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SECTION 1: OVERVIEW

Project Name: Bluestone Lake and Downstream DEM and Digital
Orthophotography Project

Woolpert Project #69422

Woolpert was contracted to perform an aerial acquisition survey of Bluestone Lake and Downstream
covering the 1,425 square mile project area, for the purpose of ultimately producing 1"=200' scale
orthoimagery with a 1-foot pixel resolution, 1"=400' scale orthoimagery with a 2-foot pixel resolution and
a Bare Earth Digital Elevation Model including breaklines. Among other products the data will be used
for flood and surface water modeling.

LiDAR data was collected by the Leica ALS50-11 150kHz Multi-Pulse enabled LiDAR system in Leica
roll-stabilizing mounts. The ALS type-11 150kHZ LiDAR sensor collects up to four returns per pulse, as
well as intensity data. The aerial LIiDAR was collected at the following sensor specifications:

Post Spacing (Average): 3.3ft/1.0m
AGL (Above Ground Level) average flying height: 7,500 ft /2,286 m
MSL (Mean Sea Level) flying height: varies with terrain
Average Ground Speed: 130 kts / 150 mph
Field of View (full): 35 degrees

Pulse Rate: 104.100 kHz
Scan Rate: 39 Hz

Side Lap (Average): 30%

Flight line acquisition was performed in as few missions as possible, as close together as possible, to
ensure consistency across the project area.

The data collected was flown back to the Woolpert Dayton, Ohio office, processed and quality controlled
immediately such that re-flights for GNSS and coverage were determined and relayed to the flight crew.

Woolpert’s Aerial Acquisition Team coordinated with the necessary Air Traffic Control and Restricted
Airspace personnel prior to flying to ensure access.

Woolpert Flight Crews were onsite, running GNSS base stations at Charleston (KCRW) and Beckley
(KBKW), West Virginia Airports.
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Date of Flying

Table 1.1: Aerial Digital Imager

Acerial Digital Imagery Flight Summary

Lines Flown

Time

Time

On/Off Line On/Off Line

(UTC) (Local = EDT)
April 04, 2009 — Sensor 77 66B-74B, 82B-88B 03:30 - 05:53 11:30PM - 01:53AM
April 05A, 2009 — Sensor 77 28B-37B, 54B-65B 14:30 - 20:10 10:30AM - 04:10PM
April 05B, 2009 — Sensor 77 01B-20B 23:30 - 02:30 07:30PM - 10:30PM
April 09, 2009 — Sensor 77 68A-97A 23:34 - 04:20 07:34PM - 12:20AM
April 09A, 2009 — Sensor 46 98A-99A, Reflights 88A,89A,97A 14:24 - 15:10 10:24AM - 11:10PM
April 09B, 2009 — Sensor 46 01A-26A 22:39 - 03:22 06:39PM - 11:22PM
April 12A, 2009 — Sensor 46 44B-53B, Mountain Patches 03:01 - 07:00 11:01PM - 03:00AM
April 12B, 2009 — Sensor 46 Reflights 23B, 40B-43B 14:07 - 15:00 10:07AM - 11:00AM
April 12C, 2009 — Sensor 46 21B-27B, 38B, 39B, 63A-69A, 75B-81B 16:37 - 21:40 12:37PM - 05:40PM
April 13, 2009 — Sensor 46 35A-62A 00:49 - 06:11 08:49PM - 02:11AM
April 17, 2009 — Sensor 77 26A-34A 01:04 - 03:35 09:49PM — 11:35PM
April 23, 2009 — Sensor 77 Mountain Patches 14:56 - 16:50 10:56AM — 12:50PM
Figure 1.1: LiDAR Flight Diagram
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SECTION 2: GNSS-IMU TRAJECTORY INFORMATION
Equipment

Woolpert owns all the equipment used for the ground control and ABGNSS missions with the exception
of CORS stations.

Flight navigation is performed using IGI CCNS (Computer Controlled Navigation System). The pilots are
thoroughly trained and highly skilled at maintaining their planned trajectory, while holding the aircraft
steady and level. If atmospheric conditions are such that the trajectory, ground speed, roll, pitch and
heading cannot be properly maintained, the mission is aborted until suitable conditions occur.

The aircraft are all configured with a NovAtel Millennium 12-channel, L1/L2 dual frequency GNSS
receivers collecting at 2 Hz.

All Woolpert aerial sensors are equipped with Litton LN200 series IMU’s operating at 200 Hz.

A base-station unit was mobilized for each acquisition mission, and was operated by a member of the
Woolpert survey and/or flight crew. Each base-station setup consisted of one Trimble 4000 — 5000 series
dual frequency receiver, one Trimble Compact L1/L2 dual frequency antenna, one 2-meter fixed-height
tripod, and essential battery power and cabling. Ground planes were used on the base-station antennas.
Data was collected at 1 or 2 Hz.

Woolpert flight crews were onsite, running GNSS base stations at Charleston (KCRW) and Beckley
(KBKW), West Virginia Airports.

GNSS Base Stations operated during the acquisition missions, are listed below.

Table 2.1: GNSS Base Stations:

Ellipsoid Height

Station Latitude Longitude (L1 Phase center)
ame eters
[\ DMS DMS Met
(NGS BN o 1) N 38° 21' 52.73204" | W 81° 35' 19.11736" 266.468
(NGS P?gvc\slxnom N 37° 46' 58.63605" | W 81° 07' 07.60826" 732.139

Data Processing

All airborne GNSS and IMU data was post-processed and quality controlled using Grafnav Waypoint
software and either Applanix POSPac or Leica IPAS software. GNSS data was processed at a 1 or 2 Hz
data capture rate and IMU data was processed at 200 Hz.
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The GNSS Trajectory, along with high quality IMU data, is a key factor in determining the overall

Example graphs from: Day095B, N404CP & ALS LiDAR S/N77:
positional accuracy of the final sensor data.

