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Executive Summary 
This report is a resource assessment of potential geothermal energy applications in Oakridge, 
Oregon, a rural community in the central Oregon Cascade Range. This assessment was prepared by 
the National Renewable Energy Laboratory (NREL) under the U.S. Department of Energy’s 
Communities Local Energy Action Program (LEAP). Oakridge had a previous geothermal assessment 
completed nearly 50 years ago that indicated potential for geothermal energy technologies in the 
area. This assessment builds on those results to assess the viability of those technologies for 
Oakridge. 

Concurrent with the findings of the previous assessment, this assessment finds the Oakridge region 
in the central Oregon Cascade Range presents promising geothermal potential because of its unique 
geological setting, characterized by active volcanism and structural lineaments that facilitate deep 
geothermal fluid circulation. The geothermal resources in the central Oregon Cascade Range—
particularly in areas such as Newberry Volcano, Crater Lake, and Oakridge—represent significant 
potential for energy production. These regions exhibit elevated heat flow, indicating a strong 
geothermal gradient that is suitable for both electricity generation and direct-use applications. The 
presence of thermal springs and high heat flow in areas such as McCredie and Kitson Hot Springs 
further supports the viability of geothermal development in the region. 

High-temperature hydrothermal systems associated with volcanic centers, such as Newberry Volcano 
and Crater Lake, indicate substantial subsurface heat, where elevated heat flow values exceed 100 
milliwatts per square meter, highlighting potential for electricity generation and direct-use 
applications. The dominant sodium chloride-sulfate (Na-Cl-[SO₄]) water composition in the area, 
combined with its structural geology (i.e., major faults and lineaments and their intersections), 
indicates conditions exist for geothermal activity. 

Geological assessments reveal the region encompasses both the Western Cascades and High 
Cascades provinces, with volcanic rock formations ranging from Oligocene tuffs to Quaternary lavas. 
Thermal modeling, using the Stanford Thermal Earth Model, predicts subsurface temperatures 
reaching 175°C, or 347°F, at a depth of 3 kilometers (km), or 1.86 miles (mi), in the southern 
Oakridge area, particularly near Kitson Hot Springs. Surface manifestations, including McCredie and 
Kitson Hot Springs, further confirm the presence of geothermal resources, with silica and cation 
geothermometers estimating reservoir temperatures between 100°C and 160°C, or 212°F and 
320°F. 

Generally, high-temperature geothermal resources (above 150°C or 302°F) are primarily used for 
electricity generation, whereas lower-temperature resources support direct-use applications—
including heating and cooling for homes and businesses, industrial processes, agriculture, and 
recreational activities. The temperature of geothermal resources in the Oakridge area has not been 
confirmed, and further exploration—including through advanced thermal models, geochemical 
analysis, and geophysical surveys—can help refine subsurface reservoir target predictions and 
enhance the understanding of geothermal potential. For example, the Stanford Thermal Model and 
the surface manifestations demonstrate some variability in predicted reservoir temperatures, 
highlighting the value of further exploration. 

Given the potential geothermal resources in the area, a combined heat and power (CHP) plant 
similar to the one at the Oregon Institute of Technology could be a viable solution for the Oakridge 
region. NREL conducted a simulation using the GEOPHIRES tool (GEOthermal energy for Production 
of Heat and electricity [“IR”] Economically Simulated) and evaluated a combined heating and 
electricity production system based on a cogeneration parallel cycle. The estimated outputs include 
1.38 MW of electricity and 13.63 MW of heat, with a levelized cost of electricity of $13.52 

https://www.nrel.gov/geothermal/data-tools
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cents/kWh and a levelized cost of heat of $4.14 USD/million British thermal units. The system 
assumes a well depth of 2.8 km, or 1.74 mi; a geothermal gradient of 58°C/km, or 168°F/mi; and a 
flow rate of 30 kilograms per second, or 66 pounds per second, per production well, using one 
injection and two production wells. The total capital cost is estimated at $20.5M, including $5.81M 
for drilling and completion, $1M for stimulation, $11.4M for the surface power plant, $1.7M for the 
field gathering system, and $0.54M for exploration. Annual operating and maintenance costs are 
projected at $1.4M, comprising $0.3M for wellfield maintenance and $0.9M for power plant upkeep. 
Economic modeling follows a standard levelized cost approach, assuming a 5% interest rate, a 30-
year project lifetime, and an 80% capacity factor. The analysis indicates a net present value of 
$3.28M, an internal rate of return of 6.42%, and a payback period of 13.6 years, with 50% of costs 
allocated to the electrical plant. Although based on some assumptions, these estimates serve as a 
general reference for capital and operational costs in geothermal CHP projects, aiding in feasibility 
assessments and investment planning. 

To make an informed decision for future geothermal investment, the community coalition could 
consider a geophysical exploration in the Oakridge area, particularly near Kitson and McCredie Hot 
Springs, using geological mapping, geochemical analysis, and geophysical surveys to refine 
subsurface predictions and identify promising drilling locations. In addition, developing direct-use 
applications such as district heating and industrial heating can present a near-term opportunity, 
alongside power generation. The coalition can also evaluate the feasibility of connecting geothermal 
resources to existing transmission infrastructure. Costs to site geothermal applications beyond 15–
30 km from the existing power grid can rise because of increased challenges related to terrain, 
permitting, right-of-way issues, and infrastructure upgrades. Finally, it can be beneficial to streamline 
the permitting process by working closely with local, state, and federal agencies to establish clear 
guidelines for geothermal development that protect the environment while supporting economic 
growth. 
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Geothermal Energy Fundamentals 

“Geothermal energy” refers to the heat produced within the Earth that can be harnessed for human 
use. This heat originates from the Earth’s initial formation, the radioactive decay of minerals in its 
core, and solar accumulation (Turcotte and Schubert 2002). The geothermal heat at the Earth’s core 
is estimated to reach temperatures as high as 5,000°C, comparable to the surface temperature of 
the Sun. The temperature at the base of the Earth’s crust is approximately 1,000°C. The 
temperature at the base of the mantle and the Earth’s core is estimated to be approximately 
3,500°C and 5,000°C, respectively. 

This geothermal gradient, or the temperature difference between the Earth’s core and surface, 
generates a continuous flow of thermal energy from the core to the surface (Ejiga et al. 2022). The 
geothermal gradient refers to the rate at which the temperature of the Earth’s crust increases in 
depth. It represents the thermal gradient within the Earth’s crust and is a key concept in 
understanding the distribution of geothermal energy (Turcotte and Schubert 2002). This gradient can 
vary depending on geological conditions and the presence of certain factors such as groundwater 
flow. 

