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1. Introduction 
This document examines the products, data 
management, infrastructure, and field operations 
associated with “adopting” stations from the 
USArray Transportable Array1 into the existing 
statewide sensor network operated by the 
Alaska Earthquake Center2 at the Geophysical 
Institute of the University of Alaska Fairbanks.  
The $45 million USArray facility in Alaska is 
operated by the nonprofit university consortium 
IRIS,3 under funding from the National Science 
Foundation. The USArray project will end in late 
2018, after which IRIS will decommission the 
network and associated data products. During 
the lifespan of the USArray project in Alaska, 
many stakeholders have come to recognize the 
unprecedented nature of the data—seismic, 
meteorological, infrasound, and soil 
temperature. This recognition has spawned 
efforts that highlight the opportunity to retain 
portions of the facility for long-term operation.  
Efforts to support USArray station adoption have 
been underway for many years. The University of 
Alaska Board of Regents first identified the 
possibilities for USArray adoption in a November 
2013 capital budget planning document.4 In 
June 2015, Congress directed the U.S. 
Geological Survey to undertake a benefit and 
cost study for the adoption of USArray seismic 
stations under the auspices of the Advanced 
National Seismic System.5 Recognizing the 
opportunity for the state, in May 2016 Alaska 
Governor Bill Walker instructed the Alaska 
Seismic Hazards Safety Commission to compile 
a summary of benefits anticipated from 
enhanced earthquake monitoring and potential 
earthquake early warning. In June 2016, this 
commission delivered a 72-page stakeholder 

                                                        
1 http://www.usarray.org/Alaska 
2 http://earthquake.alaska.edu 
3 http://www.iris.edu 
4https://www.alaska.edu/swbir/budget/budget_planning, titled 
FY15 Approved Capital Budget, p. 6 
5 https://www.congress.gov/congressional-report/114th-
congress/senate-report/70/1 

survey highlighting these benefits.6 In November 
2016, the Arctic Research Consortium of the 
U.S. hosted a two-day workshop on the long-
term sustainability of USArray assets in Alaska.7 
Products from this workshop included a set of 
recommendations prepared by state, nonprofit, 
and science representatives.8 In December 2016, 
the USGS delivered its study of benefits and 
costs of USArray adoption in addition to a range 
of other proposed enhancements to Alaska’s 
earthquake monitoring systems.9 In the spring of 
2017, the congressional reauthorization of the 
nation’s tsunami program called on USGS, NSF, 
and NOAA to work together on sustaining 
seismic instrumentation in regions of sparse 
coverage10.  
This Implementation Plan is a response to these 
many efforts. The objectives of USArray 
adoption vary considerably in different regions of 
Alaska, as do costs and logistics. To recognize 
this, we divide the state into three regions, each 
with its own set of priorities (Figure 1). This 
framework allows the adoption plan to be 
tailored to each region and simplifies the task of 
station selection, introduced later in this 
document. The first of these regions, Southeast, 
benefits greatly from data sharing with Canadian 
organizations. The plan described here assumes 
ongoing collaboration with Canada and limits 
station adoption to domestic lands close to the 
Queen Charlotte/Fairweather fault system.  
The second region encompasses the populated 
railbelt, Denali fault, and approximately 100 
miles inland of the Aleutian volcanic arc. We 
refer to this as the Southern Tier. This diverse 
region roughly parallels the Aleutian subduction 
zone and mixes the highest seismic hazard and 
population. It also aligns with the regionalization 
proposed in the USGS earthquake hazard 
benefit and cost study.  

                                                        
6 http://seismic.alaska.gov/presentations_reports.php, listed under 
2016 
7 https://www.arcus.org/meetings/2016/usarray 
8https://www.arcus.org/files/meeting/presentations/usarray_sustain
ability_recommendations.pdf 
9 http://bit.ly/2mOcMll 
10 Weather Research and Forecasting Innovation Act of 2017. 115th 
Congress, H.R. 353, 2017. https://www.congress.gov/bill/115th-
congress/house-bill/353/text 
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The third region, referred to here as the Arctic 
region, encompasses much of the U.S. Arctic as 
defined by the Arctic Research and Policy Act.11 
This region spans several different geographies 
that share common needs in resource 
development, national defense, and science. 
Because USArray has been designed and 
managed from the outset as a seismic network, 
earthquake and tsunami implications are central 
in this plan.  
However, the strategies here are an attempt to  

                                                        
11 https://www.arctic.gov/maps.html 

support the wide range of stakeholders such as 
the National Weather Service who are now 
actively using and relying on USArray data 
(Figure 2). We identify the long-term network 
components that will support the most 
stakeholders in the most cost-effective manner. 
To balance these needs while adhering to 
existing recommendations, we propose five 
objectives upfront. These objectives provide the 
framework for the products, data management, 
infrastructure, and field operations throughout 
this document. 
 

  

Figure 2. Alaska Fire and Fuels, an interagency resource for weather and fuel conditions, imports real-time 
meteorological information from across Alaska. This screenshot shows the current temperature at the recording sites, 
recorded on April 4, 2018. The sites circled in red are the USArray stations. This information is available at 
https://akff.mesowest.org/map.  
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Objective 1. Improve the Speed and 
Accuracy of Earthquake Reporting in 
Southeast Alaska 
There are just 10 permanent seismic stations 
spanning the 600-mile Alaska Panhandle. The 
combination of population, high seismic hazard, 
and tsunami potential make this an obvious 
objective. We prioritize rapid and accurate 
earthquake assessment across southeast 
Alaska. 
 

Objective 2. Introduce Meaningful 
Earthquake Hazard Assessment to 
the U.S. Arctic 
The USArray provides a one-time chance to fill 
massive data gaps across north and west 
Alaska. Seismic waveforms, accurate 
notifications, earthquake catalogs, and ground 
motion parametric data will make it possible to 
design resource development and infrastructure 
projects to match the earthquake hazard. 
According to the U.S. Geological Survey, this is 
the only region of the United States where 
earthquakes that are large enough to be felt by 
humans cannot be reliably recorded.12  
 

Objective 3. Preserve the USArray’s 
Capabilities for Hosting Additional 
Sensor Types 
The majority of USArray stations already record 
weather, soil temperature, and infrasonic data in 
addition to seismic data. Hosting multiple sensor 
types at the same site simplifies maintenance 
logistics and reduces costs by minimizing the 
site visits. Co-located sensors can also share 
telecommunications paths, reducing costs and 
simplifying data acquisition.  
 

                                                        
12 https://www.doi.gov/budget/appropriations/2017, p. I-10 

Objective 4. Lay a Foundation for 
Earthquake Early Warning Across 
the Southern Tier of Alaska 
Alaska is early in its consideration of earthquake 
early warning. It is clear, however, that in some 
form it will become an expected capability in the 
near future. A resilient real-time seismic network 
of sufficient density is a prerequisite for building 
an early warning system. Adopting a subset of 
USArray stations across southern coastal Alaska 
will establish a backbone network on which 
earthquake early warning could be legitimately 
considered. 
 

Objective 5. Operate Adopted 
Stations as Part of the Alaska 
Earthquake Center 
The Alaska Earthquake Center is the state’s 
seismic monitoring and research facility (AS 
14.40.075) and is the Alaska partner to the 
Advanced National Seismic System. Operating 
adopted USArray stations through the center will 
leverage long-established community and 
agency connections, dovetail with public 
engagement efforts, and ensure real-time 
continuity of operations during crises. Making a 
modest number of one-time station 
infrastructure modifications will allow us to run 
USArray stations on a comparable operating 
budget to the regional seismic network.    
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2018 updates 
In January 2018, the Alaska Earthquake Center 
was asked to prepare a plan and budget that 
would include a somewhat heavier distribution of 
stations in the Arctic Region. This change from 
the June 2017 implementation plan was a 
response to four points: 

1. It became clear that some of the USArray 
stations in the Southern Tier did not offer 
significant benefit over the existing network. 
In most cases, this was because they were 
located close to an existing station. 
Removing these sites from the adoption list 
allowed us to augment coverage in the north 
and west while keeping to the logistics of an 
80-station plan. 

 
2. Stations in the Arctic Region meet the needs 

of more stakeholders. By shifting resources 
from the Southern Tier to other areas, the 
revised plan increases the number of stations 
with weather, infrasound, and soil 
temperature capabilities. 

 
3. Different state and federal stakeholders have 

always prioritized USArray differently. 
Despite the recommendations of the 2016 
USArray Sustainability Workshop, a single 
consensus plan remains elusive. In the 
absence of a consensus plan, the Alaska 
Earthquake Center was asked to ensure that 
the budget was sufficient to allow some 
flexibility in station locations at a later time. 

 
4. The true USArray opportunity has always 

been in northern and western Alaska. 
Additional monitoring in the Southern Tier is 
important, but incremental. In the Arctic 
Region, the opportunity is without 
precedent.  

 
This request provided an opportunity to revisit 
and update the 2017 implementation plan. 
Written during the installation phase of the 
USArray project, there were several aspects of 
the 2017 implementation plan that we left 
purposefully vague. We did not, for example, 
propose a selection of stations as part of the 
plan, since the network had not yet been 
completed.  
This updated implementation plan meets the 
request for a heavier distribution of stations in 
the Arctic Region. We have added a proposed 
selection of 80 stations, an accompanying long-
term station maintenance strategy, and a budget 
that includes the staffing and logistical costs 
needed to meet the five objectives outlined 
earlier.  
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2. Products 
The purpose of monitoring, seismic or otherwise, 
is to provide data products that improve 
people’s ability to live safely and responsibly. 
Some products are real-time analyses that allow 
us to respond quickly to reduce the impacts of 
natural hazards. Others are long-term analyses 
that allow us to minimize the impacts of natural 
hazards in the first place through strong 
engineering and mitigation efforts. A cornerstone 
of this adoption plan is ensuring that the large 
volumes of USArray data are used to produce 
meaningful benefits to Alaska and the nation. 
Raw data alone does not achieve this.  
In the Southern Tier region, the addition of 
USArray data is a much-needed but incremental 
improvement. Existing processes and research 
will be enhanced with more reliable data. In the 
Southeast and Arctic regions, however, much of 
these data will be the first of their kind. Though 
these regions span more than 10% of the land 
area of the United States, the basic building 
blocks of monitoring have never been present. 
The objectives guiding this implementation plan 
focus on data products that bring consistent 
hazard identification and monitoring across the 
state and begin to achieve national seismic 
monitoring standards.  

Earthquake Source Parameters 
and Seismic Phase Arrivals 
The starting point for most earthquake hazard 
products is the earthquake location data. 
Determining earthquake sources and 
determining seismic phase arrivals is typically a 
two-stage process. To ensure rapid assessment, 
AEC runs automated earthquake detection 
software 24/7. Algorithms continuously scan 
data in real time for patterns consistent with an 
earthquake. Once a preliminary hypocenter is 
assessed, the ground motion amplitudes are 
used to calculate the magnitude of the 
earthquake. This process is typically repeated 
numerous times in the first few minutes as the 
earthquake energy is recorded across more and 
more stations.  

The second stage of earthquake processing 
relies on human analysts. The 24/7 duty 
seismologist reviews automated solutions, adds 
missed data, corrects any errors in the 
algorithm-determined data, and uses the best 
models available to compile an authoritative 
summary of the earthquake. This summary is 
coordinated with partner organizations, when 
needed, and includes additional information 
gathered from a community of observers and 
contacts maintained across the state by the 
Alaska Earthquake Center.  
Both the automated and the analyst-reviewed 
stages of earthquake review rely on having a 
systematic distribution of monitoring stations. 
When measurements are only available from one 
side of an earthquake, or only from far away, the 
location and depth of earthquakes are routinely 
off by many miles. Similarly, if the seismic 
characteristics of the region are not known, then 
magnitudes are under- or over-estimated. The 
system requires meticulous tuning to strike a 
balance between missing earthquakes and 
producing too many false events. This tuning 
depends on the proximity of stations and the 
most common locations of earthquakes in 
addition to the seismic propagation 
characteristics of the region. The current AEC 
system is quite flexible and well-tuned for the 
existing network in southern and interior Alaska. 
Early tests using USArray data in the Southeast 
and Arctic regions have demonstrated a vastly 
improved capacity to detect earthquakes (Figure 
3). AEC will calibrate these products to account 
for the unique tectonics and regional 
characteristics of the newly added monitoring 
stations. This will include tuning the detection 
systems and developing matching seismic 
velocity and attenuation parameters. Ongoing 
testing as more earthquakes are included in the 
catalog will provide the basis for distributing 
reliable long-term data products. One major 
adaptation that will be needed, however, is to 
convert adopted USArray stations to true real-
time telemetry. 
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Real-time automated earthquake detection is 
premised on comparing seismic motions 
concurrently across many stations. If data is 
substantially delayed then it is not used in the 
initial pattern recognition that forms the 
foundation of earthquake detection (Figure 4). 
More than half of the USArray sites do not 
currently stream data in real time during the 
winter months. Converting adopted sites to 
steady streaming will enhance the earthquake 
detection thresholds and will allow these data to 
be included in real-time tools and analyses. 
Converting select USArray stations to real-time 
is addressed at length in Section 4, Station 
Infrastructure.  

Earthquake Notifications and 
Information Summaries 
Analyst-reviewed earthquake solutions are 
typically completed within 20-30 minutes of 
earthquakes of magnitude 3.5 or larger (4.0 and 
larger for the Aleutians). These are distributed 
through the same mechanisms as the automated 
solutions as well as to a much larger set of 
stakeholders through custom email, web-based, 
and social media mechanisms. 
The workload associated with generating 
earthquake solutions and summaries is expected 
to increase with the adoption of USArray 
stations. The number of these reports will 
increase somewhat as more earthquakes are 
included in the Beaufort and Bering Sea regions 
of the state. With more stations, analysts will 
deliver more accurate earthquake solutions near 
communities in the Arctic region. The primary 
increase in workload is likely to come from the 
increased interaction with stakeholders. For 
example, with the ability to reliably report 
earthquakes in the area of Kaktovik, we 
anticipate our 24/7 duty seismologists to be 
interacting more frequently with North Slope 
stakeholders. Similarly in the Southeast region, 
the enhanced ability to detect landslide and 
glacier seismic activity is likely to spark an 
increase in event-specific information summaries 
and rapid-request inquiries for information. 

