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Figure 5.2: pH after 5 years obtained with the proposed method (line) and with the traditional
method (symbols).





Chapter 6

Conclusions

This thesis presents new tools for hydrogeochemical modelling, such as speciation and mixing
algorithms, that can be used for geochemical and reactive transport calculations.

In Chapter 3 we presented a method for geochemical speciation that accounts for redundant
information while acknowledging errors in data. We define "redundant" the data that exceed the
minimum set required to solve a geochemical speciation. We demonstrated that their use helps
reducing estimation errors. Moreover, increasing the number of redundant data helps decreasing
the estimation erros even further.

A mixing method that allows to calculate mixing proportions of a number of end-members in
a sample was presented in Chapter 4. As well, quantities of reactions can be determined to ac-
count for reactive processes affecting the mixture. The novelty of the algorithm is the possibility
of defining equilibrium conditions on the mixture. This can be useful for applications in which,
for example, gas pressure data are available or carbonate rocks characterized by fast kinetics are
present and equilibrium hypotheses can be made. We applied the algorithm to a mixing zone
between freshwater and saltwater in a coastal aquifer of Mallorca (Spain). We used the mixing
algorithm to characterize carbonate dissolution/precipitation processes and to quantify CO2 pro-
duction by means of microorganisms that could enhance the dissolution of carbonate rocks. The
mixing proportions of freshwater and saltwater and the dissolution/precipitation of carbonate rocks
were quantified. Results indicate that both CO2 production and consumption need to occurr in
order to explain the measurements. This might be due to limitations in the conceptual model.

These new algorithms have been implemented in CHEPROO++, an Object-Oriented library
that offers methods for geochemical modelling. CHEPROO++ presents a definition of components
that allows to decouple constant activity species (CAS) such as pure equilibrium minerals, pure
gases with fixed partial pressure or proton when pH is constant. Decoupling CAS can be beneficial
for solving the speciation because it decreases the size of the system to be solved iterativelly. We
tested the advantage of decoupling CAS in the speciation necessary to solve the chemical step of the
Sequential Iteration Approach (SIA). This components definition being conservative with respect
to CAS it allows to solve the speciation only once per time step for every node, if the CAS set is
fixed, no adsorption reactions are present and only equilibrium reactions are defined. We compared
the proposed method with the traditional SIA for reactive transport by means of a synthetic
example representing a one-dimensional domain for calcite dissolution in both equilibrium and
kinetic conditions. The proposed method is advantageous for equilibrium dissolution (i.e., when
calcite is decoupled as CAS) as it requires less iterations to converge. In the kinetic test cases,
however, the proposed algorithm performs worse than the traditional method. As the two methods
are identical for the kinetic cases, these differences could be due to differences in implementation and
programming language of the reactive transport algorithms in the two code used for comparison.
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Appendix A

Error definitions of Chapter 3

The errors ε allowed in the proposed method can be additive or multiplicative. Additive errors
should lead to gaussian distributions, whereas multiplicative to lognormal distributions. Depending
on the type of error, the function g(c) and the data x must be defined accordingly: aritmetic or
logaritmic for additive and multiplicative errors, respectively.

Data used in speciation calculations are typically combinations of concentrations or activity
values. The former, which we name balance equations, are linear combinations of concentrations
representing, e.g., total concentrations, alkalinity, electrical conductivity, charge balance or TIC
values. The latter are usually employed to fix pH values or to impose equilibrium with minerals or
gases.

Distinguishing between these two types of data equations we can define

ε = Bc− x (A.1)

for the balance equations and

εi =

Ns∏
n=1

an
Lin − xi (A.2)

for each i− th activity combination, respectively. There, B is a matrix of dimension (Nb×Ns),
where Nb is the number of balance equations, that contains the coefficients of the balance equation:
ionic charge for charge neutrality, specific (limiting) conductance for electrical conductivity, coef-
ficients defining alkalinity or TIC, or component matrix elements for total concentration. L is a
matrix of dimension (Na ×Ns) containing the coefficients of the activity for every species involved
in the combination. Na is the number of activity conditions imposed.

If we want to use a log-normal instead of a normal distribution of errors, one should use

ε = ln(Bc)− ln x (A.3)

for the balance equations and

ε = L ln a− ln x (A.4)

for the activity combinations, respectively.





Appendix B

Jacobian calculation of Equation 3.8 in
Chapter 3

The jacobian, containining the derivatives of ε with respect to the state variables ln c1 at every
step of the iterative method, can be calculated as

∂εi
∂ ln c1,j

=
∂εi
∂c1,j

· c1,j

= B1,ij · c1,j +

N2∑
l=1

B2,il ·
∂c2,l
∂c1,j

· c1,j

i = 1, . . . , Nb

j = 1, . . . , N1

(B.1)

from the definition (A.1), whereas by means of definition (A.3) results

∂εi
∂ ln c1,j

=
∂ ln zi
∂ ln c1,j

=
1

zi
· ∂zi
∂ ln c1,j

=
1

zi
·

(
B1,ij · c1,j +

N2∑
l=1

B2,il ·
∂c2,l
∂c1,j

· c1,j

)
i = 1, . . . , Nb

j = 1, . . . , N1

(B.2)

being

zi =

(
N1∑
m=1

B1,im · c1,m +

N2∑
l=1

B2,il ·
∂c2,l
∂c1,j

· c1,j

)
(B.3)

Matrices B1 and B2 are the parts of matrix B relative to primary and secondary species,
respectively, and the derivatives of secondary concentrations with respect to primary concentrations
can be calculated considering that at every step of the iterative method the total derivative of fMAL

with respect to primary species concentrations is null

dfMAL

d ln c1
=
∂fMAL

∂ ln c1
+
∂fMAL

∂ ln c2

∂ ln c2

∂ ln c1
= 0 (B.4)

Those derivatives can be calculated by means of the following linear system
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∂fMAL

∂ ln c2

∂ ln c2

∂ ln c1
= −∂fMAL

∂ ln c1
(B.5)

The conversion to ∂c2/∂c1 is straightforward, recalling that d lnx/dx = 1/x

∂c2,i
∂c1,j

=
c2,i

c1,j

∂ ln c2,i

∂ ln c1,j
(B.6)

The derivatives of (A.4), remembering the definition of activity (a = γ · c) and that γ = f(c),
read

∂εi
∂ ln c1,j

= L1,ij +

N1∑
m=1

L1,im
∂ ln γ1,mj

∂ ln c1,j
+

+

N2∑
l=1

L2,il

(
∂ ln γ2,lj

∂ ln c1,j
+
∂ ln c2,lj

∂ ln c1,j

)
i = 1, . . . , Na

j = 1, . . . , N1

(B.7)

Matrices L1 and L2 are the parts of matrix L relative to primary and secondary species, re-
spectively.

