADY EXISTS IN THE GROUNDWATER 
C 

C 

61 IF (LEACH1(1).EQ.0) GO TO 19 
IF (J.NE.LEACH1(ILEACH» GO TO 10 
PINI(ILEACH-l)=CMTOTAQ 
INDEXB(J)=3 
ILEACH=ILEACH+l 

10 CONTINUE 
19 IF (INDEXI(J).EQ.4) 

IF (INDEXI(J).EQ.4) 
INDEXB (J) =2· ., .. 
BC(J)=CMTOTAQ 

. " .... 

C WRITE OUT THIS INFORMATION 
C 

C 

C 

C 

80 WRITE (6 , 100f DUl4(J);'CMt'OtAQ,CMtJ), ih:lRB,SORBE,AC(J ;2J.DK,DKE" 
,.~·L ".," . ,.-: • ..':.... ' • :. !.; •. ,\,.', ... '.: i ;.": : ' •. : .. 

IF (NUM(4) .EQ.O) G.O TO '91" 
WRITE (6.140) 

DO 90 I=l,M4 
KK=I+NUM(l) 
IF (ISORPI(KK).EQ.O) SORB=O. 
IF (ISORPI(KK).EQ.O) GO TO 85 
II=II+l 
SORB=CM(II+NUM(l» 

85 CONTINUE 
IF (ISORPE(KK).EQ.O) SORBE=O. 
IF (ISORPE(KK) .EQ.O), GO TO 86 
IE=IE+l 
SORBE=CM (IE+NUM (6) +3) 

86 CONTINUE 
IK=I+NUM(1) 

.. ~ , 

C WRITE OUT INFORMATION ABOUT THE AQUEOUS PHASE COMPLEXES 
C 

C 

C 

90 WRITE (6,150) DUM(KK) ,VJ(KK),CM(IK) ,SORB,SORBE 

91 DO 110 N=l,NMAX 
DO 110 J=l,M9 
CN«N-l)*NUM(9)+J)=CM(J) 
AC(J,N)=AC(J,2) 

110 CONTINUE 

IF (LI.NE.O) GO TO 141 

.1 . 

, .. 



C 
C A SPECIES AT THE BOUNDARY MAY BE CALCULATED FROM A CHARGE BALANCE 
C THEREFORE IT IS NECESSARY TO KNOW THE CHARGE THAT 
C IS NOT BEING CONSIDERED IN THESE CALCULATIONS AND WHICH IS BEING 
C MADE UP BY SPECIES NOT PARTICIPATING IN THE CHEMICAL CHANGES 
C 

C 

C 

C 

CTOT=O. 
CTOT1=-CTOT 
DO 130 J=l,Ml 

130 CTOT=CM(J)*VJ(J)+CTOT 

IF (NUM(4).EQ.0) GO TO 141 

DO 140 I=l,M4 
140 CTOT=CTOT+CM(NUM(1)+I)*VJ(NUM(1)+I) 

141 IF (NUM(5).EQ.0) GO TO 160 
C 

C 

C 

WRITE (6,841) 

DO 150 I=l,M5 
II=NUM(10) +1 
WRITE (6,845) DOM(II) ,CM(II+NUM(12» 

C IF A SOLID IS BEING PLACED IN CONTACT WITH THE INITIAL GROUNDWATER 
C NEED TO CALCULATE HOW MUCH OF EACH PARTICULAR SPECIES IN THIS 
C SOLID WAS INITIALLY IN THE GROUNDWATER; THIS CALCULATION INCLUDES 
C THE AQUEOUS PHASE COMPLEXES 
C 

C 

C 

C 

IF (LEACH1(1).EQ.0) GO TO 150 
ILEACH=2 

DO 145 J=l,NSPEC 
IF (SS(J,I).EQ.O) GO TO 145 
IF (J.NE.LEACH1(ILEACH» GO TO 145 
PINI(ILEACH-1)=PINICILEACH-1)+SS(J,I)*CM(NUM(8)+I) 
ILEACH=ILEACH+l 

145 CONTINUE 

150 CONTINUE 
160 CONTINUE 

C IF A SURFACE COMPLEXATION MODEL IS USED FOR SORPTION, 
C THEN WRITE OUT THE CHARGES DEVELOPED AT THE LAYERS AND 
C THE POTENTIALS BETWEEN THESE LAYERS 
C 

IF (NUM(3).EQ.O) GO TO 161 
WRITE (6,591) SIGO,SIGB,SIGD,PSIO,PSIBETA,PSID 
WRITE (6,598). CM(NUM(6)+1) ,CM'(NUM(6) +2) 

161 CONTINUE 
WRITE (6,596) CTOTl 

C ************************~******* 
C EQUILIBRATE BOUNDARY CONDITIONS 

111 



112 

C ******************************** " -', 

C 

C DECIDE IF THE PROGRAM 'IS SUPPLYI~c:i,THE FI~ST,GUESSES 
C FOR THE SPECIES CONCENTRATIONS 
C 

IF (IG.EQ.l) CALL IGUESS(CM,BC,NUM,LNH) 
DO 110 J=1,M9 
AC(J,1)=1.0 
IF (IG.EQ.l) GO TO 110 
CM(J) =GUESSB (J) 

110 CONTINUE 
IF «NUM(3).EQ.0).OR.(IG.EQ.l» GO TO 111 
CM(NUM(S)+1)=EQCONST(NUM(2)+2)*SOH/CM(LNH) . 
CM(NUM(S)+2)=CM(LNH) *SOH/EQCONST (NUM(2) +1) 
CM(NUM(S)+2)=CM(NUM(S) +2)/1000. 

111 CONTINUE 
C ****************************************************************** 
C DETERMINE THE EQUILIBRIUM DISTRIBUTION OF SPECIES FOR THE BOUNDARY 
C OR INFLUX CONDITIONS 
C ******************************************************************* 

CALL EQLIB (CM, BC, INDEXl , INDEXB. NUM, 1, SS .,EQCO~ST , CT,OT , AC" . 
lLB.LNH,IN2) , , . 

WRITE (S. 190) 
WRITE (s. 180): ; ;'~ 
11=0 
IE=O 
NEND= (NMAX-l) *NUM(9) 

C ******************************************* 
C WRITE OUT THE BOUNDARY OR INFLUX CONDITIONS 
C ******************************************* 
C 
C ALSO CALCULATE CONVENTIONAL KO"S, AND THE TOTAL AQUEOUS 
C PHASE CONCENTRATION OF THE SPECIES 
C 

DO 180 J=l,Ml 
IF (IBND(2).EQ.0) BC2(J)=CN(NEND+J) 
CMTOTAQ=CM(J) 
IF (ISORPI(J).EQ.O) SORB=O. 
IF (ISORPI(J).EQ.O) GO TO 112 
11=11+1 
SORB=CM(II+NUM(l» 

112 DK=SORB/CM(J) 
CONTINUE 
IF (ISORPE(J).EQ.O) 
IF (ISORPE(J).EQ.O) 

SORBE=O. 
GO TO 113 

IE=IE+l 
SORBE=CM(IE+NUM(S) +3) 
IF (J.EQ.LNH) SORBE=CM(NUM(S)+3) 
IF (J.EQ.LNH) IE=IE-l 

173 DKE=SORBE/CM(J) 
CONTINUE 
IF (NUM(4).EQ.0) GO TO 11S 
DO 115 1=1,144 

" i, 

/ '~ . -



'. 

115 CMTOTAQ=CMTOTAQ+S(J,I)*CM(HUM(1)+I) 
116 BBC=CMTOTAQ 

IF (HUM(5) .EQ.O) GO TO 119 
DO 111 1=1,145 
BBC=BBC+SS(J,I)*CM(HUM(8)+I) 

111 CONTINUE 
C ******************************************* 
C SET INNER BOUNDARY CONDITION 
C ***********************************~******* 
C 
C SET UP THE ACTUAL BOUNDARY CONDITIONS FOR THE INNER 
C BOUNDARY 
C 

C 

119 IF (IBND(l).EQ.O) BC(J)=BBC 
IF (IBND(l).EQ.l ) BC(J)=VO*CMTOTAQ 
IF((IBND(l).EQ.l).AND.(ITYPE.EQ.l» BC(J)=VO*CMTOTAQ!X(l) 
INDEX2(J)=0 

180 WRITE (6,100) DUM(J),CMTOTAQ,CY(J),SORB,SORBE,AC(J,l),DK,DKE 

C DO CALCULATIONS FOR THE COMPLEXES 
C 

C 

C 

IF (HUM(4).EQ.0) GO TO 191 
WRITE (6,140) 

DO 190 1=1,144 
KK=I+NUM(l) 
IF (ISORPI(KK) .EQ.O) SORB=O. 
IF (ISORPI(KK).EQ.O) GO TO 192 
II=II+l 
SORB=C14(II+HUM(l» 

192 CONTINUE 
IF (ISORPE(KK).EQ.O) SORBE=O 
IF (ISORPE(KK).EQ.O) GO TO 193 
IE=IE+l 
SORBE=C14(HUM(6)+IE+3) 

193 CONTINUE 
IK=I+NUM(1) 

190 WRITE (6,150) DUM(KK),VJ(KK),C14(IK),SORB,SORBE 

191 CONTINUE 
C ****************************************************** 
C IF FLUX CONDTION IS USED, THEN FIRST GRID IS THE SAME 
C AS THE REST OF THE GRIDS 
C ******************************************************* 

IF (IBND(l).EQ.l) GO TO 201 

C 

C 

C 

N=l 

DO 200 J=l,Y9 
CN((N-l)*HUM(9)+J)=CM(J) 

200 CONTINUE 

201 CONTINUE 

113 



------------ - -----
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C WRITE OUT INFORMATION ABOUT THE PRECIPITATES 
C 

C 

C 

C 

IF (NUM(5).EQ.0) GO TO 210 
WRITE (6,841) 

DO 205 I=l,M5 
II=NUM(10)+I 
WRITE (6,845) DUM (II) ,CM(II+NUM('12)) 

205 CONTINUE 

210 CONTINUE 
CTOT1=O. 

C DO A CHECK OF THE CHARGE BALANCE 
C 

C 

C 

C 

DO 215 J=l,M1 
215 CTOT1=CM(J)*VJ(J)+tTdT1 

IF (NUM(4).EQ.0) GO TO 221 

DO 220 I=l,M4 
220 CTOT1=CTOT1+CM(NUM(T)+I)*VJ(NUM(1)+I) 

CTOT1=-CTOT1 
221 WRITE (6,596) CTOTl 

C IF SURFACE COMPLEXATION IS USED FOR SORPTION, WRITE' 
C OUT THE CHARGES DEVELOPED AT THE SURFACES AND THE 
C POTENTIALS BETWEEN THE SURFACES FOR THE BOUNDARY CONDITIONS 
C 

IF (NUM(3) .EQ.O) GO TO 231 
WRITE (6,591) SIGO,SIGB,SIGD,PSIO,PSIBETA,PSID 
WRITE (6,598) CM(NUM(6)+1),CM(NUM(6)+2) 

231 CONTINUE 
TIME=O. 
K1=1 
DELT=DTINI 
IF (IDYNAM.EQ.O) GO TO 500:' '". , ,~ 

C *************************************************************** 
C CALCULATE NEW VALUES OF THE CONCENTRATION AS A FUNCTION OF TIME 
C ********************************'**************04<**************** C' 

C 
C SET OLD VALUES OF CONCENTRATION = TO NEW VALUES 
C 

C 

C 

235 DO 240 N=l,NMAX 
DO 240 J=l,M9 

240 CO((N-1)*NUM(9)+J)=CN((N-l)*NUM(9)+J) 

TIME=TIME+DELT 
250 ITER=O 

ITER2=0 

C CALCULATE THE RESIDUES OF THE EQUATIONS FOR THE NEW GUESS OF 
C CONCENTRATIONS AT THIS TIME 

, , , , 

'. ' 

," . 



