In-situ Volcanic Plume Monitoring at Solfatara Volcano and Vulcano

10t Harsh Environment Mass Spectrometer
Workshop, Baltimore MD 14 Sept 2015

J ‘é‘,r‘ T—A_.A":’ 3 -,f:.;;- A : S
Dr. Kenneth Wright
Chief Scientist -Mass Spectrometry
ISS Engineering. INFICON Inc.

Dr. Jorg‘é Andres Diaz

T ‘ : Professot. Physics School.
) WS, S . | University of Costa Rica
Vileizigle) ufsifetgle e ezt . Sept 2015 : : % Head GasLab. CICANUM. UCR

R\ R~



Collaborators

David Pieri. PI
JPL, NASA

Fabrizia Buongiorno, Malvina Silvestri,
Fawzi Doumaz, Massimo Mussachio
INGYV, Rome, Italy

Stefano Caliro

INGV- Osservatorio Vesuviano, Napoli

Jamie Winfield, Peter Santariello
INFICON Inc. East Syracuse, NY
Jochen Puchalla, Volker.Trieb
INFICON. Cologne Germany

Jet Propulsion Lahoratow Istituto Nazionale di
California Institute of Technology Geofisica e Vulcanologia

Robert Kline-Shoder

CREARE Inc. Hanover, NH ' INFICO

Ernesto Corrales, Alfredo Alan,, Francinie Arias, Oscar Alegria
Universidad de Costa Rica. Physics School. GasLab. CICANUM, Costa Rica

Matthew Fladeland Co-I
NASA Ames Research Center. Moffett Field, CA



. > e S "
Motivation: - i b
’ ¢ . ~

Volcanic Emisaions Characterization f" ?

A 4

'

- - PR - v
5 : ;
! A 11 i
. a4
.

O Volcanic airborne emissions can have devastating
economic effects, and directly threaten human life.

O Current remote sensing retrieval and transport models lack
in situ validation data.

Q Chronic and pervasive problem, identified in domestic and
international forums

internal chemical and physical process ithin volcanic
plumes, and the boundary conditions ‘)both NENS
retrieval models and predictive models

U Need for better understanding of the iroperties and

r cloud
trajectories.




In Situ UAV Plume Characterization Project
Objective:

In-situ volcanic plume analysis from small UAVs for
volcano monitoring and satellite CAL/VAL
Measurements:

* SO2, H2S, CO2, He, CH4 and other gases

* Temperature + pressure + humidity;

* GPS location and altitude

* Particle count by size

* Solid aerosol (ash) samples for post-flight analysis Z%rji‘_:*—' ~- Murrialba Voleano
Instruments: Mini-mass spectrometer, Electro-chem N = / ==

MEMS based SO2, CO2, H2S, CH4 sensors; radiometer _
particle drum-impactors, laser diode/optical particle &
counters, size, frequency analyzer, ash samplers.

.

Where: Turrialba Volcano (COSTA RICA)
Solfatara a & Vulcano island, (ITALY)
Kilauea Volcano (HAWAII)

How:
CARTA Missions (1/yr) , Italy Volcano Missions (1/ yr)
InSitu Deployments ( every 16 days)



Long term CARTA-UAV In situ Deployment Strategy:

Simultaneous fixed-wing, blimp, and tethered aerostats UAS airborne observations,
integrated with in-situ instrumentation with simultaneous orbital and ground-based
remote sensing. Operate in airspace too dangerous for manned aircraft—over and
around actively erupting volcanoes.
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environmental impact and basic volcano processes
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Tethered *Improved models for Aviation ash hazard mitigation
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Previous MS Developments from
this project for Volcanic Monitoring

1) QMS: Kilauea Volcano ( Quadrupole) 1997, 32 kg
Feasibility Study. In situ ground based deployment

2) Compact Double Focusing MS: Poas & Irazu Volcanoes
(Miniature Magnetic Sector) 1999, 8.2 kg

Univ. of Minnesota Ph.D Thesis & US Patent #6,501,074

Technical Implementation . In situ ground based deployment
Inficon Tool Check RGA Implementation .

3) AVEMS: Turrialba Volcano ( Quadrupole) 2003, 32 kg

NASA-KSC Collaboration.
In Situ and 3D Gas mapping with on Board calibration

Ground based and airborne deployments
4) ULISSES: Turrialba Volcano ( Quadrupole) 2008, 10 kg

In Situ MS analysis and 3D Gas mapping W g oy
Ground based and airborne deployments & } W | '\

o . - < g \N\"_\‘ 17 (
First Satellite Cal/Val campaigns &‘ 2 ‘{\i;‘ -




In-situ MS data milestones

e  MS dataon awakening of Turrialba A International Joti
Volcano (IJMS Cover page) e

* Helium signal before and after eruption

* Moved away from in-situ ground data
due to high risk W

e Moved to UAV platforms (Delta wings Mass SDEC"O

and tethered balloon measurements)

