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Overview 

The Indiana Geological and Water Survey (IGWS) became a new data provider to the USGS 
National Ground-Water Monitoring Network (NGWMN) under the FY2016 NGWMN program 
announcement with agreement dates from 9/1/2016 to 8/31/2018 (Grant/Cooperative Agreement 
No. G16AC00360). The work completed under this agreement is the seventh award under the 
NGWMN program for an existing data provider. This report completes the work required under 
the FY2023 NGWMN Grant/Cooperative Agreement No. G23AC00300, (with agreement dates 
9/1/2023 to 8/31/2025.)  

Former grant awards funded efforts to compile and organize data into NGWMN formats from an 
existing micrometeorological and groundwater monitoring network, the Indiana Water Balance 
Network (IWBN). The IWBN website is https://legacy.igws.indiana.edu/iwbn-dashboard/#/. 
New monitoring wells often complement micrometeorological networks or may be stand-alone 
groundwater monitoring locations. Data contributed from the IWBN to the NGWMN can be 
found at https://cida.usgs.gov/ngwmn/.  

The goal of the IWBN and its network of monitoring wells is to gather representative monitoring 
of environmental activities that measure the inflow, flux, and outflow of water within various 
systems (atmosphere, soil, and aquifer). Developing flow paths that define the movement 
through the hydrosphere within a variety of physiographic settings helps to characterize the 
variations seen within these systems. By including the collection of groundwater and aquifer data 
at multiple depths, the dynamics of the groundwater system can be assessed. This can be a 
mutually beneficial effort, as it can also support the desired data collection efforts for the 
NGWMN. As we evaluate the groundwater in the state, we are poised to find wells that can 
support a national- and regional-scale data set for the assessment of important aquifers in 
Indiana. Our shared goals are to assess the baseline conditions and long-term trends in water 
levels in these aquifers and to continue to drive data collection. To that end, our monitoring 
network is expanding and has been redesigned to assess the best aquifers. With the wells selected 
and drilled with this round of funding, our network has grown to 23 wells (3 original 
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replacement wells still available) that represent USGS principal aquifers of alluvial and glacial 
origin, Mississippian aquifers, and secondary hydrogeologic regions of other aquifers. 

NGWMN program Objective 2 (support persistent data service from an existing data provider), 
utilizing Part A (update sites and information to keep NGWMN data current and ensure 
accuracy), was completed during this two-year project. We reviewed network site data to 
determine missing components and to analyze the proper method for updating the site numbers 
in the data tables. While reviewing the network data many of the datums were updated to match 
the datum being used, from GRS 1980 to NAVD88.  This was accomplished in January 2024.  
Additionally, some well depths were updated and changed from meters to feet in the registry.  
Other aquifer data were verified and corrected when necessary. Lastly, efforts were made to 
correct well screen information and lithology when more accurate or supplemental information 
was available.  A consistent numbering scheme for site numbers was created and site numbers 
were updated in the NGWMN Monitoring Location Registry when the new geodatabase was put 
online. Site identification numbers include a two-digit county code followed by a two-digit year 
the well was drilled or put into service, and then a two-digit sequential number. With the 
implementation of the geodatabase in 2023, we were able to update the site numbers in the data 
tables and NGWMN registry while providing the geodatabase within the XML web service.  

Other tasks included updating site classifications in accordance with the Tip Sheet on Minimum 
Data Requirements for Candidate Sites, the NGWMN Framework Document (ACWI, 2013), and 
the NGWMN Data Portal and Data Provider pages. The minimum data elements were populated 
in the geodatabase and services connected while ensuring the new connections were stable and 
flowing. Web service connections to the portal were maintained during the transition and fixed 
when incorrect data or missing links were found. Monthly checks were made of data fetches on 
the NGWMN data provider dashboard, and the NGWMN was contacted to resolve issues on 
seven occasions. These resulted from such challenges as the transition to our new geodatabase, 
mapping changes within the host links, the portal going offline momentarily, or bugs in the 
NGWMN Data Portal URL system when it was upgraded to its permanent location.  All 
problems were resolved.   

NGWMN program Objective 5 (well drilling) was completed during the project period. The goal 
of adding three wells to the network to improve the spatial distribution of monitoring wells in 
USGS principal aquifers has been successful. We have increased the number of monitoring wells 
within the Mississippian and in sand and gravel aquifers to align with the number suggested in 
the NGWMN Tip Sheet on Well Selection Criteria for Water Levels. Pressure transducers have 
been installed at four new wells to initiate monitoring. A fourth well also included in the network 
is discussed below. 

Well with site ID 282302 (Bloomfield_N) was drilled with the intention to screen in the 
Mississippian bedrock system.  However, no aquifer was encountered during drilling within the 
Mississippian system, so instead of wasting the time and money on the drilling efforts, a well 



 
 
 

was screened in the Pennsylvanian bedrock. However, we were able to install a well at site ID 
602501 Freedom_E, which is monitoring the Mississippian aquifer system. 

Initially, the planned Owen County well was chosen to use an existing borehole in McCormick’s 
Creek State Park that was in a water-bearing Mississippian formation. This well could not be 
installed, however, due to borehole complications that led to the collapse of the well. Instead, we 
were able to retrofit an existing water well east of Freedom, Ind., as a replacement to target the 
Mississippian Principal Aquifer. This well has been given site ID 602501 and named 
Freedom_E.  

Instead of one replacement well for site ID 021604 (FortWayne_N2), there are now two new 
wells. The primary well was drilled to capitalize on drilling already being conducted by our 
glacial geologists; it was given site ID 172404 (Ashley_W). Additionally, a nearby well that is 
owned by ACRES Land Trust and with a conservation easement overseen by DNR allowed us to 
convert the old water well onsite into a monitoring well; it was given site ID 022403 
(FortWayne_N4).These two wells represent sand and gravel principal aquifers and have similar 
lithology and water-level trends to site ID 021604 (FortWayne_N2) well.  

 

Support the NGWMN as a data provider 

The goal of supporting persistent data services and timely uploads has been completed per 
Objective 2. Quality assurance and quality control procedures are performed for NGWMN wells 
at least triennially and are updated in the water level files. A uniform spatial database engine 
(SDE) houses the NGWMN data and feeds it into the NGWMN data portal. 

The NGWMN Monitoring Location Registry now contains consistent site numbering which 
includes a two-digit state designated county code, a two-digit year the well was drilled or put 
into service, and then a two-digit sequential number.  All site numbers were made consistent and 
updated within the registry and across all associated data tables in early winter 2023. The new 
wells, Bloomfield_N (Site ID 282302), Ashley_W (Site ID 172404), Freedom_E (Site ID 
602501) and FortWayne_N4 (Site ID 022403), have been added to the registry per Objective 5 
and comply with the updated site numbering scheme.    

 

Network support process 

Through the last grant cycle (G22AC00135), the data structure that supports the IGWS-
maintained groundwater monitoring network was transformed into a unified geodatabase (SDE) 
to streamline workflows and increase efficiency to deliver data to NGWMN. Since then, bugs 
have been worked on to enable smooth delivery of data to the NGWMN portal. Some challenges 
still exist with the data pull from our hourly data collection to serve the daily data preferred by 
NGWMN.  We have been working through the quality assurance quality control (QAQC) 



 
 
 

processing steps to try to automate this process. We are working to build in a standardized output 
time stamp that is compatible with NGMWN; however, we are still having challenges with this 
process and for the time being, we are relying on manual collection, processing, and delivery of 
this data. 

With the changeover to the SDE in the fall of 2023, all data was reviewed and updated to ensure 
accuracy in locations, depths, lithology, and other minimum data elements. All new wells and 
associated data collected were entered into the SDE as of the fall of 2025. Location data was 
collected using the Trimble DA2 GPS Catalyst in conjunction with ArcGIS Field Maps. Then, 
elevation data was compiled using Indiana’s 2016–2020 hydro-flattened bare-earth Digital 
Elevation Model (DEM) from IndianaMap. This data is derived from statewide QL2 Light 
Detection and Ranging (LiDAR) airplane imaging and follows USGS 3DEP standards.  These 
standards were included in the registry for the new wells put into the system. 

Spatial feature classes (point and polygon) in ArcGIS Pro are used for relevant spatial data such 
as well locations. Non-spatial tables are populated using SQL Server Management Studio 
(SSMS) or ArcGIS Pro. NGWMN schema view tables are populated in SSMS or in ArcGIS Pro. 
The geodatabase published in ArcGIS Enterprise is authorized to the Web Feature Service (WFS) 
for reporting to NGWMN.  