.. 

C 
CALL RES(CN,CO,BC,BC2,R,NUM,MDIM,LNH,IBND,ITYPE) 

C 
C CALCULATE THE JACOBIAN 
C 

260 CALL JACOBI(A,B,C,CO,CN,BC,BC2,NUM,R,MDIM,LNH,IBND,ITYPE) 
ITER =0 

C THE SUBROUTINES DECBT AND SOLBT INVERT THE JACOBIAN 
C 

C 

C 

263 CALL DECBT(NUM(9),NMAX,MDIM,A,B,C,IIP,IER) 
210 CONTINUE 

ITER=ITER+1 
CALL SOLBT(NUM(9),NMAX,MDIM,A,B,C,R,IIP) 

DO 280 I=1, M9 
280 CMAX(I)=O. 

C ***************************************************************** 
C DETERMINE THE NEW VALUE OF THE CONCENTRATIONS FROM THE OLD VALUES 
C AND THE INVERSION OF THE JACOBIAN 
C ***************************************************************** 

DO 291 N=1,NMAX 

C 

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(1) +1 
IF«J.GT.NUM(6».AND. (J.LT.NPNSNE).AND. 

1(CN( (N-1) *NUM(9)+J) . gt. SOH» CN«N-1) *NUM(9) +J)=SOH 
CMAX(J)=AMAX1(CN«N-1)*NUM(9)+J),CMAX(J) ) 

290 CONTINUE 
291 CONTINUE 

C ******************************************************************* 
C DETERMINE IF THE CHANGES IN THE CONCENTRATIONS ARE WITHIN THE ERROR 
C RANGE 
C ******************************************************************* 

ERR=O. 
C 

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) 

C 
IF (ERR.LT.1.E-3) GO TO 310 

115 

C ************************************************************************ 
C IF CONVERGENCE IS NOT OBTAINED CALCULATE THE RESIDUES FOR THE NEXT GUESS 
C ************************************************************************ 



116 

CALL RES(CN.CO.BC.BC2.R.NUM.MDIM.LNH.IBND.ITYPE) 
IF (ITER.LT. 10) GO TO 210 

301 CONTINUE 
ITER2=ITER2+ 1 
IF (ITER2.LT.3) GO TO 260 

C ************************************************~******************"**** 
C IF CONVERGENCE IS NOT OBTAINED WITHIN 10 ITERATIONS REDUCE THE TIME stEP . . .,' '. . 

C *********************************************************************** 

C 

TIME=TIME-DELT 
DELT=DELT/2.0 
WRITE (6.2022) DELT 
K6=1 

C SET NEW VALUES EQUAL TO OLD VALUES AND START THIS TIME STEP OVER 
C 

C 

DO 306 N=l.NMAX 
DO 306 J=1.M9 

306 CN( (N-l) *NUM(9) +J,)=CO'((lf-1) *~(9) +J),", 
TIME=TIME+DELT 
GO TO 250 , . 

.:"." . 

C CONVERGENCE IS OBTAINED. SO START NEXT TIME STEP 
C 

310 CONTINUE 
C ****************************************************'*************"***** . . , '. 

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 ~PECIES. 
C ********************************************************************** '. t' 

320 

C 

DO 400 N=l.NMAX 
IF (NUM(5).EQ.0) GO TO 400 

DO 390 I=1.M5 
AKSOL=1.0 

DO 320 J=l.Ml 
AKSOL=AKSOL* (AC(J . N) *CN( (N-l) *NUM(9) ~J) )**8S (J. I) 

INDEXl (I)=O 
IJ=NUM(12) +NUM(4) +I 
EK=O. 01*EQCONST (IJ) 
IF ((AKSOL-EQCONST(IJ».GT.EK)GO TO 325 
KK=(N-l)*NUM(9)+NUM(8)+I 
IF((CN(KK).GT.l.E-30).AND.((EQCONST(IJ)-AKSOL).GT.EK»GO TO 

1 325 
IF((CO((N-l)*WJM(9)+NUM(8)+I).GT.O.).AND.(CN((N-l)*NUM(9) 

1 +NUM(8)+I).LE.l.E-16» GO TO 389 
GO TO 390 

C CALCULATE THE TOTAL CONCENTRATON OF EACH SPECIES AT A NODE POINT 
C AND DO A REDISTRIBUTION OF SPECIES WHEN A NEW PRECIPITATE STARTS 
C TO FORM AT A NODE POINT 
C 

325 CONTINUE 
KI=NUM(10)+I 
WRITE(6.2021)N.DUM(KI).TIME 



WRITE (6,2000) AKSOL,EQCONST(HUM(12)+NUM(4)+1) 
II=O 
IE=3 
DO 330 J=1,M9 

330 CM(J)=CN«N-1)*NUM(9)+J) 
DO 315 J=1,M1 

WCONST(J)=CM(J) 
IF (ISORPI(J).EQ.O) GO TO 350 
II= II + 1 
WCONST(J)=WCONST(J) +CM(NUM(1) +11) 

350 CONTINUE 
IF (ISORPE(J).EQ.O) 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(HUM(8)+2) 

355 CONTINUE 
IF (NUM(4).EQ.0) GO TO 362 

DO 360 K=1,M4 
KK=K+NUM(1) 
IF (ISORPI(KK).EQ.O) GO TO 358 
II=II+1 
WCONST(J)=WCONST(J)+S(J,K)*CM(NUM(1)+II) 

356 CONTINUE 
IF (ISORPE(KK).EQ.O) GO TO 360 
IE=IE+1 
WCONST(J)=WCONST(J)+S(J,K)*CM(NUM(6)+1E) 

360 WCONST(J)=WCONST(J)+CM(NUM(1)+K)*S(J,K) 
362 DO 310 K=1,M5 

WCONST(J)=WCONST(J)+SS(J,K)*CM(NUM(8)+K) 
310 CONTINUE 
315 CONTINUE 

C ************************************************************ 
C DO AN EQUILIBRIUM SPECIATION IF A NEW PRECIPITATE IS FORMING 
C ************************************************************ 

C 

CALL EQLIB(CM,WCONST,INDEX1,INDEX2,NUM,N,SS,EQCONST,CTOT,AC, 
10,LNH,IN3) 

DO 380 J=1,M9 
380 CN«N-1)*NUM(9)+J)=CM(J) 

GO TO 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*1.15 
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 

C *~****************************************.*.* •• * ••• *** •• 
C WRITE OUT THE SPECIES CONCENTRATIONS 
C ****************************************.* •• **** •••• ****. 

C 

K1=K1+1 
WRITE (6,530) TIME,DELT 
NPRI=NMAX/9 
I1=1 
I5=1 
I4=9 
K2P=0 
I3=0 

405 CONTINUE 
K1P=K2P+1 
K2P=K1P+(I4-1) 
I2=I3 
I3=I2+NUM(9)*I4 
WRITE (6,620) (X(K),K=K1P,K2P) 

C BASIS SPECIES 
C 

DO 410 J=1,M1 
I22=I2+J 
WRITE (6,625) DUM(J) , (CN(K) ,K;=;I22,I3,M9) 

410 CONTINUE 
C 
C SORBED SPECIES VIA ION EXCHANGE 
C 

C 

IF (NUM (2) . EQ. 0) GO TO 420 •. 
WRITE (6,621) 
M2=NUM(2) 

DO 415 J=l,M2 
I22=I2+NUM(1)+J 
KK=ILBLI (J) 

,I, 

WRITE (6,625) DUM(KK),(CN(K),K=I22,I3;M9) 
415 CONTINUE ' 

C 
C SORBED SPECIES VIA 
C 

SURFACE COMPLEXATION 
I . 

C 

420 IF (NUM(3).EQ.0) 
WRITE (6,622) 
M3=NUM(3) 

DO 430 J=1,M3 
I22=I2+NUM(6)+J 
KK=ILBLE(J) 

GO TO 435 

, , 

IF (KK.GT.NUM(l» KK=KK-NUM(2)-NUM(3) 
IF «J.EQ.1).OR.(J.EQ.2» KK=ILBLE(J) 
WRITE (6,625) DUM(KK),(CN(K),K=I22,I3,M9) 

.' 

430 CONTINUE ' 
C 



C AQUEOUS PHASE COMPLEXES 
C 

C 

435 IF (NUM(4).EQ.0) GO TO 445 
WRITE(6.623) 

DO 440 I=1.M4 
122=I2+NUM(1)+1 
KK=I+NUM(l) 
WRITE (6.625) DUM(KK).(CN(K).K=I22.I3,M9) 

440 CONTINUE 
C 
C PRECIPITATES 
C 

C 

C 

C 

445 IF (NUM(5).EQ.0) GO TO 410 
WRITE (6,624) 

DO 4S0 I=1.M5 
KK=NUM(10) +1 
122=I2+NUM(S)+1 
WRITE (6.S25) DUM(KK),(CN(K).K=I22,I3,M9) 

4S0 CONTINUE 

410 CONTINUE 
11=11+1 
IF (Il.LE.NPRI) GO TO 405 
NPRI2=NPRI*9 
IF (NPRI2.EQ.NMAX) GO TO 490 
14=NMAX-NPRI2 
IF (I5.EQ.5) GO TO 490 
15=5 
GO TO 405 

490 IF (Kl.GT.KMAX) GO TO 500 
GO TO 235 

500 CONTINUE 
STOP 

C FORMAT STATEMENTS FOR THE MAIN PROGRAM 
C 

530 FORMAT (*1*.4X.*TIME=*.Fl0.5,10X,*DELT=*,lPE12.4,10X, 
l*CONCENTRATION OF SPECIES IN MOLES/LITER SOLUTION*,/) 

59S 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 *.Gl0.3,/) 

591 FORMAT (///,5X.*SIGO=*.(lPE10.3).5X.*SIGB=*,(lPE10.3).5X.*SIGD=*. 
1 (lPE10.3)./.5X.*PSIO=*.(lPE10.3),5X.*PSIBETA=*.(lPE10.3).5X. 
2*PSID=*.(lPE10.3)./) 

59S FORMAT (4X.*SO- =*.lPE12.4.10X.*SOH2+ =*.lPE12.4.//) 
SOO FORMAT(//.4X.*DISPERSION COEFFICIENT =*.F4.1.* V +*.GS.2.5x. 

l*FLUID VELOCITY =*.Gl0.3.5x. *NUMBER OF GRID POINTS =*.15./) 
SOl FORMATCI/.4X.*DISPERSION COEFFICIENT =*.F4.1.* V +*.G6.2.5x. 

l*FLUID VELOCITY =*.Fl0.3.*/ R*.5x. 
2 #NUMBER OF GRID POINTS =#.15./) 
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610 FORMAT(/,4X,#NUMBER OF PRINT OUTS =',I5,I,4X, 
l#GIVEN AT THE FOLLOWING TIMES =',8Gl0.4,I,34X,8Gl0.4) 

611 FORMAT (/,4X,*NUMBER OF SITES(ION-EXCHANGE)*,Fl0.4,10X, 
l*NUMBER OF SITES(EDL MODEL)*,Fl0.4) 

620 FORMAT (1I,4X,55X,*DISTANCE*,1,4X,*SPECIES*,lX,9F12.3,/) 
622 FORMAT (/,4X,*SORBED(EDL)*,/) 
623 FORMAT(/,4X,*COMPLEXES*,/) 
621 FORMAT(/,lX,*SORBED(IONEX)*,/) 
624 FORMAT(/,2X,*PRECIPITATES*,/) 
625 FORMAT (3X,Al0,2X,9(lPE12.4» 
TOO FORMAT(# #Al0,2G15.4,4X,2Gll.4,6X,3G15.4) 
T40 FORMAT(/# COMPLEX VALENCE AQUEOUS CONC. SORPTION(IONEX 

