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Meeting Agenda

9:00 - 9:10 Welcome and Introductions
9:10 - 9:25   Resource Favorability and Accessibility Presentation
9:25 - 9:40   Conceptual Model of the Mt Baker Resource
9:40 - 9:55   Phase 2 Pre-Feasibility Assessment and Next Steps
9:55 -10:00   Closing
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Project Overview

Geothermal Favorability Analysis.
▪ Updated Heat and Permeability Data Layers
▪ Non-technical development considerations

HERO Conceptual Models and Hydrothermal 
and EGS Resource Potential for Mt Baker Area
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Phase 2 Pre-Feasibility Assessment /Next 
steps
▪  Low-Cost Exploration Recommendations
▪  Wellfield and Power Plant  Development Costs and 

Risk Analysis
▪ Power Plant permitting, regulatory and accessibility 

risks.
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Phase 1 Recommendations/Considerations



Project Overview

HERO was selected by the Nooksack Tribe to investigate the geothermal resource potential in at 
Mt. Baker and evaluate potential development opportunities.  The project scope covers three 
phases:

• Phase 1 – Project Assessment involves an assessment of available geoscience data and 
geothermal favorability mapping, the development of preliminary conceptual and 
favorability models based on favorable areas identified and evaluation of data gaps 
critical to improving geothermal resource potential.

• Phase 2 – Feasibility Study includes more in-depth review of favorable areas, risk analysis 
based on existing data, recommendations for data needs and cost estimates for acquiring 
new data and a regulatory and geothermal power plant development economics review.

• Phase 3 – Targeted Data Acquisition and Testing, involves more in-depth, site-specific 
investigations designed to test model-driven assessments, such as thermal gradient or 
exploration well drilling programs, and the decision to advance to this phase depends in part 
on the results of the first two phases

This report covers the Phase 1 project assessment. where HERO has evaluated existing data on 
geology, geophysics, and geochemistry, wells drilled for other purposes, land use and 
limitations, and any available geothermal data on temperature at depth.  Much of this data 
results from the WA State Play Fairway Analysis funded by the Department of Energy from 2014-
2022. An evaluation of updated data resources was also conducted.
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Wrong County!
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Geothermal Favorability and Accessibility in 
Mt Baker Area
▪ Geothermal Favorability Analysis for Hydrothermal and EGS 

▪ Heat Potential
▪ Permeability Potential

▪ Accessible Lands, Infrastructure and Potential Lease Areas
▪ Geothermal Favorability Areas



• HERO updated past Hydrothermal 
Favorability analysis from the WA PFA 
study to include new geophysical and 
temperature borehole data

• Hydro thermal projects are likely to be 
smaller – 20-50 MW

• In order to develop large scale 
geothermal projects Enhanced 
Geothermal Systems (EGS) technology 
that targets hot rock with low 
permeability and creates a reservoir 
through fracturing will be needed

• If a hydrothermal resource is 
discovered, as is the case for the Baker 
Hot Springs area, this resource could 
be developed and then expanded 
through EGS 

Geothermal Favorability Analysis
Hydrothermal and EGS
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Heat Potential

• Highest weighted layer is multi-component 
geothermometry done in the new TG well.

• 2nd best is temperature gradient and Na-K-Ca 
geothermometry which have equal weights.

• Qtz geothermometry and spring temperatures with 
highest values found on the Mount Baker summit 
located in restricted areas ranked 3rd and 4th, 
respectively.

• Young intrusives and volcanic vents ranked 5th and 6th, 
also located in restricted areas.

• Area with the highest heat potential is on the 
southeast flank of Mount Baker where there is also the 
most data.



Permeability Potential

• Highest weighted layer is dilation tendency, which 
can be found on N-S trending faults.

• A close 2nd is fault density and it highlights the 
southeast flank where there is the most data to 
constrain faults.

• Slip tendency and dilatational strain rate are 
closely ranked at 3rd and 4th, respectively. 

• Maximum Coulomb shear stress ranked 5th, 
seismic density ranked 6th, and maximum shear 
strain rate ranked 7th, all of which have the highest 
concentrations on the summit of Mount Baker.

• Favorable areas found on the summit of Mount 
Baker, and on the eastern and western flanks, 
especially on N-S faults with high dilation tendency 
within areas of dilatational stress-strain.
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Accessible 
Lands 
Infrastructure 
and Potential 
Leases

Note: Map will continue to 
be updated with 
additional information 
about accessibility 
related to: leases, cultural 
resources and 
environmental protection 



Hydrothermal Favorability

• Highest favorability found on small N-S faults near Baker 
Hot Springs and TG hole drilled in 1983.

