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Project Summary

Merrick-Surdex Joint Venture, LLP (“Merrick-Surdex JV”) was awarded the NM_NRCS_Central_2017_D18 (USGS
Task Order Number 140G0218F0026) project by the United State Geological Survey (USGS) to provide high-
resolution lidar for four (4) distinct Areas of Interest (AOls) totaling approximately 9,697 square miles located in
New Mexico. The four AOIs are identified as Middle Rio Grande East, NM Upper Pecos, Arroyo Chico, and Rio
Salado. This project will support the 3DEP mission and the Natural Resources Conservation Service (NRCS).

The lidar mapping requirements and deliverables meet Quality Level Two (QL2) standards as outlined in the
USGS-NGP Lidar Base Specifications, Techniques and Methods 11-B4, Version 1.2, November 2014 (TM11-B4)
(http://pubs.usgs.gov/tm/11b4/pdf/tm11-B4.pdf). QL2 lidar specifications suggest a point density of greater
than or equal to two points per square meter (22ppsm) Aggregate Nominal Pulse Density (ANPD), and point
spacing of less than or equal to seven-tenths of a meter (<0.71m) Aggregate Nominal Pulse Spacing (ANPS).

The vertical accuracy requirements of the lidar data meets or exceeds the following:

Absolute Vertical Accuracy

e <10cm RMSEz
e <19.6cm Non-vegetated Vertical Accuracy (NVA) at the 95% confidence level
e <29.4cm Vegetated Vertical Accuracy (VVA) at the 95% percentile

Relative Vertical Accuracy

e <6cm Smooth surface repeatability
e <8cm Swath overlap difference, RMSDz
e +16cm Swath overlap difference, maximum

Horizontal Accuracy

e This data set was produced to meet ASPRS “Positional Accuracy Standards for Digital Geospatial
Data” (2014) for a 20 (cm) RMSEx / RMSEy Horizontal Accuracy Class which equates to Positional
Horizontal Accuracy = +/- 49 cm at a 95% confidence level.

Project Spatial Reference

e Projection — Universal Transverse Mercator (UTM), Zone 13 North (13N)

e Horizontal Datum - North American Datum of 1983 (NAD 83), National Adjustment of 2011 (NA2011)
(epoch 2010.00)

e Vertical Datum — North American Vertical Datum of 1988 (NAVD 88); GEOID 12B

e Units — Meters

e EPSG Codes - UTM Zone 13N = EPSG 6342

CONTACT INFORMATION

Questions regarding this report should be addressed to:
Doug Jacoby, CMS, GISP
Program Manager
Merrick-Surdex Joint Venture, LLP
5970 Greenwood Plaza Blvd.
Greenwood Village, CO 80111
T: +1 303-353-3903
Doug.jacoby@merrick.com
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Project Report

The contents of this report summarize the methods used to calibrate and classify the lidar data as well as the
results of these methods for the project NM_NRCS_Central_2017 D18 (USGS NM NRCS Central).

Lidar Flight Information

The acquisition area for the NM NRCS Central project is delineated by the fully dissolved extent of the client-
approved Esri shapefiles (Option_RioSalado, Option_ArroyoChico, NM_UpperPecos UTM,

8 2017 _MiddleRioGrande_East_UTM). The Merrick-Surdex JV acquired the QL2 lidar point cloud utilizing
Optech Galaxy lidar sensors. The Galaxy is a high performance 550 kHz lidar sensor capable of collecting large
areas efficiently.

Merrick-Surdex JV planned an acquisition area of approximately 9,697 square miles, divided between the four
AOIs, to include a one hundred-meter (100m) buffer per TM11-B4. See below illustration of the proposed lidar
flight plan.

| NM NRCS Central 2017: NM Upper Pecos, 8 2017 Middle Rio Grande East, Rio Salado & Arroyo Chico / LIDAR Flight Plan for 2 ppsm |
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Airports of Operation

Multiple airports were used for the collection of this project. See below for a list of the airports used as well as
an image of the project area with airports displayed.