Trajectory Quality

2-2
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Within the trajectory processing, there are many factors that affect the overall quality, but the most
indicative are the Combined Separation, the Estimated Positional Accuracy, and the PDOP.

The Combined Separation is a measure of the difference between the forward run & the backward run
solution of the trajectory. The Kalman filter is run in both directions to remove directional specific
anomolies. The closer these two solutions match (in general) the better is the overall reliability of the
solution.

Woolpert’s goal is to maintain a Combined Separation Difference of < 10cm, often achieving results well
below this cap.

Combined Separation:
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The Estimated Positional Accuracy plots the standard deviations of the east, north, and vertical directions
along a time scale of the trajectory. It shows loss of lock issues as well as issues arising from long
baselines and noise or other interference.

Woolpert’s goal is to maintain an Estimated Positional Accuracy of < 10 cm, often achieving results well

below this cap.

Estimated Positional Accuracy:
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PDOP, the Positional Dilution of Precision, is a factor that describes the effects of satellite geometry on
the accuracy of the airborne GNSS solution. The geometric distribution of the satellites is measured
relative to the locations of the receivers on the ground and in the aircraft. PDOP can be computed in
advance, based on the approximate receiver locations and the predicted location of the satellite, which is
called the satellite ephemeris.

Low PDOP numbers are preferable; the higher the PDOP number, the weaker the geometric quality of
solution between the satellite, aircraft and reference receivers.

Woolpert’s goal is to maintain a final PDOP of < 3.0 during acquisition missions. Satellite geometry and
the resultant PDOP levels are dynamic, changing with the position of the aircraft. Occasionally, one
satellite in the network will drop below the horizon, breaking its connection to the receiver, and the PDOP
level will spike above 3.0 momentarily. Small deviations of this type are accounted for during post-
processing of the data through the use of Kalman filtering. If PDOP in the aircraft rises above 3.0 for a
significant time period, the survey is usually stopped until the geometry improves or flight is marked for a
re-flight if post processing signifies a significant loss of accuracy due to the PDOP.

PDOP:
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SECTION 3: FLIGHT LOG(S)

This section contains the Flight Log(s) covering the project. Flight Logs list mission specific details such
as crew members, airports, weather conditions, real time DOP values and document any issues
encountered during the mission. Flight Logs are filled out by the sensor operator during the acquisition
flight.
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Page 1 of —/
“ LIDAR LG Date: Juliam Date: Mission Name:
I 41412009 3 il
DOperator: Aircraft: O nrersr Hobb= Start Local Start Time [Wheel= Up] Zulu Start Time
SHULER HaedGE [ HaTSRG 25873 955PM 158
Pilot:
Hobb= End Local End Time [Wheels Down] Zulu End Time
ALEBERS SHY?
Eassengers:
O sHae SH1T ZE00.3 1304M 5:30
Wind Dirsctinn?Sps| Firikility | Clawd cailing (Ft): Clawd Cawar 2z Departing Airport Arriving Airport
CALM 10 CLEAR: CRW CRw
Tamp: Dau Prarrara: WindfHaxs!Clun [Applaniz GF5 Bayan Luyning 2tz
Puint: 48 Fira?
150000 200G 23.96 =43FR
Base Station #1] Operator: MOMUMEMNT AT BE| BEW Using or Relying on CORS
Base Station #2| Dperator: O ves O no
""d axer Specifications ™
Scan Angle | ScanFre _ Pulse Mode | Attestmatar Rir Spaad AGL- 7500
- 0 e O e 120 MSL: varies
q+3 0oz Maz Range]
35 104100000 L. o 1gus Lerer Puuer sz | fug. Elev.: |varies
39 1002
Mulki "
Fit Ling Mission IDE |Heading |HDOP |¥DOP |5¥s |Cowrse| Fine AGC Line Notes
_TEST 030324 1.8 jl1] 12 I oK
4 Times entered are Zuluf GMT ¥ ‘Werify 5-Turns Eefore Mission Yer [ Ha
Ld
Tib 032340 n " 1.4 11 12 7 " A760 MSL
Ld
73b 033836 = 1.3 n 12 7 oK
L4
T2b 034747 n 21 n 12 7 oK
L
Tl 035634 s 2.3 | 12 7 0K
L4
Tib 040927 n " 24 i 12 7 " oK
L4
Edb 042108 = ! 2.4 g 12 T " Pdop was abowe 35! lpas was 2.4
Ld
ESb 043423 n " 2.3 E] 12 7 " OK
Ld
E7b 04453 = " 21 E] 12 7 " oK
L4
ab 05033 n 15 n 12 7 a00a MSL
L4
a7h 050921 s 1.5 0 12 7 0K
L
8Eb 051510 n 1.4 1 12 7 0K
L4
85b 052127 ] " 1.4 1 12 7 " oK
L4
S4b 052332 n " 1.4 11 12 7 " oK
L4
33b 053603 = " 1.6 11 12 7 " OK
Ld
azb 054306 n " 1.6 1 12 7 oK
L4
EEb 055319 n " 1.5 n 12 7 2760 MSL