The derivatives of (A.2) with respect to the state variables can be calculated from

∂εi
∂ ln c1,j

=

Ns∏
n=1

an
Lin ·

·

[
L1,ij +

N1∑
m=1

L1,im
∂ ln γ1,mj

∂ ln c1,j
+

N2∑
l=1

L2,il

(
∂ ln γ2,lj

∂ ln c1,j
+
∂ ln c2,lj

∂ ln c1,j

)]
i = 1, . . . , Na

j = 1, . . . , N1

(B.8)
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Calculation of ∂c/∂u of Equation 4.13 in
Chapter 4

The derivatives ∂c/∂u can be calculated from the results of a speciation calculation. A standard
geochemical speciation calculation requires to solve a non-linear system like the following

g(u) =

{
g1(u) = U · c− u = 0

g2(u) = Se log a− log K = 0
(C.1)

where U is the component matrix (Nc × Ns), c is the concentration vector (Ns) and u is a
known vector of components (Nc). Nc and Ns are the numbers of components and of species,
respectively. Normally u contains measured values of total concentrations of elements, alkalinity
or electrical conductivity. In our method, u = Xuλ+ UStkqk (see equation 4.7). Vector a contains
the activities of the Ns species, Se is a matrix (Nre×Ns) with the stoichiometric coefficients of the
equilibrium reactions (Nre) and K is a vector (Nre) of equilibrium constants. Various algorithms
exist in order to solve system (C.1) (De Gaspari et al., 2015; Paz-García et al., 2013; Bea et al.,
2009; Parkhurst et al., 1999, amongst others). Independently on the method used, once system
(C.1) has been solved, i.e., when c has been calculated, ∂c/∂u can be evaluated knowing that

dg

du
=
∂g

∂u
+
∂g

∂c
· ∂c

∂u
= 0 (C.2)

This means that ∂c/∂u can be calculated from the following system:

∂g

∂c
· ∂c

∂u
= −∂g

∂u
(C.3)

Given (C.1), ∂g/∂u (Ns ×N1) reads

∂g

∂u
=

(
∂g1/∂u

∂g2/∂u

)
=

(
I

0

)
(C.4)

while ∂g/∂c (Ns ×Ns) reads

∂g

∂c
=

(
∂g1/∂c

∂g2/∂c

)
=

(
U

G∗

)
(C.5)

G∗ (Nre ×Ns) can also be written as

G∗ =

(
∂g2

∂c1

∂g2

∂c2

)
(C.6)

where ∂g2/∂c1 and ∂g2/∂c2 can be evaluated from definition (C.1), remembering that a = c ·γ
and differentiating between primary and secondary species
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∂g2,i

∂c1,j
=

1

c1,j

(
Se1,ij +

N1∑
m=1

Se1,im
∂ log γ1,m

∂ log c1,j
+

Nre∑
n=1

Se2,in
∂ log γ2,n

∂ log c1,j

)
(C.7)

∂g2,i

∂c2,j
=

1

c2,j

(
N1∑
m=1

Se1,im
∂ log γ1,m

∂ log c2,j
+ Se2,ij +

Nre∑
n=1

Se2,in
∂ log γ2,n

∂ log c2,j

)
(C.8)

Se1 and Se2 are the parts of the stoichiometric matrices relative to primary and secondary
species, of dimension (Nre ×N1) and (Nre ×Nre), respectively.
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Main CHEPROO++ methods

Glossary

• Ns: number of species

• Nre : number of equilibrium reactions

• N1 : number of (Ns-Nre) primary species

• N2 : number of N re secondary species

• NCAS : number of constant activity species

• Nph : number of phases

• N1,nc : number of non-constant (reduced) primary species (Ns-Nre- NCAS)

• a: vector of Ns activities

• c: vector of Ns concentrations

• γ: vector of Ns activity coefficients

• c1: vector of N1 primary species concentrations

• c1,nc: vector of N1,nc reduced primary species concentrations

• c2: vector of N2 secondary species concentrations

• Se: equilibrium stoichiometric matrix (Nre ×Ns)

• Se1: part of equilibrium stoichiometric matrix relative to primary species (Nre ×N1)

• Se2: part of equilibrium stoichiometric matrix relative to secondary species (Nre ×Nre)

• Se1,nc: part of equilibrium stoichiometric matrix relative to reduced primary species (Nre ×
N1,nc)

• Se1,CAS : part of equilibrium stoichiometric matrix relative to reduced primary species (Nre ×
NCAS)

• caq: vector of aqueous concentrations

• uaq: vector of aqueous components

• utot: vector of total components

• Utot: component matrix relative to all species in all phases
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• Uaq: component matrix relative to aqueous species

• UCAS : component matrix relative to constant activity species

• [ ]α: general phase subscript

• [ ]aq: liquid phase subscript

• [ ]gas: gas phase subscript

• [ ]min: mineral phase subscript

• [ ]surf : gas phase subscript

• θα: volumetric content of the α− th phase

Methods

Some of the main methods that CHEPROO++ provides, besides the ones presented in chapters 3
and 4 are:

1. Given u∗aq of a local chemical system, speciate

2. Given u∗tot of a local chemical system, speciate

3. Given c1 of a local chemical system, evaluate c2 and ∂c2/∂c1

4. Given n waters, mix them in (another) local chemical system

D.1 Given u∗aq of a local chemical system, speciate

Equations and definitions

Performing the speciation requires to solve the following system of equations{
ft = θaqUaqcaq−θ∗aqu∗aq = 0

fMAL = Se log a− log k = 0
(D.1)

in order to evaluate caq and θaq.
ft is a mass balance corresponding to the definition of components and fMAL represents the

mass action laws, described in Chapter 2.
The approach to solve this system consists of dividing the set of species in primary and secondary

species. Since it is always possible to express the activities of the secondary species as explicit
function of the activities of the primary species (a2 = f(a1)), it is possible to calculate c2 = f(c1)

from fMAL = 0, and then subsituting it into ft to evaluate the concentration of primary species
c1. We assume that the constant activity species have been decoupled as explained in Chapter 2
- Section 2.2, so that the concentrations of primary species that we calculate are the ones of the
"reduced" primary species, c1,nc.

Given the non-linear relationship between c2 and c1,nc an iterative method is required to solve
ft = 0. We use Newton-Raphson, which requires to approximate linearly ft , so that

ft = 0⇔ Ji(ci+1
1,nc−ci1,nc) = −f it (D.2)
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Where Ji is the Jacobian matrix at iteration i . By means of Eq. (D.2) it is possible to calculate
ci+1

1,nc .
The Jacobian matrix is defined as follows:

Ji =
df it
dci1,nc

= U1,aq + U2,aq
∂ci2
∂ci1,nc

(D.3)

U1,aq and U2,aq are the parts of the component matrix relative to primary and secondary
species, respectively. The derivatives of secondary species with respect to primary species are
evaluated from the solution of fMAL = 0 (see Section D.3 for details). The residual is defined as

−f it = u∗aq −U1,aqc
i
1,nc −U2,aqc

i
2 (D.4)

The algorithm is different depending on whether the liquid volume content θaq is constant or
not. We assume that is constant and therefore can be eliminated from the system of equations.

