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Realities of living in

calculate at, for a 210 F system, the
cost to produce electricity from a 3,000
foot well is $0.48 per kWh Legend
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ey oo Commercial ground-coupled
(closed loop) heat pump system

Most GSHPs in Indiana are:

*Vertical closed loops (VCL)
*Vertical open loops (VOL)

GSHP configurations *Horizontal closed loops (HCL)



Data needs for GSHP ¢

blogic formations

a from petroleum well logs
om petroleum well logs

GW temperature data from monitoring studies

- Other datasets that can assist with design and site
investigations
Depth to bedrock / thickness of unconsolidated sediments
Hydraulic conductivity / transmissivity of local aquifers
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n determines how easily heat can
fluid in the heat exchanger piping
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Mineralogy matters - higher
quartz content yields higher K,

Tuff

Thermal conductivity values for common rock types (from Salomone and Marlowe, 1989)



Datasets related to

ed at depths greater than 200" can
ons with varying thermal properties

ion of the top of Elevation of the top of
New Albany Shale the Trenton Limestone

Bedrock units
Raccoon Creek Group (Shale, Ss.)
:| West Baden Group (Shale, Ss., Ls.)
- Blue River Group (Ls.)
- Sanders Group (Ls.)
- Borden Group (Siltstone)
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A three-fold increase in thermal conductivity (e.g., dry to saturated sands)

can result in a 30% reduction in required earth-coupled loop lengths



Datasets related to m

Soil Survey Geographic
Database (SSURGO) drainage
classification
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VCL and VOL applications

HCL applications
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Geothermal gradient in Indiana
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Vaught (1980) noted issues with

AAPG/USGS gradient map due to
inclusion of bottom hole temps. from
shallow wells in the analysis

Data have been pulled from petroleum well
logs relating to thermal gradients in IN:

~10,000 bottom hole temperature records

~50 borehole temperature logs



Other datasets rel
and preparation fo
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T values for Allen County

Open Loop Systems

Transmissivity (T=Kb)

T units are L2 / t
K= hydraulic cond. (L/t)
b= aquifer thickness (L)
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Questions? / Feed

Shawn Naylor
Email: snaylor@indiana.edu
Phone: (812) 855-2504
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Project recent

mal Monitoring Network: A test bed for
of ground-source heat pumps in the

Relative humidity sensor

Pyranometer

Temperature sensor

Su lectometer

4‘— Sample location

e Number Hydrogeologic setting Sediment texture / parent
material (5 feet bgs)
1

W. Fork White R. outwash plain Sandy loam / alluvium Extensive suburban
development occurring
adjacent to proposed
Int.69 corridor

[ |
plain
| | ovem/ew |
morainal system
| | o ||
channel sand / outwash

Cedar Ck. — Eel R. outwash Fine sand / outwash E: g groundwate!
m ng extens|
development
Erie Lobe Wabash moraine Silty clay / glacial till
monitoring site, extensive
development

A Monitoring locations

= Pre-Wisconsin glacial limit

0 20 Miles
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Geothermal Wells T N al Spring
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Geothermal gradent in Indiana
(from AAPG and USGS, 1976)



Local-scale influences c
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Near-surface temperatures
fluctuate seasonally and
this must be considered
when designing HCL
systems
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SSURGO data related to hc

epest soil horizon textures
rent material)

Parcels and SSURGO Mapunits in Columbus, IN Parcels and SSURGO Deep Soil Texture in Columbus, IN

egend
lapunit Symbol
AH

SR-GRV-COS 8

SR- GRV-LCOS GRX-LCOS GRV-5

SLSGRV-SLLSIL
SR-SLSSLL
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SMU Goothermal Lob, Geotbormdd Map of Usited Statos, 2004

Heat flow in the U.S. (from
Blackwell and Richards, 2004)



