Geology 371 – Environmental Aqueous Geochemistry

Spring 2007
Instructor: Dr. Greg Druschel

Contact: gdrusche@uvm.edu; 656-3481
Office: 321 Delehanty Hall

Office Hours: 10-11 am MW

Class Times: MWF 9:05 – 9:55 am
Class Location: Delehanty Hall 219
Text: Aqueous Environmental Geochemistry, by Donald Langmuir.

Class Web Page: http://www.uvm.edu/~gdrusche/GEOL371.html
Class Description:  
This class will investigate chemical reactions occurring in natural waters, focusing on a detailed investigation of the thermodynamic and kinetic descriptions of chemical speciation, mineral dissolution/precipitation, and redox cycling.  Weekly topics will be divided into a lecture and a practicum where we go over calculations, with a homework set assigned for each section.  We will discuss the principles behind and learn how to use the tools available to look closely at problems including:

· Chemical speciation in natural waters
· Mineral stability in natural waters

· Global cycling of elements
· Land-water-atmosphere exchange

· Mineral and redox kinetics

Course Goals:

At the end of this course you will be able to…
· Utilize thermodynamic principles to address chemical speciation in natural waters, mineral formation/weathering, and microbial redox cycling
· Utilize kinetic principles to address the speed of reactions in natural water systems
· Solve complex environmental problems concerning water quality, contaminant transport, and water-rock interaction

Grading:  

Weekly problem sets and computational ‘lab’ exercises will be the majority of the graded work in this class.  We will spend 1 day each week reviewing computational problems associated with the discussions and readings of the week, and homework assignments will build on those.  There will be no exams in this class, attendance is your business but participation in class discussion and activities are a part of your grade.  30% of the grade in this class will center on a final project, on a topic of the students choosing (in consultation with the instructor).  Students will present this project orally at the end of the semester, in the style of a 15 minute conference presentation.
60%   Homework
30%   Final Project

10%   Participation
Unit 1
Thermodynamics Review




Chapter 1

Equilibrium Calculations, solid solution, Henry’s law
How to determine equilibrium values (partly from Luther and Rickard, 2006)

Unit 2
Kinetics Review





Chapter 2

Elementary and overall reactions, activation energy, theory

How to evaluate kinetic data to derive rate laws and use rate laws to project reaction times
Unit 3

Mineral dissolution/precipitation kinetics


Chapter 2

Example calculations and problems on kinetics – radioactive decay, redox, mineral dissolution/precipitation reactions

Unit 4
Gas geochemistry

Gas partitioning, diffusion, atmospheric chemistry (greenhouse and ozone hole problems)

Calculations on gas diffusion, atmospheric ozone reactions, carbon dioxide levels

Unit 5
Aqueous Complexes





Chapter 3

Inner-outer-sphere, basic rules and thermo view

Calculations on complexation, development of bjerrum plots and stability diagrams

Exercises on constructing Eh-pH and mineral stability diagrams

Unit 6
Activity Coefficients





Chapter 4

Ionic strength, activity coefficient methods

Exercises on iterative method for complexation and intro to PHREEQC speciation

Unit 7







Chapter 5
Acid-base chemistry

Overview of acid-base chemistry and titrations

Exercises on carbonic acid titrations and buffering of pH

Unit 8
Carbonate Chemistry





Chapter 6
Overview of carbonate chemistry, calcite solubility

Exercises on open and closed systems, global carbon cycling and the role of atmospheric CO2 on ocean pH and global warming

Unit 9
Redox Chemistry





Chapter 11

Overview of redox reactions, Eh measurements

Exercises on redox ladders and Nernst equation calculations

Unit 10
Mineral Dissolution/precipitation



Chapter 7
Overview of the coupled thermodynamics and kinetics governing water-rock interactions

Exercises on weathering and soil generation, water-rock interactions in scotch production and hydrothermal waters

Unit 11
Mineral Surface Chemistry




Chapter 10

Overview of mineral surface properties and sorption reaction descriptions

Exercises on nutrient sorption to minerals and basic PHREEQC modeling on sorption reactions governing metal mobility

Unit 12
Organic Geochemistry

Overview of organic geochemistry of natural waters and anthropogenic contaminants

Exercises on control of mineral surface reactions on organic contaminants and the role of organic ligands in metal transport

Unit 13
Field Geochemistry

Overview of how to measure, sample, analyze, model, and describe a natural system

Field trip to the Ely Mine, sample collection, analysis, and modeling of the system