Water level data for the NGWMN is now being supplied in feet to comply with the NGWMN 
standards in the new SDE. Values are being quality-checked for significant figures and standards 
to be served to the NGWMN portal.  

Lithological data was updated to include gamma-log interpretations along with the existing core 
description from the borehole. The “Lithology” table updated during the rebuild is now 
associated with the pattern numbers set forth in the FGDC Digital Cartographic Standard for 
Geologic Map Symbolization associated with the lithological patterns using Section 37.1 – 
Sedimentary-rock lithologic patterns. This data structure allows us to better develop cross 
sections of the lithology associated with wells. 

All new wells were inventoried for well pop-up heights, casing diameters, and verified screen 
lengths from well drilling records to ensure that casing and screen data were correct. 

 

Data collection methods 

Manual water level measurements  

IWBN sites are visited, on average, every quarter (3 months) to conduct maintenance and collect 
manual and automated water-level data. Manual measurements of groundwater level and total 
well depth are made from the well reference point, typically the top of the well casing marked by 
an indelible marker, using a Geotech ET electronic-tape meter (accuracy = +0.01 ft). The 
measurement, date, and time are recorded in field sheets, and well sediment accumulation is 



 
 
 

noted, if present. Measurements are transferred to a well metadata spreadsheet when field 
personnel return to the office. Field sheets are scanned into PDF format and saved to a network 
directory to provide paper and electronic versions of field notes.  

 

Automated water-level measurements  

Continuous groundwater-level data are collected using vented (e.g., Druck PDCR series or 
Campbell Scientific CS451 sensors) and non-vented (e.g., In-Situ Rugged Troll) pressure 
transducers. The IGWS is working toward using vented instruments as the standard automated 
measurement approach, which would also facilitate real-time data service; however, the 
transition is constrained due to budget limitations, including the need for multiplexers to expand 
to the required number of IWBN site datalogger terminals.  

Monitoring wells instrumented with non-vented (i.e., absolute) pressure transducers with internal 
memory are downloaded immediately after manual water-level measurements are taken, during 
routine site visits. Barometric pressure sensors at the site are also downloaded; raw water-level 
data are compensated for barometric effects using sensor manufacturer software. The 
uncorrected water-level, barometric, and compensated water-level data are stored on a field 
laptop hard drive and then transferred to a network directory upon field personnel’s return to the 
office. 

 

Description of data quality and quality assurance protocols 

The quality assurance and quality control (QA/QC) protocol establishes the required quality 
standards and outlines the methods to maintain this quality throughout the project’s deliverables 
and research processes. Following the guidelines of the NGWMN Framework Document 
(ACWI, 2013), continuous water-level data are calibrated using manual measurements. Water-
level data are logged hourly or on minute timescales using non-vented or vented pressure 
transducers. Non-vented pressure transducers are downloaded in the field manually to a mobile 
device during site visits. Vented pressure transducer data can be downloaded directly from the 
datalogger source in the field or remotely using a modem. Manual depth-to-water measurements 
are taken during each field visit. Non-vented pressure transducer groundwater data are 
barometrically compensated using site-specific barometric pressure data that are logged at the 
same time of the submerged pressure transducer. The compensated water-level data, reported as 
water column depth (i.e., the height above the pressure transducer) or as depth to water, are 
recorded in an Excel worksheet alongside manual measurements that are synchronized to the 
nearest time stamp. To convert manual depth-to-water readings to groundwater elevations, the 
well casing stick-up height is subtracted from the depth-to-water measurement, and this value is 
added to the ground elevation determined by digital elevation modeling (DEM) at the well point. 
All well measurements are recorded and analyzed in feet. 



 
 
 

The manual water elevation measurements (y-axis) are plotted against compensated water 
column measurements or depth to water from the sensor (x-axis) on a scatter plot (fig. 1). A 
linear trend line is applied, with a linear coefficient (R2) greater than 0.85 required to confirm 
consistency. The equation generated from this trend line is used to calculate groundwater 
elevation each hour and takes the compensated height above the pressure transducer or depth to 
water recorded from the sensor (x), multiples it by the slope (m) generated from the regression 
relationship, and then adds or subtracts an elevation (b). If the pressure transducer is replaced or 
repositioned within the well column, a new regression equation is created to recalibrate the 
system. A hydrograph is plotted with hourly groundwater elevations and periodic manual 
groundwater elevation measurements to verify that these measurements correspond well with the 
continuous record by doing a visual QA/QC check. 

 

Figure 1. Graph showing the linear regression equation generated from the compensated 
pressure transducer water column reading and the manual groundwater elevation 
measurements at the same time. This example is from Brownsburg_N1 (Site ID: 531601). 

A standardized data processing routine using spreadsheets to convert data from barometrically 
compensated non-vented pressure transducers and vented pressure transducers into the NGWMN 
web service format is still being used while we are updating procedures in the SDE. The 
NGWMN network requires date and time to be in ISO8601 format. To achieve this, the Excel 
concatenate function was used to convert the date and time recorded by the pressure transducer 
(e.g., 8/22/2024 11:30) into the ISO8601 format (e.g., 2024-08-22T11:30:00-05:00). The value "-
5:00" indicates the difference from Coordinated Universal Time (UTC), also known as 
Greenwich Mean Time. An example of the concatenate formula is as follows: 



 
 
 

=CONCATENATE(TEXT(A8,"yyyy-mm-ddThh:MM:ss"),$J$2) 

(cell $J$2 contains the value -5.0) 

Accuracy values for pressure transducer measurements were sourced from the manufacturer's 
technical specification sheets. These accuracy values are expressed as a percentage of the 
pressure transducer's full scale (FS). By multiplying the accuracy percentage by the FS, the 
resulting value is entered into the Observation Accuracy field in the WATERLEVEL file that is 
stored in the SDE that serves to the NGWMN Data Portal.  

Corrected depth-to-water measurements are calculated by subtracting the groundwater elevation 
from the ground elevation. The rounded depth-to-water values are reported to the NGWMN for 
each hour. In the future, the process of QA/QC and water-level elevation computation will likely 
be done automatically using Python scripting to create accurate water-level data that are free 
from human error.  

 

Well drilling activities  

With funding from this grant, two wells were drilled and two additional wells were repurposed 
into monitoring wells from their former use as domestic supply wells. This is a bonus of one well 
from what was proposed. Both Bloomfield_N and Ashley_W were drilled for Objective 5; the 
other two new wells to the network, Freedom_E and FortWayne_N4, were repurposed to monitor 
water levels in valuable aquifers. Freedom_E repurposed well use came after a collapse of the 
original proposed Owen County borehole redrill at McCormick’s Creek State Park. The 21 wells 
in the network, including these four wells, are shown in Table 1. A map showing the spatial 
distribution of NGWMN wells operated by the IGWS, including the four new wells, is shown in 
Figure 1.   

Table 1. List of NGWMN wells operated by the IGWS.  

Site name Site ID Latitude 
(WGS84) 

Longitude 
(WGS84) 

Altitude 
(ft) 

Well 
depth (ft) 

Principal aquifer 

Atlanta_S 291913 40.20952 -86.02689 857.1 113.9 Other aquifers 

Bloomington_N 531712 39.19399 -86.51311 759 13.4 Mississippian aquifers 

Brownsburg_N1 531601 39.89448 -86.37302 912.4 39.3 Other aquifers 

FortWayne_N1 021602 41.24759 -85.11812 874.8 100.8 Aquifers of alluvial 
and glacial origin 

FortWayne_N2 021604 41.24772 -85.13912 840.1 79 Aquifers of alluvial 
and glacial origin 



 
 
 

Frankfort_S 122201 40.22712 -86.43012 929.7 365.5 Other aquifers 

Glenwood_N 212202 39.63908 -85.29161 1098 60 Other aquifers 

Indianapolis_N 491611 39.81836 -86.20442 705.5 6.2 Other aquifers 

Jasper_S 192103 38.30611 -86.86852 585.5 55 Other aquifers 

LakeStation_W 459701 41.58454 -87.27534 589.8 14.5 Other aquifers 

Lebanon_N 062102 40.12625 -86.41975 926.2 213 Other aquifers 

Martinsville_N 552101 39.49888 -86.42708 609.4 70 Aquifers of alluvial 
and glacial origin 

