Earth Sciences Division
Berkeley Lab

Research Summaries
2004-2005

DETECTION OF HIDDEN GEOTHERMAL SYSTEMS BASED ON NEAR-SURFACE CO,
Jennifer L. Lewicki and Curtis M. Oldenburg
Contact: Jennifer L. Lewicki, 510/495-2818, jllewicki@lbl.gov

RESEARCH OBJECTIVES

The majority of hydrothermal systems with obvious surface
expressions in the U.S. have been explored to determine their
development potential. Consequently, discovery of new geo-
thermal systems will require exploration of areas where the
resources are hidden. Emissions of moderate-to-low solubility
gases may be one of the primary near-surface signals from hid-
den geothermal systems, and detection of anomalous gas emis-
sions may be a tool by which to discover new resources. Carbon
dioxide shows promise because it is the major noncondensible
gas present in geothermal systems, has moderate solubility in
groundwater, and is measurable by numerous technologies.
The objective of this work is to design an integrated measure-
ment, modeling, and analysis strategy to identify geothermal
CO; in the near-surface environment, with the goal of discover-
ing hidden geothermal systems.

Figure 1. Coupled CO, subsurface migration and surface-layer
mixing at t = 200 years for one heterogeneous permeability real-
ization, source CO; flux =576 g m2 d-1, and constant wind speeds
of 1 m s’ (upper plot) and 3 m s1 (lower plot). CO, concentration
is in mole fraction.

APPROACH

Simulations were conducted using the numerical code T2CA,
a coupled subsurface-atmospheric surface layer flow and trans-
port model, to estimate near-surface CO, concentrations and
fluxes that might result when CO; leaks from a hidden geother-
mal system at depth. The geologic framework of the modeled
hidden geothermal system was based on an arid Basin and Range
Province system. Observed sources, as well as the spatial and
temporal variability of natural background CO; fluxes and con-
centrations in the near-surface environment, were also evaluated.
Methods were designed to detect geothermal CO, emissions

within the background variability of CO,, integrating field meas-
urement technologies with statistical analysis and modeling
approaches.

ACCOMPLISHMENTS

Near-surface CO; fluxes and concentrations were simulat-
ed for different geothermal source CO, fluxes, homogeneous
and heterogeneous permeability structures, and constant wind
speeds. Results show that CO, concentrations can reach high
levels in the shallow subsurface, even for relatively low geo-
thermal source CO, fluxes (Figure 1). However, winds are
effective at dispersing CO, seepage. Technologies to detect
CO;, in the near-surface were evaluated for detection capabili-
ty and cost. An exploration strategy was proposed involving
integrated measurement, modeling, and statistical analysis to
characterize the spatial and temporal variability and source of
CO; in a background system and the area targeted for explo-
ration. Emphasis was placed on using time- and cost-efficient
methods to determine whether CO, derived from a geothermal
source is present, and if so, the spatial extent of the anomaly.

SIGNIFICANCE OF FINDINGS

The proposed near-surface CO, monitoring and analysis
strategy is designed to search for relatively small geothermal
CO, signals within the background variability of CO,, using
relatively low-cost and time-efficient methods. Further geo-
physical measurements, installation of deep wells, and geo-
chemical analyses of deep fluids can be guided by the results of
the near-surface CO, investigation.
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