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Outline

» Aircraft Platform

» ASPECT Program (how to activate ASPECT)
» Detection Technologies (Chem, Rad, Oil)

» Operational Parameters / Costs

» Case Studies

» El Dorado Response (Chemical Detection)
» BP Oil Spill (Oil Detection)
» Welsbach Superfund Survey (Radiological Detection)




ASPECT Platform

Airborne Spectral Photometric Environmental
Collection Technology

Aero Commander 680 FL/G Platform  Range/Aloft Time:

; Upto 1,100 NM
Crew: Two Pilots, One Operator Aloft Time 4 to 6 hours

Speeds: Survey Altitude:

Data Collection at =110 kts Data Collection at 300 to 3,000 ft
Cruise at 180 to 200 kts AGL

Ground Needs — Standard FBO




e\ eMERGENCY [
, RESPONSE A
T £

N 5 G
Al proTES

N ASPECT Program

Nation’s only 24/7 Airborne Chemical, Radiological, and
Situational Awareness Remote Sensing Aircraft

Provides information to the first responder that is timely, useful,
and compatible with numerous software applications

Multi-role responses (homeland security, emergency response,
environmental characterization, and climate monitoring)

s "Wy

Provides infrared & photographic images
with geospatial chemical and radiological
information

= 120 Deployments since 2001

Five Primary Sensors/Systems




Methods of Activation

CERCLA or OPA Authority

National Response Center:
800 424 8802

National Declaration
FEMA [N - < - —+ Mission Activation

SpeCial Pu rpose M iS
Federal
Partner

O




CURRENT
SYSTEMS

» ASPECT Uses Five Primary
Sensors/Systems:

v" An Infrared Line Scanner to
image the plume

v A High Speed Infrared y.
Spectrometer to identify and Y
quantify the composition of the
plume

v Two Gamma-Ray
Spectrometer Packs for
Radiological Detection
v High Resolution Digital Aerial —

Cameras with ability to rectify
for inclusion into GIS

v’ Broadband Satellite Data\ B

System (SatCom)

o




Program ASPECT
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CHEMICAL DETECTION
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El Dorado Chemical Company
Ammonia Nitrate Fire

Bryan, Texas

July 30, 2009

ASPECT chemical detection is
based on infrared spectral
analysis via an open-path
infrared spectrometer.

It does NOT take air samples.




July 30, 2009

*Around noon, sparks from
welding started the fire

Ammonia nitrate

*News reports smoke plume
extended 60 miles

*34 people injured (including
20 firefighters)

Evacuation of Bryan City e, .
(N=72,000) o
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ASPECT Deployed
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Georectified Aerial Photos

Flight 1 Flight 2
1600 hrs 1800 hrs




 DELORME

XMap® 5.2 GIS Editor

Data use subject to license.

© DeLorme. XMap® 5.2 GIS Editor

www delorme.com

FLIGHT 2

2 passes

Infrared images

IR spectrometry
Aerial Photography

Ammonia (0.5 ppm)

FLIGHT 1
[/ passes
Infrared images
IR spectrometry

Aerial Photography

Ammonia (2-5 ppm)
Ozone

XMap® 5.2 GIS Editor

\ & 3

A Bryan, TX"
/% Feftilizer Plant Fire

Flight 2
July 2009

Data use subject to license. *
fl
© DeLorme. XMap® 5.2 GIS Editor T

www.delorme.com MN (4.1° E)
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Ammonia Spectra

% HEEPDNSEJE
2o (70 spectra collected per second)

Ammonia Detection Above Site
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Example Chemical Plume Cross-Cut

Passive Airborne Qualitative Detection of a Chemical Compound
FILENAME: H30H092103A

<€+ Detection of Ammonia above zero threshold value
> 10 ppm-m

No detection of ammonia below zero threshold

)
=
©
>
—
)
2
=
=
©
>
@)