Muncie_N 189103 40.22216 -85.42320 938.1 33.1 Other aquifers 

Nappanee_NE 201902 41.45389 -85.98386 871.5 157.6 Aquifers of alluvial 
and glacial origin 

NewCastle_NE 330405 40.05339 -85.31495 1008.6 9.6 Other aquifers 

Rushville_S 701201 39.57998 -85.46494 944.5 12.3 Aquifers of alluvial 
and glacial origin 

Worthington_N 602301 39.16823 -87.00589 528 41.4 Aquifers of alluvial 
and glacial origin 

Bloomfield_N* 282302 39.08538 -86.91518 649 256.5 Other aquifers 

Freedom_E* 602501 39.20497 -86.84477 739.4 245.7 Mississippian aquifers 

Fort Wayne_N4-
(R)* 

022403 41.25879 -85.14291 839.3 78.5 Aquifers of alluvial 
and glacial origin 

Ashley_W* 172404 41.51546 -85.13509 946.6 353 Aquifers of alluvial 
and glacial origin 

 *New and replacement wells from this grant cycle 

 

 

 

 

 

 



 
 
 

 

 

Figure 2. Map of NGWMN sites in Indiana with the stars showing the locations of the new 
wells. IGWS-operated wells are symbolized with an orange dot and other monitoring wells 
on the NGWMN are symbolized with a purple dot. 

Bloomfield_N 

Site reconnaissance, landowner access, and general planning for Bloomfield_N (Task 1, Year 1) 

The Bloomfield_N monitoring well (Site ID 282302) was referred to as Greene County Bedrock 
Well or GCBW in the proposal and will be referred to as Bloomfield_N from this point on. 
Bloomfield_N was installed to address key water-related questions and to cover groundwater 



 
 
 

data gaps in Greene County. At the initiation of this project, only two wells in the state 
represented the Mississippian principal aquifer. Effective monitoring necessitates between three 
and 10 wells in this aquifer system according to the NGWMN Tip Sheet on Well Selection 
Criteria for Water Levels. To bring down the cost of deep drilling, drilling efforts were 
coordinated with the STATEMAP project, which involved drilling and investigating a borehole 
to determine the contacts between the Stephensport and West Baden Groups in Greene County 
along with mapping the extent of the great unconformity that lies between the Mississippian 
strata and overlying Pennsylvanian units. The location of this borehole and these contacts are 
within the Mississippian principal aquifer, making this collaboration possible. Significant water 
withdrawals, irrigation wells, and private wells also were mapped in the area to understand the 
influences on any new wells installed and to understand what overlying aquifers are being used 
in this area.    

After identifying the general proximity of potential sites for filling STATEMAP data gaps that 
had reduced impacts from nearby wells, we developed a list of parcels that were publicly owned 
(local, county or state agency), university-owned, or contained in a land trust, easement, or 
additional non-use covenants. A thorough investigation of potential landowners and properties to 
approach for partnership for a long-term host of a monitoring well was conducted. We reached 
out to partners within state agencies, township leadership, local soil and water conservation 
districts, and others that may assist on the search. One long-standing partner of the IGWS that 
owns land in the area was Sycamore Land Trust.  Sycamore Land Trust and the IGWS have a 
shared goal of conserving natural resources and stewarding water resources. 

The Sycamore Land Trust (SLT) Cookson Preserve north of Bloomfield, Ind., was identified as a 
prime location for the Bloomfield_N well. The SLT board and leadership required a scientific 
proposal documenting the scientific purpose, duration, and planned activities on their property 
and asked us to address specific questions about disturbance of the property. The Research 
Permission Form, proposal, and permission for use and access forms are provided in Appendix 
A. 

A team of IGWS Staff and SLT staff conducted underbrush cleanup on Sept. 25, 2023, to allow 
drillers access to the planned well location. Utilities and service line companies within the 
vicinity of the well site were notified by calling 811. We worked with Eastern Heights Water 
Utility to access water for the drilling crew’s use, discuss well placement, and discuss the 
utility’s potential use of the data for influence on their well field aquifer. 

To maximize the potential for a productive aquifer, the plan was to use ESRI Collector/Survey 
123 field apps to document minimum data elements for the monitoring network. Our GIS 
technician position became vacant twice during this grant cycle, so an app was created to collect 
the location of assets within the IWBN network.  Additional desktop surveys using GIS data 
layers were used to fill in remaining data gaps. 

Well drilling, development, and geophysical logging for GCBW (Task 3, Year 1) 



 
 
 

Drilling was contracted from the Illinois State Geological Survey (ISGS) between October 23 
and November 11, 2023. A truck-mounted drill rig using mud rotary drilling methods and 
wireline coring tools was used to collect continuous soil and bedrock core. A 4-in-diameter 
borehole is drilled during the core recovery phase. Core was sampled in 10-ft lengths when 
possible. Full recovery of bedrock was expected.  Some problems with drill bits, drilling 
pressures, and loss of circulation at around 45 ft caused confusion between drilled depth and core 
recovery amounts that propagated downhole. Instances of pulling out 1.4 feet extra core 
continued along the hole after a loss of core early on. Cores were discharged from the core barrel 
onto a half PVC pipe, rinsed to clean off the bentonite drilling mud, and reviewed for a 
simplified field description. Cores were packed into core boxes and labeled with the site 
identification number and depths.  

Core description 

Detailed core descriptions were conducted on Bloomfield_N starting immediately upon return 
from the field. Bedrock descriptions of both the unconsolidated and bedrock portions were 
completed using our facilities and photographs; samples and descriptions were logged through 
the core. However, perceived concerns with depths were noted both in the field notes/drillers’ 
logs and the gamma logs. Some time was taken to collect and analyze additional gamma logs to 
cross-check results and ensure the core was marked at the correct depths. Finally, we determined 
that there was about 1.4 foot offset from an early unit that propagated down the core logs. This 
offset was corrected for the final core description, sample analysis, and aligned with the gamma 
log. Total recovery was 326.3 ft of core, indicating a loss of 23.5 ft.  Of those, 17.8 ft were lost in 
the unconsolidated material that sat in the first 36 ft of the hole. The remaining 5.7 ft of loss 
seemed to occur in the coal deposits, unit transitions, or poorly indurated sandstone, making 
interpretation using gamma counts more straight forward. 

The detailed core description and associated gamma log can be found in Appendix B. Our 
bedrock geologist, concluded that we did, in fact, enter the units of the Blue River Group at 
326.2 ft of the Upper Mississippian, including the Paoli Limestone which typically is considered 
part of the principal Mississippian aquifer of the United States described in the Ground Water 
Atlas of the United States: Segment 10, Illinois, Indiana, Kentucky, Ohio, Tennessee (Lloyd et 
al., 1995).  The groundwater atlas also states that within the Mississippian units, the Reelsville 
Limestone, Sample Formation, Beaver Bend Limestone and through the Bethel Formation (of the 
West Baden group) are often considered local limestone and sandstone aquifers of the upper 
Mississippian. During core description, the transition from the Pennsylvanian bedrock to the 
Mississippian bedrock was thought to have occurred by the appearance of carbonates in the 
system. A 1-ft-thick dolostone was the first carbonate appearance at 263.3 ft deep, followed by 
green shale. This transition marked the unconformity between the Pennsylvanian Racoon Creek 
Group and the Mississippian West Baden Group. Our bedrock geologists indicated that the 
transition into the West Baden Group was in the Reelsville Limestone from 262.5 to 263.3 ft at 
the unconformity, with the overlying Pennsylvanian strata of the Raccoon Creek Group within 



 
 
 

the Caseyville Formation (previously called the Mansfield Formation). The groundwater atlas 
notes that the Caseyville Formation generally contains salt water.  Fluid conductivity tests along 
with multi-channel resistivity and specific potential geophysics tests did not show salinity within 
this unit.  We screened the well in this unit, but further investigation would be good to verify 
with a water quality testing program on this well. 

