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1. FLI-MAP® SYSTEM DESCRIPTION



















2. DATA COLLECTION SUMMARY




2.0 Data Collection Summary

The following are daily reports of the field activities during data collection. Further detailed information about the
data collection flights can be found in section 4.3 “Flight Logs”.

Sunday, July 7, 2013: FLI-MAP crew departs Lafayette and begins mobilization to Page, AZ. Crew is comprised
of Marc Yost, Chris Fought, and Ron Bertucci.

Monday, July 8, 2013: FLI-MAP crew completes mobilization, arriving in Page, AZ. Adam Mills arrives by
commercial flight. Helicopter arrives on site. Marc recovers the station LFRG, within a road repaving work zone,
and coordinates with the road paving project supervisor to access the site during flights.

Tuesday. July 9, 2013: Crew recovers the remaining two control stations, L404 and E078. Crew goes to airport
and installs the system, and a test flight is conducted over the canyon for safety and within the canyon for camera
settings.

Wednesday, July 10, 2013: 2 flights today completing the collection for this project. Each flight contains the
entire project, with additional passes, to ensure enough usable images due to sun reflection off the river and the

potential excessive shadowing at the bottom of the canyon. Data is GPS processed and verified for completeness.

Thursday, July 11, 2013: System is removed from the helicopter. Helicopter departs the job site back to Shawnee.
Crew departs the job site, and begins the demobilization back to Lafayette.

Friday, July 12, 2013: Crew completes the demobilization, arriving in Lafayette.

FIELD PERSONNEL

Sr. Field Project Susr 7 Marec Yost [ Fo Aerial & Mole Mapping, Inc.

System operator Chris Fought Fugro Aerial & Mobile Mapping, Inc.
Data Processor Adam Mills Fugro Aerial & Mobile Mapping, Inc.
Base Station Ron Bertucci Fugro Aerial & Mobile Mapping, Inc.

Pilot Ken Carroll Airflite, Inc




3. DATA PROCESSING REPORT



3.0 Data Processing Report

Control Network Field Processing:

During FLI-MAP® data collection three (3) control stations were occupied simultaneously with Trimble R7
GNSS receivers. These 3 FLI-MAP® base stations have published coordinate values in the NGS database and
were recommended by the GCMRC.

The three stations occupied were E 78 (GP0104), L 404 (GP0283) and LFRG (DG5953). Station “E 78” was
designated as the vertical reference station for this project.

A static GPS survey was performed to validate the horizontal and vertical position of each FLI-MAP® control
station monument. The GPS data was processed and adjusted utilizing Trimble’s TBC software package.

CORS station AZPG was downloaded and added to this network.

A least squares adjustment was performed on the static GPS data collected by constraining to the published
latitude, longitude and ellipsoidal height of the vertical reference station (E 78), as well as, the published latitude
and longitude of L404 & LFRG.

The adjusted coordinates were differenced from the published coordinates for each of these stations producing
the following results:

Values shown are control coordinates minus adjusted coordinates.
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The favorable results above validate the published values of the three FLI-MAP® base stations. This validation
led to the decision to utilize the published NGS coordinates (latitude, longitude & ellipsoidal height) for the
three FLI-MAP® base stations to process the position of the FLI-MAP® airborne platform in the Applanix
POSPAC software (GPS & inertial processing).

Initial Field Processing: FLI-MAP® field processing consists of merging the GPS data collected at the control
stations with the GPS, INS, and laser data collected with the FLI-MAP® system during the flight. The processing of
this information produces XYZ coordinates in the Flip7® software developed by Fugro Aerial & Mobile Mapping,
Inc., which allows for viewing, evaluation, and manipulation of the FLI-MAP® data. The sequential steps are:

GPS and INS data are “unpacked” from the format in which they are collected in the helicopter and are placed in
the appropriate data tree structure which separates the data recorded from the two helicopter receivers and the
real-time inertial data recorded by the IMU sensor mounted atop the laser.

Once the laser, GPS, and IMU data are placed in the correct directories, GPS data from the ground control
stations and the two helicopter receivers are post-processed using POSPAC’s - POSGNSS software to produce a
best fit location of the two FLI-MAP® GPS antennas at each epoch (1 second).

For this project, the POSGNSS “Multi-Base” approach was utilized to compute the horizontal position and
ellipsoidal height of FLI-MAP’s two GPS navigation antennas (each antenna location is computed
independently). The “Multi-Base” approach allows the POSGNSS software to utilize multiple GPS base stations
simultaneously (in this case three) to compute the location of each FLI-MAP® antenna.