In typical continental crust, the geothermal gradient averages around 25°C per kilometer (km; 
72.4°F per mile [mi]) within the first 5 km (approximately 2–3 mi) of the Earth’s surface. However, at 
greater depths, such as around 40 km, this gradient decreases to about 16°C per km (Turcotte and 
Schubert 2002). This decline happens because the heat transfer mechanism shifts from conduction 
to convection and other processes as depth increases. Importantly, the geothermal gradient is not 
constant everywhere. In regions with substantial groundwater flow, the temperature increase with 
depth can drop significantly, become negligible, or even reverse. Groundwater flow can carry heat 
away, disrupting the typical pattern of temperature increase—especially in aquifers or areas with high 
permeability.  

To better understand the significance of subsurface temperatures for geothermal energy, it’s 
important to clarify the relationship between geothermal gradient, thermal conductivity, and heat 
flow. Subsurface temperature is the primary factor in determining the suitability of a geothermal 
resource for various applications. Subsurface temperature is influenced by the geothermal gradient, 
which describes how quickly temperature increases with depth, and the thermal conductivity of the 
surrounding rock, which affects how efficiently heat is transferred. Together, these two parameters 
determine heat flow, or the rate at which thermal energy moves through the Earth’s crust. Although 
the geothermal gradient gives a general sense of subsurface heating, thermal conductivity 
determines how much of that heat is available and accessible. Understanding these relationships is 
crucial to assess the development potential of a geothermal site, particularly when evaluating 
whether a resource is suitable for power generation, district heating, or direct-use applications. 

On the other hand, low-temperature geothermal energy is generated from solar heat absorbed and 
stored near the Earth’s surface (Figure 1). This stored solar heat ensures surface temperatures 
remain relatively stable year-round, providing a dependable resource for applications such as 
geothermal heat pumps and direct-use systems. 
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Figure 1. This illustration of Earth’s energy budget highlights the Sun’s incoming energy and how it is distributed 

throughout the Earth’s system. Image from NASA GPM (UCAR 2025). 

Resource Requirements and Geothermal Applications 

Resource Categories 
The GeoVision report (2019) identifies three primary categories of geothermal resources: geothermal 
heat pump (GHP) resources, hydrothermal resources, and enhanced geothermal systems (EGS). 

Geothermal Heat Pump Resources 

Shallow soil, rock, and aquifers across all 50 states provide a significant geothermal resource 
because of their thermal storage capabilities. This thermal storage enables their use as a medium 
for heat exchange, improving the efficiency of heating and cooling systems in residential and 
commercial buildings (Figure 2). Geothermal heat pumps leverage these shallow-earth resources to 
reduce energy consumption. GHPs can be installed wherever the ground can be accessed at depths 
unaffected by seasonal temperature fluctuations. 

Chart Title

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr
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Figure 2. The range of geothermal energy technologies and their applications spans various uses. Image from GeoVision 

(2019). 

Hydrothermal Resources 

Hydrothermal systems rely on natural heat within the Earth combined with groundwater and rock 
features, such as open fractures, which allow fluid flow for heat recovery. These resources vary in 
temperature, from slightly above ambient conditions to over 375°C, or 707°F (Figure 2). 
Temperatures above this threshold may require advanced technologies to effectively harness the 
energy for various applications. 

Enhanced Geothermal Systems 

Enhanced geothermal systems comprise unconventional resources with significant heat but lack the 
groundwater or rock characteristics needed for energy extraction without advanced engineering. 
These systems can operate at any temperature above ambient that supports energy conversion 
(Figure 2), although their practicality depends on the costs of the engineering required. EGS 
resources have potential applications across geothermal technologies. 

Resource Considerations 
These three geothermal resources are applicable to various electric and nonelectric energy 
applications (Figure 2). Although some rely on surface-level temperatures, others require deep 
drilling. The resource’s temperature determines its application. High-temperature geothermal 
resources (above 150°C or 302°F) are primarily used for electricity generation, whereas lower-
temperature resources support direct-use applications—including heating and cooling for homes and 
businesses, industrial processes, agriculture, and recreational activities. In shallow-earth 
environments, where temperatures remain consistent (below 30°C or 86°F), GHPs provide an 



 

4 

This report is available at no cost from NREL at www.nrel.gov/publications. 

efficient option for residential and commercial heating and cooling (U.S. Department of Energy 
2019).  

Although geothermal power plants have been providing renewable energy for more than a century, 
recent advancements highlight the versatility of geothermal resources beyond reliable, constant 
power generation. Geothermal energy also offers solutions for heating, cooling, and energy storage 
while also supporting carbon capture, green hydrogen production, and the recovery of critical 
minerals (Figure 3). Acknowledging its potential, both public and private sector stakeholders are 
increasingly investing in and driving the development of geothermal technologies. 

 
Figure 3. Geothermal energy holds the potential to support various needs, including energy storage, mineral recovery, and 

other applications. Figure by Joelynn Schroeder, NREL (MacGregor 2023). 

Geothermal Applications 
GEOTHERMAL POWER TECHNOLOGY: CONVENTIONAL 

Geothermal energy is widely used for electricity generation through three main types of power plants: 
dry steam, flash steam, and binary cycle systems (Figure 4). 

• Dry steam plants. These systems use steam directly from underground reservoirs to drive 
turbines, making them the simplest form of geothermal power generation. 

• Flash steam plants. In this system, high-temperature geothermal fluids are brought to the 
surface. A sudden drop in pressure causes the fluid to “flash” into steam, which is then used 
to power turbines. 

• Binary cycle plants. Designed for lower-temperature geothermal resources, binary cycle 
plants transfer heat from geothermal fluids to a secondary fluid—such as isobutane or 
isopentane—in a heat exchanger. These secondary fluids, with lower boiling points than 
water, vaporize at moderate geothermal temperatures (typically 100–200°C or 212–
392°F). The vapor drives the turbines to produce electricity. The secondary fluid is then 
condensed back into liquid form and recirculated in a closed-loop system. 



 

5 

This report is available at no cost from NREL at www.nrel.gov/publications. 

These technologies illustrate the versatility and efficiency of geothermal power generation, 
leveraging Earth’s natural heat to produce renewable energy from conventional hydrothermal 
geothermal systems. 

 
Figure 4. Types of geothermal power plant configurations include dry steam, flash steam, and binary cycle systems. Image 

from GeoVision (2019). 

GEOTHERMAL DIRECT USES 

Geothermal direct-use applications include heating greenhouses and aquaculture facilities, food 
processing (e.g., drying agricultural products and brewing beer), and industrial processes requiring 
heat (e.g., pulp and paper production, drying cement, and treating lumber). These applications could 
operate using a cascade system, where geothermal water is used sequentially for multiple purposes 
to maximize energy efficiency. For instance, hot water from a geothermal source may first be used 
for industrial processing, followed by greenhouse heating, and finally for aquaculture.  

