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1. Overview

On May 3, 2016, Aero-Graphics acquired high resolution LiDAR data and digital 3-band stereo
imagery over approximately 22 square miles located in Fremont County, Idaho. The LiDAR and
orthoimagery deliverables will support the Island Park Reservoir Enlargement Assessment.

Exhibit 1: Island Park Reservoir project boundary

ProjectiOveryiew,
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2. Acquisition

2.1 LiDAR and Imagery Acquisition — Equipment and Methodology

LiDAR and imagery acquisition for the Island Park Reservoir project was performed
simultaneously with an Optech ALTM Orion H300 LiDAR sensor and an Optech CS-10000 aerial
camera system. The LiDAR sensor and the aerial camera were paired in a customized mount to
minimize error and increase accuracy between datasets. Aero-Graphics flew at an average
altitude of 2,625 ft AGL (above ground level) and made appropriate adjustments to compensate
for topographic relief. The imagery was acquired at a 5.9 cm ground sampling distance with
60% forward and 50% side overlap, collecting 2,579 images over 48 flightlines. LiDAR
acquisition was performed with 50% overlap and yielded an average 8.8 points per square
meter throughout the project area. The PRF (pulse rate frequency) used for collection was 125
kHz, scan frequency 57.1 Hz, and scan angle +/- 15° from the nadir position (full scan angle 30°).

Exhibit 2: Summary of flight parameters
Altitude Overlap Speed Scan Angle °
(ft AGL) (%) (kts) (full)
2 Post spacing Post Spacing Swath Width . .
PPM®(mean) ek (() | Pem # Flightlines # Images

The Orion H300 can send/receive up to 300,000 pulses per second and is capable of receiving
up to four range measurements, including 1%, 2" 3" and last returns for every pulse sent from
the system. The Orion H300 features roll compensation that adjusts the mirror to maintain the
full scan angle integrity in relation to nadir, even when less than perfect weather conditions
push the sensor off nadir. It is also equipped with a GPS/IMU unit that continually records the
XYZ position and roll, pitch and yaw attitude of the plane throughout the flight. This
information allows us to correct laser return data
positions that may have been thrown off by the
plane’s natural movement.

Exhibit 3: The acquisition platform for the Island Park
Reservoir project was a turbocharged Cessna 206. Our
206 has been customized for LiDAR and other airborne
sensors with an upgraded power system and avionics. The
stability of the Cessna 206 is ideal for LiDAR collection.
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The ALTM Orion H300 LiDAR sensor is equipped
with FMS Planner Flight Management System
Software, which is the latest release from
Optech. Aero-Graphics utilizes FMS Planner to
both plan the flight and guide the airborne
mission while in flight. This smooth transition
from flight planning to aerial operations
eliminates discrepancies between the flight
plan and the actual airborne mission. The use
of FMS Planner helps ensure an accurate and
consistent acquisition mission with real-time

quality assurance while still airborne. The system operator can monitor the point density

and swath during the mission to confirm adequate coverage within the area of interest,

as shown in Exhibit 4.

Exhibit 4: Swath data for the Island Park Reservoir project was recorded and viewed real-time by the

operator
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2.2 Ground Survey — Equipment and Methodology

Aero-Graphics used CORS base stations and statically-collected survey data at strategic points
throughout the project area to ensure that the LiDAR and image data maintained its true
geographic integrity. A single-base solution was used to differentially correct the aircraft’s
trajectory data. Control point and base station coordinates can be found in Appendix A.
LiDAR positional accuracy can be found in section 4.2.

Exhibit 5: Static ground control for the Island Park Reservoir project

ProjectControl
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Project: ISLAND PARK RESERVOIR LIDAR DATA & ORTHOIMAGERY ACQUISITION
Dates Surveyed: May 2-4, 2016

Chief Surveyor: James Couts PLS (ID Lic #L-14107)

SURVEYOR’S CERTIFICATION:

I, James J. Couts, certify that | am a Professional Land
Surveyor and hold License No. L-14107 in accordance
with Title 54, Chapter 12, Idaho Engineers and
Surveyors Code; that the control survey described in
this report has been completed under my supervision;
and that | have verified all measurements, calculations
and conversions provided herein.