Algorithm

• Input: u∗aq , P , T

• Output: caq

Description of the algorithm:

1. Get initial guess c0
1,nc

2. Main Newton-Raphson loop to evaluate c1,nc

(a) Compute ci2 = f(ci1,nc) from fMAL = 0 (see Section D.3), together with ∂c2/∂c1

(b) Compute residual −f it

(c) Compute Jacobian Ji

(d) Solve the system and evaluate ∆ci1,nc

(e) Update the solution ci+1
1,nc=ci1,nc+∆ci1,nc

(f) Check convergence:
IF YES: convert c to molality and save solution
IF NO: Go to (a) and perform another iteration

D.2 Given u∗tot of a local chemical system, speciate

Equations and definitions

Performing this speciation requires to solve the following system of equations{
ft =

∑
α θαUαcα − u∗tot = 0

fMAL = Se log a− log k = 0
(D.5)

in order to evaluate cα, α = 1,...,Nph.
ft contains mass balance equations corresponding to the definition of components and fMAL

represents the mass action laws, described in Chapter 2. .
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To solve this system we use Newton-Raphson method, substituting the secondary species con-
centrations in ft.

ft = 0⇔ Ji(ci+1
1,nc−ci1,nc) = −f it (D.6)

Where Ji and ci1,nc are the Jacobian matrix and the vector of concentrations of "reduced"
primary species at the iteration i . By means of Eq. (D.6) it is possible to calculate ci+1

1,nc .
The Jacobian matrix is defined as follows:

Ji =
df it
dci1,nc

=
∑
α

θαUα1 +
∑
α

θαUα2
∂ci2
∂ci1,nc

(D.7)

Uα1 and Uα2 are the parts of the component matrix of a phase α relative to primary and
secondary species, respectively. Where the derivatives of secondary species with respect to primary
species are evaluated from the solution of fMAL = 0 (see Section 1.3 for details). The residual is
defined as

−f it = u∗tot −
∑
α

θαUα1c
i
1,nc

∑
α

θαUα2c
i
2 (D.8)

The algorithm is different depending on whether the liquid volume content θaq is constant or
not. By now, we assume that is constant and therefore can be eliminated from the system of
equations.

Algorithm

• Input: u∗aq, θα P , T

• Output: caq

Description of the algorithm:

1. Get initial guess c0
1,nc

2. Main Newton-Raphson loop to evaluate c1,nc

(a) Compute ci2 = f(ci1,nc) from fMAL = 0 (see Section D.3), together with ∂c2/∂c1

(b) Compute residual −f it

(c) Compute Jacobian Ji

(d) Solve the system and evaluate ∆ci1,nc

(e) Update the solution ci+1
1,nc=ci1,nc+∆ci1,nc

(f) Check convergence:
IF YES: convert c to molality and save solution
IF NO: Go to (a) and perform another iteration
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D.3 Given c1 of a local chemical system, evaluate c2 and ∂ ln c2/∂ ln c1

Equations and definitions

It is possible to calculate c2 from c1 from the mass action laws, already defined in Chapter 2,
equation (2.24) which relate activities of secondary and primary species at equilibrium:

fMAL = Se1,nc log a1,nc + Se1,CAS log a1,CAS + Se2 log a2 − log k = 0 (D.9)

Equation (D.9) is not linear, therefore an iterative process is required to solve it. In CHEP-
ROO++ Picard and Newton-Raphson methods are implemented. The first one is quite straightfor-
ward and it is almost always applicable, except when concentrations have a strong effect on activity
coefficients, e.g. for very concentrated solutions. In those cases Newton-Raphson is better, as it
accounts for the derivative of activity coefficients with respect to concentrations.

Newton-Raphson method requires to approximate linearly fMAL so that

fMAL = 0⇔ Ji(ln ci+1
2 − ln ci2) = −f iMAL (D.10)

Where Jiand lnci2 are the Jacobian matrix and the vector of logarithmic secondary species
concentrations at the iteration i .

Reminding that a = γ · c and that γ = f(c), the Jacobian matrix can be calculated as follows:

Ji =
∂f iMAL

∂lnci2
= I− S∗e1

∂lnγi
1

∂ lnci2
+
∂lnγi

2

∂ lnci2
(D.11)

Note that the derivatives of a1,CAS with respect to ln c2 are null, as a1,CAS are constant. Given
ln ci2, by means of Eq. (D.10) it is possible to calculate ln ci+1

2 at every iteration until convergence.
When convergence is reached, ∂ ln c2/∂ ln c1 can be calculated from

dfMAL

dlnc1
=
∂fMAL

∂lnc1
+
∂fMAL

∂lnc2

∂ln c2

∂ ln c1
= 0

∂fMAL

∂lnc2

∂ln c2

∂ ln c1
= −∂fMAL

∂lnc1
(D.12)

Note that the system matrix in (D.12) coincides with the Jacobian defined in (D.11), while the
right hand side can be defined as

∂fMAL

∂lnc1
= −S∗e1 − S∗e1

∂lnγ1

∂ lnc1
+
∂lnγ2

∂ lnc1
(D.13)

Algorithm

• Input: c1, P , T

• Output: c2 , dc2
dc1

Description of the algorithm:

1. Chech which iterative method is used:

2. IF Newton-Raphson

(a) Transform c1 to ln c1
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(b) Get initial guess of ln c2
0

(c) Compute γ0

(d) Main Newton-Raphson loop:

i. Compute Jacobian Ji

ii. Compute residual −fMAL

iii. Solve the system and evaluate ∆ ln ci2
iv. Update the solution ln ci+1

2 =ln ci2+∆ ln ci2
v. Evaluate γi+1

vi. Check convergence:
IF YES: convert c to molality and save solution
IF NO: go to (i) and perform another iteration

3. IF Picard

(a) Get initial guess of c2
0

(b) Compute γ0

(c) Main Picard loop:

i. Evaluate ci+1
2 from fMAL

ii. Evaluate γi+1

iii. Check convergence:
IF YES: convert c to molality and save solution
IF NO: go to (i) and perform another iteration

D.4 Given n waters, mix them in (another) local chemical system

Equations and definitions

We want to evaluate caq of the mixed water (cmaq) by speciating it from umaq, defined as the linear
combination of caq,i , the aqueous concentrations of the initial waters:

umaq =

∑
i

χiU
m

aqcaq,i

χtot
i = 1, ..., n (D.14)

Where χi is the volume of the i − th initial water and
∑

i χi/χtot=1. Um
aq is the aqueous

component matrix of the mixed water and concentrations are expressed in molarity (mol/V olaq).
We suppose that the volumetric content of the liquid phase remain constant during the mixing

process, therefore it doesn’t explicitly appear in Eq. (D.14).