Position vectors are calculated between the two FLI-MAP® antennas and the CRP (common reference point)
located in the laser using lever arm offsets and real-time IMU data for 3D-angle orientation.

The aircraft position and attitude data is then merged with the laser information in FAMM'’s Flip7® software
package to produce XYZ data sets and perform orthometric height modeling.

The ellipsoidal heights for each of the laser points are reduced to orthometric heights as part of the processing of
the laser data by applying the GEOID12A model which is incorporated into Flip7®.



Utilizing Flip7®, the data is processed to produce the following:

A complete XYZ data set by computing a XYZ coordinate for 100% of the laser returns. This file represents all
physical features detected by the laser.

Each laser point has a northing, easting, and elevation assigned to it as well as an intensity value and UTC time.
Flip7® can then link the laser points with the corresponding time on the video so that the digital image (laser
data) and color video of an object in question can be viewed easily.

Typical Field Data OC Process:

Debrief with the system operator and communicate any issues that occurred during data collection that would
need additional review.

Copy data from the helicopter’s drives to duplicate external hard drives and verify that the number of files and
their sizes are correct.

Open and play video and view image files to verify audio and image quality.

Create the FLI-MAP® system’s raw position file to bring into FLIP7.

Import flight lines, boundaries, routes, etc... from the field supervisor to establish collection areas.

Generate raster boxes and images to verify coverage with the collection areas.

Generate thumbnail images/footprints and verify coverage.

Run the image QC tool to flag time gaps and missing events.

Post- process the GPS files to create the final position file for the flight. Described in “Initial Field Processing”.
Verify the accuracy of the LiDAR data. First check over any base passes to get the delta difference. Then check
the quality of the data over structures and overlapping passes. If there is an accuracy issue, reprocess the GPS
data and begin the LiDAR quality check again.

If there are multiple flights, compare the position of the overlapping structures and ground between flights. If
they match move on, if not, reprocess the GPS data and repeat the verification process.

If at any point there is a discrepancy, contact the system operator and the field supervisor to review the data and
designate areas that need to be recollected (if applicable).

Note: FLI-MAP® data processing is started in the field to ensure coverage, accuracy, and quality of the data before
de-mobilization can occur. All raw data and field processed data is transferred onto removable hard drives for
shipment/transportation back to the office. Identical duplicate copies are made in the field.



FLI-Map data processing.

The ASCII file was written out for all 4 flight passes over project area. The format for these 4 files are x coordinate,
y coordinate, z (elevation) , laser return number, intensity, red value, green value, blue value. It is a comma
delimited file. The only editing of the files was to remove minor sparkles far above the main data set and sun glint
anomalies that occurred from reflections off the water surface. The data was written out in State plane Zone 202,
NADS83, metric units and using Geoid12A orthometric elevations for delivery. The data was also written out in State
Plane Zone 202, NAD83, metric units with ellipsoid elevations.

Ortho-Rectified Mosaic Imagery.

The ortho-rectified mosaic imagery is created in FLIP7 and OrthoVista using a series of filters and tools. These
orthos are created at 0.25 feet per pixel.

FLIP7
In FLIP7 a series of filters and tools are executed to generate DEM files. We then Ortho-rectify the still imagery
onto the DEM surface. Next we export the Ortho-rectified imagery along with final tile boundaries.

OrthoVista
Next we import the orthos and blend the overlap.
Finally we create and export files in a Tiff format.

FLIP7
Last is the review of these final TIFF images. Then they are exported for delivery.



4. SURVEY CONTROL INFORMATION



4.1 GPS NETWORK SUMMARY AND MAP






078

AZPG

1000 m



Fugro Aerial & Mobile Mapping, Inc.
200 Dulles Drive
Lafayette, LA 70506

U.S.A.

Phone: (337) 237-1300,

Fax: (337) 268-3392
www.FLIMAP.com|

Size:
Modified:
Time zone:

Reference
number:

Description:

D:\Data\Trimble Business
Center\Projects\2013\Glen Canyon.vce
189 KB

7/10/2013 4:03:26 PM (UTC:-7)
Mountain Standard Time
503513.00039.00

Glen Canyon

Name:
Datum:
Zone:
Geoid:
Vertical datum:

US State Plane 1983

NAD 1983 (Conus)
Arizona Central 0202
GEOID12A (Conus)

Network Adjustment Report

Adjustment Settings

Set-Up Errors
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Three-Dimensional

Propagated Linear Error [E]: U.S.
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4.2 STATION DESCRIPTIONS






%% TGS 08***
CITY OF PAGE (AZPG), ARIZONA

Created on 31Aug2011 at 10:01:40.

