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1 INTRODUCTION

This report contains a summary of the LIDAR data acquisition and processing in the vicinity of the
Matanuska and Susitna River valleys in Alaska. Data collection includes the cities of Wasilla,
Palmer, and Houston; plus the communities of Butte, Sutton, Chickaloon, Knik, Meadow Lakes, Big
Lake, Willow, Talkeetna, and Trapper Creek.

1.1 Contact Info

Questions regarding the technical aspects of this report should be addressed to:

AeroMetric, Inc.
2014 Merrill Field Dr.
Anchorage, AK 99501

ATTN: Jason Mann (LiDAR Production Manager)
Telephone: 907-272-4495
Email: jmann@aerometric.com

1.2 Purpose

The Matanuska-Susitna (Mat-Su) Borough had a requirement for high resolution LIiDAR data for
mapping and analysis applications. Data was to be of sufficient quality and vertical accuracy to
meet USGS, NDEP, and FEMA standards and to be placed into the National Elevation Dataset.
Pursuant to this end, data acquisition and processing was to be done in accordance with the
specifications outlined in the USGS National Geospatial Program (NGP) LIDAR Guidelines and
Base specifications v13.

Aero-Metric, Inc. (AeroMetric) acquired LIDAR data for an area that comprises approximately 3,680
square miles. This acquisition was carried out to satisfy the need for high resolution elevation data
in the region. AeroMetric’'s Optech Gemini and Leica ALS70 LiDAR systems were used in the
collection of data for this project.

1.3 Project Locations

The project area extends from the mouth of the Susitna River, and follows the river north past
Talkeetna, to the proposed Watana dam site, then follows the river eastward to approximately 21
miles west-northwest of Tyrone Lake. From the mouth of the Susitha River the project extends
northeast to Palmer, then follows the Knik River southeast until it terminates at the Knik Glacier,
and follows the Matanuska River northeast, past the Matanuska Glacier to approximately 1.7 miles
northeast of Trail Lake.

This area encompasses the cities of Wasilla, Palmer, and Houston; plus the communities of Butte,
Sutton, Chickaloon, Knik, Meadow Lakes, Big Lake, Willow, Talkeetna, and Trapper Creek; the
termini of the Matanuska and Knik glaciers; the Point MacKenzie/Port MacKenzie area; as well as
the Hatcher Pass area.

The project area of interest was defined and supplied by the Mat-Su Borough in early 2011, and
modified to include the dock at Port Mackenzie.
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Figure 1.1 - Red Outline Approximately Delineates Project Area of Interest (Imagery Source: Google Earth)

1.4 Time Period
LiDAR project planning was carried out in early 2011 and concluded in August 2012.

LiIDAR data acquisition was completed between May 11™ 2011 and August 29" 2012. Data was
acquired in 82 flights. Particular flight mission dates can be found in the individual flight logs in
Section 7.

Ground control check point surveys were completed between March 30" and August 18™ 2011 by
Lounsbury and Associates, Inc. (Lounsbury) specifically for this project.



1.5 Project Scope

Data collection was accomplished with aircraft operated by AeroMetric utilizing an Optech Gemini
and a Leica ALS70 airborne LiDAR system. Flights were performed at a nominal altitude of 1400 to
2000 meters above terrain with data collected to produce a data set with an overall nominal point
spacing of 0.6 meters, based on a per-swath 1 meter nominal point spacing.

The data was to be calibrated such that all systematic errors were accounted for. The project
required bare-earth, vegetation, building, bridge, major transmission line and water classification.
Hydro-enforcement was required for flat and level water bodies of 1 acre or greater surface area,
inland rivers and streams with a width of 100 feet or greater, as well as 19 specified streams
regardless of width, for the production of contours and digital elevation models (DEM). Buildings
with a roof “footprint” of greater than 400 square feet were to be located and outlined.

Per USGS National Geospatial Program (NGP) LiDAR Guidelines and Base specifications v13, the
unclassified LIDAR data was to conform to a Fundamental Vertical Accuracy of 24.5 cm at 95
percent confidence level in open terrain using RMSEz x 1.96. The Supplemental and Consolidated
Vertical Accuracy of the other land coverage classes was to conform to 36.3 cm at 95" percentile.

The horizontal accuracy of the data was to be compiled to meet 0.5 meters RMSE.

The accuracy as compiled, tested and published in this report has met vertical accuracy
requirements as specified by the client. Section 5.6 of this report contains results of the vertical
accuracy evaluation as tested against DEMs derived from the LIDAR data set. An Excel file with

survey point data compared with LIiDAR data and vertical differences will accompany this report.
File name: Final_Project_Wide_Vertical_Accuracy_Assessment.xIsx

1.6 Project Spatial Reference System

The specific spatial reference system for this delivery is as follows:

Horizontal Datum: North American Datum 1983 (CORS96 Epoch 2003.0)
Vertical Datum: North American Vertical Datum 1988 (GEOIDO09)
Projection: Alaska State Plane Zone 4

Measurement Units: U.S. Survey Feet

2 GEODETIC CONTROL

Control surveys and were completed by Lounsbury and Associates, Inc between March 30 and
August 18, 2011. A portion of these survey activities was dedicated to establishing control points to
be occupied by GPS ground stations during LIiDAR acquisition. The Survey report, control
summaries, and survey certification from Lounsbury are included in this submittal under the
Project_Survey_Control directory.

3 LiDAR ACQUISITION AND PROCEDURES
3.1 Acquisition Time Period

LiDAR data acquisition and Airborne GPS control surveys were completed between May 11™ 2011
and August 29", 2012. Eighty-two flight missions were required to cover the project area.



3.2 LiDAR Planning

The LiDAR data for this project was collected with AeroMetric’s Optech Gemini LIDAR systems
(Serial Numbers 03SEN145 and 07SEN201) and Leica ALS70 LIiDAR system (Serial Number
7161). Flight planning and acquisition was completed using Optech’s ALTM-NAV v. 5.95 and
Leica’'s FPES v. 10.2.10.5.

The LiDAR collection was planned to achieve a 0.60 meter nominal point spacing throughout the
project area. This is based on a nominal point spacing of 1 meter within each swath, with the final
spacing being the result of overlapping swaths. See the following tables for details.

Flying Height (Above mean sea level) Between 1400 and 2000 meters
Laser Pulse Rate 70 kHz

Mirror Scan Rate Frequency 40 Hz

Scan Angle (degrees) 34°

Side Lap 50%

Ground Speed 150 kts

Nominal Point Spacing/meter 0.6 m

Figure 3.1 - Acquisition details for the project acquisition flights utilizing Optech Gemini sensor.

Flying Height (Above mean sea level) Between 1400 and 2000 meters
Laser Pulse Rate 163.6 kHz

Mirror Scan Rate Frequency 41 Hz

Scan Angle (degrees) 32°

Side Lap Between 50 and 55%

Ground Speed 160 kts

Nominal Point Spacing/meter 0.6 m

Figure 3.2 - Acquisition details for the project acquisition flights utilizing the Leica ALS70 sensor.

The project area was divided into fourteen distinct areas, described below, due to factors such as
anticipated snow melt, terrain conditions, and tidal restrictions. The lower elevation areas were
anticipated to be snow free before areas of higher terrain. These areas were isolated in order to
maximize flying during the short period of minimal snow and leaves. As collection progressed,
areas to the north and of higher elevation were acquired as ground conditions allowed. The
following sections will detail the flight planning process for this project, divided by flight area.
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South Tidal Area

o Dates of Acquisition: May 10-12, 2011
o Number of Planned Lines: 88
o Line Miles: 2682

This area is located in the southern portion of the project. This
area was one of the first areas to be snow free, and the leaf free
window was short. Flight lines were oriented in an east-west
direction in order to minimize stair stepping between adjacent
flight lines acquired during a single mission (due to tidal
changes).

South Non-Tidal Area

o Dates of Acquisition: May 10-13, 2011
o Number of Planned Lines: 75
o Line Miles: 3266

This area is located to the north of the South Tidal Area. It
encompassed the majority of the developed area of the project.
Like the South Tidal area, it was snow free early during the
collection season. The block did not include the Lazy Mountain
Area, due to safety considerations during off-line turn arounds.

Knik River Tidal (Acquired May 12, 2011)

o Date of Acquisition: May 12, 2011
o Number of Planned Lines: 18
o Line Miles: 97

This area is located to the east of the South Tidal Area. It
isolated due to tidal influence on the Knik River and its
orientation allowed the flight lines to be parallel to the
surrounding terrain.

Knik River Non-Tidal

o Date of Acquisition: May 10, 2011
o Number of Planned Lines: 5
o Line Miles: 44

This area is located adjacent to the Knik River Tidal area. Its
orientation also allowed the flight lines to be parallel to the
surrounding terrain.
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Knik Valley Area

o Dates of Acquisition: May 10 — August 29, 2011
o Number of Planned Lines: 82
o Line Miles: 456

This area is located along the Knik River Valley and Pioneer
Peak. The blocks allow for flight line orientation which
maximizes data acquisition and minimizes risk due to terrain
proximity. A portion of these areas were acquired on August
29, 2011, due to snow being present in the data collected in
the spring.

Matanuska Valley Area

o Dates of Acquisition: May 13 — August 29, 2011
o Number of Planned Lines: 239
o Line Miles: 2863

This area is located along the Matanuska River Valley. The
blocks allow for flight line orientation which maximizes data
acquisition and minimizes risk due to terrain proximity. The
major challenge of data collection in this area was timing
snow and leaf free acquisition. The northern side of the
valley was ready for acquisition earlier than the southern side
due to solar heating of the south facing slopes.

Lazy Mountain Area

o Date of Acquisition: May 24, 2011
o Number of Planned Lines: 31
o Line Miles: 117

This area is located at the foot of Lazy Mountain. Due the
Matanuska and Knik River Valleys’ configuration, there
remained a small triangle of data remaining to be collected.
This area could not be collected with the South Non-Tidal
block due to the surrounding mountain peaks posing a
potential hazard to flying. The flight lines were arranged in a
north-south direction, and decreased in spacing as the terrain
elevation increased.
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Central Area

o Dates of Acquisition: May 17-25, 2011
o Number of Planned Lines: 113
o Line Miles: 3761

This area is located along the Susitna River. The maximum
elevation in this area is approximately 610 feet, with the majority
of the area less than 300 feet. It was selected due to its low
elevations, which would yield an earlier acquisition date.

The flight lines were oriented north-south, and were not
extended further north due to increases in elevation and the
desire to keep the flight line length to less than 20 minutes. Lines
which take longer than 20 minutes tend to show an increase in
IMU drift, causing decreases in data accuracy.

East Central Area

o Dates of Acquisition: May 26-27, 2011
o Number of Planned Lines: 41
o Line Miles: 1109

This area is located along the eastern side of the Susitna River
Valley. The area was isolated due to its slightly higher elevation
compared to the adjoining Central Area, allowing for later
acquisition due to snow conditions.

North Area

o Dates of Acquisition: May 30 — June 17, 2011
o Number of Planned Lines: 97
o Line Miles: 1975

The North area was isolated due to its expected snow melt time
to be later than the central regions due to elevation and latitude.
Snow conditions were monitored in this primarily undeveloped
area (particularly in the western portions) during the acquisition
of the Central areas.