On-Site Surveyor: John R Francis PLS (UT Lic #368357-2201, NV Lic #17370)

ON-SITE SURVEYOR’S NARRATIVE:

On Monday, May 2, 2016, | began the ground control survey for the Island Park Reservoir
Enlargement Land Assessment project. | set up five (5) base station aerial targets with 8 inch
mag spikes/washers/white vinyl (1 ft x 7 ft legs) at ground control positions 104, 105, 109, 110
and 113. At each of these five (5) positions, a GNSS dual constellation receiver recorded data at
a one (1) second interval for a minimum of seven (7) hours. Another GNSS receiver was also set
up at a 1946 NGS Benchmark “Canyon” and also recording data for just short of seven (7) hours
to serve as a vertical check for this project. Another GNSS receiver was then set up at ground
control positions 111 (w/12 ft square black LiDAR-specific target), 112 (w/white vinyl target — 1
ft x 7 ft legs), and 114 (w/white vinyl target — 1 ft x 7 ft legs) and each recording data for a
minimum of one (1) hour. These three (3) southwestern control positions were tied to Canyon
Benchmark and control position 113 in the final solution.

On Tuesday, May 3, 2016, | set up three (3) base stations at ground control positions 106
(w/mag spike/washer/12 ft square black LiDAR-specific target) and 108 (w/mag
spike/washer/white vinyl target — 1 ft x 7 ft legs) and Canyon Benchmark. Again, all three (3) of
these GNSS base station receivers recorded data for a minimum of seven (7) hours. | then set
up GNSS receivers at control positions 101 (w/mag spike/washer/white vinyl target — 1 ft x 7 ft
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legs), 102 (w/mag spike/washer/white vinyl target — 1 ft x 7 ft legs), 103 (w/mag
spike/washer/white vinyl target — 1 ft x 7 ft legs), and 107 (w/mag spike/washer/12 ft square
black LiDAR-specific target). Again, all GNSS receivers recorded data at a one (1) second
interval. All base station ground control positions were verified by an NGS OPUS solution.

On Wednesday, May 4, 2016, | set up a Spectra Precision Focus 35 Robotic Total Station on
control positions 104, 105, 109, and 110 and collected 40 ground check points around each
position. These check points were used as a quality check on the LiDAR sensor data.

Topcon GNSS dual-frequency dual constellation receivers (HiperSR, HiperGa, and GB1000) were
exclusively utilized for this ground control survey. NovAtel/Waypoint software was used to
check the accuracy of every baseline/vector generated by the ground position tie data.

All work on this project was performed under the direction of the Idaho Water Resource Board.

Exhibit 6: Base station aerial target at ground control position 109
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3. LiDAR Processing Workflow

a. Absolute Sensor Calibration. Our absolute sensor calibration adjusted for the
difference in roll, pitch, heading, and scale between the raw laser point cloud from the
sensor and surveyed control points on the ground.

b. Kinematic Air Point Processing. Differentially corrected the 1-second airborne GPS
positions with ground base station; combined and refined the GPS positions with
1/200-second IMU (roll-pitch-yaw) data through development of a smoothed best
estimate of trajectory (SBET).

c. Raw LiDAR Point Processing (Calibration). Combined SBET with raw LiDAR range data;
solved real-world position for each laser point; produced point cloud data by flight strip
in ASPRS v1.2 .LAS format; output in NAD 83 UTM Zone 12.

d. Relative Calibration. Performed relative calibration by correcting for roll, pitch,
heading, and scale discrepancies between adjacent flightlines; tested resulting relative
accuracy. Results presented in Section 4.1.