Antenna Reference Point (ARP): CITY OF PAGE CORS ARP

PID = DK8419

IGS08 POSITION (EPOCH 2005.0)
Computed in Aug 2011 using data through gpswk 1631.

X = -1868673.756 m latitude = 36 54 31.20957 N
Y = -4752978.961 m longitude = 111 27 45.68169 W
Z = 3810075.531 m ellipsoid height = 1301.938 m

IGS08 VELOCITY
Predicted with HTDP 3.1.2 Aug 2011.

VX = ~-0.0140 m/yr northward = -0.0078 m/yr
VY = 0.0005 m/yr eastward = -0.0132 m/yr
VZ = -0.0063 m/yr upward = -0.0001 m/yr

NAD 83 (2011) POSITION (EPOCH 2010.0)
Transformed from IGS08 (epoch 2005.0) position in Aug 2011.

X = -1868673.067 m latitude = 36 54 31.19183 N
Y = -4752980.277 m longitude = 111 27 45.63634 W
Z = 3810075.578 m ellipsoid height = 1302.744 m

NAD 83 (2011) VELOCITY
Transformed from IGS08 velocity in Aug 2011.

VX = 0.0022 m/yr northward = 0.0015 m/yr
VY = 0.0012 m/yr eastward = 0.0016 m/yr
VZ = 0.0004 m/yr upward = -0.0013 m/yr

L1 Phase Center of the current GPS antenna: CITY OF PAGE CORS L1 PC C

The External geodetic antenna L1/L2, SmartTr antenna
(Antenna Code = LEIAX1202GG NONE) was installed on 04Mar2008.
The L2 phase center is 0.001 m below the L1 phase center.
PID = DK8420

IGS08 POSITION (EPOCH 2005.0)
Computed in Aug 2011 using data through gpswk 1631.

X = -1868673.775 m latitude = 36 54 31.20962 N
Y = -4752979.007 m longitude = 111 27 45.68171 W
Z = 3810075.571 m ellipsoid height = 1302.001 m

The IGS08 VELOCITY of the L1 PC is the same as that for the ARP.

NAD 83 (2011) POSITION (EPOCH 2010.0)
Transformed from IGS08 (epoch 2005.0) position in Aug 2011.

X = -1868673.086 m latitude = 36 54 31.19188 N
Y = -4752980.323 m longitude = 111 27 45.63636 W
Z = 3810075.618 m ellipsoid height = 1302.807 m

The NAD 83 (2011) VELOCITY of the L1 PC is the same as that for the ARP.
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HT_ MOD - This is a Height Modernization Survey Station.

CORS - This is a GPS Continuously Operating Reference Station.
DESIGNATION - CITY OF PAGE CORS ARP = “AZPG”

CORS_1ID - AZPG

PID - DK8419

STATE/COUNTY- AZ/COCONINO

COUNTRY - Us

USGS QUAD - PAGE (1985)

*CURRENT SURVEY CONTROL

NAD 83(2011) POSITION- 36 54 31.19183(N) 111 27 45.63634 (W) ADJUSTED
NAD 83(2011) ELLIP HT- 1302.744 (meters) (08/22/11) ADJUSTED
NAD 83(2011) EPOCH - 2010.00

NAVD 88 ORTHO HEIGHT - 1326.18 (meters) 4351.0 (feet) GPS OBS
NAVD 88 orthometric height was determined with geoid model GEOIDO9
GEOID HEIGHT - -23.43 (meters) GEOIDO09
GEOID HEIGHT - -23.50 (meters) GEOID12A
NAD 83(2011) X - -1,868,673.067 (meters) COMP
NAD 83(2011) Y - -4,752,980.277 {(meters) COMP
NAD 83(2011) Z2 - 3,810,075.578 (meters) COMP
HORZ ORDER - SPECIAL (CORS)

ELLP ORDER - SPECIAL (CORS)

Formal positional accuracy estimates are not available for this CORS because
its coordinates were determined in part using modeled velocities.
Approximate one-sigma accuracies for latitude, longitude, and ellipsoid
height can be obtained from the short-term time series. Additional
information regarding modeled velocities is available on the CORS
Coordinates and Multi-Year CORS Solution FAQ web pages. The coordinates were
established by GPS observations and adjusted by the National Geodetic Survey
in August 2011. NAD 83(2011) refers to NAD 83 coordinates where the
reference frame has been affixed to the stable North American Tectonic
Plate. The coordinates are valid at the epoch date displayed above which is
a decimal equivalence of Year/Month/Day.