Curry and Devil’s Canyon

o Dates of Acquisition: June 17-24, 2011
o Number of Planned Lines: 72
o Line Miles: 1235

This area is comprised of the Susitna River between the
proposed Watana Dam site and the North Block. This area,
along with the remainder of the Upper Susitna River areas,
posed challenges due to late snow melt, steep canyon walls, and
lack of weather reporting.
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Watana Dam Site

o Dates of Acquisition: June 24- October 12, 2011
o Number of Planned Lines: 128
o Line Miles: 2182

This area is comprised of eight (8) sub-areas. The areas
were selected based on ground elevation and the flying
height was adjusted accordingly.

Upper Susitna

o Dates of Acquisition: August 16 - October 12, 2011
o Number of Planned Lines: 115
o Line Miles: 634

The Upper Susitna is the most remote area of the project.
The area was subdivided into four (4) sub-areas in order to
best follow the river channel and the surrounding terrain.

Hatcher Pass

o 2011 Dates of Acquisition:

o May 26 — 27, 2011

o August 12 - October 12, 2011
o Number of Lines Acquired: 116
o Line Miles: 1002

o 2012 Dates of Acquisition: August 22 — 29, 2012
o Number of Planned Lines: 47
o Line Miles: 721

Hatcher Pass was subdivided into three (3) blocks. The westernmost block was acquired using a
north-south flight pattern and was acquired in the May of 2011 with the Optech Gemini. The two
other blocks were flown in August of 2012 with the Leica ALS-70. It was flown in an east-west flight
pattern, in order to compensate for varying terrain elevations. The snow-free timeframe in Hatcher
Pass was very brief.



3.3 LiDAR Acquisition

A total of eighty-two flight missions were required to complete the project area. The missions were
flown using the parameters discussed in section 3.2 of this report. Section 7 contains the flight logs.

Airborne GPS and IMU position and trajectory data of the LIDAR sensors were also acquired during
the time of flight.

Missions were typically four to five hours long. Before take-off, the LIDAR system and the Airborne
GPS and IMU system were initialized for a period of five minutes and in operation after landing for
another five minutes. The missions acquired data according to the planned flight lines and included
a minimum of one (usually two) cross flights. The cross flights were flown perpendicular to the
planned flight lines and their data used in the in-situ calibration of the sensor.

3.4 LiDAR GNSS Ground Control

During the 2011 LiDAR acquisition, twelve GNSS ground control stations were operated to provide
position data during flights. These base stations were to setup to collect L1 and L2 GPS
frequencies at a rate of 2 Hz. The location of the stations allowed for 97% of the project area to
have a base station within 30 km of the aircraft during acquisition. Ten (10) stations were road
accessible. The station located in the Watana Dam area, as well as the station further northeast
along the Susitna River were accessed via helicopter.

Lounsbury was responsible for establishing and operating these control stations. During data
acquisition, AeroMetric’s flight operations coordinated with Lounsbury’s ground operations
regarding base station activities mission timing.

The 2012 LIDAR acquisition consisted of 3 missions, all of which were processed using the
Continuously Operating Reference Station (CORS) ZAN1, which is operated by the FAA and is
located on Joint Base Elmendorf-Richardson (JBER). All lines flown during this time were within 75
km of ZAN1, and the processing results were adequate for use in this project (see RMSE plots in
section 8 of this report).

During data processing, it was apparent some of the GNSS data from the ground stations produced
insufficient positional accuracy in some missions. This was determined through examination of
solution separation plots, which provide a representation of a differential GNSS solution’s
consistency during data acquisition. Typically accepted solutions will have an overall separation
that falls within the <10 cm threshold.

These low accuracy solutions may be the result of any number of variables, including but not
limited to satellite constellation geometry, location of aircraft turns, and atmospheric anomalies
caused by solar activity or otherwise. AeroMetric used TerraPos, a processing package by Frontier
Geomatics, Inc. to provide a Precise Point Position (PPP) solution for these missions. TerraPos
utilizes precise GNSS orbit data and other relevant ephemerides to compute positions without the
use of base stations. Please see section 5.1 for further details of the TerraPos processing method.

Eleven LIDAR missions were processed utilizing TerraPos. These were flown between August 16,
2011 and October 12, 2011, and are listed here:

August September October

MO81611A MO90911A M100411A M100511A

M082611A M100911A M101011A

M082911A M101111A M101111B
M101211A




AeroMetric has been utilizing TerraPos on LiDAR projects for the past 3 years as an alternative
GPS solution tool. There have been numerous occasions were noisy or otherwise problematic GPS
solutions were resolved to usable state via TerraPos processing. In some cases entire projects
have been completed using TerraPos only, with very positive results.

In order to confirm that the TerraPos solutions used on this project had no adverse effects on the
LiDAR data, the point cloud data from the TerraPos missions was thoroughly compared to adjacent
data to verify fit and data cleanliness. Finding no swath-to-swath discrepancies or other positional
errors during these tests, the data was deemed suitable for use.

4  QUALITY CONTROL SURVEYS

Field surveys for this project were performed by Lounsbury between March 30" and August 18™,
2011. More than 11,000 RTK-GPS road profile check points were recorded during the course of
these survey activities. These check points were used to compute and adjust any vertical biases in
the LIDAR data.

Additionally, check points were collected in various land coverage categories throughout the project
area to be used to evaluate the vertical accuracy of the airborne LIDAR data. Coverage categories
included “barren” terrain, wetlands, urban regions, shrubbery, and forested areas. These check
points were provided to AeroMetric for use in its internal QC of the LIDAR data. For further details
regarding these check points and the GPS road profiles discussed above, please see the
Project_Survey_Control directory.

For the purposes of additional quality control and data verification, Lounsbury was hired to provide
similarly categorized check points directly to the Mat-Su Borough. These points were neither
provided to nor used by AeroMetric for the calibration or adjustment of this project, but were used
by a third-party to compute the vertical accuracy values in section 5.7 of this report. Details of this
survey data can be found in the Checkpoint_Survey MSB_Acquired directory.

AeroMetric collected additional survey check points during the October of 2012. All appropriate
check points from the Lounsbury and AeroMetric survey activities were used in the vertical
accuracy assessments completed for this project. Details regarding the AeroMetric survey activities
can be found in the Checkpoint_Survey_Vendor_Addendum directory.

More information about these check point surveys and the results of the vertical accuracy
assessment are discussed in sections 5.6 and 5.7 of this report.

5 FINAL LiDAR PROCESSING

5.1 ABGPS and IMU Processing

Airborne GPS

Applanix — POSGPS

Utilizing carrier phase ambiguity resolution on the fly (i.e., without initialization), the solution to sub-
decimeter kinematic positioning without the operational constraint of static initialization as used in
semi-kinematic or stop-and-go positioning was utilized for the airborne GPS post-processing.

The processing technique used by Applanix, Inc. for achieving the desired accuracy is Kinematic
Ambiguity Resolution (KAR). KAR searches for ambiguities and uses a special method to evaluate
the relative quality of each intersection (RMS). The quality indicator is used to evaluate the



accuracy of the solution for each processing computation. In addition to the quality indicator, the
software will compute separation plots between any two solutions, which will ultimately determine
the acceptance of the airborne GPS post processing.

TerraPos

TerraPos represents a state-of-the-art solution to Precise Point Positioning (PPP). TerraPos has
been implemented to be fully compliant with data and products from leading international
organizations, e.g. the International Earth Rotation and Reference Systems Service (IERS) and the
International GNSS Service (IGS). TerraPos thus allows kinematic positioning with sub decimeter
accuracy within the globally consistent and long-term stable reference frames maintained by the
IERS.

In the PPP solution the carrier phase biases are estimated as real numbers (a so-called “float
solution”). This confirms that the precision of the solution benefits from an increased data rate using
an increased number of observations. However, this gain is ultimately limited by the time correlated
errors in the observations that include but not limited to multipath and residual satellite clock errors.
The data requires both dual-frequency code and carrier phase observations and uses respective
ionosphere-free linear combinations. Doppler observations are also included in the computation for
all kinematic profiles which assists the algorithm in the pre-processing to aid cycle slip detection
and also helps to improve the position estimates.

Inertial Data

The post-processing of inertial and aiding sensor data (i.e. airborne GPS post processed data) is to
compute an optimally blended navigation solution. The Kalman filter-based aided inertial navigation
algorithm generates an accurate (in the sense of least-square error) navigation solution that will
retain the best characteristics of the processed input data. An example of inertial/GPS sensor
blending is the following: inertial data is smooth in the short term. However, a free- inertial
navigation solution has errors that grow without bound with time. A GPS navigation solution exhibits
short-term noise but has errors that are bounded. This optimally blended navigation solution will
retain the best features of both, i.e. the blended navigation solution has errors that are smooth and
bounded. The resultant processing generates the following data:

e Position: Latitude, Longitude, Altitude

e Velocity: North, East, and Down components
e Attitude: roll, pitch, true heading

e Acceleration: X, 'Y, Z components

e Angular rates: X, ¥, Z components

The Applanix software, version 4.4, was used to determine both the ABGPS trajectory and the
blending of inertial data. The airborne GPS and blending of inertial and GPS post-processing were
completed in multiple steps.

1. The collected data was transferred from the field data collectors to the main computer. Data was
saved under the project number and separated between LIDAR mission dates. Inside each mission
date, a sub-directory was created with the aircraft’s tail number and an A or B suffix was attached
for the time of when the data was collected. Inside the tail number sub-directory, five sub-
directories were also created EO, GPS, IMU, PROC, and RAW.

2. The aircraft raw data (IMU and GPS data combined) was run through a data extractor program.
This separated the IMU and GPS data. In addition to the extracting of data, it provided the analyst
the first statistics on the overall flight. The program was POSPac (POS post-processing PACkage).



3. Executing POSGPS program to derive accurate GPS positions for all flights: Applanix POSGPS

The software utilized for the data collected was PosGPS, a kinematic on- the-fly (OTF) processing
software package. Post processing of the data is computed from each base station (Note: only
base stations within the flying area were used) in both a forward and backward direction. This
provides the analyst the ability to Quality Check (QC) the post processing, since different
ambiguities are determined from different base stations and also with the same data from different
directions.

The trajectory separation program is designed to display the time of week that the airborne or
roving antenna traveled, and compute the differences found between processing runs. Processed
data can be compared between a forward/reverse solution from one base station, a reverse
solution from one base station and a forward solution from the second base station, etc. For the
Applanix POSGPS processing, this is considered the final QC check for the given mission. If wrong
ambiguities were found with one or both runs, the analyst would see disagreements from the
trajectory plot, and re-processing would continue until an agreement was determined.

Once the analyst accepts a forward and reverse processing solution, the trajectory plot is analyzed
and the combined solution is stored in a file format acceptable for the IMU post processor.

Please see Section 8 of the control report for the final accepted trajectory plots.

4. When the processed trajectory (either through POSGPS) data was accepted after quality control
analysis, the combined solution is stored in a file format acceptable for the IMU post processor (i.e.
POSProc).

5. Execute POS Proc. POS Proc comprises a set of individual processing interface tools that
execute and provide the following functions:

The diagram below shows the organization of these tools, and is a function of the POSProc
processing components.

Inertial Aiding Sensor
Data File Data Files

XX
Y ¥ ¥

Yy

- e
*’.‘[_V_}.*

smth

Graphical User Control Aided Inertial Navigation Qutput Graphical
Interface Files Processing Data Files Display

Integrated Inertial Navigation (iin) Module.