Figure 4. Real-time screenshot of waveform data 
showing a magnitude 3.2 earthquake located close to 
Palmer in southcentral Alaska on March 9, 2017. The 
earthquake is clearly visible on AEC stations (bottom 
panel) that transmit data continuously in real-time. 
USArray stations (top panel) transmit data once per hour 
and have limited data availability for this earthquake. 
Data from the USArray stations cannot be used by the 
automated real-time detection system. 
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Strong Motion Records 
For critical facilities—public buildings, schools, 
mines, pipelines, ports, military installations, 
etc.—understanding earthquake locations and 
magnitudes is less pertinent than knowing how 
the ground actually shakes. In much of Alaska 
there are currently no instrumental recordings of 
earthquakes for many hundreds of miles around. 
As a result, it is a common engineering practice 
in Alaska to simulate so-called “design 
earthquakes” using data from Mexico, Taiwan, 
and elsewhere because no suitable records are 
available for more realistic earthquake scenarios 
in Alaska. 
USArray adoption will begin to remedy this in 
much of the state. Over the course of years, as 
significant earthquakes occur in different places, 
a set of earthquakes will be recorded that reflect 
the actual seismic and ground considerations of 
different regions of Alaska. This will happen 
automatically to some extent by recording 
USArray data and making it publicly available. 
No explicit effort will be required with the 
exception of increasing the number of strong 
motion sensors at USArray sites. Strong motion 
instrumentation complements broadband 
installations by providing acceleration records 
that faithfully stay on scale through the largest of 
earthquakes. Only a limited number of USArray 
sites are currently installed with strong motion 
sensors. The implementation plan calls for 
adding strong motion capabilities, as available, 
during station upgrades over the first many years 
of site visits (Section 7, Adoption Logistics).  

Ground Motion Estimates and 
ShakeMaps 
Following a significant earthquake, AEC 
computes peak ground velocity and peak 
ground acceleration wherever possible, using 
broadband and strong motion data respectively. 
These data are used together with the 
earthquake source information to estimate the 
ground shaking across the entire region 
impacted by the earthquake. AEC uses tools 
such as the USGS ShakeMap13 product and 
waveform modeling techniques to provide a 
                                                        
13 https://earthquake.usgs.gov/data/shakemap/ 

synoptic overview of the earthquake’s intensity 
as well as its geographic extent. These products 
are used to estimate damage, estimate 
casualties, and determine whether the design 
criteria of critical facilities have been exceeded.  
Like all products, however, ShakeMap and 
related products are only as good as the data 
they use. USArray stations will provide a much 
broader swath of ground measurements. Equally 
important, USArray data provides the 
opportunity to tune ShakeMap and other ground 
motion products to Alaska. Shaking estimates 
are based on a ground motion prediction 
equation, generally chosen to match the geology 
of the region. The use of ShakeMap in Alaska, 
especially in the Southeast and Arctic regions, is 
entirely uncalibrated. While no ground motion 
prediction equations have been developed 
specific to Alaska, the bigger issue is that data 
has never existed in much of the state to use for 
benchmarking existing equations. 
Producing meaningful ShakeMap products with 
adopted USArray stations will require a 
calibration effort. The first step in achieving this 
is to determine site amplification values as a 
function of magnitude at adopted USArray sites. 
We anticipate that within a few years of USArray 
installation there should be sufficient data in 
much of Alaska to make this possible, though it 
may take several years in some places to record 
the larger magnitudes needed to assess 
nonlinear soil responses. The second step is to 
compare several years of ground motion data 
against the existing suite of ground motion 
prediction equations to determine the best fit for 
each region. In much of Alaska, there has never 
been sufficient data to do this benchmarking. 
Once suitable equations are determined, AEC 
will transition them into operational use. 
Well-calibrated ShakeMaps across Alaska will 
make it possible to provide facility-specific 
monitoring products on a much larger scale. 
Right now this is only possible in a limited region 
of the so-called railbelt and along the pipeline 
corridor because of an explicit monitoring effort 
with the Alyeska Pipeline Service Corporation. 
AEC is in the developmental stages of providing 
site-specific monitoring for several critical 
facilities. These efforts are compromised by 
limited station coverage. With the integration of 
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USArray stations, however, AEC will be poised 
to offer this service in a reliable manner. One 
such approach is through the USGS 
ShakeCast14 product. Other more customized 
solutions exist as well, depending on a 
stakeholder’s needs. Facilities monitoring is not 
included in this implementation plan. However, 
the multiple efforts focused on ground motions 
are motivated to a large extent by being able to 
serve new stakeholders—public, corporate, and 
military. These partnerships would make 
Alaska’s earthquake and tsunami efforts more 
sustainable and would lay the groundwork for 
the eventual implementation of earthquake early 
warning technologies.  

Moment Tensors 
Moment tensors provide some of the most basic 
information used in the seismic hazard mapping 
efforts that underpin earthquake insurance15 and 
the seismic components of the building code.16 
Moment tensors offer the best measure of 
magnitude for many earthquakes. Fault motion 
and magnitude are essential information in 
estimating the distribution of shaking in the 
region surrounding an earthquake. These 
parameters are also prerequisites for identifying 
the underlying faults.  
Alaska has long been a challenging place to 
calculate moment tensors. The current seismic 
network is insufficient to allow moment tensors 
to be computed for most earthquakes large 
enough to be felt. Most of these earthquakes 
also fall below the thresholds for the Global 
Centroid Moment Tensor project17 and the 
National Earthquake Information Center. 
Adopted USArray stations will change this. We 
anticipate considerable moment tensor efforts to 
unfold outside the scope of this implementation 
plan in the research community. However, 
expanding the geographic range of moment 
tensor capabilities to include regions with 
adopted USArray sites is one of the clearest 
ways to meet the objectives presented in 
                                                        
14https://earthquake.usgs.gov/research/software/shakecast.php 
15http://seismic.alaska.gov/download/ashsc_meetings_minutes/AS
HSC_Insurance_Brochure.pdf 
16 http://codes.iccsafe.org/app/book/toc/2015/I-
Codes/2015%20IBC%20HTML/ 
17 http://www.globalcmt.org 

Section 1. The work required to do this includes 
compiling suitable equations of ground motion 
for new stations and new regions of the state; 
tuning moment tensor computer codes up 
accommodate the additional load of adopted 
stations; determining quality acceptability 
standards for the newly adopted stations; and 
most importantly, routinely producing and 
delivering moment tensors across the entirety of 
Alaska and surrounding waters.  

Earthquake Hazard 
Identification 
With the addition of adopted USArray stations 
there is an opportunity to rapidly advance 
Alaska’s understanding of earthquake hazards. 
One of the biggest challenges in earthquake 
hazard assessment in the Southeast and Arctic 
regions is the absence of well-delineated seismic 
zones. Where earthquakes are poorly 
determined, the hypocenters appear scattered 
across the region, obscuring the distinct lines 
that might indicate a significant fault. It is 
common in Alaska for magnitude 5 and larger 
earthquakes to occur in the absence of any 
identified faults. Firms that carry out site-specific 
seismic hazard mapping efforts are hampered by 
this absence, as are state and national efforts 
including the National Seismic Hazard Mapping 
program18 and Alaska Department of Natural 
Resources’ efforts to map faults and seismic 
zones19. For full incorporation in the National 
Seismic Hazard Map, epicenter solutions need 
to be accurate to 3-5 km and complete to 
magnitudes of 3.0.20 Seismic hazard studies to 
support specific infrastructure, such as pipelines 
or military facilities can locally require 
magnitudes down to 2.0 and accuracy of 1-2 
km. 

                                                        
18 Wesson, R.L. et al. (2007) Revision of time-Independent 
probabilistic seismic hazard maps for Alaska: U.S. Geological 
Survey Open-File Report 2007-1043. 
19 Koehler, R.D. (2013) Quaternary Faults and Folds (QFF): Alaska 
Div. Geol. & Geophys. Surveys Digital Data Series 3, doi: 
10.14509/qff. 
20 Leith, W.S., Benz, H.M., and Herrmann, R.B., (2011) Improved 
earthquake monitoring in the central and eastern United States in 
support of seismic assessments for critical facilities: U.S. 
Geological Survey Open-File Report 2011–1101, 29 p. 
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AEC intends, as part of the implementation, to 
produce earthquake catalogs that promote 
effective hazards research and not just to 
publish rapid hypocenters. AEC is committed to 
measuring phase arrivals on a much wider set of 
stations than may be required for basic 
earthquake assessment. These additional phase 
arrivals are critical to downstream research 
efforts that use, for example, relative relocation 
methods. 
Much of the work of identifying and quantifying 
seismic hazards is done by the academic 
research community. The Alaska Earthquake 
Center’s role in supporting this work is two-fold. 
The first is to identify specific opportunities in 
the regions newly covered by USArray and to 
help align this research with the specific needs 
of public and private entities. The more intensive 
commitment is supporting researchers with data, 
models, and context to make sure these projects 
result in something that is directly useful in the 
state’s earthquake hazard programs. We will 
catalyze this research by expanding our 
summaries of earthquake patterns, swarms, and 
unusual observations to include thorough 
treatment of the newly covered regions. New 
hardware and algorithms are less important to 
this effort than professional expertise. The center 
will achieve these goals primarily by increasing 
seismologist and data analyst support staff.
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3. Data Management 
One of the less glamorous yet most critical 
aspects of running a seismic network lies with 
overseeing the flow of data. Data management 
covers a diverse range of tasks that include 
monitoring continuity of the data acquisition, 
quality checks of the incoming data streams, 
updating metadata files that relate instrument 
calibration information to individual data 
channels, and checking the completeness of the 
data that gets distributed. The staff who 
maintain the data integrity of the network form 
the backbone of any data center. Without their 
diligent oversight the data can very quickly be 
rendered useless.  
The addition of 80 USArray stations will add 
significantly to the data management workload, 
and the current staffing levels at AEC are 
insufficient to fully support these needs. We 
have budgeted for some reorganization and 
expansion of our data management functions 
with a particular focus on expanding data quality 
and cybersecurity.  

Acquisition at AEC 
AEC will take over responsibility for all data 
acquisition from the adopted USArray stations. 
USArray data is currently managed by the Array 
Network Facility (ANF) at the University of 
California San Diego. ANF and AEC have a long 
history of close collaboration, and the two 
networks have established a robust system for 
data exchange using the same Antelope data 
management software (BRTT, Inc.).  
The data acquisition process starts with the 
onsite Quanterra datalogger bundling all of the 
sensor and system diagnostics data into a single 
data stream that gets transmitted in real time to 
the data acquisition center, which for the 
adopted USArray stations will be located at AEC 
in Fairbanks. This configuration allows the 
seismic, infrasound, meteorological, and other 
acquired data to be sent simultaneously via a 
single data path. AEC already manages the 
acquisition from a subset of USArray stations as 
part of the USArray project, which means that 

adding the adopted USArray station data feeds 
to the AEC acquisition system will be a 
straightforward process. 
Part of the station adoption process will include 
reconfiguring USArray station acquisition to 
standardize them with the permanent AEC 
network. These details are described at length in 
Section 5.  

Archiving 
AEC is the authoritative source of Alaska seismic 
data, as mandated by Alaska Statute 14.40.075. 
The data archive at AEC reaches as far back as 
1987 for segmented waveform data from 
individual earthquakes, and the complete, 
continuous waveform archive dates back to 
1997. Data is stored locally on an enterprise-
grade SAN system and off-site at the IRIS Data 
Management Center. 
The addition of 80 USArray stations to the data 
archive will mark a significant increase in the 
daily amount of data that is added to the AEC 
archive. A standard AEC station with a Q330 
datalogger and a broadband seismometer 
produces approximately 10 MB per day of data. 
A USArray station that supports infrasound data 
and a weather station generates 18 MB of data 
per day. AEC will increase its available disk 
storage space as part of the adoption process, 
which will enable continued and long-term 
archiving of data from the newly expanded 
network.  
AEC will continue to archive seismic, infrasound 
and datalogger state-of-health channels at the 
University of Alaska Fairbanks—the state of 
Alaska’s statutory earthquake data repository. 
The data collected from auxiliary sensors such 
as weather stations, soil thermistors, and web 
cameras will be distributed to partner 
organizations for formal archiving.  

Distribution to Partners and 
Stakeholders 
AEC distributes data products to a wide range of 
partners and stakeholders in a variety of formats, 
according to the specific needs of each group. 
Continuous waveform data are currently being 
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sent to the Alaska Volcano Observatory, the 
National Tsunami Warning Center, the National 
Earthquake Information Center, the National 
Strong Motion Project, and the Canadian 
Geosciences Center. In addition to the waveform 
data, earthquake notifications and summaries 
are also widely distributed. Once an earthquake 
solution has automated observations on enough 
stations, it is shared within a matter of seconds 
on the Alaska Earthquake Center’s web 
interface. It is also distributed to the National 
Earthquake Information Center where it is 
included in the Advanced National Seismic 
System ComCat catalog and the US Geological 
Survey’s real-time interactive earthquake map. 
AEC serves custom formats of automated 
earthquake solutions to stakeholders such as the 
Alyeska Pipeline Service Corporation for 
monitoring along the pipeline corridor. Phase 
arrivals and automated and analyst-reviewed 
earthquake solutions are distributed through the 
Advanced National Seismic System Combined 
Catalog system through the Product Distribution 
Layer tool. AEC distributes both waveform data 
and station metadata to the IRIS Data 
Management Center, where they are made 
available to users in the research and monitoring 
communities.  
Data are distributed through a variety of 
protocols according to the needs of the partner 
organizations. Waveform data is distributed in 
real time via ORB and SeedLink protocols. 
Earthquake hypocenter data, phase picks, and 
moment tensors can be exported in quakeML 
format, Datascope database tables, or ORB 
packets.  
AEC will continue to distribute data through the 
same mechanisms and partners, although the 
volume of data and associated data products 
will likely increase. The distribution of the 
meteorological data will be the only addition of 
note in AEC’s data distribution system. Data 
recorded by the weather stations at the adopted 
USArray sites will be distributed to the 
MesoWest group at the University of Utah. The 
MesoWest group leads the community 
dissemination of USArray meteorological data. 
MesoWest is a well-recognized national data 
provider with expertise in connecting 
nonstandard weather data sources to the 
National Weather Service, and others, for 

thousands of sensors of many types. MesoWest 
performs automated quality assurance on the 
USArray weather data. The MesoWest quality 
processes will provide AEC field technicians with 
mechanisms for flagging and troubleshooting 
site-specific issues prior to maintenance visits. 
MesoWest currently brokers data 
communication between the seismological and 
meteorological communities for USArray 
meteorology data. This appears to be working 
well and AEC intends to maintain this 
dissemination mechanism. The Alaska 
Interagency Coordination Center for fire 
management and suppression is a direct 
beneficiary of these USArray data.   