• Location is found within a large area of high favorability, 
mostly to the north in restricted area, but some areas to the 
south in the area approved for geothermal leasing

• High favorability area found on the summit; but not 
developable.

• Smaller favorable area on the western flank within 
developable area in the watershed of the Middle Fork of the 
Nooksack River watershed area.

• Other favorable features are N-S trending faults with high 
dilation tendency, and NNE and NNW trending faults with 
high slip tendency, mostly found in the northern half of the 
area.

• Only the favorable areas outside the wilderness and 
restricted areas can be developed 



• The WAPFA was focused on hydrothermal resources. 

• Favorability for EGS development will be based on different parameters.

• A new favorability mapping plus AHP process to determine the importance 
of different favorability criteria will be needed.

• For Mt. Baker, the closer to the magma chamber the better the temperature 
at depth should be. 

• The most recent eruption at Mt. Baker was about 9800 years ago so the 
magma body feeding this eruption is likely to still be hot. 

• The depth to the magma chambers for this most recent eruption was found 
to be ~3 km below sea level under the volcanic edifice 

• An EGS favorability analysis needs to be performed in a similar way to what 
has been done for the hydrothermal resource

• To give an idea of the resource potential an annular area 7 to 12 km centered 
on Mt. Baker provides a basis for EGS estimates

• Lands nominally available for leasing
• 7 km circle -  80°C/km
• 12 km circle - 63°C/km

• The three opaque areas
• Area A - SE quadrant ~56 km2 
• Area B - W quadrant ~27 km2 
• Area C - N quadrant ~24 km2 
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EGS Favorability

A

C

B



Geothermal Favorability at Baker 
Hot Springs Area 
❑ Non-resource Favorability Attributes for Baker HS Area
• Favorable area to the south of Baker HS shows good resource favorability and 

available federal and state lands for lease. 
• Transmission lines and substation  in area
• Access roads and other infrastructure available 
• Water may be available, but water needs should be assessed. Wet cooling 

evaporates some water to the atmosphere but improves plant efficiency. 

❑ Potential Challenges/Unknowns for Development
• Sensitive bird habitat impacts
• Nooksack/Tribal cultural sensitivity areas
• Visual/recreational impacts
• Regional hydrology to reduce impact on water resources

❑ Resource Unknowns
• Precise location and size/capacity of hydrothermal resource 
• EGS favorability mapping needed to calculate EGS resource capacity

• Geothermal temperature gradients from 1km- 10km for assessing EGS 
potential.

• Heat flow to project temperature gradients
• Use some of the analysis done for hydrothermal permeability to determine 

EGS reservoir creation potential
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Conceptual Geologic 
Models and Geothermal 
Resource Potential
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Fracture characterization from BHTV and Core logging in TCH 76-31 (Stowe et al, 2021)

Analysis of 9800 yr Sulphur Ck basalt

to understand magma storage system 

(Garvey, MS @ WWU 2022 )

WAPFA Simplified Conceptual Geothermal Model, 2020

Magnetic Survey (Witter et al, 2017)

New geologic cross-section and geothermal conceptual model

• New geologic data (TCH 76-31 and 2 MS Theses)

• New geophysical data 

➢ Better defined fault zone likely responsible for Baker Hot 
Springs,

➢ Heat source, flow paths, and geothermal reservoir

➢ Allows estimate of depth and volume of Hot Rock 
resource accessible for EGS development



Mt Baker Thermal Regime
Measured in drill holes
• TGH 83-3 – drilled by WA DNR in 1983 

• 49°C at 140 m, 100°C/km

• TCH 76-31 – drilled by Cyrq and DOE in 2019
• 36°C at 455 m, 63.6°C/km

Geochemistry/Geothermometry

Baker Hot Springs fluid (2012)

• sulfate isotope  280-300°C                     
(beyond commercial drilling depth)

• Chalcedony 115 °C

• Na-K-Ca 160-170 °C

TCH 76-31 fluids (2022)

• Multicomponent model 105° C

  
15

100°C/km



A  Full Geologic Legend is 

provided in the Appendix

76-31

Updated Conceptual Model Cross Sections

KJna

Jnw

Nooksack Formation (Early Cretaceous 

to Middle Jurassic) 