Another notable geothermal direct-use application highlighted in the GeoVision report (2019) is 
district heating. These systems use geothermal resources with temperatures below 150°C or 
302°F, where electricity generation has historically been less economically viable (McCabe et al. 
2019). In geothermal district heating, hot water is drawn from geothermal reservoirs and delivered 
through pipelines. The heat is then either transferred via heat exchangers or directly supplied to 
residential and commercial buildings, effectively meeting heating and hot water demands across 
entire communities. 

One prominent example is the geothermal district heating system in Boise, Idaho, which has 
operated since the 1890s. In 2012, it expanded to include 645,000 square feet (ft²) of floor space 
from Boise State University (John W. Lund and Boyd 2016; Mink 2017). The United States has 23 
operational geothermal district heating systems, with a total installed capacity of about 100 
megawatts thermal (MWth) as of 2021 (NREL 2021). In comparison, Europe had 401 such systems 
by 2023, with a total of 6 gigawattg thermal (GWth) of installed capacity across 29 countries (Cariaga 
2024), accounting for nearly half of the global installed capacity for direct geothermal use. 

Recently, The U.S. Department of Energy (DOE) released the Pathways to Commercial Liftoff: 
Geothermal Heating and Cooling report, outlining strategies to expand the adoption of geothermal 
heating and cooling technologies across the nation (U.S. Department of Energy 2025a). DOE’s report 
emphasizes increasing the adoption of geothermal heating and cooling technologies offers a 
significant opportunity to reduce energy consumption, lower carbon emissions, and enhance energy 
system reliability. By 2035, geothermal heating and cooling systems could be installed in the 
equivalent of 7 million homes, tripling the current U.S. capacity—with potential investments ranging 
from $100 billion to $150 billion.  

https://liftoff.energy.gov/geothermal-heating-and-cooling/?utm_source=chatgpt.com
https://liftoff.energy.gov/geothermal-heating-and-cooling/?utm_source=chatgpt.com
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GEOTHERMAL HEAT PUMPS OR GEO-EXCHANGE TECHNOLOGY 

A geothermal heat pump system operates by transferring thermal energy between a building and the 
Earth through a network of underground pipes. In winter, the system extracts heat from the ground, 
which maintains a consistent temperature, and uses it to heat the building. In summer, the process 
is reversed: The system removes heat from the building and transfers it to the cooler ground, 
providing efficient cooling. This method takes advantage of the Earth’s stable underground 
temperatures, making it an energy-efficient solution for year-round heating and cooling (U.S. 
Department of Energy 2025b). 

Geothermal heat pumps are widely used in both residential and commercial applications in the 
United States to meet heating and cooling demands. These systems, often referred to as ground 
source heat pumps (GSHP), rely on the thermal storage capabilities of the Earth’s shallow depths, 
typically around 30 feet. At this depth, the temperature remains relatively constant, ranging between 
10°C (50°F) and 15°C (59°F), which is typically warmer than the surrounding air in winter and 
cooler in summer. By using this stable temperature, GHPs efficiently store and release excess heat 
as needed (J. W. Lund 2001; Liu, Lu, and Yang 2019). 

A typical GHP system comprises three main components: 1) a ground heat exchanger, which is a 
network of pipes buried underground or immersed in water bodies or groundwater; 2) an energy 
delivery system, such as a heating, ventilation, and air conditioning (HVAC) system with ducts for 
forced air or in-floor radiant heating; and 3) the heat pump, which circulates thermal energy between 
the ground heat exchanger and the delivery system. The heat exchanger transfers heat to or from a 
fluid, usually a water/antifreeze mixture (U.S. Department of Energy 2025b). 

In the United States, most GHP systems (approximately 84%) use closed-loop ground heat 
exchangers, with the majority installed in vertical configurations, followed by horizontal loops. A 
smaller portion (16%) employs open-loop systems, which use groundwater or surface water to 
transfer heat (see Figure 5). These systems are versatile and can efficiently heat, cool, and even 
provide hot water for homes and buildings (J. W. Lund 2001; Liu, Lu, and Yang 2019). 

 
Figure 5. Diagrams of frequently used closed-loop and open-loop ground heat exchangers. Image from GeoVision (2019). 
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DOE’s Pathways to Commercial Liftoff: Geothermal Heating and Cooling report highlights the 
transformative potential of GHP technologies. These systems offer impressive energy efficiency, 
environmental benefits, and longevity, with underground components lasting more than 50 years. 
Unlike other geothermal technologies, GHPs can be installed almost anywhere, making them 
versatile and accessible for widespread adoption.  

Oakridge Geothermal Resources Assessment 

Overview of Geothermal Resources in Central Oregon Cascade 
Range 
The central Oregon Cascade Range is recognized for its significant geothermal potential, attributed 
to its unique geological features and volcanic activity. The region’s geothermal resources are 
primarily associated with high-temperature hydrothermal systems linked to volcanic centers and 
deep fault zones (Figure 6).  

 
Figure 6. A map depicting geothermal resources across the United States. Image from National Renewable Energy 

Laboratory (NREL) (NREL 2018). 

Studies have identified several promising areas for geothermal development, including the Newberry 
Volcano and Crater Lake areas (Blackwell, Negraru, and Richards 2006; Priest and Vogt 1983). 
These locations exhibit elevated heat flow and thermal springs, indicating substantial subsurface 
heat. The geothermal gradient in these areas suggests temperatures suitable for both electricity 
generation and direct-use applications.  

Heat flow measurements in the central Oregon Cascade Range reveal significant variations between 
the Western and High Cascade subprovinces. In the Western Cascades, heat flow values average 
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approximately 40–50 milliwatts per square meter (mW/m²) or 3.7–4.6 mW/ft². In contrast, the High 
Cascades exhibit higher heat flow values, averaging around 100 mW/m² or 9.3 mW/ft² (Priest and 
Vogt 1983). This increase in heat flow from west to east correlates with the region’s volcanic activity 
and geological structures (Figure 7). Notably, areas near Newberry Volcano and Crater Lake have 
been identified as geothermal hotspots, with heat flow values exceeding 100 mW/m², indicating 
substantial geothermal potential (Priest and Vogt 1983). 

 

 
Figure 7. Map showing heat flow in the Cascade Range of Oregon with contour interval –20 mW/m2. Image from Priest, G. 

R., and Vogt, B. F. (Eds.). (Priest and Vogt 1983). 