Bedrock cores were described in detail at the IGWS Materials Testing Facility. Color 
identification and description were determined after wetting the core and using the coding 
system in Thompson and Keith (2015). Bedrock is described first by the dominant lithology 
(sandstone, siltstone, shale, etc.), followed by an examination of transition zones between rock 
units, weathering patterns, grain size, grain shape, grain sorting, bedding, presence of fossils, and 
organic deposits. Transition zones may exhibit gradual or abrupt contacts, while weathering 
manifestations can encompass oxidation, reduction (e.g., iron staining), and core condition 
indicators like fractures and faults. Grain size, shape, and sorting are pivotal in delineating 
aquifer characteristics and understanding water movement dynamics. Furthermore, bedding, 
fossils, and organic materials serve as crucial indicators for identifying specific formations and 
lithologic groups. After description, the stratigraphic column is created using the 
Windows™.NET program Column (v. 1.02). 

Well installation and development for Bloomfield_N 

The target aquifer for this well was the Mississippian bedrock; however, due to the lack of 
aquifer presence in the Mississippian, the well was instead screened in the Pennsylvanian 
sandstone bedrock of the Caseyville Formation. Our geophysical logs only showed slight 
indications of water units in the lower units, and the thickness of those units was less than 5 ft.  
At most, we saw what may have been a saline kick in the fluid conductivity within a shale layer 
which may have been just interstitial water at 325 ft. The drillers agreed that the lower units did 
not indicate they were water bearing. Since a suitable aquifer within the Mississippian bedrock 
was not found, we instead decided, based on the geophysical information and local knowledge, 
that the overlying sandstone could be monitored as a regional aquifer. We knew from nearby 
investigations that the Caseyville unit hosts springs. From talking with neighboring well owners 
and the local water company, it became apparent that this sandstone aquifer may be more 
productive than previously understood. 

The well diagram for Bloomfield_N is shown in Appendix C. The diagram includes the first 
depth-to-water measurement taken. A full-suite geophysical analysis consisting of five-point 
moving average gamma radiation, fluid conductivity, and temperature probes was run on the 
open borehole. The stratigraphy between approximately 220 and 264 ft consisted primarily of 
sandstone from the Pennsylvanian Raccoon Creek Group of the Caseyville Formation. A 
significant fracture was identified in the core between 246 and 248 ft with iron staining, 
indicating secondary fluid flow. Based on the quality of the sandstone and fractures, and the 



 
 
 

increase in conductivity found in the geophysical logging results, it was decided to place the well 
and screen it between 237 and 252 ft.  

After initial drilling, on Nov. 7, 2023, the hole was re-reamed to a 6-inch diameter to the depth of 
the final monitoring well at 253.5 ft.  Cuttings were used to backfill the underlying 4-inch 
borehole. A 15-ft-length, 2-inch inner diameter, 2 3/8-inch outer diameter screen was installed 
from 237 to 252 ft below ground surface (bgs). A 1-ft spacer of the same diameter was installed 
below the screen and attached to the well point to allow for particle collection and capacity and 
to reduce risk of screen clogging. Casing of the same diameter with a total length of 250 ft was 
installed above to 34 inches above surface grade.  A 36-inch protective pipe was installed with a 
surface seal of concrete. The total depth of the final monitoring well is 253.5 ft bgs with a total 
depth from top of casing of 256.5 ft.  

Figure 3. Photo of the Bloomfield_N 
protective cover immediately after 
installation at SLT Cookson Preserve. 

Filter sand pack (No. 5) was installed 
from the bottom of the well from 253.6 
to 235 ft.  A 2-ft Bentonite seal of 
pellets was used over the filter sand. 
The drillers’ tremie pumped 2.38 lbs/gal 
mud weight bentonite slurry into the 
annular space from 233 to 2 ft bgs. A 
concrete seal was placed in the last 2 ft 
to surface to help anchor the casing and 
create the surface seal.  

The large depth of the well made it hard 
for the drilling crew to properly develop 
it. The drilling crew recommended 
following up with additional 
development and pumping to properly 
clean the screen and ensure proper 
connection to the aquifer. This work 
will be conducted in the next project 

budget period.    

Gamma logs and other downhole geophysics 

Geophysical logs were collected during drilling by the IGWS staff including 8-, 16-, 32- and 64-
inch normal resistivity, single-point resistance (SPR), spontaneous potential (SP), natural 



 
 
 

gamma, borehole temperature and fluid conductivity measurements using the Mount Sopris 
Scout-PRO Acquisition system.  Data collection was done on Nov. 2, 2023, prior to casing the 
well.  The first run was with a full column of all three probes.  Upon return it was decided to get 
a gamma-only run downhole to ensure accuracy in depth measurements because questions about 
depths of core arose during drilling.  We returned on Jan. 18, 2024, to rerun gamma to ensure our 
measurements and depths of units were accurate.  

Gamma counts were used to interpret units when core was missing, not collected, or it was hard 
to determine its properties. Natural gamma can help to understand the lithologies and clay 
content of units and is used to interpret lithology when sample is unavailable.  

The gamma log showed a decrease in gamma counts around 218 ft deep that continued to about 
262 ft deep, associated with a large sandstone unit. An increase in fluid conductivity around 220 
ft continued to 260 ft, indicating the potential for water storage and movement. Gamma, fluid 
conductivity, and temperature results are included with the well diagram in Appendix C. 

Portable X-ray fluorescence 

Portable X-ray fluorescence (pXRF) uses high-intensity X-ray fluorescence, which detects the 
amount of light that certain chemicals give off from absorbing radiation, to determine the relative 
abundance of elements in a core sample. Data from pXRF can be used for 1) chemostratigraphy; 
2) understanding subsurface geochemical properties; 3) characterizing subsurface 
aquifers/aquitards; 4) identifying naturally occurring groundwater trace metal contaminants; and 
5) aiding geologists in making inferences on mineralogic change within bedrock core (Zambito 
and others, 2022). PXRF was completed on the Bloomfield_N core with samples taken every 
half-ft to ft (Appendix D).    

Site latitude, longitude, and elevation (GPS positions)  

The location of Bloomfield_N was collected using the Trimble DA2 GPS Catalyst in conjunction 
with ArcGIS Field Maps. Using an RTK fix mode, we mapped this data point at sub-meter 
horizontal accuracy (0.671 m).  

Elevation data was compiled using Indiana’s 2016–2020 hydro-flattened bare-earth DEM from 
IndianaMap. This data is derived from statewide QL2 LiDAR Point Cloud data that follows 
USGS 3DEP standards. The elevation for Bloomfield_N is 649 ft. 

Monitoring and web services for Bloomfield_N and Freedom_E (Task 7) 

Monitoring was initiated on Feb. 26, 2024, at Bloomfield_N. The water level data has had 
abnormal trends. Every time hand measurements were taken, the water level changed in 
elevation (Figure 4). However, hand measurements still matched the sensor and water level data, 
and temperature behaved consistently. We have contacted In-Situ about this phenomenon, and 
they determined that the sensor appears to be working correctly. We have attributed this 
deviation to three possibilities: there is a neighboring well that turns its pump on and off, 



 
 
 

affecting the water levels at Bloomfield_N (but that doesn’t describe why this change occurs at 
every field visit); or the pressure transducer we installed is a 100 ft (In-Situ RuggedTROLL 100) 
and not the usual 30 ft we usually deploy, and it is possible that the transducer is getting stuck in 
the well column, or the string experiences extension over time, after deployment, due to the 
significant depth at 129.5 feet below ground surface .  We recently have noticed that the line 
seems to stick to the casing site upon redeployment. We have 3D-printed centralizers and are 
trying gaskets and other tools to see if this solves the problem. 

 

 

Figure 4. Graph showing the Bloomfield_N water level and temperature trends. 

 

Freedom_N 

Site reconnaissance, landowner access, and geophysical logging for the Owen County well (Task 
2, Year 1)  

The plan to install an Owen County well at McCormick’s Creek State Park failed due to the 
borehole collapse. Our team had exhausted all resources trying to find a driller willing to re-ream 
the hole and place a casing and screen in the borehole drilled in 2023-2024. We contacted the 
Indiana Department of Natural Resources (DNR), Division of Water (DOW) to discuss options. 
Mark Basch, section head of the Water Rights and Use Section at DNR DOW, suggested we 
could place a liner in the existing borehole after using bentonite to fill the portion of the hole that 
would be unused. We explored the well with our geophysical equipment and previously collected 
downhole video to determine the planned depth of screen, backfill and well construction. We 

120

121

122

123

124

125

126

127

128

129

130

131

2/2024 4/2024 6/2024 8/2024 10/2024 12/2024 2/2025 4/2025 6/2025

D
ep

th
 to

 W
at

er
 (f

t) 

Date (mm/yyyy)

Bloomfield_N Depth to Water

dtw sensor

dtw hand measure



 
 
 

identified bedding planes and fractures that appeared to be water bearing and were targeted for 
screen placement. We worked over 4 consecutive weeks on projects to log the hole, survey the 
site for elevations, construct the protective cover, dig out existing popup to resecure, and 
construct the liner for this well. After pouring bentonite into the well to obtain the desired 
screening depth of 171 ft, severe rain and excess runoff ultimately caused the collapse of the 
borehole. We secured the cap 3 ft below grade, backfilled the hole with cement and soil, and 
sealed the hole with additional bentonite. Cardwell of the USGS told the IGWS team on May 20, 
2025, that we could evaluate and rehabilitate a nearby well in the same hydrologic formation, if 
possible. 