1) SORPTION (EDL) #) 
T50 FORMAT(# #Al0,5G15.4) 
T60 FORMAT(*1*,60X,*INITIAL CONDITIONS*,II) 
T80 FORMAT(# COMPONENT#5X# TOTAL #5X 

l#BARE ION #5X#SORBED CONCENTRATION#,8X#ACT. COEF.#5X 
2#KD(ION EX) KD(EDL) #,I,13X,#AQUEOUS CONC.#4X, 
3 #CONCENTRATION#, 3X, # (IONEX) (EDL)#', /) 

T90 FORMAT(*1*,30X,* BOUNDARY or 1nflux cond1t1ons*,II) 
800 FORMAT UIII,2X,I4,# BARE IONS#,10X,I4,5X,#SORBING IONS#, 

1 # (IONEX)#,10X,I4,5X,#SORBING IONS (EDL MODEL)#,III, 
2# COMPONENT CHARGE #, 
35X,#INITIAL CONDITIONS#,TX,#BOUNDARY CONDITIONS#,'rX,#PK(IONEX)#, 
4TX,#PK(EDL) #,1, 
525X,#TYPE#,TX,#VALUE#,9X,#TYPE#,TX,#VALUE#,/) 

802 FORMAT (1II,2X,I4,# COMPLEXES#,10X,I4,TX,#SORBING COMPLEXES#, 
1#(IONEX)#,10X,I4,5X,#SORBING COMPLEXES (EDL MODEL)#,III,' 
2# COMPLEX CHARGE #, 
33X,#EQUIL. CONSTANT#,9X,#PK(IONEX)#,TX,#PK(EDL)#,10X, 
4#STOICHIOMETRY#,/) 

805 FORMAT(Al0,F6.0,6X,I5,4X,lPE12.4,4X,I5,4X,lPE12.4,10X,#---#,12X, 
1#---#) 

806 FORMAT(Al0,F6.0,6X,I5,4X,lPE12.4,4X,I5,4X,E12.4,4X,OPFl0.3,llX, 
1#---#) 

80T FORMAT (Al0,F6. 0, 6X, IS, 4X,lPE12. 4, 4X, IS, 4X,lPE12A, l1X, #---#,6X; , 
10PF10.3) 

808 FORMAT(Al0,F6.0,6X,I5,4X,lPE12.4,4X;I5.4X,lPE12.4,9X,OPFl0.3;9X, 
10PF10.3) . . '. 

820 FORMAT (Al0, F6·. 0, 9X,lPE12. 4,15X,#---#,lOX,#---#,TX,10(0·PF5. 0» 
821 FORMAT (Al0, F6. 0, 9X,lPE12 .4,8X, OPF10. 3; lOX: #---# ,TX,lOF5 .0).:-
822 FORMAT (Al0,F6.0,9X,1PE12.4,15X,#---#.4X,OPF10.3,6X,lOF5.0) 
823 FORMAT (A10,F6.0,9X,lPE12.4,8X,OPF10.3,4X,Fl0.3,6X,lOF5.0), 
840 FORMAT (lIl,2X,I5,TX,*SOLID PRECIPITATES*,II,2X,*PRECIPITATE*, 

12X,*SOLUBILITY PRODUCT*,10X,*STOICHIOMETRY*,/)' 
841 FORMAT (1I,2X,*PRECIPITATE*,3X,*EQUIVALENT MOLES*, 

l*/LITER SOLUTION*,/) 
845 FORMAT (lX,Al0,G10.3) 
900 FORMAT (10X,TF10.3) 
910 FORMAT (10X,Tll0) 
920 FORMAT (10X,Il0,6F10.3) 
950 FORMAT(A10,F5.0,I5,2F10.3,I5,2Fl0.3,215) 
960 FORMAT(10X,3Fl0.3,F5.1) 



9TO FORMAT (Al0.F10.3.10FS.l.I.20FS.l) 
911 FORMAT (AlO.6X.1PE12 .4.9X.l0(OPFS.1» ... 
980 FORMAT (10X.2Fl0.3.2IS) 
990 FORMAT (/.4X.*YOUR NUMBER OF SORBING IONS INPUT QOES NOT EQUAL THE 

1 NUMBER THAT WAS LISTED INITIALLY •• 215 .10X.2IS) 
999 FORMAT (*1*.20A4) 

1000 FORMAT (20A4) 
1001 FORMAT (lOX.S(lPE12.4.1» 
1010 FORMAT (2Al0) 
1011 FORMAT (/.4X.*UNIT OF LENGTH IS*.2X.Al0.l0X.*UNIT OF TIME IS* 

1.2X.Al0) 
2000 FORMAT (/.4X.*THE ACTIVITY PRODUCT IS*.lPE10.3.SX. 

l*WHICH NOW EXCEEDS THE SOLUBILITY PRODUCT OF*.lPE10.3) 
2021 FORMAT (//. 4X. *PRECIPITATION AT NODE*. IS. SX. *FOR SPECIES* .Al0. 

1 *AT TIME*.lPEll.3) 
2022 FORMAT (/.4X.*CONVERGENCE IS NOT OBTAINED. SO TIME STEP IS * 

1 • *DIVIDED BY 2. DELT=*.lPE12.4) 
2023 FORMAT (/.4X.*CONVERGENCE IS OBTAINED IN LESS THAN 6 *. 

l*ITERATIONS SO TIME STEP IS INCREASED BY 1.TS*.1.4X.*DELT=*. 
llPE12.4.10X. *AT TIME=*.lPE12.4) 

2050 FORMAT (/ .4X. *AT NODE*. IS.4X. *SPECIES* .Al0. *HAS REDISSOLVED*.I. 
1* THE CONCENTRATION OF THIS SPECIES AT TIME* lPES.2.4:1:. *IS*. 
2 E12.4.1.*AND THE CONCENTRATION OF THIS SPECIES AT TIME*.EB.2. 
3 4:1:.*IS*. E12.4) 

2060 FORMAT (/. 4X. *INNER BOUNDARY IS CONSTANT CONCENTRATION* • lOX. 
l*OUTER BOUNDARY IS ZERO FLUX*) 

2061 FORMAT (/.4X.*INNER BOUNDARY IS CONSTANT FLUX*.10X.*OUTER*. 
H BOUNDARY IS ZERO FLUX*) 

2062 FORMAT (/.4X.*INNER BOUNDARY IS CONSTANT CONCENTRATION*.10X. 
HOUTER 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, V J ,AC, ELCONC, MDIM ,NBEGIN, NEND) 
C *********************************.****.*.*.****** •• ***.*** 
C CALCULATES THE ACTIVITIES BASED ON THE DAVIES EQUATION 
C THE IONIC STRENGTH AT EACH NODE POINT IS STORED IN ELCONC, 
C THE ACTIVITIES ARE IN THE MATRIX AC(I,N) 
C **************.***********.**.** ••••• **** ••••••• **** •• * •• * 

DIMENSION NUM(1),CN(1),VJ(1),AC(MDIM,1),ELCONC(1) 
M1=NUM(1) 

C 

M4=NUM(4) 
NTOT=NUM(9) 
IF (NBEGIN.EQ.NEND) NTOT=O 
DO 50 N=NBEGIN,NEND 

C CALCULATION OF IONIC STRENGTH 
C 

C 

CTOT=O. 
SI=O. 
DO 10 J=1,M1 
IF (CN«N-1)*NTOT+J) .LT.O.) GO TO 60 
CTOT=CTOT+VJ (J) *CN( (N-1) .NTOT+J)· 

10 SI=SI+VJ(J)**2*CN«N-1).NTOT+J) 
IF (NUM(4) .EQ.O) GO TO 16"" ~ 

DO 15 I=1,M4 
IF (CN«N-1)*NTOT+NUM(T)+I)'.LT.0) GO TO 60 
CTOT=CTOT+VJ(NUM(1) +1) *CN«N-1) *NTOT+NUM(T) +1) 

15 SI=SI+VJ (NUM(1) +1) **2*CN«N-1) *NTOT+NUM(T) +1) ' .. 
16 CONTINUE 

C ALTHOUGH THE NET CHARGE OF THE SPECIES.BEING CONSIDERED, IS -IN THE 
C CALCULATIONS MAY NOT BE EQUAL TO ZERO, FOR AN ACCURATE CALCULATION 
C OF THE IONIC STRENGTH, ALL THE.CHEMICAL SPECIES MUST BE CONSIDERED 
C THEREFORE, IT IS ASSUMED HERE THAT THE BALANCE OF THE CHARGE IS MADE 
C UP BY A CHEMICAL SPECIES OF A +1 OR -1 CHARGE AND A CONCENTRATION 
C OF CTOT. IF THIS IS NOT REASONABLE, THEN THE ACTUAL CALCULATION 
C SHOULD BE DONE WITH A NET CHARGE OF O. 
C 

C 

SI=SI+ABS(CTOT) 
CIONST=0.5*SI 
ELCONC(N)=CIONST 
SI=SQRT(CIONST) 
FI=0.5*(SI/(1.+SI)-0.3*CIONST) 

C CALCULATION OF ACTIVITY COEFFICIENTS 
C 

DO 20 J=1,M1 
G=FI*VJ(J)**2 

20 AC(J,N)=10.**(-G) 
IF (NUM(4).EQ.0) GO TO 50 
DO 25 I=1,M4 
GCX=FI*VJ(NUM(1) +1).*2 

25 AC(NUM(1)+I,N)=10.**(-GCX) 
50 CONTINUE 

RETURN 

1~ .. 



60 WRITE (6.100) 
100 FORMAT (/.4X.*THE CONCENTRATION IS LESS THAN ZERO WHICH IS NOT* 

1 * ALLOWED. THEREFORE THE PROGRAM BAS STOPPED*./) 
RETURN 
EW 
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.'" , • ~ < 
I :,.> I 

SUBROUTINE ALGEBRC(NUM,CN,R,Nl,N2,MDIM,ELCONC,LNH,Kl) 
C 
C ********************************************************** 
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 ********************************************************** 
C 

C 

DIMENSION NUM(l) ,CN(l) ,R(MDIM,l),RESIDUE(25),ELCONC(1) 
LEVEL2,R 
COMMON/AB/VJ(75),AC(75,100),EQCONST(100) 

l,S(25,25),SS(25,25),AH(25) 
2,ILBLI(25),ILBLE(25) 
COMMON/NJ/ISORPI(30),ISORPE(30),IION,IEION 
COMMON/AD/X(200),DELT,DOA,DOB,VO,CECNS,H20K 
Ml=NUM(l) 
M2=NUM(2) 
M3=NUM(3) 
M4=NUM(4) 
M5=NUM(5) 
KK=Kl 

C FOR SORPTION VIA ION EXCHANGE, SITE CONSTRAINT EQUATION 
C 

C 

DO 200 N=Nl,N2 
NSTART=(N-l)*NUM(9) 
IF (KK.EQ.l) NSTART=O 
IF (NUM(2).EQ.0) GO TO 45 
R(NUM(l)+l,N)=CECNS 
AMTOTAL=O. 
DO 35 J=l,M2 
JJ=ILBLI(J) 
R(NUM(l)+l,N)=R(NUM(l)+l,N)-VJ(JJ)*CN(NSTART+NUM(l)+J) 

