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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

foot 0.3048 meter

mile 1.609 ‘ kilometer

square mile 2.590 square kilometer

|
Sea level: In this report “sea level” refers to|the National Geodetic Vertical
Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment

of the first-order level nets of the United States and Canada, formerly called
Sea Level Datum of 1929.
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SELECTED HYDROGEOLOGIC DATA FOR THE REGIONAL CARBONATE BEDROCK
AND GLACIAL AQUIFERS IN EASTERN AND CENTRAL INDIANA

By Douglas J. Schnoebelen

ABSTRACT

The Ohio-Indiana Carbonate Bedrock and Glacial Regional Aquifer-System
Analysis project was started in 1988. This study is the result of 1 of 28
U.S. Geological Survey Regional Aquifer-System Analysis (RASA) programs. The
purpose of the RASA program is to develop quantitative appraisals of major
aquifers in the United States. Objectives common to each program are to analyze
the geology, hydrology, water chemistry, and withdrawal response of the major
aquifers in the United States. The initial phase of the Ohio-Indiana RASA
program is to develop a data base of the properties of the carbonate bedrock and
glacial aquifers.

This report describes the data-collection methods and the description of
data types compiled for the Indiana part of the study. Selected data on wells
completed in the carbonate bedrock and glacial aguifers also are presented for
the Indiana study area.

Information was completed from paper files at the Indiana Geological Survey
and from data on magnetic computer tape from the Indiana Department of Natural
Resources and Geosciences Research Associates, 1Inc. Types of data collected
include information on well location, well construction, hole and casing
diameter and depth, open and screened intervals, pumpage, logs, and
hydrogeologic units. All of the information was entered into the U.S. Geological
Survey'’'s Ground-Water Site Inventory computer data base. A total of 691 wells
completed only in the bedrock and 218 wells completed only in the glacial
deposits were selected for entry into the data base. Approximately 350 of the
bedrock wells were drilled through the entire Silurian and Devonian bedrock
section.

INTRODUCTION

The U.S. Geological Survey (USGS) program of Regional Aquifer-System
Analysis (RASA) studies was initiated in 1978 in response to a mandate from the
Congress of the United States. The Silurian and Devonian carbonate bedrock and
Quaternary glacial aquifer system in western Ohio and eastern central Indiana
was 1 of 28 regional aquifer systems selected for study (Sun, 1984). The USGS
began the RASA study of the Ohio-Indiana carbonate bedrock and glacial aquifer
system in 1988. Objectives of this study are to analyze the aquifer system in
terms of regional geology, hydrology and water chemistry, and to determine the
aquifer response to development (Bugliosi, 1990).



The initial phase of the Ohio-Indiana RASA study involved the development
of a computer data base containing geologic and hydrologic information. The
information for this data base was collected from a variety of sources and
has been stored in the USGS Ground-Water Sitle Inventory (GWSI) system.1
GWSI contains information on wells and springs located in the United States
{(Mercer and Morgan, 1981). The GWSI data base was ideally suited for this
study for the following reasons: (1) integration with the national ground-
water data base was needed because of the regional nature of the Ohio-Indiana
RASA study, (2) some wells that met the necessary criteria for this study were
already in the data base for Ohio and Indiana, and (3) computer routines were
available to convert output from GWSI into a Geographic Information System
for analysis and presentation. Geologic and Tydrologic data stored in GWSI
will be used to define the regional aquifer system and to support subprojects
within the RASA study. |

\

Purpose and Scope

This report describes the methods of data collection and the types of
data compiled for the Indiana part of the Ohio-ﬁndiana RASA study and presents
selected data on wells completed in the carbonate bedrock and glacial
aquifers. Geologic and hydrologic data were collected for 60 counties in
eastern and central Indiana (fig. 1). County names and the corresponding
county codes, as stored in GWSI, are listed in table 1. In case the original
Ohio-Indiana RASA boundary needed to be refined, data were collected from some
counties outside the study area. These data co$ld be used to define the lower
limits of the regional aquifer system. Data for bedrock units other than the
Silurian and Devonian were collected when available. Data for the area where
the RASA study has been extended into Illinois are being collected at the date
of writing and are not included in this report.