750 1000 1250 1500 1750 2000
Sequential Scan Number
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faeny  Automated Compound Detection
Ammonia Detection
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| DELORME] XMap® 5.2 GIS Editor
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/2 Automated
Chemical Detection Algorithms

Detection limits range from ppb to ppm depending on chemical

Acetic Acid

Cumene

Isoprene

Propylene

Acetone

Diborane

Isopropanol

Propylene Oxide

Acrolein

1,1-Dichloroethene

Isopropyl Acetate

Silicon Tetrafluoride

Acrylonitrile

Dichloromethane

MAPP

Sulfur Dioxide

Acrylic Acid

Dichlorodifluoromethane

Methyl Acetate

Sulfur Hexafluoride

Allyl Alcohol

Difluoroethane

Methyl Ethyl Ketone

Sulfur Mustard

Ammonia

Difluoromethane

Methanol

Nitrogen Mustard

Arsine

Ethanol

Methylbromide

Phosgene

Bis-Chloroethyl Ether

Ethyl Acetate

Methylene Chloride

Phosphine

Boron Tribromide

Ethyl Formate

Methyl Methacrylate

Tetrachloroethylene

Boron Triflouride

Ethylene

MTEB

1,1,1-Trichloroethane

1,3-Butadiene

Formic Acid

Naphthalene

Trichloroethylene

1-Butene

Freon 134a

n-Butyl Acetate

Trichloromethane

2-Butene

GA (Tabun)

n-Butyl Alcohol

Triethylamine

Carbon Tetrachloride

GB (Sarin)

Nitric Acid

Triethylphosphate

Carbonyl Chloride

Germane

Nitrogen Trifluoride

Trimethylamine

Carbon Tetraflouride

Hexafluoroacetone

Phosphorus Oxychloride

Trimethyl Phosphite

Chlorodifluoromethane

Isobutylene

Propyl Acetate

Vinyl Acetate

Manual assessment of 500+ other chemical compounds




OIL DETECTION
Case Study 2

Deepwater Horlzor; O|I Splll
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> EPA Activation

v’ Region 6: 28 April — 3 August 2010
v" Region 4: 6 June — 11 July 2010

» Mission Assignment
» Chemical detection
» Aerial Photography

» IR imagery (Oil Detection and Spotting)
» Condense data into standardized aerial oil spotting reports




Why ASPECT can detect oll

Radiance =€ @ 4

€ = emissivity (how efficient an object
Irradiates infrared energy)

= temperature

Oil and water have similar temperatures in open
water (€ driven properties)

Oil on marshland has different temperatures (
driven properties)

Oil € = 0.75 to 0.82 depending on thickness
of surface oll

Water € = 0.93




» EPA Region 4

» EPA Region 6

» EPA Headquarters

» US Coast Guard Houma

» US Coast Guard Mobile
> NOAA

» State of Louisiana

> State of Mississippi

> BP

» Public (via Google Earth)




Mission Statistics

April 28 to August 3, 2010

» 86 survey flights
v'3087 data collection runs

v'294 flight hours
» 2,544,000 interferograms assessed

» Over 4.5TB processed data

» 14,972 digital photos

» 6,593 oblique photos

» 2,100 infrared images

» 372,000 unique users of the data

> 1.2 Million times ASPECT web data were
accessed




plication

Gulf of Mexico 0Oil Slick

You need to download free Google _ . . .
Earth® software found at: GUIf Of MeX|CO O|I SI|C|(




EPAASPECT Data

Aerial Photo

Oblique Photo
IR Image

o o

light Path

*

ASPECT Deepwater Horizon Apr 2010




R Google Earth Pro
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\Using ASPECT Google Earth data to

narrow search for oil on beaches

May 26, 2010; 9:28 a.m. CST

Google Earth |
Data can be

4 accessed within
'ﬁé@‘.blique-ﬁi ht31032.jpg 20 minutes from

/ landing.
=

B Oblique Photo -




Deep Water Oil Detection

Unsupervised Classification Infrared Image

(surface oil)
(mixed oil/water)
(water/other)

