Developing a small groundwater flow model (3-point model) for a geothermal borehole field
SUMMARY

The problem set evaluates the plausibility of groundwater movement within a geothermal bore field. Students measure field data, process and graph them, and discuss the results.

LEARNING GOALS

Learning to process data

Constructing a groundwater contour model

Basic concepts of water table, groundwater flow

CONTEXT FOR USE

The lab aimed at a) taking advantage of campus-based facilities, b) focus on renewable energy, and c) make students aware of potential geologic implications. This lab was used within an environmental geology class, and extensive hydrologic knowledge is not required for students. Faculty can give an introduction to hydrology based on student knowledge gained in other classes.

TEACHING MATERIALS

Handout

Ruler, pencil, calculator

TEACHING NOTES AND TIPS

Students need an introduction to the working of a ground-source geothermal system.

REFERENCES

Fetter, C.W., Applied Hydrogeology, 2001, Chapter 3

Sanders, L.L., A Manual of Field Hydrogeology, 1998, Chapter 10
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BSU Campus map. (http://cms.bsu.edu/About/Geothermal.aspx)
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Location of wells around the Northern borehole fields. The exercise uses the “limestone” wells

Introduction

Ball State University is replacing aging coal based heating and cooling systems with a ground source geothermal system. The system relies on heat exchange via ~3600 boreholes. During warm season, excess heat from buildings is transferred into the ground and groundwater to cool the buildings; in cold seasons, that heat is removed from the ground and used to heat buildings. In order for the system to work, heat input has to equal heat removal. This balance assumes no underground heat is transported by convection, i.e. groundwater flow. This lab will establish whether or not groundwater movement might potentially interfere with the energy balance.

Introduction to GW movement (done by instructor)

Constructing a water table map is similar to constructing a topographic map: slope and flow direction are similar to strike and dip. A water level map plots the elevation of the potentiometric surface (water table) of a particular aquifer.

Data gathering

In this case, students plot data from monitoring wells located around the ground source geothermal field at BSU, but any field with a minimum of three monitoring wells (with known elevations) in the same aquifer is suitable. Measurements should be done within one day. A field trip to collect data is optional because data can also be provided.

Data processing/management

Groundwater elevation measurements are recorded as distance from top of well to groundwater surface (water table). The first step is to calculate the elevation of the water table by subtracting the “depth to water” from the elevation of the well and record the results on the spreadsheet.

	
	
	10/23/10
	3/21/11
	10/23/10
	3/21/11

	Well
	elev.
	Depth to Water
	Depth to Water
	Water elev.
	Water elev.

	
	
	ft
	ft
	ft
	ft

	N-NW
	939.63
	17.00
	12.18
	
	

	N-NE
	940.94
	15.61
	13.29
	
	

	N-SE
	938.81
	15.60
	11.31
	
	

	N-SW
	942.33
	21.30
	18.82
	
	

	S-NW
	932.08
	12.30
	8.67
	
	

	S-NE
	935.02
	13.50
	9.96
	
	

	S-SE
	935.88
	15.32
	12.27
	
	

	S-SW
	933.06
	16.21
	No Data
	
	


Exercise

Locate well locations on map. 

From Fetter, 2001 (See sketch below for additional details):

· Draw lines to connect the 3 corners of the set-up. (Instructor assigns wells to groups)

· Note water elevations next to wells (round to 0.1 ft).

· Measure distance between wells (using map scale).

· Calculate the differences in elevations between wells.

· Find distance for each elevation unit change by dividing the distance (using map
    scale) by the water table elevation difference. Calculate for all three lines.

· Mark increments along the lines (at convenient length like 0.1 ft, 0.5 ft or 1 ft).

· Construct contour lines by connecting water table elevations.

· Determine flow direction by constructing lines perpendicular to the contour lines.

· Calculate water table gradient.

· Repeat procedure on new map if multiple data sets are available.
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If multiple groups work on the problem set, combine the results on one map (or more if data are plotted for several dates)

The following questions can be discussed in class after completion of the assignment:

Is the water table flat (no flow expected) or sloped?

If the water table is tilted, does it have A) the same direction everywhere? B) the same gradient everywhere?

Are there seasonal differences? If so, what causes them?

If there is flow, what are the implications for the geothermal system? How would you counteract them?