The orthometric height was determined by GPS observations and a high-
resolution geoid model wusing precise GPS observation and processing
techniques. The XYz, and position/ellipsoidal ht. are equivalent. The
ellipsoidal height was determined by GPS observations and is referenced to
NAD 83.

The following values were computed from the NAD 83(2011) position.

North East Units Scale Factor Converg.
SPC AZ C - 655,431.232 253,814.757 MT 0.99992016 +0 16 21.5
SPC AZ C - 2,150,364.93 832,725.58 iFT 0.99992016 +0 16 21.5

- Elev Factor x Scale Factor = Combined Factor
SPC AZ C - 0.99979560 x 0.99992016 = 0.99971577
SUPERSEDED SURVEY CONTROL

NAD 83 (CORS) - 36 54 31.19168(N) 111 27 45.63643 (W) AD(2002.00) c¢
ELLIP H (02/??/09) 1302.735 (m) GP(2002.00) ¢ ¢

U.S. NATIONAL GRID SPATIAL ADDRESS: 12SVF5878384840 (NAD 83)
MARKER: STATION IS THE ANTENNA REFERENCE POINT OF THE GPS ANTENNA










SUPERSEDED SURVEY CONTROL

NAD 83(2007)- 36 56 17.01027(N) 111 28 45.51376 (W) AD(2007.00) ©
ELLIP H (02/10/07) 1134.888 (m) GP(2007.00)

NAD 83(1992)- 36 56 17.01019(N) 111 28 45.51351(W) AD( ) B
ELLIP H (08/22/05) 1134.892 (m) GP( ) 31
NAVD 88 (08/22/05) 1158.37 (m) 3800.4 (£) LEVELING 3
NGVD 29 (2?/??/92) 1157.498 (m) 3797.56 (£) ADJ UNCH 12

U.S. NATIONAL GRID SPATIAL ADDRESS: 12SVF5731888108 (NAD 83)
MARKER: DD = SURVEY DISK

SETTING: 66 = SET IN ROCK OUTCROP

SP_SET: SANDSTONE OUTCROP

STAMPING: BM E 78 1957

MARK LOGO: BOR

MAGNETIC: O = OTHER; SEE DESCRIPTION

STABILITY: A = MOST RELIABLE AND EXPECTED TO HOLD
STABILITY: POSITION/ELEVATION WELL

SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITABLE FOR
SATELLITE: SATELLITE OBSERVATIONS - April 01, 2005

HISTORY - Date Condition Report By
HISTORY - 1957 MONUMENTED BOR
HISTORY - 1962 GOOD CGS
HISTORY - 1983 GOOD NGS
HISTORY - 20050401 GOOD NGS

STATION DESCRIPTION
DESCRIBED BY COAST AND GEODETIC SURVEY 1962 0.6 MI NE FROM PAGE. ABOUT 0.25
MILE SOUTHEAST ALONG U.S. HIGHWAY 89 FROM THE NORTHEAST END OF THE GLEN

CANYON BRIDGE AT PAGE, TO A BLINKING LIGHT. THENCE 0.15 MILE NORTH-
NORTHEAST ALONG A GRAVELED ROAD TO A GUARD GATE. THENCE 0.1 MILE WEST ALONG
A PAVED ROAD. THENCE 0.1 MILE NORTH ALONG A GRAVELED ROAD ALONG THE

SOUTHWEST SIDE OF A STEEL MESH FENCE. 163 FEET SOUTHWEST OF THE CENTER LINE
OF THE ROAD, SET IN THE TOP OF A SANDSTONE OUTCROP WHICH IS ABOUT 8 FEET
BELOW THE LEVEL OF THE ROAD, 174 FEET SOUTHWEST AND ACROSS THE ROAD FROM THE
STEEL MESH FENCE, 107 FEET NORTH-NORTHEAST OF POWER POLE NUMBER 18-12, 77
FEET WEST OF THE WEST SIDE OF A MUSHROOM SHAPED SANDSTONE FORMATION, AND
BETWEEN TWO 2-INCH METAL PIPES WHICH SUPPORT A 2X4-INCH BOARD WHICH PROTECTS
THE MARK.

