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OBJECTIVES

The Ohio Department of Natural Resources (ODNR),
Division of Water (DOW), is the official repository for all
water well records in Ohio. Currently, over 775,000 paper
well records are on file at the DOW (Figure 1). The water
well records dataset has multiple uses, including requests
for homeowner private well information, a usable re-
source for the water well drilling community, an informa-
tion source for environmental consultants, and a base for
mapping and ground water related research. The DOW is
in the process of converting paper well logs to digital data
in a database and scanning images of each well record.
These data are accessed through a public database. To use
these data for more advanced projects, like DOW model-
ing and potentiometric mapping, it is essential for the data
type to be compatible with use of Geographic Information
Systems (GIS). Ultimately, the database needs to support
the public access activities, while also handling the more
advanced GIS functions.

VENDOR

The DOW had three vendors for the data conversion
and database construction project. The DOW staff and in-
mates at an Ohio state penal institution converted the pa-
per well log data into a database. As these labor-intensive
steps are costly, the DOW chose to work through a vendor
who trained and supervised the inmates on data entry. A
separate vendor scanned the well logs as images. Finally,
a third vendor redesigned the “front-end” for the database
that is used for public data requests. Staff members were
responsible for overseeing these operations. A major chal-
lenge was quality assurance and quality control.

SOFTWARE USED

The well log database is an Oracle 10G Release
1-enterprise database. Oracle, which uses a Unix inter-
face, is administered by the ODNR, Office of Informa-

tion Technology. As an enterprise system, the DOW has
limited write-authority and relies on the administrator to
perform updates and maintenance. The DOW purchased
from a vendor a custom-built Oracle front-end applica-
tion called Flotiva from Workiviti version (8-1-6), which
is used for data entry, simple string queries, and public
service requests (Figures 2 and 3). The Oracle database is
accessible to some internal users by using a link through
Microsoft Access (2002). No write privileges are associ-
ated with this application. Queries and data dumps in Ac-
cess are saved as tables that are usable in Microsoft Excel
(2002). GIS applications are based on the Environmental
Systems Research Institute (ESRI) products of Arc Map,
Arc Catalog, Arc Toolbox (9.1) (Spatial Analyst, 3-D
Analyst), and Arc Workstation (9.1).

WELL LOGS

The DOW began collecting water well records in
1947. Of the 775,000 paper well logs on file, less than
200,000 are located by spatial coordinates. Most of the
well log locations are from DOW staff traveling into the
field with a topographic map and the well log to plot the
location. The field location process was abandoned in the
early 1990s due to personnel reductions. Recently, geoc-
oding has been used, with excellent results, for unlocated
well log data for three counties.

Water well location maps (Figure 4) were digitized by
the vendor and written to CD. The information was orga-
nized as an ESRI shapefile for each county in Ohio. To add
the spatial coordinates of the wells to the Oracle well log
database, a common field between the CD records and the
database had to be identified. Each well log has a unique
well log number, and therefore, this would have been the
logical link between the digitized file and the Oracle data-
base. Unfortunately, the well log locations were digitized
using four fields (none of which are the well log number)
to tag the locations. These four fields include county code,
township code, location map year (the year in which the
well logs were located in the field, since many counties
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Figure 1. A typical water well log and drilling report.
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Figure 3. Location details entry screen, from Flotiva Oracle front-end custom application.

Figure 4. Map showing field-located sites of water well
records.

have been field located multiple times), and location area.
If these four fields match, then the link is made between
the field location map points with spatial coordinates and
the data fields in the Oracle database. In addition, paper
copies of the well logs were scanned as TIFF type 4 im-
ages so they could be linked to the Oracle database.

