
Events and Pumping History vs. Time

Station UU.NMU SS9 Roosevelt Hot Springs
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As part of the Department of Energy (DOE) Milford, Utah Frontier 
Observatory for Research in Geothermal Energy (FORGE) project, we 
have analyzed 7 years of continuous data (2010-2016) with catalog 
event data from 1983 through 2016. This has been done in order to 
better characterize the local seismicity hazard near the proposed 
FORGE project site. Seismicity in this area falls into two geographic 
regions: northeast of Milford, UT and in the Mineral Mountains near 
the Roosevelt Hot Springs.

The magnitude of completeness for the University of Utah 
Seismograph Station (UUSS) catalog in this region is ~2. In order to 
enhance the catalog, we use subspace detection analysis [Chambers 
et al., 2015; Harris, 2006; Barrett and Beroza, 2014]. Three permanent 
stations, a fourth was eliminated due to noise issues, from January 
2010 through December 2016 were used to enhance the local catalog 
with subspace detections. 

Using the enhanced catalog, we address the following questions:

Is the UUSS earthquake catalog representative of the seismic activity 
in the region, or does a smaller magnitude of completeness change 
the interpretation?

For the localized area near the Blundell Geothermal Power Plant is 
there induced seismicity?

Do seismic sequences in this are occur primarily as swarms as 
suggested by Zandt et al. (1982)?

How does the seismicity between the two localized regions differ?  
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1)  Retrieve template (catalog) event data for UUSS catalog from IRIS DMC 
2)  Manually check template events to create a quality controlled template key
3)  Use Detex to cluster the waveforms based on similarity 
4)  Adjust correlation coefficient to create desired clusters
5)  Run Singular Value Decomposition on clusters
6)  Manually check basis vectors and fractional energy
7)  Run subspace detection using data from three stations from 2010-2016
8)  The same subspace detection must be found on two stations
9)  Manually check detections and add to updated template key
10) Correlated new detections in template key to UUSS events
11) Use strongest correlations for preliminary location of events
12) Repeat process as needed to search for more detections

Figure 1 (left): 
Clusters of waveforms 
are based on similarity 
and single-link 
clustering. Correlation 
coefficient defines 
cutoff to create new 
cluster. Each cluster is 
denoted by a color. 
Those events that are 
above the cutoff are 
left by themselves, a 
singleton. 

Figure 2: Aligned waveforms that constitute 
cluster/subspace 09 for station UU.NMU. 
(Relates to the purple cluster 10 from  
Figure 1, due to numbering of indices).

Figure 3: Singular Value 
Decomposition basis vectors for 
subspace 09. The blue vector is the 
only one that will be used in detections 
for this particular subspace.

Figure 6 (above): While the template events (total of 43 used, not all shown), denoted 
with blue circles, end in 2011 (no new events were detected with the regional network), 
the subspace detector was able to add 153 events from 2011 to 2016. The magnitudes 
for the new events range from -0.8 to 1.74 with the template events ranging from 0.52 - 
2.39. The green shaded box shows a potential swarm that consists of 16 events and 
occurs over the course of 3 days.

Figure 5 (above): Seismicity count of the Roosevelt Hot Springs area, including 
subspace detected events, versus the pumping history of the Blundell Geothermal 
Plant. The seismicity event counts are shown for each quarter from 1983 through 
2016. The pumping history, shown by green bars, comes from the published data 
from waterrights.utah.gov. The adjusted pumping history, with hash marks, comes 
from the need to correct the data found on waterrights.utah.gov. Original template 
events occur from 1993-2011.

Figure 7: Magnitude versus time plot for the region just to the northeast of Milford, 
UT. Using 55 original template events from 1995 to 2001, 110 events were 
detected within the continuous data from 2011 to 2016. The template event 
magnitudes range from 0.46 to 3.91 and the subspace detected events 
magnitudes range from -2.74 to 2.27.

Figure 4: Plots of the fractional energy captured from 
each of the basis vectors from Figure 3. Only one 
dimension is needed to capture 90% of the energy for 
this subspace.

Map 1: Study areas located northeast of Milford, UT. The seismicity ranges from 1984 to 2016. Each template event is denoted by a shaded circle. 
The magnitude is shown based on the size of the event. The circle’s color denotes the cluster in which the event correlates. The larger Roosevelt Hot 
Springs study area in the east shows clusters using station UU.NMU and the smaller area towards the west shows clusters using station UU.DWU. 
The green polygon indicates the potential footprint for the FORGE project. The blue filled shape indicates the boundaries of the Zandt swarm (1982).

Map 2: Study areas located northeast of Milford, UT. Each template event is denoted by a shaded circle. The circles colors denote the cluster in which the 
event correlates now that detections have been added. The size of the circle relates to the number of detected events that correlate most strongly with that 
event. Scale shows total number of events, template and detections. The larger Roosevelt Hot Springs study area in the east shows clusters for station 
UU.DWU with the detections correlated to station UU.NMU and the smaller area towards the west is the clustering of UU.DWU also correlated to UU.NMU. 
The green area indicates the potential footprint for the FORGE project. The blue filled shape indicates the boundaries of the Zandt swarm (1982).
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Roosevelt Hot Springs
While the geothermal plant may have 
induced some seismicity, there is no clear 
correlation between the events and the 
pumping history.
  Detection Results:
  Correlation on DWU:
   o New Events: 16  
   o Min Mag added: 0.06 ML 
   o Max Mag added: 0.91 ML 
  Correlation on IMU:
   o New Events: 38
   o Min Mag added: -0.76 ML 
   o Max Mag added: 1.69 ML 
  Correlation on NMU:
   o New Events: 21
   o Min Mag added: -0.03 ML 
   o Max Mag added: 1.74 ML 
There are both swarm and non-swarm 
sequences, unlike observed in Zandt et 
al. (1982) 

Just Northeast of Milford
Many new events have been added and 
have shown that this region, without any 
catalog events since 2001, is still 
seismically active with a majority of the 
detected events focusing around a few 
template events, as seen in Map 2.
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