STATION RECOVERY (1983)

RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1983 RECOVERED IN GOOD CONDITION.
NEW DESCRIPTION FOLLOWS. 0.16 KM (0.1 MI) NORTHEAST ALONG US HIGHWAY 89
FROM THE NORTHEAST END OF THE GLEN CANYON BRIDGE IN PAGE, THENCE 0.16 KM
(0.1 MI) NORTHWEST ALONG A PAVED ROAD, IN TOP OF AND 5.1 METERS (17 FT)
SOUTHEAST OF THE NORTHWEST AND BOTTOM EDGE OF A SMALL SANDSTONE OUTCROP
KNOLL ON THE NORTH END OF A MASSIVE SANDSTONE OUTCROP FORMATION, AT THE
SOUTH END OF A GRADED CLEARING, 62.2 METERS (204 FT) NORTHEAST OF THE CENTER
OF THE PAVED ROAD, 69.8 METERS (229 FT) EAST OF THE T-JUNCTION OF A CHAIN
LINK FENCE FOR THE SECOND GATE ACROSS THE PAVED ROAD, 69.8 METERS (229 FT)
SOUTHWEST OF THE CENTER OF A GRAVEL ROAD, 1.5 METERS (5 FT) ABOVE THE GRADED
CLEARING. THE MARK IS 0.9 METERS SW FROM A WITNESS POST. THE MARK IS 1.8 M
ABOVE THE PAVED ROAD.

STATION RECOVERY (2005)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 2005 RECOVERED AS DESCRIBED






kkkhkhkhkkhkhkhkkhkhhkhkhkhkkhkhkhkkhkkkhkhkhhkhkhhhdkhhkhkhkhhkhdhdhbhbhrhbhhhbhkhdkhrhkhkhkhhkhkhkhkhkbhkhkhkhkhkkkk

FBN - This is a Federal Base Network Control Station.
DESIGNATION - L 404 = “L404”

PID - GP0283

STATE/COUNTY- AZ/COCONINO

COUNTRY - US

USGS QUAD - LEES FERRY (1985)

*CURRENT SURVEY CONTROL

NAD 83(2011) POSITION- 36 51 58.31311(N) 111 30 12.23436 (W) ADJUSTED

NAD 83(2011) ELLIP HT- 1314.338 (meters) (06/27/12) ADJUSTED
NAD 83(2011) EPOCH - 2010.00

NAVD 88 ORTHO HEIGHT - 1337.778 (meters) 4389.03 (feet) ADJUSTED
NAD 83(2011) X - -1,873,091.190 (meters) COMP

NAD 83(2011) Y - -4,754,292.020 (meters) COMP

NAD 83(2011) Z - 3,806,312.450 (meters) COMP
LAPLACE CORR - 2.53 (seconds) DEFLEC12A
GEOID HEIGHT - -23.46 (meters) GEOID12A
DYNAMIC HEIGHT -~ 1336.228 (meters) 4383.94 (feet) COMP
MODELED GRAVITY - 979,426.7 (mgal) NAVD 88
VERT ORDER - FIRST CLASS II

FGDC Geospatial Positioning Accuracy Standards (95% confidence, cm)

Type Horiz Ellip Dist (km)
NETWORK 0.25 0.57
MEDIAN LOCAL ACCURACY AND DIST (110 points) 0.36 0.83 220.70

The horizontal coordinates were established by GPS observations and adjusted
by the National Geodetic Survey in June 2012. NAD 83(2011) refers to NAD 83
coordinates where the reference frame has been affixed to the stable North
American tectonic plate. See NA2011 for more information. The horizontal
coordinates are valid at the epoch date displayed above which is a decimal
equivalence of Year/Month/Day.

The orthometric height was determined by differential leveling and adjusted
by the NATIONAL GEODETIC SURVEY in June 1991. The X, Y, and Z were computed
from the position and the ellipsoidal ht. The Laplace correction was
computed from DEFLEC12A derived deflections. The ellipsoidal height was
determined by GPS observations and is referenced to NAD 83. The dynamic
height is computed by dividing the NAVD 88 geopotential number by the normal
gravity value computed on the Geodetic Reference System of 1980 (GRS 80)
ellipsoid at 45 degrees latitude (g = 980.6199 gals.). The modeled gravity
was interpolated from observed gravity values.