Algorithm

• Input: χi, caq,i, Pi, Ti i = 1 , ...,n

• Output: cmaq

Description of the algorithm:
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1. Evaluate χtot =
∑

i χi

2. Start loop over initial waters

(a) Convert molality to molarity

(b) Update umaq as defined in Eq. (D.14)

3. Speciate mixed water from umaq (see Section 1.1)

4. Option: check how much of minerals dissolve/precipitate
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CHEPROO++ manual

The speciation algorithms and functionalities implemented in CHEPROO++ have been described
in the previous chapters of the thesis. it is explained how to download it, install it and use it on a
PC (Windows/Linux machines). This manual is organised in the following sections:

• How to install CHEPROO++

• Programs that use CHEPROO++

• How to build a program with CHEPROO++

• Input file description

E.1 How to install CHEPROO++

When this manual was written, CHEPROO++ was coupled with Proost – a program developed 

in the group to solve flow and conservative transport. This means that when you download 

Cheproo++, you download Proost too. However, this does not mean that you can only use 

CHEPROO++ with Proost. In the following sections it is explained how to use CHEPROO++ 

as “standalone” program (i.e., without Proost). 

 

E.1.1) Programs and libraries required to install Cheproo++ 

 

In order to download and compile CHEPROO++ a few programs need to be installed 

and some configurations need to be changed in your computer, as explained below. 

 

- TortoiseSVN. It’s a revision control / version control / source control software for 

Windows explorer. It is also available for Linux or Mac under the name of 

“SmartSVN”. Download it from the website http://tortoisesvn.net/downloads.html 

and install it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- Qt. Qt provides libraries for XML parsing for C++. Download it from 

http://www.qt.io/download-open-source/#. Choose the LGPL licence. There 

are different versions for Windows. Pick the one called “Qt x.x.x for Windows 

(VS 2010)”, being careful with the Visual Studio version that you have (in this 

case, VS2010 for Visual Studio 2010). Install Qt. Then install the "visual 

studio add-in" from the same web page. 

- After the setup is completed, go to your computer properties. Click on 

“advanced system settings”. Open the environmental variables window. Add 

a system variable called QTDIR with value "c:\qt\x.x.x" where x.x.x is the 

version number of your Qt distribution (with default installation). 

- In the environmental variables window, add %QTDIR%\bin to the start of the 

system path (use a semicolon to separate it from the existing entries). 

- Clapack. Download it from http://www.netlib.org/clapack/index.html. 

Choose the version for CMake (i.e., it has cmake in the name). When this 

document was written its name was "clapack-3.2.1-CMAKE.tgz". Unpack this 

compressed file in a folder outside CHEPROO++ directory. 

- Visual Studio (for Windows users). UPC student can download it from the 

intranet. 

- CMake. CMake can be downloaded from http://www.cmake.org/download/. 

We have been working with the 2.8.7 version of CMake. Download it and 

install it. Choose all the default settings in the setup process.  

 

Now that all the programs and libraries have been downloaded and installed, you 

can follow the steps below to download CHEPROO++ and compile it.  

 

E.1.2) CHEPROO++ setup 

 

CHEPROO++ can be downloaded from the following repository: 

 

http://subvghs.upc.es/svn/rep/proost/branches/devFranci 

 

In order to download it to your computer, create a folder in which you will 

copy the library and create the project (i.e., “C:\devCheproo”). Right click on this 

folder and choose “SVN Checkout…”. The following window (Figure 1) will 

appear in which you have to copy (1) the repository URL and (2) the directory 

you just created – in which the library will be copied and the project created.  
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Figure 1 – SVN checkout 

 

Click on “OK” to start downloading Cheproo++. 

a) Open CMake to compile Clapack. Copy the directory where you unpacked the 

library in (1) and choose a subdirectory “build” where to build the library in 

(2) (Figure 2). Click on “Configure” and CMake will ask you for which 

version of Visual Studio needs to create the project (Figure 3). Choose the 

Visual Studio version you installed on your computer. Click on finish and 

CMake will create Clapack solution.  

 

 

 



 

Figure 2 – CMake creation of Clapack project 

 

 

Figure 3 – CMake choice for Visual Studio version 

 

 

b) Compile Clapack. Go to the folder with the solution of Clapack just created 

with CMake (“C:\clapack-3.2.1-CMAKE\clapack-3.2.1-CMAKE\build”) and 
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open the solution with Visual Studio (CLAPACK.sln). Build the solution with 

Visual Studio. 

 

c) Open CMake to create the solution of CHEPROO++ for Visual Studio. The 

directory of the source code will be where you did the Checkout with SVN 

(i.e., “C:\devCheproo”), while the one to build the libraries will be 

“C:\devCheproo\build”. Click on Configure and choose the version of Visual 

Studio for which the project needs to be created. If asked for the “..\build” 

folder to be created, say yes. After the first time you click on Configure, you 

have to copy the folder where you built Clapack (“C:\clapack-3.2.1-

CMAKE\clapack-3.2.1-CMAKE\build”) in the variable “clapack_DIR”. 

Configure again. When using the compiler on a computer with multiple cores, 

it is advantageous to add the compiler flags "/MP" to the 

CMAKE_CXX_FLAGS and CMAKE_C_FLAGS variables.  

 

d) This should have created a solution called “CheProost.sln” in the folder 

“C:\devCheproo\build”. Every time you add or remove a file from the 

solution, add and then remove a space from one of the “CMakeLists.txt” files, 

save and rebuild the solution. This automatically reruns CMake. 

 

e) The solution “CheProost.sln” contains different libraries  

- CheprooLib: CHEPROO++ library 

- proostLib: Proost library 

- commonLib: library that CHEPROO++ and Proost share 

- GALib: Genetic Algorithm library (used only by Proost) 

- SparseLib: library for dealing with sparse matrices (used only by Proost) 

 

And programs 

 

- CheprooUnitTests: unit tests for Cheproo++ 

- prstUnitTests: unit tests for Proost 

- prstSystemTests: system tests for Proost 

- cheprooPlusPlus: program to run CHEPROO++ standalone (see Section 

4.1 for details) 

- reactiveMix: program to use reactive mix method in CHEPROO++ (see 

Section 4.2 for details) 
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E.2 Programs that use CHEPROO++

At the moment, the programs using CHEPROO++ are two: cheprooPlusPlus and 

reactiveMix. 

E.2.1) cheprooPlusPlus 

cheprooPlusPlus is a program that initializes CHEPROO++ and uses the attribute 

“mFunctionName” of CCheprooPlusPlus to perform the calculations. At the moment 

this program can be used to speciate and mix waters in known mixing proportions (i.e., 

“mFunctionName = mixWaters”). The main.cpp of this program is shown in Figure 4. 
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Figure 4 – cheprooPlusPlus main file  

 

The name of the CHEPROO++ input file by default is “cheprooplusplus.xml”, as 

shown in (1) (Figure 4). The method “ReadAndInitialize(nodeCheprooPlusPlus)” 

(2) trigger an initial speciation of all the waters defined in the input file, either 

“traditional” or with RISA (described in Chapter 1). The method to mix waters is 

called in (3). 

