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Thank  you.  Muchas Gracias

Target: Low cost  is-MS volcanic plume  analysis from 
inexpensive UAVs  for satellite cal/val + air assessment

Turrialba Volcano

Diaz oral presentation, last page. 7th HEMS 2009 St Barbara, CA.



Challenge: Volcanic Clouds Characterization 
( Real Harsh Environment!!)

Eyjafjallajoekull Volcano
(ICELAND) April 2010



Challenge: Volcanic Clouds Characterization
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Challenge :  In Situ data for  Satellite Cal/Val
�

�

�



Kilauea Volcano (Hawaii)
Field Test

B site field test
Halemaumau Crater

MS system

 Kilauea Volcano B Site 
Field Measurement 
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 Kilauea Volcano. Sulfur Bank
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•In-Situ Volcanic Emissions Measurements

Collaboration with vulcanologists



Project Scope : In-Situ + remote sensing

integration of active volcanic plumes data for
CAL/VAL of Satellite Remote Sensing Information

Objective:

Products:
•

•

Benefits:
•

•
• Impro

Approach: 
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Airborne  UAV Platforms

Platforms ► SIERRA (ARC-NASA)

(so far): ► Tethered Balloon (UCR)
►Wing-100 UAV (UCR )

Other Platforms (interested)

►Scan Eagles (University of Alaska Fairbanks)

► MiniZepp (JPL, Callifornia Institute Tech)
► AN/FQM-117B electric drones (LRC-NASA)
► Data Mules (mini-UAVs) (Arizona State Univ.)
► Tethered blimps (Aerostats) (WFF-GSFC-NASA)



Sensor Instruments
Measurements:

• In situ ash, SO2, H2S, CO2, He, and other gas 
concentration; 

• Temperature + pressure + humidity; 

• GPS location and altitude; 

• Particle count by size 

• Solid aerosol (ash) sampling for post-flight SEM 
analysis 

Instruments: 

Electro-chem MEMS based SO2, CO2, H2S sensors; 
radiometer particle drum-impactors, laser 
diode/optical particle counters, size,  frequency 
analyzer, samplers; mini-mass spectrometer

Where: 

Turrialba and Arenal Volcanoes (COSTA RICA)

� ULISES (UCR):

Mini Mass Spec + Met Data+ GPS

� Aeropod (NASA-WFF-GSFC)

SO2 + Met Data+ GPS



WHY ?

Turrilaba Volcano

Arenal Volcano

Poas Volcano

Irazu Volcano

Tenorio Volcano

Rincon de la Vieja Volcano
Miravalles Volcano

CR ACTIVE VOLCANOES

Why



CARTA MISSION 2003
(Costa Rica Airborne Research and 

Technology Applications)
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3D Concentration Mapping with  Portable MS Systems (GPS + isMS) 
Arenal Volcano , Airborne.



3D Concentration Mapping with  Portable MS Systems (GPS + isMS) 
Turrialba Volcano , Airborne.



3D Concentration Mapping with  
Portable MS Systems (GPS + isMS) 
( Ground )



• RGA200 from SRS.
• Direct sampling, Bypass, Heated Inlet
• Alcatel 31+ or Pfeiffer Turbo
• 2 KNF pumps (SDS, Backup)
• Battery operated, 20 lb, 96W max

Utilization on In-Situ Instrumentation
and Remote Sensing for the Study of
Gaseous Emissions at Active
Volcanoes (ULISES)



Cover Page IJMS  HEMS Special Issue Aug 2010 



Volcán Turrialba. Ground

Helium detected at Turrialba
Volcano after eruption and new vent
formation

ULISSES -α  α  α  α  Results: Ground Gas MeasurementsULISSES -α  α  α  α  Results: Ground Gas Measurements



� Video

ULISSES-αααα
Airborne Flight Test



In-Situ + Remote Sensing Data Set

Volcán Turrialba. Vuelo
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Results: Using  sUAS for volcanic plume analysis



• Miniature Double Focusing
Magnetic Sector MS

• Tool Check (INFICON)
• Direct sampling,Bypass,
• CREARE Mini Turbo pump
• 1 KNF pump
• UAV Battery,
• 6 lb, 30 W max

1998 CDFMS , J. Diaz, UMN, Ph.D Thesis.

Patent: #6,501,074



Electric poles

3D  Potential
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B

Miniature Mass Spectrometer Development

CDFMS Ion Simulation

Air Sample
  Inlet : Frit 15 sccm/ 1500 psi 

MCP -1100V/ -100V,  50 uA bias
Filament: 0.9 A , 1.5 V

Resolution: 106 @ mass 28 amu

-10000

90000

190000

290000

390000

490000

590000

690000

790000

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

M/Z

In
te

n
si

ty

CDFMMS Spectrum 11/3/98
Inlet testing

N2+

N+

O2+

H2O+

O+

OH+

Ar+



Tool Check Mass Spectrometer Testing

 DYNAMIC RANGE (N2 BACKGROUND)
Ion Monotoring vs Time

OP4

1.00E-10

1.00E-09

1.00E-08

1.00E-07

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

0 1000 2000 3000 4000 5000 6000 7000

Time (s)

S
ig

n
al

H2 He H2O N2 O2 Ar

H2 He H2O N2 O2 Ar

Linear Dynamic Range Calculation 
Signal Vs Real Concentration

y = 3E+10x - 371.05
R2 = 0.9999

y = 3E+10x - 16.049
R2 = 0.9999

y = 5E+09x - 1525.5
R2 = 1

y = 3E+10x - 61.431
R2 = 1

0

5000

10000

15000

20000

25000

30000

0.0E+00 1.0E-06 2.0E-06 3.0E-06 4.0E-06 5.0E-06 6.0E-06

Signal (Arb)

R
ea

l C
o

n
ce

n
tr

at
io

n
  (

p
p

m
)

H2 He O2 Ar Linear (H2) Linear (He) Linear (O2) Linear (Ar)



• ART-MS (Elec Ion Trap)
• Tool Check (INFICON)
• Direct sampling, Pulsed
• NEG Pump
• UAV Battery
• 4 lb, Very Low power

�25

�830 ARTMS-HEMS Demo System:
�NASA SIERRA-UAV Nose
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VectorWing100 VIDEO 

�http://www.youtube.com/watch?v=MHiTqvH0JYs