Argillite and sandstone

Wells Creek Volcanic Member

Volcanic Rocks of Mount Herman

Chilliwack Group (Permian,Carboniferous, 

and Devonian)

Pcmv

Tcla Lake Ann Stock (Pliocene)

Qbv

Qbpc

Andesite of Mount Baker 

(Holocene & Late Pleistocene)

Andesite of Park Creek 

(Late Pleistocene)

Rocks of the Cascade Magmatic Arc

Rocks of the Autochthon

Rocks above Excelsior Thrust



Updated Conceptual Model Cross Section N-N’
NNE SSW

TCH Depth 440mTGH Depth 140m

Tcml

Potential reversely magnetized 

body of Witter et al, 2017



TCH Depth ~440m

Updated Conceptual Model Cross Section M-M’
NNW SSW

Garvey, 2022
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Isotherms and Reservoir Potential M-M’

EGS target 
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Isotherms and Reservoir Potential N-N’



Conceptual Hydrothermal Model
• Heat source is cooling of recent intrusives under Mt. 

Baker
• Recent intrusives, eruption ~9800 kya, increased activity in 

1970’s
• Fumaroles acid springs at Mt Baker summit
• Low chloride springs at lower elevations, no thermal water end 

member identified

• Permeable features are pervasive cm to mm scale 
fractures in Nooksak fm, cm scale in Chilliwack fm in 
outcrop near BHS, high-angle and thrust faults are 
present

• Meteoric recharge near the edifice and host rock 
permeability are sufficient to suppress the 
development of a parasitic vapor cap

• Sufficient to have a very active, cold water hydrology

• A reservoir is hypothesized below BHS with upwelling 
along mapped high-angle fault

• 1.5 to 3 km depth with a potential temperature of 115 – 170°C

• Fluid discharge and mixing occurs in the subsurface, 
BHS is surface discharge



Resource Potential 
Analysis for Hydrothermal 
and EGS
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Hydrothermal Resource Potential Three prospective areas
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Area is usually a log-normal distribution (Cummings, 

2016), (Wilmarth et al. 2020)



Hydrothermal Power Potential – Mt. Baker/Nooksack

Prospect Areas, km2

Power potential, MW

Using a mean Power Density of 4.73 MW/km2 @ 170°C
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Area, 

km2

P90 P50 P10

Area3 0.33 4.26 16.8

Power, 

MW

P90 P50 P10

Area3 1.6 19 59



EGS Resource Potential

EGS prospective area around Mt. Baker

• An annular area 7 to 12 km centered on Mt. 
Baker provides a basis for EGS estimates

• Lands nominally available

• The three opaque areas
• A -SE quadrant ~56 km2 
• B - W quadrant ~27 km2 
• C -N quadrant ~24 km2 

• Conceptual model (65°C/km)
• Temperature at 3 km ~160°C
• Temperature at 5 km ~280°C

• Host rock Chilliwack and Nooksack formation

• Evaluated EGS potential for SE quadrant, yellow 
oval

A

B

C



EGS Power Potential
The incomplete geoscience data set requires general 
assumptions for HIIP and average power estimates
• Bulk rock porosity 1.5%
• Rock density 2.65 g/cm3

• Rock heat capacity 0.75 J-°C/g
• Rock thermal recovery factor 10%
• Binary power plant thermal efficiency 15% (could use flash 

steam at higher efficiency)
• Thermal reject temperature 65.6°C
• Project life 30 years
• Developed thickness 1000 m
• Area 56 km2 , in yellow oval, may not all developable

The EGS evaluation considered two target depths, 3 and 5 
km. Expected temperatures were bracketed by minimum 
and maximum thermal gradients of 63 and 80°C/km
• At 3 km, 209 – 258°C
• At 5 km, 336 – 418°C (SHR EGS >374 C )

Norbeck and Latimer, 2023

Example of Fervo’s EGS well couplet at Blue Mtn. a 

commercial first

Depth, km/
T Grad °C/km

Temperature, 
°C

Average MWe 

3/63 209 256

3/80 258 344

5/63 336 482

5/80 418 624



Phase 2/3 – Pre-Feasibility and Next Steps
Cultural, Environmental and Siting Issues Assessments

Low-cost, exploration to improve heat resource understanding and reduce 
development risk
• Review of Past Regional Seismic Data Collected (WWU, PNSN
• Microseismic Array Permitting and Installation (USFS)
• Thermal Drone Mapping (USFS)
• Preliminary Induced Seismicity Assessment