The IGWS Water Team researched possible unused wells in the Owen County, Ind., area that 
were in Mississippian bedrock. Our team reached out to BBP Water Corporation serving the 
Town of Spencer and parts of rural Owen County, the soil and water conservation district 
(SWCD), local land trusts, and even personnel at the local schools looking for well owners 
seeking to cap, plug or abandon an unused water well. On June 2, 2025, a suitable replacement 
well was found on the property of Owen County Soil and Water Conservation District Board 
Member Gary “Steve” Fox’s property. A total of three wells in the Owen County area were 
visited and assessed for water level and usability; the third well examined was chosen as a 
replacement for the collapsed borehole due to its depth, relative geologic location, and 
accessibility. Appendix E shows the site permission use and access form for this location. This 
well had been buried and capped with a secure cover; during the summer of 2025, the landowner 
and IGWS interns excavated it and assessed its condition. This well contained a ~ 200-ft pump 
that was removed on June 9, 2025, by IGWS staff and the landowner in order to access and well 
to measure and monitor. A downhole geophysical examination, depth-to-water, and total depth 
measurements were completed June 9, 2025. We started monitoring this well right away and 
instrumented it on Aug. 19, 2025, to ensure it could be used as a functional groundwater 
monitoring site.  

A gamma log was run at the Freedom_E well on June 9, 2025. The results were coupled with 
nearby DNR well records (DNR RefNo 224164) and compared to core descriptions from the Fox 
property, Bloomfield_N core, and McCormick’s Creek boreholes to correlate geology. The Fox 
property core (SDH 529), collected near Arney, Ind., sits 6.2 miles northwest of the Freedom_E 
well site and shows Raccoon Creek lithology associated with Pennsylvanian stratigraphy.  The 
McCormick’s Creek borehole (SDH480) sits 8.9 miles northeast of the Freedom_E well and 
shows middle Mississippian units of Blue River Group as the first unit. The Bloomfield_N well 
is 9 miles southwest and has similar mixed units as the Freedom_E lithology described in the 
nearby well log. The Freedom _E well likely contains the units associated with the West Baden 
group but also shows indications of the overlying Stephensport Group which consists of about 
equal parts limestone, shale, and cliff-forming sandstone.  The Freedom_E well gamma log at an 
elevation of 717 ft above sea level was compared to the nearby DNR well (RefNo: 224164), 
which was field-located at 707 ft above sea level. Since the proximity of this well was within 



 
 
 

1,000 ft of the monitoring well and offset by only 10 ft, the lithological description of the units 
from this well log was used. Based on its location and the aquifer system associated with it, we 
place the well in the top of the Mississippian unit associated with the Stephensport Group and the 
water-bearing formation within the West Baden Group. The well diagram for Freedom_E is 
shown in Appendix F along with the first depth-to-water measurement, gamma radiation log, 
and electrical resistivity for the N64 channel run on the cased borehole. The lithology and 
lithological description interpreted from gamma and described in the nearby well log are also 
included. 

Well construction and development for the Owen County well (Freedom_E) (Task 4, Year 1 
occurred in Year 2)  

Water level and depth tests were conducted at the new Freedom_E well on July 8, 2025. The first 
depth to water was at 199.5 ft below the top of the excavated well casing and a total depth from 
that same point was 248.4 ft. Upon inspection we determined that the steel casing had a PVC 
liner install within it at some point in the past. It was capped with a steel bolted cap and buried 
below grade. We approximated that the well sat 33.5 inches below the ground surface. A 
protective well cover and casing had to be brought above ground level for ease of access, to 
protect against contamination, and to bring it up to state well construction standards. The liner 
within the well was loose and unstable along with it being 34-inches below ground surface.  To 
rectify this a 4-inch PVC extension was coupled to the existing 4-inch PVC in the well. We 
extended the 5-ft diameter steel protective cover above grade by joining the existing original 
steel casing with a coupler. A 5-gallon bucket was used as a concrete form positioned over the 
coupler and the steel casing and bottom of the protective cover. The 5-gallon bucket was 
positioned and then filled bentonite pellets first then covered with a bag of concrete provide a 
sturdy seal encasing the two components. Unfortunately, upon a subsequent site visit we found 
that the PVC coupler to the liner did not hold due to the instability of the liner. To further secure, 
we placed a spacer grommet just above the joint on the new extension of PVC to stabilize the 
well between the liner and the protective pipe. This immobilized the casing within the protective 
pipe. To provide additional stability, a reverse coupler was placed between the PVC and the 
protective cover and pushed into the existing liner. After the rebuild, water level tests were 
performed and read at 204.2 ft for depth to water and 252.8 ft for total depth or 251.2 ft bgs on 
July 9th.  The hole around the well was backfilled with the soil previously dug out from around 
it. The steel casing is now 36 inches above ground surface and the PVC casing is 1.6 ft above 
ground surface. A notch and caret were placed on the casing for consistent depth measurements.   

 



 
 
 

 

Figure 5. Photos documenting the Freedom_E well rehab and construction process. 

 

The InSitu barometer (SN-1142418) was initiated on Aug. 15, 2025, but we had to return the first 
pressure transducer to the company because it would not connect to the communication device.  
The non-vented pressure transducer (SN-1240176) was initiated on Aug. 19, 2025, with the first 
depth-to-water measurement corresponding to the installation of the pressure transducer at 205.7 
ft from the top of the casing.  Minimum data elements were collected including popup height, 
casing diameter, latitude and longitude string length, and other parameters needed to conduct  
quality control procedures. 

FortWayne_N2 Replacement Wells: Ashley_W and FortWayne_N4 

Site reconnaissance, landowner access, and general planning for Ashley_W and FortWayne_N4 
(Task 5, Year 2) 

The FortWayne_N2 monitoring well (Site ID 021604) is being threatened by site development.  
Landowners have been willing to delay development of the property for a few years while we 
tried to find a suitable replacement and created side-by-side water level collections to determine 
whether the replacement well is truly monitoring the same aquifer. After conducting a geological 
assessment of the area using Flemming (1994), the goal of the replacement well is for it to be 
located within the Eel River Paleo Meltwater Channel deposition associated with the Huntertown 
Formation, which is characterized by thick deposits of sand and gravel. The FortWayne_N1 (Site 
ID 021101) is within the more recent alluvium and more directly influenced by Cedar Creek than 
FortWayne_N2. 

We reached out to ACRES Land Trust to discuss the ability to redrill this well in the adjacent 
Bicentennial Woods. Unfortunately, the property was inaccessible due to a state-held 
conservation easement which would not allow for temporary roads or clearing for access. They 



 
 
 

encouraged us to look at other nearby ACRES properties to assess the ability to capture this 
aquifer elsewhere.  Due to our existing wells across Cedar Creek and on the north side of the 
Cedar Creek Canyon (glacial landform) and the difference in reaction to the surface installation, 
we started to reach out to other landowners in the area west of Cedar Creek Canyon in the 
Huntertown interlobate morainal region.  At the same time, we were also working with our 
glacial geologists to assess other sites  

Since a drilling campaign was underway in this area through our Great Lakes Geologic Mapping 
Coalition partnership, it made sense to pursue a collaborative approach   Another well 18.5 miles 
north (Ashley_W) was drilled in partnership with our glacial geologists in November 2024 to try 
and find a replacement well in the alluvial and glacial aquifers of NW Indiana. If we determine 
that there is a connection between these wells, with the nearby concerns over the Michindoh 
aquifer use which spans the states of Michigan, Indiana, and Ohio, we thought this would be a 
valuable well for replacement.  While planning and reconnaissance were being conducted for 
Ashley_W, a contract for services was set with the Illinois Geological Survey to conduct the 
drilling in this area. Site selection started with contacting the DNR to determine if boat ramps 
would be a suitable location for a monitoring well. Story Lake public access site was selected as 
the most convenient for both parties.  We conducted several site visits to select a location, work 
with neighboring landowners, and find a potable drilling water source. On Oct. 21, 2024, we 
obtained the cooperative agreement and permission for use and access form which can be seen in 
Appendix G. Ultimately, no well was placed in this area.  