The following values were computed from the NAD 83(2011) position.

North East Units Scale Factor Converg.
SPC AzZ C - 650,702.454 250,206.458 MT 0.99991672 +0 14 52.6
SPC Az C - 2,134,850.57 820,887.33 iFT 0.99991672 +0 14 52.6
UT™M 12 - 4,080,147.713 455,131.063 MT 0.99962480 -0 18 07.3

- Elev Factor x 8Scale Factor Combined Factor
SPC AZ C - 0.99979378 X 0.99991672 0.99971051
UT™M 12 - 0.99979378 x 0.99962480 = 0.99941866




SUPERSEDED SURVEY CONTROL

NAD 83(2007)- 36 51 58.31246(N) 111 30 12.23451 (W) AD(2007.00) 0
ELLIP H (02/10/07) 1314.377 (m) GP(2007.00)
ELLIP H (09/30/99) 1314.370 (m) GP( ) 31
NAD 83(1992)- 36 51 58.31358(N) 111 30 12.23214(W) AD( ) B
NAD 83(1992)- 36 51 58.31254(N) 111 30 12.23396 (W) AD( ) A
ELLIP H (09/30/92) 1314.422 (m) GP( ) 21
NAVD 88 (09/30/92) 1337.78 (m) 4389.0 (f) LEVELING 3

U.S. NATIONAL GRID SPATIAL ADDRESS: 12SVF5513180147 (NAD 83)
MARKER: DB = BENCH MARK DISK

SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT

SP_SET: CONCRETE POST

STAMPING: L 404 1962

MARK LOGO: NONE

MAGNETIC: N = NO MAGNETIC MATERIAL

STABILITY: C = MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO
STABILITY: SURFACE MOTION

SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITABLE FOR
SATELLITE: SATELLITE OBSERVATIONS - February 17, 2011

HISTORY -~ Date Condition Report By
HISTORY - 1962 MONUMENTED CGS
HISTORY - 1983 GOOD NGS
HISTORY - 19920203 GOOD NGS
HISTORY - 19951211 GOOD CHANCE
HISTORY - 19981119 GOOD NGS
HISTORY - 19981119 GOOD NGS
HISTORY - 19990426 GOOD NGS
HISTORY - 19990607 GOOD NGS
HISTORY - 20030524 GOOD JCLS
HISTORY - 20030529 GOOD GRANCN
HISTORY - 20040915 GOOD NGS
HISTORY - 20050401 GOOD GRANCN
HISTORY - 20110217 GOOD BOR

STATION DESCRIPTION

DESCRIBED BY COAST AND GEODETIC SURVEY 1962 5.75 MI S FROM PAGE. ABOUT 5.75
MILES SOUTH ALONG U.S. HIGHWAY 89 FROM THE NORTHEAST END OF THE GLEN CANYON
BRIDGE AT PAGE, ARIZONA. 239 FEET NORTHEAST OF HIGHWAY MILEPOST NUMBER 544,
125 FEET EAST OF THE CENTERLINE OF THE HIGHWAY, 20 FEET NORTH-NORTHWEST OF
THE CENTERLINE OF A PRIVATE TRACK ROAD, 2.0 FEET EAST OF A METAL WITNESS
POST, ABOUT 3 1/2 FEET ABOVE THE LEVEL OF THE HIGHWAY, AND SET IN THE TOP OF
A CONCRETE POST PROJECTING 6 INCHES.

STATION RECOVERY (1983)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1983 RECOVERED IN GOOD CONDITION.
ADD--6.5 METERS (21.5 FT) EAST OF THE RIGHT OF WAY FENCE.

STATION RECOVERY (1992)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1992 THE STATION IS LOCATED ABOUT
9.3 KM (5.8 MI) SOUTH OF THE GLEN CANYON BRIDGE LOCATED AT PAGE, 6.1 KM (3.8
MI) SOUTH OF THE JUNCTION OF U.S. HIGHWAY 89L LEADING EAST AND U.S. HIGHWAY
89 LEADING SOUTH NEAR THE SOUTHWEST EDGE OF PAGE, AT MILE POST 544, AND AT
THE EAST SIDE OF THE EAST RIGHT-OF-WAY FENCE OF THE HIGHWAY. OWNERSHIP- -
PRESUMED TO BE THE NAVAJO NATION. TO REACH THE STATION FROM THE NORTHEAST
END OF THE GLEN CANYON BRIDGE LOCATED NEAR THE NORTHWEST EDGE OF PAGE, GO



