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Abstract

This research involved using geographical dataiious formats to create three-dimensional modstsgurapid
prototyping, also known as solid freeform fabrioati Specifically, this research investigated théitamh of a
representation of the water table to three-dimevaditerrain models. In its typical form, information
groundwater and the water table can be hard torstadel. The major purpose of this research wadehelopment
of a method to produce educational three-dimentimodels. These models can help to make citizermsawf the
location and workings of groundwater. In turn, thethod used in this research can also be extendmdér to
model things like groundwater clarity or the coniaation of groundwater in an area. The resulthif project
could prove especially useful to conservation éfgparticularly those concerned with maintainimgnaproving the
level and quality of groundwater, as any modelsipoed using this method should be useful as edunzdtiools to
illustrate the target of conservation efforts. Misderoduced based on this research are suitabltisplay and
interaction with the public, for example at a musenature center or government building.
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1. Introduction

Information dealing with groundwater and the waétdarle can often be hard to understand because ehémner of
its presentation. This research attempts to establimethod by which data on groundwater and therieable can
be presented to and understood by the typicakcitiSpecifically, models can be produced usingdrppototyping
(RP) which incorporate both data on elevation efltind surface of a certain area and data on thendwater
residing beneath that particular area.

1.1. previousresear ch

Researchers have already determined ways bothdelrterrain data using rapid prototyping and to etod
groundwater data. Laura D. Jacdtimsh Muellef, and Matthew Ollaydshave each completed research enabling
rapid prototyping of elevation data. Allison Blobks developed a method to rapid prototype sub-acu@orain
data? Beverly L. Herzog, David R. Larson, Curtis C. Ab@&teven D. Wilson, and George S. Roadcap have
presented a method to combine surface elevatiawiét data on an aquifer beneath that surfacepamduce a
model® This research draws on selected aspects of tiiesepas in order to determine a method by which to
produce an RP model of both surface terrain dadegapundwater data beneath the surface.



1.2. models

A major purpose of this research is to make therin&tion in question comprehensible to the gerarhlic. The
creation of a physical, three-dimensional modedresent the information is a key step toward helphe average
person grasp the concept of groundwater. Models pasven very useful as teaching tools, both iregarand
with specific application to the modeling of aquifeTim Herman, Jennifer Morris, Shannon ColtonnAatiza,
Michael Patrick, Margaret Franzen, and David S. @etl, using physical models showing protein strireetand
function, contend that “models function as ‘thiritools’ that stimulate discussion because the hitsif
provides spatial insights that stimulate questims because participants can clearly articulate ¢uestions in
reference to the model.Beverly L. Herzog, et al. produced a three-dimemsi model of the Sankoty-Mahomet
Aquifer in central lllinois that “was a powerfulstial aid for showing the local, nontechnical audéet For this
reason, it is believed that interaction with a ptgismodel will greatly aid the viewer in learniapout groundwater
and the water table.

It is hoped that any knowledge gleaned by tleever of these models will in turn be put to useanservation
efforts in some capacity. As associate directoMi@ter Resources of the U.S. Geological Survey RdWeHirsch
wrote, “scientific understanding is critical to tfigmulation of balanced decisions about the mameg¢ of land
and water resource8.As municipal awareness grows and groundwater ceasen efforts become more
prominent, the avenue for education using threeedsional models becomes more evident. In fact\thakesha
Water Utility in Waukesha, Wisconsin lists publdueation programs, particularly for school childras the
number one activity in its timeline for implememgia water conservation and protection plan.

1.3. groundwater, aquifers, and the water table

Groundwater is water that resides beneath the'sauthface, stored between rock particles (Figyré\f estimated
21% of total water use in the United States comms fyroundwater withdrawal.It is used for drinking water,
irrigation, and industry, and it replenishes swefa@ter like streams.

An aquifer is a geologic unit of groundwatertwét supply sufficient enough to yield significaniagtities to
wells. Groundwater is sometimes concentrated irtiplelaquifers, above but separated from one anotitech
increases the complexity of a model.