Around the same time, a suitable site closer to FortWayne_N2 was suggested; it was an orphaned 
well on an ACRES Land Trust property, Little Cedar Creek Wildlife Sanctuary.  An initial site 
visit conducted Aug. 28, 2024, determined that a pump was still in this well and water level, 
depth, and other information was unknown until the pump could be pulled.  We worked out an 
agreement with ACRES land trust that allowed us to pay for and pull the well; if well was not 
suitable and could not be rehabilitated for monitoring purposes, they would then take steps to 
seal and cap it to protect groundwater resources. The proposal for the project is included in 
Appendix H. 

After the pump was pulled and the well was assessed, we determined that this well would be a 
good fit as a replacement well for FortWayne_N2. This well, effectively named FortWayne_N4 
(Site ID 022403), became the replacement. Paperwork and permission were given by ACRES 
and DNR, and these agreements are in Appendix I.  

Well drilling, development, and geophysical logging for Fort Wayne replacement wells (Task 6, 
Year 2) 

Drilling was contracted from the Illinois State Geological Survey (ISGS) for Ashley_W. A truck-
mounted drill rig using mud rotary drilling methods and wireline coring tools was used to collect 
continuous soil, unconsolidated sediments, and bedrock core. A 4-inch-diameter borehole was 
drilled during the core recovery phase and core was sampled in 10-ft lengths when possible. 



 
 
 

Cores were discharged from the core barrel onto a half PVC pipe, rinsed to clean off the 
bentonite drilling mud, reviewed for a simplified field description, and packed into wax-lined 
core boxes. Core boxes were labeled with the site identification number and core depths. Coarse-
grained samples from intervals of poor recovery were collected from the mud circulation pit in a 
food strainer and rinsed of bentonite drilling mud and collected in sample bags. Samples and 
core were wrapped in plastic if poorly indurated to be brought to the laboratory for full 
description. 

Drilling was done by the Illinois State Geological Survey (ISGS) between Nov. 4 and Nov. 14, 
2024, using the mud rotary drilling and wireline sampling method. 

For FortWayne_N4 we contacted several licensed well drillers in the area and found 
Hollenbaugh Well Drilling was willing to attempt pulling the well.  They warned us that often, 
wells were encrusted, and if they could not successfully pull the well, the well would need to be 
abandoned. The proposal with Acres Land Trust and IDNR (Appendix H) was accepted to turn 
the orphaned well into a monitoring well after the old pump was removed and it was determined 
that the screen was still in good condition and in contact with the aquifer. On Oct. 17, 2024, we 
met Mike and Greg Hollenbaugh at the well site and the pump was successfully removed. 
Measurements of the well and aquifer were conducted immediately after. The well is 75.37 ft 
deep and has a steel casing with inner diameter of 4 inches and outer diameter of 4.5 inches. 

A solid slug test was performed using a 5-ft slug with a 1.75-inch diameter on FortWayne_N4 to 
assess the connection to the aquifer and the quality of the well. The results are shown in Figure 6 
for a slug-in test and a slug-out test. During the slug-in portion, water levels rose to static 
conditions within 1 minute, ensuring a good aquifer connection. The slug was taken out 5 
minutes after the end of the test and water levels also rose to static conditions within a minute of 
removing the slug.  

A pressure transducer was added to the new well to initiate monitoring and compare the water 
levels to FortWayne_N2 (old) and FortWayne_N1 (Figure 7). The patterns for groundwater 
levels from FortWayne_N2 (old) and FortWayne_N4 are the same, but the old well has higher 
groundwater elevations than the new well. All three wells share a connection to the aquifer. 

A gamma and resistivity geophysical analysis was conducted on FortWayne_N4 to determine the 
screen interval and create a hypothesized geologic column. The well diagram, gamma and 
resistivity testing results, and an estimated stratigraphic column are shown in Appendix J. 
FortWayne_N4 used the nearby FortWayne_N2 lithological description and gamma 
interpretation. 

 



 
 
 

 

Figure 6. Graph showing results for the slug-in and slug-out test for FortWayne_N4. Water 
levels rapidly returned to stagnant water level conditions, indicating that the well has a good 
connection to the aquifer.  

 

Figure 7. Graph showing depth-to-water-level comparisons of the new FortWayne_N4 (orange 
line) water levels compared to FortWayne_N1 (gray line) and FortWayne_N2 (blue line) water 
levels.  



 
 
 

Poor recovery of the Ashley_W core was obtained. A total of 42 ft was recovered of the 390 ft of 
drilled depth. Much of this was due to the sand and gravel nature of the hole; with heaving sands, 
large gravel clasts that were easily pushed and displaced during drilling caused binding and other 
problems, so we had to rely on other evidence for descriptions. Field notes were made using drill 
accounts, recovered core, grab samples, and the gamma log. Unconsolidated core descriptions 
and grain-size sample collections were conducted at the IGWS sediment laboratory. The 
description for the unconsolidated deposits includes the U.S. Department of Agriculture (USDA) 
texture with additional description for pebbles greater than 2 mm, Munsell color, hydrochloric 
acid reaction, lithologic code, and any miscellaneous features. Lithologic codes are based on 
Eyles and others (1983). The codes of F for fines (silt/clay), S for sand, G for gravel, and SG for 
sand and gravel are based on standard lithostratigraphic units for describing unconsolidated 
deposits. D for diamicton is a poorly sorted mixture of clay, silt, sand, and gravel, up to boulder 
sizes. Tills are a common type of diamicton assumed to have been deposited from melting glacial 
ice. The detailed descriptions of the unconsolidated units were recorded using a Microsoft 
Access database form referred to informally as Core-nucopia. Figure 8 shows the lithological 
association made from this hole to the Great Lakes Geologic Mapping Coalition report and 
Appendix K shows the full lithological description and gamma interpretations made from field 
notes and samples. 

After initial drilling, on Nov. 14, 2024, the hole was re-reamed to a 6-inch diameter to the depth 
of the final monitoring well at 250.5 ft.  Cuttings were used to backfill the underlying 4-inch 
borehole from 390 ft to 253 ft. A 10-ft-length, 2-inch inner diameter, 2 3/8-inch outer diameter 
screen was installed from 240 to 250 ft below ground surface (bgs). A well point was installed 
below the screen as the base of the well. Casing of the same diameter with a total length of 243 ft 
was installed above to 36 inches above surface grade.  A 42-inch protective pipe was installed 
with a surface seal of concrete. The total depth of the final monitoring well is 253.3 ft bgs with a 
total depth from top of casing of 256.3 ft.  

Filter sand pack (No. 5) was installed from the bottom of the well from 253 to 238 ft.  A 2-ft 
Bentonite seal of pellets was used over the filter sand. The drillers’ tremie pumped 1 lbs/gal mud 
weight bentonite slurry into the annular space from 236 to 2 ft bgs. A concrete seal was placed in 
the last 2 ft to surface to help anchor the casing and create the surface seal.  

 



 
 
 

 

Figure 8. Stratigraphic log, downhole gamma-ray log, and interpreted age/unit for the Ligonier 
and Story Lake (Ashley_W) cores collected as part of the Great Lakes Geologic Mapping 
Coalition partnership. 

Initiate monitoring and transfer web services for the Fort Wayne replacement wells (Task 8, Year 
2)  

Monitoring for FortWayne_N4 started on Oct. 17, 2024, with the placement of pressure 
transducers in the well. As shown above, the water levels for FortWayne_N4 closely follow the 



 
 
 

water level trends in the old FortWayne_N2, indicating that these two wells are screened in the 
same aquifer, just at different distances to Cedar Creek. Water level data are shown in Figure 7 
for FortWayne_N4.  