The central Oregon Cascade Range hosts several geothermal systems characterized by the presence 
of thermal springs and wells. Notable examples include Breitenbush Hot Springs, McCredie Hot 
Springs, and Belknap Hot Springs. These geothermal fluids are typically meteoric recharge, having 
infiltrated the ground and been heated by the region’s elevated geothermal gradient. The 
temperatures of these fluids at the surface vary, with some springs exhibiting temperatures suitable 
for direct-use applications. The chemical composition of the geothermal fluids often includes 
dissolved minerals such as sulfate, calcite, and silica, reflecting interactions with the surrounding 
rock formations (Priest and Vogt 1983). Understanding the characteristics of these geothermal fluids 
is essential for assessing the region’s geothermal energy potential and for the development of these 
resources. Fluid chemistry plays a critical role in system design and long-term operation. The 
chemical composition of geothermal fluids influences scaling and corrosion risks, which can 
significantly impact the performance, maintenance needs, and lifespan of geothermal infrastructure. 
In addition, it informs the selection of materials for wells and surface equipment, helps anticipate 
environmental considerations such as gas emissions or fluid disposal, and supports decisions about 
appropriate energy conversion technologies. 
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However, the development of these resources requires careful consideration of environmental 
impacts, particularly in regions overlapping with protected lands and recreational areas. Ongoing 
research and exploration are a requirement to fully assess the viability and sustainability of 
geothermal energy production in the central Oregon Cascade Range (Priest and Vogt 1983). 

Geothermal Resource Assessment in Oakridge 
GEOLOGICAL SETTINGS 

The geology of the Oakridge area in Oregon is characterized by a diverse assemblage of volcanic and 
sedimentary formations. According to Brown et al. (1980), the region features basalt and andesite, 
indicative of its volcanic origins. In addition, sedimentary deposits—including tuffs and breccias—
reflect periods of volcanic activity and subsequent erosion.  

The Willamette Pass area is in the rugged mountains immediately east of Oakridge, Oregon. This 
area encompasses parts of both the Western Cascades and High Cascades geological provinces, 
further highlighting the geological complexity. The western part is dominated by older Oligocene 
tuffaceous rocks and Miocene lavas of the Western Cascades, whereas the eastern part is 
characterized by Quaternary and late Tertiary age High Cascade lavas as well as Pliocene lavas (see 
Figure 8 for more details). 
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Figure 8. Stratigraphy of volcanic rock units in the Waldo Lake-Swift Creek Area, central Cascade Range, Oregon. Image 

from Priest, G. R., and Vogt, B. F. (Eds.). (Priest and Vogt 1983). 

GEOTHERMAL GRADIENT TEMPERATURE AND THERMAL CONDUCTIVITY 

The National Renewable Energy Laboratory (NREL) used the Stanford Thermal Model (STM) to 
identify temperature gradients and thermal conductivity within the Oakridge region, leveraging its 
advanced integration of geological, thermal, and geophysical data for accurate subsurface 
predictions (Aljubran and Horne 2024). More details about the model can be found at the Stanford 
Thermal Model Website. 

The STM is a comprehensive temperature-at-depth model for the conterminous United States, 
spanning depths from 0 to 7 km. Developed by Aljubran and Horne at Stanford University (2024), 
this model uses a data-driven spatial interpolation algorithm based on physics-informed graph neural 

https://stm.stanford.edu/
https://stm.stanford.edu/
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networks. It integrates various physical quantities—including bottomhole temperature, depth, 
geographic coordinates, elevation, sediment thickness, magnetic anomaly, gravity anomaly, gamma-
ray flux of radioactive elements, seismicity, and electric conductivity—to predict subsurface 
temperature, surface heat flow, and rock thermal conductivity. The model achieves mean absolute 
errors of 4.8°C for temperature, 8.1 mW/m² for surface heat flow, and 0.07 W/(°C·m), or Watts per 
meter Celsius, for thermal conductivity. 

The temperature gradient values predicted by the Stanford Thermal Model for the southern area of 
Oakridge town, near Kitson Hot Springs, indicate subsurface temperatures of approximately 71.6°C 
(160.9°F) at 1 km depth, 124°C (254.7°F) at 2 km, and 175°C (345°F) at 3 km (see Figures 9 and 
10). These findings highlight the region’s low to medium geothermal potential. The corresponding 
thermal conductivities at these depths are 1.6 W/(°C·m) at 1 km and 2.0 W/(°C·m) at both 2 km and 
3 km depths, which indicates moderate subsurface heat transfer properties. Although these values 
may not support high-temperature geothermal power generation, they are well-suited for direct-use 
applications such as district heating, greenhouse agriculture, aquaculture, or industrial processes. In 
addition, the resource characteristics may be favorable for combined heat and power (CHP) systems, 
which generate electricity at lower efficiencies while capturing and using the waste heat for thermal 
applications. This integrated approach can significantly improve overall energy efficiency and make 
geothermal development more economically viable in low to medium temperature settings. 

 
Figure 9. Stanford Thermal Model at depth of 2 km. Image from Stanford University/Stanford Temperature Model (Aljubran 

and Horne 2024). 
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Figure 10. Stanford Thermal Model at depth of 3 km. Image from Stanford University/Stanford Temperature Model 

(Aljubran and Horne 2024). 

GEOCHEMISTRY AND GEOTHERMOMETERS OF HOT SPRINGS  

NREL used the Powell and Cumming spreadsheet for liquid-phase geothermal systems to estimate 
reservoir temperatures (Powell and Cumming 2010). This tool applies various geothermometers, 
which use the chemical composition of geothermal waters to estimate subsurface temperature 
conditions. By analyzing the major elements and water chemistry parameters such as pH and 
surface temperatures, NREL calculated various reservoir temperature estimates. These estimates 
are essential for understanding the thermal characteristics of the geothermal system and for 
evaluating its development potential. 

The chemical data used for this analysis are summarized in Table 1 and are sourced from Brown et 
al. (1980). Differences in elemental concentrations—such as silica, sodium, potassium, calcium, and 
magnesium—can provide insights into subsurface temperature conditions, reservoir depth, fluid-rock 
interactions, and potential scaling or corrosion issues. For example, high silica concentrations may 
indicate elevated subsurface temperatures, supporting the potential for electricity generation or CHP 
applications. Elevated calcium or carbonate levels can signal a greater risk of scaling, which could 
impact the longevity and efficiency of geothermal equipment. Magnesium concentrations are often 
used in geothermometry to evaluate equilibrium states and the reliability of temperature estimates; 
higher values may suggest fluids have mixed with cooler shallow waters. Chloride is particularly 
important because it behaves conservatively in geothermal fluids, meaning it doesn’t readily 
precipitate or react with surrounding rock. As such, chloride levels can help identify the origin and 
mixing of geothermal fluids. Higher chloride concentrations typically indicate deep, reservoir-derived 
fluids with minimal dilution from surface water, suggesting a more productive and thermally mature 
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system. In contrast, low chloride levels may suggest surface water influence or less developed 
geothermal circulation. 

Table 1. Physico-chemical data for seven hot springs along the Oakridge area. 
Concentrations of elements in the water samples (mg/L). 