SOUTH ON HIGHWAY 89 FOR 9.3 KM (5.8 MI) TO MILE POST 544, THE STATION ON THE
LEFT AND A NAVAJO INDIAN RESERVATION MARKER ON THE RIGHT. THE STATION IS A
STANDARD DISK SET IN THE TOP OF A CONCRETE POST PROJECTING 7 CM ABOVE THE
GROUND. LOCATED 73.0 M (239.5 FT) NORTHEAST OF MILE POST 544, 38.0 M (124.7
FT) EAST OF THE CENTERLINE OF THE HIGHWAY, 6.5 M (21.3 FT) EAST OF RIGHT-OF-
WAY FENCELINE, 6.5 M (21.3 FT) EAST OF A FIBERGLASS WITNESS POST, 6 M (19.7
FT) NORTHEAST OF THE CENTER OF A DIM TRACK ROAD AND 0.91 M (2.99 FT) ABOVE
THE LEVEL OF THE HIGHWAY.

STATION RECOVERY (1995)
RECOVERY NOTE BY JE CHANCE AND ASSOCIATES 1995 (MFY) RECOVERED AS DESCRIBED
AND IN GOOD CONDITION THE WITNESS POST HAS BEEN MOVED IN LINE WITH FENCELINE

STATION RECOVERY (1998)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1998 (CSM) RECOVERED AS DESCRIBED.
LOCATED 0.08 KM (0.05 MI) NORTHWEST OF US HIGHWAY 89 MILEPOST 544.

STATION RECOVERY (1998)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1998 RECOVERED IN GOOD CONDITION.

STATION RECOVERY (1999)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1999 (CSM) RECOVERED AS DESCRIBED.

STATION RECOVERY (1999)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1999 (CSM) RECOVERED AS DESCRIBED.

STATION RECOVERY (2003)
RECOVERY NOTE BY JOHN CHANCE LAND SURVEYS 1INC 2003 RECOVERED IN GOOD
CONDITION.

STATION RECOVERY (2003)
RECOVERY NOTE BY GRAND CANYON MONITORING AND RESEARCH 2003 RECOVERED AS
DESCRIBED.

STATION RECOVERY (2004)
RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 2004 RECOVERED AS DESCRIBED

STATION RECOVERY (2005)
RECOVERY NOTE BY GRAND CANYON MONITORING AND RESEARCH 2005 RECOVERED AS
DESCRIBED.

STATION RECOVERY (2011)
RECOVERY NOTE BY US BUREAU OF RECLAMATION 2011 (SFL) RECOVERED IN GOOD
CONDITION.
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HT MOD - This is a Height Modernization Survey Station.
DESIGNATION - LFRG = “LFRG”

PID - DG5953

STATE/COUNTY- AZ/COCONINO

COUNTRY - US

USGS QUAD - LEES FERRY (1985)

*CURRENT SURVEY CONTROL

NAD 83(2011) POSITION- 36 51 40.44344(N) 111 36 04.00591 (W) ADJUSTED

NAD 83(2011) ELLIP HT- 968.923 (meters) (06/27/12) ADJUSTED
NAD 83(2011) EPOCH - 2010.00

NAVD 88 ORTHO HEIGHT - 992.30 (meters) 3255.6 (feet) GPS OBS
NAVD 88 orthometric height was determined with geoid model GEOIDO9
GEOID HEIGHT - -23.36 (meters) GEOIDO09
GEOID HEIGHT - -23.49 (meters) GEOID12A
NAD 83(2011) X - -1,881,216.549 (meters) COMP

NAD 83(2011) Y =~ -4,751,141.037 (meters) COMP

NAD 83(2011) Z - 3,805,664.430 (meters) COMP
LAPLACE CORR - -3.10 (seconds) DEFLEC12A

FGDC Geospatial Positioning Accuracy Standards (95% confidence, cm)

Type Horiz Ellip Dist (km)
NETWORK 0.29 0.65
MEDIAN LOCAL ACCURACY AND DIST (053 points) 0.40 0.92 103.28

The horizontal coordinates were established by GPS observations and adjusted
by the National Geodetic Survey in June 2012. NAD 83(2011) refers to NAD 83
coordinates where the reference frame has been affixed to the stable North
American tectonic plate. See NA2011] for more information. The horizontal
coordinates are valid at the epoch date displayed above which is a decimal
equivalence of Year/Month/Day.