The name iin is a contraction of Integrated Inertial Navigation. iin reads inertial data and aiding data
from data files specified in a processing environment file and computes the aided inertial navigation
solution. The inertial data comes from a strapdown IMU. iin outputs the navigation data between
start and end times at a data rate as specified in the environment file. iin also outputs Kalman filter



data for analysis of estimation error statistics and smoother data that the smoothing program smth
uses to improve the navigation solution accuracy.

iin implements a full strapdown inertial navigator that solves Newton’s equation of motion on the
earth using inertial data from a strapdown IMU. The inertial navigator implements coning and
sculling compensation to handle potential problems caused by vibration of the IMU.

Smoother Module (smth).

smth is a companion processing module to iin. smth is comprised of two individual functions that
run in sequence. smth first runs the smoother function and then runs the navigation correction
function.

The smth smoother function performs backwards-in-time processing of the forwards-in-time
blended navigation solution and Kalman filter data generated by iin to compute smoothed error
estimates. smth implements a modified Bryson-Frazier smoothing algorithm specifically designed
for use with the iin Kalman filter. The resulting smoothed strapdown navigator error estimates at a
given time point are the optimal estimates based on all input data before and after the given time
point. In this sense, smth makes use of all available information in the input data. smth writes the
smoothed error estimates and their RMS estimation errors to output data files.

The smth navigation correction function implements a feed forward error correction mechanism
similar to that in the iin strapdown navigation solution using the smoothed strapdown navigation
errors. smth reads in the smoothed error estimates and with these, corrects the strapdown
navigation data. The resulting navigation solution is called a Best Estimate of Trajectory (BET), and
is the best obtainable estimate of vehicle trajectory with the available inertial and aiding sensor
data.

The above mentioned modules provide the analyst the following statistics to ensure that the most
optimal solution was achieved: a log of the iin processing, the Kalman filter Measurement
Residuals, Smoothed RMS Estimation Errors, and Smoothed Sensor Errors and RMS.

5.2 LiDAR “Point Cloud” Processing
The ABGPS/IMU post processed data along with the LIDAR raw measurements were processed
using Leica’s ALS Post-Processor v. 2.74. software and Optech’s DashMap v. 5.2. These software
packages were used to match the raw LIDAR measurements with the computed ABGPS/IMU

positions and attitudes of the LIiDAR sensor. The result was a “point cloud” of LIDAR measured
points referenced to the ground control system, formatted as LAS 1.2 files per flightline.

5.3 LIDAR CALIBRATION
Introduction
The purpose of the LIDAR system calibration is to refine the system parameters in order for the
post-processing software to produce a “point cloud” that best fits the actual ground. The following
report outlines the calibration techniques employed for this project.

Calibration Procedures

AreoMetric routinely performs two types of calibrations on its airborne LIDAR system. The first



calibration, system calibration, is performed whenever the LIDAR system is installed in the aircraft.
This calibration is performed to define the system parameters affected by the physical misalignment
of the system versus aircraft. The second calibration, in-situ calibration, is performed for each
mission using that missions data. This calibration is performed to refine the system parameters that
are affected by the on site conditions as needed.

System Calibration

The system calibration is performed by collecting data over a known test site that incorporates a
flat surface and a large, flat roofed building. A ground survey is completed to define the flat surface
and the building corners. The processed LIiDAR data and ground survey data is input into
TerraSolid's TerraMatch software to determine the systematic errors. The system parameters are
then corrected according to the determined errors and used in the processing of future LiDAR
acquisition missions

In-situ Calibration

The in-situ calibration is performed as needed using the mission’s data. This calibration is
performed to refine the system parameters that are affected by the on site conditions.

For each mission, LIiDAR data for at least one cross flight is acquired over the mission’s acquisition
site. The processed data of the cross flight is compared to the perpendicular flight lines using either
the Optech’s or Leica’s proprietary software or TerraSolid's TerraMatch software to determine if any
systematic errors are present. In this calibration, the data of individual flight lines are compared
against each other and their systematic errors are corrected in the final processed data.

5.4 LiDAR Processing

The LAS files were then imported, verified, and parsed into manageable, tiled grids using GeoCue
version 7.0.34.0 (GeoCue). GeoCue allows for ease of data management and process tracking.

After the data has been processed and calibrated a relative accuracy assessment is performed
analyzing the flightline to flightline vertical alignment. GeoCue is utilized to create images indicating
elevation differences that provide a visual interpretation of how well flight lines match, and are a
useful tool in determining either the success or need to re-evaluate the in-situ calibration
procedure..

Areas containing dense vegetation coverage or inundation from water will show a greater elevation
offset then is actually present in the ground data. This is due to these regions having a high number
of returns from vegetation or non-ground objects and fewer returns from the ground, relative to
open ground areas, causing the elevation offset to be exaggerated in areas of heavy vegetation. It
is generally understood that flightlines should match tightly in areas of open, moderate terrain, and
will not match as well in steeper terrain due to less predictable angles of pulse return.

AeroMetric also reviews sample tiles to ensure that the desired point density has been met.
Proprietary software is used to complete this task. According to USGS National Geospatial Program
(NGP) LIDAR Guidelines and Base specifications v13, a grid with cell size of 2 times the nominal post
spacing is overlaid onto the LIDAR data. A passing tile has at least one point within a minimum of
90% of the resultant cells. This assessment was carried out using first return LIDAR data points
only.

Once both the accuracy between swaths and data density are accepted an automated classification
algorithm is performed using TerraSolid’s TerraScan, version 012.017 (TerraScan). This will
produce the majority of the bare-earth datasets.



The remainder of the data was classified using manual classification techniques. The majority of
the manual editing involved changing points initially misclassified as ground (class 2) to unclassified
(class 1). Erroneous low points, high points, including clouds are classified to class 7. Additional,
project-specific classes were utilized and are listed and discussed in section 5.8 of this report.

5.5 Breakline Acquisition

For this project, river and lake features were digitized in Bentley’s MicroStation v 8.05.02.27
(MicroStation) while the point cloud data was loaded using TerraScan. The lake breakline features
were set to the lowest elevation along the shoreline. This project called for the flattening of lakes
whose area was equal to or greater than 1 acre, rivers with a nominal width of 100’ or greater, and
19 other streams and rivers specified in the contract, regardless of width.

The river features requiring hydro-flattening were collected as “double-line drainages”, meaning that
breaklines were acquired on either side of the water body. Then, using “XBars”, or crossing lines at
a fixed elevation, the river breakline features were draped to proper elevations. Setting XBars along
the length of a river at fixed intervals of elevation change ensures downstream flow. Additional
XBars can be set between intervals to fix the draping of island features and other abnormalities.

Additionally, “single-line” breakline features were collected along streams whose width did not fall
within the “double-line” collection criteria. These features were collected to be used as a horizontal
reference only, and were not draped to local elevation data.

Once all breakline features were collected, lidar points near the surface within the breaklines were
classified as water, which keeps them from being used in the generation of deliverable products
such as contours and DEMs. This process was done to satisfy the hydro-flattening requirements
for this project.

5.6 Vertical Bias Adjustment

The LIDAR data was compared with and adjusted to the collected GPS road profiles discussed in
section 4 of this report using both TerraScan and in-house statistical analysis tools. This was done
to eliminate any ‘vertical biases’ that may be present within the calibrated LIiDAR data set. Once the
data was vertically adjusted, the vertical accuracy was computed as discussed in the next section.

5.7 Vertical Accuracy Assessment
The USGS requires that vertical accuracy be assessed, at a minimum, as follows:

LiDAR point cloud data is to be assessed independently of derivative products. Calibrated,
unclassified LIDAR point cloud data is to be used to generate a Triangulated Irregular Network
(TIN), whose elevations will be compared with survey check points in open areas of moderate
terrain. The results of this comparison are to achieve a Fundamental Vertical Accuracy (FVA) of no
greater than 24.5 cm ACC, at a 95% confidence level, which is defined as being RMSE, * 1.96 per
NDEP / ASPRS guidelines.

Derivative DEMs are to use the same guidelines in determining their FVA, but must also comply
with the following additional requirements. Each land cover type occupying 10 percent or more of
the total project area must be tested an reported with a Supplemental Vertical Accuracy (SVA).
Each SVA should have a target RMSE, of 36.3 cm or less at the 95" percentile. Finally, the DEMs
must have a Consolidated Vertical Accuracy (CVA) of 36.3 cm or less at the 95" percentile. This
statistic is computed using all check points in all categories.

Further details on USGS LiDAR specifications can be retrieved from lidar.cr.usgs.gov.



http://lidar.cr.usgs.gov/

Utilizing the above guidelines, this project’s unclassified point cloud data achieved an FVA of 13.7
cm. This assessment was carried out using Spatial Information Solution’s Topo Analyst. All
calibrated, unclassified LIDAR point cloud data for this project was compared to all “barren” earth
category check points from each of the three surveys listed in section 4 of this report. The resultant
report is included with this delivery as the document MatSu_Unclassified Point_Cloud_FVA.pdf.

Further accuracy assessments were carried out by a third-party utilizing DEMs generated from
bare-earth classified LIDAR data. Full, categorized point listings and statistics can be found in the
accompanying Excel file, Final_Project Wide_Vertical Accuracy Assessment.xIsx. A summary of
the DEM accuracies and number of check points used to compute said values is included here.

EVA Barren 18.2 cm (275) checkpoints
SVA Forest 39.9 cm (52) checkpoints
SVA Shrub 53.3 cm (54) checkpoints
SVA Developed 27.5 cm (58) checkpoints
SVA Wetlands 48.3 cm (49) checkpoints
Ccva All Categories 35.1 cm (488) checkpoints

Omitted Control Points

After completing the vertical accuracy assessment of the surveyed check points versus the LIDAR
surface it was observed that there were a number of outlier points with vertical differences of
greater than one foot. All of the points greater than 1.5’ difference were examined to determine the
source of the difference. In several cases it was found that there were discrepancies in the
antenna height logged in the field book versus the value used in the RINEX file.

In some other cases the placement of the surveyed point did not meet the placement criteria for
checkpoints set forth in the NDEP “Guidelines for Digital Elevation Data” v1.0. The points listed
below were omitted from the final vertical accuracy assessment.

Point ID Reason for Omission

8016 Antenna height error

9007 Collected in standing water

9019 No field notes or documentation available

3-655 Antenna height error & positioned on terrain slope change
4-953 Antenna height error

4-955 Antenna height error

4-959 Antenna height error & collected in standing water

4-960 Antenna height error & collected in standing water

32-604 Terrain slope exceeds 20% grade

32-605 Terrain slope exceeds 20% grade

32-606 Terrain slope exceeds 20% grade

32-612 Error exceeds 3x the standard deviation (3 sigma) of the error




5.8 LiDAR Data Delivery

All deliverables listed below use the following spatial reference per the project specifications:

Horizontal Datum: NAD83 (CORS96 Epoch 2003.0)
Coordinate System: Alaska State Plane Zone 4
Vertical Datum: NAVD88 (GEOID09)

Project Units: US Survey Feet

Boundaries — Provided in ESRI shapefile format, in the following categories:

a) LiDAR and Imagery Boundary
b) Project Block Boundaries
C) Project Tile Layout (full and quarter-tile)

LiDAR Flightline Footprints — Provided in ESRI shapefile format.

Unclassified Point Cloud Data — Provided in LAS 1.2 format with absolute GPS timestamps and
georeference tags in file headers; 1 file per swath.