LIGHT BLUE (flame)




Deep Water Oil Detection

Supervised Pattern Recognition of IR Image

(surface oil)
(clean water/land/other)




Near Shore Oil Detection

» The ASPECT Team was tasked to explore the possibility
to use infrared technology to detect and locate oil in near
shore/shallow waters

» The Unsupervised Classifier approach was successful in
waters greater than 6 feet

» For waters less than 6 feet a Spectral Pattern Recognition
technique was utilized




Near Shore Oil Detection

Aerial Imagery — Barataria Bay

Aerial Images at 2880 feet

Skimming

Heavy Sheen Thick Oil




Near Shore Oil Detection

Unsupervised Classification Infrared Image

(surface oil)
(mixed oil/water)
(water/land/other)

Skimming
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Heavy Sheen Thick Oil

Survey area = 700m x 2100m




Near Shore Oil Detection

Supervised Pattern Recognition of IR Image

(surface oil)
(clean water/land/other)

Skimming
#Vessel

Heavy Sheen Thick Oil

Survey area = 700m x 2100m




Spectral Analysis of Ol

Oil Coverage and Trend Analysis

» The ASPECT team developed a
series of IR Spectral tools
permitting the type and coverage e e

(mixed oilwater)= 48.0%

of oil to be quantified Qrain~

Over a month period, ASPECT
collected data approximately 2
miles east of the recovery site. A Surface Oil Trend
trend analysis indicated that (72 miles Festor Fefform
between 24 May and 26 May the
surface characteristic of the oil
changed potentially due to
dispersant operations

imagery

Estimated percent of surface area
(%]
o

Calculated from IR area

o
o




Acceleration of Data Products

» Mississippi instructed ASPECT to “speed up the delivery of data
to the skimming/booming teams”.

» ASPECT initiated an acceleration program to:
. Incorporate on-board data processing

. Immediate reports of oil detection using an improved SatCom link
to the ASPECT reach back team

. Concurrent reports of oil observations to the respective UC with a
run-time aerial observation report

« After the flight crew indicated the mission was completed, the
run-time oil report was marked draft and forwarded to the UC

Once the aircraft returned to base, data was processed,
confirmed and a final report with hyper-link data was forwarded
to the UC

» The turn on data was reduced from 4 hours to about 5 minutes.




== |nteraction with Local Officials

O
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» ASPECT personnel were encouraged to work closely with the local
officials managing the oil response.

» ASPECT representatives attended daily ops meetings in Biloxi. These
meetings caused a change in how ASPECT collected and reported
data:

. Stronger collaboration with ASPECT and USCG.

. Local perspective and needs determined mission assignments.
MDEQ and Mississippi National Guard leaders communicated
where and how ASPECT data could be most useful.

. Increased coordination and communication with all stakeholders
regarding operational data.

. Improved efficiency of resources from Planning Section.

5. ASPECT collaborated with NGI scientist to enhance the products
and test sensors.
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» Primary aircraft (N742W) had to
undergo a mandatory yearly airframe
Inspection during the BP response.

> A critical need for ASPECT products
was filled with a backup aircraft
(N742WX).

» ASPECT team worked with the local
authorities to outfit a second aircraft g " g
with a basic set of IR sensors. |

# st oTRE land
it - - -
al s'; S—— >,

» On 23 July, both aircrafts were able to
sweep a large region of water south of \
the Mississippi Barrier Islands. This g
survey was developed based on 'Ry
technical guidance from the MDEQ 4
and MSNG.




RADIATION DETECTION
Case Study 3

Welsbach Superfund Site

Aerial and Ground-based Surveys
2009-2011

pectrum

licrowaw

ASPECT radiation detection is
based on gamma radiation

spectral analysis via an Nal and
LaBr detectors.