Description of Study Area

The general bedrock geology of the Ohio-Indﬂana RASA study area is shown in
figure 2. The study boundary is defined by thd subcrop limit of the Silurian
and Devonian carbonate bedrock aquifers. The Indiana part of the Ohio-Indiana
RASA study encompasses approximately 18,000 sduare miles; the Ohio part is
approximately 17,000 square miles.

The stratigraphic relations of the bedrock units along a generalized
geologic section through Ohio and Indiana are illustrated in figure 3. Glacial
deposits, which cover nearly all of the Indiana study area, are as thick as
400 feet in the north. Glaciation did not extend into the southern part of
Indiana; therefore, glacial deposits in the sou&hern part of the Indiana study
area are less than 50 feet thick or are absentt (Gray, 1983). Shaver (1989)
describes much of the Silurian and Devonian bedrock stratigraphy across the
central part of the Indiana study area. Shaver |and others (1986) describe the
stratigraphic names used throughout Indiana. Data collected for the Ohio part
of the study were published by Sheets (1991).

1 The ground-water information data base of the National Water Information
System (NWIS) which was developed by the USGS to provide computerized storage
and retrieval of water-resources information (Mathey, 1989).
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Figure 1.-- Outline of the study area.
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Table 1.--Counties and their corresponding computer codes for the

Ground-Water Site Inventory (GWSI) data base

County name

GWSI county code

!

Coﬁnty name
i

GWSI county code

Adams
Allen
Bartholomew
Benton
Blackford
Boone
Brown
Carroll
Cass
Clark
Clinton
Dearborn
Decatur
DeKalb
Delaware
Fayette
Floyd
Franklin
Fulton
Grant
Hamilton
Hancock
Hendricks
Henry
Howard
Huntington
Jackson
Jasper
Jay
Jefferson

001
003
005
007
009
011
013
015
017
019
023
029
031
033
035
041
043
047
049
053
057
059
063
065
067
069
071
073
075
077

1

!
Jehnings
Johnson
Kosciusko
Lake
Madison
Marion
Marshall
Miami
Montgomery
Morgan
Newton
Noble
Ohﬁo
Porter
Pulaski
Randolph
Ripley
Rush
Scott
Shelby
Starke
Switzerland
Tippecanoe
Tipton
Unfion
Wabash
Wayne
Wells
White
Whitley

079
081
085
089
095
097
099
103
107
109
111
113
115
127
131
135
137
139
143
145
149
155
157
159
l61
169
177
179
181
183
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SELECTED HYDROGEOLOGIC DATA

Hydrogeologic data were collected from three main sources: (1) Indiana
Geological Survey (IGS) petroleum section, (2) Indiana Department of Natural
Resources (IDNR), and (3) Geosciences Research Associates, Inc. (GRA). The data
from IDNR and GRA were very similar and were grouped together as one data source.
The methods used to select the different data types from IGS and IDNR-GRA sources
are discussed in the sections below.

Sources and Types of Data

Indiana Geological Survey

The IGS petroleum section was the source of deep-well data; these were wells
that penetrated the entire Devonian and Silurian bedrock section. These data
were used to construct a general hydrogeologic framework and to provide
geologic data at depth. Data were collected from paper files that were
originally supplied by drillers of oil and gas wells, and housed in the IGS
petroleum section.

These data include driller’s logs, site location, and well construction.
Information about geophysical logs (types and depths), sample logs, top of
stratigraphic units, and cores were collected when available. The types of
information (data type) that were searched for and explanations of what each
data type represents are listed in table 2. This table also shows the GWSI
component number used to store the data types in GWSI.

Well data from the IGS petroleum paper files were examined by county and,
within each county, by township and range grid (6 square miles). Initially, one
well was selected for each grid (unless no wells were present in the grid) and
all available data for that well were collected. The first criterion for
selection was that the well penetrate the complete Silurian and Devonian bedrock
section, unless it was the only well in the grid. 1In areas where there were
several deep wells, the well having the best quality and quantity of information
was selected. Such information usually included recent geophysical logs or
lithologic sample descriptions completed by a geologist. For wells with similar
types of geophysical logs, preference was given to wells at which the most
unconsolidated material had been logged.
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A second selection process eliminated data that was of poor quality. After

the second selection process, data were available for approximately every other
township and range grid. These data were stored in GWSI.