Name McCredie #1 McCredie 
#3 

Wall 
Creek 

Kitson Hills 
Creek 

Oakridge 
#1 

Black 
Creek 

Type Spring Spring Spring Spring Well 
90–
420 ft 

Well   
670 ft 

Well  

T (°C) 71 66 41 44 14.5 22 8.5 

pH 7.4 7.4 7.2 7.4 8.75 7.45 7.58 

TDS 
(mg/L) 

4,420 4,584 1,461 6,340 424 5,028 86 

CaCO3 
(mg/L) 

1,380 1,364 Not 
tested 
(Nt) 

Nt 154 1,477 43 

SiO2 
(mg/L) 

65 72 63 47 21 3 25 

Na 
(mg/L) 

910 915 315 1,450 39 1,344 6 

K 
(mg/L) 

28 28 11 28 2.5 24 2.5 

Ca 
(mg/L) 

460 495 130 726 28 466 10 

Mg 
(mg/L) 

0.9 1.1 1 5.7 9 40 4 

Cl 
(mg/L) 

2,232 2,308 602 3,420 105 2,676 15.2 

B 
(mg/L) 

18 19.5 6.6 25 0.3 6.9 0.1 
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Name McCredie #1 McCredie 
#3 

Wall 
Creek 

Kitson Hills 
Creek 

Oakridge 
#1 

Black 
Creek 

HCO3 
(mg/L) 

20 20 Nt 27 Nt Nt Nt 

SO4 
(mg/L) 

185 218 108 197 145 170 2 

According to the data in Table 1, McCredie Hot Springs shows the highest surface temperatures, 
ranging from 66°C to 77°C, whereas Kitson Hot Springs has a surface temperature of 44°C (see 
Figure 11). However, in oral communication with local Oakridge stakeholders, it was noted that 
Kitson Hot Springs now appears to exhibit higher surficial temperatures. The collection of new 
chemistry data from the hot springs to assess any changes over time may improve the stakeholders’ 
understanding of the temperatures of these resources.  

 
Figure 11. Map showing the location of hot springs and wells near the Oakridge community, including McCredie Hot 

Springs and Kitson Hot Springs. The map highlights their proximity to road infrastructure and structural faults (red lines), 
providing context for geothermal studies in the area. Figure by Estefanny Davalos, NREL. 

The results of the geothermometers are summarized in Table 2. The silica geothermometers indicate 
reservoir temperatures of approximately 100°C for Kitson Hot Springs and approximately 115°C for 
McCredie Hot Springs, whereas the cation geothermometers show reservoir temperatures of 
approximately 110°C for Kitson Hot Springs and 125°C for McCredie Hot Springs—which are 
consistent with the temperatures estimated in the STM for depths of approximately 2 km. 
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Table 2. Results for temperatures (°C) at six hot springs and wells near the Oakridge area estimated 
using different silica and cation geothermometers (R. O. Fournier 1977; 1979; Robert O. Fournier 
and Potter 1982; Arnórsson, Gunnlaugsson, and Svavarsson 1983; M. Verma 2000; S. P. Verma and 
Santoyo 1997; Truesdell 1976; Giggenbach 1986; 1988; Fournier 1977; Fournier and Potter 1982; 
Arnorsson et al. 1983; Verma 2000; Fournier 1979; Truesdell 1976; Arnorsson et al. 1983; 
Giggenbach 1986; 1988; and Verma and Santoyo 1997). 

Name McCredie 
#1 McCredie 

#3 
Wall 
Creek 

Kitson Wall 
Creek 

Black 
Creek 

Type Spring Spring Spring Spring Well Well  

T (°C) 71 66 41 44 19 8.5 

Flow rate 
(L/min) 

50 76 11 66 Pumped 13 

Na-K 104 103 110 82 Not 
calculated 

(NC) 
NC 

Na-K-Ca 125 125 125 110 NC NC 

Na-K-Ca (Mg 
corrected) 

84 NC NC NC NC NC 

SiO2 
conductive 

115 113 120 99 69 72 

SiO2 
adiabatic 

114 112 118 100 74 77 

The analysis of water chemistry using the Piper diagram (Figure 12) revealed dominant water facies 
across most of the sampled hot springs and wells. Water facies refer to the distinct chemical “types” 
or signatures of groundwater, based on the relative concentrations of major ions such as calcium, 
magnesium, sodium, potassium, bicarbonate, sulfate, and chloride. Most of these waters are 
classified as sodium chloride and sulfate (Na-Cl-[SO₄]) types, which are commonly associated with 
geothermal systems. This water type reflects significant interaction between geothermal fluids and 
the surrounding geological formations. Sodium chloride dominance typically indicates deep 
circulation and prolonged contact with rock-forming minerals, which is often a positive indicator for 
geothermal development because it suggests a mature, well-established geothermal system with 
potentially elevated subsurface temperatures. The presence of sulfate suggests interactions with 
more oxidized environments or shallow hydrothermal processes, such as the cooling and oxidation of 
volcanic gases or the weathering of sulfide minerals, which may indicate some mixing with surface or 
shallow groundwater. 
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Figure 12. Piper ternary diagram showing major cations and anions (percentage from Eq/L) of Oakridge’s hot springs and 

wells and the different water types. The legend shows the hot springs and wells around the area. Figure by Estefanny 
Davalos, NREL. 

The Na-Cl-[SO₄] composition indicates a transitional system where deep geothermal fluids are mixing 
with shallower waters, which can provide important insights into fluid flow pathways, recharge areas, 
and reservoir connectivity. From a development perspective, this mixed water type may still support 
geothermal applications, especially direct-use or low- to moderate-temperature technologies, but it 
also highlights the need for careful resource management. Mixing can influence temperature 
stability, increasing scaling or corrosion potential. 

The results of the K-Mg-Na diagram indicate all hot spring waters plot within the region of partial 
equilibration (Figure 13). In geothermal geochemistry, partial equilibration suggests the fluids have 
interacted with reservoir rocks at elevated temperatures but have not fully reached chemical 
equilibrium, often because of mixing with cooler waters during their ascent to the surface or 
relatively short residence times underground. Among them, McCredie Hot Springs exhibits the 
highest estimated reservoir temperatures of approximately 160°C, whereas Kitson Hot Springs 
shows reservoir temperatures around 120°C. 
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Figure 13. Ternary diagram K-Mg-Na geothermometer by Giggenbach (1988) showing estimated reservoir temperatures 

and the immature or partial equilibrium water fields. The hot springs and wells show reservoir temperatures between 
120°C and 160°C. Figure by Estefanny Davalos, NREL. 

STRUCTURAL GEOLOGY AND PERMEABILITY 

The geothermal systems in the Willamette Pass area are primarily associated with the Oligocene 
volcanic sequence, which comprises highly altered volcanic rocks with generally low natural 
permeability. All thermal springs in this region occur in topographic lows and are closely linked to 
major lineaments or mapped faults, indicating structural features play a critical role in the circulation 
and emergence of geothermal waters (Brown et al. 1980). 

