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The ldea:

Open burn and detonation treatments release aerosol particles:
» Characterize the particles generated
* Track these particles in the environment

— On range

— Fencelines

— Residential areas



|| Particle Analysis by Mass Spectrometry (PAMS)

e k- (Sample In

Particle Enrichment

Embedded
|dentification 5 particle Focusing
Processing H

Particle Sizing (100 kHz)

“particle Fluorescence (30 kHz)
Actual (25 kHz)

Particle Composition (30 Hz)




=

Particle Counts

SPAMS Data

200

100

250

B. atrophaeus spore size distribution 2 UV-LIF B.atrophaeus
2501 266nm excitation ' ' i
800
700 Effectively monodisperse. £ 200f .
600 Ultimate detection limit is a s |
500 single particle I 50 threat
400 g
300 = 100
200 ?
100 Z
0 - —_— L
MU N RN S A S o —
Aerodynamic diameter [um] Emission 400-600 nm
Mass spectrum of single B. atrophaeus (B. globigii) spore

| Dipicolinic 79 42 i +39, +40 |y74 A

= . 123122 . +23
S E|[.] Acid \ 26 : ]
£ i L 6 97 : T
T 134 =l | Dl |
2 5 r-173 -63 :
= e \ i §

<t | -

! ] Hi ‘ iy, JHIBMDIA, {1 \L I ‘I‘ ]! \|||HJ| 1 0L ylin ‘ | .Hw ) A
200 -180 -160 -140 -120 -100 80 60 40 20 0 20 40 60 80
«<—— negative ions m/z positive ions —



Proving the Concept

LLNL Site 300, Bunker 850



Site 300 Background/Post Shot
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& The BAMS at HEAF
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Comp B, 0.9 mJ/Pulse
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Relative lon Abundance (arbitrary units)

LX-17, Decreasing Laser Power
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Expanding the Library: Explosives
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Field Testing
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Plumes

Scattering Events on Laser A

70000

60000 -

50000 -

40000

30000 A

20000 -

10000

A

13:20

13:23

13:26

13:29

13:32
Time

13:35

13:37

13:40

13:43




Before Shot

After Shot
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| Near Field Data: 70 Meters

e Background: 1456 Spectra over 21 minutes

e Shot Spectra: 1365 Spectra over ~2 hours
— Different sampling inlet

 Major Clusters Present:
— Soll, Soot, Ammonium Nitrate with Salts
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Other Background Particle Classes
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Near Shot Data: Before and After
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PAMS/BAMS/SPAMS 2.0 (1)




Particle Focusing

Two stages of
fluorescence
preselection

Advanced Mass
Spectrometer

Improved Software
— XML File Format

Reduced footprint and
weight!




Tracking/sizing
150 um beam

Pre-selection
150 um beam




& Preselection Increases Sensitivity
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SPAMS 1.X vs. 2.0 Mass Spectra
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File Configuration

~ General setting:

Files Name

File saving mode: IExpelimant udl

Base Mame: |Particle

Starting number: 1]

Include DratedTime: v

r~ Files Location

File: Path |

[ Create sub-folder using file base name

J I Folder inerement

! Time duration [min; |3U
& Wumber of Files: |1DUU

i~ Configuration Data
¥ Include Canfiguration Data

¥ Configuration

¥e Application

B BAMTRAK FPGA
B FDA1000 Digitizers
B Ulva 50 D/ Lager
- B Experiment Engine

~ Particle Data
¥ Include Particle Data

Saving Conditions: IAII Particles [+

r Time Data
¥ Include Time Data

¥z Paticle Data

<PailicleSize> "Particle diameter [m]"

TrackedFlightTime: "Parlicle fight time between two track
TrackedSpeed:> "Pailicle speed acioss the entire tracking
FlightTimeaB > "Particle fight time between tracking laser,
FlightTimeB> "Particle fight time between tracking laser

FlightTimeB> "Particle fight time between tracking laser

FlightTimeB> "Particle fight time between tracking laser

<FlightTimeaB> *Particle flight time between tracking laser

= A8 Ms

<MegativelonTOF > "Array of ion time of fight data from the
PositivelonTOF> “&ray of ion time of fight data from the n
MSHit> "Flag Indicating if the mass spectum met the hit re

< | |

[ % Time Data -
@ Track =

K

Track.
@ <ScatterRated: "Number of scatter events per s
[ <ScatterRatel > "Mumber of scatter events per se
[ <ScatterRatel> "Mumber of scatter events per se
-2 <ScatterRateD "Humber of scalter events per st
[ <ScatterRateE > "Number of scatter events per s
[ <ScatterRateFs "Number of scatter events per se
[z <MatchRateBs "Percentage of matching events
<MatchR ateCs ' Percentage of matching events
M= <MatchRateD> "Percentage of matching events _|
== <MatchRateE > 'Percentage of matching events
== <MatchRateF> "Percentage of matching events «
-2 <DivergenceR ateB> "Percentage of divergent e
[:Z] <DivergenceR ateC> "Percantage of divergent ey

[:Z] <DivergenceR ateD> "Fercentage of divergent_eill
- e L 5

— Summary Data
¥ Include Summary Data

Track

‘BB <TotalSeatterds "Tatal number of scatter events on tracking laser A"
<TatalScatterBs "'Total number of scatter events on tracking laser B
<TatalScatterCs "'Total number of scatter events on tracking lager C

1of”

«Self-documenting.
eUser can decide what data to save.
eExtensible if instrument is improved in

the future.

The Files are Now in XML

Openable in most web browsers.

Performances:

Single File

Speed

Size

60 particles/sec

70
Kbytes/particle

Zipped file

Single File

6 particles/sec

26

Speed

Size

60 particles/sec

41
Kbytes/particle

Multiple
file

106 particles/sec

41
Kbytes/particle




Conclusions/Future Research

e The concept of SPAMS for demil impact monitoring
works.

« SPAMS 2.0 is at least comparable to SPAMS 1.X in all
respects and better in most.

* Next Stop: Spartan Rocket Motor Demil Operation!

* We are seeking other applications for this technology.
See me after the seminar!
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