How to Handle Discharge
Direct-use geothermal waters, cooled
from their original elevated temperatures by heat transfer to facilities and
systems, can be discharged to the environment via pressurized injection into
the ground, gravity-driven re-entry
into the groundwater (by spraying over
fields, or collecting in intermediary
ponds), or low pressure/low velocity
diffusers to local bodies of water.
For an open-loop system that discharges to the environment, even chemicals
naturally present in geothermal waters
(e.g., calcium, manganese, sodium,
potassium, iron, magnesium, silica,
chloride, fluoride, lithium, hydrogen
sulfide and arsenic) can have significant effects on the flora and fauna.
Consideration must be given to three
primary questions:
• Are the geothermal waters being
introduced into ecosystems not
previously exposed to them?
• Are the geothermal waters free
from contamination (disinfectants,
corrosion inhibitors, human or
animal waste, perfumes, etc.)?
• Will unacceptable warming occur
in the discharge area?

Adak’s Andrew Bay hot spring is not suitable for geothermal direct-use applications in its current state, given its relatively low temperature and flow
rate (2-6 gallons per minute, gpm). There are numerous challenges associated
with its physical location in addition to its distance from the main location
of the Adak community. Exploratory drilling would be required to determine
whether the resource could be expanded to meet the community’s needs. Current information does not indicate that a commercially viable, community
level heating project would result.
Akutan’s thermal resources in Hot
Springs Bay Valley are among the
most impressive in the Aleutian
Islands and have the potential to
meet a large portion of the community’s heating requirements.
The overall flow rate is estimated at
3,160 gpm, which is well aligned
with the flow rates required to support multiple applications in that
area. These resources could poten- Village layouts such as in Akutan are highly
tially support the development of compatible with district heating system routing.
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a community and/or commercial
greenhouse or a small ecotourism
site. Results from the 2015 drilling program will be used to assess production
rate extraction capabilities for electrical power production, and results from the
ongoing water quality surveys will be used to improve understanding of the hot
springs resource and to investigate possible options for sharing infrastructure
costs and utilizing spent thermal water from a geothermal power plant.
While schedule and cost constraints prohibited a site visit to Atka as part of the
2014 effort, analysis of community energy requirements and information available in the existing geothermal literature indicate that direct-use applications of
the hot spring waters at the current community site would not be affordable.
All three communities have substantial distances between the hot springs
and the existing community buildings and residences, so that direct
use of the hot springs water in a one-way system (i.e., without return
flow to the point of origin) would result in discharging the water in
areas where it does not naturally flow. Detailed chemical, thermal,
ecological, and engineering assessments would be required to determine whether the required permits could be obtained from the Alaska
Department of Environmental Conservation and to estimate the cost
of any necessary mitigation provisions.
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Introduction
This 2014-2015 project explored the use of geothermal energy for three remote Aleutian island villages. Specifically, it assessed opportunities for low-cost,
non-power options for the direct use of hot spring geothermal energy, with an
emphasis on district heating. The data tabulations and analytic tools in the final
report are sufficiently broad to allow assessment of hot spring direct-use opportunities in communities across Alaska and as a preliminary design resource for
district heating studies.

Background
Geothermal energy is a renewable resource that uses the heat of the earth to
produce electricity or provide direct heat. Producing electricity requires hightemperature geothermal resources, but direct-use systems can work with low-tomoderate temperature water for applications such as district heating, warming
greenhouses, heating swimming pools, and aiding industrial processes. Geothermal direct heat may be an environmentally sound and economically viable way
to heat some buildings in Alaska.

This project was funded in part by a U.S. Department of Energy EPSCoR
award, the Alaska Energy Authority, and the Aleutian Pribilof Islands
Association.

Hot Springs Bay Valley, Akutan. Photo by
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The Alaska Center for
Energy and Power (ACEP)
based at the University
of Alaska is dedicated to
applied energy research
and testing focused on
lowering the cost of energy
throughout Alaska and
developing economic
opportunities for the
state, its residents, and its
industries.