The water table is the surface of the wateminiiaconfined aquifer, “unconfined” meaning thatréhis no
impermeable rock between the aquifer and the seiidéthe land (Figure 1).
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Figure 1. An unconfined aquifét.
1.4. environmental concerns

Poor management of groundwater resources can heagedy of negative effects on the environmenwhich we
live. The two most major concerns are land subsid@md groundwater contamination.

1.4.1. land subsidence



Land subsidence is the sinking of the surface @idhd. It can be attributed to several proceshesnost common
of which is the removal of groundwater. If more gndwater is removed than will be replaced by naneeharge
from precipitation, issues with the land are likedyresult. Soil that was once saturated with gdwater compacts
as it dries out, without the water to fill its per& he surface of the land sinks as the water tadsheath it drops.
Subsidence has been most severe in drier areahdlsuthwestern United States, but it has ocdwatieover the
country. In some places, the surface has sunkyngareet, as shown by the marker in Figure 2.thepareas,
massive sinkholes have appeared rapidly (in a matteours) as the soil dries (Figure 3).

Figure 2. San Joaquin Valley, California.  gule 3. Winter Park, Florida. A number of massivéisoles
The surface of the land here has subsided peaapd here within a matter of houfs.

nearly 30 feet in a 52-year period due to

the removal of groundwatéer.

1.4.2. groundwater contamination

Because groundwater is frequently used for drinkémy contamination present arouses major CONEXgessive
removal of groundwater is one practice that cad teagroundwater contamination. As the water talotaps and
once-saturated soil dries out, fissuring can ootuthe earth’s surface. Fissures will naturallyaege over time due
to erosion, and will capture surface runoff, alevith which will be carried sediment and debfi.his mixture
flowing into a fissure can lead to contaminatiorgodundwater, which lies open in the fissure. Thogen
groundwater removed, the more contaminated thenghwater can become.

1.5. rapid prototyping



Rapid prototyping, also known as solid freefornriedttion, is an additive process that uses thresedsional
computer data to produce physical objects. Thecbigebuilt one thin layer at a time, using a twodnsional slice
from the three-dimensional model to guide the pismet of material. That material can be resin, pawplastic,
wax, paper, or plaster, depending on the particukchine used. In this investigation, the RP machsed was the
stereolithography apparatus (SLA), which buildsgsiarious types of resin.

2. Objective

The objective of this research was to combine datthe surface of the land with subsurface data tbeneath it,
and convert it to a format that could be used talpce models on rapid prototyping machines. Indaise, data on
the water table for a selected area was to be oharsgt combined with corresponding surface data.

3. Data
Data for both the land’s surface and subsurface wexjuired for this research.
3.1. surfacedata

Data on the surface of the land for a given areaaatively easy to find on the Internet. They edmmany
different formats from a number of different websitFor this research, a Digital Elevation ModdERD) of
Waukesha County, Wisconsin was obtained from Genr@onity at http://www.geocomm.com. A DEM consists
of a series of points, with three coordinates repméing the east/west location, the north/southtion, and the
elevation corresponding to the pair. It is not, buer, formatted as a readable file of text.

3.2. subsurface data

Information on groundwater is typically obtainedaihgh a lengthy process of interpretation of resad wells and
boreholes, drillers’ logs, test borings, instaflatof new wells, water samples, and seismic téstisthe purpose of
this research, data on the water table was obtdinedhydrogeologist Daniel Feinstein. The inforinathas
previously been used in an aquifer simulation fier Southeastern Wisconsin Regional Planning Conionissit
comprises a seven-county area of southeastern Wésctogether with portions of some adjacent casntit is in
the form of a multi-line text document with one ipodn each line. Each point consists of three doatds, the first
denoting the east/west location, the second thinisouth location, and the third the elevationhaf wvater table
above sea level corresponding to the pair.