35 AMTOTAL=AMTOTAL+CN(NSTART+NUM(l)+J) 

C MASS ACTION EQUATIONS DESCRIBING SORPTION VIA ION EXCHANGE 
C 

C 

IF (NUM(2).EQ.l) GO TO 45 
Jl=ILBLI(l) 
DO 40 J=2,M2 
JJ=ILBLI(J) 
AJ=(CN(NSTART+NUM(l) +J)/AMTOTAL) **VJ(Jl) 
Al=(CN(NSTART+NUM(l)+l)/AMTOTAL)**VJ(JJ) 
IF (CN(NSTART+JJ).LT.l.E-16) GO TO 36 
R(NUM(l)+J,N)=EQCONST(J)**VJ(Jl)*Al/AJ-EQCONST(l)**VJ(JJ)* 

1 (CN(NSTART+Jl)*AC(Jl,N»**VJ(JJ)/(CN(NSTART+JJ)*AC(JJ,N»**VJ(Jl) 
GO TO 40 

36 R(NUM(l)+J,N)=(EQCONST(J)*CN(NSTART+JJ)*AC(JJ,N»**VJ(Jl)* 
lAl-(EQCONST(l)*CN(NSTART+Jl)*AC(Jl,N»**VJ(JJ)*AJ 

40 CONTINUE 
45 CONTINUE 

IF (NUM(3).EQ.0) GO TO 52 



C FOR SOPTION VIA SURFACE COMPLEXATION, MASS ACTION EQUATIONS 
C ARE SOLVED IN SUBROUTINE REDL 
C 

C 

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 

C MASS ACTIONS EQUATIONS FOR FORMATION. OF COMPLEXES IN THE AQUEOUS 
C PHASE 
C 

C 

DO 56 I=1.M4 
CM=EQCONST(NUM(12)+I) 
DO 54 J=l.Ml 
IF (S(J.I).EQ.O) GO TO 54 
CM=CM*(AC(J.N)*CN(NSTART+J»**S(J.I) 

54 CONTINUE 
56 R(NUM(1)+I.N)=AC(NUM(1)+I.N)*CN(NSTART+NUM(1)+I)-CM 
58 CONTINUE 

IF (NUM(5).EQ.0) GO TO 110 

C SOLUBILITY PRODUCT EQUATIONS FOR THE FORMATIONS OF PRECIPITATES 
C 

DO 168 I=1.M5 
KK=NSTART+NUM(8) +1 
KN=NUM(8) +1 
IF (CN(KK).LT.l.E-l1) GO TO 161 
AKSOL=1.0 
DO 162 J=1.M1 
IF (SS(J.I).LT.1.E-15) GO TO 162 
AKSOL=AKSOL*(AC(J.N)*CN(NSTART+J»**SS(J.I) 

162 CONTINUE 
R(KN. N)=AKSOL-EQCONST (NUM(12) +NUM(4) +1) 
GO TO 168 

161 R(KN.N)=CN(KK) 
168 CONTINUE 
110 CONTINUE 
200 CONTINUE 

RETURN 
END 
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SUBROUTINE EQLIB(CM,WCONST,INDEX1,INDEX2,NUM,N,SS,EQCONST,CTOT, 
lAC, LCHRG, LNH, IN) . .. '. . . 

C **************************************************************************** 
C THIS SUBROUTINE CALCULATES THE EQUILIBRIUM DISTRIBUTION OF SPECIES. IT 
C CALLS THE SUBROUTINE RESEQ WHICH CALCULATES THE RESIDUES OF THE EQUILIBRIUM 
C EQUATIONS. THE EQUILIBRIUM DISTRIBUTION OF SPECIES IS CALCULATED GIVEN ' 
C THE TYPE OF CONDITIONS SET FOR EACH SPECIES, I.E. TOTAL CONCENTRATION OF THE 
C SPECIES, BARE ION CONCENTRATION. ETC. THIS SET OF CONDITIONS MuST EQUAL 
C THE NUMBER OF BASIS SPECIES. THE MASS ACTION EXPRESSIONS, SOLUBILITY PRODUCT 
C EQUATIONS, AND THE SITE CONSTRAINT EQUATION ARE USED TO CALCULATE THE 
C CONCENTRATIONS OF THE REST OF THE SPECIES. 
C **************************************************************************** 

DIMENSION CM(1),WCONST(1),Z(2S,2S),Y(2S),INDEX1(1),INDEX2(1) 
1.SS(2S.1),EQCONST(1),AC(TS,1),ITERP(3S),NUM(1) 

C 

C 

C 

COMMON/EDL/Cl,C2,AREA,SOH 
COMMON/SPEC/LEACH1(S),NB,PINI(S) 

MDIM=2S 
NTOT=NUM(S) 

IF (NUM(3).EQ.0) SOH=20. 
ITER=l 
IF (NUM(S).EQ.O) GO T02 
MS=NUM(S) 
DO 1 I=l,MS 

1 ITERP(I)=l 
2 ITER=ITER+l 

~', , : 

C IF CONVERGENCE IS NOT OBTAINED WITHIN 100 ITERATIONS, THE 
C CALCULATIONS ARE STOPPED 
C 

C 

IF (ITER.GT.l00) GO TO 90 
NSOL=O 

C THE SOLUBILITY PRODUCT FOR A PRECIPITATE IS ONLY INCLUDED WHEN 
C THE PRODUCT OF THE ACTIVITIES OF THE SPECIES MAKING UP THAT 
C PRECIPITATE EXCEEDS THIS PRODUCT; TO AVOID OSCILLATIONS BETWEEN 
C THE PRECIPITATE WANTING TO FORM OR NOT, THE SOLUBILITY PRODUCT 
C IS INCLUDED ONLY WHEN IT IS EXCEEDED FOR TWO CALCULATIONS 
C 

C 

IF (NUM(S).EQ.O) GO TO 40 
DO 20 I=l,MS 
AKSOL=1.0 
Ml=NUM(l) 
DO 5 J=l,Ml 

5 AKSOL=AKSOL*(AC(J,N)*CM(J»**SS(J,I) 

C IF A SOLID HAS BEEN PUT IN CONTACT WITH THE GROUNDWATER AT THE 
C FIRST NODE POINT, THE SOLUBILITY PRODUCT OF THAT PRECIPITATE WILL 
C ALWAYS BE INCLUDED FOR THE DISTRIBUTION OF SPECIES AT THE INNER 
C BOUNDARY CONDITION. 
C 

IF «LEACH1(1).EQ.I).AND:(N.EQ.NB» INDEX1(I)=1 



C 

IF «LEACH1(1).EQ.I).AND.(N.EQ.NB» GO TO 15 
INDEXl (I) =0 
IJ=NUM(12) +NUM(4) +1 
EK=O.OOl*EQCONST(IJ) 
IF «EQCONST(IJ) .LT.AKSOL) .OR.(CM(NTOT+I).GT.l.E-16» ITERP(I)= 

1 ITERP(I)+l 
IF «EQCONST(IJ).LT.AKSOL).OR.(CM(NTOT+I).GT.l.E-16» GO TO 10 
ITERP(I)=O 

10 IF (ITERP(I).GE.2) INDEX1(I)=1 
15 IF (INDEX1(I).EQ.l) NSOL=NSOL+l 

M9=NUM(9) 
IF(ITER.GT.IN) WRITE(6,900)(CM(J),J=l,M9),AKSOL,EQCONST(IJ) 

20 CONTINUE 
40 CONTINUE 

C RESIDUES OF THE CONSTRAINT EQUATIONS FOR THE INITIAL AND BOUNDARY 
C CONDITIONS AND THE MASS ACTION AND SITE CONSTRAINT EQUATION ARE 
C CALCULATED IN THE SUBROUTINE RESEQ 
C 

C 

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=l,NTOTP) 

C THE JACOBIAN FOR THE EQUILIBRIUM DISTRIBUTION OF SPECIES; I.E. FOR THE 
C EQUATIONS IN SUBROUTINE RESEQ IS CALCULATED HERE 
C 

C 

CALL JACOB2(Z,CM,WCONST,INDEX1,INDEX2,Y,NUM,N,CTOT,NSOL,LCHRG, 
lLNH,MDIM) 

C FROM THE JACOBIAN AND THE RESIDUES FOR THE LAST GUESS, CALCULATE THE 
C NEW GUESS FOR THE ALL THE SPECIES 
C 

C 

C 

CALL SIMQ(Z,Y,NTOTP,MDIM) 

IF (ITER.GT.IN) WRITE (6,101) ITER 
DO 60 J=l,NTOT 
CC1=CM(J) 
CM(J)=CM(J)-Y(J) 
IF (ITER.GT.IN) WRITE (6,1000) CC1,CM(J),Y(J) 

C THE CONCENTRATION OF THE SPECIES IS NOT ALLOWED TO GO NEGATIVE OR 
C FOR THE SURFACE COMPLEXATION MODEL, THE SORBED CONCENTRATION CANNOT 
C BE GREATER THAN THE TOTAL NUMBER OF SITES 
C 

C 

C 

IF(CM(J).LT.O.) CM(J)=CC1/l0. 
IF «J.GT.NUM(6».AND.(J.LT.NUM(T».AND.(CM(J).GT.SOH» CM(J)=SOH 

60 CONTINUE 

INDEX=O 

C CALCULATE THE AMOUNT OF THE PRECIPITATES; ONLY PRECIPITATES THAT ARE FORMING 
C ARE INCLUDED IN THIS CALCULATION 
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C 

C 

IF (HUM(S) .EQ.O) GO TO 66 
DO 65 I=l,MS 
IF (INDEX1(I).EQ.0) GO TO 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) CC1,CM(II),Y(III) 
IF (CM(NTOT+I).LT.O.) ITERP(I)=O 
IF (CM(NTOT+I).LT.O.) CM(NTOT+I)=O. 

65 CONTINUE 
66 CONTINUE 

C CHECK CONVERGENCE; IF WITHIN THE 'CRITERIA SET. THEN END THE 
C ITERATIONS, OTHERWISE CONTINUE 
C 

DO TO J=l,NTOTP 
IF (CM(J).LT.l.E-30) GO TO TO 
IF(ABS(Y(J)/CM(J».GT.l.E-6) GO TO 2 

TO CONTINUE 
RETURN 

90 WRITE(6,100) ITER 
100 FORMAT(# NO CONVERGENCE IN EQLIB AFTER ITER =#I3) 
101 FORMAT (4X,IS,10X,*VALUES FOR THIS ITERATION*./) 
900 FORMAT (4X,*PRECIPITATION CHECK*,9(lPE12.4» 

1000 FORMAT (/,4X,10(8(lPE12.4)./» 
STOP 
END 



SUBROUTINE DECBT(M,N,MDIM,A,B,C,IP,IER) 
C ******************************************************************* 
C THE NEXT FOUR SUBROUTINES ARE TO INVERT THE BLOCK TRI-DIAGONAL 
C MATRIX TO GET THE NEW GUESSES FOR THE CONCENTRATIONS. THE 
C SUBROUTINES INVOLVED HERE ARE DECBT, DEC, SOL, AND SOLBT AND WERE 
C WRITTEN BY A.C. HINDMARSH OF LAWRENCE LIVERMORE LABORATORY. THESE 
C SUBROUTINES ARE COVERED IN A SEPARATE DOCUMENT UCID-30150 
C "SOLUTION OF BLOCK-TRIDIAGONAL SYSTEMS OF LINEAR ALGEBRAIC EQUATIONS" 
C ******************************************************************* 