Station Metadata 
Station metadata describes the instrumentation 
at each remote site and how it is configured. It 
includes information about where the station is 
located as well as the type of sensors and the 
dates of installation. Station metadata is stored 
in a relational database maintained by AEC 
seismologists and plays a vital role in the data 
acquisition process by ensuring that the correct 
instrument calibrations are applied to the data 
channels.  
The addition of 80 stations represents a 
significant increase in the size of the AEC station 
database. The adopted USArray stations will 
have the added complexity of hosting multiple 
sensor types. We have budgeted to allow 
adequate staff training and to ensure station 
metadata are maintained to the same high 
standards as under IRIS operation.  

State of Health Monitoring and 
Quality Assurance 
Assessing state of health of field sites, status of 
networking, and data quality is a daily 
responsibility shared by AEC engineers, 
technicians, IT specialists, data analysts, and 
seismologists. AEC staff maintain a variety of 
interconnected software packages that build 
data products for detecting data quality issues in 
real time. Many of these processes rely on real-
time state-of-health data that is recorded at 
each site. State-of-health data report a number 
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of different parameters for each station such as 
battery voltage, GPS clock quality, temperature, 
and telecommunications information such as 
antenna power and data latencies. The trends of 
these different metrics provide insights into the 
overall performance of each station and are 
critical to troubleshooting a wide variety of data 
issues. AEC analysts and seismologists also 
monitor the quality of the waveform data via 
manual checks and analyses. The adopted 
USArray stations will be folded into the data 
quality assurance workflow and handled in the 
same way as the AEC stations. These 
procedures are detailed in the following sections. 

Detecting Outages 
Equipment failure is a major cause of data 
outages at any remote monitoring network. 
Weather and wildlife are the main culprits for 
hardware damage at sites in Alaska, but 
hardware issues can also arise from faulty 
electronics or when the battery banks run low on 
power. Many of these issues can be diagnosed 
from the real-time and archived state-of-health 
data. AEC technicians use datalogger monitoring 
tools to monitor electronic hardware 
components of the field sites and a program 
called Nagios to monitor the status of the IP 
network devices such as radios, routers, and 
dataloggers. The Nagios program is configured 
to send alerts to AEC technicians via email when 
communications outages or critical states such 
as poor radio signal are detected. AEC will 
further develop this system to issue alerts on 
additional state-of-health diagnostics that 
include critical battery voltage in order to closely 
monitor the state of the power systems. In 
addition to automatic email notifications, daily 
checks of the data outages, gaps, and latencies 
are performed by AEC technicians and data 
analysts. 

Monitoring Data Quality 
Since many data processing and distribution 
routines are automated, the data quality 
assurance is an important component to ensure 
accuracy of the automated data products. For 
example, noisy sensors may produce false picks 
that could result in bogus or mislocated events 
or inflated magnitudes. Noise issues that arise in 

the data are identified both through monitoring 
state-of-health information and through visual 
checks of the waveform traces. AEC technicians 
perform daily checks of the state-of-health data 
to detect anomalous behavior such as changes 
in seismometer mass positions, mass-
recentering commands, or excessive data gaps. 
AEC data analysts who locate earthquakes 
visually scan the waveform data for irregularities 
such as excessive noise, inconsistent timing 
between stations, or stations with too high or 
low magnitude values. These checks are 
especially useful to identify possible problems 
with station metadata. A seismologist also 
monitors daily performance of the automatic 
earthquake detection system to weed out 
stations that produce excessive amounts of 
noisy phase picks. 
AEC data analysts and seismologists also make 
use of external resources to assess data quality. 
The MUSTANG data quality web tools, run by 
the IRIS Data Management Center, monitor 
noise characteristics of seismic channels. The 
seismic noise reflects both environmental 
factors, such as storms and sea ice cover, and 
instrument problems, including excessive tilts 
and malfunctioning sensors. These types of 
malfunctions can be subtle and require relatively 
long-term observations. At times it may take 
weeks to reveal and diagnose a particular data 
quality issue. 

Troubleshooting Outages and Data 
Quality Issues 
All identified data quality, hardware, and 
networking issues are entered as trouble tickets 
in the Mantis Bug Tracker software. Each issue 
is assigned to a technician whose responsibility 
it becomes to troubleshoot the issue and track 
the progress until it is resolved. Site outage 
troubleshooting includes review of all available 
real-time and archived state-of-health data, 
previous trouble tickets, maintenance history, 
etc. In most instances it is possible to identify 
the cause of the outages that indicate a 
hardware, power, telecommunications, or 
networking equipment failure. When possible the 
problem is resolved remotely either through in-
house tools (e.g., reconfiguring datalogger or 
telecommunications parameters via remote 
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access interfaces, rebooting communications 
equipment or dataloggers) or by reaching out for 
assistance to the local contacts. Often the 
outage is the result of networking issues; these 
are particularly relevant to sites located in or 
near villages and that rely on a local internet 
connection maintained by a remote system 
administrator. As such, resolving networking 
issues often involves lengthy interactions with 
the local internet service provider technician or 
village system administrator. Data quality issues 
are at times harder to identify and troubleshoot 
and it may take longer to remedy such problems; 
however, a best remedy and possible paths for 
implementation will be identified in all data 
quality issues. If remote troubleshooting is 
unsuccessful, a site visit is scheduled at the 
earliest convenience (largely subject to weather 
and site accessibility).  

Post-earthquake and Catalog Data 
Review 
Considerable effort is required to ensure that 
automated earthquake detection processes are 
tolerant of inevitable bad data. Severe weather 
and telecommunication issues often introduce 
data glitches. Calibrating for good fault tolerance 
makes the difference between gracefully 
managing bad data and sending automated 
alerts to federal agencies about large bogus 
earthquakes that never happened. In a world 
increasingly connected by automated response 
systems, the cost of so-called “ghost 
earthquakes” can be measured in media alerts, 

pipeline shutdowns, transportation hiccups, and 
even conspiracy theories. The inclusion of 
USArray into automated products will be tuned 
and regularly assessed for veracity. 
The catalogs finalized by data analysts are 
tested against a wide variety of consistency 
checks before publishing as weekly and monthly 
summaries. New USArray data will benefit from 
additional data scanning and validation to 
ensure that the resulting earthquake information 
is robust and suitable for distribution to the 
various national and international earthquake 
data archives. Specifically, analyst-processed 
earthquakes and picks will be checked to assess 
the parameters of significant earthquakes and 
aftershock or swarm sequences, to verify 
appropriate use of regional velocity models, to 
check and correct anomalous event locations 
(e.g., negative event depths, deep events in 
areas outside of the subduction zone region, 
events with large station gaps). 
A seismologist also periodically assesses data 
quality by comparing recorded waveforms with 
computer-simulated seismograms. This type of 
analysis highlights anomalously high or low 
amplitudes in the recorded data, as well as 
instances where the data has gone completely 
off-scale. This allows a trained seismologist to 
identify problems with metadata or particular 
sensors. Data from the adopted USArray 
stations will be folded into these analyses to 
monitor the longer-term quality of the data they 
produce.  
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4. Station 
Infrastructure 

This implementation plan is premised on the 
objective that AEC, through the University of 
Alaska Fairbanks, will acquire ownership and full 
responsibility for all associated equipment at 
adopted USArray sites. This includes subsurface 
instrumentation, above-ground equipment, and 
any additional telecommunication equipment 
located off-site, including radios and antennas 
(Figure 5). All new equipment will be folded into 
AEC’s own rigorous inventory database, and 
equipment will be tagged during the initial site 
reconnaissance visits (see Section 5, Field 
Operations).  

Seismometers 
All USArray seismometers were new when they 
were installed, and most will be less than four 
years old when the station adoption process 
begins. The seismometers are a mix of Trillium 
T120PH and Streckeisen STS-5a model 
instruments that have been in production for less 
than seven years as of 2017.  
The USArray seismometers are deployed in 
boreholes at depths of 5 to 18 feet below the 
surface. While AEC does maintain a subset of 
borehole sites, the majority of stations in the 
existing AEC network operate with 
seismometers in shallow vaults that are readily 
accessible from the surface. Tools for deploying 
and orienting borehole seismometers will need 
to be purchased in order for AEC to 
accommodate the increase in borehole sites.  
AEC will perform routine maintenance on the 
boreholes, such as waterproofing and/or 
replacing the borehole wellcaps, but will not 
routinely install or drill new holes. As such, there 
is no plan to purchase drills and related drill 
equipment that is currently part of the USArray 
inventory. Any arrangement for new or 
replacement boreholes will be contracted on a 
case-by-case basis. 

Dataloggers 
The USArray stations use the Quanterra Q330 
datalogger to digitize the seismic and auxiliary 
data on site. These are the same units used to 
digitize seismic data in the AEC network, 
although they are configured differently in order 
to accommodate the additional data feeds at 
USArray sites. Unlike the seismometers, the 
majority of USArray dataloggers were at least 10 
years old at the time of deployment. Prior to 
being sent to Alaska, they were sent to the 
Kinemetrics lab for refurbishment, where they 
had new batteries installed and were given a 
factory functional test. Those renovations were 
intended to extend the lifetime of the 

Figure 5. Schematic diagram showing a USArray station 
enclosure with a borehole and externally-mounted 
instrumentation. The datalogger, telecommunications 
hardware and batteries are housed inside the hut, along 
with any auxiliary sensors. The cable carrying data and 
electricity between the datalogger and the seismometer 
is buried below the surface. The top of the borehole is 
protected by a ring of soil and rock designed to reduce 
wind noise and deter curious wildlife. Photo credit: IRIS. 
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dataloggers beyond the end of the USArray 
project. 
The battery system, on-site data storage, and 
data flow are controlled by electronics housed in 
the vault interface enclosure, a waterproof box 
designed and built specifically for the USArray 
project. AEC will rely on Kinemetrics for future 
repairs and maintenance of the electronics 
inside the vault interface enclosure.  

Communications Systems 
A variety of different internet service providers 
(ISPs) are used across the USArray network to 
acquire data. Using multiple ISPs adds a layer of 
resilience to the network, making it more robust 
against different types of outages and failures. 
Given the limited options available across much 
of Alaska, however, the majority of the USArray 
stations (68%) communicate via satellite using 
the Inmarsat Broadband Global Area Network 
(BGAN). A few sites use a variety of other 
communications systems, including cell modem 
and UHF radio links.  
The AEC regional network, unlike the USArray 

network, is much more diversified in terms of its 
use of ISPs. It relies on more than 15 different 
ISPs, so that the largest group of stations relying 
on any one ISP makes up only 16% of the total 
regional network. If the USArray stations that are 
adopted keep the same ISP diversity currently in 
operation in the USArray network, then 25% of 
the expanded regional network will rely on a 
single ISP: BGAN Inmarsat (Figure 6).  
AEC will strive to adopt proportionally fewer 
stations that rely on BGAN telemetry than are 
currently in operation in the USArray network for 
a number of reasons beyond just the lack of ISP 
diversity that they introduce. The costs of 
running BGAN telemetry are discussed in the 
Adoption Logistics chapter (see also Table 1), 
and present strong incentives for AEC to adopt 
as many non-BGAN stations as possible.  

Real-time Telemetry 
The most significant difference between the 
USArray network and the AEC monitoring 
network lies in the data acquisition: while the 
AEC network runs continuously in real-time, 
many USArray stations transmit data only once 

Figure 6. Distribution of Internet Service Providers used for data acquisition in the AEC regional network (left), and the 
projected distribution of Internet Service Providers following the adoption of 80 USArray stations (right). Radio acquisition 
refers to direct transmission from the station to the Geophysical Institute at UAF. Village ISP sites are stations that use a local 
internet connection managed by a (remote) village system administrator. The 80 adopted USArray stations are acquired 
through BGAN telemetry (48 sites), GCI (12 sites), AT&T cell (5 sites), Hughes VSAT (13 sites), University of Alaska (1 site), 
and village ISP (1 site).  
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per hour between November and February. This 
difference stems from the fact that the USArray 
stations were designed to be part of a research 
network where maintaining a low data latency 
was not an operating requirement. Having 
stations transmit data intermittently via a BGAN 
data link reduces the power needs and in turn 
the costs of the battery system at each site while 
maintaining the research-focused network 
operability.  
In order for these stations to contribute to 
earthquake monitoring and for them to play a 
role in ground motion prediction (see Section 2, 
Products), their data needs to be available in 
near real-time. AEC will take two approaches to 
facilitate real-time telemetry at USArray stations. 
The first approach addresses the on-site 
telecommunications system and the second 
focuses on the power system design. 
 

Communication System Changes to Support 
Real-Time Telemetry at USArray Sites 
Real-time telemetry can be achieved at some 
USArray sites by finding alternate telemetry 
paths that do not use satellite communications 
systems. If a USArray station is located in the 
line of site of another USArray station, an AEC 
station, or other infrastructure such as ham radio 
repeater sites, we can reduce the need for 

satellite communications by re-routing the data 
via a radio pair to these alternate sites. Since 
radio communication uses much less power (see 
table 1), this change would enable USArray sites 
to maintain real-time telemetry throughout the 
year. Line of site analysis indicates that this 
option is available at just one of our selected 
sites (see Appendix I).  

Power System Upgrades to Support Real-
Time Telemetry at USArray Sites 
Where switching the communications system is 
not possible, AEC will instead increase the 
capability of the power system. The battery 
systems currently in place at most USArray sites 
are insufficient to support continuous data 
transmission via BGAN communication systems. 
Power systems at sites that rely on satellite 
communication will be augmented by doubling 
the size of their battery banks (see Appendix II).  
The plan includes upgrades for 10% of the 
battery systems each year beginning in year 2. 
This is in line with the long-term maintenance 
strategy (see Section 5 and Appendix III). Using 
this model, approximately 70% of the stations 
will operate fully in real-time by the end of the 
adoption phase (see Section 7), and it will take a 
further three years to transition all 80 stations to 
real-time. 

Table 1.  Power needs and contract costs of different communications systems. The majority of USArray stations use 
BGAN satellite communications systems. AEC operates a handful of Hughesnet VSAT systems, which we include here for 
comparison. 

