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Background

• Dr. Ken Stedman, Biology Department, Center for Life in 
Extreme Environments 

• Studies viruses of Sulfolobus solfataricus

– Archaeon (or Archaebacteria)
– Thermoacidophile - 80°C,  pH 3
– Habitat virtually everywhere there is volcanic activity
– Research may ultimately be applicable to humans 
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Boiling Springs Lake

• Located in Lassen Volcanic 
National Park, CA.

• One of the largest geothermal 
acidic lakes in the world

• Temperature ranges of 46 to 
80°C

• Has not been studied to date

ROV

• Designed by Mechanical 
Engineering students 

• Remote-controlled, utilizes GPS, 
Fishfinder sonar, and probe for 
collecting temperatue data and 
specimens

• Takes measurements approx. every 
0.5 seconds

Fishfinder view

Bottom

Surface



3

Where do we fit in?

• Use GIS to map the bathymetry of the lake

• Incorporate temperature data

• Ultimately include specimen data and identify additional ecosystems 
within Boiling Springs Lake to collect specimens

• First, run proof-of-concept at a closer more forgiving lake

Data Collection

• Commonwealth Lake, Beaverton
• ROV not finished, so used fishing line to tow back and forth
• Part of perimeter obstructed by thick foliage, so focused on west half
• Used Trimble GeoXT to collect shoreline data 
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Issues with ROV GPS Data

• Gridding
– Due to grouping at one meter 

intervals
– Resulted in point overlap
– Resolved during Kriging

• Anomalous depth values  
Removed by selecting by        
attribute (Depth < 4.197 ft) and   
exporting as new layer

Collecting Shoreline Data

Why not RLIS?
Why not digitize?

Trimble Handheld
GPS unit.

Accuracy 1-2m
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Measuring Lake Elevation

• Average of 1000 
measurements (code 
phase).

• Needed to calculate 
elevation from depth.

• Elevation of lake bottom 
at a given point:

= surface elevation + depth

Processing ROV Data

• Clip ROV Point data to 
shoreline.

• Points outside 
considered unnecessary 
or inaccurate.
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Processing ROV Data

• Additionally, clip 
non-zero ROV data    
within 1m of shoreline 

(since shoreline is zero   
depth)

Processing Shoreline Data

• Convert shoreline to 
points for use in kriging
model

• Set depth to 0 ft.
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Combining Point Data

• Merge shore points with 
ROV points

Calculating Elevation

Surface elevation     
+ 

depth

• Necessary to view data 
in 3D with other datasets 
(eg. DEM of area)
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Creating A Surface Model - Kriging

Depth Trend Analysis

• 2nd order 
detrending used

• Hole effect 
model used

100% Global  0% Local

68% Global  32% Local Smaller Search Neighborhood

Larger Search Neighborhood

Creating A Surface Model - Kriging

Global Model

RMS: .0139
Avg. Std. Error: .0168

Localized Model

RMS: .0108
Avg. Std. Error: .0194
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Model Prediction Error

Global Model

RMS: .0139
Avg. Std. Error: .0168

Localized Model

RMS: .0108
Avg. Std. Error: .0194

3D Surface Modeling

• The maximum depth 
is only ~4.28 ft.

• 10 Times vertical 
exaggeration.
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3D Surface Modeling

• The maximum depth 
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• 10 Times vertical 
exaggeration.

3D Surface Modeling

• The maximum depth 
is only ~4.28 ft.

• 10 Times vertical 
exaggeration.
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Model Prediction Error Map

• Color Categories 
indicate 
prediction error.

• Should we have 
changed our 
collection 
technique?

Temperature Modeling

• Temperature 
readings recorded at 
the surface of the 
lake.

• Shows underlying 
topography as well.
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Temperature Modeling

• Temperature 
readings if they had 
been recorded at the 
lakebed.

• Shows temp at each 
surface location of 
the lakebed.

Strengths of The Model

• Collecting your own data.
– If something goes wrong, recollecting is always an option. 
– More data can be collected if the existing data is not enough.
– Data can be collected at a finer resolution up to the limits of the hardware.

• Our model has the color yellow
– Brown is not good enough. 

• The project was inexpensive.
– The labor was free. 
– The ROV belongs to the university.
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Future Improvements

• Fix the propulsion so that it doesn’t have to be towed.

• Fix the temperature winch so that temp readings can be taken at depth.

• Take readings close together to ensure a small prediction error.

• Take readings in a grid format.

• Obtain high resolution DEMS for the surrounding area.

• Obtain higher resolution aerial photo for surrounding area.