Wells selected from the IGS paper files were originally located by Section,
Township, and Range System (or Public Lands Survey System) and then converted
to latitude-longitude coordinates. The conversion was necessary because a site
cannot be entered into GWSI without a unique latitude-longitude coordinate. The
latitude-longitude coordinates are used inl this study to create a site
identification number for each well. The site identification number is
comprised of latitude, then longitude, separated by a zerc. The last two digits
of the site identification number are a sequénce number to indicate if other
wells were drilled on the same site at a later date.

Stratigraphic names were also assigned to the IGS data sets. Typically,
the well record was only divided into Silurian, Devonian, and Quaternary
stratigraphic system names. If the well were deep enough, however, Cambrian and
Ordovician system names also were assigned in the event that future work would
require information from these deeper geologic units. In some cases, sample
description or core information was present and greater detail in identification
was possible. For wells at which a clear divi%ion could not be made between the
Silurian and Devonian, the code for Paleozoic was entered into the data base.
All stratigraphic names and their corresponding codes were in accordance with
the USGS National Water Data Storage and Retrieval System (WATSTORE) as listed
in Price (1981). Brief lithologic notations such as limestone, dolomite, or
shale were recorded from drillers’ logs or geologic descriptions.

Determination of the tops of stratigraphic units came from IGS information.
If top-of-unit information was not availabﬂe, the stratigraphic tops were
interpreted from geologic maps (Ault and other%, 1976; Gray, 1983; and Gray and
others, 1987) and nearby geophysical logs or sample logs. There are obvious
difficulties 1in establishing meaningful stratigraphic units in complex
carbonates; however, at the regional scale and given the regional goals of the
project, legitimate geologic units could be identified.

Indiana Department of Natural Resources and

Geoscilences Research Associates, Inc.

Information from IDNR-GRA was the source of all wells completed in
shallow bedrock or glacial deposits. Water-chemistry data also were included
as a criterion for selecting sites from these data sets because of future

project needs.

-12-



The data from IDNR and GRA, which contained information about site
locations, aquifer tests, stratigraphy, well construction, and water
chemistry (table 2), were transmitted to the USGS on magnetic computer tape.
The data from GRA had been published as part of an inventory of ground water
in Indiana (Geosciences Research Associates, Inc. and Water Resources
Research Center, Purdue University, 1980). Most of the data from IDNR had
been collected as part of their river basin water-resources availability
studies (Indiana Department of Natural Resources, 1990, 1988, 1987).

The duplication of well-site data for the Whitewater, St. Joseph and
Kankakee river basins (the only areas of duplication between GRA and IDNR) was
avoided by using only IDNR data. The data from GRA were used in all the other
areas. Duplication of well sites between IGS, GRA, and IDNR data sets was not
a problem because wells in the IGS data sets are much deeper than those in the
other data sets. The few wells from IDNR data sets that might have been
duplicated by the IGS data-collection effort were deleted before the IGS data
were stored. A check for possible duplication of well sites with wells already
in GWSI was done by comparing all wells that were located within one-quarter
mile of each other.

The selection process for the GRA and IDNR data sets consisted of one well
per township and range grid. Sites were preferentially selected if a well on
the site was completed in the bedrock and if water-chemistry data had been
collected. If water-chemistry data had been collected for a well completed in
‘bedrock and for a well completed in the glacial deposits, both wells were
selected for that township and range grid.

All of the data from IDNR and most of the data from GRA included sites
located by the Universal Transverse Mercator (UTM) grid system. These locations
were converted to latitude and longitude by use of the ARC/INFO? computer
software (Environmental Systems Research Institute, 1987). Site locations were
checked for accuracy by plotting the original UTM coordinates and the converted
coordinates on USGS 7.5-minute topographic maps. Some sites in the GRA data set
were not located by means of UTM coordinates but rather by the Public Lands
Survey System. The latitude and longitude coordinates of these locations were
determined from USGS topographic maps.

escriptio

The sites selected for presentation in this report show: (1) wells
completed only in the bedrock, (2) wells completed only in the glacial deposits,
and (3) wells with geophysical logs. In addition, selected information for the
well site and the hydrogeologic units is included.