 
CYCLED 

BGAN 

REAL-TIME Communication 

Cell/Radio BGAN Hughesnet 
VSAT 

Load (W) 5 5 10 30 
Required battery capacity at -20C (kWh)* 14.5 14.5 30 90 

Number of lithium batteries** 5 5 10 30 
cost of lithium batteries ($) 18,400 18,400 36,800 110,000 

Communications contract cost ($)*** 130,000 7,000 130,000 15,000 

* assuming 120 days of autonomy 
** Simpliphi PH13.4 24V LFP @ $3,675 each 
*** $ per 10 years 
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Power Systems 
The USArray network is the first seismic network 
in the United States to rely primarily on lithium 
batteries at the majority of its stations. These 
batteries have a specific energy (energy per unit 
mass) approximately twice that of the lead-acid 
batteries used by AEC and most other networks. 
Additionally, USArray's lithium batteries have a 
cycle life approaching four times that of lead-
acid batteries. These two characteristics are 
primary factors affecting the lifetime and 
replacement cost of a power system. 
In adopting USArray stations, AEC will be 
pioneering the long-term use of lithium batteries 
in remote monitoring networks. Though the 
lithium battery systems installed by IRIS at 
USArray stations are no longer manufactured, 
there is rapid growth in this market. AEC will use 
a comparable model of commercially-produced 
battery. 
Significant time will be necessary to navigate the 

processes of shipping and recycling lithium 
batteries. Considered hazardous material, there 
are strict handling and packaging regulations for 
transporting lithium batteries by air. AEC will 
coordinate much of the shipping and handling 
through the University of Alaska’s Environmental 
Health, Safety, and Risk Management 
department.   

Auxiliary Equipment  

Atmospheric Sensors 
All USArray stations support advanced 
atmospheric sensors that are housed inside the 
Vault Interface Enclosure and feed directly into 
the Q330 datalogger. The sensors include a 
micro-electro-mechanical state-of-health 
barometer, an external high frequency 
infrasound microphone (NCPA model IFS-4532) 
(Figure 7), and a low-to-intermediate frequency 
microbarometer (Setra 278). The state-of-health 

Figure 7. Infrasound data from USArray stations (red triangles) is used by Sanderson et al. (2017) to identify the 2016 
eruption of Bogoslof Volcano (yellow star) citation: Sanderson, R.W., R.S. Matoza, D. Fee, M.M. Haney, J.J. Lyons (2017), 
Remote explosive volcanic eruption detection, location, and characterization using the EarthScope Transportable Array in 
Alaska, EarthScope National Meeting 2017. 
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barometers were included in the USArray project 
in 2004, while the infrasound microphones and 
the microbarometers have been in use since 
2010. 

Meteorological Sensors 
A subset of sites are equipped with Vaisala 
WXT520 weather stations that are mounted 
outside the station enclosures (Figure 8). These 
instruments observe temperature, humidity, wind 
speed and direction, atmospheric pressure, and 
rainfall. Also connected directly to the Q330 
datalogger, the weather stations are able to 
transmit data in real time.  

Soil Temperature Probes 
A smaller subset of USArray stations host 

sensors that record soil temperature at a variety 
of depths down to 3 meters. These sensors run 
separately from the main system, using a 
separate datalogger and power supply housed 
within a box that is installed inside the main 
station enclosure. Data from these instruments 
are not telemetered and instead are collected 
during site visits.  

Station Structures  
Most USArray stations are housed in fiberglass 
enclosures that hold all the electronic equipment 
and onto which the solar panels are mounted. 
USArray chose to use these huts after testing 
various other enclosure designs early in the 
Alaska roll out, and although they are bigger 
than the huts that AEC has used for many years, 

Figure 8. Distribution of permanent weather stations and USArray sites equipped with meteorological sensors. 
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they are based on the same design. These 
enclosures have a long history at remote 
monitoring sites in Alaska and have expected 
lifespans much greater than 10 years.  

Anticipated Issues 
Equipment failures are anticipated at any 
monitoring network, but the harsh environment 
and aggressively curious wildlife of Alaska 
makes it a particularly relevant issue for the 
USArray stations. This implementation plan 
assumes a 10-year operational life for the 
instrumentation at USArray sites, so that we 
anticipate replacing 10% of the equipment 
annually during routine site maintenance. This 
schedule follows the recommendations of the 
USGS Earthquake Early Warning Implementation 
Plan for the west coast of the United States.21 
 
 

                                                        
21 Given, D.D., Cochran, E.S., Heaton, T., Hauksson, E., Allen, R., 
Hellweg, P., Vidale, J., and Bodin, P., 2014, Technical 
implementation plan for the ShakeAlert production system—An 
Earthquake Early Warning system for the West Coast of the United 
States: U.S. Geological Survey Open-File Report 2014–1097, 25 p., 
http://dx.doi.org/10.3133/ofr20141097. 
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5. Field Operations 
The addition of USArray stations will more than 
double the footprint of the AEC network. The 
increase in instrumentation and the expanded 
geographic extent will require growth in AEC’s 
field team. Additional personnel will help meet 
the maintenance load and will help coordinate 
efficient logistics, permitting, and shipping.  

Permitting 
The existing land use permits for the USArray 
stations all expire between 2018 and 2020 
(Figure 9). Renewing these permits under the 
University of Alaska instead of IRIS will be a 

critical and time-sensitive component in the 
station adoption process.  
The USArray stations are permitted through 10 
different groups or agencies, with the U.S. 
Bureau of Land Management and the Alaska 
Department of Natural Resources handling the 
bulk of the sites, followed by several different 
Alaska Native corporations and the U.S. Fish 
and Wildlife Service. Each permitting agency has 
its own set of regulations, fees, and application 
procedures. Processing times vary greatly 
between agencies, even between branches of 
the same agency.  
AEC collaborates with the University of Alaska 
Land Management department for land use 
permits for its monitoring network, and the same 
procedures will be used with the adopted 
USArray stations. As with the AEC station 

Figure 9. Map showing the expiration dates on the original land use permits that IRIS holds for USArray sites. 

 Permit Expiration
N/A

2018-2019

2020-2021

> 2021
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permits, USArray station permits will require 
renewal over a set time period, typically 5 to 10 
years. The renewal process for the adopted 
USArray sites will need to begin in January of 
2018 if there are going to be any transitions to 
the University of Alaska in the summer of 2019.  

Initial Site Visit 
AEC will perform initial inspections of every 
USArray station during the first field season 
following their adoption into the permanent 
network. These site visits serve multiple 
purposes. An initial assessment of the state of 
health of the equipment and infrastructure will 
provide a baseline for future maintenance visits. 
The sample rates and IP addressing of the Q330 
dataloggers will be reconfigured for consistency 
with the rest of the network. Additional batteries 
will be added to a subset of sites requiring larger 
power systems (see Section 4, Station 
Infrastructure), and communications systems will 
be switched at sites where this is possible. All 
equipment on site will be entered into the AEC 
inventory system. Finally, the initial site visit will 
serve as an opportunity for AEC to test and 
evaluate the logistics of supporting stations in 
new locations. The scope of work outlined above 
is substantial and will require detailed prior 
planning, advance purchase of new batteries 
and hardware, and significant field time at each 
site.  
AEC will benefit greatly from close collaboration 
with IRIS field personnel during these transition 
years. It is likely that the two agencies will be 
able to share and distribute logistics as IRIS staff 
work to demobilize some sites while AEC staff 
work on adopting others. The order of the 
station adoption strategy will likely be steered in 
part by the IRIS demobolization schedule to 
facilitate cooperation between the two agencies.  

Maintenance Schedule 
The regular maintenance schedule for the 
adopted stations includes site visits every three 
to five years for routine equipment maintenance 
and a 10-year replacement schedule for 
batteries and instrumentation. The proposed 
maintenance schedule is discussed in more 
detail in Appendix III. The site visits will also 

serve as an opportunity to download data from 
auxiliary equipment located within the enclosure 
but not connected to the communications 
system, such as the soil temperature sensors.  
The geographical extent of the USArray stations 
requires a great deal of travel for field personnel. 
Between 60 and 74 days of travel will be needed 
each year per field technician in order to meet 
the maintenance needs. Maintenance visits will 
be grouped by geographical regions in order to 
simplify logistics and minimize shipping costs 
(discussed further in Appendix III).  
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6. Station Selection 
One of the recommendations from the USArray 
Sustainability Workshop was to perform a per-
site prioritization as soon as possible.22 The 
station selection proposed here is a subset of 
the newly-constructed USArray stations, and 
does not include existing AEC stations that 
received equipment upgrades as part of the 
USArray project. We also excluded stations 
collocated with Alaska Volcano Observatory’s 
monitoring network (noted in Figure 1), and the 
four semi-permanent stations that were installed 
for testing prior to the main installation phase of 
the USArray project (Figure 1). 
The station selection process considers value, 
cost, and quality by developing quantitative 
metrics for each USArray station. We also 
considered logistical and environmental 
complexities at certain sites, which we derived 
from USArray station construction, installation 
and service reports. Examples of these included 
stations that had been repeatedly damaged by 
bears, or stations adversely affected by wind or 
precipitation.   
We divided the state into three regions (Figures 1 
and 10) to help align the selection criteria with 
the regional objectives detailed in section 1.  
We include five stations in the Southeast region 
to help achieve Objective 1. USArray staff 
encountered a number of challenges that 
ultimately impacted the data when installing 
boreholes in the wet climate of southeast Alaska. 
We select the sites where these issues do not 
significantly impact data quality.    
Stations in the Southern Tier region will be 
adopted in order to support Objective 4. There is 
substantial overlap between the AEC network 
and the USArray network in this region, and the 
AEC network is sufficiently dense in the 
southeastern corner that no USArray stations 
were installed there. However, the AEC network 
contains a number of gaps in coverage, most 
notably in the west, and filling these gaps is 
critical to reaching Objective 4. AEC will adopt 
                                                        
22 https://www.arcus.org/meetings/2016/usarray (see 
recommendation #4) 

29 USArray stations in the Southern Tier, 
avoiding stations that are close to or co-located 
with permanent sites that predate USArray. 
The majority of adopted stations will be located 
in the Arctic region, motivated by Objective 2. 
We selected an evenly-distributed subset of 46 
stations for adoption across western and 
northern Alaska.  

Assessing Data Value 
The data value of a station encompasses both 
the quality and the value of the data recorded on 
site, and is listed for each operational USArray 
station in Appendix IV. Seismic data quality is 
calculated from the station’s performance as it 
compares to global seismic noise levels,23 so 
stations that record low levels of noise score 
highly. At present we do not have a metric for 
assessing the quality or value of the 
meteorologic and infrasonic data. However, the 
framework in this analysis can be modified to 
account for it when such data exist. 
The value of the seismic data is measured by 
combining several factors. Each station is 
ranked according to the level of seismic hazard 
in the immediate vicinity. The station’s location 
relative to the permanent seismic network is also 
ranked. Finally, stations that support additional 
monitoring equipment score higher than stations 
that support seismic data only. These rankings 
are combined to give a single station value 
measurement and are then combined with the 
seismic data quality to give an overall data value 
for each station.  

Station Affordability 
Many factors are combined to produce the 
station affordability metric. Each site is paired 
with the closest transportation hub that will be 
used for staging site visits. The transportation 
costs for personnel and equipment to each hub 
are then estimated from quotes from logistics 
and airline companies. The cost of swapping out 
the batteries for each site is calculated by 
summing the transportation costs for equipment 
and two personnel and the cost of replacing the 
                                                        
23 Peterson, J., 1993 Observation and modeling of seismic 
background noise, U.S. Geol. Surv. Tech. Rept., 93-322, 1–95. 
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batteries at each site. The annual operating cost 
for each station is calculated from recurring 
permitting fees and annual telecommunications 
fees. Finally, each site is ranked based on how 
far it is from its hub, to give a measure of 

helicopter time needed to access it. The 
helicopter access score, the annual fees, and the 
cost of a battery swap are combined and ranked 
to give the overall station affordability score. 

Figure 10. Map showing the data value and affordability for each USArray station. The boundary between the northern and 
southern tiers is shown as a dashed line. The data value and affordability metrics are listed in Appendix IV. 
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7. Adoption Logistics 
We have assumed a transition period that 
includes three years and field seasons (Figure 
11). There are numerous advantages to a 
staggered adoption strategy. For field 
operations, the logistics and staffing needs are 
simplified when fewer site visits are needed for 
initial site inspections and upgrades. It allows the 
one-time costs associated with the equipment 
buy-out to be distributed over several years. It 
also introduces a degree of flexibility to 
accommodate unforeseen issues during site 
adoption, and allows AEC to continue to benefit 
from the expertise brought by the USArray 
support staff while they continue to oversee the 
remaining USArray network. 
The adoption strategy timeline is based on a 
three-year transition. If funding is incomplete or 
slow to arrive, this transition will have to be 
extended to four or more years. This could be 
accommodated but would likely require 
additional financial support from NSF or another 
entity to fund interim operation of the USArray. 
 

Equipment and Inventory Buy-
out 
There are substantial one-time costs associated 
with the adoption process. The bulk of the one-
time costs are associated with the 
instrumentation and infrastructure of each 
station. IRIS estimates the original cost of station 
equipment at $64,000 per site. The cost of 
adopted stations will depend on negotiated 
rates. However, it is in the interest of all parties 
to see that NSF is remunerated appropriately for 
station instrumentation. In keeping with the 
staggered adoption approach, the costs of the 
field-deployed equipment will be spread over 
three years. Once the adoption process is 
complete, the remaining equipment supply 
inventory will be transferred to Fairbanks. The 
costs associated with the inventory takeover will 
occur in year three. 

Storage and Staging Areas  
AEC currently has a patchwork of modest work, 
storage, and staging spaces across the UAF 
campus. These facilities are operating at full 
capacity. The adoption process will require 
additional space to accommodate increased 
field campaign staging and rotating field 

Figure 11. Timeline showing the staggered adoption strategy, where USArray stations are adopted in groups spread 
across three years.  
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inventory. The Geophysical Institute has 
indicated that it can accommodate the additional 
space needs and will work with the Alaska 
Earthquake Center to consolidate into potentially 
fewer, but more integrated, spaces.  

One-time Changes to 
Station Infrastructure and  
Data Acquisition 

Data Acquisition 
As the stations are adopted into the AEC 
monitoring network, their formal designation 
under the auspices of the Federation of Digital 
Seismograph Networks will change. We will 
reassign the network code from USArray to AK 
to reflect the change in ownership, data 
responsibility, and station code namespace.  
Several additional one-time changes to data 
acquisition will be implemented to improve 
integration with the Alaska network and 
continuity of operations. Networking for the 
communications systems of the adopted 
stations will be changed from dynamic to static 
IP addressing, to standardize the data 
acquisition with the rest of the AEC network. 
These changes will be made during initial site 
visits, over a number of years as the station 
groups are adopted. 

