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Scope of TaskScope of Task

•• Technical Scope:  Identify alternative methods for detectingTechnical Scope:  Identify alternative methods for detecting
and monitoring wildfiresand monitoring wildfires

•• Deliverable:  1st draft report describing alternative detectionDeliverable:  1st draft report describing alternative detection
and monitoring methodologiesand monitoring methodologies

•• Period of Performance: now until September 30Period of Performance: now until September 30

•• Team:Team:
–– Tony Tony VodacekVodacek

–– John John SchottSchott

–– Bob Bob KremensKremens

–– Scott BrownScott Brown

–– Rolando RaquenoRolando Raqueno

–– Lee Sanders (ERIM)Lee Sanders (ERIM)

–– Graduate student gang: Graduate student gang: StefStef, , DomDom , Andy, Andy
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We will investigate the physical effectsWe will investigate the physical effects
of fire and discuss feasibility with theof fire and discuss feasibility with the

forest fire communityforest fire community
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Phenomenology of FiresPhenomenology of Fires

•• The physical characteristics of fires will be identifiedThe physical characteristics of fires will be identified

–– Electromagnetic energy spectraElectromagnetic energy spectra

»» ThermalThermal

»» Narrow emission l ines (high spectral energy density)Narrow emission l ines (high spectral energy density)

»» radio waves (microwave, and lower frequencies, passive and active)radio waves (microwave, and lower frequencies, passive and active)

–– Gaseous and part iculate emissionsGaseous and part iculate emissions

»» Combustion productsCombustion products
•• Smoke (Smoke ( particulatesparticulates))

•• C OC O22

•• Water vaporWater vapor

»» Products of Products of pyrolitic pyrolitic reactionsreactions

»» Post-fire residuesPost-fire residues

–– Probe techniquesProbe techniques

»» Optical probes (laser induced fluorescence, Optical probes (laser induced fluorescence, lidarlidar, , reflectometryreflectometry , IR, visible), IR, visible)

»» RADARRADAR

»» Chemical probesChemical probes
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Wildland Wildland fire produces a wealth off ire produces a wealth of
detectable phenomenadetectable phenomena

•• EM emissions from UV to Radio, gaseous and particulate products,EM emissions from UV to Radio, gaseous and particulate products,
and modification to the local environmentand modification to the local environment
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Specif ic questions….Specif ic questions….

••Optical (UV to LWIR) :Optical (UV to LWIR) :

 Are we missing anything? Combinations of wavelengths?  Change Are we missing anything? Combinations of wavelengths?  Change
algorithms?algorithms?

••Passive microwave:Passive microwave:

With current noise figures, can the thermal signature at someWith current noise figures, can the thermal signature at some
wavelength be detected? Is the atmosphere transparent to thiswavelength be detected? Is the atmosphere transparent to this
frequency?frequency?

••Gaseous emissions:Gaseous emissions:
What are the primary gaseous decomposition products prior to aWhat are the primary gaseous decomposition products prior to a
fire?  Can these be detected by LIF or other methods?  Does thefire?  Can these be detected by LIF or other methods?  Does the
high concentration of COhigh concentration of CO 22 , CO and H, CO and H 22O near a fire change the sceneO near a fire change the scene
at any wavelength in a useful way?  Can gaseous absorptionat any wavelength in a useful way?  Can gaseous absorption
features be used in concert with other detection methods?features be used in concert with other detection methods?
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Specific questions….(2)Specific questions….(2)

••Smoke and Smoke and particulatesparticulates ::

Can smoke be detected more easily that fires?  Is woodland smokeCan smoke be detected more easily that fires?  Is woodland smoke
peculiar to the woodland, or is all smoke about the same?peculiar to the woodland, or is all smoke about the same?

••Radioactivity?Radioactivity?