Monitoring for Ashley_W started Nov. 14, 2024, and water levels, temperatures, and hand 
measurements are shown in Figure 9. The water levels from the pressure transducers have had 
QAQC procedures completed on them by using three hand measurements by the processes 
described above. Seasonal water trends are visible, with an increase in groundwater during the 
springtime and drought conditions in the late summer and fall.  

 

Figure 9. Ashley_W water level and temperature trends. The orange line shows water levels 
taken from the sensor and have had QAQC run using three hand measurements (blue dots). The 
light gray line is the temperature taken from the sensor. 
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Appendix A. Research Permission Form  

 

 



 
 
 

Number of people to be involved:  

The on-site crew for the installation will be 6-7 people: 3 drill operators and 3-4 geologists or 
support staff. Once a monitoring well is installed, a 3-person crew will come to the site 3-4 times 
per year to monitor and maintain the well.  

If acceptable, we would like to host a Groundwater Monitoring Network well install workshop 
for a small group (20 people) from the Indiana Water Monitoring Council, Groundwater Focus 
Committee on one day of the core/drilling operation. 

Proposed starting and ending dates of research: 

We would collect the core and install the well from Oct 30 – Nov. 10, 2023. We would then like 
to keep the well in service for at least 10 years (until January 2034), or up to 100 years (2124) if 
acceptable. The best monitoring wells are the ones where we can keep an active eye on the 
system for decades. Wells do require maintenance and cleaning to keep them in good working 
condition and may require more intense service after 30 years. It is hard to say how long the 
well can be maintained for accurate measurements, but we intend to maintain the well for the 
agreed-upon duration. If at any point it is deemed that the well is no longer able to measure the 
aquifer levels accurately, or the landowner wishes to terminate the agreement, the well would 
be plugged according to Indiana Administrative Code 312 IAC 13, and buried. 

Research abstract or summary: 

The goal of the Indiana Water Balance Network and its network of monitoring wells is to gather 
representative monitoring of environmental activities that measure the inflow, flux, and outflow 
of water within various systems (atmosphere, soil, and aquifer). Developing flow paths that 
define the movement through the hydrosphere within a variety of physiographic settings helps 
to define the variations seen across these systems. By including the collection of groundwater 
and aquifer data at multiple depths, the dynamics of the groundwater system can be assessed. 
As we evaluate the groundwater in the state, we are poised to find wells that can support a 
national- and regional-scale dataset for the assessment of important aquifers in Indiana. Our 
shared goals are to assess the baseline conditions and long-term trends in water levels in these 
aquifers and continue to drive the data collection. To that end, our monitoring network is 
expanding and redesigned to assess the best aquifers. With the additional wells drilled during 
this round, our network has grown to 18 wells in the National Groundwater Monitoring 
Network and an additional 24 in our internal monitoring network that represent Principal 
Aquifers of Alluvial and Glacial Origin and the Mississippian Aquifer, along with Secondary 
Hydrogeologic Regions of Other Aquifers.  

Activities to be performed: 



 
 
 

 What equipment, processes, techniques, and methods will you be using?  
Drilling services will be contracted from the Illinois State Geological Survey (ISGS). A truck-
mounted drill rig using mud rotary drilling methods and wireline coring tools will be used to 
collect continuous soil and bedrock core. The 2.5-inch core will be obtained in 10-ft lengths. 
Cores will be discharged from the core barrel onto a half PVC pipe, rinsed to clean off the 
bentonite drilling mud, reviewed for a simplified field description, and packed into core boxes. 
Further detailed descriptions will be completed at the Indiana Geological and Water Survey’s 
Material Testing Facility. Color identification and description will be performed after wetting, 
using the coding system in Thompson and Keith (2015). A stratigraphic column will then be 
created using the Windows™.NET program Column (v. 1.02). The core will be further sampled to 
analyze porosity and a pXRF (X-ray fluorescence) chemical makeup will be run on the bedrock 
samples. Unconsolidated core will be processed for grain size for the portion of overburden at 
the site. Each description includes the U.S. Department of Agriculture (USDA) texture with 
additional description for greater than 2 mm pebbles, Munsell color, hydrochloric acid reaction, 
lithologic code, and any miscellaneous features. Lithologic codes are based on a paper by Eyles, 
Eyles, and Miall (1983).  

The 6-inch reamed well hole will be filled with a 0.010-inch slot, 2-inch inside-diameter PVC well 
screen, and a PVC bottom plug will be installed at the target depths. A sand pack will be placed 
around the well at the target aquifer depth. Bentonite pellets will be used to seal the remaining 
anulus of the well to prevent contamination of the well from surface water or upper aquifers. 
Waterproof caps will be placed on the top of the wells. A concrete surface seal and a well 
protective cover will be installed at grade or above grade. The protective cap is either a flush 
mount or pop-up steel casing depending on the agreed-upon installation method. 

 Spatial extent: over entire property, or over what portions? 
We propose installing the monitoring well at the Cookson Preserve located in Greene County. 
The location is to be determined, but we are proposing that it be near the parking area at the 
SW edge of the property (39.0854, -86.9152). This insures it to be in an easily accessible area 
that will minimize disturbance to the site. The well base will be a 2-ft-by-2-ft concrete base with 
a 4-inch pop-up or flush mount port for access to the monitoring well. 

 Temporal extent: over what time period will the data collection take place? 
Data would be collected hourly by an onsite data logger for a minimum of 10 years, from 
January 2024 through January 2034. If acceptable, the well would remain until it is no longer of 
value to either party.  

 How much soil, rock, and vegetation will be disturbed, moved, or removed? 
The drilling rig and associated equipment may cause some disturbance where it is set up if the 
ground is wet or soft. Otherwise, the disturbance is limited to a small area where the well is 



 
 
 

installed. The lubricating muds and fines created during the drilling process would be spread 
across the drill location with water and would be incorporated into the existing soils naturally 
after one season. This area can be expected to be approximately a 25 ft2 area. The lubricating 
mud is made from nontoxic clays. The 2.5-inch core to a depth of 400 feet is expected to be 
removed from the site. 

Does this research require state, university, or other permits?  

 If yes, have they been obtained? Attach copies if so. If other permits will need to be 
obtained, Sycamore Land Trust will need copies before allowing the research. 
No other permits are required until after the well is installed. Upon completion, a well log will 
be produced and supplied to DNR Division of Water for their water well record database. A copy 
of the form that is required to be completed upon completion of the well is attached (State 
Form 35680) 

Additionally, a use agreement needs to be signed by Sycamore Land Trust and is attached here. 

 



 
 
 

 

 



 
 
 

Appendix B. Bloomfield_N (Site ID: 282302) Lithology Description 



 
 
 

 



 
 
 

 



 
 
 

 



 
 
 

 

 

 

 



 
 
 

Appendix C: Bloomfield_N (Site ID: 282302) Well Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

Appendix D. PXRF Results for Bloomfield_N

 



 
 
 

 



 
 
 

 



 
 
 

 



 
 
 

 



 
 
 

 

 

 

 

 

 

 



 
 
 

Appendix E. Freedom_E access permission document 

 



 
 
 

Appendix F. 
Freedom_E 
well diagram 

 

 

 

 

 

 



 
 
 

Appendix G. Ashley_W access permission document and cooperative agreement 

  



 
 
 

 

 



 
 
 

Appendix H. Proposal document for the retrofit of well at the Little Cedar Creek Wildlife 
Sanctuary 

 
 Project Title:  
Allen County Replacement Monitoring Well  
Repurpose of Existing Well at Little Cedar Creek dedicated Nature Preserve.  
Technical Contact:  
Ginger Davis  
Indiana Geological and Water Survey  
Indiana University Bloomington  
1001 E. 10th Street  
Bloomington, IN 47405-1405  
812-855-1364, gindavis@iu.edu  
Property Contact:  
Evan Hill; Ben Taylor  
ACRES Land Trust  
1802 Chapman Road; PO Box 665  
Huntertown, Indiana 46748  
260-637-2273, ehill@acreslandtrust.org, btaylor@acreslandtrust.org  
Amount Requested:  
$0  
Proposed Start Date:  
October 10, 2024  
Proposed Duration:  
10 Years (with the ability to extend)  
1-hour continuous monitoring of water levels  
Objectives Included in the Proposal:  
Retrofit existing well into Monitoring well  
Continuous monitoring of well levels  
 