Telemetry Upgrades/Rerouting 
The telecommunications systems at a subset of 
the adopted stations will be replaced, as 
discussed in Section 4, Station Infrastructure. 
These changes are driven primarily by the 
prohibitively high operating costs of the BGAN 
telemetry systems, which NSF currently funds at 
$15,000 per year per station. The long-term goal 
for AEC is to move all stations away from BGAN 
telemetry in order to bring the USArray station 
operating costs on par with the operating costs 
of stations in the rest of the AEC network. 
However, BGAN systems require substantially 
less power than the majority of satellite 
communications systems currently in use at AEC 
(see Table 1 in section 4). Switching from BGAN 
to a lower-cost provider would require a major 
and costly rebuild of the existing station 

infrastructure in order to meet the increased 
power needs. Instead, AEC will continue to 
explore new, lower cost communications options 
that are increasingly available in the field of 
satellite technology, and continue to operate 
BGAN telemetry in the short-term. 

Power System Augmentation 
The battery banks at 46 of the adopted stations 
will be augmented in order to support real-time 
telemetry (Section 4). These upgrades will be 
wrapped into the maintenance cycle described 
in section 4. The upfront costs of installing 
enhanced battery systems in significant. This is a 
more cost-effective approach however for long-
term operation. 

Instrumentation Augmentation 
AEC will augment the existing infrastructure with 
strong motion instruments where feasible. The 
opportunity for adding strong motion sensors 
depends on a number of factors, which include 
the amount of extra power available at the 
station, the capability of the datalogger to 
support two sensors, and stipulations within the 
permit that allow for an additional shallow vault 
to be dug at the site.  

Training Needs 
Though AEC staff are well acquainted with the 
seismic equipment in use at USArray sites, some 
training will be required to safely transport, 
install, and maintain lithium battery systems. 
Some staff investment will also be required to 
come up to speed on the BGAN 
communications systems. 
Training courses will require travel by AEC staff 
to interact with staff at the Array Network Facility 
in San Diego, California, and in Socorro, New 
Mexico, where the IRIS instrument center is 
located. AEC field staff will also benefit greatly 
from a transfer of knowledge from IRIS field staff 
on the logistics for accessing the USArray 
stations. 
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8. State and Federal 
Coordination 

The value of USArray data is demonstrated 
unambiguously by the number of organizations 
that are using the data operationally. 
Organizations ingesting large volumes of 
USArray data include the Alaska Earthquake 
Center, USGS National Earthquake Information 
Center, the National Tsunami Warning Center, 
the Pacific Tsunami Warning Center, Department 
of Energy National Laboratories, and multiple 
nuclear test monitoring organizations. Each of 
these stakeholders is pursuing specific, but 
different, missions. The long-term direction of 
adopted USArray stations should reflect this 
diversity of missions and users. For this reason, 
we see benefit in establishing a formal 
governance, or at least advisory, body. 
Several different models could be used to 
formalize input and guidance from stakeholders. 
Funding agreements will provide one level of 
guidance. These agreements are likely to focus 
on specific deliverables and priorities and will 
prove useful in aligning with the needs of each 
agency. However, short-term funding 
agreements are unlikely to consider the overall 
health of the USArray sustainability effort. They 
are also unlikely to address the parts of the 
initiative that fall between agencies or address 
new opportunities that arise with time. Outlined 
below are three possible strategies for 
establishing long-term stakeholder coordination 
and guidance for operating an expanded seismic 
network. 

Model 1: On-site Collaboration 
One way to achieve interagency cooperation and 
direction is by incorporating agency personnel 
into the on-site activities of the Alaska 
Earthquake Center. This jointly staffed model 
was the foundation for the 1989 memorandum of 
understanding that formalized the Alaska 
Earthquake Center as a collaboration with the 
USGS.24 This model has since evolved. 

                                                        
24 http://bit.ly/2ntAyHa 

However, returning an on-site USGS presence to 
the Alaska Earthquake Center would help ensure 
strong coordination and would mirror the 
structure at several peer networks along the 
West Coast. There are efficiencies in this model 
since the USGS Volcano Hazards Program has 
long maintained a staff presence inside the 
Geophysical Institute seismology group. Further 
coordination could be gained by incorporating 
staff from the Alaska Division of Geological and 
Geophysical Surveys (DGGS). DGGS is not 
currently involved in earthquake monitoring or 
products, although they maintain expertise in 
seismic hazard analysis and limited maintenance 
of remote field equipment. Having one or two 
DGGS staff directly involved in the Earthquake 
Center’s monitoring operation would ensure 
strong coordination with the state Department of 
Natural Resources and might bring efficiencies in 
land use coordination and involvement with 
industry. 

Model 2: Advisory Board 
A different model for coordinating would be to 
create an advisory committee consisting of both 
state and federal representatives to offer input 
on the priorities and evolution of post-USArray 
facilities. This model would benefit from the 
relative independence of the committee 
members and their ability to offer candid 
recommendations and evaluations. A potential 
downside is that the committee’s 
recommendations would presumably be 
nonbinding because of their advisory status. 
Another potential downside is that the 
committee’s advice would likely be separated 
from funding decisions and mechanisms. 

Model 3: Governance Structure 
A third model for building state-federal 
coordination is to establish a formally chartered 
committee with purview over both the direction 
and funding of the adoption and sustainability 
effort. This approach would benefit from the 
deep and direct involvement of participating 
agencies. It would also benefit from being able 
to address the sustainability initiative’s goals as 
well as its accompanying funding. Having a well-
established governance structure, and 
individuals with a working history together, 



	

 Alaska Earthquake Center  31 

would prove valuable in navigating unanticipated 
future challenges. One example of such a body 
that has widely been considered a success is the 
Alaska Executive Mapping Committee.25 There 
are elements of the AEMC that might offer 
examples and lessons to the current effort.  
While this type of coordination could be 
achieved in a model with all partners being 
equal, research has demonstrated that 
partnerships involving federal agencies are most 
successful when there is a clearly defined lead 
agency to serve in the catalyst role.26 The 
challenges posed by this model include the 
potential that stakeholders without funding might 
not have a voice and that considerable time 
could be required to initiate the body because of 
the need to formalize the relationships between 
federal as well as state partners.  
 
 

                                                        
25 https://nationalmap.gov/alaska/ak_excomm.html 
26https://www.ida.org/~/media/Corporate/Files/Publications/STPIP
ubs/2014/ida-p-5148.ashx 
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Alternate telemetry at USArray sites 
Alternate telemetry options are available at a subset of USArray sites, according to line-of-site RF 
radio telemetry analysis of USArray and permanent stations across the state. The line-of-site analysis 
finds 15 alternate telemetry paths from USArray stations, where the data would be sent by UHF radio 
to a nearby receive site. Re-routing telemetry significantly lowers station operating costs by 
eliminating telecommunications contracts (such as BGAN or cell data plans that are maintained on a 
site-by-site basis) and by reducing the power needs of the station, which lowers both the number of 
batteries needed and the logistics costs of transporting them to the site. 
In four cases the analysis shows that a radio link is possible between pairs of USArray stations. In 
three of these cases UHF radios could be added to each station pair, so that one of the stations would 
drop its direct transmission link (either its BGAN or cell uplink) and instead have its real-time data 
relayed through its partner site back to the acquisition center at AEC. The fourth case shows a radio 
link possibility between O18K and P18K, but these stations already transmit data via UHF radio 
meaning that there are no cost advantages to changing the telemetry there.  
Alternate telemetry is available for seven other USArray stations, where a UHF radio can be used to 
transmit real-time data to a nearby permanent station. 
 

Transmit 
site 

Transmit 
method 

Receive 
site 

Receive 
method 

N25K cell GLB host AEC 

I21K cell MLY host AEC 

K24K cell SCRK host AEC 

M24K cell KLU host AEC 

L16K cell M16K BGAN 

M16K BGAN L16K cell 

L27K BGAN M27K BGAN 

M27K BGAN L27K BGAN 

M25K cell TOL_R host AEC 

N18K BGAN N19K BGAN 

N19K BGAN N18K BGAN 

O18K radio P18K radio 

P18K radio O18K radio 

O20K host PBO SLK host AEC 

Q16K cell Q17K host AVO 

Table 2.  Alternate line-of-site radio telemetry paths from USArray stations 
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Battery Bank Augmentation for Adopted USArray Stations 
The Earthquake Center is committed to finding less expensive telemetry options to BGAN. Satellite 
telemetry, especially in the Arctic, is evolving rapidly. For the purposes of power estimation, we use 
the existing BGAN system as a proxy for options the center is likely to pursue. 
The load at a USArray site using a power-cycled BGAN for telemetry is 6.3 W. The battery banks that 
USArray has designed and installed at such sites each have a nominal capacity of 16.2 kWh. Without 
derating the capacity of a battery bank to account for temperature effects or modifying the capacity to 
account for self-discharge or discharge rate, such a battery bank would provide 2571 hours of runtime 
for the station. This is equivalent to 3.6 months. 
 

16200 Wh / 6.3 W = 2571 h or 3.6 months at 6.3 W 

 
If we make these same assumptions and aim to provide 5 months of nominal runtime to a site using a 
continuously-powered BGAN with a load of 8.3 W, we can estimate the size of the battery bank 
needed to provide an equivalent runtime to a continuous station. 
 

3720 h x 8.3 W = 30.9 kWh or 1.9x the capacity of the 16.2 kWh battery bank for 5 months at 8.3 W 

 
Using these assumptions and calculations we estimate that the battery bank capacity at sites being 
converted from power-cycled BGAN to continuous will need to be doubled. This may be revised 
slightly up or down at specific sites to account for load variance with station peripherals, local solar 
conditions, or other variables. 
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Adoption and Maintenance Schedule 
We propose a maintenance strategy that breaks the network into geographic areas that will be visited 
every three years (Figure 12 and 13). The stations are grouped around village hubs where commercial 
air and freight services are available. Each of these hubs represents a separate field campaign.  
This model is similar to that used by USArray field staff during the installation phase of the project. It 
has many advantages that include simplified logistics, flexibility with personnel and helicopter 
scheduling, and a built-in ability to make unexpected repair visits to stations in adjacent hubs during 
off-years. 
Station adoption will be staggered over the first three years, with regular maintenance and equipment 
replacement beginning in year 2. All adopted stations will have been visited by year 3. The schedule 
will rotate in this manner, so that each site will be visited approximately every three years.  
 

Year 1 
Station adoption 

Year 2 
Station adoption + battery swaps (10%) 

Year 3 
Station adoption + battery swaps (10%) 

Stations Hub Staff Days Stations Hub Staff Days Stations Hub Staff Days 
2 Ketchikan 2 6 3 Juneau 3 8 3 Arctic Village 2 8 

9 Tok 2 20 9 McGrath 3 20 6 Fairbanks 2 14 

2 Anchorage 2 6 4 Coldfoot 2 10 5 Kotzebue 2 12 

4 Port Allsworth 2 10 5 Ambler 2 12 3 St Mary's 2 8 

2 Barrow 2 6 4 Nome 2 10 7 King Salmon 3 16 

5 Deadhorse 2 12 6 Bethel 2 14 1 St George 2 4 

  

Year 4 
Maintenance 90%, Replacement 10% 

Year 5 
Maintenance 90%, Replacement 10% 

Stations Hub Staff Days Stations Hub Staff Days 
3 Ketchikan 2 8 3 Juneau 2 8 

9 Tok 2 20 9 McGrath 2 20 

1 Anchorage 2 4 4 Coldfoot 3 10 

4 Port Allsworth 3 10 5 Ambler 2 12 

4 Barrow 3 10 4 Nome 3 10 

4 Deadhorse 2 10 6 Bethel 2 14 

 
  

Figure 12. Proposed USArray adoption and maintenance schedule for the initial five years of operation. Station adoption will 
be spread over the first three years. The long-term maintenance schedule will begin in year 2. Field operations will be based 
out of hubs within the adoption regions. Site maintenance and upgrades require two field technicians, while the added 
workload and logistics needed for equipment replacement requires additional personnel. 
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Station ranking considerations 
To help guide station selection we distill a wide variety of site variables into simple metrics. While 
these metrics provide a quantitative ranking, the weights used to calculate them are subjective. The 
weights provide a way to tune the metrics to different sets of priorities (for example, if cost were no 
factor or if infrasound became very important to several stakeholders.) The weights presented here 
reflect the priorities of the Alaska Earthquake Center mixed with some attempt to account for the 
priorities of other stakeholders. If these priorities evolve, the metrics can be adjusted accordingly.  

Station data value 
Many parameters are combined to calculate the station data value for each site. The seismic data 
quality metric is assessed by the strength of the seismic signal in the 0.1-100 s period range, and is 
defined as:  

Seismic data quality = average (NHNM - mode of the station power) 
Where NHNM is the New High Noise Model (Petersen, 1993), and the mode of the station power is 
derived from the 7-day noise Probability Density Function downloaded from the IRIS MUSTANG 
webservice. To quantify the annual data quality at the station, the data quality metric is calculated 
weekly over summer (June through August) and winter (December through February), and then 
averaged to get an annual value. The seismic data quality is then scaled using the dataset maximum 
and minimum, to give signal quality as a number between 0 and 1.  
Seismic hazard is included in the calculation by scaling the seismic hazard at the site with the 
following weightings:  
 

Seismic hazard (%g) Weight 
<14 0.25 

14-20 0.5 
20-40 0.75 
>40 1.0 

 
The Station Distance parameter ranks the station by its “geographical importance” relative to the 
nearest station in the existing permanent network as follows: 

Distance to nearest permanent station Weight 
<100 km 0.25 

100-200 km 0.5 
200-300 km 0.75 

>300 km 1.0 
 
 
The presence of auxiliary instrumentation at a site is also factored into the final value. The signal 
quality, scaled seismic hazard, station distance and auxiliary instrumentation are weighted as follows: 
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Parameter Weight 
Signal quality 1 

Scaled seismic hazard 0.5 
Station distance 0.5 
Weather station 0.5 

Permafrost probe 0.1 
Strong motion sensor 0.5 

 
The values for each parameter are shown for stations in the Arctic region below. 
 

Station 
Seismic 

Data 
Quality 

Signal 
Quality 

Seismic 
hazard 

Scaled 
Seismic 
hazard 

Station 
distance 

Met 
package? 