Classified Point Cloud Data — Provided in LAS 1.2 format with absolute GPS timestamps and
georeference tags in file headers. Delivery is tiled in accordance with the quarter-tile index layout
and follows the provided classification scheme of:

Point Class Classification Description

1 Processed, but unclassified

2 Bare-earth ground

3 Low Vegetation (between 1 and 6 feet above ground surface)

4 Medium Vegetation (between 6 and 15 feet above ground surface)

5 High Vegetation (greater than 15 feet above ground surface)

6 Buildings

7 Error Points

8 Contour Keypoints

9 Water

10 Ignored Ground (Breakline Proximity)

11 Major Transmission Lines

13 Noise (unclassified data 1 foot or less above ground)

14 Bridge decks

18 May 24, 2011 data from the Matanuska Glacier withheld from
ground/vegetation classification due to movement

19 May 31, 2011 data from the Matanuska Glacier withheld from
ground/vegetation classification due to movement

26 May 13, 2011 data from the Knik Glacier withheld from ground/vegetation
classification due to movement

27 May 24, 2011 data from the Knik Glacier withheld from ground/vegetation
classification due to movement

28 August 26, 2011 data from the Knik Glacier withheld from ground/vegetation

classification due to movement




Bare Earth Digital Elevation Models — Provided in GeoTiff format in accordance with the full tile
index. DEM resolution is 3.2808 feet.

First-Return Digital Surface Models — Provided in GeoTiff format in accordance with the full tile
index. DSM resolution is 3.2808 feet.

Bare Earth Hillshades — Provided in 8-bit grayscale GeoTiff format, displays surface relief in the
DEM deliverables in accordance with the full tile index. Hillshade resolution is 3.2808 feet.

First-Return Hillshades — Provided in 8-bit grayscale GeoTiff format, displays surface relief in the
DSM deliverables in accordance with the full tile index. Hillshade resolution is 3.2808 feet.

Intensity Imagery — Provided in 8-bit grayscale GeoTiff format in accordance with the quarter-tile
index. Resolution is 3.2808 feet.

Building Footprints — Provided in ESRI shapefile format, per project block.
Contours — Provided in the following formats:

ESRI Shapefiles - provided at 2-foot intervals and tiled in accordance with the quarter-tile
layout.

AutoCAD DXF Files - provided at 2-foot intervals and tiled in accordance with the quarter-tile
layout.

Breaklines — Provided in ESRI Shapefile format, in the following categories:

Double Line Hydro — Rivers and streams with a nominal width of 100 feet or greater, plus an
additional 19 specified streams regardless of width. Both sides of the shoreline and islands
within the shore were digitized as 3D polylines (Polyline Z) and utilized in the hydro-flattening of
the Bare Earth DEMs.

Lakes — Lakes with a surface area of 1 acre or greater. Digitized as 3D polygons (Polygon Z)
and utilized in the hydro-flattening of the Bare Earth DEMs.

Single Line Hydro — Centerlines of streams less than with a nominal width of less than 100 feet
or not otherwised selected for double-line digitization. Digitized as 2D polylines for reference
purposes only, not utilized in the hydro-flattening of the Bare Earth DEMs.

Acquisition, Processing, QA/QC and Survey Reports — Provided as this document, outlining
acquisition, processing, and QC procedures, and all other relevant project information, as well as all
other documents referenced herein.

5.9 Deliverable Generation Methodology

Raw Point Cloud Data — Generated from calibrated LAS data; data was extracted to “strips” by
flight ID with all points classified as Code 0 using TerraScan. Georeference tags and Adjusted GPS
Timestamps were added to files using proprietary in-house software.

Classified Point Cloud Data — Generated in GeoCue, classified in TerraScan. Georeference tags
and Adjusted GPS Timestamps were added to files using proprietary in-house software.

Bare Earth DEMs — Generated from classified LAS data and breaklines utilizing QCoherent’s
LP360 and TerraScan. Proper NODATA values assigned using USGS Image Toolbox v 1.5 in
ArcGIS. Proper spatial reference tags assigned utilizing Geospatial Data Abstraction Library
(GDAL).



First-Return DSMs — Generated from from first returns in LAS data utilizing QCoherent’s LP360
and TerraScan. Proper NODATA values assigned using USGS Image Toolbox v 1.5 in ArcGIS.
Proper spatial reference tags assigned utilizing Geospatial Data Abstraction Library (GDAL).

Bare Earth Hillshades — Generated from Bare Earth DEMs using Global Mapper v 13.
First-Return Hillshades — Generated from First-Return DSMs using Global Mapper v 13.

Intensity Imagery — Generated from LAS data utilizing TerraScan. Output in 8-bit gray scale
GeoTiff format.

Building Footprints — Automated classification of buildings performed using TerraScan. Manual
cleanup of building classification was then carried out within point cloud data using TerraScan or
LP360. Building footprints were digitized automatically using the LP360 building extraction feature.
Footprints cleaned up manually using ArcGIS.

Contours — Classified LAS data was run through a “contour keypoints” routine with settings
appropriate for the generation of the desired contour interval. The resultant keypoints were used to
generate contours at that interval in ESRI Shapefile format using proprietary in-house software.

Breaklines — All linework digitized in MicroStation. Double-line hydro features were draped utilizing
crossing lines (or “XBars”) set at elevation based on the LAS data to insure proper flow and hydro-
flattening. Lake features were draped to the lowest LIDAR elevation along the shoreline. Single-line
hydro features digitized for reference purposes only and are not set at any elevation. All files
converted to ESRI Shapefile format using Global Mapper v 13.

5.10 Conditions Affecting Final Data

The project area includes coastal zones subject to changing water levels due to tidal variations.
Therefore, breaklines on water edges may shift where neighboring flightlines meet as hydro-
breaklines are placed according to the conditions present at the time of data collection.

The logistical challenges of acquiring this scale of project in the state of Alaska are an ever-present
consideration. Original requirements for the project called for leaf-off and snow-free conditions.
While every effort was made to conform to these requirements, some data may have been acquired
outside of them in order to conclude the project in a timely and reasonable fashion.

Areas of high elevation included in the project may have snowpack present throughout the year.

6 CONCLUSION

The LIiDAR data and derivative products discussed in this report were processed and produced in
accordance with provided guidelines and established practices. The accuracy criteria set forward
by the Borough and other Government / Industry standards have been demonstrated to be met
throughout this report and it’s supporting documents. As such, the resultant data and derivative
products satisfy the request and needs of the Mat-Su Borough, and may be considered useful and
reliable to additional end users upon distribution.
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7 FLIGHT LOGS

AeroMetric names its flight missions beginning with a sensor identifier, followed by the date, and
ending with a mission identifier. The sensor identifiers are as follows: M = Optech Gemini
#03SEN145, L = Optech Gemini #07SEN201, and V = Leica ALS70 #7161. The mission identifier is
simply sequential, so an “A” is used for the first flight per sensor per day, “B” for the second, and so
on.
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L051011B Paper Log Unavailable - Digital Log Included Here

APRIL 2013

V-NASS100N backupstierdiidan 6110401 Matsu Airborme Data Prefiminany'L051011B Airbome_Info.5-10-2011(@23 20-condensed tet Saturday, February 02, 2013 3-51 PM
tida
Flight Log

Project Number: 6110401

S/N : 0TSEN201

Airport : MRI

Mission : LO51011E

Date : May 10, 2011

Julian Day : 130

Statistics
Laser Time : 00:47:14
START STOF LINE# ALT PRF FREQ ANGLE ME DIV RC HOG
Plan File

23:35:39.285  23:35:57. 455 97 1305 70 40.00 17.00 NAR ON OFF 270.00
South EnikRiverSouth KnikRiverValley Tidal.pln

23:36:29.4585  23:36:43, 355 a7 1365 70 40.00 17.00 HAR  ON OFF 270.00
South EnikRiverSouth KnikRiverValley Tidal.pln

23:39:23.755  23:40:05. 456 97 1361 70 40.00 17.00 NAR ON OFF 270.00
South EnikRiverSouth KnikRiwverValley Tidal.pln

23:45:47.756  23:47:43.557 97 1351 70 40.00 17.00 HNHAR ©ON OFF 270,00
South EnikRiverSouth KnikRiverWValley Tidal.pln

23:50:56.457 23:52:13.857 97 1421 70 40.00 17.00 NAR ON OFF 270.00
South EnikRiverSouth KnikRiverValley Tidal.pln

00:01:05.05% 00:02:5%.959 a7 1388 70 40.00 17.00 HAR  ON OFF 270.00
South EnikRiverSouth KnikRiwverValley Tidal.pln
00:11:25.%6  00:15:31.961 96 1413 70 40.00 17.00 NAR ON OFF 90.00
South KnikRiverScuth KnikRiverValley Tidal.pln

00:20:05.962 00:26:11.863 95 1416 70 40.00 17.00 HNHAR ©ON OFF 270,00
South EnikRiverSouth KnikRiverWValley Tidal.pln

00:30:09.663 00:30:27.163 ER 1425 70 40.00 17.00 HAR  ON OFF 90.00
South EnikRiverSouth KnikRiverValley Tidal.pln

00:35:07.664 00:43:17.565 ER 1411 70 40.00 17.00 NAR ON OFF 90.00
South EnikRiverSouth KnikRiwverValley Tidal.pln

00:47:38.966 00:57:50.667 93 1429 70 40.00 17.00 NAR ON OFF 270.00
South EnikRiverSouth KnikRiverWValley Tidal.pln

01:01:48.067 01:12:03.769 92 1413 70 40.00 17.00 HNHAR ©ON OFF 90.00
Scouth EnikRiverSouth KnikRiverWValley Tidal.pln

01:15:28.669 01:17:51.27 91 1413 70 40.00 17.00 NAR ON OFF 270.00

South EnikRiverSouth KnikRiverValley Tidal.pln
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- Toll Free 1-866-247-6277 g
A~chorage o 9855
AIRCRAFT ' (. PLOT Wi 100 ALTM TYPE
DATE S //2/1] OPERATOR {ins ~ 251014 BASE STATIONS
JULIAN DAY STRIPLOG /s /21 /A
PAGE NO. of HARDDRIVE /)
PROJECT NO. LOCATION TIME | HOBBS REMARKS
210401 | T/0 1R 68 1197 | 7195, 13 128
Mot -SH L Land Mgy 1200 17197
Tidal, 5 Nenly
LAY 0N dimg o 09;50
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE __ FERRY | PROJECT NO. SITE__FERRY | PROJECT NO. SITE  FERRY
IR 5,0




s e LIDAR MISSION LOG
Toll Free 1-866-247-6277
ﬂnclwmge e {_;m okl
AIRCRAFT . /(:() PILOT /¢ (Hehee ALTM TYPE
DATE  5- 12~/ OPERATOR 2, /¢ BASE STATIONS
JULIAN DAY STRIPLOG /1 )5 12/ B
[PAGE No. of HARDDRIVE 0/ Laste_onN ime 9706 rmm
PROJECT NO. LOCATION TIME | HOBBS REMARKS
Lliosd!  (T/o ey 3900 9. 72 lstaric 1505 ~15709  mow -7i0AL /mm(
LAND may 2400 1067 ¢rarie 2103 R IN
{ASER N Tom € Y100 pw

ATMOSPHERE C PC OC HAZE WX REMARKS

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO, SITE__ FERRY | PROJECT NO. SITE__FERRY | PROJECT NO. SITE  FERRY
Clloyoy 6.0 |~




Asg rage Tol Freg 1.866.2476277

LIDAR MISSION LOG

me907)27¢3265
AIRCRAFT pior_ N cke ALTM TYPE
ST OPERATOR Rc oo} BASE STATIONS
JULIAN DAY STRIPLOG L 051))| €
[PAGE No. of HARDDRIVE | §0) |
PROJECT NO. LOCATION TIME | HOBBS REMARKS
diloHol | T/o MRT D 1302071 3302- 2207 Shlic -
NS lleed MRT 0024 36129106 7- 003 Stedie

L\l'\es I?)?' )L*O Ccmp‘Q“@(l

ATMOSPHERE C PC 0C HAZE WX REMARKS

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE__ FERRY | PROJECT NO. SITE__FERRY | PROJECT NO. SITE  FERRY

Allodo) A2




. PP LIDAR MISSI
A chorage ;:,;;;,2 e MISSION LOG
AIRCRAFT 7 2T ) PILOT Nk ALTMTYPE
DATE <. /%[ OPERATOR R enl- BASE STATIONS
JULIAN DAY STRIPLOG L0531 A+ R
PAGE NO. of [HARDDRIVE o
PROJECT NO. LOCATION TIME | HOBBS REMARKS
tilodel | T/o MPL 13947 136929 1343- 1354 Steb.c
Mot S flend MRT 17272 134%5| 1729- 1732 Stedic
Lines D9-134 completad
Lesec onMime: 01:2) 0%
T/o MRT 1827 136968 | 1924- 1517  Sthalic
Lead MET W5t _|3679.0] 057~ 2o SHed e
Lnes Q- Jgé ccmﬂ\\z‘ﬂc‘l
Laser 94 Jime: 0/:0%° 35
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE___FERRY | PROJECT NO. SITE __FERRY | PROJECT NO. SITE  FERRY
b1l 040 3.4 '
)11 040 2.5




MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT APRIL 2013

LIDAR FLIGHT LOG : i
IEssm: Losi3iie Lue: S-03-10 FRAY THe [T | JS!