e. Absolute Accuracy Assessment. Performed comparative tests that showed Z-
differences between each static survey point and the laser point surface. Results
presented in Section 4.2. LIDAR checkpoints can be found in Appendix B.

f. Tiling & Long/Short Filtering. Cut data into project-specified tiles and filtered out
grossly long and short returns.

g. Classification & QA/QC. Ran classification algorithms on points in each tile; separated
into (1) processed, unclassified (2) bare-earth (6) buildings and other manmade
structures (7) noise (8) Model Keypoints (Ground) (9) water (10) ignored ground
(proximity to breakline) (11) unusable/withheld; revisited areas not completely
classified automatically and manually corrected them.

h. Contour Generation. Bare-earth DEMs at a cell size of 0.3 meters were mosaicked into
one file using ArcGIS. The resulting cell values were converted from meters to feet
using the Map Algebra tool and a factor of 3.2808. The mosaicked DEM, in feet, was
then used as an input for the Focal Statistics tool where cell values were averaged with
a radius of 2 cells. Running Focal Statistics on the DEM allows for contours to be
generated with a somewhat smoother appearance while still maintaining
accuracy. This new DEM was then used as an input into Golden Software’s Surfer
program to generate 1’ contours. The contours were then exported to shapefile format
and used as an input in ArcGIS where processes were ran to properly classify contours,
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fix any errors and finally be cut into tiles that correspond to the LiDAR tiling scheme. A
single shapefile of all contours was also supplied.

i. DEM Creation. Generated hydro-flattened bare-earth DEMS at a 1 meter resolution in
32-bit ERDAS .IMG format, tiled according to project specifications.

j. Intensity Image Creation. Generated 0.5 meter pixel intensity images in GeoTIFF
format, tiled according to project specifications.

4. Results

4.1 Relative Calibration Accuracy Results

Between-swath relative accuracy is defined as the elevation difference in overlapping areas
between a given set of two adjacent flightlines. The statistics are based on the comparison of
the flightlines and points listed below.

Island Park Reservoir project area: (47 flightlines, > 738 million points)
® Between-swath relative accuracy average of 0.03 meter

Within-swath relative accuracy is the amount of vertical separation, or “noise,” among a set of
points on open, paved ground that should have the same elevation. The within-swath relative
accuracy average is less than 0.026 foot.

4.2 Absolute Accuracy

4.2.1 NVA/VVA Results

The following exhibits display the Non-vegetated Vertical Accuracy (NVA) and Vegetated
Vertical Accuracy (VVA) results for the Island Park Reservoir project. NVA is defined as the
elevation difference between the LiDAR surface and ground surveyed static points collected in
open terrain (bare soil, sand, rocks, and short grass) as well as urban terrain (asphalt and
concrete surfaces). VVA is defined as the elevation difference between the LiDAR surface and
ground surveyed static points collected in all vegetated land cover categories combined,
including tall weeds and crops, brush lands, and lightly- to fully-forested land cover categories.

Technical Project Report - Island Park Reservoir Aerial Survey 10
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Exhibit 7: Non-vegetated Vertical Accuracy (NVA) of the Island Park Reservoir project

Accuracy,: Tested 0.149 meters Non-vegetated Vertical Accuracy (NVA)

at 95 percent confidence level in all open and non-vegetated land cover
categories combined using RMSEz x 1.96.

Average Error =0.019 m RMSE = 0.076 m
Maximum Error = 0.235 m 26=0.148 m

Exhibit 8: Distribution of the errors between the LiDAR surface and NVA surveyed points. Demonstrates
the percentage of compared points within a given accuracy range.

Island Park Non-vegetated Vertical Accuracy
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Exhibit 9: Vegetated Vertical Accuracy (VVA) of the Island Park Reservoir project

Accuracy,: Tested 0.870 meters Vegetated Vertical Accuracy (VVA)

at 95" percentile in all vegetated land cover categories combined
using the absolute value 95" percentile error.