Permafrost 
probe? 

Strong 
motion? 

Weighted 
data 
value 

A19K 33.8 0.7 2 0.25 0.75 1 1 0 0.3 

A21K 28.9 0.5 0 0.25 1 1 0 0 0.3 

A22K 31.3 0.6 0 0.25 0.75 1 1 0 0.3 

B18K 36.0 0.8 6 0.25 0 1 1 0 0.3 

B20K 36.5 0.8 4 0.25 0.5 1 1 0 0.3 

B21K 33.5 0.7 6 0.25 1 1 1 0 0.3 

B22K 35.4 0.8 2 0.25 0.75 1 1 0 0.3 

C16K 37.5 0.8 12 0.25 0.5 1 1 0 0.3 

C17K 37.5 0.8 14 0.5 0.5 1 1 0 0.3 

C18K 39.2 0.9 18 0.5 0.25 1 1 0 0.3 

C19K 37.4 0.8 12 0.25 0.25 1 1 0 0.3 

C21K 38.3 0.9 10 0.25 0.5 1 1 0 0.3 

C23K 37.7 0.8 6 0.25 0.25 1 1 0 0.3 

C24K 32.8 0.7 16 0.5 0.25 1 1 0 0.3 

C26K 32.6 0.7 12 0.25 0.5 1 1 0 0.3 

C27K 39.9 0.9 8 0.25 0.5 1 1 0 0.3 

D17K 39.8 0.9 20 0.75 0 1 1 0 0.3 

D19K 39.7 0.9 20 0.75 0.25 1 1 0 0.3 

D20K 39.0 0.9 20 0.75 0.75 1 1 0 0.4 

D22K 38.8 0.9 6 0.25 0.75 1 1 0 0.3 

D23K 38.8 0.9 12 0.25 0.5 1 1 0 0.3 

D24K 35.0 0.8 20 0.75 0.25 1 0 0 0.3 

D25K 40.7 1.0 20 0.75 0.25 1 1 0 0.3 

E17K 39.2 0.9 20 0.75 0.5 1 1 0 0.4 

E18K 39.2 0.9 30 0.75 0 1 1 0 0.3 

E19K 39.8 0.9 20 0.75 0 1 0 0 0.3 
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Station 
Seismic 

Data 
Quality 

Signal 
Quality 

Seismic 
hazard 

Scaled 
Seismic 
hazard 

Station 
distance 

Met 
package? 

Permafrost 
probe? 

Strong 
motion? 

Weighted 
data 
value 

E20K 40.4 0.9 20 0.75 0.25 1 1 0 0.3 

E21K 36.8 0.8 10 0.25 0.5 1 1 0 0.3 

E22K 40.7 1.0 14 0.5 0.75 1 0 0 0.3 

E23K 38.0 0.9 20 0.75 0.75 0 0 0 0.3 

TOLK 38.4 0.9 20 0.75 0.5 0 0 0 0.3 

E24K 41.0 1.0 30 0.75 0.5 1 1 0 0.4 

E25K 40.3 0.9 20 0.75 0.25 0 0 0 0.2 

E27K 37.5 0.8 6 0.25 0.25 1 1 0 0.3 

F14K 36.9 0.8 20 0.75 0.5 1 1 0 0.3 

F15K 38.6 0.9 18 0.5 0.75 1 1 0 0.4 

F17K 36.6 0.8 12 0.25 0 1 1 0 0.3 

F18K 33.8 0.7 20 0.75 0 1 1 0 0.3 

F19K 38.8 0.9 30 0.75 0.25 1 1 0 0.3 

F20K 40.6 1.0 20 0.75 0.5 1 1 0 0.4 

F21K 40.8 1.0 14 0.5 0.25 1 0 0 0.3 

F22K 37.5 0.8 14 0.5 0.5 1 0 0 0.3 

F24K 40.3 0.9 30 0.75 0.75 1 1 0 0.4 

F25K 40.7 1.0 20 0.75 0.75 1 1 0 0.4 

F26K 40.9 1.0 16 0.5 0.5 1 1 0 0.3 

G15K 36.8 0.8 20 0.75 0.25 1 0 0 0.3 

G16K 39.0 0.9 20 0.75 0.5 1 0 0 0.3 

G17K 40.2 0.9 16 0.5 0.5 0 0 0 0.2 

G18K 40.4 0.9 14 0.5 0.5 1 0 0 0.3 

G19K 40.9 1.0 20 0.75 0 1 1 0 0.3 

G21K 40.7 1.0 18 0.5 0 1 0 0 0.3 

G22K 36.8 0.8 20 0.75 0.25 1 0 0 0.3 

G23K 40.8 1.0 20 0.75 0.5 1 0 0 0.3 

G24K 38.3 0.9 20 0.75 0.5 1 1 0 0.3 

G25K 34.2 0.7 20 0.75 0.5 1 1 0 0.3 

G26K 39.2 0.9 14 0.5 0.5 1 1 0 0.3 

G27K 41.8 1.0 18 0.5 0.5 1 1 0 0.4 

H16K 36.8 0.8 30 0.75 0.25 0 0 0 0.2 

H17K 38.9 0.9 18 0.5 0.25 1 1 0 0.3 

H18K 39.2 0.9 12 0.25 0.25 1 0 0 0.3 



	

  
 Alaska Earthquake Center  39 

Station 
Seismic 

Data 
Quality 

Signal 
Quality 

Seismic 
hazard 

Scaled 
Seismic 
hazard 

Station 
distance 

Met 
package? 

Permafrost 
probe? 

Strong 
motion? 

Weighted 
data 
value 

H19K 39.8 0.9 20 0.75 0.25 1 1 0 0.3 

H20K 41.3 1.0 20 0.75 0.25 1 0 0 0.3 

H21K 41.5 1.0 20 0.75 0.5 0 0 0 0.3 

H22K 40.1 0.9 30 0.75 0 1 0 0 0.3 

H23K 40.1 0.9 30 0.75 0 1 1 0 0.3 

H24K 41.2 1.0 30 0.75 0.5 1 0 0 0.4 

H25L 34.5 0.7 20 0.75 0.5 1 1 0 0.3 

H27K 41.1 1.0 16 0.5 0.25 1 1 0 0.3 

I17K 33.7 0.7 14 0.5 0.25 0 1 0 0.2 

I20K 30.9 0.6 20 0.75 0.5 1 1 0 0.3 

I21K 37.7 0.8 30 0.75 0.5 0 0 0 0.2 

I23K 37.5 0.8 30 0.75 0.25 0 0 0 0.2 

POKR 35.5 0.8 30 0.75 0.25 0 0 0 0.2 

I26K 39.8 0.9 14 0.5 0.25 1 0 0 0.3 

I27K 40.0 0.9 16 0.5 0.25 0 1 0 0.2 

J14K 36.8 0.8 14 0.5 0.5 1 1 0 0.3 

J16K 38.5 0.9 14 0.5 0 1 1 0 0.3 

J17K 39.5 0.9 14 0.5 0 1 1 0 0.3 

J18K 39.8 0.9 14 0.5 0 1 1 0 0.3 

J19K 39.8 0.9 12 0.25 0.75 1 1 0 0.3 

J20K 39.4 0.9 20 0.75 0.5 0 0 0 0.3 

J25K 40.3 0.9 20 0.75 0.25 1 0 0 0.3 

J26L 40.6 1.0 12 0.25 0.25 1 0 0 0.3 

K13K 34.6 0.7 16 0.5 0.5 1 1 0 0.3 

K15K 37.5 0.8 16 0.5 0.25 1 1 0 0.3 

K17K 37.8 0.9 16 0.5 0 1 1 0 0.3 

K20K 39.4 0.9 20 0.75 0 0 0 0 0.2 

K24K 31.4 0.6 30 0.75 0.75 1 0 0 0.3 

K27K 40.0 0.9 10 0.25 0.75 0 0 0 0.2 

L14K 36.9 0.8 18 0.5 0.5 1 1 0 0.3 

L15K 37.4 0.8 18 0.5 0.25 1 1 0 0.3 

L16K 38.5 0.9 20 0.75 0.5 1 1 0 0.4 

L17K 38.7 0.9 20 0.75 0.25 1 1 0 0.3 

L18K 38.9 0.9 20 0.75 0.25 1 1 0 0.3 
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Station 
Seismic 

Data 
Quality 

Signal 
Quality 

Seismic 
hazard 

Scaled 
Seismic 
hazard 

Station 
distance 

Met 
package? 

Permafrost 
probe? 

Strong 
motion? 

Weighted 
data 
value 

L19K 38.8 0.9 20 0.75 0.25 0 0 1 0.3 

L20K 38.6 0.9 40 1 0 1 0 0 0.3 

L26K 32.7 0.7 40 1 0 0 0 0 0.2 

L27K 40.4 0.9 14 0.5 0.75 0 0 0 0.3 

M11K 26.9 0.5 0 0.25 0.75 0 0 0 0.2 

M13K 31.1 0.6 6 0.25 0.5 1 1 0 0.3 

M14K 34.8 0.7 12 0.25 0.25 0 1 0 0.2 

M15K 37.5 0.8 10 0.25 0.25 1 1 0 0.3 

M16K 37.4 0.8 18 0.5 0.25 1 1 0 0.3 

M17K 36.4 0.8 20 0.75 0 1 1 0 0.3 

M18K 36.9 0.8 20 0.75 1 1 1 0 0.4 

M19K 37.9 0.9 20 0.75 1 0 0 0 0.3 

M20K 38.4 0.9 30 0.75 0.75 1 0 0 0.4 

M22K 25.8 0.4 0 0.25 0.5 0 0 0 0.1 

M23K 31.0 0.6 0 0.25 0.25 0 0 0 0.1 

M24K 31.6 0.6 40 1 0.5 0 0 0 0.2 

HARP 30.0 0.6 20 0.75 0.25 0 0 0 0.2 

M26K 37.1 0.8 40 1 0.25 1 0 0 0.3 

M27K 38.8 0.9 60 1 0.25 1 0 0 0.3 

N14K 32.8 0.7 4 0.25 0 1 0 0 0.2 

N15K 35.7 0.8 6 0.25 1 1 1 0 0.3 

N16K 35.2 0.8 10 0.25 1 0 0 0 0.2 

N17K 37.5 0.8 12 0.25 1 1 1 0 0.3 

N18K 37.1 0.8 20 0.75 0.75 1 0 0 0.3 

N19K 36.8 0.8 20 0.75 0.5 1 0 0 0.3 

N20K 32.5 0.7 0 0.25 0.5 1 0 1 0.3 

N25K 37.3 0.8 40 1 0.25 0 0 0 0.2 

O14K 34.6 0.7 6 0.25 0.5 1 1 0 0.3 

O15K 34.1 0.7 6 0.25 0.25 1 0 0 0.2 

O16K 36.7 0.8 10 0.25 0.25 0 0 0 0.2 

O17K 36.5 0.8 12 0.25 0.25 0 0 0 0.2 

O18K 34.5 0.7 30 0.75 0.25 1 0 0 0.3 

O19K 29.7 0.6 30 0.75 0.25 1 0 1 0.3 

O20K 29.4 0.5 0 0.25 0.25 0 0 0 0.1 
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Station 
Seismic 

Data 
Quality 

Signal 
Quality 

Seismic 
hazard 

Scaled 
Seismic 
hazard 

Station 
distance 

Met 
package? 

Permafrost 
probe? 

Strong 
motion? 

Weighted 
data 
value 

O22K 24.3 0.4 0 0.25 0.25 0 0 0 0.1 

P08K 14.3 0.0 12 0.25 0 0 0 0 0.0 

P16K 27.5 0.5 14 0.5 0 0 0 0 0.1 

P17K 28.5 0.5 20 0.75 0 1 0 0 0.2 

P18K 34.0 0.7 30 0.75 1 1 0 1 0.4 

P19K 28.3 0.5 0 0.25 0.75 1 0 1 0.3 

P23K 28.3 0.5 0 0.25 0.5 0 0 0 0.1 

Q16K 23.0 0.3 30 0.75 0.5 0 0 1 0.2 

Q17K 34.5 0.7 40 1 0.25 1 0 0 0.3 

Q18K 34.0 0.7 40 1 0.25 1 0 0 0.3 

Q19K 29.8 0.6 0 0.25 0.25 1 0 0 0.2 

Q20K 29.8 0.6 0 0.25 0.25 0 0 0 0.1 

Q23K 19.5 0.2 0 0.25 0 0 0 1 0.1 

R16K 17.5 0.1 40 1 0 0 0 1 0.2 

R17K 31.1 0.6 0 0.25 0 1 0 0 0.2 

R18K 26.0 0.4 0 0.25 1 1 0 1 0.3 

R31K 19.3 0.2 30 0.75 0.75 1 0 0 0.2 

R32K 29.4 0.5 20 0.75 0.75 1 0 0 0.3 

S12K 28.5 0.5 30 0.75 0.5 0 0 1 0.3 

S14K 22.0 0.3 30 0.75 0.5 1 0 0 0.2 

S15K No 
sensor 0.0 40 1 0.25 1 0 1 

No 
sensor 

S31K 32.4 0.7 0 0.25 0.25 1 0 1 0.3 

S32K 33.0 0.7 30 0.75 0.25 0 0 0 0.2 

T33K 20.7 0.2 10 0.25 0 1 0 0 0.1 

U33K 33.0 0.7 12 0.25 0 1 0 0 0.2 

U35K 23.4 0.3 6 0.25 0.25 0 0 0 0.1 

V35K 32.2 0.6 10 0.25 0.25 1 0 0 0.2 

 

Station Affordability 
The station affordability value combines the costs associated with running and servicing USArray 
stations, and ranks the stations such that the most expensive stations score the lowest. Each station 
is paired with the closest transportation hub that will be used for staging site visits. The personnel 
travel costs and the freight costs to ship a 1200 lbs. container of batteries from Fairbanks are derived 
from quotes from logistics and airline companies.  
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The helicopter hub is the city or town from which a helicopter can be chartered. In cases where no 
helicopter charter is available from the transportation hub, the distances that the helicopter must travel 
to first reach the transportation hub are included. The total helicopter distance is then the total 
distance travelled to access the site, and is calculated by adding the site distance to hub and the 
helicopter distance to the hub. This distance is given a rating as follows: 

 
Helicopter Distance to hub <100 miles 100-200 miles 200-300 miles > 300 miles 
Helicopter distance rating 1 0.75 0.5 0.25 

