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ABBREVIATIONS OF UNITS

The following abbreviations are used in this report:

atmosphere atm
calorie cal
Coulomb C
degree Celsius °C
equivalent eq
gram g

Joule J

degree Kelvin K
kilocalorie kcal
kilogram kg
kilogram of water kgw
kilojoule kJ

liter L

meter m
milliequivalent meq
millimole mmol
micromole umol
mole mol

parts per million ppm
parts per billion ppb
square meter m?
Volt A"

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:

°F =9/5 (°C) + 32.

Degree Fahrenheit (°F) may be converted to degree Celsius (°C) by using the following equation:

Xi

°C =5/9 (°F-32).
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Other conversions:
Absolute temperature °K = 273.15 + (°C).
1 joule = 0.239 calorie

Some constants:
Avogadro’s comstant N
Faraday F
Gas constant R
Molar volume, ideal gas, 1 atm, 25°C

6.022e23 /mol
96,485 C/mol
8.314 J/mol/°’K
24.465 dm?/mol
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User’s Guide to PHREEQC (Version 2)—A Computer
Program for Speciation, Batch-Reaction,
One-Dimensional Transport, and Inverse Geochemical
Calculations

By David L. Parkhurst and C.A.J. Appelo

Abstract

PHREEQC version 2 is a computer program written in the C programming language that is designed to perform
a wide variety of low-temperature aqueous geochemical calculations. PHREEQC is based on an ion-association
aqueous model and has capabilities for (1) speciation and saturation-index calculations; (2) batch-reaction and
one-dimensional (1D) transport calculations involving reversible reactions, which include aqueous, mineral, gas,
solid-solution, surface-complexation, and ion-exchange equilibria, and irreversible reactions, which include
specified mole transfers of reactants, kinetically controlled reactions, mixing of solutions, and temperature changes;
and (3) inverse modeling, which finds sets of mineral and gas mole transfers that account for differences in
composition between waters, within specified compositional uncertainty limits.

New features in PHREEQC version 2 relative to version 1 include capabilities to simulate dispersion (or
diffusion) and stagnant zones in 1D-transport calculations, to model kinetic reactions with user-defined rate
expressions, to model the formation or dissolution of ideal, multicomponent or nonideal, binary solid solutions, to
model fixed-volume gas phases in addition to fixed-pressure gas phases, to allow the number of surface or exchange
sites to vary with the dissolution or precipitation of minerals or kinetic reactants, to include isotope mole balances
in inverse modeling calculations, to automatically use multiple sets of convergence parameters, to print user-defined
quantities to the primary output file and (or) to a file suitable for importation into a spreadsheet, and to define
solution compositions in a format more compatible with spreadsheet programs.

This report presents the equations that are the basis for chemical equilibrium, kinetic, transport, and
inverse-modeling calculations in PHREEQC; describes the input for the program; and presents examples that
demonstrate most of the program’s capabilities.

INTRODUCTION

PHREEQC version 2 is a computer program for simulating chemical reactions and transport processes in natural
or polluted water. The program is based on equilibrium chemistry of aqueous solutions interacting with minerals,
gases, solid solutions, exchangers, and sorption surfaces, but also includes the capability to model kinetic reactions
with rate equations that are completely user-specifie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>