PILOT: _TessE OPERATOR: _ Tt IARCRAFT: _N73TH ALTM
PROJECTNUMBER| “peft0 [G0SI0) SRR | PRF | ALT(m) e REMARKS
GlioHol Gt a1t |29, /%~ |peony. paas st 2
MATSY ST 50 | 4o | 17 |70 |1oo 981 J23Y]
79T | 9.1 \gauth |
SuTTon 17173 97:2¥123' %) .-
236 353 3439 |gads |
999 193 204y |aaso|
4o 263 22:54 133,00
73 PLITe] eI D
242 283 71043 g3 "
243 73 2342|93:88 —
94y 953 9219399
251 13 94|23 4g]
253 953 _lavsa|asisr)
9s4: 13 00l0] lastos |~
255 1953 | | bo o 03 |
25 73 00017 |oordl [ =
2591253 00 95 |eer 29|~
258 | 73 : o191 gz | -
Cnosi | N W 00’36 0137
Bl A e B B e L o
STATUS  [TOTALLINES | FLOWN [ LEFT | (B nero,  [STATIC START: STOP: | s
8 [ lio4el ey | Il 26 | 16 | *5 (259 (0203 |
Wk
O

AERO-METRIC, INC. N.6216 Resource Drive Sheboygan Falls, Wi 53085 PHONE: 920-467-2655 FAX: 920-457-1451 E-Mail: amephoto@aerometric.com




MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT APRIL 2013

LIDAR FLIGHT LOG
mssion: Lo513lic pATE: 5-13-11 fR% 752
PILOT: TESSE OPERATOR: T\ m IAIRCRAFT: N73TM LA_LTA
LINENO.  |GND SPEED. SCAN TIME Tranzpak
PROJECTNUMBER | ", o ®19) |rreq AncLe| PRF T START STOP| Drive REMARKS
i g ' 1 0 e =
bllodo]  Jemsss Nw | 150 | yp |17 |18 |00 |Bpid6 leevg |'6° " |wesreun
Mo g WO L) L)L LY LY dwssbesy| o~ Jeasren
SuTToN 02iU3 | |fERRY: S17E 9 PARR Jgs
AIRCRAFT STATIC START‘:N" STOP;
STATUS TOTALLINES | FLOWN | LEFT | (0 ees NoTER:

AERO-METRIC, INC. N.6216 Resource Drive Sheboygan Falls, WI. 53085 PHONE: 920-467-2655 FAX: 920-457-1451 E-Mail amephoto@aerometric.com




[ e LIDAR MISSION LOG w25
m ;:ng;:)’zfszgﬁn s 17.5p
AIRCRAFT /(" PLOT i JFerreindy [ALTM TVPE
DATE 5/;_7; OPERATOR S¢ <. én BASE STATIONS
JULIAN DAY STRIPLOG M(OS13])A - %
PAGE NO, of HARDDRIVE 0i84 7, 111193 mssr, in
PROJECT NO. LOCATION TIME | HOBBS REMARKS
Llieyol 17l el 291% 1306 | jdl- 4L b2 g
at-du |Lond M 0040 | %88 %05
Soukh jonT
Kk R Uy 7/0 MR 043 11185 lae 72129 (o
(427 1232.)
Liov N smg RINE
05247
t VER | WG]
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE .FEFIRY PROJECT NO. SITE FERRY
kU0 40| 14
1

l0v5




MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT APRIL 2013

M051311C Paper Log Unavailable - Digital Log Included Here

| sy Ak Layorme Indd 513 2H 10 545 conde reed. bt Sahwdyy, Febroary & 301 255 P
Flight Log
Projact Numbar: 110401
SN : DIEEN14E
alrpart : BRI
Hission : MOE1311C
Data T May 13, 2011
Julian Day ;123
Statistics

Lasar Tima : 00:5EI3T

ETART STOF LINE4  ALT PRF FRE] ANGLE MP DIV AC HDG

Flan Fila
00:02:45.353 00:03:06.652 190 1420 70  40.00 17.00 NAR OW OFF 305.00
E110401_MatSu_¥1.pln
00:03:37.052 00:03:55.851 190 1414 70 40.00 17.00 NAR OW OFF 30500
£110401_MatSu_¥1.pln
00:07:12.945 O00:08:24.346 190 139% 70  40.00 17.00 NAR OW OFF 305.00
E110401_MatSu_¥1.pln
00:14:06.63%  00:21:34.63 190 1435 70 40.00 17.00 NAR OW OFF 125.00
£110401_MatSu_¥1.pln
00:25:24.626 00:32:06.518 191 14001 70 40.00 17.00 NAR ON OFF 30500
£11040]1_MatSu_¥1.pln
00:34:45.215 00:40:49.808 192 1411 70 40.00 17.00 NAR OW OFF 125.00
£110401_MatSu_¥1.pln
00:43:21.705 O0:49:03.008 193 1377 70 40.00 17.00 NAR OW OFF 30500
£110401_MatSu_¥1.pln
00:51:45.395 O0:57:24.488 194 1413 70 40.00 17.00 NWAR OW OFF 125.00
E110401_MatSu_¥1.pln
01:00:09.785 01:05:25.079 195 138% 70 40.00 17.00 NAR OW OFF 30500
£110401_MatSu_¥1.pln
01:07:44.976 01:13:02.969 196 1400 70  40.00 17.00 NWAR OW OFF 125.00
£110401_MatSu_¥1.pln
01:15:17.067 01:20:01.161 197 1403 70 40.00 17.00 NAR OH OFF 30500
£110401_MatSu_¥1.pln
01:22:14.558 01:27:07.953 198 1427 70 40.00 17.00 NWAR ON OFF 125.00
£11040]1_MatSu_¥1.pln
01:31:30.247 01:32:34.246 199 1365 70  40.00 17.00 NWAR OW OFF 305.00
£110401_MatSu_¥1.pln
01:34:45.043 01:35:25.742 200 140% 70 40.00 17.00 NAR ON OFF 125.00
£110401_MatSu_¥1.pln
01:38:33.739 01:30:46.237 200 1387 70 40.00 17.00 NWAR OW OFF 125.00
E110401_MatSu_¥1.pln
01:44:43.831 01:45:31.23 210 1374 70 40.00 17.00 NAR OW OFF £E.02

E110401 MatSu V1. pln



- Avchorage gg:i rzﬁiﬂé}}}' LIDAR MISSION LOG
AIRCRAFT 4 || PILOT HzimN _ latwryee
DATE S /17 OPERATOR Szssica BASE STATIONS
JULIAN DAY STRIPLOG MOSIT\\ &
PAGE NO. of [HARDDRIVE /¢ (]
PROJECT NO. LOCATION TIME | HOBBS |5 b 1055 (/3%  REMARKS
p 2 T_/O MR\ 2032 Wlmer Lidar (ol bromon
WOROOD |ond el by sk 20156 Loy 0N 00115,
lllo 0! w0 bl sletd Maksn  pgnhy)
Mat-Sn] Land MQ) 2019
[N
Coger ON= B 3519 Mad- S
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE __ FERRY | PROJECT ND, SITE lFEHHY PROJECT NO. SITE  FERRY
080103 7.4
blipyoy 1.




PPyt LIDAR MISSION LOG
ﬁa Toll Free 1-866-247-6277
A n’c. rage Fax {Qrg..;) 274-3265
|NRCRAFT 4/ /72 PILOT C2écirowic 2 ALTM TYPE
DATE 5 /¢. ,, OPERATOR /¢ BASE STATIONS
JULIAN DAY STRIPLOG /951511 A
PAGENO. / of / HARDDRIVE /&
PROJECT NO. LOCATION TIME | HOBBS | £ Ps 7/me REMARKS
Ll ool |1/ 4ty TO7. 1 | oA i e e s
7
bawp  #4ng (26319
Tfo_ras 639 [s1me  3ioi - 3/04
Ltpep MR | J72( 1| sidme  29:29 _ 532 |
LAsek g~ Timg 17997 5]
L0- 587
L9 ./
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE___ FERRY | PROJECT NO. SITE__FERRY | PROJECT NO. SITE  FERRY
G200 Yy A




MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT

L051811B Paper Log Unavailable - Digital Log Included Here

| sk R {LOEA B BRirborms_InkohS- 18- 8- -conds ram kx| Saburdsy, Fsbraary 05 341 251 P
Flight Log
Prajact Numbar: 6110401
SiN : OTSEN201
Alrpart T MRI
Hission LOE1811E
Data : May 1A, 2011
Julian Tay : 128
Etatisgtice
Lasar Tima 00:53:35
STAET STOF LIKES# ALT THF FREQ KHCLE HP DIV RC HDG
Plan Flla
@0:13:06.79€ 0O0:13:33.897 1 134 it 3a.00 20.00 HNAR oR OFF 111.08
6080103_Lidar Callbration Falmar Alrport VZ.pln
O0:18:12.097 O0:1&: 42497 1 14482 o 38.00 20.00 MNAE OFF OFF 111.08
6080103_Lidar Calibratlon Palmar Alrpart VI pln
0:22:32.098 O0:23:34.1%8 1 141 it 3a.00 20.000 MHAE OFF OFF 111.08
6080103_Lidar Callbration Palmar Alrport V2.pln
C0:27:12.0098 O0: 2E:00.2%8 2 1477 o 36.00 20.00 MNAE OFF OFF IE1.40
6080103_Lidar Callbration Palmar_Alrpart V2.pln
0:30:34.198 0O0:32:25.32%98 3 142% o 38.00 20.00 MHAE OFF OFF 21T.65
6080103_Lidar Callbration Palmar Alrpart V2.pln
00: 40:00. 193 OO0 45:10.399 2485 1498 it 40.00 17.00 HAR oR OFF 73.01
E11040]1_MatSu W1. pln
O0: 49: 25 293 O0:5&: 14.399 246 1471 o 40.00 17.00 NAE oX OFF 253.01
E110401_MatSu V1. pln
o050 24,6 QLl:0b: 590 47 1439 it 40.00 17.00 HAR oR OFF 73.01
E11040]1_MatSa Wl.plo
0l:mE:3Z.8 0l:15:35.1 248 1521 o 40.00 17.00 NAR oX OFF 2531.01
E11040]1_MatSa Wl1.plo
Ql:18:22.9 Q1:25:26.9 2489 1498 it 40.00 17.00 HAR oR OFF 73.01
E11040]1_MatSa Wl.plo
Ol:Z6:15.9 01:35:40.5 250 140% o 40.00 17.00 NAE o’ OFF 253.01
E11040]1_MatSa Wl.plo
Ql:38:1z2.9 Q1:45:20.5 25l 1448 o 40.00 17.00 HAE oN OFF Ti.01
E11040]_MatSa Wl.plo
Ql:48:38.2 01:49:45.9 251 1470 it 40.00 17.00 HAR oR OFF 73.01
E11040]1_MatSa Wl.plo
01:53:587.6 0l:55:13.5 281 1499 o 40.00 17.00 NAE oX OFF Ti1.01
E11040]_MakSa Wl.pln