In-Situ Airborne MS Instrumentation for Volcanic Gas Studies

Turriaiba Volcano. In Situ MS Ground Measurement
ULISSES, 10th Oct, 2009

Before 1/5/2010 Eruptio
(below LOD)

Ces (8)

arb units

i 4180 - 5130
3 " t = 18 25604180

1290 - 2560
Turriaiba Velcano, In Situ MS Ground Measurement
ULISSES, 19th Jan, 2010 e et 450-1290

After 1/5/2010 Eruption
(~20ppm)

20 ppm aversge

arb units



UAV MS Platforms for In-situ Analysis

AUTONOMOUS HELICOPTER
Span: 32 in
* Payload: 6 kg
* Range: 10 mile
* Flight Duration: 30 min
b e A o e 0 * RTF Weight: 12 kg
SRS SR R T o Max Altitude: 7000 ft AGL

 RESPONDER UAV

ITALDRONE

* Diameter: 10t

* Payload: 10 kg

* Range: 1mile

* Flight Duration: 30 min

* RTF Weight: 23 kg

* Max Altitude: 6,500 ft AGL

OCTOCOPTER



UAX Platforms and In-situ Analysis

VECTOR WING 500

* Wingspan:150in

* Payload: 5 kg

* Range: 3 mile

* Flight Duration: 45 min

* RTF Weight: 30 Ibs

* Max Altitude: 7,000 ft agl
* Air Speed: 20-50 knots

INVERTED V-TAIL UAV
* Wingspan: 20ft

* Length: 11.8 ft

* Payload: 100lbs

* Range: 600 miles

* Flight Duration: 10 hrs

* RTF Weight: 400 Ibs

* Max Altitude: 12,000 ft
* Air Speed: 50-80 knots

SIERRA: Science Instrumentation
Evaluation Remote Research Aircraft



UAS-MS-XPR3
- XPR3 miniature quadrupole MS
- CREARE Drag + Scroll Pumps
-10-3 Torr operation. Direct sampling
UAS-MS-MPH
-New MPH fast response quadruplole MS
- New Pfeiffer Turbo Molecular Pump + Diaphragm pump combo
-10-5 Torr operation. Direct sampling. On Board calibration

h
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RESEARCH & DEVELOPMENT

OAS-M

Miniature Drag-Only Pump

* Molecular Drag-Only Pump Application

— For miniature small mass specs, (shorter mean free
path, higher operating pressures)

— Lack of turbomolecular stages reduces complexity
and cost, while increasing durability

— Can pump down below 104 torr

* Key Specifications for Pump
— Operation from -40°C to +50°C
— Survival -55°C to +120°C
— Compression ratio of > 10°
— Exhaust to 10 torr

— Inlet flow rate > 1 liter/sec Creare’s Drag-Only Miniature Pump:
— Compact size enabled by high-speed operation at _
200 krpm Power: < 10 Watt

« Mass: 150 gr
* Size: 3.3-in X 1.3-in (@)

Copyright © 2013

Creare Incorporated

An unpublished work. All rights 12
reserved.



RESEARCH & DEVELOPMENT ”/
Y / 4‘

Miniature Scroll Pump (Backing)

* Miniature Scroll Pump (MSP) Applications

* Key Specifications for Pump

MSP is a rough pump, enabling Creare’s High-Vacuum
Pumps to exhaust to Earth atmosphere

The scroll pump uses two interleaved spiral-like vanes to
pump or compress gases to 760 torr

One vane is stationary, while the other rotates at relatively
low speed with a fixed orbit

The orbital motion causes the formation of sealed gas
pockets, which compress the gas as they move inwards
toward the exhaust

Operation from -30°C to +50°C
Survival from -30°C to +85°C
Compression ratio of > 103
Exhaust pressure of 760 torr

Inlet flow rate > 1 liter/min at 1 torr
Lifetime of > 2500 hrs

Creare’s Miniature Scroll Pump:
Power: <5 Watt

Mass: 350 gr

Size: 4.1-in x 2.3-in (2)

Copyright © 2013
Creare Incorporated
An unpublished work. All rights 13

reserved.



Integration Done May 2015. Fly test in Oct 2015
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Transpector MPH w/ HiPacelO Lite

* Transpector MPH (0-200 m/z
linear quadrupole MS)

« dual filament open ion source
1.5 m capillary inlet

 50-53 W (4-5 hours on battery)
« ~19kg

» Pfeiffer HiPacelO Lite turbo

* Windows computer (7 W)
1510 Pelican (carry-on size)

o o GVINFICON
e

“1 INFICON




INFICON's Transpector MPH

 Ultra Fast Measurements
Lower Minimum Detectable
Partial Pressure (<1E-15 torr).

- Smaller and Lighter (>30% F

weight reduction) i
* Nine Decades of Dynamic
Range.

* Field Replaceable EM/FC
Detector (Detector Technology)

* Field Replaceable Dual
Filament Assemblies (W or
Y203/lr).