e Moriarty Airport — Moriarty, New Mexico
o FAA Identifier: OEO

o Lat/Long: 34-58-41.4000N / 106-00-00.1000W
o Elevation: 6204.2 ft. / 1891.0 m (surveyed)

o From City: 2 miles SE of MORIARTY, NM

o Zip Code: 87035

e Albuquerque International Sunport Airport— Albuquerque, New Mexico
o FAA Identifier: ABQ

o Lat/Long: 35-02-20.1536N / 106-36-29.7438W
o Elevation: 5354.9 ft. / 1632.2 m (surveyed)

o From City: 3 miles SE of ALBUQUERQUE, NM

o Zip Code: 87106

e Vaughn Municipal Airport— Vaughn, New Mexico
o FAAIdentifier: N17

o Llat/Long: 34-36-16.4890N / 105-11-30.5590W
o Elevation: 5935.9 ft. / 1809 m (estimated)

o From City: 1-mile NE of VAUGHN, NM

o Zip Code: 88321

e Santa Rosa Route 66 Airport— Santa Rosa, New Mexico
o FAA Identifier: SXU

o Lat/Long: 34-56-08.4195N / 104-38-33.2295W
o Elevation: 4791.4 ft. / 1460 m (estimated)

o From City: 3 miles E of SANTA ROSA, NM

o Zip Code: 88435

e Roswell International Air Center Airport— Roswell, New Mexico
o FAA Identifier: ROW

o Lat/Long: 33-17-59.5308N / 104-31-45.8315W
o Elevation: 3671 ft. / 1118.9 m (surveyed)

o From City: 3 miles S of ROSWELL, NM

o Zip Code: 88203

e Double Eagle Il Airport— Albuquerque, New Mexico
o FAAIdentifier: AEG

o Lat/Long: 35-08-42.5502N / 106-47-42.5912W
o Elevation: 5837.4 ft. / 1779.2 m (surveyed)

o From City: 7 miles NW of ALBUQUERQUE, NM
o Zip Code: 87121

e Crownpoint Airport— Crownpoint, New Mexico
o FAAIdentifier: OES8

o Lat/Long: 35-43-03.5720N / 108-12-05.7460W
o Elevation: 6696 ft. / 2040.9 m (surveyed)

o From City: 3 miles NW of CROWNPOINT, NM

o Zip Code: 87313

Socorro Municipal Airport— Socorro, New Mexico

G16PC00029 Merrick-Surdex JV 4



o FAA Identifier: ONM

o Lat/Long: 34-01-20.9000N / 106-54-11.3000W
o Elevation: 4875.2 ft. / 1486.0 m (surveyed)

o From City: 3 miles S of SOCORRO, NM

o Zip Code: 87801

Aerial Mission(s) Duration / Time

The project was collected using three lidar fixed wing aircraft using three different Optech Galaxy lidar sensors.
Lidar data collection for the project was accomplished between December 17, 2017 and February 8, 2018. Each
mission represents a lift of the aircraft and system from the ground, collects data, and lands again. Multiple lifts
within a day are represented by Mission A, B, C, and D. The table below relates each mission to the date
collected, the sensor and serial number used, the start/end time and the actual average MSL (Mean Sea Level) in
meters. The time is shown in GPS seconds of the week.