 

E.2.2) reactiveMix 

reactiveMix is a program that allows the calculation of mixing proportions and 

quantities of reacted species in a number of samples, given a number of end-

members and uncertain data associated to the samples. The algorithm is presented 

in Chapter 2. The main file of this program is shown in Figure 5. 
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Figure 5 – reactiveMix main file  

 

 

The name of the reactiveMix input file by default is “reactivemix.xml”, as shown 

in (2) (Figure 5). In the main the input/output parameters for the method are 

declared (1) and then the input parameters are read. The reactive mix method is 

called in (3). 
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E.3 How to build a program with CHEPROO++

Let’s assume that a user wants to build a new program called “programA” that uses 

CHEPROO++ through a new method, called “methodA”. The following steps need to be 

followed: 

a) Create a new folder (e.g., “programA”) in “C:\devCheproo\cheproo\programA” 

 

b) The new folder just created needs to contain two files: the main file for “programA” 

(e.g., “programA.cpp”) and a CMake file (“CMakeLists.txt”) to include the new 

program in the project. The easiest way for a user to create these two files is to copy 

them from the reactiveMix folder and to paste them into “C:\devCheproo\cheproo\ 

programA”, for then modifying them for the new program. 

 

c) Once “programA.cpp” and “CMakeLists.txt” are contained in the folder 

“C:\devCheproo\cheproo\ programA”, open the “programA.cpp” file and modify it for 

the new method: declare input/output parameters (see (1) in Figure 5) and the name of 

the new input file (see (2) in Figure 5). Parse the input file like shown in Figure 5 and 

store the variables in the appropriate input parameters. Call the new method like shown 

in (3) in Figure 5, passing the parameters to the method. Clearly, “methodA” needs to 

be implemented in CCheprooPlusPlus, CGlobalChemicalSystem and 

CLocalChemicalSystem. 

 

d) Open “CMakeLists.txt” in “C:\devCheproo\cheproo\programA”. The file will be the 

same as shown in Figure 6, and by now it coincides with the CMakeLists.txt of the 

reactiveMix program. A few things need to be changed though: the name of the project, 

(1) in Figure 6, the name of the variable to store the name of the main file, (2) in Figure 

6, the folder to store the executable, (3) in Figure 6, and finally the variables in the 

ADD_EXECUTABLE and TARGET_LINK_LIBRARIES commands, (4) and (5) in 

Figure 6, respectively.  

 

e) Open “CMakeLists.txt” in “C:\devCheproo\cheproo”. The file will be the same as 

shown in Figure 7, but it needs to be modified to account for the new project. Copy the 

lines contained in box (1) of Figure 7 and paste them under the same box. Change the 

“reactiveMix” variables for the same variables defined in (4) and (5) in Figure 6. 
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Figure 6 – CMakeLists.txt file in “C:\devCheproo\cheproo\programA” 

 

 

 

 

 

 

 

 

 



 
 

 

Figure 7 – CMakeLists.txt file in “C:\devCheproo\cheproo” 

 

 

 

You have now built a “programA”, which can use the libraries CHEPROO++, Qt and 

Eigen. 
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E.4 Input file description

CHEPROO++ uses four xml files, some compulsory and some optional:   

 - “cheprooplusplus.xml” (compulsory) 

 - “mastertemp.xml” (compulsory) 

 - “kinetics.xml” (only if kinetic reactions are defined) 

 - “reactivemix.xml” (only for ReactiveMix simulations) 

The definition of the input xml files reflects the structure of CHEPROO++, so that every 

element represents a class of CHEPROO++.   

E.4.1)  File “cheprooplusplus.xml” 

The structure of “cheprooplusplus.xml” is shown below. 

<cheprooPlusPlusInputFile name="cheproo_input"> 
 

 <cheprooPlusPlus  name="simulation1"> 
                 … 
            </cheprooPlusPlus>   

  
 <globalChemicalSystem  buildOption="readFromMaster25"   
                                                thermodynamicDatabase="completemaster25.xml"> 
                 … 

            </ globalChemicalSystem  >   
 
  

 <proostList type = "water"> 

                 … 
            </ proostList  >   

 
 
</cheprooPlusPlusInputFile> 

 

The element  <cheprooPlusPlusInputFile> is compulsory. The value of the attribute “name” can 

be chosen from the user. This element contains three elements: <cheprooPlusPlus>, 

<globalChemicalSystem> and <proostList>. Let’s analize the element <cheprooPlusPlus> first. 
 

<cheprooPlusPlus name="simulation1"> 
 <function name="mixWaters" > 

  <ref type="chemicalComposition" ID="1"  mixingRatio="0.6">water_1</ref>  
  <ref type="chemicalComposition" ID="2" mixingRatio="0.4">water_2</ref>  
 </function>  

</cheprooPlusPlus> 
 

 

 

 

 
 



The element <cheprooPlusPlus> is compulsory. The value of the attribute “name” can be 

chosen from the user. The element <function> represents the function of CHEPROO++ that 

will be called. The definition of only one element <function> is allowed. The user need to 

define one element <ref> for every water that needs to be mixed. For the definition of their 

attributes see the Tables below.  

 
Element  

<function> 

Attribute Possible values Description Remarks 

name mixWaters name of the method to mix waters in 
fixed proportions 

Compulsory 

 

 

Element  

<ref> 

Attribute Possible values Description Remarks 

type chemicalComposition 
 

 Compulsory 

ID 1, 2, 3,… 
 

 Compulsory 

mixingRatio 0 < mixingRatio < 1 
 

Proportions of mixing waters Compulsory 

 
 

 

The element <globalChemicalSystem>, which is compulsory, can be defined as follows in the 

input file: 

 
<globalChemicalSystem buildOption="readFromMasterTemp" 

                                    thermodynamicDatabase="mastertemp.xml"  
                                    kineticDatabase="kinetics.xml"> 
 
 <phase name="aqueous1" type="aqueousDebyeHuckel" model="aqueous">  
  <ref type="species">h+</ref> 
  <ref type="species">oh-</ref>    
  <ref type="species">hco3-</ref> 

  <ref type="species">co2(aq)</ref> 
  <ref type="species">cahco3+</ref> 
  <ref type="species">ca+2</ref>    
  <ref type="species">co3-2</ref>  
  <ref type="species">cl-</ref>  
  <ref type="species">h2o</ref> 

 </phase> 
 <phase name="mineral1" type="mineralPure" model="mineral">  
  <ref type="species">calcite</ref> 
 </phase> 
 
 <kinReactions> 
  <ref type="reaction">calcite</ref> 

 </kinReactions>  
   
 <localChemicalSystems> 
  <localChemicalSystem name="local1" type="localChemicalSystemConstPrimary"  
                                                         maxRelativeError="1e-7" maxResidual="1e-10"  
                                                         maxIterNum="100" maxIncrementFactor="100"  
                                                         writeConvInfos="true"/> 

  </localChemicalSystems> 

   
</globalChemicalSystem> 
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Element  

< globalChemicalSystem > 

Attribute Possible values Description Remarks 

buildOption readFromMasterTemp Only option to build GCS object 
 

Compulsory 

thermodynamicDatabase mastertemp.xml Name of the thermodynamic 

database 
 

Compulsory 

kineticDatabase kinetics.xml Name of the kinetic database 
 

Compulsory 

 