Werify 5-Turns After Missiodd Ve

O He

Supplamantal Hutas

Wasace REFLEW LIKN7079F REFLEW LINE 14

Woolpert
May 2009
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Page 1 of [
_‘ LIDAR LOE Date: Julian Diake: Mission Name:
% SHEET 94412009 o5y et
Dperator: O urorsr Hobbs Etart Local Start Time [Wheel=s Up]) Zulu Ztart Time
KROHM H4ndGF  [] H4TSRG 2935 9:37 1337
kobb= end Local End Time [wheels Down]) Zulw End Time
GEEBHART SHYY
O =shas ST 295.1 T2z 1522
Wind DiractinadSpa] Piribility |Cluwd coiling (Ft): | Cland Cavar 2z | Departing Airport Arriving Airport
CALM 10 CLEAR CRW CRW
Tamp: Dau Prarrura: WindfHaxe!Clun | Applaniz GF5 BEsqan Lugqging at:
Puint: 4¢  Fira?
ToC 2nc 25,93 230208
Base Station #1] Operator: krohn CRW Using or Relying on CORS
Base Station #2| Operator: O ves [A wo
“*f acor Specificalions ™
Scan Angle [ ScanFre _ Pulse Mode | Artestustar Air Spaad AGL- 7500
q. O e+ [mEX] 10 MSL: varies
O asz 0oz Maz Range ] 5351-2031
B 1 e e vqg. Elev.: |varies
35 104100.000 | .. . (., LererPauerz | Aug EI i
39 100
Mulsi 3
Fit Ling Mission IDE |Heading |[HDOP |¥DOF |S¥s |Cowrse| Fine AGC Line Notes
FEST | 090405-132080 W 1.8 ] 12 I 0K
& Timesz entered are Zulu f GMT ¥ ‘Werify 5-Turns Before Miszion Yor [dHo
L] [\ 1134 1933 2 3 7 " oK
a8 5 1.145 1.817 2 3 7 " oK
a7 [ 1183 133 7 E 7 oK
24 [ 113 1937 7 E 7 " oK
a3 5 1.074 1.481 8 3 7 oK

‘erify S-Turns After Missiory Yer

O Ha

Supplomantal Hutas

Hasacr REFLEW LIWNTO79F REFLEW LINE 14

Woolpert
May 2009
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Page 1 «of —/]
_“ LIDAR LG Date: Julian Date:  [Mission Name:
% SHEET 5412008 5B wicoe
- - O nrorer Hobb:= Start Local Start Time [Wheels Up) Zulu Start Time
SHULER HdodCF ] H4T5R 2608 E:Epm 2216
Hobb=z End Local End Time [Wheels Down] Zulu End Time
ALBERS SHIT
Fassengers: O shae sHTT 2613 833 233
Wind DirsctinadSys| Virikility [ Cland cailing (Ft): | Cland Cawsr x: | Departing Airport Arriving Airport
20007 0 FE% &000 ZCT 10000 CRwW CRW
Tamp: Dau Frarruras WindfHaxalClun |Applaniz GPS Eagan Lugying at:
Pmimt: A Fira?
260°C -0 23.54
Base Station #1] Operator: SHULER CHRW Using or Relying on CORS
Base Station 82| Operator: O ves 8 o
““faser Specifications ™
Scan Angle | ScanFre _ Pulse Mode | Atteatuatar Air Spaad AGL- 7500
1 0 ez 0O es 10 MSL: varies
O 4+= O oz Maz Ranged] 5351-8031
35 104100.000 O Sinate | O 07 Larsr Puusr 2 | Ayg. Elev.: [varies
39 : 100
Mulki
Fit Lind Mission IDE (Heading |HDOP |¥DOP |5¥s (Cowrse| Fine AGC Line Notes
AT 090405132080 W 1.8 ] 12 T oK
& Times entered are Zulu f GMT ¥ ‘Werify 5-Turns Before Mission ter [ Ha
20B 5 143009 s 1.4 ] 12 7 0K
15E 5 144653 il 1.8 E] 12 7 oK
15E % 150403 5 2 k] 12 7 OK
7B i 152129 il " 2 i 12 7 " oK
1EE i 153711 s " 2 2 12 7 " oK
5B i 165333 il " 2.2 4 12 7 " oK
HE 5 1605498 s 1.7 2 12 7 0K
138 5 162556 il 15 2 12 7 0K
2B 5 164522 s 15 2 12 7 oK
1E % 170521 il " 1.5 i 12 7 " oK
10E i 172524 5 " 1.7 i 12 7 " oK
=] i 1r4551 il " 1.7 2 12 7 " oK
2B i 180839 s " 1.7 2 12 7 " oK
hi=] 5 181522 il 1.6 ] 12 7 0K
EE 5 152821 s 1.7 il 12 7 oK
5B 5 154137 il 1.6 1 12 7 oK
1B i 155443 5 " 1.4 1 12 7 " oK
=] i 19021 il " 1.5 0 12 7 " 0K
=] i 193325 s " 1.4 0 12 7 " oK
=] = 194607 il 1.4 10 12 7 0K