INTEGER M,N,MDIM,IP(MDIM,N),IER 
DIMENSION A(MDIM,MDIM,N),B(MDIM,MDIM,N),C(MDIM,MDIM,N) 
REAL DP 
LEVEL 2,A,B,C 
IF (M .LT. 1 .OR. N .LT. 4) GO TO 210 
NMl = N - 1 
NM2 = N - 2 
CALL DEC(M,MDIM,A,IP,IER) 
K = 1 
IF (IER .NE. 0) GO TO 200 
DO 10 J = l,M 
CALL SOL(M,MDIM,A,B(l,J,l),IP) 
CALL SOL(M,MDIM,A,C(l,J,l),IP) 

10 CONTINUE 
DO 40 J = l,M 

DO 30 I = l,M 
DP = O. 
DO 20 L = l,M 

20 DP = DP + C(I,L,2)*C(L,J,l) 
B(I,J,2) = B(I,J,2) - DP 

30 CONTINUE 
40 CONTINUE 

DO 100 K = 2,NMl 
KMl = K - 1 
DO TO J = l,M 

DO 60 I = l,M 
DP = o. 
DO 50 L = l,M 

50 DP = DP + C(I,L,K)*B(L,J,KM1) 
A(I,J,K) = A(I,J,K) - DP 

60 CONTINUE 
TO CONTINUE 

CALL DEC(M,MDIM,A(l,l,K),IP(l,K),IER) 
IF (IER .NE. 0) GO TO 200 
DO 80 J = l,M 

80 CALL SOL(M,MDIM,A(l,l,K),B(l,J,K),IP(l,K» 
100 CONTINUE 

DO 130 J = l,M 
DO 120 I = l,M 

DP = o. 
DO 110 L = l,M 

110 DP = DP + B(I,L,N)*B(L,J,NM2) 
C(I,J,N) = C(I,J,N) - DP 

120 CONTINUE 
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C 

130 CONTINUE 
DO 160 J = 1, M . 

DO 150 I = l,M 
DP = O. 
DO 140 L = l,M , 

140 DP = 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(l,l,N) ,IP(l,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 
DO 20 I = l,M 

DP = O. 
DO 10 J = l,M 

10 DP = DP + C(I,J,K)*Y(J,KMi) 
Y(I,K) = Y(I,K) - DP 

20 CONTINUE 
CALL SOL(M,MDIM,A(l,l,K),Y(l,K),IP(l,K» 

30 CONTINUE 
DO 50 I = l,M 

DP = O. 
DO 40 J = l,M 

40 DP = DP + C(I,J,N)*Y(J,NMi) + B(I,J,N)*Y(J,NM2) 
Y(I,N) = Y(I,N) - DP 

50 CONTINUE 
CALL SOL(M,MDIM,A(l,l,N),Y(l,N),IP(l,N» 
DO 80 KB = l,NMi 

K=N-KB 
KPi = K + 1 
DO TO I = l,M 

DP = O. 
DO 60 J = l,M 

60 DP = DP + B(I,J,K)*Y(J,KP1) 
Y(I,K) = Y(I,K) - DP 



C 

C 

TO CONTINUE 
80 CONTINUE 

DO 100 I = 1,M 
DP = O. 
DO 90 J = 1,M 

90 DP = DP + C(I,J,1)*Y(J,3) 
Y(I,1) = Y(I,1) - DP 

100 CONTINUE 
RETURN 
END 

SUBROUTINE DEC (N, NDIM, A, IP, IER) 
DIMENSION IP (N) 
DIMENSION A(NDIM,N) 
LEVEL 2,A 
IER = 0 
IP(N) = 1 
IF (N .EQ. 1) GO TO TO 
W1 = N - 1 
DO 60 K = 1,W1 

KP1 = K + 1 
M = K 
DO 10 I = KP1,N 

10 IF (ABS(A(I,K» .GT. ABS(A(M,K») M = I 
IP(K) = M 
T = A(M,K) 
IF (M .EQ. K) GO TO 20 
IP(N) = -IP(N) 
A(M,K) = A(K,K) 
A(K,K) = T 

20 IF (T .EQ. 0.) GO TO 80 
T = 1.IT 
DO 30 I = KP1,N 

30 A(I,K) = -A(I,K)*T 
DO 50 J = KP1,N 

T = A(M,J) 
A(M,J) = A(K,J) 
A(K,J) = T 
IF (T .EQ. 0.) GO TO 50 
DO 40 I = KP1,N 

40 A(I,J) = A(I,J) + A(I,K)*T 
50 CONTINUE 
60 CONTINUE 
TO K = N 

IF (A(H,N) .EQ. 0.) GO TO 80 
RETURN 

80 IER = K 
IP(N) = 0 
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 
W1 = N - 1 
DO 20 K = 1,W1 

KP1 = K + 1 
M = IP(K) 
T = B(M) 
B(M) = B(K) 
B(K) = T 
DO 10 I = KP1,N 

10 B(I) = B(I) + A(I,K)*T 
20 CONTINUE 

DO 40 KB = 1. W1 
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 



SUBROUTINE IGUESS(CM,CBASIS,NUM,LNH) 
C ******************************************.*.*** •••• * ••••• * •• *****.**** 
C THIS SUBROUTINE CALCULATES THE FIRST GUESS OF THE VALUES OF THE 
C BASIS SPECIES, COMPLEXES, SORBED COMPONENTS AND PRECIPITATES 
C FOR AN EQUILIBRIUM DISTRIBUTION OF SPECIES CALCULATION. IT ASSUMES 
C THAT THE CONCENTRATION OF THE BASIS SPECIES IS EQUAL TO VALUE SET 
C FOR THE INITIAL CONDITION FOR THAT SPECIES, I.E. IT IS SET EQUAL TO 
C BI(J); THE CONCENTRATIONS OF THE COMPLEXES AND THE SORBED COMPONENTS 
C ARE THEN CALCULATED FROM THE MASS ACTION EQUATIONS ASSUMING THESE 
C BASIS SPECIES CONCENTRATIONS. THE CONCENTRATION OF.THE PRECIPITATES IS 
C SET EQUAL TO 0 FOR THE FIRST GUESS. THE SUBROUTINE DOES NOT NECESSARILY 
C MAKE THE BEST GUESS. THE USER CAN READ IN GUESSES INSTEAD OF CALLING 
C THIS ROUTINE. SET IG=l IF YOU WANT TO CALL THIS ROUTINE, OTHERWISE SET 
C IT EQUAL TO O. 
C .*.* •• *************************************.** •• *********************** 

DIMENSION CM(l) ,NUM(l) ,CBASIS(2S) 
COMMON/AB/VJ(TS),AC(TS,l00),EQCONST(100),S(2S,2S),SS(2S,25) 

C 

l,AH(2S) ,ILBLI(2S) ,ILBLE(2S) 
COMMON/EDL/C1,C2,AREA,SOH 
COMMON/AD/X(200),DELT,DOA,DOB,VO,CEC,H20K 
MS=NUM(S) 
NSPECM=NUM(l) 
IF (LNH.GT.O) NSPECM=NUM(l)-l 

C SET THE CONCENTRATION OF THE BASIS SPECIES EQUAL TO THE CONCENTRATION 
C READ IN FOR THAT BASIS SPECIES EVEN THOUGH THAT VALUE MAY BE FOR 
C THE TOTAL AQUEOUS PHASE CONCENTRATION OF THAT SPECIES. 
C 

C 

DO 10 J=l,NSPECM 
10 CM(J)=CBASIS(J) 

IF (LNH.GT.O) CM(NUM(1»=H20K/CM(NUM(LNH» 

C CALCULATE THE SORBED CONCENTRATIONS FROM THE MASS ACTION EQUATIONS 
C 

IF (NUM(2).EQ.0) GO TO 100 
CM(NUM(l)+l)=CEC 
AMTOTAL=O 
Jl=ILBLI(l) 
M2=NUM(2) 
DO 20 J=2,M2 
JJ=ILBLI(J) 
CM(NUM(1)+J)=(EQCONST(J)/EQCONST(1»**(1./V(J1»*CM(NUM(1)+1) 

1**(VJ(JJ)/VJ(Jl»/(CM(J1)*.(VJ(JJ)/VJ(Jl») 
CM(NUM(l) +J)=CM(JJ) *CM(NUM(l) +J) 

20 CONTINUE 
100 IF (NUM(3).EQ.O) GO TO 200 

IJ1=NUM(2)+1 
IJ2=NUM(2) +2 
CM(NUM(6)+3)=SOH 
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 (J J)*CM'(KK+3) /CClHLNB» **AH (I», ' 

120 CONTINUE 
200 CONTINUE 

C CALCULATE THE CONCENTRATION OF THE COMPLEXES' 
C USING THE MASS ACTION EQUATIONS 
C 

C 

IF (NUM(4).EQ.0) GO TO 300 
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).EQ.O.) GO TO 220 
CCM=CCM*CM(J)**S(J.I) 

220 CONTINUE 
CM(NUM(T)+I)=CCM 

250 CONTINUE 

" . " 

, .~ ¥ . 

C SET THE FIRST GUESS FOR THE PRECIPITATES TO BE 0 
C 

300 IF (NUM(S).EQ.O) GO TO 400 
DO 350 J=1,MS 

350 CM(NUM(B)+J)=O.O 
400 RETURN 

END 



SUBROUTINE JACOB2(Z,CM,WCORST,INpEX1,IRDEX2,RE,RUM,R,CTOT,RSOL, 
lLCHRG,LHH,MDIM) 

" 

C ******************************* •• * •• * •••••••••••••••••••••••••• * ••• 
C CALCULATIOR OF THE JACOBIAR DORE FOR THE CALCULATIOR OF THE 
C EQUILIBRIUM CONDITIORS; IT is CAlim FROM 'THE SUBROUTIRE EQLIB OILY 
C ••••••••• *.**.*** •• **** •••• **** •••• ****** •••••••••••••••• * •••• * ••• * 

C 

DIMERSIOR RE(l) ,REH.(25) ,CY(l) ,WCORSTel) ,IRDEX1(l), 
lZ(25,25),INDEX2(1),RUM(1) 
COMMOR/CORST/REL,ABSY' 
M5=HUM(5) 
NTOT=RUM(8) 
RTOTP=RTOT+NSOL 
DO 15 J=l,NTOT 
COLD=CM(J) 
CM(J)=CM(J).(l.+REL)+ABSY 
CALL RESEQ(WCONST,CM,INDEX1,INDEX2,REN,N,CTOT,MDIM, 

1 NUM,LCHRG,LNH,NSOL) 
DO 20 I=l,NTOTP 

20 Z(I,J)=(REN(I)-RE(I»/(CM(J)-COLD) 
CM(J)=COLD 

15 CONTINUE 
INDEX=O 

C THE SOLUBILITY PRODUCT FOR A PRECIPITATE IS OILY 
C INCLUDED IF THAT SPECIES IS GOING'TO PRECIPITATE 

IF (M5.EQ.0) GO TO 26 
DO 25 J=1,M5 
IF (INDEX1(J).EQ.0) GO TO 25 
INDEX=INDEX + 1 
COLD=CM(NTOT+J) 
CM(NTOT+J)=CM(NTOT+J).(l.+REL)+ABSY 
CALL RESEQ (WCONST,CM,INDEX1,INDEX2,REN,N,CTOT,MDIM, 

1 NUM,LCHRG,LNH,NSOL) 
DO 30 I=l,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,CO,CN,:BC,BC2,~,'RO,MDIM,LNB,IBND,IT(PE~' ,; 
C ************************************************************************* . '.. . .. ..~..,.",... -.-. 
C CALCULATION OF THE JACOBIAN.WHICH IS THE,CHANGE,IN THE RESIDUES 

. • . " . .' :. ~ . . :. ,'" , I 

C OF THE TRANSPORT EQUATIONS,SITE CONSTRAINT EQUATION. ANI) THE 
C MASS ACTION ~QUAT.IO~~ FO~ A CWG~ IN HECONCENTRATIO~S. Tit IS ,~UB~qU~I~: 
C CONSIDERS THE RESIDUES FOR THE TIME,DEPENDENT EQUATIONS 
C IT IS CALLED FROM THE MAIN PROGRAM CHEMTRN ' ONLY . , . . 