APRIL 2013



Ang rage Toll Fres 1.866-247-6277

LIDAR MISSION LOG

Fax (907) 274-3265
AIRCRAFT 4\ \n/ PILOT (51 ¢ ALTMTYPE
DATE S/ip/]] OPERATOR S¢a\Can BASE STATIONS
JULIAN DAY STRIPLOG_MOSIB 1\ A ]
PAGE NO. of HARDDRIVE | &,0)
PROJECT NO. LOCATION TIME | HOBBS ;_REMARKS
(10401 [ T/D Mg\ 0632 120164 | Centvad Mven 7 sube, owma-o0me
14-Su {Lgnd MR 1225 130119 !
Loser ON_0Y4!/0!58
[nes 529-83(
ATMOSPHERE C PC 0OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE  FERRY PROJECT NO. SITE FERRY
110 H0] 5.9




_ S LIDAR MISSION LOG
Anchorage e ssxan

AIRCRAFT 59 8 WJW/ PILOT ALTM TYPE
DATE S5/15% /)] OPERATOR BASE STATIONS
JULIAN DAY STRIPLOG [0S ig /IR
PAGE NO. of HARDDRIVE o) Z|
PROJECT NO. LOCATION TIME | HOBBS _ REMARKS ]

ool | T/o MRT 2420 Pops| Stadic  2aIS-oaly
MtSU | Land MBT 0002 Dolb | Stalic  0013- ourd

e A — Lins  $37-S49) [oon

Lecec op 1 00847494
ATMOSPHERE C PC OC HAZE WXREMARKS  Sncwine  on  Socdh o Ad
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO, SITE  FERRY PROJECT NO. SITE  FERRY
§11 04o) 1.4 0 ‘




~ACHOTagE e s LIDAR MISSION LOG

[773,Y | stiric [y 41— Jy./y3

Fax (907) 274-3265
JMRCRAFT G LR PILOT C/rnnwie [aLTM TYPE
DATE  2- /4- OPERATOR Pac ¢ BASE STATIONS |
JULIAN DAY STRIPLOG [ 05/6//4
PAGE NO. of HARDDRIVE /// |
PROJECT NO. LOCATION TIME | HOBBS REMARKS
&t o may

GlloYyps | Lawn mg,

[375,1 | grame 400 - 1 yy

Lusce pn 11me 0. 44, 3

ATMOSPHERE C PC OC HAZE WX REMARKS

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE__ FERRY | PROJECT NO. SITE___FERRY | PROJECT NO. SITE  FERRY
AT 17




— 0, NESG, U1 LIDAR MISSIONLOG . »
— Tehorage preisar
AIRCRAFT W PILOT (4¢M AR TYPE
DATE 5/ 19 OPERATOR /55100 BASE STATIONS
JULIAN DAY STRIPLOG M 05191 A ]
PAGE NO. of HARDDRIVE ()| %y
PROJECT NO. LOCATION TIME | HOBBS REMARKS
L1090 | Tjo MR\ 0o 40 120044 Contyad Avea
Mat-Su_[tand MR B0 2020

Laser ON -p0)! 35

ATMOSPHERE C PC OC HAZE

WX REMARKS @oined ouk

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE _ FERRY | PROJECT NO. SITE __FERRY | PROJECT NO. SITE  FERRY
bl1oHO! 1.5




MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT

MO052011A Paper Log Unavailable - Digital Log Included Here

Flight Log
Project Number: 6110401
S/N : 03SEN145
Airport : MRI
Mission : MO520113
Date : May 20, 2011
Julian Day 140

Statistics
Laser Time 01:54:13

START STOFP LINE#

15:24:17.955
Default.pln
15:25:07.555
Default.pln
15:28:08.552
Default.pln
15:35:54.444
Default.pln
15:53:46.926
Default.pln
16:10:34.108
Default.pln
le6:28:23.388
Default.pln
16:45:16.868
Default.pln
16:50:29.861
Default.pln
16:55:34.655
Default.pln
17:01:14.249
Default.pln
17:07:38.741
Default.pln
17:14:22.233
Default.pln
17:21:44.224
Default.pln
17:31:58.711
Default.pln
17:37:55.804
Default.pln
17:44:36.795
Default.pln
12:00:05.676

Default.pln
18:15:12.256
Default.pln
18:30:22.736
Default.pln
18:46:07.015
Default.pln
19:03:20.852
Default.pln

Plan File

15:24:37.555

15:25:26.854

15:29:38.65

15:47:59.332

16:06:36.512

16:22:40.794

l6:29:19.586

16:46:27.666

16:51:42.06

16:57:16.653

17:03:32.346

17:10:28.837

17:17:45.429

17:25:32.119

17:33:09.01

17:39:08.502

17:55:35.281

18:11:15.161

18:26:08.042

18:41:49.521

18:56:59.201

19:04:22.581

584

583

ALT

1423

1433

1439

1444

1443

1448

1403

1422

1450

1416

1422

1428

1432

1448

1414

1454

1430

1456

1429

PRF

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

T0

70

70

70

70

FREQ

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

40.00

ANGLE

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

ao

a0

a0

a0

a0

ME DIV
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
HAR ON
HAR ON
HAR ON
HAR ON

RC

OFF

OFF

OFF

OFF

CFF

OFF

CFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

CFF

OFF

CFF

OFF

COFF

OFF

COFF

HDC

354.00

354.00

354.00

354.00

174.00

354.00

354.00

174.00

174.00

354.00

174.00

354.00

174.00

354.00

174.00

354.00

354.00

174.00

354.00

174,00

354.00

354.00

APRIL 2013



— == mwme AEAWN FOLE W

Anchorage, Alaska, 99501

P rage e itiar LIDAR MISSION LOG
Fax (907) 274-3265
AIRCRAFT AJ4LR PILOT Lzeciowic 2 ALTM TYPE
DATE 5-2/-// OPERATOR PAc £ BASE STATIONS
JULIAN DAY STRIPLOG (2524114
[PAGE NO. of HARDDRIVE ///,
PROJECT NO. LOCATION TIME | HOBBS REMARKS
61040 118 /ey 17751 |Srarie _ic107- (5117
LAsp / ML (7R.F | Srarre (97¥0- 4547
LASER Time - 306" yy
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY
Gl 0401 Y6 '




, LIDAR MISS)
 Anchorage gmﬁgﬂn SSION LOG
|AIRcRAFT W W PILOT [ i ALTM TYPE
DATE S/7 11 OPERATOR ¢ 5o\ o~ BASE STATIONS
JULIAN DAY STRIPLOG MOSZI\\A
[PAGE NO. of [HARDDRIVE 008
PROJECT NO. LOCATION TIME | HOBBS | sizkic (15212235  REMARKS
01040\ [Tjo EAj 1238 |20354] Condval Arep. 1o
at-Su SAo X t‘)m'\e,c} 03,4 -
Land M\ 20383
Ltand FA| 202751 |nes B4 -5yp

Loty oN hme Q1,0 44

ATMOSPHERE C PC 0OC HAZE

WX REMARKS 800 wito S1ow | rgin 01 alveel ok lnes

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE _ FERRY | PROJECT NO. SITE . FERRY | PROJECT NO. SITE FERRY
1040} 4 1%

{;}ﬁ



MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT

L052111B Paper Log Unavailable - Digital Log Included Here

Flight Log

Project Number: 6110401

5/N : DTSENZOL
Airport : MRI

Mission LD52111B
Date : May 21, 2011
Julian Day 141

Statistics

Laser Time 01:05:10
START STOP LINE#
Plan File

21:48:00.945 21:48:16.345
6110401_MatSu_V1.pln
21:48:38.145 21:49:47.645
6110401_MatSu_V1.pln
21:55:07.946 22:07:25.148
6110401_MatSu_V1.pln
22:10:07.148 22:23:01.048
6110401_MatSu V1.pln
22:25:34.649 22:37:57.34%
6110401_MatSu_V1.pln
22:40:41.449 22:53:40.249
6110401_MatSu V1.pln
22:56:09.149 23:08:38.849
6110401_MatSu V1.pln
23:12:45.149 23:13:49.549
6110401_MatS5u_V1.pln

554

555

556

557

558

558

1448

1450

1451

14459

1455

PRF

70

T0

70

T0

70

T0

70

70

40.

40

40

40

40

40

40

40

oo

.00

.00

.00

.00

.00

.00

.00

ANGLE

17.

17

17

17

17

17

17

17

ile]

L0

00

L0

L0

L0

L0

0o

MEF DIV
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON
NAR ON

RC

OFF

CFF

OFF

OFF

OFF

OFF

OFF

OFF

354

354

354

174

354

174

354

354

APRIL 2013

HDG

00
0o
00
L0
L0
L0
0o

0o



W %ﬁiﬁ}fﬁ%ﬁ LIDAR MISSION LOG
AIRCRAFT N L 6R PILOT R b}« ALTM TYPE
DATE _5/23]| OPERATOR Rcent BASE STATIONS
JULIAN DAY STRIPLOG [ 0523)] A
PAGENO. | of | HARDDRIVE | !1)
PROJECT NO. LOCATION TIME | HOBBS . REMARKS
bl16Yol [7533] Stbic  22:47- D50
Mot S 252 J/o _MRT
0529 17999 | Lend ™MRT
Stadic  0532- 0535
Lows 200330 200390 togled
l_ﬁil/ oN “rlf“\ﬂ'- 03153;6
ATMOSPHERE C PC 0OC HAZE WXREMARKS  (\e,¢
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE__FERRY | PROJECT NO. SITE__FERRY | PROJECT NO. SITE  FERRY
b1l oo b.b 0




LIDAR FLIGHT L ™

wission: 05 1y1/ 4 DATE: §° 2~ /1
PILOT: CLECHPiv L2 OPERATOR: FAct AIRCRAFT: £ 64 _-[_._’“_
LINENO. |GND SPEED SCAN TIME Laser
PROJECT NUMBER | ¢ o0 ws) [Freq ANGLE| PP { AT srart  stop| Time | REMARKS
Llioyo 59 % 13 |70 |30 00g| 770 Aks 829 19401443
Laws frgr 950 19,8 152
Laser rrme,; 03951
STATUS  |TOTALLINES | FLOWN | LEFT SIT;_'RCR::;RY STATIC [START: |STOP: NOTES:
Ol ¢rey 5.1