Kitson Hot Springs is located along the Eugene-Denio lineament, where east-west and northeast-
trending lineaments intersect. Similarly, McCredie Hot Springs lies near a major north-trending 
lineament, whereas the Wall Creek warm springs occur at the intersection of west-northwest and 
northeast-trending faults. These structural intersections likely enhance the permeability required for 
geothermal fluids to flow and surface (see Figure 14; Brown et al. 1980). 
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Figure 14. Map showing the location of hot springs and wells near the Oakridge community, including McCredie Hot 

Springs and Kitson Hot Springs. The map highlights structural faults (red lines) and earthquakes (white to blue points) 
displaying different magnitudes. Figure by Estefanny Davalos, NREL. 

Although the bedrock host material (altered Oligocene volcanic rock) has low permeability, fracturing 
along faults and lineaments creates pathways for geothermal water movement. This suggests 
fracture permeability is critical for geothermal activity in the region. The enhancement of 
permeability through pervasive fracturing may be necessary for the development of geothermal 
aquifers, as evidenced by past drilling experiences in the area (Brown et al. 1980).  

In this context, geothermal development faces the challenge that natural permeability may be 
insufficient in some locations. As a result, accessing or improving fluid flow could require advanced 
exploration techniques, targeted drilling near known structural features, or even reservoir stimulation 
methods (e.g., hydraulic fracturing or other enhancement strategies). These additional technical 
demands can significantly increase both the cost and complexity of development and highlight the 
need for detailed subsurface characterization and strategic planning during project design and early-
stage exploration. 

GEOTHERMAL LAND MANAGEMENT AND TRANSMISSION LINE 

When selecting geothermal plant locations, proximity to key infrastructure is a crucial factor in 
determining both the economic and logistical feasibility of a project. For example, McCredie Hot 
Springs is approximately 11 km (7 mi) away, whereas Kitson Hot Springs is just 5 km (3 mi) from 
potential transmission line connections (Figure 15). Geothermal plants located close to existing 
transmission infrastructure (i.e., within 15–30 km) will have lower interconnection costs and energy 
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losses during power transmission. Geothermal sites situated farther from grid infrastructure may 
face significantly higher costs because of the need to construct access roads, substations, and 
transmission lines. Building new transmission lines is expensive, with costs ranging from $1 to $8 
million per mile, depending on the complexity of the terrain (U.S. EIA 2018). 

 
Figure 15. Map illustrates the locations of hot springs and wells near the Oakridge community, including McCredie Hot 

Springs and Kitson Hot Springs. The map emphasizes their proximity to key infrastructure, such as roads and transmission 
lines (black lines) as well as major structural faults (red lines). In addition, the map provides an overview of land 

management in the area: Light blue polygons indicate private land, purple represents areas managed by the U.S. Army 
Corps of Engineers, and green denotes lands managed by the U.S. Forest Service. Map created by Estefanny Davalos, 

NREL. 

Access to well-maintained roads streamlines the construction, maintenance, and operational phases 
of geothermal projects. Poor access can delay development and increase costs; if the plant requires 
water for cooling, proximity to reliable water sources or pipelines will likely increase operational 
efficiency. 

In addition, geothermal development often intersects with land management policies because 
geothermal resources are frequently located in areas managed by various entities—including federal, 
state, and private stakeholders. These land management policies may include environmental, 
recreational, and commercial considerations. In the Oakridge community, for example, the land 
surrounding McCredie Hot Springs and Kitson Hot Springs is managed by a combination of entities, 
including private landowners, the U.S. Forest Service, and the U.S. Army Corps of Engineers. Each of 
these stakeholders has specific guidelines and objectives that project proponents must consider 
during geothermal exploration and development. Federal lands managed by agencies—such as the 



 

20 

This report is available at no cost from NREL at www.nrel.gov/publications. 

U.S. Forest Service—often prioritize conservation, which may limit large-scale infrastructure 
development or require additional environmental assessments. Similarly, areas under the 
jurisdiction of the U.S. Army Corps of Engineers may have specific mandates related to water 
resource management and public safety. Private lands, however, may offer more flexibility for 
geothermal development but require negotiation and collaboration with landowners to secure 
access. 

Navigating this complex landscape requires thorough planning and coordination to address land use 
restrictions, permitting requirements, and stakeholder concerns. Integrating geothermal projects into 
existing land management frameworks can help minimize environmental impacts, support local 
economies, and align with broader local goals. In this context, the proximity of geothermal resources 
to infrastructure and areas with diverse land management highlights the importance of collaborative 
approaches to ensure the successful implementation of geothermal energy projects.  

Geothermal Development in Oakridge: Next Steps 
GEOTHERMAL EXPLORATION 

Developing a geothermal site is a multiphase process that requires careful planning, resource 
evaluation, and regulatory compliance. Each phase is described next. 

1. Site Identification 

The first step in geothermal development involves reviewing existing geological, hydrological, and 
geophysical data to locate areas with high geothermal potential. This phase focuses on regions with 
active tectonics, volcanic activity, or hydrothermal systems. Tools such as heat flow maps, satellite 
imagery, and fault line analysis are often used to narrow down potential sites. This report addresses 
a critical aspect of this foundational phase, contributing insights into site identification and resource 
evaluation. 

2. Surveys 

Once a potential site is identified, detailed surveys are conducted to assess the resource further: 

a. Geophysical surveys. These include seismic studies, gravity surveys, and magnetotelluric 
methods to map subsurface structures and heat sources. 

b. Geochemical surveys. These include sampling and analyzing spring water, gas emissions, 
and soil for indicators such as elevated silica, CO₂, or other indicators that suggest 
geothermal activity.  

These surveys provide baseline data on the site’s subsurface characteristics and the likelihood of 
discovering a geothermal resource suitable for development. 

3. Exploratory Drilling 

Exploratory wells are drilled to confirm the presence of geothermal resources at depth. This phase is 
high-risk and capital-intensive because drilling involves penetrating the Earth’s crust to access 
geothermal reservoirs. Core samples, temperature logs, and pressure readings from the wells help 
validate the resource’s temperature, flow rate, and chemical composition.  

Repurposing oil and gas wells that have significant water coproduction presents a unique 
opportunity for geothermal energy development. These wells often tap into deep formations with 
elevated temperatures, making them potential candidates for geothermal resource extraction. Using 
existing infrastructure can significantly reduce the upfront costs associated with drilling and site 
preparation, which are typically among the most expensive aspects of geothermal development. 
However, several challenges must be addressed to make this opportunity viable. The well integrity 
must be thoroughly assessed because older wells may have degraded casings or cement that could 
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limit their ability to sustain geothermal operations. Moreover, the water chemistry from these wells 
can pose challenges—such as scaling, corrosion, or environmental management issues—which 
require specialized treatment technologies. 