.. Start Time End Time
Mission(s) Sensor S/N GPS sec. GPS sec.
171217 _A December 17, 2017 | 5060380 67928 89792 4100
171218 A December 18, 2017 | 5060380 140618 147463 3900
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171218 B December 18, 2017 | 5060380 147565 152797 3915
171218_C December 18, 2017 | 5060380 153277 163571 3910
171219_A December 19, 2017 | 5060380 237617 260409 3980
171220_A December 20, 2017 | 5060380 314628 328064 4050
171222 A December 22,2017 | 5060380 496905 508804 4000
171229_A December 29, 2017 | 5060380 493766 505595 3900
171230_A December 30, 2017 | 5060380 579084 597198 3800
171230_A December 30, 2017 | 5060314 570713 584475 4050
171230_B December 30, 2017 | 5060314 590818 602762 3950
171231_A December 31, 2017 | 5060314 54280 64579 4000
180101_A January 01, 2018 5060380 145992 157303 3850
180101_A January 01, 2018 5060382 168184 176831 3850
180102_A January 02, 2018 5060314 227027 238397 3850
180102_B January 02, 2018 5060314 245044 256374 3900
180103_A January 03, 2018 5060314 311828 319878 4000
180103_B January 03, 2018 5060314 329498 336581 4050
180103_C January 03, 2018 5060314 336710 343181 4000
180104_A January 04, 2018 5060314 406849 419730 4050
180104_B January 04, 2018 5060314 423763 430496 4000
180104_A January 04, 2018 5060382 420330 432710 4050
180105_A January 05, 2018 5060314 435864 451973 3850
180105_A January 05, 2018 5060382 488516 502689 3950
180105_A January 05, 2018 5060380 492444 509809 4000
180106_A January 06, 2018 5060314 584946 598176 3900
180106_A January 06, 2018 5060382 576515 586437 3800
180106_B January 06, 2018 5060382 595161 607263 3900
180106_A January 06, 2018 5060380 578437 593633 4300
180108_A January 08, 2018 5060380 147289 157779 4200
180109_A January 09, 2018 5060382 231837 247596 3900
180111_A January 11, 2018 5060314 429577 435210 3475
180111_B January 11, 2018 5060314 425679 428860 3475
180111_A January 11, 2018 5060382 426263 434766 3750
180112_A January 12, 2018 5060314 438863 455264 3700
180112_B January 12, 2018 5060314 487998 502996 3600
180112 A January 12, 2018 5060382 496031 501806 3575
180113_A January 13, 2018 5060314 583651 606261 3950
180113_A January 13, 2018 5060382 581993 592690 3900
180113_B January 13, 2018 5060382 594834 604109 3850
180114 A January 14, 2018 5060314 63892 72212 3900
180114 B January 14, 2018 5060314 72368 88141 3950
180117 _A January 17, 2018 5060314 326772 352074 3950
180117_A January 17, 2018 5060382 339578 348394 3850
180118_A January 18, 2018 5060314 411341 425863 3850
180118_A January 18, 2018 5060382 410877 423950 3550
180119 A January 19, 2018 5060314 498527 506925 3700
180119 _A January 19, 2018 5060382 496427 510846 3700
180120 _A January 20, 2018 5060314 578617 594848 3600
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180120_A January 20, 2018 5060382 581949 592772 3500
180122_A January 22, 2018 5060314 144874 161350 3550
180123 _A January 23, 2018 5060314 231010 246784 3450
180123 B January 23, 2018 5060314 250732 263604 3300
180123 A January 23, 2018 5060382 236818 245796 3400
180123 B January 23, 2018 5060382 249936 260346 3350
180127_A January 27, 2018 5060382 576492 597529 3250
180127_A January 27, 2018 5060314 576940 593889 3200
180127_B January 27, 2018 5060314 597774 613194 3150
180128 A January 28, 2018 5060314 61747 77450 3190
180128 A January 28, 2018 5060382 61612 74413 3350
180129 A January 29, 2018 5060314 150020 164335 3250
180129 _A January 29, 2018 5060382 150218 168763 3400
180130_A January 30, 2018 5060314 235825 247994 3250
180130 _A January 30, 2018 5060382 247732 258763 3200
180201_A February 01, 2018 5060382 413490 421980 3800
180201_B February 01, 2018 5060382 350077 352689 4050
180201_C February 01, 2018 5060382 405506 421980 3200
180201_D February 01, 2018 5060382 426864 437505 3175
180202_A February 02, 2018 5060382 500594 517189 3150
180203_A February 03, 2018 5060382 579858 599379 3350
180204 _A February 04, 2018 5060382 61394 80953 3300
180206_A February 06, 2018 5060382 246231 264966 3200
180208_A February 08, 2018 5060380 406662 422880 4300
180222_A February 22,2018 5060382 425309 430100 3200

GNSS / IMU Data

A five-minute INS initialization is conducted on the ground, with the aircraft engines running, prior to flight, to
establish fine-alignment of the INS. GPS ambiguities are resolved by flying within ten kilometers of the base
stations. During the data collection, the operator recorded information on log sheets which includes weather
conditions, lidar operation parameters, and flight line statistics. Near the end of the mission, GPS ambiguities
were again resolved by flying within ten kilometers of the base stations to aid in post-processing. Data is sent
back to the main office for preliminary processing to check overall quality of GPS / INS data and to ensure
sufficient overlap between flight lines. Any problematic data may be re-flown immediately as required.

The airborne GPS data was post-processed using Applanix POSPac Mobile Mapping Suite version 8.x. A fixed-bias
carrier phase solution was computed in both the forward and reverse chronological directions. Whenever
practical, lidar acquisition was limited to periods when the PDOP (Positional Dilution Of Precision) was less than
4.0. PDOP indicates satellite geometry relating to position. Generally, PDOP’s of 4.0 or less result in a good
quality solution, however PDOP’s between 4.0 and 5.0 can still yield good results most of the time. PDOP’s over
6.0 are of questionable results and PDOP’s of over 7.0 usually result in a poor solution. Usually as the number of
satellites increase the PDOP decreases. Other quality control checks used for the GPS include analyzing the
combined separation of the forward and reverse GPS processing from one base station and the results of the
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combined separation when processed from two different base stations. An analysis of the number of satellites,
present during the flight and data collection times, is also performed.