AERO-METRIC, INC. N.6216 Resource Drive Sheboygan Falls, WI. 53085 PHONE: 920-467-2655 FAX: 920-457-1451 E-Mail: amephato@aerometric.com



- e, ! LIDAR MISSION LOG

m ;;xﬂ;;c nxzif;;;sm
AIRCRAFT A G R PLOT  Robbie ALTM TYPE
DATE _ 5/2M/J1 OPERATOR Rtest BASE STATIONS
JULIAN DAY STRIPLOG LOS 24| R
PAGENO. | of HARDDRIVE |11
PROJECT NO. LOCATION TIME | HOBBS REMARKS
AlOY o] 17950 | Stekic  A1M4-2049
Mat Su D153 T/6 MRT

ALTAM s Lreezing, Rostecd AT

~nd rellew 3\054\);\06

E:«'es‘:-g‘e Q.H\‘}mckﬂ S}w}‘- OLL ‘lc.SP_( .,.,La,l\ ever

min,  reshasd Vi 266

0432 |130L.b | Land MRT

Stadic OM34-0Y437

Lines  30$-209 H25-455  475-443

Lasic OaTome: DO H7/3§
ATMOSPHERE C PC OC HAZE WX REMARKS

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE__ FERRY | PROJECT NO. SITE__ FERRY | PROJECT NO. SITE  FERRY
LloY0! L] o




Tol Fre 1.666-247.6277

LIDAR MISSION LOG

"I E]
Anchorage o 527 i
|AIRCRAFT pWW PILOT Haim /(olen ALTM TYPE
DATE_5/24 OPERATOR J¢sbes' c i BASE STATIONS
JULIAN DAY STRIPLOG MOS 24/ (A /B
[PAGE No. of HARDDRVE (0] %1 /0 &)\
PROJECT NO. LOCATION TIME | HOBBS REMARKS
LlI0Y0l | T/O_Ea 0155 12048.3] s\nbie 0144-074%
ut-5n | Land MR\ 95 1053\ | Contral, Mahnuska Treg
sz, 1242-1245
1 Loser N OL: 08143
S S59-566 Dp-310
bitoyo; | TIo MR 420 _|20883|Centval 499- 204 Bmw
Mat-sw] Land MR) 2000 [7098.,5
Laser oN 03.07'569
ATMOSPHERE C PC OC HAZE WX REMARKS  c\ogy
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE__ FERRY | PROJECT NO. SITE __FERRY | PROJECT NO, SITE  FERRY
(1040\ 4.9
Lilloyo) 5T

gl




AT AYT, AN, TIDU T

- ryq9-5¢4
TOROTage e s LIDAR MISSION LOG 7~ 719 49-553,
Fax (907) 274-3265 532-52%

AIRCRAFTv ¢ 57 PILOT C2eCirpmic 2 ALTM TYPE
DATE 5-25-4 OPERATOR P, BASE STATIONS
JULIAN DAY STRIPLOG o/ 5/
|PAGE No. of HARDDRIVE
PROJECT NO. LOCATION TIME | HOBBS REMARKS
LIt T/ mAs /29/.6 | srarie 19 93_ 1. v7

Law? Mg | (502, S crarie D043 - 20747

LoT/ ©3%39: 24
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE  FERRY | PROJECT NO. SITE__ FERRY | PROJECT NO. SITE FERRY
Grroyds .9 »




= e v o LIDAR MISSION LOG
nchorage ot 1w ar
AIRCRAFT 6GR PILOT  Rehlie ALTM TYPE
DATE 5/a5/11 OPERATOR Erent BASE STATIONS
JULIAN DAY STRIPLOG L OSQS IR
PAGENO. | of HARDDRIVE %0
PROJECT NO. LOCATION TIME | HOBBS REMARKS
Alloyo| Mt Su 902.5| St DV1S5I-21sY
2154 T/o  MRI
03] Lond MRT
13119 | S¥adic 0234 -6))7
Lis 395 308 454447 cpmyleled
Lasal s time: 02125 17
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE _ FERRY | PROJECT NO. SITE _FERRY | PROJECT NO. SITE FERRY
£l 40! 4y 0




"nchorage

VRAIUIBYT, MIBING, IV

Toll Free 1-866-247-6277

(07 - 615, 711 -?45 LIDAR MISSION LOG

Fax (907) 274-3265
AIRCRAFT 4/ 4 ;4 PILOT Cicekowyrz ALTM TYPE
DATE 5-24. 4 OPERATOR p (¢ BASE STATIONS
JULIAN DAY STRIPLOG
PAGE NO. of HARDDRIVE 7/ §i
PROJECT NO. LOCATION TIME | HOBBS REMARKS
Llioyot \r/o may (819 | ¢rare < 7

Laup MR/ (8bM | <aric 1431 - j4, 14

LOT ) 0/ /9%:5Y

ATMOSPHERE C PC OC HAZE WX REMARKS

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE  FERRY | PROJECT NO. SITE FERRY
Gl O/ A3




sy, PG anG, STV
R ?wﬁ 3 Toll Free 1-866-247-6277

LIDAR MISSION LOG

rag e Fax (907) 274-3265
AIRCRAFT 46 R PILOT Robbie ALTM TYPE
DATE  S/24/1 OPERATOR Rgent BASE STATIONS
JULIAN DAY STRIPLOG LS4 B
PAGENO. | of | [HARDDRIVE ) %0
PROJECT NO. LOCATION TIME | HOBBS REMARKS
blioto) | MeXw KibY | Stede  213£-2139
) bp T/ MR
02 Lead MRT
19191 | Sdali 0025-00)¢
L-_r\-lf Job4- 1og0 (ami’)lckqi
Lagec on Limgt 01007704
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE _ FERRY | PROJECT NO. SITE FERRY
bllo4p) 2.7 0




XhoTage e LIDAR MISSION LOG /o'17-127¢ 421 423

Fax (907) 274-3265

AIRCRAFT 1, ¢, 04 PILOT ¢czccnow)ict ALTM TYPE
DATE  £-27-// OPERATOR P AcC BASE STATIONS
JULIAN DAY STRIPLOG
PAGE NO. of HARDDRIVE ©/%/
PROJECT NO. LOCATION TIME | HOBBS REMARKS
Gllovol L+ /0 mR) 1419,/ .

Luanwn Mt 1$e | srarie 1762 - 17055

Lor; 013617
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME

PROJECT NO. SITE__ FERRY | PROJECT NO. SITE __ FERRY | PROJECT NO. SITE FERRY
Grlower 3 &




PRI GYS, AldaAd, JIIUI g, 6Ll "94"]" 25 - o
ne rage ToFree 1assoerez L Ll é LIDAR MISSION LOG Jie )
Fax (907) 274-3265
AIRCRAFT /¢4 R PILOT ~earwvan i ALTM TYPE
DATE ¢-27- 1/ OPERATOR 2ac¢ BASE STATIONS
JULIAN DAY STRIPLOG
PAGE NO. of HARDDRIVE /¢
PROJECT NO. LOCATION TIME | HOBBS REMARKS
brogo| /0 may /9221 |Sraric Yyl - )gise
P§24-) |srarie 205 - 2y
Y
bor, 0oy, 00 )
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE  FERRY | PROJECT NO. SITE FERRY
Lt Yus Ll




ichorage

AVIUIGYE, MIaNd, FIDUI

Toll Free 1-666-247-6277

LIDAR MISSION LOG

Fax (907) 274-3265
AIRCRAFT /R PILOT  Roble ALTM TYPE
DATE S/ /1) OPERATOR Rcent BASE STATIONS
JULIAN DAY STRIPLOG L0537 11¢C
PAGENO. | of HARDDRIVE || 1]
PROJECT NO. LOCATION TIME | HOBBS REMARKS
311 oty Med S gl | sdd . 2180-2183
2183 T/0 MRT
MEA Lead MRT
1530 2L SHetic 0454- 0457
Lines blIb-619 420-447  J033- 1544
Lesee on fima: OM23):49
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE FERRY | PROJECT NO. SITE FERRY
blloYo| 7.0 &)




¥

% TaFres 1427507 pHY - 663 ¢ e LIDAR MISSION LOG
chorage  Totfee s b

AIRCRAFT 4 ZR PILOT (ZécHDw c 2 ALTM TYPE

DATE - 30-4/ OPERATOR Pace BASE STATIONS

JULIAN DAY STRIPLOG

PAGE NO. of [HARDDRIVE 078/

PROJECT NO. LOCATION TIME | HOBBS REMARKS

(L) T/ may [E3/. 2| Sqwurie 15738 - /542

LanD A8 1835 L Israric 20/0%° Aoy
LOT 0459, /2
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME

PROJECT NO. SITE FERRY | PROJECT NO. SITE FERRY | PROJECT NO. SITE FERRY
b vyl §Y




ichorage

MIRIIUIGYT, ARG, JTOUT

Toll Free 1-866-247-6277

LIDAR MISSION LOG

Fax (907) 274-3265
AIRCRAFT 4G R PILOT Rebbie ALTM TYPE
DATE  5/30/II OPERATOR Erend BASE STATIONS
JULIAN DAY STRIPLOG L0530/ B
PAGENO. | of [HARDDRIVE 1)
PROJECT NO. LOCATION TIME | HOBBS REMARKS
£1¢4ol | Mat <, 2 18356 | stlic 2130-2133
2134 Tlo mrT
olpy Land MRT
18390 | sddie  0lob- 0loq
Lings  302-393  covmplete
Laset om Yme: 01:2): S4
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO, SITE FERRY | PROJECT NO. SITE  FERRY | PROJECT NO. SITE FERRY
41040 36 1 0




Anchorage

Toll Free 1-866-247-6277

LIVAR MIDJIUN LUG

Fax (907) 274-3265

AIRCRAFT ~ 3 W\ PILOT ugdGo ALTMTYPE G Erz)l ]

oATE /21T OPERATOR (< AYS BASE STATIONS AM03 + Aértaors sl
JULIANDAY ;50 STRIPLOG 410 S30/ (4 . Tx [~
[PAGENO. [ of HARDDRIVE

PROJECT NO. LOCATION TIME | HOBBS REMARKS

¢ofor  |meanns £ 10573 501&?/'7@{%_/ r-0

S A)SSE 4t =618 Riovl]
209h8| AWD/sTATrC [s1i0Tv0k,)]
[
L'OOJT : (72: 3\{"0/
ATMOSPHERECCOPC  OC HAZ® WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME

PROJECT NO. SITE FERRY | PROJECT NO. SITE ‘FERRY PROJECT NO. SITE  FERRY

L11040] 45 | —




m.mmlc 2014 Merill Figld Drive

ssnchorage

Fax (907) 274-3265

Anchorage, Alaska, 39501
Toll Free 1-866-247-6277

LIDAR MISSION LOG

AIRCRAFT  §mR

PILOT Colac]

ALTM TYPE

DATE 031 /I OPERATOR _ Tverson _(1affe] BASE STATIONS
JULIAN DAY STRIPLOG [ 053/ /I A
PAGENO. | of HARDDRIVE fLL
PROJECT NO. LOCATION TIME | HOBBS REMARKS
£10401 | Take OFF MAT 10:06 |1839.1] Lidor OnTime 111325
Lopd MRT 130t 18123 ‘
324~ 33  Limes

ATMOSPHERE C PC OC HAZE WX REMARKS

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE__ FERRY | PROJECT NO. SITE _FERRY | PROJECT NO. SITE _ FERRY
4110491 3.2