Geothermal in Alaska

For designing piping systems, it is important to assess
terrain type and distance between the hot springs and the
site where the hot water will be used. Other economic
criteria include local on-dock equipment prices, installation costs, operation and maintenance costs, and energy
efficiency of the application system(s).

Alaska is located on the “Ring of Fire,” a volcanic arc
along the Pacific Ocean. Accordingly, there are many
opportunities for geothermal development in the state.
More than 130 volcanoes and volcanic fields have been
active in Alaska in the last two million years, and more
than 50 have been active in the last 250 years. Additionally, over 100 sites with thermal springs and wells have
been identified across the state, in four distinct geothermal regions:
• the Interior hot springs, running east-west from
Canada’s Yukon Territory to the Seward Peninsula
• the Southeast hot springs northeast of Ketchikan
• the Wrangell Mountains
• the Ring of Fire volcanoes on the Aleutian Chain,
the Alaska Peninsula, and Mt. Edgecumbe on Kruzof Island

Project Description
The goal of this project was to assess opportunities for
low-cost, non-power options for the direct use of hot
spring geothermal energy, with an emphasis on district
heating. The three villages researched were Adak, Atka,
and Akutan — all Aleutian islands located southwest of
mainland Alaska.
This project included a number of components: review of
literature documenting geothermal resources in the focus
communities; feasibility assessment regarding local digital
elevation models; identification of permitting implications; background research on developing small-scale
geothermal district heating systems; collection of community heating requirements and spatial layouts; field
measurements; and visits with community stakeholders.
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Hot springs at Atka. Photo courtesy of Alaska Volcano
Observatory

In summer 2014, researchers visited the communities of
Adak and Akutan as well as several hot spring sites identified in the geothermal literature to collect supplemental
field data, including temperature, flow rate, pH, chemical
profiles, and site photographs.

Site Background

There were two known hot spring locations on Adak
Island, but the most promising one in terms of heat
resources and accessibility is at Andrew Bay. The Akutan
geothermal area is one of the two best-known and most
extensively explored geothermal prospects in the Aleutian
Islands. The Akutan hot springs are located at multiple
sites in Hot Springs Bay Valley, discharging via the local
streams and groundwater into Hot Springs Bay. Atka has
a large recent volcanic field with several surface-level thermal manifestations. However, there is no record of those
sites having been visited by a geologist with geothermal
industry experience. For all three communities, the hot
spring resources are located at a considerable distance
(4-8 miles) from the current population centers.

Allowance must be made for heat lost to the surrounding
environment in the piping system and for temperature
gradients required to drive heat transfer in intermediary
heat exchangers. Past experience indicates that thermal
losses can be managed with a properly designed system
and an appropriate balance of pipe diameter, insulation,
and support system. For the sites in this study, abovegrade PEX arctic pipe with 2-inch-thick polyurethane
foam insulation and a protective HDPE outer jacket
should provide sufficient thermal protection of the piped
hot springs fluid and limit heat loss to no more than 1oF/
mile.

Conclusions: Aleutian Community Hot
Springs Direct-Use Opportunities
Typically, the initial step in identifying possible directuse opportunities for hot spring water is to compare the
temperature and flow rate attributes of the resource with
those required by the possible applications. If the temperatures and flow rates are compatible, attention can then be
given to conceptual design of the system and to estimating resource development, equipment, installation, and
operating costs.
Hot Spring Temperature Compatibility with Direct-Use
Applications

None of the communities in this study had permafrost
along the piping routes between the hot springs and
potential locations for direct use of the hot springs water.
Installation above ground avoids uncertainties associated
with the variable soil depth common in the Aleutian Islands but also introduces greater vulnerability to damage
from vehicles, large animals, and vandalism.

Geothermal Resources in Alaska
From Renewable Energy Atlas of Alaska, Alaska
Energy Auhority

Direct Uses of Hot Springs Thermal Waters
Options for using hot springs thermal energy directly,
rather than as a means of generating electrical power,
include space heating, water heating (or pre-heating),
greenhouses, and pools/hot tubs. Multiple factors must
be taken into account when evaluating these opportunities for a specific location. From a geothermal resource
perspective, the temperature of the water, its flow rate,
and its chemistry are among the more critical focus areas.
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