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Jones, C. E. & Blom, R. G. Bayou Corne, Louisiana, sinkhole: P;ecursory deformation measured by radar interferometry. Geology 42, 111-114 (2014).
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Sensing Needs

* Sensitive near global baseline

_ow-Power
High Sampling Rate

Remote Monitoring

*Cover a large area
* Bonus Challenge: Do it cheaply



Current Options
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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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Edinburgh Gascard CH, - 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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A~ 409.92 parts per million #CO2 in the 17th

week of 2017 ® Up from 407.67 in 2016 &
#NOAA weekly data via co2.earth/weekly-
co2

1
A,

Weekly Averages | April 23 - 29
Last Week 409.92 ppm
Week Before Last 400.61 ppm
1Year Ago (2016) 407.67 ppm
10 Years Ago (2007) 386.85 ppm

Qan/ data: NOAA-ESRL Mauna Loa Observatory
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CH, mole fraction (ppb)

January 2017: 1851.4 ppb

January 2016: 1842.3 ppb

Last updated: April 5, 2017
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MQ4 conductivity (S)

TGS2611 conductivity (S)

CH, Sensor Baseline
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Optical vs. Chemiresitive

Chamber Inlet
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Increasing

with CH, flux
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Barsan, N., Schweizer-Berberich, M. & Gopelt, 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

Gascard Response (ppm)
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Chemiresistive Sensor Response
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Overshoot Spikes
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Sensor Response

Sensor Response
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Optical
Linear Response

Chemiresistive
Nonlinear Response
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2
L

K-30 SE-0018 31.1

COZIR AMB GC-020 )

Gascard CO5 | 0.00862
MSH-P/HC/CO2/ 57.6
MSH-DP/CO2/ 6.60
Telaire T6615 22.9

/

?

CH,

Lngeary)
o S
Gascard CHy )

MSH-P/HC/CO2/ 7.44%
MSH-DP/HC/ 2.42%
TGS-2600 33.31
TGS-2610 29.01
TGS-2611 3.951

" Calculated from Lang-

muirian fitting.

' Failed to produce consistent
response within tested range.
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Tycon Power Systems. RemotePro Data Sheet. (2014).
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Time to Shutdown (s)
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Cellular Modem
Breakout Header

Pump Controller,
Power Supply

|

* ™ Research Group

O —
cuoisoury B
R

a9g £
® E= |

T
DEBUG™ ~

wso il
R60 [fjif}

Smaltl Mesh =
Sensor Board I
Main (vers.2.1) =If
OSU-—Materer o
o °
(ol e) 25 "l
Aidi N”JN1 O ffidl| c29 sl
ETPTET . <0
5 Feifzs
1104, =
r72[f5 W0 |[F=Mr7s ™

Y] jvom.-.g[o \rﬁt“
BUTLISITH
[

06 RGO |
I~ |Assaciate

AL

Gascard header,
Level converter

Cellular Modem
Power Supply

12V to 5V
Supply




SRRRRERY

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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de Conc.

CO, Sensor Response
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Carbon Dioxide Concentration (ppm)

CO, Average at UAS

600

Mean :413.986
Bin S5ize :1.72432
600 ——————————— 500 Skewness : -1.13946e-13
Kurtosis : 1.79976

550 |

400

500

300

Counts

200

oo bt 100
08/01/16

o 7 o =
<% u - @,

Carbon Dioxide Concentration (ppm)

7 i 7 ny
«—}5\ d‘@ {*9 )



Methane Conc.

CH, Sensor Response
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MEINANE N30T LONAUCLIVITY ()

CH, Average at UAS
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Methane Conductivity (S)

Daily Gas Concentration Cycle
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Methane Conductivity (S)
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1s in video = 8.33hr data
@ 100 fps
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CO, Enhanced Oil Recovery Pilot Well in the
Anadarko Basin near Farnsworth, TX
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Carbon Dioxide Conc.

CO, Sensor Response
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Carbon Dioxide Concentration (ppm)
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Methane Conc.

CH, Sensor Response
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CH, Average at Farnsworth, TX
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Methane Conductivity (S)

Daily Gas Concentration Cycle
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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 — Board V1

T ||

3 5

ffgl mp Board L¢l) \io.l.)-
S OSU—Melerer Resesrch Group

62



Concrete Testing
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Concrete Testing — Latest Board
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Conclusions

* Multiple iImpedance 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.
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Weather Damage
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