4. Reservoir Assessment 

Once the resource is confirmed, its capacity and sustainability are assessed. Reservoir engineers 
use data from exploratory wells to develop models of the geothermal system. They estimate factors 
such as the size of the reservoir, temperature gradients, recharge rates, long-term productivity, and 
potential decline. 

This evaluation determines whether the reservoir can support long-term energy production without 
significant depletion or environmental harm. 

5. Feasibility and Environmental Studies 

This phase combines technical, economic, and environmental analyses to ensure the project is 
viable: 

• Economic feasibility. Cost estimation, including drilling, construction, and operational 
expenses, is conducted to assess financial sustainability. 

• Environmental studies. Environmental Impact Assessments ensure compliance with 
regulations and address potential impacts on local ecosystems, water use, and 
greenhouse gas emissions. Community engagement is also critical during this phase to 
address concerns and gain support. 

6. Development and Construction 

If the project passes the feasibility studies, development begins. This includes the following: 

a. Drilling additional production and injection wells 
b. Constructing surface infrastructure, including pipelines, power plants, and cooling systems 
c. Connecting the geothermal plant to existing transmission lines for grid integration. 

Efficient project management is essential during this phase to control costs and minimize 
construction delays. 

7. Operation and Maintenance 

Once the geothermal plant is operational, it begins to produce electricity or direct-use heat. 
Continuous monitoring increases the likelihood that the plant operates efficiently. Maintenance 
involves periodic well servicing, equipment inspections, and reservoir management to prevent 
overexploitation and maintain the balance between production and recharge rates. 

Iterative Process and Future Expansion 

Throughout these phases, ongoing data collection and analysis support the project’s 
implementation. If the reservoir demonstrates surplus capacity, additional phases of expansion may 
include drilling new wells or increasing plant capacity. Continuous innovation and adaptive 
management increase the likelihood that the geothermal site remains a reliable energy source for 
decades. 

REGULATORY AND PERMITTING TOOL 

The RAPID Toolkit (Regulatory and Permitting Information Desktop), developed by NREL, is a 
resource designed to simplify and expedite the regulatory and permitting process for renewable 
energy projects (NREL 2023). It serves as a centralized platform that provides comprehensive 
information on federal and state regulatory requirements, permitting processes, and best practices, 
making it a relevant tool for developers and stakeholders in the geothermal industry. 
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With a user-friendly interface, the RAPID Toolkit offers detailed guidance on project timelines, 
necessary permits, and potential challenges associated with geothermal projects. By consolidating 
this information into a single platform, the toolkit reduces the complexity of navigating 
multijurisdictional regulatory frameworks, potentially saving both time and resources for developers. 

For geothermal energy projects, the RAPID Toolkit can provide insights into land use policies, 
environmental compliance, water rights, and other critical aspects of project planning and execution.  

The RAPID Geothermal Toolkit website contains more information about the toolkit’s features.  

TECHNO-ECONOMIC GEOPHIRES TOOL 

GEOPHIRES is a free and open-source geothermal techno-economic simulation tool developed by 
NREL (NREL 2020). It integrates reservoir, wellbore, surface plant, and economic models to estimate 
capital and operational costs, energy production, and the levelized cost of energy (LCOE) for 
geothermal plants. GEOPHIRES supports various reservoir conditions and end-use options, including 
electricity generation, direct-use heat, and cogeneration. The tool is available for download, and 
further information on its features and applications can be found on its GitHub repository. 

The GEOPHIRES Tool provides an interactive web-based platform for geothermal techno-economic 
analysis. It helps assess the feasibility and performance of geothermal resources by simulating 
reservoir conditions, wellbore design, surface plant configurations, and economic factors such as 
capital and operational costs. The tool is relevant for researchers, developers, and decision makers, 
providing insights to optimize geothermal projects and achieve cost-effective energy solutions.  

NREL simulated a combined heating and electricity production system; detailed information can be 
found here. Note some assumptions were made during the analysis, and a more thorough techno-
economic analysis will be necessary once additional data are collected. This should not be 
considered a decision point. Following is a summary of the assumptions and techno-economic 
modeling results. 

 SUMMARY OF RESULTS 

End-use option Cogeneration Parallel 
Cycle, Heat Sales 
Considered as Extra 
Income 

Average net electricity production 1.38 MW 

Electricity breakeven price (Levelized Cost of Energy- LCOE) 13.52 cents/kWh 

Average direct-use heat production 13.63 MW 

Direct-use heat breakeven price (Levelized Cost of Heat- LCOH) $4.14/MMBtu 

Number of production wells 2 

Number of injection wells 1 

Flow rate per production well 30 kg/s 

https://openei.org/wiki/RAPID/Geothermal/Jurisdictions
https://www.nrel.gov/geothermal/data-tools
https://gtp.scientificwebservices.com/geophires?shared-geophires-result-id=5984a297-4099-4e86-a100-9620195dd3f1
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Well depth 2.8 km 

Geothermal gradient 58 ℃/km 

ECONOMIC PARAMETERS 

Economic Model Standard Levelized Cost 

Interest rate 5% 

Accrued financing during construction 0% 

Project lifetime 30 yr 

Capacity factor 80% 

Project net present value $3.28M 

Project internal rate of return 6.42% 

Project (Profit Investment Ratio (VIR=PI=PIR) 1.16 

Project Multiple on Invested Capital (MOIC) 0.4 

Project payback period 13.58 yr 

CHP: Percent cost allocation for electrical plant 50.08% 

OTHER GEOTHERMAL TOOLS LIST 

The following tools can be used to further explore geothermal potential and development. 

• ATB: 2024 Annual Technology Baseline. The Annual Technology Baseline (ATB) 
documents transparent, normalized technology cost and performance assumptions using 
published sources, including geothermal resources. 

• GETEM: Geothermal Electricity Technology Evaluation Model. The Geothermal 
Electricity Technology Evaluation Model (GETEM) is an Excel-based tool for estimating the 
levelized cost of energy for definable geothermal scenarios. It is a detailed model of the 
estimated performance and costs of currently available U.S. geothermal power systems 
and can be used to analyze and evaluate the state of existing technologies as well as 
estimate the cost of certain technologies 5–20 years in the future. 

• SAM: System Advisor Model. The System Advisor Model (SAM) is a free desktop 
application for techno-economic analysis of energy technologies, including geothermal 
power generation. 

• RAPID Toolkit: Regulatory and Permitting Information Desktop Toolkit. The Regulatory 
and Permitting Information Desktop (RAPID) Toolkit provides resources to navigate 
federal and state regulations necessary to secure project approval. The RAPID Toolkit 

https://atb.nrel.gov/electricity/2024/geothermal
https://www1.eere.energy.gov/geothermal/getem/DownloadTools.aspx
https://sam.nrel.gov/
https://openei.org/wiki/RAPID
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provides access to federal and state permitting information, best practices, and 
reference material for renewable energy and bulk transmission project development. 

