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[Course Number and Name]
[Spring/Summer/Fall] Semester 20[XX]

Course Description
Application of principles of ground water hydrology and contaminant chemistry in the quantification and characterization of physical, chemical and biological processes influencing subsurface hazardous waste. Topics include: quantification of advective-dispersive transport of conservative and reactive solutes, transport in granular and fractured media, application of environmental regulations and toxicological parameters, design of air-stripping, carbon adsorption, soil vapor extraction, surfactant enhanced extraction, bio-venting, bio-augmentation, solidification, and capture systems. Class project involves design of remediation system for a hypothetical site.

Course Outcomes and Objectives 
1. Develop knowledge of:
a. Solute fate and transport and interactions
b. Impacts of hydrosphere-anthrosphere interactions.  
2. Students will enhance their comprehension and skill in observing, collecting, interpreting and hypothesis testing related to:
a. 4-D (spatial and temporal) interpretation
b. Use of databases and worksheets
c. Numerical modeling related to groundwater flow and solute transport
d. Interpretation of history and significance related to solute transport
e. Design numerical experiments and conduct hypothesis testing related to solute transport and subsurface remediation.
3. Enhance quantification skills related to:
a. Application of mass balance
b. Application of partial differential equations.  
4. Students will enhance skills related to complexity; specifically:
a. Design of a system to meet desired needs in the arena of subsurface remediation
5. Students will enhance ability to articulate in:
a. written reports and oral presentations
6. Students will enhance their knowledge and skills toward professional practice by enhancing their:
a. ability to work on teams.

Course contributions to Geological Engineering Program Objectives:
I) Apply knowledge of mathematics, science and engineering to determine the fate, transport, and remediation design for contaminants in the subsurface.
II) Conduct modeling experiments, and analyze and interpret data related to the fate, transport, and remediation design of contaminants in the subsurface
III) Develop an ability to design a viable remediation system to achieve cleanup of contamination in the subsurface.
IV) Develop an ability to function on multidisciplinary teams
V) Develop an ability to identify, formulate and solve engineering problems of environmental importance.
VI) Develop an understanding of professional and ethical responsibilities related to design of remediation systems for subsurface contaminants
VII) Develop an ability to communicate effectively
VIII) Add to your broad education necessary to understand the impact of engineering solutions in a global and societal context
IX) Develop your recognition of the need for, and an ability to engage in, life-long learning
X) Add to your knowledge of contemporary issues
XI) Develop your ability to use the techniques, skills and modern engineering tools necessary for engineering practice related to subsurface remediation.

Course Requirements
Grading will be based on the following elements:
· In-class participation 10%
· Homeworks 40%.  Homeworks and Project Homeworks (PHWs) will be graded for individuals.  Late homework will not be accepted except under extenuating circumstances with notification before the due time.  The PHWs will be graded loosely since in many cases there will be many "correct" answers.  The PHWs will be graded on the basis of technical quality and clarity.  The PHWs should be electronic to ease your effort in developing the final project.
· Midterm 25%
· Project 25% 

Grading Scale
Points will be awarded for each element above, and grades will be assessed relative to perfect score.

University Policies
Updated mandatory syllabus policies regarding the ADA Act, Safety at the U, Addressing Sexual Misconduct, and Academic Misconduct can be viewed at: https://cte.utah.edu/instructor-education/syllabus/institutional-policies.php 

Preliminary Course Schedule 
	Date
	day
	Subject
	assignment 

	1/7
	T
	Introduction, physical transport processes (advection, diffusion, mechanical dispersion)
	*Physical Transport

	1/9
	Th
	Advection dispersion equation, initial and boundary conditions
	

	1/14
	T
	Advection dispersion equation Ogata Banks solution 
	

	1/16
	Th
	Ogata-Banks solution, initial and boundary conditions
	

	1/21
	T
	Steady state plumes, connection between D , and V
	Homework 1 due 
(steady state plumes using Patch3d)

	1/23
	Th
	Reactive transport
	*Reactive transport 

	1/28
	T
	Preferential flow & transport
	Homeworks 2 and 3 due 

	1/30
	Th
	Midterm review
	

	2/4
	T
	Midterm 1
	

	2/6
	Th
	Midterm review and Regulations, Project and team policies for mutual commitment and evaluation
	*Regulations, *Project

	2/11
	T
	Contaminant Partitioning Regulations
	*Contaminant partitioning

	2/13
	Th
	NAPLs
	*NAPLs, Team contracts due

	2/18
	T
	MT3D
	*MT3D, PHW 1 Contam. Part due

	2/20
	Th
	Mass Balance from MT3D
	*Mass Balance, PHW 2 NAPL due

	2/25
	T
	Project Discussion I
	

	2/27
	Th
	Risk & Standards
	*Risk&Stds, PHW 3 MassBalance due

	3/4 
	T
	Plume Capture - Interception
	*Interception, PHW 4 Risk Assess due

	3/6
	Th
	Air Stripping
	*Air Stripping

	
	
	Spring Break 3/9-3/16
	

	3/18
	T
	Project work 
	

	3/20

	Th

	Natural Attenuation

	*Natural Attenuation, Draft Sections II & III due

	3/25
	T
	Natural Attenuation RT3D
	*Natural Attenuation, PHW 5 or 6, Interception or Air Stripping, due

	3/27
	Th
	Soil Vapor Extraction (SVE)
	*RT3D, **Evaluation of group drafts due

	4/1
	T
	Surfactant Enhanced Aquifer Remediation (SEAR)
	*SVE, PHW 7 Natural Atten. due, 

	4/3
	Th
	Project Discussion Draft IV&V and SEAR
	*SEAR PHW 8 RT3D due

	4/8
	T
	Project efforts
	

	4/10
	Th
	Project efforts 
	PHW 9 SVE or PHW 10 SEAR due

	4/15
	T
	Consultant visit and presentation 
	Draft Sections IV & V due 

	4/17
	Th
	Air Sparging, Chemical Oxidation, and other techniques – Presentations discussion
	

	4/22
	T
	Presentations – highlights of remediation
	**Evaluation of group drafts due

	4/25
	F
	Projects due at start time scheduled for final exam 1:00 p.m. (project in place of final exam)
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