 
 The “sling distance” is also considered, since this is the distance that the helicopter will sling batteries 
from the transportation hub to the site. A sling rating is assigned according to the distance from the 
transportation hub: 

 

Site distance from transportation hub < 75 miles > 75 miles 
Sling rating 1 0.5 

 
The 75-mile limit is the approximate maximum that an Astar helicopter can fly on 1 tank of gas, which 
assumes 3 round trips to the site (1 for a battery sling load, 2 for personnel/equipment). 
Each station is given a rating based on these distances: 

  

Helicopter access score = (sling rating + helo distance to hub rating) / 2 

  

The battery costs are calculated from the expense of replacing the battery system on site. Note that 
these costs do not include the upgrades that will occur during the initial site visit in order to transition 
to real-time data transmission (see Section 4, real-time telemetry). 
The telemetry costs are the annual fees for the communications systems, and the permit costs are the 
annual fees paid to the landowner in order to have access to the site.  
The battery swap cost is calculated by adding the battery costs, the freight costs, and the personnel 
travel costs for 2 field staff to the transportation hub. This value is then scaled for all sites as the 
Equipment score, so that the most cost-effective site scores 1.0 and the least cost-effective site 
scores 0. Similarly, the fees score is calculated by adding the telemetry costs and the permit costs 
and then scaling the total for all the stations so that the most expensive site scores 0 and the least 
expensive scores 1.  
The overall affordability is calculated by combining the helicopter access score, the equipment score 
and the fees score with the following weights: 

 

Parameter Weight 
Helicopter access score 0.3 

Equipment score 0.1 
Fees score 1.0 

 
These weights are based the maintenance schedule proposed in Section 5, where maintenance visits 
will occur every 3-5 years and equipment replacement is scheduled every 10 years.  
The values for each cost-related parameter are shown for stations in the Arctic region. 
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Station Hub 
Personnel 

travel 
costs 

Distance 
from 
hub 

(miles) 

Helo Hub 

Helo 
distance 
to hub 
(miles) 

Total 
helo 

distance 

Battery 
costs 

Freight 
costs 

Comms 
costs 

Permit 
costs 

Battery 
swap 
cost 

Annual 
operating 

cost 

Helicopter 
access 
score 

Equipment 
score 

Fees 
score 

Affordability 

A19K Wainwright 1712 38 Deadhorse 267 305 14200 4498.18 12996 0 22122 12996 0.75 0.0 0.0 0.1 

A21K Barrow 1282 4 Deadhorse 203 207 0 2247.4 0 0 4811 0 0.75 0.8 1.0 0.4 

A22K Barrow 1282 44 Deadhorse 203 247 14200 2247.4 12996 0 19011 12996 0.75 0.2 0.0 0.1 

B18K Point Lay 1154 38 Deadhorse 344 382 14200 5267.79 12996 0 21776 12996 0.625 0.1 0.0 0.1 

B20K Wainwright 1712 78 Deadhorse 267 345 14200 4498.18 12996 0 22122 12996 0.5 0.0 0.0 0.1 

B21K Umiat 2000 62 Deadhorse 104 166 14200 4382.81 12996 0 22583 12996 0.875 0.0 0.0 0.1 

B22K Umiat 2000 73 Deadhorse 104 177 14200 4382.81 12996 0 22583 12996 0.875 0.0 0.0 0.1 

C16K Point Hope 1327 37 Nome 266 303 14200 3753.09 12996 0 20607 12996 0.75 0.1 0.0 0.1 

C17K Red Dog 2000 31 Nome 251 282 14200 4929.79 12996 102 23130 13098 0.75 0.0 0.0 0.1 

C18K Red Dog 2000 60 Nome 251 311 14200 4929.79 12996 0 23130 12996 0.75 0.0 0.0 0.1 

C19K Point Lay 1154 93 Deadhorse 344 437 14200 5267.79 12996 0 21776 12996 0.375 0.1 0.0 0.0 

C21K Umiat 2000 65 Deadhorse 104 169 14200 4382.81 12996 0 22583 12996 0.875 0.0 0.0 0.1 

C23K Umiat 2000 48 Deadhorse 104 152 14200 4382.81 12996 102 22583 13098 0.875 0.0 0.0 0.1 

C24K Deadhorse 662 33 Deadhorse 0 33 14200 652.18 1500 102 16176 1602 1 0.3 0.9 0.4 

C26K Kaktovik 686 33 Deadhorse 113 146 14200 4250 12996 105 19822 13101 0.875 0.1 0.0 0.1 

C27K Kaktovik 686 34 Deadhorse 113 147 14200 4250 12996 105 19822 13101 0.875 0.1 0.0 0.1 

D17K Red Dog 2000 23 Nome 251 274 14200 4929.79 720 0 23130 720 0.75 0.0 0.9 0.4 

D19K Ambler 1265 97 Nome 276 373 14200 3753.09 12996 0 20483 12996 0.5 0.1 0.0 0.1 

D20K Ambler 1265 116 Nome 276 392 14200 3753.09 12996 0 20483 12996 0.5 0.1 0.0 0.1 

D22K Umiat 2000 36 Deadhorse 104 140 14200 4382.81 12996 102 22583 13098 0.875 0.0 0.0 0.1 

D23K Umiat 2000 45 Deadhorse 104 149 14200 4382.81 12996 102 22583 13098 0.875 0.0 0.0 0.1 

D24K Deadhorse 662 72 Deadhorse 0 72 14200 652.18 1500 102 16176 1602 1 0.3 0.9 0.4 

D25K Deadhorse 662 78 Deadhorse 0 78 14200 652.18 12996 102 16176 13098 0.75 0.3 0.0 0.1 

E17K Kotzebue 516 24 Nome 181 205 14200 1598.85 0 0 16831 0 0.875 0.3 1.0 0.4 

E18K Kotzebue 516 64 Nome 181 245 14200 1598.85 12996 102 16831 13098 0.875 0.3 0.0 0.1 

E19K Ambler 1265 30 Nome 276 306 14200 3753.09 12996 102 20483 13098 0.75 0.1 0.0 0.1 

E20K Ambler 1265 91 Nome 276 367 14200 3753.09 12996 0 20483 12996 0.5 0.1 0.0 0.1 

E21K Anaktuvuk Pass 380 60 Deadhorse 162 222 14200 3453.12 12996 0 18413 12996 0.875 0.2 0.0 0.1 

E22K Anaktuvuk Pass 380 2 Deadhorse 162 164 14200 3453.12 720 0 18413 720 0.875 0.2 0.9 0.4 

E23K Anaktuvuk Pass 380 54 Deadhorse 162 216 14200 3453.12 12996 0 18413 12996 0.875 0.2 0.0 0.1 

TOLK Anaktuvuk Pass 380 64 Deadhorse 162 226 14200 3453.12 0 0 18413 0 0.875 0.2 1.0 0.4 

E24K Coldfoot 200 71 Fairbanks 180 251 14200 686.76 12996 102 15287 13098 0.875 0.3 0.0 0.1 

E25K Arctic Village 370 0 Deadhorse 159 159 0 1295.91 0 0 2036 0 0.875 0.9 1.0 0.5 

E27K Arctic Village 370 102 Deadhorse 159 261 14200 1295.91 12996 105 16236 13101 0.625 0.3 0.0 0.1 

F14K Nome 1330 71 Nome 0 71 14200 1598.85 12996 102 18459 13098 1 0.2 0.0 0.1 

F15K Nome 1330 84 Nome 0 84 14200 1598.85 12996 102 18459 13098 0.75 0.2 0.0 0.1 

F17K Kotzebue 516 48 Nome 181 229 14200 1598.85 12996 0 16831 12996 0.875 0.3 0.0 0.1 

F18K Ambler 1265 59 Nome 276 335 14200 3753.09 720 0 20483 720 0.75 0.1 0.9 0.4 

F19K Ambler 1265 17 Nome 276 293 14200 3753.09 12996 0 20483 12996 0.75 0.1 0.0 0.1 

F20K Ambler 1265 57 Nome 276 333 14200 3753.09 12996 102 20483 13098 0.75 0.1 0.0 0.1 

F21K Bettles 340 56 Fairbanks 178 234 14200 2295 12996 102 17175 13098 0.875 0.3 0.0 0.1 

F22K Bettles 340 44 Fairbanks 178 222 14200 2295 12996 102 17175 13098 0.875 0.3 0.0 0.1 

F24K Coldfoot 200 63 Fairbanks 180 243 14200 686.76 12996 102 15287 13098 0.875 0.3 0.0 0.1 

F25K Arctic Village 370 36 Deadhorse 159 195 14200 1295.91 12996 0 16236 12996 0.875 0.3 0.0 0.1 

F26K Arctic Village 370 47 Deadhorse 159 206 14200 1295.91 12996 105 16236 13101 0.875 0.3 0.0 0.1 

G15K Nome 1330 51 Nome 0 51 14200 1598.85 12996 102 18459 13098 1 0.2 0.0 0.1 

G16K Kotzebue 516 103 Nome 181 284 14200 1598.85 12996 102 16831 13098 0.625 0.3 0.0 0.1 

G17K Kotzebue 516 109 Nome 181 290 14200 1598.85 12996 102 16831 13098 0.625 0.3 0.0 0.1 

G18K Ambler 1265 84 Nome 276 360 14200 3753.09 12996 0 20483 12996 0.5 0.1 0.0 0.1 

G19K Ambler 1265 68 Nome 276 344 14200 3753.09 12996 0 20483 12996 0.75 0.1 0.0 0.1 

G21K Bettles 340 60 Fairbanks 178 238 14200 2295 12996 102 17175 13098 0.875 0.3 0.0 0.1 

G22K Bettles 340 0 Fairbanks 178 178 0 2295 1500 625 2975 2125 0.875 0.9 0.8 0.4 

G23K Coldfoot 200 37 Fairbanks 180 217 14200 686.76 12996 0 15287 12996 0.875 0.3 0.0 0.1 

G24K Fort Yukon 200 61 Fairbanks 141 202 14200 2103.75 12996 105 16704 13101 0.875 0.3 0.0 0.1 

G25K Fort Yukon 200 26 Fairbanks 141 167 14200 2103.75 12996 105 16704 13101 0.875 0.3 0.0 0.1 

G26K Fort Yukon 200 47 Fairbanks 141 188 14200 2103.75 12996 105 16704 13101 0.875 0.3 0.0 0.1 

G27K Circle 200 95 Fairbanks 129 224 14200 1731.19 12996 0 16331 12996 0.625 0.3 0.0 0.1 

H16K Unalakleet 810 68 Nome 144 212 0 1582.02 0 0 3202 0 0.875 0.9 1.0 0.5 

H17K Unalakleet 810 77 Nome 144 221 14200 1582.02 12996 0 17402 12996 0.625 0.3 0.0 0.1 

H18K Galena 420 51 Nome 250 301 14200 1497.87 12996 0 16538 12996 0.75 0.3 0.0 0.1 

H19K Galena 420 57 Nome 250 307 14200 1497.87 12996 0 16538 12996 0.75 0.3 0.0 0.1 

H20K Galena 420 79 Nome 250 329 14200 1497.87 12996 0 16538 12996 0.5 0.3 0.0 0.1 

H21K Bettles 340 93 Fairbanks 178 271 6000 2295 12996 0 8975 12996 0.625 0.6 0.0 0.1 

H22K Bettles 340 70 Fairbanks 178 248 14200 2295 12996 0 17175 12996 0.875 0.3 0.0 0.1 

H23K Fairbanks 0 85 Fairbanks 0 85 14200 0 1500 102 14200 1602 0.75 0.4 0.9 0.4 

H24K Fairbanks 0 70 Fairbanks 0 70 6000 0 12996 102 6000 13098 1 0.8 0.0 0.1 

H25L Fort Yukon 200 26 Fairbanks 141 167 500 2103.75 1500 0 3004 1500 0.875 0.9 0.9 0.4 

H27K Circle 200 76 Fairbanks 129 205 14200 1731.19 12996 0 16331 12996 0.625 0.3 0.0 0.1 

I17K Unalakleet 810 2 Nome 144 146 0 1582.02 720 0 3202 720 0.875 0.9 0.9 0.4 

I20K Galena 420 71 Nome 250 321 14200 1497.87 12996 105 16538 13101 0.75 0.3 0.0 0.1 

I21K Bettles 340 120 Fairbanks 178 298 6000 2295 720 0 8975 720 0.625 0.6 0.9 0.4 

I23K Fairbanks 0 49 Fairbanks 0 49 500 0 1500 0 500 1500 1 1.0 0.9 0.4 

POKR Fairbanks 0 24 Fairbanks 0 24 500 0 0 0 500 0 1 1.0 1.0 0.5 

I26K Circle 200 44 Fairbanks 129 173 14200 1731.19 1500 0 16331 1500 0.875 0.3 0.9 0.4 

I27K Eagle 200 57 Fairbanks 194 251 14200 1228.59 12996 0 15829 12996 0.875 0.3 0.0 0.1 

J14K St. Mary's 2000 48 Nome 181 229 14200 1565.19 12996 105 19765 13101 0.875 0.1 0.0 0.1 
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Station Hub 
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travel 
costs 
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from 
hub 
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Helo Hub 

Helo 
distance 
to hub 
(miles) 
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helo 

distance 

Battery 
costs 

Freight 
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Comms 
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Battery 
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Affordability 

J16K Unalakleet 810 41 Nome 144 185 14200 1582.02 12996 0 17402 12996 0.875 0.3 0.0 0.1 

J17K Unalakleet 810 61 Nome 144 205 14200 1582.02 12996 105 17402 13101 0.875 0.3 0.0 0.1 

J18K McGrath 638 49 Anchorage 218 267 14200 3187.5 12996 102 18664 13098 0.75 0.2 0.0 0.1 

J19K Galena 420 63 Nome 250 313 14200 1497.87 12996 102 16538 13098 0.75 0.3 0.0 0.1 

J20K Galena 420 90 Nome 250 340 6000 1497.87 12996 0 8338 12996 0.5 0.7 0.0 0.1 

J25K Fairbanks 0 74 Fairbanks 0 74 14200 0 12996 102 14200 13098 1 0.4 0.0 0.1 

J26L Eagle 200 72 Fairbanks 194 266 14200 1228.59 12996 102 15829 13098 0.875 0.3 0.0 0.1 

K13K St. Mary's 2000 44 Nome 181 225 14200 1565.19 12996 0 19765 12996 0.875 0.1 0.0 0.1 

K15K St. Mary's 2000 59 Nome 181 240 14200 1565.19 12996 0 19765 12996 0.875 0.1 0.0 0.1 

