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1.0 Introduction

MINEQL+ isa chemicd equili brium model capable of cdculating agqueous gedation, solid
phase saturation states, predpitation-dislution, and adsorption. An extensive
thermodynamic database is included in the model.

This document is a short overview of the program. Much more information, including the
theoreticd condtions of the model, can be foundin the 318 pages of the User’s Manual
(Schedher & McAvoy, 1999. Sedion 2 briefly reviews the model fundamentals and, whilein
sedion 31 try to explain the program routine operation.

2.0 MINEQL+ Model Fundamentals

In Minegl+, you start out by choosing componrents that define your system. Comporents are
the basic buil ding blocks from which all spedes are formed. The chemistry of system is
organised using the tableau method (Morel & Hering, 1993. A tableau is atable of
stoichiometric coefficients. Each column represents an individual comporent, and ead row
represents a separate spedaes. The solution compasition is written in terms of the comporents.
For example, consider a0.001M solution d CaCOs in a dosed system. The spedes that
could be present are:

H,0, H, OH, Ca*, H,COs, HCO3, COs*, CaOH", CaCOj3, CaHCOs"

(Note: H,O is always a cmmponent added automaticaly by the program. H” is usually a cmponent. The dedron
isa component in redox readions.)

For this s/stem, the mmporents are: H,0, H*, Ca®*, COs*
Readions are written with comporents on the left-hand side and products on the right-hand
side. The stoichiometric matrix for the example can be written as:

Spedes Components DK
H,O H* Ca CO#
H.O 1 0 0 0 K1
H* 0 1 0 0 K2
Ca 0 0 1 0 K3
CO# 0 0 0 1 Ka
OH 1 -1 0 0 Ks
HCOs 0 1 0 1 Ke
H.CO; 0 2 0 1 K7
CaOH* 1 -1 1 0 Ks
CaHCOs" 0 1 1 1 Ko
CaCO; 0 0 1 1 K10

(1) Note that the eguili brium constant K, is defined diff erently from the more traditional definition in the text.
For example, the traditional expressonis:

HCO; = H* + CO5* K, = 10"*% However, following the format spedfied for MINEQL +, the expresson should
be written with components on the left hand side and spedes on the right hand side. Therefore: H + CO5* =

HCO; K = 10™2 where the notation K is used to be cnsistent with the stoichiometry shown in the table.



The MINEQL+ program solves the massbalance In this case, there ae three guations
(below) and threeunknawns ([Ca*], [H'], [COs*])

ca' =f([Ca™], [H], [Cogz']g
CO3T = f([C +]1 [H+]1 [CO3 _])
HT = f([Ca’™], [H'], [COs*])

3.0 Routine Program Operation
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3.1 Selecting Chemical Components

Defining the comporents that describe the chemistry of asystem in MINEQL +, invalves the
use of:

(1) Chemicd Comporents Seledion Modue,

(2) Spedes Tableau Modue



(1) Using the Chemical Components Selection Module
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The Chemicd Comporent Seledion Modue mntainsalist of al the chemicad comporents
avail able under MINEQL +. There ae 145 pre-defined comporents and 55NULL
comporents. The NULL comporents are & the bottom of thelist and are avail able to you for
making your own comporents. To define anew problem, you can reset an existing problem
by clicking the New button. This optionwill also de-seled al comporents except H,O and
H(+).Asyou seled chemicd componrents from the Selead Comporent todl, you are alding
columns to the tableau. When you seach the thermodynamic database (sedion 3.2, or add
new readion data manually, you are adding new rows to the tableau

3.2 Scanning the Thermodynamic Database

Click the Scan THERMO button at the top d the screen and, depending on what options you
have set under preferences (sedion 3.0, MINEQL+ will scan the default database and/or the
personal database and creae atableau.
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(2) Using the Species Tableau Module

The Tableau tod addresses chemicd readion cbta acording to spedes type:

Spedes Category Accessed by Tableau
Type Toad

I Freg Aquo, o Unassociated NO

Il Disslved Complexes YES

0 Fixed Entities: e.g., Solids, gases, pH YES

v Predpitated Solids NO

Vv Dissplyed Solids: Solids with the potential to YES

predpitate
1 Spedes Not Considered YES

The dhemicd comporents that are seleded in the Chemicd Comporents Seledion Modue
(sedion 3.)), are attomaticaly added as columnsin the tableau. The tableau is atable of
stoichiometric coefficients. The columns of the table represent chemicd comporents, while
the rows of the table represent chemicd spedes. Esentialy, thisis an efficient way in which
to represent chemicd formation readions. In addition to stoichiometry, a tableau will also
include thermodynamic datathat is associated with ead individual chemicd spedes plus the
total concentrations associated with ead chemica comporent.



