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Volcano, Colombia
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Pros

=> Multi-molecular, quasi-simultaneous analysis possible
=> High sensitivity analysis (ppb to ppt)

=> Reasonably compact & robust MS now available

=> Promise of isotopic analysis

=> Applications are diverse and growing
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Features:

* Designed for corrosive gas resistance (volcanic gases)
Capable of long-term deployments, using solar panel
Capable of real-time data via wireless or cabled telemetry
Capable of simultaneous multi-molecular monitoring

of dissolved gases & volatile organic compounds



g Internal components of the
_4 QVMS prototype on its
» aluminum chassis

QVMS titanium housing
with gas drying cartridge
under PVC sun shield
(black)

(Q = quadrupole MS)



Volcano Mass Spectrometer (VMS) Wiring Diagram
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Board Relays: Programming Sequence:

. ¥-5 ON (RP on) 1 min.
. Y-2 ON (Sample line flush) 1 min.
. Y-2 OFF

Y-1 S-3 = Sample Solenoid Valve 1

Y-2 S-1 = Line Flush Solenoid Valve 2

Y-3 S-2 = Capillary (formerly By-Pass) Solenoid Valve 3

Y-5 RP = Diaphragm Rough Pump 4. Y-3 ON (Capillary open)

Y-6 TP = Turbo Pump (large relay) 5. JP-22 (TC record (2) + TT record)

Y-7 RGA = RGA power (+24V) 6. Y-6 ON (TP on) 4 min.
7. Y-7 ON (RGA on, filament on) 1 min.
8. Y-1 ON (Sample solenoid)
513 RGA faraday scan (1), EM scan (1) 3 min.
1
1
1

Board Connectors:

JP-14 RGA Comm. = RS-232 comm.
JP-22 TC = Thermocouple Temp. probe

JP-14 (RGA Comm.)
Y-1, Y-3, Y-7, Y-8 OFF 1 min.

t1).
2. Y-5 OFF (RP off)
3. Rest (time = ## min.)

RJ-45 Ether = board comm.

Board Direct:
Terms:

RGA = Residual Gas Analyzer

Faraday = Fafada?( cup detector

EM = Electron Multiplier detector

Capillary = capillary line flow (press.) reducer
Aperture = aperture flow (press.) reducer

TT = Thermistor Temp. probe




Schematic of Quasi-Real Time Gas Data Monitoring Radio
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Sulphur Banks, March 14-17, 2006

MS Response (counts)

Gas Ralio

Arrows indicate standard gas
bottle sampling at the fumarole
during deployment, recovery and
two of the battery changes.

MS Response (counts)

MS Response (counts)

Yellow bars indicate periods of

thermal and gas anomalies detected
within this short time-series test.
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Comparison with bottle sampling

Table 1. Comparisons of standard bottle gas sampling (SB-2, SB-4) with in situ quadrupole
volcano mass spectrometer (QVMS) scans, Sulphur Banks, Kilauea VVolcano, March 14-17, 2006.

Bottle ID Collection Location SO,/CO,* SO,/JAr CO,/Ar CO,/He He/Ar
Date/Time

SB-2 3/15/06 After 0.02002 10.239 511.46 86,014 0.0059
1230 hrs condenser

QVMS 3/15/06 0.00025 0.0060 24.0 3,000 0.0080
1230 hrs

SB-4 3/16/06 After 0.02341 89.417 3,819.8 134,064 0.0285
0630 hrs condenser

SB-4 3/16/06 Before 0.03041 24.238 796.95 73,219 0.0109
0630 hrs condenser

QVMS 3/16/06 0.00014 0.0034 24.3 8,090 0.0030
0630 hrs

* Molar ratios. The QVMS ratios are of uncalibrated detector response in counts.




A prototype autonomous, mass spectrometer-based gas monitor has been
built and field tested. First results at Sulphur Banks, Kilauea, show
interesting anomalies beyond obvious artifacts, like interruptions for
sampling and power.

Despite forward planning and design, low-power management of copious
water vapor (steam) in fumaroles remains a challenge.

Comparison with standard gas sampling indicates substantial losses of
reactive gases (SO,, CO,) and perhaps some He. Further lab testing is
underway, but our present bias (working hypothesis) is most of these
gases are lost inside the instrument, in unprotected metal areas, not in the
two water traps.

The remaining major iISsues to overcome are: low-power water
management, and elimination or at least mitigation of reactive gas loss.
Remote communications/solar power should not pose a challenge.

Such instruments continue to hold promise to obtain the much needed
monitoring of multi-species gas chemistry (and isotopes) on active
volcanoes.
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