The GPS trajectory was combined with the raw IMU data and post-processed using POSPac Mobile Mapping
Suite version 8.x. The Smoothed Best Estimated Trajectory (SBET) and refined attitude data are then utilized in
the LMS Post Processor to compute the laser point-positions — the trajectory is combined with the attitude data
and laser range measurements to produce the 3-dimensional coordinates of the mass points. Up to four return
values are produced within the Optech lidar Mapping Suite (LMS) processor software for each pulse which
ensures the greatest chance of ground returns in a heavily forested area.

GPS Controls

Ground GNSS Base Stations were set up to control the lidar airborne flight lines. In addition, CORS (Continually
Operating Reference Stations) are at times used to further enhance the airborne solution. The ground GNSS
Base Stations coordinates were obtained from NGS (National Geodetic Survey) Online Positioning User Service
(OPUS) solutions. CORS coordinates were obtained from NGS datasheets. See the following table and map for
ground GNSS Base Station information and locations:

Point ID Latitude (NAD83 —2011)  Longitude (NAD83 —2011) Ellipsoid Height (m)

Base_torreon N35°47'23.99892" W107°14'25.33999" 1920.013
kaegset171229 N35°09'35.13406" W106°47'11.83013" 1743.911
konmset171230 N34°01'28.28701" W106°53'56.43650" 1434.858
Base_171230A N34°59'06.40439" W106°00'38.97047" 1871.821

1157 N34°36'08.04827" W105°11'17.52212" 1786.380
1158 N34°56'02.96599" W104°38'15.52168" 1440.093
1168 N34°36'11.68913" W106°03'43.68431" 1848.594
1213 N34°26'46.40672" W104°38'52.55045" 1454.425
1232 N34°29'17.91532" W104°13'25.96436" 1239.039
1245 N33°18'24.00671" W104°31'37.46510" 1090.252
1240 N33°55'11.64187" W104°36'07.30274" 1298.906
Sco1 N34°04'04.62701" W106°57'59.55914" 2097.375
ZAB2 N35°10'24.86709" W106°34'02.24051" 1619.739
P120 N35°00'26.83846" W105°37'33.87880" 2089.646
RGO3 N33°39'16.88793" W105°09'14.99503" 1572.580
1266 N33°58'50.20604" W103°44'12.08357" 1333.340
1274 N34°03'58.28234" W104°32'11.66492" 1218.959
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GNSS Base Station Map — missions color coded
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Lidar Calibration — see appendix 1 for a more detailed workflow description

Merrick-Surdex JV takes great care to ensure all lidar acquisition missions are carried out in a manner conducive
to post-processing an accurate data set. This begins in the flight-planning stage with attention to GPS baseline
distances and GPS satellite constellation geometry and outages. Proper AGPS surveying techniques are always
followed including pre- and post-mission static initializations. In-air IMU alignments (figure-eights) are
performed both before and after on-site collection to ensure proper calibration of the IMU accelerometers and

gyros.

A minimum of one cross-flight is planned throughout the project area across all flightlines and over roadways
where possible. The cross-flight provides a common control surface used to remove any vertical discrepancies
in the lidar data between flightlines. The cross-flight is critical to ensure flightline ties across the project area.
The areas of overlap between flightlines are used to boresight (calibrate) the lidar point cloud to achieve proper
flightline to flightline alignment in all three axes. This includes adjustment of both IMU and scanner-related
variables such as roll, pitch, heading, timing interval (range), and torsion. Each lidar mission flown is
accompanied by a hands-on boresight in the office.
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After boresighting is complete a detailed statistical report is generated to check relative and absolute accuracies
before filtering of lidar begins.

Relative Accuracy - flight line to flight line

The project representative flight line separation raster examples (below) depict the vertical separation of flight
lines by thematically coloring the separation magnitude on a color ramp based on relative distance. This color
thematic rendering is modulated by intensity to show land cover features.

Unfiltered Lidar Control Point Report

The following tables illustrate the results of the lidar data compared to the lidar control points post-calibration.
The listing is sorted by the Z Error column showing, in ascending order, the vertical difference between the lidar
points and the ninety-eight (98) surveyed ground points used for lidar calibration.
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