Errors in linking CD data to the appropriate records
in the database can be categorized as either duplicate er-
rors or no-match (Figures 5 and 6). The shapefile of the
digitized well locations is sent to the Oracle administrator
to be run in a simulation to compare the digitized loca-
tions with the records in the Oracle database. The dupli-
cate list shows all of the points with identical coordinates.
Often, the errors come from inadvertently clicking the
digitizing puck twice on a location. The no-match list
contains those points where the four fields of data from
the digitized file do not match the records in the well log
database. No-match errors are either data entry or missing
record errors in the Oracle database.

After error correction is completed, the Oracle ad-
ministrator performs a finalized update to the Oracle da-
tabase. Now, the well locations are linked to the database
and to the scanned image of the well log.
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55 130 1972 449 2306230.74 639131.56

55 130 1972 449 2304664.52 637825.78

55 2450 1977 162 2306647.5 668203.81

55 2450 1977 162 2306605.72 656305.38

55 570 1987 389 2304903.85 673182.38

55 570 1987 389 2306569.91 675471.54

55 2450 1977 20 2318771.61 669803.24

55 2450 1977 20 2306947.01 656466.52

55 570 1987 29 2311677.93 676989.39

55 570 1987 29 2307359.37 673777.64

55 570 1987 44 2311353.05 691409.06 i
55 570 1987 44 2307354.64 673905.39

55 570 1987 45 2311153.46 691171.25

55 570 1987 45 2307156.1 673692.47

55 570 1945 882 2307828.43 688569.33

55 570 1945 882 2325381.96 679143.11

55 570 1987 548 2317699,.67 689777.52

55 570 1987 548 2316707.44 690827.25

55 570 1987 563 2317755.25 685020.34

55 570 1987 563 2311269.83 679307.41

55 570 1987 521 2324873.06 692417.4

55 570 1987 521 2317902. 54 695366.3

55 570 1945 947 2314910.21 685436.34

55 570 1945 947 2320985.21 672516.82

55 570 1945 489 2313394.78 686101.36

55 570 1945 489 2312908.09 686115.51

55 90 1945 1249 2341258.95 629068.77 -
|« 4

Figure 5. List of duplicates, showing matching records
with different spatial coordinates.

POTENTIOMETRIC SURFACE MAPPING

Mapping ground water flow directions (potentio-
metric surface mapping) is extremely important to most
hydrogeological studies. The DOW is currently producing
potentiometric surface maps for Ohio. Producing elec-
tronic datasets to support potentiometric surface mapping
from our database is a high priority.

The process of generating a potentiometric surface
map begins by downloading the necessary fields from the
database using Access (2002). Important fields are well
log number, county, township, location map year, location
number, static water level, and geologic formation. The
data are complied in Excel (2002) and converted into a
DBF4 table. The table is imported into ArcView 9.1 as an
event theme, then converted into a shapefile. This shape-
file is edited to confirm that the well’s coordinates lie in
the correct county and township (Figure 7).

The Digital Line Graphs (DLG) hypsography layer
for each quadrangle is downloaded from the Center for
Mapping at the Ohio State University (Figure 8). The
DLGs are projected to State Plane South NAD27 coor-
dinate system. The hypsography (elevation contours)
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Figure 6. The no-match list (well log database records
where the actual record is lost).

layer is recoded to display the “elevation” item using
code written in arc macro language (AML). The resulting
surficial elevation from the hypsography layer is used to
construct a Triangular Integrated Network (TIN) model
(Figure 9). A TIN model is a 3-dimensional surface of

the X, Y, and Z values interpolated at locations between
data points. The ArcInfo Workstation command Tinspot
selects the elevation at the spatial location of each point in
the coverage and picks the elevation from the TIN model.
This elevation item will be significantly more accurate
than selecting the elevation from a DEM surface, where
the cell size can skew the value returned. The static water
level is subtracted from the surface elevation at each point
to get the elevation of the water table. USGS 1:24,000
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Figure 7. Water well location map. Franklin County wells
highlighted in light gray (light blue in online version).

Figure 8. A typical Digital Line Graph (digitized topo-
graphic elevation contours).