 
Element  

< phase > 

Attribute Possible values Description Remarks 

name any Name of the phase 

 

Compulsory 

type aqueousDebyeHuckel(*) 
aqueousIdeal 
mineralPure 

gasIdeal 

Model to calculate activity 
coefficients 

Compulsory 

kineticDatabase kinetics.xml Name of the kinetic database 
 

Compulsory 

model aqueous 
mineral 
surface 

gas 

Type of phase Compulsory 

 

(*) The type of phase determines how the activity coefficients of the Ns species belonging to 

the phase (dim()=Ns) are calculated. For ideal phases, =1. For aqueousDebyeHuckel phase, 

the activity coefficients of every i-th species are evaluated by means of the following 

expression: 

 

 
1

i
i

i

Az I
bI

r B I
   


 (E.1) 

where iz  and ir  are the ionic charge and radius of the species, respectively. A, B and b are 

coefficients that depend on the temperature, while I is the ionic strength of the solution 

defined as 

  2

1

0.5
Ns

i i

i

I z c


   (E.2) 

 

ci is the concentration of the i-th species. 

 

The elements <ref> contain the species belonging to the phase that will be included in the 

chemical system. They must be defined for every phase. 

 
Element  
<ref> 

Attribute Possible values Description Remarks 

type species 
 

 Compulsory 

text  
 

Name of the species  Compulsory 



 
Optional Element  
< kinReactions > 

Description Remarks 

Element containing the names 
of the kinetic reactions. 

 

Optional: if no <kinReactions>is defined, 
all reactions are in equilibrium 

 

The elements <ref> contain the names of the kinetic reactions: 

 
Element  
<ref> 

Attribute Possible values Description Remarks 

type reaction 

 

 Compulsory 

text  
 

Name of the kinetic reaction  Compulsory 

 

 
Element  

< localChemicalSystems > 

Description Remarks 

Element that wraps the Local 
Chemical Systems defined. 

 

By now, the definition of only one Local 
Chemical System is allowed.  

This element is compulsory 

 
 

Element  

< localChemicalSystem > 

Attribute Possible values Description Remarks 

name  Name of the Local Chemical 
System 

 

Compulsory 

type localChemicalSystem 
ConstPrimary 

 

Type of Local Chemical System Compulsory 

solverType N-R (for Newton-Raphson, 

Picard otherwise) 
 

Solver type to calculate c2 

Default: Picard 

Optional 

maxRelativeError  Maximum value of relative 
error in speciation 

 

Compulsory 

maxResidual  Maximum value of residual in 

speciation 
 

Compulsory 

maxIterNum  Maximum number of iteration 
in speciation 

 

Compulsory 

maxIncrement 
Factor 

 Maximum increment allowed 
for conc. in speciation (*) 

Default value: 10 
 

Optional 

writeConvInfos  If true, convergence info about 
speciation are printed in a file 

 

Optional 

 

(*) At every iteration i+1 of the speciation methods the concentration of a j-th species ( 1i

jc  ) 

is compared to the concentration at the previous iteration by means of the factor f : 
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1) If 
1 1

i i

j ji i

j j

c c
c c

f f

     

2) If 1 1i i i i

j j j jc c f c c f       

 

 

The element <proostList>, containing the list of the chemical compositions, is also 

compulsory. It can be defined as follows: 

 
<proostList type="chemicalComposition">  
 <chemicalComposition ID="1" name="water1" temp="25.00">     
  <ref type="firstGuess" cGuess="1.0" primarySpecies="h2o"/>  
  

  <ref type="firstGuess" cGuess="1.05e-8" primarySpecies="h+"/> 

  <ref type="firstGuess" cGuess="1.108e-4" primarySpecies="cl-"/> 
  <ref type="firstGuess" cGuess="1.99e-5" primarySpecies="hco3-"/> 
  <ref type="firstGuess" cGuess="9.68e-4" primarySpecies="ca+2"/> 
       
  <ref type="constraint" iCon="activity" value="1.0" name="h2o"/> 
  <ref type="constraint" iCon="cTot" value="9.68e-4" name="ca+2" /> 
  <ref type="constraint" iCon="cTot" value="1.00e-03" name="hco3-" /> 

  <ref type="constraint" iCon="activity" value="1.00e-08" name="h+"/>  
  <ref type="constraint" iCon="cTot" value="1.0807e-04" name="cl-"/> 
      
  <ref type="phaseContent" name="aqueous1"  value="1.0"/> 
  <ref type="phaseContent" name="mineral1"  value="0.5"/>         
                       <ref type="reactiveArea" name="mineral1"  value="6.8e-5"/> 

    

 </chemicalComposition> 
</proostList> 
 

 
Element  

< proostList > 

Attribute Value Remarks 

type chemicalComposition Compulsory  
 

 

In the < proostList > element the user can define as many chemical compositions as needed. 

Every chemical composition needs to be included in a separate < chemicalComposition > 

element, whose attributes are described below. 

 
Element  

< chemicalComposition > 

Attribute Possible values Description Remarks 

ID 

 

1, 2, 3, … The ID needs to match the IDs 

defined in the <function> 
element, if defined. 

 

Compulsory 

name  Name of the Chemical 
Composition 

 

Compulsory 

temp 
 

0ºC < temp < 300ºC Temperature [ºC] at which the 
Chemical Composition is 

defined 

Compulsory 

 

In < chemicalComposition >, the <ref> elements represent different types of entities (e.g., first 

guess of concentrations, constraints, phase contents and reactive area of minerals), which can 



have different attributes. For this reason, we show below the list of attributes for every entity 

in separate Tables. All these <ref> elements are compulsory, except for the reactive area. 

 
Element  

<ref type=”firstGuess”> 

Attribute Description Remarks 

cGuess 
 

guess value of concentration Compulsory 

primarySpecies 

 

names of primary species Compulsory 

species 
 

names of secondary species Optional 

 

 

 

 
Element  

<ref type=”constraint”> 

Attribute Possible  
values 

Description Remarks 

iCon cTot 

activity 
conc 
alk 

chgbal 
TDIC 
eqmin 
eqgas 

EC 

total concentration of a species is imposed 

activity of a species is imposed 
concentration of a species is imposed 
alkalinity is imposed (*) 
charge balance is imposed 
total dissolved inorganic carbon is imposed (**) 
equilibrium with mineral phase is imposed 
equilibrium with gas phase is imposed 

electrical conductivity is imposed 

Compulsory 

 
 
 
 
 
 
 

Only for RISA 

value concentrations 
in [mol/kgw],  
EC in [mS/cm] 

 

values of the constraints imposed  Compulsory 

name 
 

 names of the species relative to the constraint Optional only 
for chgbal 
constraint 

isLog10Value true/false True if the value imposed is in log10. 
Default true for iCon=eqmin,activity,eqgas 

Default false for other iCon 

Only for RISA 

isRelError true/false True if the error is relative. 
Default true if isLog10Value=false 
Default false if isLog10Value=true 

