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Temperature and XYZ-coordinate

measurements along Ground Heat Exchangers
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» Most GSHP installations per capita

« Saturated Villa GSHP market & Growing market in large residential and commercial.
 Drilling depth increases year after year
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Documentation XYZ coordinates
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mazzotti-pallard2021forskningenswedencase-study-report-annex-52final v2.pdf
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Distributed Temperatures in BHEs
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— Total area: ~ 26,000 m?
— 130 boreholes (9 monitoring)
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Thank you!

jose.acuna@energy.kth.se
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Energy. Innovation. Solutions.

a USGS

science for a changing world

Hydrogeophysical Tools and Data for Geothermal
Mapping and Site Characterization

John H. Williams Josh C. Woda
jhwillia@usgs.gov jwoda@usgs.gov

U.S. Geological Survey
New York Water Science Center

Project team: Laura DeMott,
Jason Finkelstein, Bill Kappel, Angela Rienzo,
Fred Stumm, Neil Terry, and Alton Anderson

Provisional dataset disclaimer: This information is preliminary and is subject to revision. It is
being provided to meet the need for timely best science. The information is provided on the
condition that neither the U.S. Geological Survey nor the U.S. Government shall be held liable for
any damages resulting from the authorized or unauthorized use of the information.

U.S. Department of the Interior
U.S. Geological Survey



USGS-NYSERDA Geothermal Investigation
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In cooperation with NYSERDA, the USGS i1s
compiling, collecting, and analyzing geologic
maps, borehole logs, well yield, thermal
conductivity tests, and associated data to inform
geothermal development in New York

Three multi-county areas representative of the
Ontario Lowlands, Allegheny Plateau, and
Manhattan Prong-Hudson Highlands were
selected for the pilot investigation

Sources of geologic maps, borehole, and well
data include NYSM, NYSDEC, and USGS
databases and published and unpublished reports

An interactive web-based mapper 1s in
development that will present a wide range of
hydrogeologic information important for safe
and efficient geothermal development



Depth to Bedrock Mapping

Manhattan
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Water well (USGS database)
Water well (NYSDEC database)
Geothermal well (NYSM database)

Geotechnical corehole (NYSM database)
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Hydrogeophysical Logging of Geothermal Bores
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Geologist log of
geotech corehole

Bedrock Geologic Mapping

Lake Ontario
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% Preliminary Information-Subject to Revision. Not for Citation or Distribution.
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Hydrogeophysical Logs of Geothermal Test Borehole
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Hydrogeophysical Logs of Geothermal Test Borehole

Depth Gamma EM Resistivity EM Conductivity ATV MN Caliper Flow amb Transmissivity Spec Gond amb Temp pmp Return well Upper bedrock S&G
i } I I 2 Ftid 2000 ' 1 t it 1
0 Cps 150 0 Ohmm 50 0 mS/m 300 0° 90° 180° 270" (" & INCH 8 3 Galimin 3 Head Diff 25000 45000 105 DegC 12
STEM Resistivity Nearest Flow pmp ’m{ Spec Condpmp ~ Tempamb
0 f t f
0 Ohmm 50 3 Gallmin 3 25000 45000 105 DegC 12
Model amb
-3 3
Medel pmp

1
3

100

120

140

160

180

suo3ad|dwo) ||]9MW Suli0}UOA pue uoiafu|

200

F
=3

Electrical resistivity profile
from transient EM soundings

Preliminary Information-Subject to Revision. Not for Citation or Distribution.

aelevation (ft)

% USGS o 200 400 600 800

profile distance (ft)

10 30 100
Res (0m)



Learnings from Borefield Temperature

Monitoring in an Operating GEN

Presented by Isabel Varela | HEET
Ground Heat Exchanger Science & Diagnostics Panel
NYGEO 2026 | Brooklyn NY | March 25, 2026




Goals:

o Collect & publish system data

o Create open tools for public, commmercial, and research use
e Evaluate the potential and impacts of deploying TENs at a

statewide scale in Massachusetts
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System Characteristics ' Framingham

Geothermal Pilot Project G eOt h erma I p i I Ot
Project

e Configuration: Single-pipe ambient-
temperature loop with geothermal boreholes
e Main loop: 1 mile

e Buildings: 36 total
o 22 residential: single and multifamily homes
o 9 Framingham Housing Authority apartments
o 5 commercial: school, firehouse, gas station

e Bore fields: 3. Boreholes: 90
e Fiber optic cable: installed in 14 of the 90

B3 Framingham Public Schools

First utility-led
retrofit
geothermal
energy network

boreholes to measure subsurface temperature ;— W Partcpants 5, Bl Sygtem desig ned,
Representation of 24 residential systems (20 single-family 2 two-family OWn e d a n d
Commissioning operated by
H H 3'd Borefield online
Tlmellne (Fire station) Eversource
15t Borefield online 2nd Borefield online
(Normandy)

Construction ]

Today

School online

FHA online

Homes EVERS=URCE m’“m’““ @



System Characteristics

Geothermal Pilot Project

e Configuration: Single-pipe ambient-
temperature loop with geothermal boreholes
e Main loop: 1 mile

e Buildings: 36 total
o 22 residential: single and multifamily homes
o 9 Framingham Housing Authority apartments
o 5 commercial: school, firehouse, gas station

e Bore fields: 3. Boreholes: 90
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Framingham Temperatures - 1t Borefield
(Normandy)
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Inclined Drilling at Normandy

X i 2 | Borehole distribution at the bottom depth
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« Strong thermal interaction at
top 50 meters for inclined bores
as expected.
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Framingham Temperatures - 3" Borefield (Fire

Statlon)
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« Last borefield to be connected to the loop.