3.3 Calculation Wizards Tool

The Calculation Wizards Tod isa mlledion d 5inpu options to describe the chemistry of
the system. The Calculation Wizard can be accessed from the Speaes Tableau Modue
(sedion 3.2 and the Runtime Manager (sedion 3.4.
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(1) Input for Total Component Concentrations

The Totals Wizard al ows youto inpu total molar concentrations for eacy comporent. The
advantage of using this Wizard over the Tableau is that the Wizard focuses only onthase
comporents that require input. Comporents sich as H,0, H*, C0s%, or € either do nd require
atotal concentration a have their concentrations st in foll owing Wizards.

(2) Setting the pH (fixed) or calculate the pH

The pH Wizard is designed to help set up pH cdculations within MINEQL+. There ae 2
general types of pH cdculations. First, you can perform cdculations where pH is afixed,
known value. In this case, the only thing you will haveto defineisthe pH valueitself. The
sendtype of cdculationis one where pH is cdculated by MINEQL +.

(3) Setting Dissolved Inorganic Carbon and CO, Conditions

If youinclude COs* in your comporent list, the CO, Wizard will becme adive. Systems are
asumed to be ather open to atmospheric CO, or closed. If a system is open, you must supay
it with the PCO, value. The value to input isalog value. Under normal atmospheric
condtions, CO, has a partia presaure of 1032 atm. This value would be input as -3.50.

(4) Moving Solids within the Tableau

In many situations, you may have severa solidslisted under the cdegory of TypeV
(Disolved Solids). Moving or deleting these solids can be tedious. The Solids Mover alows
youto seled only thaose solids that you wish to have included in the cdculation. Theresult is
that solids can be moved into, o out of, the Type V caegory individually or asagroup.

(5) Setting Redox Options

The Redox Wizard all ows you to choase various options that will help youto set the “free &
concentration” in the system. To define the overal redox statein MINEQL+, aredox spede
must be present. This edes could be the pe, the dislved O, (DO) concentration, a some
other gasor ion pair.

When performing afixed pe cdculation, the only information required is the pe value itself.

For DO, you can either enter the DO concentrationin mg/L or as the partial presaure of O..



Aswith the CO, Wizard, the partial presaureisinpu asalog value. Under normal atmosphere
condtions the PO, equal to 0.21.Thistranslatesto alog value of -0.68

Using fixed pe or fixed O, options, the Type lll tableau will be reset for the crred spedes,
andthelog K values will be dtered to refled the pe or DO levels.

3.4 Running the Calculation

(3)Using the Runtime Manager
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The Runtime Manager represents the final stage before runnng the acual model cdculations.
Thisisalso the final chanceto chedk onthe dhemicd condtions using the Calculation
Wizards Tod (sedion 3.9.

Hereisa dhedlist of optionsto consider before running the cdculation:

Option Default

lonic Strength Corredion Off (onrecommended)
Temperature Corredion Off /25°C
Eledrostatic adsorption None

models

Multirun (titration, 2way Singlerun
analysis, field data)

To runthe cdculation, enter a output data name. The name shoud be 8 charaders long or
less Dont put afile extension after the name. MINEQL+ will chopthe extension df and add
the*.MDO extension.

Oncethe output objed is s, click the Run butonto run.



3.5 The Output Manager
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MINEQL+ provides the Output Manager as away in which you can have full accessto MDO
output and extrad data in the form you want. The Output Manager all ows you to:

(1) Extrad spedation ouput from any perspedive and dsplay it in atabular format

(2) Display the header, log, and the multirunfiles

(3) Graphicd options are limited in Minegl+, bu graphicd output of spedation chta can
be generated (Graph IT — buton

(4) Generate spedal reports (e.g., caculate dkalinity, or extrad spedal types of datalike
ionic strength or saturation index)
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