« Easy to Use Programming
Interface - JISON over HTTP or




New Transpector CPM Controller

 More Compact
« Controls any Pfeiffer Turbo

« Gauge inputs w/built In
protection for MS

* Relays and I/O for valve — mm [

rrrrrrrrrrrrrrr ™M

control, etc...

« Control software with powerful
FabGuard software or write
your own JSON scripts

* Quickly make any sampling
system using any ion source
(open, crossbeam, closed) and
any Pfeiffer pump

@ 'TNFICON HEMS 2015 19



Transpector MPH & HiPacelO Lite
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Battery and AC Power

« System requires ~ 50 W with
on board computer option.

 Power distribution with 2 small ‘. ,\ ——
boards. e o
« Hot swap batteries "

« Uninterrupted switching from
AC to batteries

e 2 lithium ion batteries for ~ 4-5
hours of run time.

e Battery LI-145, 140-150 Wh,
12V, smart circuit tech, charge
iIndicator.

* Vehicle power adaptor (10-
30V, civilian or military)




Transpector MPX electrical interconnects as of 20150909

In pelican case cover In pelican case base
Battery |, > € > fitlet S Sl Case Fan
{10-16.8V) Input: 10-15V Router
DC/DC
Converter L
Input: 9-22V h
Output 24V
e Manifold
Battery Power Select »<«— Turbo Fan Pressure
(10-16.8V) Pump Gauge
Cable Transpector MPX
Box
Bulkhead —
Connector F
(24V) _— ‘
Rough Rough Sample
Pump Pump & Draw
Driver Vent Valve Pump

Indicate
Connectors




Control and Connectivity

« Fitlet PC is a small computer
running Windows. FabGuard
can be loaded on here so that
the system can run by itself.

10.8 x8.3x2.4cm
250 g
~7W

Fillet: 64-bit quad core 1.2GHz,
8 GB RAM, 120GB SSD
MSATA, Wireless: WLAN
802.11ac & Bluetooth, 2x USB
3.0 & 3x USB 2.0, 2x HDMI,
microSD, serial....its pretty
awesome.

Can use your cell phone as
hotspot to connect
tablet/laptop to Fitlet OR ~
small wireless router.

‘1]NF1CON Presentation title goes here 0000-00-00 23




Wireless Router iIs Sometimes Needed

* No cell coverage on volcano
Island!

« If you want to use remote
desktop to connect to onboard
computer it needs to havea @
user name and password.

« TIP: At command prompt type

automatically login when
computer starts!

» | prefer Teamviewer when
using my cell as a hotspot.




Solfatara

%ﬁ' b

Campania

A W ffé,gc_:olae\
Bacoli Torre del

Greco

Models predict 800,000 dead in <.

first 20 minutes of eruption

Google




Solfatara

/\  WARNING

High temperature of soil and steam
Temp. 160° C ~ 320° F - Press. 15 mbar
Burning danger

Stay clear of the fumaroles

Do not climb up the slopes

arole Do not crowd around the fumaroles
Do not climb over the fences




Sampling @ Solfatara




Solfatara Fumaroles
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MPH on
SIERRA
WYA\VS

Integration:;
Jul 2015

Fly Test:
Nov 2015

Deployment ;
Mar 2016
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Performance

- Very fast scanning capabilities (6 Hz, full scan)
- Large Dynamic Range

1.00E-06
Ar(40)+
m —0 ppm (Ar
1.00E-07 UHP)
H2+ m N2(28)+
1.00E-08 4
CO2+
m ﬂ 02(32)+ ——100ppm
. He+ Ar(36)+ m
= H20(18
02) 1.00E-09 | ﬂ ) W
\ “ f\
B N\ Ar(38)f
ﬂ h {\ —1000ppm
1.00E-10 4 N2(29) a ﬁ
N N 02034}
1.00E-11 4
ﬂ ﬁ : ——10000ppm
1.00E-12 m—”‘l'\www}ww\\} ‘VJ‘I_F
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Mass

H2, He, N2, 02, CO2 cal gas sample : Zero, 100, 1000 and 10000 ppm in Ar balance
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Vulcano Island Deployment Results

Explorer MPH System
MPH-CPM200M - Vulcano Island- Fumaroles
Summit Crater . Set 3, 2015
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UAS-MS-MPH
Explorer
High
Degassing

Aqua Calda:
Qcean degassin

Inficon Data
MPH-System. Aqua Calda. Vulcano Island
Italy - Set 7,2015
150 200

Arb Units

Time (sec)

——64_amu ——44_amu_(CO2)

——4_amu_(Helium) ——16_amu_(Methane) —— 34_amu_(H25)



Other Volcanic Monitoring System

@' NFICON
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24 hour Helium Detection System base on

T-Guard for Satellite triggered acquisition

e

Volcano

SV ac/oc

converter

T-Guard
Ref
ﬁ—/\‘_ Pressure Reducer
Membrane (+50 mbar)
Pump

Meas

Filter

Helium increase observed when instrument was
brought close to fumaroles. Test station currently
under development to filter Acids and provide

continuous power



Res Project Collaboration
(LUNAR Lander for ISRU)
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