Average Error =-0.218 RMSE = 0.358

Maximum Error = 0.371 20 =0.570

Exhibit 10: Distribution of the errors between the LiDAR surface and VVA Surveyed points.
Demonstrates the percentage of compared points within a given accuracy range.

Island Park Vegetated Vertical Accuracy
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Exhibit 11: LiDAR checkpoints used for the NVA and VVA assessments

LiDAR! Checkpoints} -

N

&
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4.2.2 Ground Control Point Assessment

Absolute accuracy was also assessed using ground control point data. These results can also be
a good indication of the overall accuracy of the LiDAR dataset.

Exhibit 12: Ground control point assessment results for the Island Park Reservoir project
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Exhibit 13: Distribution of the errors between the LiDAR surface and surveyed ground control points.
Demonstrates the percentage of compared points within a given accuracy range.

Island Park Ground Control Point Assessment
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4.3 Orthophoto Accuracy

Horizontal accuracy of the orthophoto is dependent upon the quality of the aerotriangulation
solution and the resulting ortho surface creation. Each bundle-adjusted AT solution is checked
visually with the stereoimagery to ensure the surveyed control point falls directly on the center
of the target and within a specified vertical tolerance (one-quarter the equivalent contour
interval). If these tolerances are met, horizontal accuracy is always acceptable. In addition,
Aero-Graphics utilized the project’s survey grade control throughout the block to verify the
integrity of the ortho’s positional accuracy. Control and check points yielded a 0.12m RMSE XY.
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4.4 Data Density

The goal for this project was to achieve a LiDAR point density of 5.1 points per square meter.
The acquisition mission achieved an actual average of 8.8 points per square meter. The
following two exhibits show the density of all collected points.

Exhibit 14: Island Park Reservoir — All returns Laser Point Density by Frequency, points/m®.
Demonstrates the percentage of project tiles with points in a given density range

Island Park Reservoir Total Density
40%

35%

30%

25%

20%

Frequency

15%

10%

5%

0%
2 6 10 14 18 >20

Density of All Points | Average Density: 8.8 ppm?
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Exhibit 15: Laser Point Density of All Returns by Tile, points/m’

Island Park Reservoir LiDAR
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The following two exhibits show the density of ground classified points. Factors such as
vegetation, water, and buildings will reduce the density of points classified to the ground. For
the Island Park Reservoir project, an average of 4.5 ground classified points per square meter
was achieved.

Exhibit 16: Island Park Reservoir - Ground Classified Laser Point Density by Frequency, points/m”.
Demonstrates the percentage of project tiles with points in a given density range

Island Park Reservoir Ground Classified Density
40%

35%
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Exhibit 17: Ground Classified Laser Point Density by Tile, points/m’

Island Park Reservoir LiDAR
Ground Classified Density
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4.5 Data Density Summary

Island Park Reservoir “ Actual (mean)

Total Point Density: 5.1 points/m? 8.8 points/m?

4.6 Projection, Datum, and Units

Datum
Horizontal:

5. Deliverables

. . e Classified LiDAR data and raw point cloud
LiDAR Point Data: :
swaths in .LAS v1.2 format

Raster Data:

e 1’ contours and 3-D Hydro-lines in .SHP
Vector Data:
format

Report of Survey:
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6. Highlighted Images

Exhibit 18: LiDAR point cloud looking northwest, colored by orthophoto RGB values

Exhibit 19: LiDAR point cloud looking north over Bill’s Island, colored by elevation and intensity values
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Appendix A — Surveyed Ground Control

NAD 83 UTM Zone 12 NAVD 88

Easting (m) Elevation (m)

Survey Point

Base Stations

Base Station WGS84
Ellipsoid Height
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Appendix B — LIDAR Checkpoints

NAD 83 UTM Zone 12
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NAVD 88

Survey Point
Northing (m)

Easting (m)

Elevation (m)
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