Visible
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&==Typical Environmental Survey
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« Camden and Gloucester
Cities, NJ

« About 5.5 square miles

« Gas lantern mantel
manufacturing 1890s to
1941

 Thorium contamination

* 1,100 residential properties = . .ac..
* 1996 — EPA Superfund Site
» 2000 - Clean-up started




{==\ Exposure Rate Contour Map
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S April 18 & June 6 Combined Surveys, 2009
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WEDSTap

@ Thorlum ROI Count Rate Contour Map

have callbra lon |
coefflments for thorlum

1 ““’:z}

" contour maps are now
avallable ‘ :

9,0000 ¢ ]_._.IIIIII




ASPECT Sigma Plot (std dev)
April 18 & June 6 Combined Surveys, 2009

Sigma Values (Excess Thorium)

. Lessthan-6.0 (@)-2.0to +2.0 . Greater than +6.0
@ cows0 @ +20t0+40
. -4.0t0-2.0 +4.0to +6.0




Ground Survey Map
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Site-specific calibration
Kawasaki and Suburban

Kawasaki = off-road
Suburban = public roadways,
tested detector orientation

PIC = exposure rate
Nal = count rate

3 locations (High, Medium, Low)




ic Roadway Measurements
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Detector Orientation

No Significant Findings

Key Statlstlcs

¢ 18,309 measurements
& 0000 2E 000 ¢ N asy LSS e Thorium ROI 803 to 937
__'_: — — A RS il e GPS coordinates linked to
gl e 0 Hta THE umERB  RSX4 Unit 5447
15,000 35 |:||:||:| ¥ = ¥ : o Minimum = -311
15,000 2 40, |:||:||:| 45,000 e Maximum = 154
e Median = -2




Background
. Site

5000,0 ;&




m -
Z HATIOMNAL DECOMN TEAM )
C -

B\ EMERGENCY £

~Sigma Plot noted
- relevated location




ASPECT Team

Mark Thomas, NDT Ray Brindle, Arrae Inc.
Timothy Curry, NDT Paul Fletcher, Arrae Inc.

John Cardarelli, NDT Beorn Leger, Arrae Inc.
Paul Kudarauskas. NDT
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ASPECT Statistics

50 Emergency
Responses

14 SEAR
Deployments

12 NSSE
Deployments

7 FEMA Activations

20 Special Projects

LEGEND

Responses

Deployments

Special Projects

Deployments and Responses

Topo USA® 6.0
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¥
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Data use subject to license.
2008 DeLorme. Topo USABE.0.

wwy delorme.com

0 100 200 300 400 500
MM (3.8° E) Data Zoom 3-2
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Normal Distribution &
Sigma Values

Sigma Values (Excess Uranium)
Standard deviation (o, sigma) . Less than -6.0 @_ Oto +2.0 . Greater than +6.0
represents the spread of the i
data about the mean. In this @ coos0 @200
survey, the mean value (net @ -+ow-20 @) +4.0t0 46,0
“excess eU”) was zero.

1 o = 68.27% of the data T
2 & = 95.45% of the data Greater likelihood of excess eU

3 0 =99.73% of the data

4 0 =99.99366% of the data
5 0 =99.99994% of the data
6 o = 99.999999% of the data

1760 keV (*“Bi) eU

2615 keV (*°TI)




e\ A\ dvanced Processing Algorithms

(distributed contamination)
Cs-137 ROI NASVD : Cs-137 contour
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Total counts in ROI for specific Noise Adjusted Slngular Value
isotopes Decomposition

Product produced within Product produced within
SECONDS HOURS




dAdvanced Processing Algorithms

(distributed contamination)
Gaat RO N SVRHC s S7lcontour

A
e # e v
= 7

Total counts in ROI for specific Noise Adjusted Singular Value
isotopes Decomposition