4. Methodology

A series of data conversions and alterations wasined in order to produce a file that could beduse a rapid
prototyping machine to build a final model.

4.1. AutoCAD Map 3D

The first program used in the process of this re$eaas AutoCAD Map 3D, a geographical informataystems
tool from AutoDesk, Inc. AutoCAD Map 3D has the ahjlity to import surface data as a DEM and exjtdrt
Drawing Interchange Format (DXF) as a speciallyrfatted series of (X, Y, Z) points.

4.2. DXF converter

For the next step of this research, a piece oiveo#t was written in Visual Basic. This softwareveer two
purposes: to convert the text data on the watée tabDXF format and to exaggerate the elevatioa file already
in DXF format. Once in DXF format, the water tallas viewable with other software which would othisewnot
have been able to open the file.



It was necessary to multiply the Z-coordinatEbath the land and the water table to accentuatiations in
elevation within each surface. Without exaggerategtation a model would have little illustrativelug, as a
specific place (for instance, the viewer’'s hometpamthe downtown area of a city) would be diffictd locate. A
multiplication by three was selected for use onlémel’'s surface. A multiplication by 20 was selecter use on the
water table, because the variations in height weyee subtle. The advantage of exaggerating a lamdéan be
understood through comparison of Figures 4 and 5.

Figure 4. Waukesha County, original elevation. Figure 5. Waukesha County, elevatigaggerated by
atfarcof three.

4.3. AutoCAD

In order for a rapid prototyping machine to prodagehysical model, the data it uses must be ifiditre of a solid.
Stereolithography (STL) is a commonly-used filenfiatt for this purpose. For this research, the DXdsfcreated by
the DXF conversion software were opened in AutoCABe drape function of AutoCAD was then employed to
solidify the spaces between the points in thogs fitesulting in the creation of solids for boté flurface and the
groundwater. Those solids were then exported in f8finat.

AutoCAD was also employed to create positiongscto be added to the surface of the model. Aafridwnship
borders, major highways, and lakes was createdrtespond to the surface of Waukesha County (Figurk is
expected that local viewers of the model will fihdnore appealing if they can pinpoint places withich they are
familiar.

Figure 6. The reference grid of townships, major
highways, and lakes in Waukesha County.

4.4. Magics



At this point, the data for the model consistedhoée separate STL files (the surface, the walde tand the
reference grid). In order to be built using rapidtptyping, the three had to be combined into die files were
sent to the Milwaukee School of Engineering Rapigtétyping Center, where they were opened in Malisg
Magics, lined up, and saved as one STL file (Fighrel'he model was then ready to be built.

Figure 7. The STL file used as the final build floe model.
5. Conclusions

A physical three-dimensional model combining swefgerrain and groundwater data was created uspid ra
prototyping. This model represents the relationgt@pveen terrain and groundwater, and as sucHuaia as an
educational tool.

6. Recommendations

This research can be continued in a number of titre Because subsurface data in the form of éitemtable has
now been successfully modeled, representationhafrdypes of subsurface data can now be explo@deS
possibilities include representation of bedrockltfa aquifer depth, groundwater clarity, and lama of
groundwater contamination.

In the interest of making an instructional me@desomewhat atypical type of resin was used iptbduction of
the model. This project employed a medical modeajjebusually used in rapid prototyping of organiodals. This
particular material is clear when sintered oncéthe machine’s laser, and turns pink when sintarselcond time.
In this investigation, the water table and refeeegiid were double-burned, while the rest of thelehavas burned
only once, so that the groundwater and grid woeldibible through the rest of the model from amgdlion. It is
not recommended that any future research contireefithe medical modeling resin. Any part builthathis
material come out of the stereolithography apparbadly warped, leaving the model’'s base boweduaadble to
lay flat. In addition, the clear resin was not iéntly clear to see the subsurface data fromgary of the model
except for the outer edges. Production using @difft resin or on a rapid prototyping machine othan the SLA
is strongly suggested.
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