* Smaller temperature change compared to 1st Normandy and 2nd

(Rose Kennedy) borefields
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« DFOS recording experienced several data gaps due to technical

issues of the interrogator
« Operational monitoring boreholes at periphery of field
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Learnings from Borefield Temperature Monitoring in an Operating Geothermal Energy
Network Using Distributed Fiber Optic Sensing

Tiahui Yang', Eric Juma’, Eric Bosworth’, Isabel Varela Gutierrez’, Kecher gCthkk'Rruchnths'
i, Berkeley, CA, 94704, USA'

nergy network, borehole thermal energy storage, distributed fiber optic sensing, ground temperature menitoring
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Geothermal Network Databank heet.org/databank

Geothermal Networks Dashboard

]

Summary Compare Download
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Framingham Pilot

@ Select multiple systems from the map above to compare their characteristics

Database

Framingham Pilot

Costs General Information
Environment Total System Capacity 375.00 tons
Ownership Model Investor-owned utility (I0U)
Subsurface
New or Existing Construction Existing buildings

Service Design
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Number of Buildings 37



Learnings from Borefield Temperature Monitoring in an Operating GEN

Conclusions:

« System operating well within boundaries. Heating and
cooling loads met without use of backup electric boiler.

« DFOS technology can help identify subsurface
temperature patterns and inform system operations
and optimization

What's Next

 Quantify and understand thermal storage components
to inform load management and system operations.

 Further integration and analysis of interaction between
subsurface and operations.

* Analyze causes of thermal imbalance and mitigation
strategies
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Typical Design Methodology

160,000 1,000
140,000 200
800
120,000
700
z £
§ 100,000 600 5
3 2
© 80,000 500 @
> 3
& S
2 60,000 400 ﬁ
w a
40,000
20,000
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
B Geo Htg. Energy W Geo Clg. Energy ——Geo Htg. Peak ——Geo Clg. Peak




geofease

Typical Design Methodology

This report provides an overview of the test procedures and analysis process, along with plots of
the loop temperature and input heat rate data. The collected data was analyzed using the “line
source” method and the following average formation thermal conductivity was determined.

Formation Thermal Conductivity = 0.87 Btw/hr-ft-°F

Due to the necessity of a thermal diffusivity value in the design calculation process, an estimate
of the average thermal diffusivity was made for the encountered formation.

Formation Thermal Diffusivity = 0.58 ft*/day

The undisturbed formation temperature was measured by lowering a temperature probe into the
water filled U-bend prior to the start of the test.

Undisturbed Formation Temperature = 46.5-47.3°F, 46.8°F average

The formation thermal properties determined by this test do not directly translate into a loop
length requirement (i.e. feet of bore per ton). These parameters, along with many others, are
inputs to commercially available loop-field design software to determine the required loop length.
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Typical Design Methodology
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Typical Design Methodology
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Typical Design Methodology

o Static models are often
applied to dynamic systems

o GHX sizing relies on
theoretical equations

o Industry standards prioritize
simplicity
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Data Informed Designs

o Boreholes are often drilled in
a helical pattern v

o Borehole verticality
measurement informs
borehole spacing




Data Informed Designs

o Distributed temperature
sensing (DTS) measure
temperature every 0.5 — 2 ft

o DTS data inform the ideal
borehole depth

geofease




Data Informed Designs

o Monitoring GHX energy
informs future designs

o Theoretical models help with
initial design

o Empirical models help
validate performance

geofease
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Example

o Toronto Condominium

o 40 boreholes @ 600 ft

o Water-to-air heat pumps in
each suite

o Natural gas boiler for DHW
heating
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Building Load Profiles

Peak Monthly Loads

Total Monthly Energy Loads
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Temperature (°F)
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Predicted Long-term Temperatures
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Temperatures geofease
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Thank You!

o Connor Dacquay or eng, e, ccp

o 1-204-996-8133

o cmdacquay@geofease.com




NY-GEO 2026
March 24-25, 2026 | Brooklyn, NY

Ground Heat Exchanger
Science & Diagnostics

Moderator: Aeowyn Kendall / Aztech Geothermal

Panel: José Acuna / KTH (Sweden)
John Williams / USGS
Isabel Varela / HEET

Connor Dacquay / GeoFease
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