AIRC-METRIC

2014 Merrill Fiefd Drive

ATTOTE LIDAR MISSION LOG
Fax (907) 274-3265
ARCRAFT 4 R PILOT  Rebbie ALTM TYPE
DATE  5/31/!l OPERATOR Rrendl BASE STATIONS
JULIAN DAY STRIPLOG LoS3II1R
PAGENO. | of HARDDRIVE %0
PROJECT NO. LOCATION TIME | HOBBS REMARKS
bi\odg] Mt Sw 12923 ] Sdadie  21$3-2185
pIEY T/o MRT
0117 Lend MRT
1846, 6| Stedic o[- oldl
Lineg  334- Y24 (gh(,’gle
Lasec on fie: 0144146
ATMOSPHERE C PC 0OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE  FERRY |PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY
blloHo| 3.3 O




MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT

MO053111A Paper Log Unavailable - Digital Log Included Here

Flight

Log

Project Number:
S/H H
Airport
Mission
Date
Julian Day

6110401
: D3SEN145
I MEI

: MDO53111A
@ May 31, 2011
1 151

Etatistics

Laser Time

START
Flan File

: 03:17:38

STOF LINE#

ALT

17:35:25.745 17:
€110401_Matsu wi.
17:36:11.844 17:
6110401 _Matsu_WV1.
17:50:05.52% 17:
£110401_Matsu vi.
17:59:23.619% 18&:
6110401_Matsu_wvi.
18:12:41.004 18:
£110401_Matsu_vi.
18: 25:15. 489 18:
€110401_Matsu Vi,
1B:38:17.973 14&:
€110401_Matsu vi.
18:50:47.558 1%:
€110401_Matsu wi.
19:03:58. 741 1%:
6110401_Matsu_wvi.
19:18:45.721  19%:
£110401_Matsu vi.
19:32:00.%03 19%9:
€110401_MatsSu Vi,
19: 45:08. 585 1%9:
£110401_Matsu_vi.
19:58:25.367 20:
€110401_Matsu Vi,
20:11:35.348 20:
6110401 _Matsu_WV1.
20:24:5%.02% 20:
€110401_Matsu wi.
20:38:11.11  20:

35: 49
pln
36: 41
pln
E3: 04
pln

0B8:37.

pln
21:148
pln
34:25
pln
46256
pln
00:z03
pln
13:50
pln

27:57.

pln

40:47.

pln
Ed:35
pln
07:14
pln
21:09
pln

33:57.

pln
47: 49

6110401_Matsu vi.pln

20:52:12. 689

21:05:42.97

21:
£110401_Matsu_vi.
21:

01:15
pln
15: 45

.145

544

626

809

894

.878

163

.148

A28

409

191

572

.454

634

016

998

178

.8E5

&40

680

680

€80

681

642

683

684

685

31

€87

688

689

690

691

692

693

6494

1498

1497

14498

1505

1516

1485

1455

1473

1476

14497

1477

1506

1483

1494

1463

1482

1486

1447

FRF

70

70

70

70

70

T0

70

70

70

70

70

70

70

70

70

70

70

T0

FREQ

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

40.

[VlV]

[+4]

o0

[H4]

00

00

00

o0

[+4]

[111]

[H4]

00

[VlV]

00

o0

[H4]

[111]

00

AKGLE

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

17.00

M DIV
MAR o]
HAR OH
MAR o]
HAR oo
MAR o]
MAR o]
HAR e
MAR o]
HAR OH
MAR o]
HAR oo
MAR o]
MAR o]
HAR e
MAR o]
HAR oo
MAR o]
MAR o]

COFF

OFF

OFF

OFF

OFF

COFF

OFF

OFF

OFF

OFF

OFF

OFF

COFF

OFF

OFF

OFF

OFF

COFF

182,

182.

182.

182.

182.

182.

182,

182.

HDG

]

<00

i)

14}

.00

iL4]

.00

i[/]

<00

i [4]

00

i [+]

]

i [+]

i)

14}

.00

iL4]

APRIL 2013



MATANUSKA-SUSITNA BOROUGH LIDAR DATA ACQUISITION & PROCESSING REPORT

21:19:27.55 21:2B:25.037
6110401_Matsu_vi.pln
21:32:23.431 21:42:33.518
6110401_Matsu Vi.pln
21:46:23.21 21:55:24.2%7
6110401_Matsu Vi.pln
21:59:35.691 22:09:16.376
£110401_Matsu Vi.pln
22:12:50.671 22:21:15.25%
6110401_Matsu Vi.pln
22:25:28.552 22:33:35.34
6110401_Matsu_vi1.pln
22:37:25.235 22:39:42.731
6110401_Matsu Vi.pln

695

696

697

698

6949

700

700

1487

1488

1472

1483

1462

1464

1474

70

70

T0

70

70

70

70

40

a0

40

40

a0

40

a0

00

.00

.00

.00

.00

00

.00

17.

17.

17.

17.

17.

17.

17.

oo

oo

ili}

oo

oo

oo

oo

HAR

HAR

HAR

HAR

HAR

HAR

HAR

aly|

O

uly]

O

uly]

aly|

O

OFF

COFF

OFF

OFF

OFF

OFF

COFF
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.00

.00

00

.00

00

.00

APRIL 2013



June 2011 Logs

Amm“nlc iﬂl; Merrili Field Drive
Lo TEote oo e s LIDAR MISSION LOG
wnchorage o o
AIRCRAFT Lak PILOT Colac| ALTM TYPE
DATE 060/ )] OPERATOR  Yyefson, Cretdut BASE STATIONS
JULIAN DAY STRIPLOG L 00/ I #
[PaGENO. [ of ] HARDDRIVE  ()//
PROJECT NO. LOCATION TIME | HOBBS REMARKS
gl1g4ol 13T 3456 | Take OFF AIET
1203 [1849.1 | Land MAT
Lacer on Time  |:18:3(
Lives 734~ FHY  Flown
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE _ FERRY | PROJECT NO. SITE FERRY | PROJECT NO. SITE  FERRY
411046 1.5




Toll Free 1-865-247-6277 LIUAH MIDSIUN LUG
A ncn’orage Fax (;;j 274-3265
AIRCRAFT 23 W inJ PILOT Haimn ALTM TYPE
loare /1 /11 OPERATOR “pacica BASE STATIONS
JULIAN DAY STRIPLOG MO0 | | A
PAGE NO. of HARDDRIVE 0O
PROJECT NO. LOCATION TIME | HOBBS REMARKS
llB40l 170 M@\ 12815 120914,
Land Mey 15 /s 12098.5
ATMOSPHERE C PC OC HAZE WX REMARKS 12001
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE ‘ FERRY | PROJECT NO. SITE FERRY
pl1loYo) . .9

\L o



AIRO-METRIC

2014 Merrill Field Drive

T et LIDAR MISSION LOG
Fax (907) 274-3265
AIRCRAFT {2(5%. PILOT Tor\ON do ALTM TYPE
DATE (o/7 /)1 OPERATOR N\¢5S1C.00 BASE STATIONS
JULIAN DAY STRIPLOG LOLOT!IA
PAGE NO. of HARDDRIVE | %0
PROJECT NO. LOCATION TIME | HOBBS REMARKS
010701 | T/o MR\ 0b25 11806 North Aves
Mot-Su | Lond MR\ I 1256.5| Lings 701-T7727
L0%r ON dmes 071147

ATMOSPHERE C PC OC HAZE WX REMARKS

FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY
blloyo] 49

B




AR"IMITRIC

2014 Merrill Field Drive
Anchorage, Alaska, 99501

Aﬁm Toll Free 1-866-247-6277 LIDAR MISSION LOG
Fax (907) 274-3265
AIRCRAFT |pin R PILOT RobYie ALTM TYPE
DATE b/117/]] OPERATOR (¢85 1.0n BASE STATIONS
JULIAN DAY STRIPLOG M0, 1711A
PAGE NO. of HARDDRIVE |1 ||
PROJECT NO. LOCATION TIME | HOBBS REMARKS
whozo! | tlo mri ) Iy
LMY Land EA 2021 | ¢ Wt 01 51
(R34 | off 5:1'0.»_, L/
LlloYo] | on ste. 1864 7| Nockh Ayea Lol 01104
Mat-Su 10G672.1| Lines 723-733
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY
L\ 070\ 9 1.5
L1\ 040] 14




er(—‘f ?é':/' ?}’5

2014 Merrill Field Drive

Amo.munlc Anchorage, Alaska, §9501 L ID A R MISSI'ON LOG
ﬁ E Toll Free 1-866-247-6277
ne Orage Fax (907) 274-3265

AIRCRAFT  #46R PILOT corrhowrc? ALTM TYPE
DATE G- )2 -1 OPERATOR Pace BASE STATIONS
JULIAN DAY STRIPLOG
PAGE NO. ( of HARDDRIVE /¢ (¢ GRS TiMe
PROJECT NO. LOCATION TIME HOBBS REMARKS
st/ oyd! 7/p mA/ /8671 |Srarie 1 /¢ <143

Lawp ey 133/ Y5797, §.3¢6 ~¢. 39

Lol; 27093
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME

PROJECT NO. SITE FERRY | PROJECT NO. SITE FERRY|PROJECT NO. SITE FERRY

Grrove/ 4.3




2014 Merrill Field Drive

__ﬁ_ho_A ERO-METRIC Anchorege, Alecks, 99501 LIDAR MISSION LOG
nchorage
AIRCRAFT 4Gk PILOT CILCHOW e 2 ALTM TYPE
DATE (- /8- /1 OPERATOR ac BASE STATIONS
JULIAN DAY STRIPLOG
PAGENO. 7 of , HARDDRIVE //// GPs TimE
PROJECT NO. LOCATION TIME | HOBBS REMARKS
Cuoyel | T/0 MAI 20 | 18779 Sraze j13 /020
Laern TRA [§79.9 srant 5.23.3,26
T/ T4 b |/87%0
LAND 1 1499.6
26
Lo7 ' o0 4313
ATMOSPHERE C PC OC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE FERRY | PROJECT NO. SITE FERRY | PROJECT NO. SITE FERRY
G/loy o z,ﬁ




AIRO-METRIC

2014 Memil Field Drive
Anchorage, Alaska, 99501

130

o ge6 04 LIDAR MISSION LOG
nchorage v
ARCRAFT (5% PILOT Roblme ALTM TYPE
DATE (/19/] | OPERATOR J€.S8s1can BASE STATIONS
JULIAN DAY STRIPLOG M) )91 A
PAGE NO. of HARDDRIVE |30
PROJECT NO. LOCATION TIME | HOBBS REMARKS
bl 10Y01 T/o ME 10196 Cucey Aren
Mat-S | Land MR BB3Y Lnes M5-15% T76-183
Laser QN hme,  01.50.3Y
ATMOSPHERE C PC HAZE WX REMARKS
FLIGHT TIME FLIGHT TIME FLIGHT TIME
PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY | PROJECT NO. SITE  FERRY
Lllovyo] 4L




2014 Memili Figld Drive

AR TETRIC

Anchorage, Alaska, 39501 L’DAR M’SSION LOG
-710_ Toll Free 1.866-247-6277
anchorage . (907) 274-3265 :

AIRCRAFT f/sc PILOT ,24¢H guwic 2 ALTM TYPE
DATE [-27-// OPERATOR Fye ¢ BASE STATIONS
JULIAN DAY STRIPLOG
PAGENO. / of HARDDRIVE (/3 8PS TIME
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