, . 

C ******************************************************~**i***~~*~~******~*, 
DIMENSION RO(MDIM,l),CN(l) ,CO(l) ,CNO(100),BC(1),NUM(1),IBND(1) 
DIMENSION A(MDIM,MDIM,l),B(MDIM,MDIM,l),C(MDIM,MDIM,l),BC2(1) 
COMMON/CONST/REL,ABSV 
COMMON/LCM3/RN(25,100) 
LEVEL 2,A,B,C,RN,RO 
NTOT=NUM(9) 
NMAX=NUM(14) 
DO 50 K=l,3 
DO 50 J=l,NTOT 
DO 30 N=K,NMAX,3 
CNO(N)=CN«N-1)*NTOT+J) 

. "'i " 0,," 

30 CN«N-1)*NTOT+J)=CN«N-l)*NTOT+J)*(1.+REL)+ABSV 
CALL RES(CN,CO,BC,BC2,RN,NUM,MDIM,LNH,IBND,ITYPE) 
DO 45 N=K,NMAX,3 
DO 40 I=l,NTOT 
KK=(N-1)*NTOT+J 
IF (N.EQ.l) C(I,J,l)=O. 
IF (N.LT.2) GO TO 35 
B(I,J,N-1)=(RN(I,N-1)-RO(I,N-1»/(CN«N-l)*NTOT+J)-

lCNO(N» 
35 A(I,J,N)=(RN(I,N)-RO(I,N»/(CN«N-l)*NTOT+J)-

lCNO(N» 
IF (N.EQ.NMAX) B(I,J,N)=O. 
IF (N.EQ.NMAX) GO TO 40 
C(I,J,N+l)=(RN(I,N+l)-RO(I.N+l»/(CN«N-l)*NTOT+J)-CNO(N» 

40 CONTINUE 
CN«N-.1) *NTOT+J)=CNO (N) 

45 CONTINUE 
50 CONTINUE 

RETURN 
END 

" ,~ . 

,'. 

':, 



SUBROUTINE REDL(CONC.RESIDUE.NP.ELCONC.LNH.RUM) 
C ****************************************************.***** •••••••••• 
C CALCULATES THE RESIDUES FOR THE MASS ACTION EQUATIONS. AND A SITE 
C CONSTRAINT EQUATION FOR THE SURFACE COMPLEXATION MODEL FOR SORPTION; 
C THE ACTUAL SURFACE COMPLEXATION MODEL IS DESCRIBED IN 
C DETAIL IN THE PAPER BY J.A. DAVIS. R.O. JAMES. AND J.~. LECKIE 
C IN J. COLLOID AND INTERFACE SCIENCE. VOL 6S. NO. S. MARCH, 1978 
C ***************************************************.************* ••• 

DIMENSION CONC(l).RESIDUE(l).NUM(l) 

C 

COMMON/AB/VJ(75),AC(15,100) ,EQCONST(lOO) , 
lS(25,25),SS(25,25),AK(25),ILBLI(25).ILBLE(25) 
COMMON/EDL/Cl.C2,AREA,SOH 
COMMON/EDL2/SIGO,SIGB,SIGD.PSIO,PSIBETA,PSID 
DATA ELEC/1.602E-19/. AVOGAD/6.025E2S/. BOLTZ/l.38E-23/ 
DATA DIELEC/18.84/ 
DATA TEMP/298.15/.FARADAY/9.6487E4/,EPSIL/8.85E-12/ 
ARCSINH (X) =ALOG(X+SQRT (X*X+l» 
KK=NUM(6) 
MS=NUM(S) 

C CALCULATE THE CHARGE DEVELOPED AT THE SURFACE (SIGO) AND 
C THE BETA PLANE (SIGB) FOR THE GIVEN CONCENTRATION OF SORBED 
C SPECIES 
C 

C 

SIGO=CONC(KK+2+NP)-CONC(KK+l+NP) 
SIGB=O. 
IF (NUM(S).EQ.S) GO TO 115 
DO 110 I=4,MS 
JJ=ILBLE(I) 
IF (JJ.GT.NUM(l» JJ=JJ-NUM(12) 
SIGO=SIGO - AH(I)*CONC(KK+I+NP) 
SIGB=SIGB+VJ(JJ)*CONC(KK+I+NP) 

110 CONTINUE 
115 CONTINUE 

1000 FORMAT (4X,5(lPE12.4» 
SIGO=SIGO*1.E6*FARADAY/AREA 
SIGB=SIGB*1.E6*FARADAY/AREA 
SIGD=-SIGO-SIGB 
Al=ARCSINH(ABS(SIGD)/(B.*AVOGAD*EPSIL*BOLTZ. 

lDIELEC*TEMP*1.ET*ELCONC)**0.5) 

C CALCULATE THE POTENTIALS DEVELOPED BETWEEN THE SURFACE PLANE, BETA 
C PLANE, DIFFUSE PLANE, AND THE BULK SOLUTION 
C 

C 

PSID=-(SIGD/ABS(SIGD»*(2.*BOLTZ*TEMP/ELEC)*Al 
PSIBETA=PSID-SIGD/C2 
PSIO=PSIBETA+SIGO/Cl 
ACONST=ELEC/(BOLTZ*TEMP) 
SURPLN=EXP(-ACONST*PSIO) 
BETAPLN=EXP(-ACONST*PSIBETA) 

C SITE CONSTRAINT EQUATION FOR ALL THE SITES (SOH, SOH-, SOH2+) 
C 
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138 

RESmUE(1)=SOH-CONC(KK+1+NP)-CONC(KK+2+NP)-CONC(KK+3+NP) 
IF (NUM(3).LT.4) GO TO 120 
DO 125 I=4,M3 
RESIDUE (1) =RESmUE (1) -CONC (KK + I + NP), 

125 CONTINUE 
120 CONTINUE 

C MASS ACTION EQUATION DESCRIBING THE DISSOCI.ATION OF S,OH2+ SITE 
C 

RESIDUE(2)=EQCONST (NUM(2) +1)*CONC(KK+2+NP)/SURPLN-CONC(KK+3+ NP)* : 
1CONC(LNH+NP) t •. 

C 
C MASS ACTION EQUATION DESCRIBING THE DISSOCIATION ,OF THE SOH SITE 
C 

RESmUE(3)=EQCONST(NUM(2)+2)*CONC(KK+3+NP)/SURPLN~CONC(KK+1+NP)* 

1CONC(LNH+NP) 
IF (NUM(3).LT.4) GO TO 126 

C 
C MASS ACTION EQUATIONS FOR THE FORMATION OF SITES (SO-SPECIES) OR 
C (SOH2+ -SPECIES) 
C 

DO 121 I=4.M3 
JJ=ILBLE(I) 
J2=JJ 
IF (JJ.GT.NUM(1» J2=JJ-NUM(12) 
QUAN=CONC(KK+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) +I) 

121 CONTINUE 
126 CONTINUE 

RETURN 
END 

" 

.!: .. ~ 

" 

,', 

"j. 

. 
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SUBRDUTlNE RES(CN.CD.BC.BC2.R.NUY.YDIM.LNH.IBND.ITYPE) 
C •••••• *.* •• ** ••• ***.** •• * •• * ••••• * ••••••• * ••••••••••••••••••••••••••••• 
C CALCULATES THE RESIDUES DF THE TRANSPDRT EIiUATIDNS. THE SITE 
C CDNSTRAINT EQUATIDN. THE MASS ACTIDN EQUATIDNS. AND THE BDUNDARY 
C CDNDITIDNS. THE BDUNDARY CDNDITIDNS ARE STDRED IN THE ARRAYS BC 
C AND BC2. IF BDUNDARY CDNDITIDNS DTHER THAN THE CDNCENTRATIDN AND 
C FLUX CDNDITIDNS ARE DF INTEREST. THE USER WDULD HAVE TO. SUPPLY HDW 
C THE VALUES DF BC AND BC2 WDULD CHANGE. FDR THE CDNCENTRATIDN BDUNDARY 
C CDNDITIDN AT THE INNER NDDE. BC STDRES THE TDTAL CDNCENTRATIDN DF A 
C SPECIES IN THE AQUEDUS PHASE AND IN THE FDRM DF A PRECIPITATE. FDR THE 
C FLUX CDNDITIDN AT THIS BDUNDARY. BC STDRES THE FLUID VELDCITY TIMES 
C THE TDTAL AQUEDUS PHASE CDNCENTRATIDN OF EACH SPECIES. FDR THE DUTER 
C BDUNDARY. FDR THE CDNCENTRATIDN CDNDITIDN. 8C2 STDRES THE BASIS 
C SPECIES CDNCENTRATIDN DF THE INITIAL CDNDITIDNS. AND FDR THE NO. FLUX 
C CDNDITIDN IT IS NDT USED. 
C THE SUBRDUTINE IS CALLED FRDM BDTH THE MAIR PRDGRAM AND THE SUBRDUTlNE 
C JACDBI. 
C •••• ** ••••••• * •••••••••• * ••••••••••••••••••• * •••••••••••••••••••••••••• 

C 

DIMENSIDN CN(l) .CD(1) .BC(l) .R(YDIM.l) .NUY(l) .IBND(l) .BC2(1) 
LEVEL2.R 
CDMMDN/AB/VJ(T5).AC(T5.100).EQCDRST(lo.o.) 

1.S(25.25).SS(25.25).AH(25).ILBLI(25).ILBLE(25) 
CDMMDN/NJ/ISDRPI(3o.).ISDRPE(3o.).IIDR.IEIDN 
CDMMDN/AD/X(2o.o.).DELT.DDA.DDB.VD.CECRS.H2o.K 
CDMMDN/AC/ELCDNC(lo.o.) 
HYAX=NUY(14) 
NMAXM=HMA.X -1 
Ml=NUY(l) 
M2=NUY(2) 
M3=NUY(3) 
M4=NUY(4) 
M5=NUY(5) 
NTDT=WM(9) 

C CALCULATE THE ACTIVITIES DF THE AQUEDUS PHASE SPECIES 
C 

CALL ACTIVE(NUY.CN.VJ.AC.ELCDNC.T5.1.NUY(14» 
C 

C .************************************************* •• * •••• 
C INNER BDUNDARY CDNDITIDN SET HERE 
c .**.**************************************************.*** 

N=l 
Nl=2 
IF (IBND(l).EQ.l) Go. TO. 40. 

C 

C FDR THE CDNCENTRATIDN BDUNDARY CDNDITIDNS. THE RESIDUES 
C ARE CALCULATED HERE; ACTUALLY THE RESIDUES WILL 
C ALWAYS BE CLDSE TO. ZERO. HERE UNLESS BC IS CHANGED BY THE USER; 
C AT A LATER TIME. THIS CALCULATIDN CDULD BE USED TO. HAVE A PRECIPITATE 
C DISSDLVE INTO. THE GRDUNDWATER AS A FUNCTIDN DF TIME. 
C 

DO. 35 J=l.Ml 
R(J.l)=BC(J)-CN(J) 
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140 

IF (NUM(4) ·.EQ'. 0) GO TO" 15 
DO 10 I=l,M4 

",'I, 

10 R(J,l)=R(J,l)- S(J,I)*CN(NUM'(T)+I) 
15 IF (NUM(5) .EQ.O)" GO TO 25 " " . 

DO 20 I=l,M5 ",: 
R(J, l)=R (J ,1') -SS (J, I) *CN(NUM(B) +,,1) 

20 CONTINUE' 
25 CONTINUE 
35 CONTINUE;' 

GO TO 45 
40 N1=1 -... .~. 