Werify S-Turns Afker Missiodd Y

O Ha

Supplamsntal Hutss

Has4cr REFLEW LW NTO7OF REFLEW LINE 14

Woolpert
May 2009
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FPage 1 of 1
_“ LIDAR LOG Date: Julian Date:  |Mission Name:
% SEHFET 2009 934 Wy o
= 3 O urorer Hobbs Start Local Start Time [Wheels Up) Zulu Start Time
KEQHM HAB4CE [ H4TSRC 26261 6:21 29:21:00
kobb=s end Local End Time [Wheels Down) Zulu End Time
GEEBHART SHYY
Fassengers: O shae sHTT 26214 838 436
Wind DirsctinnfSps| Virikility | Clawd ceiling (Ft): | Cluwd Caver: | Departing Airport Arriving Airport
2507 10 CLE&AR CRW CR'W
Tamp: Dau Presrmra: WindfHaxaIClnn | Applaniz GPS5 Baqan Lugging at:
Puint: 4¢  Fira?
180 ¢ 20'c 23.56 SA3:08
Base Station #1{ Dperator: krohn CRW Using or Relying on CORS
Base Station #2| Dperator: O e [ no
"L aser Speeifeations "
Secan Angle ScanFre _ Pulse Mode | Attsstwatar Bir Spaad AGL- 7500
- O == [m 130 MSL: varies
O asz O oz Maz Range:
35 104100.000 O sieqts | O 0.7 Laser Puuer # | fug_ Elev.: |varies
39 ; 10034
Mulki
Fit Lind Mission ID# |Heading (HDOP |¥DOP |S5¥=s |Cowrse| Fine AGC Line Notes
JTEST | 090403-231054 w 1.4 a 12 7 ML oK
4 Times entered are Zulu f GMT ¥ ‘Werify 5-Turns Before Mission vor [ Ha
a7 v 233424 [ 1.4 a 12 i " oK
96 v 2343119 5 2 a 12 i " oK
EL v 235242 [ 2 a 12 i oK
94 v nnoiEn 5 21 ] 12 7 " oK
93 4 0nze [ 1.7 ] 12 7 0K
92 4 002041 5 1.5 2 12 7
Ell 4 00263 [ 1.5 2 12 7
an 4 0n3e43 5 1.5 2 12 7
B4 4 004319 [\ 1.7 8 12 7
70 4 010359 s 1.7 8 12 7
bl 4 s [\ 1.7 8 12 7
T2 4 0114957 s 1.6 8 12 7
73 4 012744 I 1.6 11 12 7
74 4 013559 5 1.6 1 12 7 "
75 4 014327 [ 1.4 1 12 7 "
76 4 015246 5 1.5 10 12 7 "
77 4 020138 [ 1.3 10 12 7 "
Th 4 021049 5 1.4 10 12 7 "
74 v 021308 [ 1.4 j] 12 i "
an v 022810 5 1.4 1 12 i "
EEll v 023658 [ 1.8 1 12 i "
a2 v 024852 5 1.5 1 12 i "
a3 v 025403 [ 1.5 1 12 7 "
a4 4 020264 5 1.4 il 12 7
g6 4 03137 [ 1.5 1] 12 7
ol = 032080 5 2 j] 12 7
av 032937 [ 2.2 j] 12 7
a8 033308 s 23 8 12 7
29 Yer [ Ha

Supplomantal Hutes

nasacr ReFLEw Ln NTOTOF REFLEW LINE 14
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May 2009
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Page 1 of [
_“ LIDAR LG Date: Julian Date: |Mission Name:
% SHEET 9442009 394 inkataki
= 3 O wrorer Hobbs Start Local 3tart Time ['Wheels Up) Zulu Start Time
KROHMN H4dCF ] H4TSRG 2626.1 621 5:21
kobbs end Local End Time [Wheels Down] Zulu End Time
GEEBHART SHIT
: O shas SHZ 26214 8:38 4:36
Wind DirsctimnsSps| Tirikility | Cluwd coiling (Ft): | Clawd Caveri: | Departing Airport Arriving Airport
25007 10 CLEAR CRW CRYW
Tamp: [ Prorrura: WindfHaxaiClaw [Applaniz GFS Bayan Lugging at:
Pmint: 44 Fira?
150°C 2nc 2956 LR LR 1]
Base Station #1{ Dperator: krohn CRW Using or Relying on CORS
Base Station #2| Operator: 0 ves [A no
"L azer Specifications "
Secan Angle ScanFre _ Pulse Mode | Attestwatar Bir Spead AGL- 7500
9- O == 0 ee 10 MSL: varies
0 4+ O ez Maz Range.
35 104100.000 ) Larer Puuer ¥ | fyg. Elev.: [varies
O Single | O 0.7
39 00
Hulki .
Fit Ling Mission ID# |Heading |HDOFP (¥DOF |5¥s  |Cowrse| Fine AGC Line Notes
ST | 030403-231054 W 1.4 ] 12 T A Ok
& Times entered are Zulu f GMT * Werify 5-Turns Before Mizsion Yer [ Ha
L
24 034514 I 24 g 12 T ! Ok
L
B 04032 s 23 g 12 T ! Ok
Yor [ Ha

Supplamasntal Hutas

HA#CF REFLEW LIN
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May 2009
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Page 1 of [ ]
Date: Juliam Date: | Mission Name:
LIDAR LM $-Sep0d
h SHEET oD ¢ MPM 17T a3 Eluestone Lake
DOperator: Aircraft: [ Hobb= Start Local Start Time ['Wheels Up] Zulu Start
Krohn [ Havace [ H47sRC 14:33
Filot: 925 9:47
Hobbs End Local End Time [Wheels Zulu End Time

Gebhart Sensor: Down]
Bassengers: ZHdE O sume - —_— 1522
Wind DirsctimntSy| Firikility | Cluwd cailing [Ftl: Clawd Cawar 3: Departing Airport Arriving

calm 10 clr few clands CEw CRW
Tamp: Dau Prasrura: WisdfHazsfClnw | Applaniz GPFS Bagan Luyqing at: 132610