Product produced within Product produced within
SECONDS HOURS




\_/ Florida Phosphate Mine Survey

January 20, 2011

Total Cost = $25K
11K to move aircraft

14K to conduct survey, fuel, per diem, and
technical support

Preliminary products provided with 24 hours.
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Sigma Plot

Sigma Values (Excess Bismuth-214)

300 ft AGL " . Less than -6.0 0-2 Dto+2.0 .Greatm than +6.0
300 ft Line Spacing [ auian




¥ Radium/Uranium Conc. Map

(based on Bi-215, secular equilibrium, pCi/g)
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Contouring Algorithms

Trlangulatlon VS. Point Spread Function

~ 300 ft AGL, 300 ft Line Spacing

olal Counts - without cosmic counts Lj

B - o000 25000.0 ; 30000.0 | <soo0.0 | [ 15000.: 17500,
5000.0 ; 10000.0 40000.0 ; 35000.0 [ soo00:7s00.0 [ [ 17500, z0000.
10000.0 : 15000.0 35000.0 : 40000.0 [ 7so0.0: o000, B zoooo. : 22500,
150000: 200000 [l 40000.0 : 450000 | [ 100000 : 12500, W[ 22s00.: 25000,
20000.0: 250000 || > 450000 [ [ 1z500.:15000. W) > zsoo0n.
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Fills in the gaps outside g | Reflects Detector
Field of View | UGIE Field of View

300 ft AGL o e 300 ft AGL
1800 ft Line Spacing | 000, o0, 3200, 1800 ft Line Spacing




Line Spacing — ENVI Code

- No significant changes by flying half the survey lines at twice the distance

300 ft AGL
300 ft Line Spacing

“b g ‘.

Total Counts - without cosmic counts
300 ft AGL
< a000.0 25000.0 ; 30000.0 . .
E 5000.0 : 10000.0 30000.0 : 35000.0 600 ft Line Spacmg
100000 : 15000.0 A5000.0 : 40000.0
150000 ; 20000.0 B 400000 : 45000.0
20000.0 ; 25000.0 B - 150000
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300 ft AGL Total Counts - without cosmic counts 300 ft AGL

. . B =0000 25000.0 ; 30000.0 . .
300 ft Line S pacing 5000.0 ; 10000.0 30000.0 ; 35000.0 900 ft Line S pacing
10000.0 0 15000.0 A5000.0 : A0000.0
150000 200000 [ 40000.0 : 450000
20000.0: 250000 || > 450000
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300 ft AGL Sl bl 300 ft AGL
300 ft Line Spacing 50000 100000 300000350000 1200 ft Line Spacing
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300 ft AGL TR Sl 300 ft AGL
300 ft Line Spacing 50000 100000 300000 30000 1500 ft Line Spacing
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300 ft AGL Sl bl 300 ft AGL
300 ft Line Spacing 50000 100000 300000350000 1800 ft Line Spacing
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300 ft AGL Sl bl 300 ft AGL
300 ft Line Spacing 50000 100000 300000350000 2100 ft Line Spacing
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300 ft AGL Total Counts - without cosmic counts 300 ft AGL

300 ft Line Spacing o000 o653 prebver® 2400 ft Line Spacing

100000 : 15000.0 A5000.0 : 40000.0

15000.0 : 20000.0 . A0M0.0 : AS000.0
20000.0 : 25000.0 . = A5000.0




Altitude

No significant changes by flying 200 ft higher (300 AGL vs. 500 AGL)

300 ft AGL Tetal Counts - without cosmic counts 500 ft AGL
. . B =0000 250 ; S0000.0 . 0
300 ft Line Spacing 000.0 : 10000.0 30000.0 : 350000 300 ft Line Spacing
10000.0 : 15000.0 250 : 40000.0
15000.0 : 20000.0 B 400000 : 45000.0
20000.0 ; 25000.0 B - 150000




Altitude

No significant changes by flying 200 ft higher (300 AGL vs. 500 AGL)

