Investigating Geothermally-heated Ground at Pilgrim Hot Springs, Alaska using Remote Sensing
Observations of Anomalous Snow-melt and In-situ Shallow Temperature Measurements
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1. Overview

4. In-situ Shallow Temperature Measurements

• Estimates of geothermal system heat loss should account for the heat flux associated with
geothermally-heated ground: may be larger than from discrete features such as hot springs [1].

Shallow temperature measurements were recorded from a random sample of 50 locations within
the maximum extents of the anomalous snow-free area using 1m long temperature probes.

• In snow-covered environments geothermal ground heating can result in snow-free areas [2].

Locations of In-situ Ground
Heat Flux Measurements

• Remote sensing used to map snow-free areas/geothermal ground at Pilgrim Hot Springs.

6. Results and Comparison with Geoprobe Shallow Temperature Data
Geothermal Heat Flux Map
derived from Snow-melt
Extents
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• Shallow temperature measurements used to develop a model linking the extent of snow-free
areas to estimates of ground heat flux.
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• Results compared against Geoprobe shallow temperature data.
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2. Pilgrim Hot Springs, Alaska
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‘Fixed’ site

• Geothermal system located ~75km NE
of Nome on Seward Peninsula.
• For each location,
temperatures measured at
100cm and 50cm depth.

• Shallow 90ºC aquifer fed from deeper
reservoirs of at least ~110-150ºC [3].

Hot springs

• DOE/AEA funded project to undertake
resource exploration and assessment.
• Previous work mapped and quantified
hot spring heat flux: ~4.7-7 MWth [4].

• Shallow temperatures recorded at 9 ‘fixed’
locations to assess diurnal/seasonal variations.

Hot pools

Total heat flux (Q) = 2.39 MWth

• Ground heat flux (G in units W/m2) calculated
from shallow temperature measurements using:
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• Subsurface temperature measurements (up to 50m deep) acquired from ~50 locations (red
dots in figure top right) at Pilgrim Hot Springs using a Geoprobe ‘push’ drill system.
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Where k is the soil thermal conductivity
(fixed at 1 in units W/m°C), T is the soil
temperature (°C), and y is depth (m)

Maximum extent of
anomalous snow-melt

• Heat flux at depths from 1.5 - 4.5m were estimated from the Geoprobe temperature
measurements using the equation in Panel 4.

3. Mapping Snow-free Areas with Remote Sensing
Multitemporal ASTER VNIR (15m pixels) and airborne thermal imagery (1m pixels) used to map the
seasonal development of anomalous snow-free areas representing geothermally-heated ground.
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• Geoprobe heat fluxes were interpolated using Radial Basis Function technique.

5. Mapping Ground Heat Flux
The perimeters of snow-free areas are assumed to represent pseudo near-surface ground heat
flux contours whose values of G decrease with the increasing area of anomalous snow-melt.

• A Triangular Irregular Network (TIN) was created to
interpolate between these vectors.
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• 25 ground-heat flux measurements used to calibrate TIN
values to heat flux via a linear relationship (below left).

7. Conclusions

Snow-free Perimeters Used
to Create Interpolated TIN

• Reasonable agreement (R2 = 0.55) between predicted and observed ground heat flux values
derived from snow-melt extents: predicted values are slightly lower perhaps related to
undersampling of small areas with very high ground heat flux values (e.g. upwelling zones).
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• Snow-melt and Geoprobe heat flux maps and total heat flux (Q) estimates are broadly
consistent; Q from snow-melt likely represents a lower bounds.
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• Preliminary total heat flux associated with hot springs [4] + heated ground = ~7-9 MWth

• The resultant heat flux map (see panel 6) was validated
with the remaining 25 ground measurements (below right).
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9 ASTER scenes acquired during the winter to spring transition periods from 2001-2006 were
analyzed. The imagery was precisely co-registered and perimeters of snow-free areas delineated.
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• Remote sensing observations of snow melt coupled with limited field measurements can be
used to estimate the heat flux associated with geothermal ground in cold environments.

Predicted versus observed G

Linear relationship used to convert TIN values to G
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• Total ground heat flux (Q) calculated for each method by summing the pixel values for the
geothermal ground (results shown on figures above).

• Snow-free perimeter vectors for the different dates were
assigned arbitary values from 100-50 based upon size of
the snow-free area (smallest = 100; largest = 50).
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