Fumint: 4 Firal
o 20°c 2333

Base Station #| DOperator: Krohn Using or Relying on CORS
Base Station ) Dperator: L ves [4 vo
"l aser Specificaticnas ™"
Scan Angle Scan Pulse Mode | Attentwatmr Rir Spasd AGL- 7500-10250
[FO¥]: 35 E;e?::ii Rate[kHz): 1041 O =z O . i MSL: varies
39 d+3 O oz Maz Range:
. Larar Fuusr ¥ | fug. Elev.:  varies
O Sinale | O 0.7
! 00 Adj. AGL:
Multi
FIt Ling Mission ID# |Heading [HDOP |¥DOP |S¥s ':“:" Fine | AGC Line Notes
foar | 090423 132610 ok
& Times entered are Zulu f GMT ¥ Werify 3-Turns Before Mission ter [ Ha
a3 "R I 1124 1433 i E T
as " d3Ea 5 1145 1817 i E T
ar " 144068 I 1183 139 T E T CLOS WP 8WFP 5
84 " 14E123 I 113 19497 i E 7 CLOWF 4
af " 15004 5 1.073 1431 i E T CLOCOVER WFPT 11
‘Werify 5-Turns After Mission Yer [ Ha

start pulse, reboot at bkw, systems ok, lots of clouds

Swpplemsental Huta Encoder reading is out of spec by more than 26 degrees, postaw heading is not within the user specified bound, laser not receiving
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Fage 1 of |:|
_1 LIDAR LOG Date: Julian Date:  (Mission Mame:
ﬁ SHEET 42009 T yene
Dperator: Aircraft: [ Hobb=z Start Local Start Time ['Wheels Up] Zulu Start Time
SHULER: O Haoace [ Hamsee 26261 6:25 2255
hobb:z end Local End Time ['Whezls Dows) Zulu End Time
RADER SHIT
Rasatnaets: sues O swm 26214 1216 416
Wind DirectinndSpe| Pirikility |Clawd cailing (Ft): | Clawd Cavsrx: | Departing Airport Arriving Airport
2E0T 10 CLEAR = R
Tamp: Dau Frasrurs: Wind/HaxsfCluw |Applanizx GF5 Baqan Luyging at:
Puint: 49 Fira?
B0 C B3 2356 Exlipm
Base Station #1 Operator: krohn ChRw Using or Relying on CORS
Base Station #2| Operator: L ves [ no
""f azer Speciffcaticns ™"
Secan Angle | ScanFre _ Pulse Mode | Artsntuatar Air Spasd AGL- 7500
9- O zsz 0 ve - MSL: varies
O a+= n k] Maz Range 5351-3031
35 104100.000 |5, . |Oes Larar Puuar ¥ | fyg_Elev.: [varies
39 Hulki 00z
Fit Ling Mission IDE |Heading (HDOP | ¥DOP |5¥s | Coarse| Fine AGC Line Notes
_IEST | 030409-221652 ak
& Times entered are Zulu { GMT ¥ Werify 5-Turns Before Mizsion Yer [ Ha
13 ¥ 223918 I 1091 1.927 7 3 7 [n]
12 i 2263 5 1077 1917 7 E 7 [n]
1 g 230102 I 1003 1679 8 [ 7 K
10 i 230813 5 1126 1.361 T E T QK
k] i ZHE0T I 1.1 1.984 g E 7 Ok
g ¥ 232187 5 1035 1.583 g 3 7 [n]
7 i 232815 I 1078 171 g E 7 [n]
[ i 233503 5 1112 1.842 8 [ 7 K
] i 234105 I 1164 1.937 g E T QK
4 ) 234633 5 1174 1391 g E 7 Ok
3 ) 235200 I 1227 2153 7 3 7 [n]
2 i 2367H 5 122 218 7 E 7 [n]
1 g o003 I 1182 2166 7 [ 7 K
14 i 001000 5 0478 164 g E T QK
15 i 002340 I 1008 175 g E 7 Ok
15 E 003738 5 0.768 1189 ] B 7 [n]
17 i Q05125 I 0769 1.327 10 E 7 [n]
13 g 010453 5 0772 1.395 0 [ 7 K
13 i 011350 I 0.913 1.7E7 k] E T QK
20 i M3z 5 0878 1.326 11 E 7 Ok
21 ¥ 014611 I 0876 1.363 11 B 7 [n]
22 i 5543 5 0.9z 1.324 10 GE 7 [n]
23 i 021748 I 0.317 1.224 0 [ 7 K
24 i 023613 5 1207 ZE67 g E T QK
28 i NZEE3T I 1246 3.25 g E 7 Ok
26 % 031536 5 1245 24 ] B 7 [n]
Yer [ Ha

Supplamasntal Hutss

HAd4CPF REFLEW LIH

Woolpert
May 2009
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Hage 1 ot

_‘ LIDAR LOG Date: Julian Date: |Mission Name:
M 120442009
EHFFT DD ¢ MM TY 02 A Eluestone Lake B3422
Operator: Alrcraft: O Hretsr Hobb=s Start Local Start Time [Wheels Up] Zulu Start
Krohn [ Hdndck [ H4TSRG 2245 545
Filot: 9066
Hobb=s End Local End Time [Wheels Zulu End Time
Probert Sensor: Dows]
Passengers: s 0O swer 03:08 ]
s Tz
Wind DirsctinntSy| Pirikility | Clawd cailing (Ft): |Clasd Caver: | Departing Airport Arriving
FI0T 10 <lr BKW BkWw
Tamp: Dau [rr— WindfHazalClan [Applaniz GF5 Esqan Luqqing at: WE-IEIN
Puint: 4 Fira?
60°C -2nTc 3014
- . _____________ .. _______________________________________._ .. ]
Base Station ¥| Operator: Schneider raleigh Using or Relying on CORS
Base Station ¥] Operator: L ves 4 no