The orthometric height was determined by GPS observations and a high-
resolution geoid model using precise GPS observation and processing
techniques. The X, Y, and Z were computed from the position and the
ellipsoidal ht. The Laplace correction was computed from DEFLEC12A derived
deflections. The ellipsoidal height was determined by GPS observations and
is referenced to NAD 83.

The following values were computed from the NAD 83(2011) position.

North East Units Scale Factor Converg.
SPC AZ C - 650,118.405 241,496.168 MT 0.99990975 +0 11 21.5
SPC AZ C - 2,132,934.40 792,310.26 iFT 0.99990975 +0 11 21.5
UTM 12 - 4,079,647 .434 446,418.036 MT 0.99963537 -0 21 38.2

- Elev Factor x Scale Factor = Combined Factor
SPC AZ C - 0.99984797 Xx 0.99990975 = 0.99975773
UTM 12 - 0.99984797 x 0.99963537 = 0.99948339
SUPERSEDED SURVEY CONTROL

NAD 83(2007)- 36 51 40.44284 (N) 111 36 04.00613 (W) AD(2007.00) O
ELLIP H (02/10/07) 968.944 (m) GP(2007.00)

NAD 83(1992)- 36 51 40.44272(N) 111 36 04.00568 (W) AD( ) A




ELLIP H (05/31/05) 968.953 (m) GP( ) 32
NAD 83(1992)- 36 51 40.44281(N) 111 36 04.00607 (W) AD( ) A
ELLIP H (06/28/04) 968.951 (m) GP ( ) 3 2
NAVD 88 (08/22/05) 992.30 (m) UNKNOWN model used GPS OBS

NAVD 88 (05/31/05) 992.29 (m) TUNKNOWN model used GPS OBS

NAVD 88 (06/28/04) 992.3 (m) GEOIDO03 model used GPS OBS

U.S. NATIONAL GRID SPATIAL ADDRESS: 12SVF4641879647 (NAD 83)
MARKER: DO = NOT SPECIFIED OR SEE DESCRIPTION

SETTING: 35 = SET IN A MAT FOUNDATION OR CONCRETE SLAB OTHER THAN
WITH SETTING: PAVEMENT

SP_SET: SPLINED REBAR

STAMPING: NO STAMPING

MAGNETIC: I = MARKER IS A STEEL ROD

STABILITY: C = MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO
STABILITY: SURFACE MOTION

SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITABLE FOR
SATELLITE: SATELLITE OBSERVATIONS - May 27, 2009

HISTORY - Date Condition Report By
HISTORY - 2003 MONUMENTED GRANCN
HISTORY - 20041115 GOOD GRANCN
HISTORY - 20050401 GOOD GRANCN
HISTORY - 20090527 GOOD GRANCN

STATION DESCRIPTION

DESCRIBED BY GRAND CANYON MONITORING AND RESEARCH 2003 (FMG) FROM THE U.S.
POST OFFICE IN MARBLE CANYON LODGE, FOLLOW THE ROAD TO LEE'S FERRY FOR 5
MILES TO THE RANGER STATION ON THE LEFT AT THE LARGE WATER TOWER. TURN RIGHT
ON THE ROAD THAT LEADS TO THE RESIDENTIAL AREA FOR LEE'S FERRY PARK
EMPLOYEES. FOLLOW ROAD TO ITS END ON THE SOUTH SIDE OF THE RESIDENTIAL
AREA. THE STATION IS 43 METERS SOUTH OF THE SW FENCE CORNER AND 35 METERS
SW OF THE NORTHERLY OF 2 MANHOLES. THE STATION IS A ONE-HALF INCH SPLINED
REBAR WITH A 1-INCH STEEL CAP, CEMENTED TO A DEPTH OF 10 INCHES.

STATION RECOVERY (2004)
RECOVERY NOTE BY GRAND CANYON MONITORING AND RESEARCH 2004 RECOVERED AS
DESCRIBED.

STATION RECOVERY (2005)
RECOVERY NOTE BY GRAND CANYON MONITORING AND RESEARCH 2005 RECOVERED AS
DESCRIBED.

STATION RECOVERY (2009)
RECOVERY NOTE BY GRAND CANYON MONITORING AND RESEARCH 2009 (KAK) RECOVERED
AS DESCRIBED.



4.3 FLIGHT LOGS









4.4 ANTENNA HEIGHT LOG
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5. COMMUNICATIONS




































6. SAFETY







