45 CONTINUE 

C CALCULATE THE RESIDUES FOR THE MASS ACTION EQUATIONS 
C 

CALL ALGEBRC(NUM,CN,R,l,l,MDIM,ELCONC,LNH,O) 
C " ~. 

C *****************************"***iI'.*******************~******* 
C CALCULATION OF CHANGES IN THE POROUS MEDIUM 
C ***************************************************.****.****** 

DO 1TO N=N1,NMAXM 

C 

NEVEN=(N-1)*NTOT 
NPLUS=NEVEN+NTOT 
NMlNUS=NEVEN-NTOT 
11=0 
IE=3 
DO 140 J=l,M1 
DD=DOA*VO+DOB 
VV=VO 
XNM=X(N-1) 

C FOR A FLUX CONDITION AT THE INNER BOUNDARY AND FOR 
C RADIAL FLOW, THE DISPERSION COEFFICIENT AND THE FLUID VELOCITY 
C FOR THE FIRST GRID ARE CALCULATED HERE 
C 

IF (N.EQ.1) XNM=-X(l) 
IF (ITYPE.EQ.1) DD=(DOA*VO+DOB)/X(N) 
IF (ITYPE. EQ. 1) VV=VO/X(N)" 
IF (N.EQ.1) GO TO 50 
C· '" 

C CALCULATE THE RESIDUES OF THE TRANSPORT EQUATIONS FOR NODES 
C 2 THROUGH NMAX-1 INCLUDING THE CHANGES IN THE BASIS SPECIES 
C 

C· 

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(NMlNUS+J» 
2/(X(N)-X(N-1»)/(0.5*(X(N+1)-X(N-l»)'+VV*(CO(NEVEN"'J)-
3CO(NMlNUS+J»/(X(N)~X(N-1» 

GO TO 55' , 

C FOR THE FLUX BOUNDARY CONDITION AT THE FIRST NODE POINT, 
C CALCULATE THE CHANGES IN THE FIRST NODE POINT FOR THE 
C BASIS SPECIES 
C 



,<> 

C 

50 R(J,l)=(CN(NEVEN+J)-CO(NEVEN+J»/DELT 
R(J,l)=R(J,l)-DD*(CN(NPLUS+J)-CN(NEVEN+J»/«X(2)-X(1»* 

1 0.5*(X(2)-XNM» 
R(J,l)=R(J,l)+(VV*CO(NEVEN+J)-BC(J»/(X(l)-XNM) 

55 CONTINUE 

C INCLUDE THE CHANGE IN THE SORPTION OF THE BASIS SPECIES 
C FOR NODES 2 THRU NMAX-l OR 1 THRUNMAX-l DEPENDING ON THE 
C BOUNDARY CONDITIONS; FIRST IS FOR SORPTION VIA ION EXCHANGE 
C NEXT IS FOR ANY SORPTION VIA SURFACE COMPLEXATION 
C 

C 

IF (NUM(2).EQ.0) GO TO 60 
IF (ISORPI(J).EQ.O) GO TO 60 
11=11+1 
IP=NUM(l) +11 
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.O) GO TO 80 
IF (J.EQ.LNH) GO TO TO 
IE=IE+l 
IP=NUM(6)+IE 
R(J,N)=R(J,N)+(CN(NEVEN+IP)-CO(NEVEN+IP»/DELT 
GO TO 80 

TO IP=NUM (6) 

C FOR SORPTION VIA SURFACE COMPLEXATION, NEED TO CONSIDER THE 
C CHANGES IN THE SOH AND SOH2+ SITES 
C 

C 

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 

C NEXT INCLUDE CHANGES IN THE COMPLEXES AT THE NODE POINTS; 
C TIME CHANGES, ADVECTION AND DISPERSION 
C 

C 

80 IF (NUM(4).EQ.0) GO TO 120 
DO 110 I=l,M4 
IP=NUM(T)+1 
IF (N.EQ.l) GO TO gO 

R(J,N)=R(J,N)+S(J,I)*(CN(NEVEN+IP)-CO(MEVEN+IP»/DELT-S(J,1)* 
lDD*«CN(NPLUS+IP)-CN(NEVEN+IP»/(X(N+l)-X(N»-(CN(NEVEN 
2 +IP)-CN(NMlNUS+IP»/(X(N)-X(N-l»)/(0.5*(X(N+l)-X(N-l»)+ 
3S(J,I).VV*(CO(NEVEN+IP)-CO(NMlNUS+IP»/(X(N)-X(N-1» 

GO TO 100 
gO CONTINUE 

C SPECIAL CASE FOR CONSIDERING THESE LAST CHANGES AT THE FIRST 
C NODE POINT IF FLUX BOUNDARY CONDITION AT THE INNER BOUNDARY 
C 

R(J,l)=R(J,l)+S(J,I)*(CN(NEVEN+IP)-CO(NEVEN+IP»/DELT 
R(J,l)=R(J,l)-S(J,I)*DD*(CN(NPLUS+IP)-CN(NEVEN+IP»/«X(2)-X(1» 

1 *0.5*(X(2)-XNM» 
R(J,l)=R(J,l)+S(J,I)*VV*CO(NEVEN+IP)/(X(l)-XNM) 
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100 CONTINUE .'" ~ , 

C 
C NEED TO ALSO INCLUDE THE CHANGE~}N ,TilE SORPTION ,OF, THE COMPLEXES' 
C WHETHER VIA ION EXCHANGE OR SURFACE COMPLEXATION' 
C 

C 

IF (NUM(2).LE.IION) GO TO 10S 
IF (ISORPI(J+NUM(1».EQ,O) ,GO,T010S 
II=II+1 _ 

" " 

IP=NUM(1)+II " ; , 
R(J,N)=R(J,N)+S(J,I)*(CN(NEVEN+IP)-CO(NEVEN+IP»/DELT 

10S CONTINUE 
IF (NUM(3).LE.IEION) GO TO 110 
IF (ISORPE(NUM(1)+J).EQ.O) GO TO 110 
IE=IE+1 
IP=NUM(6) +IE ,,",' 
R(J,N)=R(J,N)+S(J,I)*(CN(NEVEN+IP)-CO(NEVEN+IP»/DELT 

110 CONTINUE 
120 CONTINUE 

C INCLUDE THE CHANGES IN THE PRECIPITATES AT A NODE POINT 
C 

C 

IF (NUM(S).EQ.O) GO TO 140 
DO 130 I=1,MS 
IP=NUM(B)+I 
R(J,N)=R(J,N)+SS(J,I)*(CN(NEVEN+IP)-CO(NEVEN+IP»/DELT 

130 CONTINUE 
140 CONTINUE 

C WHEN WATER DISSOCIATION IS, INCLUDED, ,NEED TO AGTUALL,Y, CALCULATE 
C THE CHANGES FOR THE DUMMY VARIABLE WHICH'IS THE ~qNCElhRAr'ioN OF 
C THE H+ ION MINUS THE CONCENTRATION OF THE OH- I'ON 
C 

C 

IF (LNH.NE.O) R(LNH,N)=R(LNH;N)-R(NUM(1) ,tl) 
IF (LNH.NE.O) R(NUM(1),N)=H20K-AC(LNH,N)*CN(NEVEN+lNH). 

1AC(NUM(1),N)*CN(NEVEN+NUM(1» 

C CALCULATE THE CHANGES IN THE SITE CONSTRAINT, THE MASS ACTION, 
C AND THE SOLUBILITY PRODUCTS AT THE NODE POINTS 
C 

c 
C 

110 CONTINUE " ' 

CALL ALGEBRC(NUM,CN,R,N1,NMAXM,MDIM;ELCONC,LNiI,O) 
C 

C CALCULATION OF THE CONDITIONS AT THE LAST NODE POINT 
C 

C 

N=NMAX 
NEVEN=(N-1)*NTOT 
NMlNUS=(N-2)*NTOT 
IF (IBND(2).EQ.0), GO TO 210 

C NO FLUX CONDITION 
C 

, .' " -1 

,) 



.. 

DO 200 J=l,M1 
R(J,N)=(CN(NEVEN+J)-CN(NMlNUS+J»/(X(NMAX)-X(NMAX-1» 

200 CONTINUE 
GO TO 220 

210 DO 215 J=l,M1 
C 
C CONCENTRATION BOUNDARY CONDITION 
C 

215 R(J,N)=CN(NEVEN+J)-BC2(J) 
220 CONTINUE 

IF (LNH.NE.O) R(LNH,N)=R(LNH,N)-R(NUM(l),N) 
IF (LNH.NE.O) R(NUM(1),N)=H20K-AC(LNH,N)*CN(NEVEN+LNH)* 

1AC(NUM(1),N)*CN(NEVEN+NUM(1» 
C 
C CALCULATE THE RESIDUES FOR THE ALGEBRIC EQUATIONS FOR THE 
C CONDITIONS AT THE LAST NODE POINT 
C 

CALL ALGEBRC(NUM,CN,R,NMAX,NMAX.MDIM,ELCONC.LNH,O) 
RETURN 
END 
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SUBROUTINE RESEQ(WCONST.CM.INDEX1.INDEX2.RE.N.CTOT.YDIM. 
1 NUM.LCHRG.LNH.NSOL) 

C ******************************************************** 
C RESIDUES OF THE EQUILIBRIUM EQUATIONS; IT IS CALLED FROM 
C THE SUBROUTINES EQLIB AND JACOB2 
C ********************************************************* 

C 

DIMENSION WCONST(1).CM(1).IND£X1(1).INDEX2(1).RE(1).NUM(1) 
COMMON/AC/ELCONC(100) 
COMMON/LCM1/R(25.100) 
LEVEL2.R 
COMMON/AB/VJ(75).AC(75.100).EQCONST(100). 