""d axer Speciffeaticns ™

Scan Angle Scan FPulse Mode | Artentwatar Rir Spaad AGL: 7500-10250
[FD¥]: 35 E;e?::r Rate[kHz): 104.1 O =z 0 ee 0 MSL. varies
39 d+3 O wz Maz Hange: 5351-8031
Larser Puuar ¥ g f
O Single | O 0.7 e ::?AEII;L“ Ranes
Multi
FIt Lind Mission ID¥ (Heading |[HDOP |¥DOP |S¥= ':“:" Fist | AGC Line Notes
_FEST | 080412023504 [l el I ok
& Times entered are Zulu f GMT * ‘Werify 5-Turns Before Mission Yer [ Ha

il =] " 030024 5 1267 3 [ 7

i =] B el I 11 3 [ 7

5B " 0F2EaH 5 1071 3 [ 7

BB " 03I I 0.an2 n [ 7

EOC "034659 = 0.a07 0 [ 7

BAC 03662 IE 0.8 1 [ 7

il =] 040906 I n.a12 1 [ 7

=] "n42gz0 5 0879 n [ 7

BIE "N44E58 I 0.938 3 [ 7 Flaps out

49B "0E115E 5 0.958 3 [ 7

LEs] "NEIHT I 1032 3 [ 7

7B N 5 1123 7 [ 7

Lis] "IEIZZE I 1117 7 [ 7

15E " DEIZE 5 0.953 3 [ 7

HE " 0EGZEY I 0.923 3 [ 7

‘Werify S5-Turns After Mission Yer [ Ha
Supplemsntal Hat flaps broke line BOE forced nose to pitch up

Woolpert Bluestone Lake, West Virginia, Aerial LIDAR Acquisition Report
May 2009 Section 3: Flight Log(s)



Page 1 of [ ]
_‘ LIDAR LG Date: Julian Date: |[Mission Name:
s 120442009
EHFET DD { MM 1YY n:e Bluestone Lake B3422
Dperator: Adrcraft: O HroTsF Hobb=z Start Local Start Time ['Wheels Up]) Zulu Start
Krohn [ HandcF [ H4TSRC 55| 13,55
FPilot: 066
Hobbs End Local End Time [wheels Zulu End Time

Frobert Sensor: Down)
FPaszengers: Eide O swre 03.08 12| 0
Wind Dirsctimn? Sy Pirikility | Clund cailing [Ft): Clund Cuwar 3: Departing Airport Arriving

0307 10 <lr EKw BKW
Tamp: Dau Prasruras: Wind/HaxsiClun |Applaniz GF5 Bagan Lugging at: 1344

Pmint: 4 Fira?
30°C T 3028

Base Station ¥| Operator: Krohn Using or Relging on CORS
Base Station ¥] Operator: L ves [ wo
"L axeor Specifications ™
siag*nng;e Fscan > :i||;|||5e s Mode Attsntuatmr Air Spead AGL: 7500-10250
! ¥ c;e?::F ate[kHz)- O e [ e 130 MSL: varies
33 d+3 O oz Maz Range: 5351-8031
: Larar Fuuar | Ayg Elev.: wvaries
O sinate | O 07
) 1002 Adj. AGL:
Mulki
FIt Lind Mission ID¥ |Heading |HDOP |¥DOP (S¥s ':“:" Fine | AGC Line Motes
SEST | 030412134703 RN UU— —— ok
& Times entered are Zulu ! GMT ¥ ‘Werify 5-Turns Before Mission Yer [ Ha
11EB " 140643 5 1229 2.0z 3 [ 7
1B " 142146 I 1126 1814 3 [ 7
1B " gIgER 5 1176 1987 7 [ 7
4B " 146251 I 1013 1.262 3 [ 7
Werify 5-Turns After Mission Yer [ Ho

Supplemental Hua land at CRW b0 set up BT for arriving A0S crew

Woolpert
May 2009

Bluestone Lake, West Virginia, Aerial LIDAR Acquisition Report
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Page 1 of [ ]

_‘ LIDAR LG Date: Julias Date: |[Mission Name:
h leiia009 0z c Eluestone Lake B3422
wan:  RHEET DD ! MM I YY
ﬂp_g_mg[; Aircrakt: O wrorsr Hobb=z Start Local Start Time [Wheels Up] Zulu Start
Krohn [0 Handce [ H4TSRG 1222 | o
Pilot: a0g.2
Hobbs End Local End Time [Wheels Zulu End Time
Rader Sensor: Dows)
Eassengers: SHE O sHiv smg| 2154
Wind DirsctimnfSy| Pirikility | Cluwd cailing (Ft): | Cluwd Caver: | Departing Airport Arriving
aTois 0 clr Bk CRWwW
Tamp: Dau Frarsura: WindfHazaiClan |Applaniz GF 5 Began Lugqing at: 118
Fuint: 4f  Fire?
ao0'c -5Q°C F0.54
e~ &~ ... o .
Base Station ¥| Operator: Krohn Using or Relying on CORS
Base Station ¥] Dperator: L ves 4 wo
“"Laser Spaciiealions T
TFOVESS  |Frequen |Rate(kba) 104.1] oy | covr o ot (AGL: 750010250
: iy ?Hz]: : |0 e [ e 130 MSL: wvaries
39 d+3 O uz Maz Range: 5351-8031
Larsr Puusr X .
O Sinale | O 0.7 —m ::?AEII;L“ Ranes
Hulki
Fit Lind Mission ID¥ Heading |HDOP |¥YDOP |S¥s ':“:" Fise | AGC Line Motes
SEST| 0anHE-1E2m Eeil el M ok,
& Times entered are Zulu ! GMT ¥ ‘Werify 5-Turns Before Mission ter [ Ha
27 " IEIT4E 5 0.862 1115 il E 7 B lines
2k BRI M 1.003 1608 10 E T B lines
20 " TI00E 5 0.957 1E22 10 E T E lines SEE MOTES
24 "UATEEIT M n.aa 14495 1 E T B lines
23 TG 5 0.862 1478 1 E T B lines
22 g0z M n.azy 1344 1 E 7 Elines
2 "MEITEY 5 0.o47 12rz 10 E T B lines
20 "Manr 5 0.o4y 1.E0R i E T B lines
36 " 1ahRdE M 1306 1533 i E T B lines
2 "UAlEIE 5 1161 2.0k T E T B lines
20 B el ] M 1692 2.263 f E 7 Elines
Ti "MAz0E 5 1471 21r3 i E T B lines
i "MAzEd M 1402 2043 i E T B lines
I U454 5 1315 1923 i E T B lines
TE "MAE05a M 1267 1795 i E T B lines
75 "UAGBERD 5 1218 1581 f E 7 B lines
1] "U01a4E M 1265 147 T E T A lines
1] "U1a4E 5 LINE ALREADY FLOWMN ABORTED
EY "UE03EEE 5 1.083 1.5EE i E T A lines
EE 0G0z M 1023 162 i E T A lines
ES i [edi] 5 1.083 1.57E f E 7 Alines
B4 "UHIT0E M 1023 1473 i E T A lines
K] A 5 0976 1.3 i E T A lines

