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Curriculum development takes time…GTA’s provide:
• Instructions on operting the IGW software and model files
• Pre-tested demonstrations and scenarios
• Suggestions for student interaction

1)  Conceive synthetic and real-world based scenarios of subsurface 
hydrologic and contaminant behavior and simulate them using IGW.

2)  Develop lectures based on the scenarios developed in (1) which would 
then be tested and documented in the classroom.

3)  Incorporate interactive components to the teaching lectures in (2).
4)  Develop Problem Based Learning exercises for students such that:

a.  There is sufficient structure to keep students “on track,”
b.  Students must evaluate information for relevance,
c.  Self-learning and experimentation are encouraged,
d.  Complex problems can be investigated using basic principles and 

techniques appropriate to the student ability level.
5)  Use the lectures developed in (2) and the exercises developed in (4) to 

address the goals of the Accreditation Board for Engineering and
Technology (ABET).

The Graphical Teaching Aid (GTA) is a classroom-presentation guide that 
includes text materials for the instructor as well as supporting electronic IGW 
files for interactive graphical demonstrations and discussions in the classroom.  
Text files include a conceptual outline and a list of principles to be examined in 
the lecture as well as a flexible script punctuated and illustrated throughout by use 
of IGW as a highly interactive “electronic chalkboard”. 

The Student Learning Exercise (SLE) complements the GTA and is an 
interactive computer-based exercise to engage students in discovery 
learning. SLEs are designed for specific levels of classes and specific 
populations. Background and instruction text files and IGW files are 
provided.  The SLEs range from introductory investigations to extensive, 
open-ended investigations comparable to geotechnical exploration projects 
or engineering design projects.

Introduction
Advances in electronic resources allow more realistic student 

problems, an increase in student engagement and self learning, and the 
incorporation of interactive, exploratory learning.  The groundwater 
modeling software, Interactive Groundwater (IGW) has several 
appealing features as a pedagogic tool.  The software operates on the 
typical PC computer and has both documentation and tutorials available.  
The graphical interface allows for easy system generation and data entry 
for interactive visualization and manipulation of complex, 
multidimensional subsurface systems including hydrology, contaminant 
transport and the assessment of contaminated sites. The visual output is 
already post-processed, so the real time results are easier to interpret.  
IGW is a useful addition to the instructors toolbox, providing rapid 
visualization of both simple and complex hydrologic and transport 
systems.  Although powerful, like any new resource, it takes time to 
develop in-class lecture material and course projects.  We are 
developing pregenerated suites of teaching aides, as part of an NSF-
supported program: Virtual Interactive Remediation in the Groundwater 
Environment (VIRGE). 

A lecture or exercise can  be based on a real world system, or a
fictional system.  Using real world systems adds relevance to the 
material, helps build experience and exposure to actual systems, and 
easily segues to related topics such as regulatory issues and  political, 
social, and economic constraints.  Synthetic, or fictional, systems 
provide greater flexibility in designing lectures and exercises 
incorporating specific concepts and principles, especially when multiple 
concepts are desired in a single system.  

Enhancing Student Learning in and out of the Classroom with Electronic Teaching and Study Aids 
Built Around Advanced Interactive Groundwater Visualization Software

The introductory GTA’s available:

Series 101:  Introduction to Groundwater Behavior
Lecture #1: Introductory demonstration of groundwater behavior
(first-time introduction to flow fields and well drawdown)
Lecture #2: Introductory demonstration of concentration plume behavior
(Introduction to plume development and capture by wells)
Series 102:  Introduction to Groundwater Remediation
Lecture #1: Introductory Demonstration of Groundwater Behavior and 
Plume Development
(first-time introduction and overview)
Lecture #2: Using the Boomsnub/AIRCO Superfund site to introduce 
simple contaminant plume behavior and pump and treat remediation

Step Commentary

1 A. Open model 101#2v3.5 A .  
B. Discretize.  
C. Activate the “monitoring well”

hydrograph box, and set the box to 
display concentration.  Position box 
as desired.  

D. RUN the model forward:  the 
model is set to stop at 150 days.

Figure 1:  Plan view at 150 days;  
central 300 gpm pumping well; 
monitoring well in the plume.

Figure 2:  Monitoring well 
breakthrough curve at 100 days.

Purpose:  To introduce simple 
plume behavior in a flow field.

The tracer source has a steady-state 
concentration. This boundary condition 
could represent a continuous, steady 
input or an excess mass of tracer where 
the solubility limits (and fixes) the 
input concentration.

• The plume follows the flow lines (head 
map).

• Some of the plume moves northward 
from the source, forming the swath of 
low concentration along the north edge 
of the plume.

• The central well does not fully capture 
the plume, but the bulk of the plume 
will enter the central well.

• The breakthrough curve (BTC) shows 
concentration vs. time at the 
monitoring well just west of the lake.  

• The peak BTC concentration is less 
than the peak source concentration:  
Lateral dispersion and mixing have 
attenuated the peak down gradient 
concentration;  additionally, the 
monitoring well is not in the exact 
centerline of the plume.  

• To improve capture of the northern 
edge of the plume, in step 2 the second 
well is activated, but results in 
unintended consequences.

Example: Uncertainty and Complex Problem Solving.
• Site investigation and remediation project
• Given: Sitemap, geo-hydraulic data, and a budget
• Task: Determine location, size, and extent of a conservative, non-reactive 

contaminant plume. 

Multiple Realizations:
From the same initial project data, 
multiple plume realizations are 
possible:  Allows for group 
invesigations and collaboration.  
Different mechanisms of plume 
generation and transport are possible:

A: A continuous concentration 

source in a simple flow field 
complicated only by a nearby well.  
This simple scenario is perfect for the 
subsurface neophyte.

B: A pulse injection followed by a 

residual source alongside a low 
concentration, continuous source.  
This intermediate scenario focuses on 
a rapidly moving plume.

C: A continuous concentration 

source develops in a transient flow 
field generated by a seasonally active 
well.  This advanced scenario 
challenges the student to recognize the 
difference between noise in the data 
and significant changes. 

Action
Basemap (survey) of the site
Installation of  a piezometer (yields head data only)
Installation of a monitoring well
(yields head and concentration data)
Monthly reading of head data
Monthly reading of head and sampling for l
aboratory determination of concentration 
Sample and test a piezometer for contaminant detection.
(poor accuracy)

Unit cost
$500
$700
$2000

$100
$300

$300

The provided sitemap suggests several possible contanimant sources. 

The inclusion of  a budget offers several advantages:
• A sense of the first-order estimate of real world cost is conveyed
• The uncertainty in subsurface investigation is conveyed, and decisions 
must be made on less than omniscient data
• The challenging constraint engages creative problem solving
• A readily available tool for indivual or group competition is provided
• Running out of money helps impose a finite student time investment 
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Phase I:  RI:  Investigation and characterization of the plume

Goals:
1) Establish the present location and severity of the VOC plume 

focusing on TCE as the primary contaminant of concern (COC).
2) Predict the future movement of the plume if no action is taken.

Outcomes:
1) Determine hydraulic gradient from piezometer data.
2) Determine plume speed using Darcy’s law.
3) Draw an approximate map of the VOC plume and the concentration 

within the plume.
4)   Utilize Darcy’s Law and the flow field to forecast future plume 
movement. 