1S(25.25).SS(25.25).AH(25).ILBLI(25).ILBLE(25) 
COMMON/NJ/ISORPI(30).ISORPE(30).IION.IEION 
COMMON/AD/X(200).QELT.DOA.DOB.VO.CECNS.H20K 
COMMON/SPEC/LEACH1(5).NB.PINI(5) 
NTOT=NUM(8) 
11=0 
IE=3 
Ml=NUM(l) 
M4=NUM(4) 
M5=NUM(5) 
M2=NUM(2) 
M3=NUM(3) 

C CALCULATE THE ACTIVITES OF THE SPECIES IN THE AQUEOUS PHASE 
C 

CALL ACTIVE(NUM.CM.V.AC.ELCONC.75.N.N) 
C 
C THE FIRST SET OF EQUATIONS ARE SETTING THE CONDITIONS TO WHAT 
C WERE SPECIFIED FOR EACH SPECIES; 
C 

C 

DO 60 J=l.Ml 
R(J.N)=WCONST(J)-CM(J) 
IF (ISORPI(J).EQ.O) GO TO 30 
11=11+1 

C IF INDEX2 .NE. 0 THEN THE AMOUNT OF THE SPECIES WHICH IS SORBED 
C ONTO THE SOLID MATRIX IS NOT INCLUDED IN THE SPECIFIED AMOUNT OF 
C THIS SPECIES 
C 

IF (INDEX2(J).NE.0) GO TO 30 
R(J.N)=R(J.N)-CM(NUM(l)+II) 

30 CONTINUE 
IF (ISORPE(J).EQ.O) 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.O) GO TO 35 
R(J.N)=R(J.N)-CM(NUM(6)+IEJ) 
IF (J.EQ.LNH) R(J.N)=R(J.N)-2*CM(NUM(6)+2) 

35 CONTINUE 
IF (NUM(4).EQ.0) GO TO 41 



• 
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C 

ICMPLX=IION 
IECMPLX=IEION 

C IF INDEX2 = 1 THEN ONLY THE CONCENTRATION OF THE BASIS SPECIES 
C ITSELF IS BEING GIVEN FOR THIS SPECIES 
C 

C 

IF (INDEX2(J).EQ.1) GO TO 41 
DO 40 I=1,M4 . 
KK=I+NUM(1) 
IF (ISORPI(KK).EQ.O) GO TO 37 
ICMPLX=ICMPLX+1 
IF (INDEX2(J).NE.0) GO TO 37 
R(J,N)=R(J,N)-S(J,I)*CM(NUM(1)+ICMPLX) 

37 CONTINUE 
IF (ISORPE(KK).EQ.O) GO TO 38 
IECMPLX=IECMPLX+1 
IF (INDEX2(J).NE.0) GO TO 38 
R(J,N)=R(J,N)-S(J,I)*CM(NUM(6)+IECMPLX) 

38 CONTINUE .. 
40 R(J,N)=R(J,N)-S(J,I)*CM(NUM(7)+I) 
41 IF (NUM(S).EQ.O) GO TO 60 

C INDEX2 MUST = 3 FOR THE CONCENTRATION OF THE PRECIPITATE 
C TO BE INCLUDED IN THE SPECIFICATION OF THAT SPECIES; HOWEVER 
C IF THE SPECIES MAY FORM IN A PRECIPITATE, THAN INDEX2 =3 INSTEAD 
C OF INDEX2 = 2 SHOULD BE USED BECAUSE OF THE WAY THE EQUATIONS ARE 
C SET UP AT PRESENT 
C 

C 

IF «INDEX2(J).EQ.1).OR.(INDEX2(J).EQ.2» GO TO 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.O) GO TO 72 

C THE DISSOCIATION OF WATER IS INCLUDED IF IT HAS BEEN SPECIFIED 
C 

C 

R(NUM(1),N)=H20K-CM(LNH)*AC(LNH,N)*CM(NUM(1»*AC(NUM(1),N) 
72 CONTINUE 

C IT IS POSSIBLE TO USE A CHARGE BALANCE TO SPECIFY ONE OF THE 
C CONCENTRATIONS 
C 

C 

IF (LCHRG.EQ.O) GO TO 77 
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 77 
DO 76 I=1,M4 

76 R(LCHRG,N)=R(LCHRG,N)-CM(NUM(7)+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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C MAKING UP THE SOLID IS IN EQUAL AMOUNTS; OCCURS WHERE A SOLID BAS 
C BEEN PLACED IN CONTACT WITH THE GROUNDWATER. IT CAN ONLY OCCUR 
C AT THE FIRST NODE AT PRESENT' , ' . , " \'1 

C 
11 IF ((N.NE.NB).OR.(LEACH1(1).EQ.0» GO TO 80 

R (LEACH 1 (2) , N)=WCONST (LEACH1(2» -CM(NUY(8) +LEACH1 (1» , 
INDEX 1 (LEACH1(1»=1 
ILEACH=3 
J1=LEACH1 (2) +1 .. 
DO 18 J=J1,M1 
IF (J.NE.LEACH1(ILEACH» GO TO 18 

, 
~'; . 

R (LEACH1 (ILEACH) , N) =WCONST (LEACH1 (ILEACH) -R (LEACH1,(ILEACH) ,N) - , ;" 

C 

1 PINI(ILEACH-1)-(WCONST(LEACH1(2»-R(LEACH1(2),N)-
2 PINI(l» 

ILEACH=ILEACH+1 
18 CONTINUE 
80 CONTINUE 

C CALCULATION OF THE RESIDUES OF THE SITE CONSTRAINT ,AND' ;THE 
C MASS ACTION EQUATIONS FOR SORPTION AND FORMATION OF COMPLEXES 
C IN THE AQUEOUS PHASE 
C 

CALL ALGEBRC (NUM"CM,R ,N', N, 2S, ELCONC, LNH,1> '. < " ' 

C 

IF (NUM(S) .EQ.O) GO TO. 90 
C 

C FOR ANY PRECIPITATES, INCLUDE THE RESIDUES FOR THE SOLUBILITY PRODUCT 
C EQUATIONS • 
C 

CALL RESSOL(INDEX1,CM,NUM,NTOT,R:N:;MDIM) :::: ,-
90 NNN=NTOT+NSOL 

DO 100 I=l,nnn 
100 RE(I)= R(I,N) 

RETURN 
END .... : 

... 

,', .i-:· 

'~ , 
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SUBROUTINE RESSOL(INDEX1.CM.NUM.NTOT.R.N.MDIM) 
C ************************************************************ 
C RESIDUES FOR THE SOLUBILITY CONSTRAINT EQUATIONS; IT IS 
C ONLY USED FOR THE INITIAL EQUILIBRIUM DISTRIBUION OF SPECIES 
C CALCULATION; THE SUBROUTINE RES ALSO HAS THE SOLUBILITY 
C PRODUCT EQUATIONS FOR THE TIME CHANGES AT THE NODES AFTER 
C A PRECIPITATE HAS FORMED 
C ************************************************************ 

DIMENSION CM(1).INDEX1(1).ft(MDIM.1).NUM(12) 
LEVEL2.R 
COMMON/AB/VJ(T5).AC(T5.100).EQCONST(100). 

1S(25.25).SS(25.25).AH(25) 
2.ILBLI(25).ILBLE(25) 

INDEX=O 
M5=NUM(5) 
M1=NUM(1) 
DO 10 I=1.M5 
AKSOL=l. 
IF (INDEX1(I).EQ.0) GO TO 10 
INDEX=INDEX + 1 
DO 20 J=l.Ml 
IF (SS(J.I).LT.1.E-15) GO TO 20 
AKSOL=AKSOL*(AC(J.N)*CM(J»**SS(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) 
C **********************************,****~**********,******************* 
C CALCULATES THE GRID BASED ON AN EXPONENTIAL LAW; IF DNO IS SET' 
C EQUAL TO 0, A UNIFORM GRID IS CALCULATED. AT THE INNER BOUNDARY, 
C A CONSTANT CONCENTRATION OR A CONSTANT FLUX, CAN BE IMPOSED AT 
C ATX=O FOR THE ONE-DIMENSIONAL CASE. FOR THE RADIAL CASE, THE 
C THE CONCENTRATION BOUNDARY IS IMPOSED, AT R=O AND THE FLUX BOUNDARY 
C IS IMPOSED AT RW. AT THE OUTER 'BOUNDARY, THE CONCENTRATION BOUNDARY 
C IS IMPOSED AT THE LAST GRID, POINT, OR A NO-FLUX CAN BE IMPOSED 
C HALF WAY BETWEEN THE LAST AND THE NEXT TO LAST GRID POINT. THE 
C DISTANCE OF THE LAST GRID POINT FROM THE FIRST GRID POINT IS NOT 
C EXACTLY XMAX FOR THE FLUX BOUNDARY CONDITION AT THE INNER BOUNDARY. 
C ******************************************************************** 

C 

C 

DIMENSION IBND(l) 
COMMON/AD/X(200),DELT.DOA,DOB.VO.CECNS.H20K 

DN=l./(NMAX-l) 
X(l)=O. 
11=2 
IF «ITYPE.EQ.O).AND.(IBND(l).EQ.l» 11=1 
IF «ITYPE.EQ.l).AND.(IBND(l).EQ.l» X(1)=2:*RW 
DO 10 I=Il,NMAX 
IP=I-l 
IF «ITYPE.EQ.O).AND.(IBND(l).EQ.l» IP=I, 

C CALCULATION FOR UNIFORM GRID 
C 

C 

IF (DNO.LT.l.E-16) X(I)=XMAX*DN*IP 
IF (DNO.LT.l.E-16) GO TO 10 

C CALCULATION FOR VARIABLE GRID 
C 

C 

XCI) = XMAX*(AK**«IP)*DN/DNO)-l.)/(AK**(l./DNO)-l.) 
1 +X(1) 

10 CONTINUE 
IF «IBND(l).EQ.O).OR.(ITYPE.EQ.l» GO TO 20 

C FOR FLUX BOUNDARY CONDITION AT INNER BOUNDARY MOVE GRID 
C SO THAT IT IS IMPOSED AT X=O AND NOT AT THE GIRD POINT ITSELF 
C 

DX1=X(1)/2. 
DO 15 I=l,NMAX 

15 X(I)=X(I)-DXl 
20 WRITE(6.190) (X(N),N=l,NMAX) 

190 FORMAT(/55X# ** SPATIAL GRID **#1.1.(# #10G13.4» 
RETURN 
END 



SUBROUTINE SIMQ(Z,Y,N,MDIM) 
C ****************************** •••••••••• * •••••••••••• 
C INVERSION OF A MATRIX; IT IS USED IN CALCULATING 
C AN EQUILIBRIUM DISTRIBUTION OF SPECIES SUCH AS 
C IN THE INITIAL CONDITIONS AND THE BOUNDARY CONDITIONS. 
C THE JACOBIAN IS STORED IN Z WHILE THE RESIDUES ARE IN 
C Y~ THIS SUBROUTINE SOLVES THE EQUATION IX=Y FOR X 
C ****************.********.*.*** •• *.* ••••••••• * •••••• * 

DIMENSION Z(MDIM,l),Y(l) 
C PROVISION FOR N=l 

IF(N.NE.1) GO TO SO 
Y(l)=Y(l)/Z(l,l) 
RETURN 

SO CONTINUE 
C ELEMENT OF ELIMINATION 

Nl=N-l 
DO 10 M=1,N1 
ZMAX=O. 
IMAX=O 

C FIND MAX OF COLUMN 
DO 20 I=M,N 
IF(ABS(Z(I,M».LE.ZMAX) GO TO 20 
lMAX=I 
ZMAX=ABS(Z(I,M» 

20 CONTINUE 
C ERROR RETURN 

IF(IMAX.NE.O) GO TO 30 
WRITE (6 ,1000) 
WRITE(6,900) I,M 
WRITE (6,990) (Z(I,M),I=l,N) 

30 CONTINUE 
C ROW INTERCHANGE 

IF(IMAX.EQ.M) GO TO 35 
V=Y(M) 
Y(M)=Y(IMAX) 
Y(IMAX)=V 
DO 40 J=M,N 
V=Z(M, J) 
Z(M,J)=Z(IMAX,J) 
Z(IMAX,J)=V 

40 CONTINUE 
35 CONTINUE 

C DIAGONALIZE 
Ml=M+l 
DO 70 I=Ml,N 
V=Z(I,M)/Z(M,M) 
Y(I)=Y(I)-V*Y(M) 
DO 70 J=M,N . 
Z(I,J)=Z(I,J)-V*Z(M,J) 

70 CONTINUE 
10 CONTINUE 

C BACK SUBSTITUTE 
Y(N)=Y(N)/Z(N,N) 
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Nl=N-l 
DO 100 K=l,Nl 
I=N-K 
I1=I+l 
DO 90 J=Il,N 

90 Y(I)=Y(I)-Y(J)*Z(I,J) 
100 Y(I)=Y(I)/Z(I,I) 

,.'1, ... 

RETURN '\' 
900 FORMAT (4X,2Il0) 
990 FORMAT (4X,5(19E12.4» 

1000 FORMAT(# SINGULAR JACOBIAN MATRIX#) 
END 

~ . ;" 
, .,.. 
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