‘erify S-Turns After Mizsion Yer [ Ha
Supplamantal Hat: ERROR MESSAGE: POSIAY position not within user specified bounds

Woolpert Bluestone Lake, West Virginia, Aerial LIDAR Acquisition Report
May 2009 Section 3: Flight Log(s)



Page 1 of [ ]
_‘ LIDAR LOG Date: Julian Date: |Mission Name:
By Joi0ai82 03 Eluestone Lake B3422
wann __ RHEET DD _{ MM ! YY
Dperator: Aircralt: i Hobb= Start Local Start Time [Wheels Up) Zulu Start
Schneider [ Hdedck [ H4TSRC i3tlig
Pilot: 9138
Hobb= Ead Local End Time [Wheels Zulu End Time
Rader Sensor: Dows)
= s 13.3 240540
Wind DirsctimndSp| Virikility | Cluwd ceiling (Ft): | Cluwd Caver 2z | Departing Airport Arriving
s 0 «r Bk CRWwW
Tamp: Dau Frarrara: WindfHazs/Clnn | Applaniz GF5 Eagan Lugqing at: [T
Fmint: Al Fira?
an'c 100 3015
Base Station #| Operator: Schneider BEW Using or Relying on CORS
Base Station ¥] Dperator: Schneider CHW U ves [d ro
""f asar Speciffeaticeas ™"
FOVES | Frequen |RatelkHal 10810 on | [t (AGL: 7500 10250
: oy ?Hz]: 3 O e 0 ee 0 MSL: wvaries
39 de3 [m Maz Range: 53%1-8031
Larer Puusr 5 i
O Sinale | O 0.7 = ::?.EII;L“ Ranes
Hulki
FIt Ling Mission ID# |Heading |HDOP |¥DOP |S¥s c“:" Fine | AGC Line Notes
SESF | 0A043-002151 Pl el e ok
& Times entered are Zulu f GMT ¥ ‘Werify 5-Turns Before Mission Yer [ Ha
B2 " 004e54 I 0772 n E 7
i 00304 5 0.313 ] E T
[=11] B e I 0.316 U] E T
o] B ) e 5 0.373 i E T
o] O I 0876 1 E 7
a7 "01EE1E 5 0.313 n E T
AR "UN20T04 I 0.313 U] E T
2] " 021944 5 1228 2 E T
54 B k) | I 1217 2 E 7 HIGH FOOP WRET 11
53 M0z 5 1233 3 E T
Az NGR4T I 1.26 2 E T
51 "UO30ET 5 1243 2 E T
0 "032om I 1.087 ] E 7
43 033450 5 1.034 ] E T
44 U030 I 0.525 i E T
i " 03R40 5 0.213 i E T
15 041043 I o4 n E 7
45 042140 5 0532 n E T
44 "UD43248 I 0.933 ] E T
LX) 0443 5 0.334 ] E T
1z "U04E44T I 0.937 ] E 7
H "NG055E 5 0.361 ] E T
40 L e I 0.942 ] E T
a4 ) 5 1.023 2 E T
el "UNs4040 I 1162 7 E 7
ar "UNEE20E 5 1113 7 E T
36 " OEDEEE I 1117 7 E T
el " OE201A 5 0367 7 E T
Werify 5-Turns After Mission Yer [ Ha
Supplemental Huea 5 LINES

Woolpert
May 2009
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Page 1 of [ ]

_‘ LIDAR LG Date: Julian Date: |Mission Name:
h 1700403
SHFFT DD MM YY o7 Eluestone Lake 63422
Dperator: Aircraft: O Hrotar Hobhb=s Start Local Start Time [Wheels Up] Zulu Start
Krahn H40doF  [] H4TSRG Caadatell WP
FBilot: 2E36.T
Hobbs End Local End Time [wheel= Zulu End Time
Gebhart Senzor: Dows)
Passengers: O sha ZHIT y
26398 10:47 PM e

Wind Dirsctimnd S| Virikility | Clawd ceiling [Ft): Cland Carer X Departing Airport Arriving

0306 10 ar CRY R
Tamp: Dau Frerrara: WindfHazalClun [Applaniz GFS Baqan Lugqing at: [TETEL

Pumint: 4F  Fira?

