Course Description – GEOL 835
The Environmental Impact of Mining

The demand for metals is increasing faster than global population growth. Although perceived by some as a dirty industry, modern metal mining has developed techniques to minimize the impacts on ecosystems and public health. Canadian scientists have been world leaders in this area. However, thousands of orphaned mines remain a multimillion dollar public liability in Canada. Significant gaps in our understanding of metal leaching mechanisms remain.
This course will expose students to the concepts and the current practice of mine waste management including acid mine drainage, neutral-pH metal leaching, secondary mineral precipitates, prediction and permitting, site remediation, etc. Contributing faculty members  will emphasize particular aspects and provide case studies from their own experience. Students who complete this course will have a comprehensive understanding of the nature of mining environmental impact, the scientific principles behind the interaction between mine waste and the surface environment, and the tools that professionals use to predict, control, remediate and regulate metal mining activities. 

Course components:
1. Three-day workshop on Mine Waste Geochemistry 
This component has been delivered by HEJ as a module for the past five years, normally as a three-day workshop in early January. This will remain as a stand-alone option (1/3 of GEOL 841) as well as the first part of the new course GEOL 835.

SEE MODULE DESCRIPTION BELOW,  INCLUDING PRE-COURSE ASSIGNMENT
2. Laboratory Component 

A. Petrographical and microanalytical examination of mine tailings and corresponding ore samples. Using both transmitted and reflected light microscopy, as well as SEM and electron microprobe, students will examine and describe evidence of sulfide oxidation and secondary mineral precipitation from several contrasting mines.

B. Acid-base accounting. Students will measure the acid generating potential and the neutralization capacity of selected tailings samples using industry-standard techniques. In Canada, multimillion dollar permitting decisions are made using these relatively simple geochemical tests. Students will be expected to critically analyse this approach.
C. Mine water analysis. Students will analyse cation and anion concentrations in mine drainage waters using several analytical methods. Sample preparation, analytical precision and accuracy and interpretation of results will be emphasized.

Other laboratory components may be developed by contributing faculty members. Given the resources and time required, only two laboratory components will likely be taught each year. 
3. Field Trip and Mine Waste Sampling Exercise 
Students will spend two days at Calumet mine near Ottawa examining and sampling tailings, outcrop exposures and core from a former Pb-Zn-Ag mine. Accommodation is available on site through Queen’s alumni.  A third day will be spent visiting the laboratories at Canmet in Ottawa (John Kwong, Doug Gould, Nand Dave) or at UQAM
in Montreal (Michel Aubertin).
4. Individual Research Presentation. Students will prepare a 30 minute lecture on a particular topic or case study to be accompanied by an extended abstract and reference list.  

Schedule
3-day workshop in early January

Laboratory work from mid-January to end of February 

Field Trip – in late March or early April – depends on weather and availability of students. Calumet is accessible in winter unless weather is severe. 

Presentations – One or two evenings with ample time for discussion. Extended abstracts to be circulated one week ahead so that questions can be prepared. 
Marking Scheme

Assignments associated with 3-day workshop  30%

Laboratory Reports  30%

Field Trip – no assignment the first year 
Individual Research Presentation – 40% 

Possible topics:  Environmental Effects Legislation, Mine waste management in 
Arctic Environments,  Marine tailings disposal, Dry covers, Wet covers 

Visiting Speakers (many other possibilities, maximum one or two per year): 


John McLatchly – Queen’s alumni (Metallurgy, Law), formerly at Environment 


Canada, wrote Metal Mine Effluents legislation, owner of Calumet Mine


John Kwong, Canmet – Geo-environmental models or ore deposits

Mike Parsons, GSC; Gwendy Hall, GSC, Andrew Rollo, Lorax Environmental.

The Geochemistry of Mine Waste  

Friday

9:00 am to 10:30 am Seminar Room

Environmental impact of mining: Scale, cost and general nature of the problem

Acid rock drainage I: Reaction mechanisms

11:00 am to 12:30 pm Seminar Room
Case Study: GECO mine, Ontario

1:30 pm to 4:00 pm ESIL (Computer Lab)

Sign-up for free trial for ARD prediction course at environmine.com

Demonstration of Geochemical Modeling using PHREEQC

Work on Assignment #1. (This will be worth 40% of final mark, due Jan 19). 

Saturday

10:00 am to 11:00 am Seminar Room

Acid Rock Drainage II : Prediction and Mitigation

11:30 am to 12:30 pm Seminar Room

Case Study: Iron Mountain, California 

1:30 pm to 2:30 pm Seminar Room

Case Study: Giant Mine, Yellowknife  

2:30 pm to 4:00 pm ESIL (Computer Teaching Lab) 
Self-directed learning using Enviromine on-line courseware. Assignment #2, worth 20% of the final mark will be completed during this period. 

Sunday

10:30 am to 12:00 am Seminar Room

Case Studies: Ekati Diamond Mine, NWT and Zortman-Landusky, Montana 

1:00 pm to 4:30 pm Seminar room

Assignment #3: Discussion of Journal Papers   (40% of final mark, will be completed during the afternoon)

Assignment #3 for Module on Mine Waste Geochemistry (Pre-course assignment)
Discussion of journal papers from prepared summaries

You are each assigned a paper on the subject of mine waste geochemistry and asked to summarize this, in your own words, in 1-2 pages of double-spaced text. A third page of diagrams taken from the original may be included. Please bring 11 copies of your summary to the first day of the module, Friday, January X. There will be a penalty for late submission as this will seriously affect our preparation for the discussions on Sunday!

Prepare to answer questions on the paper you have read. The questions will be prompted from your summary but the answer will be based on the complete paper. You do not have to give an oral presentation, just answer questions posed by the other students.

Prepare to ask questions on the papers summarized by the other students, once you receive these summaries on Friday. 

Evaluation:

Summary report: 15 marks (half to be subtracted for late submission)

Answering questions on your summary: 15 marks

Asking questions on other summaries: 10 marks

Total: 40% of final mark in module