2 Use of brand and firm names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.
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Data from the IGS were entered directly into GWSI by means of the GWSI query
entry procedure and verified by the error-checking procedure of that system.
The GWSI error checks include rejection Lof nonvalid character types;
requirements that elevation, latitude and lopgitude be within the ranges of
those of the county of interest; vérificatﬁon that dates entered do not
correspond to nonexistent days; and verification of all depth fields against
total depth of the hole. A full listing of errdr messages can be found in Mathey
(1989). Data in GWSI also were checked by ex }ination of data tables retrieved
from the data base. Data from the IDNR and G were converted into GWSI format
by computer programs written in FORTRAN 77 code. These data were then verified
by the errqr—checking procedure of GWS] and by examination of GWSI retrievals.

Spatial Distribution of Data

A total of 691 wells completed in bedrock and 218 wells completed in glacial
deposits were selected for entry into the; GWSI data base for Indiana.
Approximately 350 of the bedrock wells penétrated the entire Silurian and
Devonian bedrock section. Figures 4 and 5 show the locations of wells completed
in the bedrock and in the unconsolidated material within the study area. For
those wells shown in figures 4 and 5, tablesl3 and 4 (at the back of report)
list the county, local well number, site idéntification, land-net location,
altitude of land surface, depth of well, and hydrogeologic unit code of the
lowest wunit penetrated when the well was drilled. Table 6 1lists the
hydrogeologic unit codes used for aquifers in fhe Indiana study area.

Figure 6 shows wells completed in bedroek for which geophysical logs are
available. Table 5 (at the back of report)ilists the county, site identi-
fication, altitude of land surface, depth of &ell, type of log available, and

logged interval for these wells. ,

SUMMARY

The Ohio-Indiana RASA study was started in 1988 to examine the carbonate
bedrock and glacial aquifer system in western Ohio and eastern and central
Indiana. The initial phase of this project involved creating a data base of
geologic and hydrologic information. This report describes the methods of data

Indiana RASA study and presents selected data o

collection and the types of data compiled for the Indiana part of the Ohio-
erells completed in the carbonate

bedrock and glacial deposits.

-14-



The data were compiled from well information on file at the IGS, the IDNR,
and GRA. One well was selected for each township and range grid (6 sgquare
miles) in the study area, if it met the criteria for well selection. The
wells selected have the best gqualitative and quantitative information
available at this time. Types of data collected include information on well
construction, hole and casing diameter and depth, pumpage, logs, and
hydrogeologic units. All information chosen was entered into the USGS GWSI
computer data base.

Well information from the IGS was collected from paper files. Data from
the IDNR and GRA were transferred from magnetic computer tape and then converted
into the GWSI format by computer programs written in FORTRAN 77 code. A
total of 691 wells completed only in the bedrock and 218 wells completed only
in the glacial deposits were selected for entry into the GWSI data base.
Approximately 350 of the bedrock wells were drilled through the entire Silurian

and Devonian section.
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Takl~ 6. Hydrogeologic unit ~odes QSed in_the study area

Hydrogeologic code Geologic equivalent

110QRNR Quaternary

112PLSC Pleistocene Series
300PLZC i Paleoczoic Erathem
330MSsP 1 Mississippian System
337MSSPL Mississippian, Lower
340DVNN Devonian System
341NALB New Albany Shale
344DVNNM Middle Devonian
344GENV Geneva Dolomite
344JFVL Jeffersonville Limestone
350SLRN Silurian System
351SLIN Salina Formation
351SLRN Silurian, Upper
354LSVL \ Louisville Limestone
354SLMN | Salamonie Dolomite
354WBSH | Wabash Formation
354WLDR ' Waldron Shale

357BFLD Brassfield Limestone
357SLRNL Silurian, Lower
3600DVC Ordovician System
3610DVCU Ordovician, Upper
361SLUD Saluda Formation
3640DVCM , Ordovician, Middle
364LXNG | Lexington Limestone
364STPR Saint Peter Sandstone
364TRNN Trenton Limestone
365BKRV Black River Formation
367KNOX Knox Dclomite

370CMBR Cambrian System
371ECLR Eau Clair Sandstone
371MSMN Mount Simon Sandstone
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