300 ft AGL Tetal Counts - without cosmic counts 500 ft AGL
. . B =0000 250 ; S0000.0 . 0
300 ft Line Spacing 000.0 : 10000.0 30000.0 : 350000 600 ft Line Spacing
10000.0 : 15000.0 250 : 40000.0
15000.0 : 20000.0 B 400000 : 45000.0
20000.0 ; 25000.0 B - 150000




Altitude
300 AGL vs. 500 AGL
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300 ft AGL TR Sl 500 ft AGL
300 ft Line Spacing 50000 100000 300000 30000 900 ft Line Spacing




Altitude
300 AGL vs. 500 AGL
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Altitude
300 AGL vs. 500 AGL
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300 ft AGL TR Sl 500 ft AGL
300 ft Line Spacing 50000 100000 300000 30000 1500 ft Line Spacing




Infrared Image of an Industrial
Methanol Plume Release

Release Point

Methanol in\Low Areas




,‘ ASPECT Deployment
~Train Derailment in Sheperdsville, KY

1,3-Butadiene spectra from
Fmshaualle P (1 [/ ASPECT flight over the fires

*‘C’g K

Flight 2 -17107P47 scans 1105-1111
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960 1040 1120 1200 1280 1360 1440
Wavenumbers

Compound

System Test

1,3-butadiene 0 to 0.4 ppm
1,3-butadiene 0 to 0.2 ppm
1,3-butadiene 0 to 0.4 ppm
1,3-butadiene 0 to 0.3 ppm
Awaiting data transmittal

38°1'55"N
NuSG:L.8E

85°42'40"W  85°42'35"W  85°42'30"W  85°42'25"W




» Using a scanner speed of about
60 Hz and a field of view of 60°
results in a linear infrared image
approx 72 mile wide.

» Approx 2.0 square miles can be
Imaged per minute.

» Chemical discrimination is
accomplished using a matrix of
16 cold optical filters having a
bandwidth of approx 5 - 20
wave numbers

» Data collection status in
approximately 12 minutes from
start-up

» One step automated processing

Aircraft Configuration




Radiation Solutions RS-500
8 2"x4"x16” Sodium lodide
Optional
up to 12 crystals
up to 3 3"x3” Lanthanum Bromide

2 RS-500 units on aircraft

Advance Digital
s pectrometers
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Aerial 7 gy
Photography

12.5 MPixel High Resolution Digital Camera
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34°10'20" N

34°10'10" N

34°10°00" N

Automated Geo-Rectification/GIS Coded Images

Full Ortho-Rectification (Camera Model)
Correction

Ability to Process in the Air-Approx 3 Minute
Turn-Around

34°09'30° N

Compressed Transmission of Data Via SatCom

Fast Turn Around on Images — Approx 700
processed images per Hour

34°09°20" N

Product can be imported into:
Google Earth,

ESRI Rapid Response Map

Generic Geospatial software packages. Rose Bowl Preparations
December 31, 2009

34°09°00" N

118°1040" W 118°1030° W 118°10°20° W 118°10'00° W 8909'50" W 118909'40° W




Google Earth Display
Aerial Photo Menu
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EPAASPECT Data

Sample of Data
Products

ASPECT Deepwater Horizon Apr 2010




ount-rate to exposure-rate calibration

EMERGENCY

PN “DOE” method vs. RadAssist

cps per uR/hr

y=1,903.726923¢ 0001394
R?=0.990505

Typical survey
altitudes




Deep Water Oil Detection
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ASPECT Team developed an approach to quantify and
locate surface oil in deep waters using remote sensing
infrared technology

v' Multi Spectral Infrared

v" Unsupervised Classification

v' Spectral Pattern Recognition (Supervised Pattern Recognition)

Applicable to other types of oils and industrial accidents in
navigable waters

Trend analysis
v'  Dispersant effectiveness
v Oil migration monitoring