 

Only for RISA 

std 
 

 Parameter to evaluate uncertainty relative to the 
data (***) 

 

Only for RISA 

  

(*) alk = 2

3 3 3( )2 2 aqHCO CO OH CaCO H        

(**) TDIC = 2

3 3 2( )aqHCO CO CO    

(***) The uncertainty of each i-th datum ( i of the covariance matrix V, Eq. 2.7, Chapter 2) 

is calculated as follows: 

 
( )   if  isRelError = true

( )      if  isRelError = false
i

std value

std std



 


 (E.3) 
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Element  

<ref type=”phaseContent”> 

Attribute Description Remarks 

name 
 

name of the phase defined in Global Chemical 
System 

Compulsory 

value 

 

value of the phase content in [m3
/m

3
tot], 

 = phase index 
Compulsory 

  

 
Element  

<ref type=”reactiveArea”> 

Attribute Description Remarks 

name 
 

name of the phase defined in Global Chemical 
System 

Compulsory 

value 

 

value of the reactive area in [m-1], 
 = phase index 

Compulsory 

 

 

E.4.2)  File “mastertemp.xml” 

“mastertemp.xml” is a file containing the properties of each species belonging to every 

phase and the definition of the reactions. The structure of “mastertemp.xml” is shown 

below. 

<dataBase name ="mastertemp"> 

  
 <phases> 
 ... 

 </phases> 
  
 <reactions> 
 ... 

 </reactions> 
  
 </dataBase> 

 

This input file must contain at least the species/phases defined in “cheprooplusplus.xml”. A 

reaction is possible (i.e., it will be included in the chemical system) for CHEPROO++ if all 

the species of the reaction have been defined by the user in the “cheprooplusplus.xml” input 

file. A complete list of species, phases and reactions is available in a file called 

“mastertemp_complete.xml”, which is automatically downloaded with CHEPROO++. It is 

recommended to copy species, phases and reactions from this file and paste them in a smaller 

“mastertemp.xml” file for the reading process to be faster. 

The element  <dataBase> is compulsory. The value of the attribute “name” can be chosen 

from the user. This element contains two elements: <phases> and <reactions>. Both of them 

are compulsory. Let’s analyse the element <phases> first. 

 
<phases> 
    <phase name ="phase1" type="aqueous"> 
         <species name="h2o" ionicRadius="3.0" ionicCharge=" 0.0" molWeight="18"  
                                          isClassic ="true"/> 
         <species name="ca+2" ionicRadius="6.0" ionicCharge=" 2.0" molWeight="40.078"  
                                            isClassic ="true"/> 
         <species name="cl-" ionicRadius="3.0" ionicCharge="-1.0" molWeight="35.453"  

                                        isClassic ="true"/> 
         <species name="h+" ionicRadius="9.0" ionicCharge=" 1.0" molWeight="1"  



                                         isClassic ="true"/> 

         <species name="hco3-" ionicRadius="4.0" ionicCharge="-1.0" molWeight="61"  
                                             isClassic ="true"/> 

         <species name="co2(aq)" ionicRadius="3.0" ionicCharge=" 0.0" molWeight="44.01"/> 
         <species name="co3-2" ionicRadius="5.0" ionicCharge="-2.0" molWeight="60"/> 
         <species name="cahco3+" ionicRadius="4.0" ionicCharge=" 1.0" /> 
         <species name="oh-" ionicRadius="3.0" ionicCharge="-1.0"  molWeight="17"/> 
    </phase> 
        

    <phase name ="phase2" type="mineral"> 
         <species name="calcite" molarVolume=" 36.934" /> 
    </phase> 
 
    <phase name ="phase3" type="gas"> 
         <species name="co2(g)" molarVolume="24465.00" difVolume="0.0" /> 

    </phase> 

 
    <phase name ="phase4" type="surface"> 
         <species name="xoh"/> 
    </phase> 
</phases> 

 

Element  
<phase> 

Attribute Possible values Description Remarks 

name any 
 

name of the phase Compulsory 

type aqueous 
mineral 

gas 
surface 

 

type of the phase Compulsory 

 

Each phase element contains elements corresponding to the species belonging to the 

phase.  Since species belonging to different phases can have different attributes we show 

below the list of attributes for every entity in separate Tables.   

 

Element  
<species> of <phase type=”aqueous”> 

Attribute Possible values Description Remarks 

name  

 

name of the species Compulsory 

ionicRadius  
 

ionic radius of the species Compulsory 

ionicCharge  
 

ionic charge of the species Compulsory 

molWeight  
 

molar weight of the species [g/mol] Compulsory 

isClassic true/false 
 

true for component species(*) 
Default: false 

Optional 

 

(*) Component species are the species that build reactions 
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Element  

<species> of <phase type=”mineral”> 

Attribute Description Remarks 

name 
 

name of the species Compulsory 

molarVolume 

 

molar volume of the species [cm3/mol] Compulsory 

 

Element  
<species> of <phase type=”gas”> 

Attribute Description Remarks 

name 

 

name of the species Compulsory 

molarVolume 

 
 

molar volume of the species [cm3/mol] Compulsory 

 

Element  

<species> of <phase type=”surface”> 

Attribute Description Remarks 

name 
 
 

name of the species Compulsory 

 

The element <reactions> contains the reactions. 
 

<reactions>     
  
       <reaction name="oh-" > 
          <logK> 
             <ref type="temp" ID="  0.0" value="   14.9398" /> 

             <ref type="temp" ID=" 25.0" value="   13.9951" /> 
             <ref type="temp" ID=" 60.0" value="   13.0272" /> 
             <ref type="temp" ID="100.0" value="   12.2551" /> 
             <ref type="temp" ID="150.0" value="   11.6308" /> 
             <ref type="temp" ID="200.0" value="   11.2836" /> 
             <ref type="temp" ID="250.0" value="   11.1675" /> 
             <ref type="temp" ID="300.0" value="   11.3002" /> 

          </logK> 
  <ref type="species" ID="-1.0" value="oh-                 " /> 
            <ref type="species" ID="-1.0" value="h+                  " /> 

            <ref type="species" ID=" 1.0" value="h2o                 " /> 
       </reaction> 
 
      <reaction name="calcite" > 

          <logK> 
  <ref type="temp" ID="  0.0" value="    2.2257" /> 
  <ref type="temp" ID=" 25.0" value="    1.8487" /> 
  <ref type="temp" ID=" 60.0" value="    1.3330" /> 
  <ref type="temp" ID="100.0" value="    0.7743" /> 
  <ref type="temp" ID="150.0" value="    0.0999" /> 

  <ref type="temp" ID="200.0" value="   -0.5838" /> 
  <ref type="temp" ID="250.0" value="   -1.3262" /> 
  <ref type="temp" ID="300.0" value="   -2.2154" /> 
          </logK> 
  <ref type="species" ID="-1.0" value="calcite            " /> 

            <ref type="species" ID="-1.0" value="h+                  " /> 
            <ref type="species" ID=" 1.0" value="ca+2                " /> 

            <ref type="species" ID=" 1.0" value="hco3-               " /> 



       </reaction> 

     
</reactions>      

 

Element  
<reaction> 

Attribute Description Remarks 

name 

 

name of the reaction Compulsory 

 

For each reaction, logK values for different temperatures are given. In fact CHEPROO++ 

calculates the coefficients A0,…, A4 necessary to evaluate the equilibrium constants as a 

function of the temperature according to: 

 

 2

0 1 2 3 4log log / /K A T A A T A T A T      (E.4) 

 

 
Element  

<ref type=”temp”> of <logK> 

Attribute Description Remarks 

ID Temperature [ºC] 
 

Compulsory 

value 
 
 

logK at Temperature ID Compulsory 

 

In the elements <ref type="species"> are listed the species and stoichiometric coefficients for 

every reaction. 

