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Carbon Sequestration
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Bayou Corne, LA - 2014

Lake Nyos, Cameroon - 1986

35 Acre Sinkhole

1,700+ Dead in 1km2

Jones, C. E. & Blom, R. G. Bayou Corne, Louisiana, sinkhole: Precursory deformation measured by radar interferometry. Geology 42, 111–114 (2014).
Photo Credit: Peter Turnley, Getty Images, 1986

Preventable
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Microseepage
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Well-to-Well Leakage

Nordbotten, J. M., Celia, M. A., Bachu, S. & Dahle, H. K. Semianalytical Solution for CO2 Leakage through an Abandoned Well. Environ. Sci. Technol. 39, 602–611 (2005).
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Sensing Needs

● Sensitive near global baseline
● Low-Power
● High Sampling Rate
● Remote Monitoring
● Cover a large area
● Bonus Challenge: Do it cheaply
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Current Options

LIDAR
Eddy Covariance

Gas Tracers (e.g. SF
6
)

Single Sensors
Satellites

http://www.co2captureproject.org/images/monitoring_diag1.jpg
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Importance of the Diel Cycle

● Gas concentrations fluctuate through the day
● Methane is high during the day, carbon dioxide 

during the night
● Hard to sample
● Common cause of graduate student suffering
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MQ-4 CH4 Sensor

MPXA6115A Pressure sensor
from NXP Semiconductors

SHT75 Temperature/Humidity
Sensor from Sensirion

K-30 CO2 Sensor from CO2Meter
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Edinburgh Gascard CH4 – From Edinburgh Sensors
 - Accurate and Precise Methane Detection
 - Temperature and Pressure Correction
 - Higher Power Consumption
 - Requires Flow Regime
 - Costs ~1000x as much as the MQ-4
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CO
2
 Sensor Baseline
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CH
4
 Sensor Baseline
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Optical vs. Chemiresitive

http://www.edaphic.com.au/knowledge-base/articles/gas-articles/ndir-explained/
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Barsan, N., Schweizer-Berberich, M. & Göpel†, W. Fundamental and practical aspects in the design  of nanoscaled SnO2 gas 
sensors: a status report. Fresenius’ Journal of Analytical Chemistry 365, 287–304 (1999).
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Optical Sensor Response
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Chemiresistive Sensor Response
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Overshoot Spikes

512 ppm 609 ppm 784 ppm 1136 ppm 2203 ppm
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Optical
Linear Response

Chemiresistive
Nonlinear Response
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Tycon Power Systems. RemotePro Data Sheet. (2014).
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Discharge at 144Ω
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Time to Shutoff with Current
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Capacity Loss of Batteries
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PTP Network

Bus NetworkMesh Network

Linear Network
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CSV
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Sensor Node Boards

EEPROM and SD
Storage

Programming
Serial Interfaces

Switch
Circuits

Level shifters
and converters

Xbee
Communication

12V to 5V
Supply

12V to 5V
Supply

12V to 3.3V
Supply
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Communication Node Boards

Cellular Modem
Breakout Header

Pump Controller,
Power Supply

Cellular Modem
Power Supply

Gascard header,
Level converter

12V to 5V
Supply



 38

Kintel, M. & Clifford Wolf, C. OpenSCAD, The Programmers Solid 3D CAD Modeller. (2011).
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Proving Grounds – North of OSU
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KSWO. Weather History for KSWO from July 1, 2014 to July 31, 2015 [Dataset]. (Weather Underground, 2015).
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Unmanned 
Aircraft 
Flight 
Station
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CO
2
 Sensor Response
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CO
2
 Average at UAS
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CH
4
 Sensor Response
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CH
4
 Average at UAS
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Daily Gas Concentration Cycle
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Events: Greater than 2σ
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CO2 CH4

1s in video = 8.33hr data
             @ 100 fps
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CO2 Enhanced Oil Recovery Pilot Well in the 
Anadarko Basin near Farnsworth, TX
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CO
2
 Sensor Response
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CO
2
 Average at Farnsworth, TX
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CH
4
 Sensor Response
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CH
4
 Average at Farnsworth, TX
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Daily Gas Concentration Cycle
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Events: Greater than 2σ
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Conclusions
● Networked sensor arrays can monitor large areas of land 

effectively for changes in gas concentration.
● Microseepage events can be detected by the sensor 

array, and these are currently being compared against 
known releases.

● Controlled release tests of gas in the UAS airfield are 
planned to observe how the network behaves during a 
significant release.

● Devices are being applied to other applications for 
remote monitoring...
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If the platform is the big development...

let’s see what else we can do with it
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Corrosion of Concrete

● Concrete undergoes redox chemistry during 
corrosion.  It is important to quantify this to 
predict potential failures. 

● Impedance measurements
● Temperature dependent
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Concrete Testing - Circuit
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Concrete Testing – Board V1
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Concrete Testing – Board V2
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Concrete Testing – Latest Board
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Conclusions

● Multiple impedance measurements can be 
performed by a single unit.

● Allows for remote monitoring of concrete 
structures

● Keeps all of the benefits of the gas detector 
network of sensors.



 66

Acknowledgements

--Committee--
Prof. Nicholas F. Materer*
Prof. Allen Apblett
Prof. Christopher J. Fennell
Prof. Jeffrey L. White
Prof. M. Tyler Ley (CivE)

--Lab Members/Colleagues--
       Eric Butson
Dr. Evgueni Kadossov
Dr. Travis James
Dr. Shadi Alizadeh
Dr. Ahmad Soufiani
Dr. Raj Pitchimani

--Project Members--
Prof. Nicholas F. Materer
Prof. M. Tyler Ley (CivE)
Prof. Peter E. Clark (PetE)
Prof. Jack C. Pashin (Geol)
Prof. Jamey D. Jacob (AerE)
Dr. Girish V. Chowdhary (former prof)
Dr. Xiaodan (Sonia) Li (CivE postdoc) 
Dr. Taehwan Kim (CivE postdoc)
       Jake LeFlore (CivE)
       Leonard C. Garcia (New Mexico Tech)
       Pouya Amrollahi (CivE)

--Family/Friends Who Helped--
Dr. Claire M. Curry
       Janet L. Honeycutt
       Leon

Project Funding:

DE-FOA- 0000798



 67

Questions?
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K-30 FTIR Optical Sensor

A=εbc
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General Battery Discharge
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Discharge at 181Ω
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Discharge at 235Ω



 72

Weather Damage
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