Research abstract or summary:  
The goal of the Indian Water Balance Network and its network of monitoring wells is to gather 

representative monitoring of environmental activities that measure the inflow, flux, and outflow of 
water within various systems (atmosphere, soil, and aquifer). Developing flow paths that define the 
movement through the hydrosphere within a variety of physiographic settings helps to define the 
variations seen across these systems. By including the collection of groundwater and aquifer data at 
multiple depths, the dynamics of the groundwater system can be assessed. As we evaluate the 
groundwater in the state, we are poised to find wells that can support a national- and regional-scale 
dataset for the assessment of important aquifers in Indiana. Our shared goals are to assess the baseline 
conditions and long-term trends in water levels in these aquifers and continue to drive the data 
collection. To that end, our monitoring network is expanding and redesigned to assess valuable aquifers. 
Our current set of deep monitoring wells in the Huntertown area of Allen County have been monitoring 
since 2008-2009 and have accumulated a nice trend history that allow for statistical analysis of the 
aquifer characteristics. We are looking for opportunities to replace one of our existing wells with a new 
well in a similar geologic setting to transfer the accumulated water history. With this replacement well 
along with 2 other wells we are installing this year, our network will grow to 23 wells in the National 



 
 
 

Groundwater Monitoring Network and an additional 21 monitoring wells in our local monitoring 
network that represent Principal Aquifers of Alluvial and Glacial Origin and the Mississippian Aquifer, 
along with Secondary Hydrogeologic Regions of Other Aquifers.  

 
Justification of Well Placement  

According to the Principal Aquifer well density spreadsheet provided in the NGWMN Tip Sheet  
on Well Selection Criteria for Water Levels, the recommended number of monitoring wells representing 
sand and gravel aquifers (glaciated regions) in Indiana is between 10 and 40 wells. Currently, there are 
26 wells representing a water-level network in this type of aquifer in the state, with a majority in central 
Indiana. In northern Indiana, there are 3 NGWMN monitoring wells in Huntertown, Nappanee, and Lake 
Station. USGS has additional wells in Noble, Whitly County. Groundwater levels in this portion of the 
state are seeing low values falling in the 10-25 percentile, which is evidence that we need to continue 
our monitoring to ensure values do not continue to decline. Given that groundwater is a major water 
supply in this area, there is an immediate need for additional trend monitoring well to improve our 
understanding of water-resource availability and long-term climate and use trends. Additionally, this 
area has been identified as an area within Indiana that has a high density of public supply wells. This 
makes this aquifer of high priority for monitoring purposes.  
Unfortunately, recent development in the area is forcing us to abandon one of our long-term deep 
monitoring wells in this area within the next few months. If we can find a new well to monitor, or drill a 
new well, and get a 6 month overlap of water level data, we can then transfer the pre-existing water 
level record to the new well as long as the overlapping records are comparable. Our conversations with 
state collaborators regarding gap filling in the state also emphasize having continued water level 
monitoring of the wells in this area is vital to assessing the resource (Randy Maier, Indiana Department 
of Natural Resources, per. comm. September 2024). Hence, we propose retrofitting the existing well 
(LCC Well) on the Little Cedar Creek property in Huntertown area of northern Allen County into a 
monitoring well to replace the existing well (IGWS 021604).  
 
Work Plan  
Well retrofitting for LCC well (Task 1)  

Task 1a will include removal of existing pumping, cap the distribution line, terminate electrical 
components, and seal of casing from pitless adaptor. This task requires access to the water in the well 
and ensure contamination cannot enter the well from adjacent and surface sources. The existing pump 
in the well is blocking access to the water levels we are interested in monitoring. This task will require us   
to contract with a Licensed Pump Installer (Licensed by DNR, Division of Water) to attempt to remove 
the pump. Due to the age of the pump and well, this may be difficult, and success is not guaranteed. The 
process will involve using a utility truck with winch with or without a tripod to raise the pump, pitless 
adapter, and drop pipe out of the well. After this is completed, or during the professional may need to 
dig 3-4 feet below the surface to access the pitless adapter adjacent to the well to seal the distribution 
pip along with sealing the well casing where the pitless adapter previously attached to the distribution 
line. We can assure that this dig is in a small area around the well.  
 
Geophysical logging, capacity check, well development, and seal for LCC well (Task 2)  

Immediately after removing the pump, we will be able to conduct a geophysical logging 
(gamma-ray counts) of the well to recover the geologic formations of the well area. This will allow us to 
make a well log for this well using State Form 35680. Our logging equipment picks up background 
radiation from the geologic materials and allows us to understand the clay components in the 
formations. This is a non-invasive assessment with no risk to the well or surrounding environment.  



 
 
 

Since this in an old well used for domestic supply, the screen may have become fouled and no longer in 
good connection with the aquifer. To determine the wells capacity to record water levels freely, we will 
conduct a slug test and start to monitor the water levels immediately. The slug test is a standard 
process. To do this we use pressure slug (if there are no seal gaps) or a solid slug that changes the water 
level and monitor with our sensor to see how water levels respond and recover. This will give us a good 
indication of the status of the well and screen. We plan to conduct this test immediately after removal 
of the pump.  

If at this point, we determine that the well is fouled or poorly connected to the aquifer. We will 
conduct a well development and cleaning of the well to try and recover the screen. This involves 
agitating the well screen with pressurized air and then pumping of the water to try and remove fines 
from the well screen. Recognizing standard erosion control practices, we will direct water to a location 
where water can reabsorb into the ground.  

Regaining full access to the aquifer, determined by monitoring over a 2–3-week period is the 
goal. If the slug test and well development for the LLC well is unsuccessful, arrangements will be made 
to remove all equipment and return the well (less pump and pitless adapter) to its original condition. At 
this pint we can assist and guide you towards the proper abandonment and sealing procedure for a well 
of this age.  

Regardless of the status of the screen, waterproof caps will be placed on the top of the well to 
ensure security of the well from pest or other sources of potential contamination of the aquifer.  
Initiate monitoring and create web services for LCC well (Task 3)  

After well assessment period, if the well is usable for monitoring, a survey of the well casing 
elevations, and a pressure transducer will be secured with a monitoring cap at the LLC well to initiate 
long-term monitoring. Initial water-level monitoring data, lithology data, GPS survey data, and well 
completion diagrams will be compiled to populate web services for the new monitoring well.  
 
Continuous Monitoring of the well (Task 4)  

With a functional well a minimum of 3 times per year our team will come onsite to download 
data from the pressure transducer, take a hand measurement for QAQC purposes, and preform any 
necessary maintenance to the well including but not limited to well development, camera scoping, 
agitation of screen, and pumping of the water to ensure aquifer connection.  
 
Number of people to be involved:  

The on-site crew for the installation will be 3-5 people, up to two pump installers (to remove 
pump) and 2-3 geologist or support staff. Once a monitoring well is installed a 2 or 3-person crew will 
come to the site 3 to 4 times per year to monitor and maintain the well.  
  
Temporal extent: period of data collection  

The initial pump pull, well tests, and well development will take place over a 7-10 business day 
period in late September or early October. We would collect the data to assess the well over a one-
month period in October 2023. At this point, if the well proves to be capable, we would then like to keep 
the well in service for at least 10 years (January 2035), or up to 100 years (2125) if acceptable. We will 
be collecting hourly water level measurements while the well is in the network. The best monitoring 
wells are the ones we can keep an active eye on the system for decades. Wells do require maintenance 
and cleaning to keep in good working condition and may require more intense service after 30 years. 
Wells can be maintained for accurate measurements for a limited duration dependent on the water 
quality, material within the aquifer, and quality of the well installation, but we intend to maintain the 
well while in the network. If at any point it is deemed that the well is no longer able to measure the 
aquifer levels accurately, or the landowner wishes to terminate the agreement, the well would need to 



 
 
 

be plugged according to Indiana Administrative Code, 312 IAC 13 and buried. We would be willing to 
assist with this operation to help with the costs for this procedure.  
 
Associated Permits  

Upon completion a well log will be produced and supplied to DNR Division of Water for their 
water well record database. A copy of the form that is required to be completed upon completion of the 
well can be found here: State Form 35680.  

A use agreement needs to be signed by ACRES Land Trust and is attached here. 



 
 
 

Appendix I. Approval and site stipulations for conservation easement access at 
FortWayne_N4 

 



 
 
 

 

 

 



 
 
 

Appendix J.  
FortWayne_N4  
well diagram 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

Appendix K. Ashley_W lithologic log and well construction document 
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