 
Element  

<ref type=”species”> of <reaction> 

Attribute Description Remarks 

ID Stoichiometric coefficient of the species 
 

Compulsory 

value 
 
 

name of the species Compulsory 

 

E.4.3)  File “kinetics.xml” 

“kinetics.xml” is a file containing the definition of the kinetic rate laws. It must contain at 

least the kinetic rate laws of the kinetic reactions defined in the file “cheprooplusplus.xml”. 

At the moment in CHEPROO++ the following expression of dissolution/precipitation rate 

can be defined for a k-th mineral 
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where kr  is the mineral dissolution rate (moles per unit volume per unit time), k  is the 

reactive surface of the mineral per unit of volume, aE  is the activation energy of the reaction, 

Nk is the number of experimental terms and k  an experimental constant. The coefficients ijn

ija  

account for the catalytic effect of some species (often H
+
), the value ijn is determined 
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experimentally, and   is the saturation (ratio between ion activity product and equilibrium 

constant). Also 
ip  and 

iq  are determined experimentally. Factor 
k  can be +1 or -1 

depending on whether 
k  is larger or smaller than 1 (precipitation or dissolution), 

respectively. 

One possible definition of a reaction rate law is shown below. 

 
<dataBase name ="kinetics"> 
 <reactionRateLaw name="calcite" type="reactionRateLawLasaga"  
                                       ea="0.0" precThreshold="1.0"> 
  <term ID="1" k="7.0e-2" p="1.0" q="1.0"> 
   <ref type="species"  name="h+" n="0.5" /> 

  </term> 
 </reactionRateLaw>  

</dataBase> 
 

The element  <dataBase> is compulsory. The value of the attribute “name” can be chosen 

from the user. This element contains as many < reactionRateLaw > elements as reaction rate 

laws that need to be defined. The attributes of the < reactionRateLaw > elements are explained 

in the following table. 

 
Element  

< reactionRateLaw type=” reactionRateLawLasaga”> 

Attribute Description Remarks 

name Name of the kinetic reaction that is associated to 
 

Compulsory 

ea 

 
 

aE  of equation (E.5) 

Default value: 0.0 

Optional 

precThreshold 
 

Threshold value for precipitation 
Default: 1.0 

 

Optional 

 

Inside the < reactionRateLaw > element, Nk  <term> elements corresponding to the catalytic 

terms can be defined. 

 
Element  

<term> of <reactionRateLaw type=” reactionRateLawLasaga”> 

Attribute Possible values Description Remarks 

ID 1, 2, 3, … 
 

Term ID  Optional 

k 

 

 k  of equation (E.5) Compulsory 

p 
 

 p of equation (E.5) 

Default: 1.0 

Optional 

q 
 

 q of equation (E.5) 

Default: 1.0 

Optional 

 

Each <term> element can contain Ns  <ref type="species"> elements, one for every catalytic 

species. 

 

 

 

 

 



Element  

<ref type=”species”> of < term > 

Attribute Description Remarks 

name Name of the catalyric species 
 

Compulsory 

n 

 
 

n of equation (E.5) 

Default: zero 

Optional 

 

 

E.4.4)  File “reactivemix.xml” 

“reactivemix.xml” is the input file for ReactiveMix simulations (see Chapter 4 for details 

on the method). Its structure is shown below. 

<reactiveMix> 

 
     <inputFileCheproo name="cheprooplusplus.xml"/> 
 
     <endMembers> 
 <ref type="endMember" name="endmember1"/> 
 <ref type="endMember" name="endmember2"/> 

     </endMembers> 
 
     <samples> 
 <ref type="sample" name="Sample-1"> 
  <ref type="firstGuessMixingRatio" name="endmember1" value="0.75"/> 
  <ref type="firstGuessMixingRatio" name="endmember2" value="0.25"/> 
   

  <ref type="fixedMixingRatio" name="endmember1" value="0.75"/> 
 </ref> 
           <ref type="sample" name="Sample-2"> 
            … 
 </ref> 
     </samples> 
 

</reactiveMix> 
 

The element <reactiveMix> is compulsory. 

 
Element  

< inputFileCheproo > 

Attribute Description Remarks 

name Name of CHEPROO++ input file with definition 
of the chemical system 

 

Compulsory 

 

The element <endMembers> contains the references to the names of the end-members. 

 
Element  

<ref> of < endMembers > 

Attribute Possible values Description Remarks 

type endMember 

 

 Compulsory 

name  
 

Name of the end-member. It must 
correspond to a ChemicalComposition 

defined in <inputFileCheproo> 

 

Compulsory 
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The element <samples> contains the list of the samples. Each sample must be defined in an 

element <ref type =”sample”>, whose attributes are listed below. 

 

 

 
Element  

<ref type =”sample”> of < samples > 

Attribute Possible values Description Remarks 

type sample 
 

 Compulsory 

name  

 

Name of the sample. It must 

correspond to a ChemicalComposition 
defined in <inputFileCheproo> 

 

Compulsory 

 

For each sample, first-guess values of the mixing ratios corresponding to each end-member 

must be defined (in element <ref type =” firstGuessMixingRatio”>). Optionally, the user can fix 

values of the mixing ratios for some end-members in the element <ref type =” 

fixedMixingRatio”. 

 
Element  

<ref type =” firstGuessMixingRatio”> of <ref type =”sample”> 

Attribute Possible values Description Remarks 

type firstGuessMixingRatio  
 

 Compulsory 

name  

 

Name of the end-member the first-

guess value refers to. It must 

correspond to a ChemicalComposition 
defined in <inputFileCheproo> 

 

Compulsory 

value 

 

0 <= value <=1 Value of the mixing ratio first-guess Compulsory 

 

 
Optional Element  

<ref type =” fixedMixingRatio”> of <ref type =”sample”> 

Attribute Possible values Description Remarks 

type fixedMixingRatio  
 

 Compulsory 

name  
 

Name of the end-member the fixed 
mixing ratio value refers to. It must 

correspond to a ChemicalComposition 
defined in <inputFileCheproo> 

 

Compulsory 

value 
 

0 <= value <=1 Value of the fixed mixing ratio value Compulsory 

 
 





E.4. Input file description 113