1E0°C =R 30,30
e e
Base Station ¥| Dperator: Krohn Using or Relying on CORS
Base Station #] Operator: 0 ves A no

“"f aser Specificaticns ™"
5‘::33.'.““3:; Fscan E :i;-.|||5e e Mode Attsntuatar Air Spaad AGL: 7500-10250
( ¥ c;e?::; avelkbiz): [ e 10 MS5L: varies
39 d+3 O ez Maz Range:
) Larar Puusar x| pyg Eley.:  waries
Sinale ny
Bl 100 Adj. AGL:
Mulki
FIt Ling Mission IDE |Heading |HDOP | ¥YDOP (S¥s c":" Fine | AGC Line Notes
FEST | 090417-003417 ok,
& Times entered are Zulu { GMT ¥ ‘Werify 5-Turns Before Mizsion ter [ Ha

25 " 034E 5 17 1 12 T

27 " z4n I 15 1 12 T

28 B e 5 14 1 12 T

24 " 20030 I 14 1 12 T

jeli] " 021354 5 14 1 12 T

H " 023T0s I 14 1 12 T

32 | 5 21 1 12 T

33 " 030902 I 2.3 [ 12 T

4 e k] 5 2.h [ 12 T HIGH POOF WFT 11

‘Werify S-Turns After Mizsion Yer [ Hao
Swpplemantal Hats [F25 recard 2.5 TracGUI reads 2.5 on line 34 starking wpt 1

Woolpert Bluestone Lake, West Virginia, Aerial LIDAR Acquisition Report
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Page 1 of [
_‘ LIDAR LOG Date: Julian Date: Mission Mame:
230409
M SHEFT oD { MM YY 13 Eluestone Lake
Dperator: Aircraft: O Hrorer Hobbs=s Etart Local Etart Time [wheels Up) Zulw Start
Krohn H4wdcF ] H4TSRE 1433
Filot: Z2E47 9 10:33
Hobbs End Local End Time [Wheels Zulu End Time
Gebhart Sensor: Dows)
Passengers: _— ZHIT !
- ZE53.4 454 i
Wind Dirsctimnd5p| Yirikility |Cluwd cailing [ft): | Cluwd Caverix: | Departing Airport Arriving
35005 10 <lr CRW CRW
Tamp: Dau Prasrura: WindfHazsICluw | Applanizx GF5 Baqgan Lugqing at: 14:23
Fuint: 4 Fira?
007 C 10°C 30016
e ... .. .. .
Base Station ¥| Operator: Krohn Using or Relying on CORS
Base Station ¥] Operator: L] ve= [ no
" aser Specifications Tt
5‘?6.?““3:; Fscan = I::ISE i Mode Attsntwatmr Air Spaad AGL: 7H00-1025%0
( ¥ c;e?::; atalkHz): |0 ez e 0 MS5L: varies
39 d+3 O ez Maz Range:
; Larsr Puuar x| fyg Eley.:  varies
Sinale ny
e b 00 Adj. AGL:
Hulki
FIt Lind Mission ID# |Heading |HDOF |YDOP (S¥s ':":" Fine | AGC Line Motes
JESF| 080423 14308 ok
& Times entered are Zulu { GMT ¥ Werify 5-Turns Before Mission ter [ Ha
24 " 4BEIT I 14 4 12 7 2-E WP LOW RETRMS
24 " E0462 I 14 10 12 7 reflt wpk 2-B
28 LA ] I 16 10 12 N reflt wpk 2-5
Z6 " GZER I 1.5 10 12 T refltii-14
26 " G324 I 1.5 10 12 T refl 3-14
24 " 153966 I 16 10 1z T reflt 1-13
23 B I 14 10 12 T reflk 1-13
22 " ET00E I 2 10 12 T refl 3-13
21 " BT I 1.7 1 12 T refl 3-13
20 e I 18 1 12 T
i "B I 18 1 12 T reflt 6-10
T " B4 I 15 1 12 T reflt 6-10
Werify 5-Turns After Mission Yer [ Hao
Supplemental Hat.

Woolpert
May 2009
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SECTION 4: LIDAR SYSTEM SPECIFICATIONS

The LiDAR data was acquired using two ALS50-11 150kHz Multi-Pulse enabled LiDAR systems, both

which are on board Cessna 404 Titans. The ALS50-11 LiDAR system, developed by Leica Geosystems of
Heerbrugg, Switzerland, includes the simultaneous first, intermediate and last pulse data capture module,

the extended altitude range module, and the target signal intensity capture module. The system software is
operated on an OC50 Operation Controller aboard the aircraft.

The ALS50-1I LiDAR System has the following specifications:

Table 4.1: ALS50-Il LiDAR Sistem Siecifications

Operating Altitude

200 - 6,000 meters

Scan Angle

0 to 75° (variable)

Swath Width

0 to 1.5 X altitude (variable)

Scan Frequency

0 — 90 Hz (variable based on scan angle)

Maximum Pulse Rate

150 kHz

Range Resolution

Better than 1 cm

Elevation Accuracy

8 — 24 cm single shot (one standard deviation)

Horizontal Accuracy

7 — 64 cm (one standard deviation)

Number of Returns per Pulse

4 (first, second, third, last)

Number of Intensities

3 (first, second, third)

Intensity Digitization

8 bit intensity + 8 bit AGC (Automatic Gain Control) level

MPia (Multiple Pulses in Air)

8 bits @ 1nsec interval @ 50kHz

Laser Beam Divergence

0.22 mrad @ 1/e” (~0.15 mrad @ 1/e)

Laser Classification

Class IV laser product (FDA CFR 21)

Eye Safe Range

400m single shot depending on laser repetition rate

Roll Stabilization

Automatic adaptive, range = 75 degrees minus current FOV

Power Requirements

28 VDC @ 25A

Operating Temperature

0-40°C

Humidity

0-95% non-condensing

Supported GNSS Receivers

Ashtech Z12, Trimble 7400, Novatel Millenium

Woolpert
May 2009
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