Geothermal Development in Oregon: Examples 
NREL identified three geothermal plants in Oregon that are currently operational (see Table 3): 1) 
The Oregon Institute of Technology (OIT) plant, a binary-type facility located in Klamath County, is 
actively generating electricity with a capacity of 1.2 MW; 2) Neal Hot Springs, a binary-type plant 
owned and operated by U.S. Geothermal, Inc., is situated in Malheur County and has a total capacity 
of 22 MW; and 3) The Pasley plant, a binary-type facility in Lake County owned and operated by 
Surprise Valley Electrification Corp., has a total capacity of 3.1 MW. 

Table 3. Geothermal plants in Oregon 

 

Oregon’s first geothermal CHP plant, known as the Oregon Institute of Technology Geothermal Plant, 
stands as a pioneering facility, blending the generation of electricity with the use of geothermal heat. 
This smaller power plant was situated on the Oregon Tech campus and serves as an operational 
geothermal electric plant in the state. The plant harnesses the energy from existing geothermal 
wells, delivering a maximum output of 280 kilowatts of gross power.  

In addition to the smaller facility, a larger geothermal power project was envisioned and executed. 
This larger binary plant, also part of the Oregon Institute of Technology’s geothermal initiative, has a 
capacity of 1.2 MW and taps into a 1.6 km (1 mi) deep geothermal well that was drilled in 2009.  

Opportunities and Challenges for Geothermal Energy 

Geothermal energy is a baseload energy source that provides both heat and power, offering 
advantages over other renewables. Its high capacity factor allows it to generate 2–4 times more 
electricity than wind or solar plants of the same capacity (Figure 16). This makes it a reliable and 
efficient solution, particularly for remote communities, where it could replace diesel for heat and 
power. Geothermal systems are known for their resilience, reliability, and flexibility, with power plants 
having a lifetime of more than 30 years and heating systems lasting 50 years (e.g., Assad et al. 
2022).  
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Figure 16. Geothermal energy has a 90% capacity factor, significantly higher than wind and solar, making it a reliable and 

consistent source of clean energy for year-round power generation. Source: GeoVision (2019). 

The report by the Energy Sector Management Assistance Program (Gehringer and Loksha 2012) 
highlights that geothermal energy, although requiring significant upfront investment, offers long-term 
benefits as a renewable energy source (Figure 17). Early-stage exploration and drilling represent the 
most significant costs and risks because identifying and confirming geothermal reservoirs involves 
technical challenges. However, these risks can be effectively managed through innovative strategies 
such as financial support, risk-sharing mechanisms, and public-private partnerships, which help 
attract investments and ensure financial stability. Once a geothermal resource is successfully 
developed, it provides reliable, low-carbon energy with a long operational lifespan—making it a 
valuable solution for power generation. 
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Figure 17. Geothermal development involves varying risks and costs across different phases—exploration, drilling, and 

plant construction—requiring careful planning and investment to ensure long-term sustainability and return on investment. 
Source: Gehringer and Loksha (2012). 

DOE’s Pathways to Commercial Liftoff: Geothermal Heating and Cooling report highlights the 
potential of GHP technologies in advancing energy efficiency and diversification (U.S. Department of 
Energy 2025c). With underground components lasting more than 50 years and the ability to be 
installed almost anywhere, GHPs offer a scalable solution for enhancing grid resilience by reducing 
peak electricity demand and improving energy efficiency. Key challenges include high upfront costs, 
limited awareness, and workforce constraints, which can be addressed through tax incentives, utility 
programs, streamlined permitting, and workforce expansion. 

Conclusions and Next Steps 
The geothermal resources in the central Oregon Cascade Range—particularly in areas such as 
Newberry Volcano, Crater Lake, and Oakridge—represent significant potential for energy production. 
These regions exhibit elevated heat flow, indicating a strong geothermal gradient that is suitable for 
both electricity generation and direct-use applications. The presence of thermal springs and high 
heat flow in areas such as McCredie and Kitson Hot Springs further supports the viability of 
geothermal development in the region. 

Focusing on the Oakridge study area, the analysis using the Stanford Thermal Model reveals 
subsurface temperatures that indicate low to medium geothermal potential. For instance, the 
temperature gradients predicted for the southern Oakridge area, near Kitson Hot Springs, show 
subsurface temperatures of approximately 72°C (160.9°F) at a depth of 1 km, 124°C (255°F) at 2 
km, and 175°C (347°F) at 3 km. These values are consistent with moderate geothermal potential, 
with temperatures suitable for combined electricity and direct-use applications, but may be less 
suitable for high-temperature electricity generation without further use of EGS technologies. These 
findings demonstrate the possibility of exploring geothermal resources in Oakridge for electricity and 
direct-use purposes such as district heating and industrial applications. 

However, the successful development of geothermal resources in the region must consider several 
challenges, including the geological complexity of the area, structural permeability, and potential 
environmental impacts. The development of geothermal energy systems is closely tied to the location 
of key infrastructure such as transmission lines and access roads. Proximity to this infrastructure 
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contributes to minimized development costs and increased efficient energy transmission. In addition, 
land management considerations—particularly in regions with protected lands and recreational 
areas—must be carefully navigated to balance economic development with environmental 
conservation. 

The following next steps can help the community further understand geothermal potential: 

• Focused exploration. Continue exploration efforts in the Oakridge area, particularly in the 
southern region near Kitson Hot Springs and McCredie Hot Springs. Incorporating 
advanced thermal models, geochemical analysis, and geophysical surveys—such as 
magnetotellurics—will help refine subsurface reservoir target predictions and enhance 
the understanding of geothermal potential. These tools can also assist in identifying 
promising drilling locations, targeting areas with the most favorable conditions for 
geothermal development. This approach will optimize the exploration process and 
increase the likelihood of successful resource discovery. 

• Develop direct-use applications. Given the moderate geothermal gradients identified for 
Oakridge, direct-use applications such as district heating and industrial heating could be 
economically feasible near-term opportunities for geothermal development and 
combined with power generation. 

• Enhance infrastructure connectivity. Evaluate the feasibility of connecting geothermal 
resources in Oakridge to existing transmission infrastructure so potential geothermal 
sites are within 15–30 km (9–12 mi) of power grids.  

• Environmental and land management coordination. Collaborate with federal, state, and 
private landowners to develop geothermal resources while maintaining a balance with 
conservation and public use goals. Areas managed by the U.S. Forest Service and U.S. 
Army Corps of Engineers are subject to those agencies’ land use restrictions and 
regulations, which will require compliance by project developers. 

• Regulatory and permitting framework. Streamline permitting processes by working 
closely with local, state, and federal agencies to create clear guidelines for geothermal 
development, ensuring environmental protection while facilitating economic 
development. 
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