Preliminary Power Plant Development Economics Case Studies for Hydrothermal 
and EGS within the Mt Baker Area.
 50 -200 MW plants

Recommendations for Expanded Exploration Plan for EGS and Hydrothermal Options
• Potential siting of Temperature gradient boreholes
• Exploratory wells 
• Other Geophyiscal methods
• Regulatory, Permitting and Risk Analysis
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Low-cost (Non-drilling) Exploration Methods For 
Improving Resource Understanding
• Seismic monitoring and analysis

• Use seismic data to evaluate fault locations and movements to characterize hydrothermal resource and induced 
seismicity potential associated with EGS systems. 

• HERO recommends the following Phase 2 study and analysis:

• Review data from previously seismic array (2007, 2008, 2009)

• Installation of a temporary microseismic array (MSA) to collect new seismic data (M<1):

• Three local USGS seismic stations have a detection threshold of M~1.5. 

• Coverage gaps to the SW and NE of Mt Baker and in the Baker Hot Springs area. 

• Detecting and locating shallow events (<10km depth) are critical for providing meaningful information on 
geothermal development potential.

• Installation of 5-6 monitoring stations along either side of the N-S fault for a period of no less than 6-months. 

• In addition to recording local events, the analysis will record waveforms from teleseismic events that can indicate 
velocity structure and wave propagation to image magmatic bodies below the volcano and geothermal potential 
(tomography)
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Microseismic Array (MSA)  Site Selection/Permitting

MSA sensor site criteria

o accessible, but quiet

o firm, solid, ground for good seismic coupling

o geometry to image target(s)

USFS Permitting  

o Submit permit for up to 10 sites 

o Down-select and deploy 6 sensors

o Array is TEMPORARY and will be run for at least 6-months

o USFS allows a NEPA CatEx for geophysical exploration of 
geothermal resources1  

o HERO staff have successfully permitted and performed 
geophysical surveys in the Mt Baker area for WAPFA

o Temporary sites were occupied in August and September of 
2007, 2008, and 2009 by WWU to study volcanic unrest. This 
data will be analyzed to evaluate design. 

1https://www.doi.gov/document-library/departmental-manual/516-dm-11-managing-nepa-process-bureau-land-management



MSA Sensors, Deployment, 
Monitoring and Analysis 
Program

• Seismic sondes are steel cans (approx. dimensions ~3.5” 
diameter 42” height) that package three magnetic coil 
geophones.

• Sondes are placed using a posthole digger or an auger for 
minimal surface disturbance and placed up to 2 feet 
underground.

• Each can has a cable which connects to a secured metal or 
plastic box containing a 12 V battery, and data recorder, A 
GPS antenna to provide the data recorder with timestamps 
must be placed outside the box with a view toward satellites. 

• The box will be checked monthly to exchange a fresh battery 
and collect data.

• MSA will run for a minimum of 6-months. Data collected will 
be analyzed to support Seismic Hazard Analysis for a 
potential geothermal power plant development and listening 
for seismic noise along faults which may host a hydrothermal 
resource.
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Seismologists on 

team are also 
evaluating new 
much smaller 

nodal sensors 



Exploratory Thermal Drone Mapping

• Thermal drone mapping is used for geothermal exploration, 
characterization, and monitoring, with composite 
thermograms able to quantify small surface temperature 
anomalies with ~10 cm/pixel resolution.

• Historic geothermal exploration in the region1 included 
reports of other hot springs including: submerged thermal 
springs in the Swift Creek drainage north of BHS and along 
the North Fork of the Nooksack River.

• Reconnaissance flights using thermal drone mapping are a 
low-cost, non-intrusive, method that may help identify small 
warm seeps on favorable geologic structures.

 

 

Other Field Exploration Methods

Kyle Hot Springs, NV

hot spring

pools

buried pipes

warm

ground

1.   Korosec, M. A., 1984, Summary of geothermal exploration activity in the State of Washington from 1978 to 1983.



Other Field Exploration Methods: Thermal Drone Mapping Areas
Wells CreekBaker Hot SpringsPotential Flights

low relief,

exposed creek bed

low relief,

exposed creek bed

marshlands

Proposed areas, restrictions, and favorability.

Baker Hot Springs

Wells Creek

exposed creek bed

exposed creek bed