Plants sequester many elements in concentrations up to 10Plants sequester many elements in concentrations up to 1099  times times
that found in their environment (e.g. tobacco and Amthat found in their environment (e.g. tobacco and Am 2 4 12 4 1)  Is there a)  Is there a
detectable radioactive release of these sequestered materials upondetectable radioactive release of these sequestered materials upon
combustion?combustion?
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We are investigating previous detectionWe are investigating previous detection
techniques from many fieldstechniques from many fields

•• An extensive literature search is being performed in the followingAn extensive literature search is being performed in the following
disciplines:disciplines:

–– Optical  methodsOptical  methods

»» Smoke detectorsSmoke detectors

»» Optical emissionsOptical emissions

•• Previous satellite efforts in the IR and visiblePrevious satellite efforts in the IR and visible

•• Line emissionsLine emissions

•• Unique combinations of optical signaturesUnique combinations of optical signatures

–– Materials evolved from combustionMaterials evolved from combustion

»» Gas detectors (hydrocarbon detectors -  CO to complex HC)Gas detectors (hydrocarbon detectors -  CO to complex HC)

»» Particulates Particulates (smoke detectors, non-optical)(smoke detectors, non-optical)

–– Radio frequency techniquesRadio frequency techniques

»» RADAR reflection cross sections for low temperature (~1000K) firesRADAR reflection cross sections for low temperature (~1000K) fires
((VeridianVeridian ))

»» Passive microwave (weapons fusing)Passive microwave (weapons fusing)
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Detector concepts wil l  be developed forDetector concepts wil l  be developed for
the most promising f ire phenomenathe most promising f ire phenomena

•• Likely detection methods and combinations of methods will beLikely detection methods and combinations of methods will be
developeddeveloped

•• Interaction with fire fighting community essential to provide userInteraction with fire fighting community essential to provide user
with desired toolswith desired tools

•• System engineering - The needs of the community should be metSystem engineering - The needs of the community should be met
by an understanding of  integrated communication, deployment,by an understanding of  integrated communication, deployment,
field use models, etc.field use models, etc.
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Mathematical  sensor models wil l  beMathematical  sensor models wil l  be
constructed and several prototypes builtconstructed and several prototypes built

•• Known stimuli (from measurements) will be applied (inKnown stimuli (from measurements) will be applied (in
simulation) to promising sensors (plume models applied later)simulation) to promising sensors (plume models applied later)

•• Continue physical characterization of burning biomassContinue physical characterization of burning biomass

–– Local control led burns (Ft.  Drum,  Finger Lakes National Forest)Local control led burns (Ft.  Drum,  Finger Lakes National Forest)

–– At USFSAt USFS  Firelab Firelab  in  Missoula ,  MT in  Missoula ,  MT

•• Low cost proof-of-principle prototype will be constructed (asLow cost proof-of-principle prototype will be constructed (as
student project) and tested at controlled burnstudent project) and tested at controlled burn
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Our deliverable (report) will  have theOur deliverable (report) will  have the
following format:following format:

•• A section covering the basic physics of firesA section covering the basic physics of fires

•• Analysis sections with the following form:Analysis sections with the following form:

–– Emission/phenomena physical  background (~few paragraphs)Emission/phenomena physical  background (~few paragraphs)

–– Literature search resultsLiterature search results

»» Cited referencesCited references

»» Copies of relevant seminal papersCopies of relevant seminal papers

–– Back-of-the-envelope calculat ions for the phenomena,Back-of-the-envelope calculat ions for the phenomena,

»» e.g.,  there is a plume of CO at a 10 ha fire of XX e.g.,  there is a plume of CO at a 10 ha fire of XX ppmppm .  Present cheap.  Present cheap
detectors detect CO at the 0.0YY detectors detect CO at the 0.0YY ppm ppm level.   What is the range of a COlevel.   What is the range of a CO
detector on a fire of this size?detector on a fire of this size?

–– Feasibility projectionFeasibility projection
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Example: radio-linked aircraft-deployedExample: radio-linked aircraft-deployed
smoke detectorsmoke detector

•• Conventional ionizationConventional ionization
chamber smoke detectorchamber smoke detector

•• False alarm prevention (COFalse alarm prevention (CO
monitor?)monitor?)

•• Low data rate radio linkLow data rate radio link

•• Reports to field deployedReports to field deployed
central transmittercentral transmitter

•• Inexpensive (< $75)Inexpensive (< $75)

•• CE Student senior project (A.CE Student senior project (A.
SeemaSeema ), maybe with LACOMS), maybe with LACOMS
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