K17K McGrath 638 86 Anchorage 218 304 14200 3187.5 12996 102 18664 13098 0.5 0.2 0.0 0.1 

K20K McGrath 638 54 Anchorage 218 272 6000 3187.5 12996 102 10464 13098 0.75 0.6 0.0 0.1 

K24K Tok 200 91 Fairbanks 178 269 14200 732.41 720 0 15332 720 0.625 0.3 0.9 0.4 

K27K Tok 200 55 Fairbanks 178 233 0 732.41 0 0 1132 0 0.875 1.0 1.0 0.5 

L14K Bethel 510 47 Nome 280 327 14200 1497.87 12996 105 16718 13101 0.75 0.3 0.0 0.1 

L15K Bethel 510 62 Nome 280 342 14200 1497.87 12996 0 16718 12996 0.75 0.3 0.0 0.1 

L16K Aniak 1300 9 Nome 272 281 14200 1447.38 720 102 18247 822 0.75 0.2 0.9 0.4 

L17K Aniak 1300 55 Nome 272 327 14200 1447.38 12996 102 18247 13098 0.75 0.2 0.0 0.1 

L18K McGrath 638 61 Anchorage 218 279 14200 3187.5 12996 0 18664 12996 0.75 0.2 0.0 0.1 

L19K McGrath 638 58 Anchorage 218 276 14200 3187.5 12996 102 18664 13098 0.75 0.2 0.0 0.1 

L20K McGrath 638 63 Anchorage 218 281 14200 3187.5 12996 102 18664 13098 0.75 0.2 0.0 0.1 

L26K Tok 200 24 Fairbanks 178 202 500 732.41 1500 1380 1632 2880 0.875 0.9 0.8 0.4 

L27K Tok 200 40 Fairbanks 178 218 500 732.41 12996 0 1632 12996 0.875 0.9 0.0 0.1 

M11K St. Mary's 2000 150 Nome 181 331 0 1565.19 720 0 5565 720 0.625 0.8 0.9 0.4 

M13K Bethel 510 57 Nome 280 337 14200 1497.87 12996 0 16718 12996 0.75 0.3 0.0 0.1 

M14K Bethel 510 4 Nome 280 284 14200 1497.87 720 0 16718 720 0.75 0.3 0.9 0.4 

M15K Bethel 510 39 Nome 280 319 14200 1497.87 12996 105 16718 13101 0.75 0.3 0.0 0.1 

M16K Aniak 1300 42 Nome 272 314 14200 1447.38 12996 102 18247 13098 0.75 0.2 0.0 0.1 

M17K Aniak 1300 70 Nome 272 342 14200 1447.38 12996 102 18247 13098 0.75 0.2 0.0 0.1 

M18K McGrath 638 101 Anchorage 218 319 14200 3187.5 12996 102 18664 13098 0.5 0.2 0.0 0.1 

M19K McGrath 638 82 Anchorage 218 300 14200 3187.5 1500 1302 18664 2802 0.5 0.2 0.8 0.3 

M20K McGrath 638 108 Anchorage 218 326 6000 3187.5 12996 102 10464 13098 0.5 0.6 0.0 0.1 

M22K Anchorage 200 39 Anchorage 0 39 14200 315.59 720 0 14916 720 1 0.4 0.9 0.4 

M23K Valdez 200 64 Anchorage 121 185 14200 662.31 720 0 15262 720 0.875 0.3 0.9 0.4 

M24K Glennallen 660 20 Anchorage 158 178 500 506.99 720 102 2327 822 0.875 0.9 0.9 0.4 

HARP Glennallen 660 23 Anchorage 158 181 0 506.99 720 0 1827 720 0.875 0.9 0.9 0.4 

M26K Tok 200 64 Fairbanks 178 242 14200 732.41 12996 0 15332 12996 0.875 0.3 0.0 0.1 

M27K McCarthy 200 72 Anchorage 234 306 14200 3390.61 12996 0 17991 12996 0.75 0.2 0.0 0.1 

N14K Bethel 510 59 Nome 280 339 14200 1497.87 12996 105 16718 13101 0.75 0.3 0.0 0.1 

N15K Bethel 510 72 Nome 280 352 14200 1497.87 12996 105 16718 13101 0.75 0.3 0.0 0.1 

N16K Aniak 1300 80 Nome 272 352 14200 1447.38 12996 102 18247 13098 0.5 0.2 0.0 0.1 

N17K Iliamna 1000 97 Anchorage 191 288 14200 1363.23 12996 102 17563 13098 0.625 0.2 0.0 0.1 

N18K Iliamna 1000 73 Anchorage 191 264 14200 1363.23 12996 102 17563 13098 0.875 0.2 0.0 0.1 

N19K Iliamna 1000 73 Anchorage 191 264 14200 1363.23 12996 102 17563 13098 0.875 0.2 0.0 0.1 

N20K Anchorage 200 73 Anchorage 0 73 14200 315.59 0 0 14916 0 1 0.4 1.0 0.4 

N25K Glennallen 660 46 Anchorage 158 204 6000 506.99 720 102 7827 822 0.875 0.7 0.9 0.4 

O14K Dillingham 772 98 Anchorage 326 424 14200 1413.72 12996 0 17158 12996 0.375 0.3 0.0 0.0 

O15K Dillingham 772 47 Anchorage 326 373 14200 1413.72 12996 105 17158 13101 0.625 0.3 0.0 0.1 

O16K Dillingham 772 40 Anchorage 326 366 14200 1413.72 12996 102 17158 13098 0.625 0.3 0.0 0.1 

O17K Dillingham 772 70 Anchorage 326 396 14200 1413.72 720 102 17158 822 0.625 0.3 0.9 0.4 

O18K Iliamna 1000 15 Anchorage 191 206 14200 1363.23 0 102 17563 102 0.875 0.2 1.0 0.4 

O19K Iliamna 1000 34 Anchorage 191 225 500 1363.23 720 0 3863 720 0.875 0.9 0.9 0.4 

O20K Iliamna 1000 79 Anchorage 191 270 0 1363.23 0 0 3363 0 0.625 0.9 1.0 0.4 

O22K Anchorage 200 49 Anchorage 0 49 6000 315.59 720 0 6716 720 1 0.7 0.9 0.4 

P08K Bethel 510 398 Nome 280 678 500 1497.87 0 0 3018 0 0.5 0.9 1.0 0.4 

P16K Dillingham 772 18 Anchorage 326 344 14200 1413.72 720 102 17158 822 0.625 0.3 0.9 0.4 

P17K King Salmon 772 36 Anchorage 287 323 14200 1413.72 720 102 17158 822 0.75 0.3 0.9 0.4 

P18K Iliamna 1000 28 Anchorage 191 219 14200 1363.23 0 102 17563 102 0.875 0.2 1.0 0.4 

P19K Iliamna 1000 55 Anchorage 191 246 14200 1363.23 0 0 17563 0 0.875 0.2 1.0 0.4 

P23K Cordova 656 67 Anchorage 148 215 0 715.35 720 0 2027 720 0.875 0.9 0.9 0.4 

Q16K King Salmon 772 0 Anchorage 287 287 500 1413.72 720 550 3458 1270 0.75 0.9 0.9 0.4 

Q17K King Salmon 772 39 Anchorage 287 326 0 1413.72 0 0 2958 0 0.75 0.9 1.0 0.4 

Q18K King Salmon 772 58 Anchorage 287 345 0 1413.72 0 0 2958 0 0.75 0.9 1.0 0.4 

Q19K Iliamna 1000 70 Anchorage 191 261 0 1363.23 0 0 3363 0 0.875 0.9 1.0 0.4 

Q20K Kodiak 800 56 Anchorage 248 304 0 1759.93 0 1000 3360 1000 0.75 0.9 0.9 0.4 

Q23K Cordova 656 79 Anchorage 148 227 500 715.35 1500 0 2527 1500 0.625 0.9 0.9 0.4 

R16K King Salmon 772 83 Anchorage 287 370 0 1413.72 720 0 2958 720 0.5 0.9 0.9 0.4 

R17K King Salmon 772 72 Anchorage 287 359 14200 1413.72 12996 105 17158 13101 0.75 0.3 0.0 0.1 

R18K Kodiak 800 76 Anchorage 248 324 14200 1759.93 1500 639 17560 2139 0.5 0.2 0.8 0.3 

R31K Juneau 800 48 Juneau 0 48 500 2222.57 720 0 4323 720 1 0.8 0.9 0.4 

R32K Juneau 800 3 Juneau 0 3 500 2222.57 720 0 4323 720 1 0.8 0.9 0.4 

S12K Chignik 2000 146 Anchorage 450 596 14200 4443.12 0 0 22643 0 0.375 0.0 1.0 0.4 

S14K Chignik 2000 43 Anchorage 450 493 14200 4443.12 12996 0 22643 12996 0.625 0.0 0.0 0.1 

S15K-1 Chignik 2000 4 Anchorage 450 454 0 4443.12 0 0 8443 0 0.625 0.6 1.0 0.4 

S31K Juneau 800 69 Juneau 0 69 0 2222.57 1500 0 3823 1500 1 0.9 0.9 0.4 

S32K Juneau 800 57 Juneau 0 57 500 2222.57 720 0 4323 720 1 0.8 0.9 0.4 

T33K Ketchikan 800 113 Juneau 229 342 500 2222.57 720 0 4323 720 0.5 0.8 0.9 0.4 

U33K Ketchikan 800 78 Juneau 229 307 0 2222.57 1500 602 3823 2102 0.5 0.9 0.8 0.4 

U35K Ketchikan 800 74 Juneau 229 303 500 2222.57 1500 102 4323 1602 0.75 0.8 0.9 0.4 

V35K Ketchikan 800 1 Juneau 229 230 500 2222.57 720 102 4323 822 0.75 0.8 0.9 0.4 
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 Budget 
Task breakdown 
 
 Costs in thousands 

Products 
Catalog products  Hazard products 

year 1 year 2 year 3 year 4 year 5  year 1 year 2 year 3 year 4 year 5 
Salaries and wages $174 $178 $183 $187 $192  $300 $306 $311 $316 $322 

Benefits $81 $83 $85 $88 $90  $94 $96 $99 $102 $104 
Travel $0 $0 $0 $0 $0  $22 $23 $24 $25 $27 

Contractual services $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 
Commodities $0 $0 $0 $0 $10  $0 $19 $19 $29 $29 

Facilities and admin. $95 $97 $100 $102 $109  $155 $165 $168 $176 $179 
Rental & lease services $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 

Subawards $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 
Equipment $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 

Student services $0 $0 $0 $0 $0  $64 $70 $77 $85 $94 
Total  $350 $359 $368 $377 $401  $635 $679 $699 $733 $755 

            

Data management 
Data acquisition  Data communications 

year 1 year 2 year 3 year 4 year 5  year 1 year 2 year 3 year 4 year 5 
Salaries and wages $241 $247 $254 $260 $266  $0 $0 $0 $0 $0 

Benefits $112 $115 $118 $120 $123  $0 $0 $0 $0 $0 
Travel $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 

Contractual services $5 $5 $5 $5 $5  $42 $30 $51 $51 $51 
Commodities $13 $22 $21 $24 $24  $0 $0 $0 $0 $0 

Facilities and admin. $138 $145 $148 $152 $156  $15 $11 $19 $19 $19 
Rental & lease services $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 

Subawards $0 $0 $0 $0 $0  $170 $525 $690 $690 $690 
Equipment $0 $10 $10 $15 $15  $0 $0 $0 $0 $0 

Student services $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 
Total  $509 $544 $555 $577 $590  $227 $566 $760 $760 $760 

            

Field operations 
Field support  Field transportation 

year 1 year 2 year 3 year 4 year 5  year 1 year 2 year 3 year 4 year 5 
Salaries and wages $344 $351 $359 $366 $374  $0 $0 $0 $0 $0 

Benefits $146 $149 $153 $157 $161  $0 $0 $0 $0 $0 
Travel $0 $0 $0 $0 $0  $43 $49 $41 $55 $60 

Contractual services $10 $10 $10 $10 $10  $0 $46 $24 $30 $18 
Commodities $5 $15 $15 $15 $15  $0 $0 $0 $67 $67 

Facilities and admin. $187 $195 $199 $204 $208  $16 $35 $24 $57 $54 
Rental & lease services $0 $0 $0 $0 $0  $450 $459 $538 $527 $464 

Subawards $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 
Equipment $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 

Student services $0 $0 $0 $0 $0  $0 $0 $0 $0 $0 
Total  $691 $720 $736 $752 $768  $510 $589 $627 $737 $663 

            

Station hardware 
Equipment  ⏤ Total budget ⏤ 

year 1 year 2 year 3 year 4 year 5  year 1 year 2 year 3 year 4 year 5 
Salaries  $0 $0 $0 $0 $0  $1,059 $1,082 $1,106 $1,130 $1,154 
Benefits $0 $0 $0 $0 $0  $433 $444 $455 $467 $478 

Travel $0 $0 $0 $0 $0  $65 $71 $65 $81 $87 
Contractual services $0 $0 $50 $55 $55  $56 $90 $140 $151 $139 

Commodities $5 $10 $319 $334 $334  $23 $66 $374 $469 $479 
Facilities and admin. $2 $4 $137 $145 $145  $609 $652 $796 $855 $870 

Rental & lease services $0 $0 $0 $0 $0  $450 $459 $538 $527 $464 
Subawards $0 $0 $0 $0 $0  $170 $525 $690 $690 $690 
Equipment $1,871 $1,329 $549 $330 $330  $1,871 $1,339 $559 $345 $345 

Student services $0 $0 $0 $0 $0  $64 $70 $77 $85 $94 
Total  $1,878 $1,343 $1,056 $864 $864  $4,800 $4,800 $4,800 $4,800 $4,800 
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Assumptions and 5-year trends 
• This plan transitions assets from NSF/IRIS to the State of Alaska over a period of three years. 

This transition period allows NSF/IRIS to ramp down operations and staff gradually. This also 
allows for effective technology transfer and training between IRIS and the Alaska Earthquake 
Center. 

• Station adoption costs are absorbed primarily into the first three years of the budget (see 
Station Hardware in the chart). These costs ramp down as operations and data management 
expenses ramp up.  

• Station adoption is budgeted at $45k per station. True cost will depend on the negotiated 
value. 

• Facilities and administration rates will be charged as "other sponsored activities," the same as 
the current USGS cooperative agreement. 

• Student employees are used where possible. 
 
 
 