Figure 9. The 3-D TIN (Triangular Irregular Network)
model constructed from Digital Line Graph file, then
shaded by elevation. Well log points also are shown.
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quadrangle plots of the water elevation point data are
printed on Mylar for mapping hydrogeologists to interpret
and map ground water flow direction. After mapping is
completed, the contours drawn on the Mylar sheets are
digitized to create a final layout (Figure 10).

USING GIS TO CREATE AND ANALYZE
POTENTIOMETRIC SURFACE

In our latest effort with the digital database, the
data points from the well log database were plotted to
create sand and gravel and a bedrock aquifer poten-
tiometric surface map near Darby Creek in Western
Franklin County, Ohio. These potentiometric surface
maps were combined to show where groundwater is
flowing. The shapefiles were turned into TIN models,
which were turned into grids. Using grid subtraction in
ArcMap, Spatial Analyst, a raster difference map was
generated from the potentiometric surface map data. On

the Difference Map, negative values (blues) show areas
where water can move downward from the sand and
gravel to the bedrock aquifers. Positive values (reds)
show areas where the bedrock aquifer has a net upward
effect, which means that water moves from the bedrock
into the sand and gravel. For more information on this
technique, please view the PDF of this work as a poster
session from the DMT 06 conference, http://ngmdb.usgs.
gov/Info/dmt/docs/angle06.pdf.

APPLICATIONS FOR DIGITAL DATA

The DOW receives many requests for our digital
water well log database. The requests may be for an area,
county, watershed, or localized site. Using the capacities
of GIS to clip the data to the desired configuration has
made completing those requests easier. Some requests
(often from environmental consulting companies) are for
an area within a given radius from a natural feature or
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Figure 10. Potentiometric surface map (contour map of water table elevation) of shallow consoli-

dated aquifers in Geauga County, Ohio.
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intersection. The buffer function in ArcMap makes these be viewed on-line at http://www.dnr.state.oh.us/water/
requests straightforward (Figure 11). For example, if you gwpsurface/County List/tabid/3621/Default.aspx and
were looking for ground water/surface water interaction, http://www.dnr.state.oh.us/water/gwppmaps/default/tabid/
you can easily create a query that returns all of the water 3541/Default.aspx.
wells within a 1-mile radius of a major stream. A further
refinement of the query might be to return only the sand SOFTWARE CITED
and gravel wells with a total depth of less than 50 feet and
a static water level of less that 20 feet. Consulting firms ESRI, ARCGIS — Environmental Systems Research Institute,
often request a 1-mile radius around a site (Figure 12). GIS Inc., 380 New York St., Redlands, CA 92373-8100 USA,
capacity allows for quick fulfillment of these requests. (909) 793-2853, http://www.esri.com

Flotiva-Workiviti, Document Imaging Solutions, 8529 N. Dixie
FINAL PRODUCTS FOR DIGITAL DATA Drive, Dayton, Ohio 45414 USA, 1-937-890-5135,

http://www.disolutions.com
Microsoft, Microsoft Office 2002 — Microsoft Corporation, One

Templates are developed in ArcMap for all of our Microsoft Way, Redmond, WA 98052-6399 USA, 1-800-
mapping projects. This allows for a standard design to all 642-7676, http://www.microsoft.com
maps of the same series. The templates require the input Oracle, Oracle 10G Release 1 — Oracle Corporate Headquarters
of new data and some minor modifications and the map is 500 Oracle Parkway, Redwood Shores, CA 94065 USA,
published on-line as a PDF. Examples of these maps can 1-650-506-0024, http://www.oracle.com

Figure 12. One-mile search radius centered on a road
intersection, indicating water wells within the search area.

Figure 11. Water wells within one-mile buffer around Big
Darby Creek in Franklin County, Ohio. Wells within buf-
fer are highlighted in light gray (green in online version).


http://www.esri.com/
http://www.disolutions.com
http://www.microsoft.com
http://www.oracle.com



