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1. Introduction
An airborne hydrographic and topographic survey was conducted in the Commonwealth of the Northern Mariana Islands (CNMI) 20-24 March, 2006. This survey was conducted using Kinematic GPS positioning and all hydrographic and topographic data was collected with respect to the NAD83 ellipsoid. Reduction of the data to chart and map datum was accomplished following work by the Tides and Geodesy Branch (N431). Complete details of the hydrographic survey can be found in the CNMI Report of Survey.
2. Geodesy
No new geodetic work was done in CNMI. The kinematic GPS base stations were established over NGS benchmarks (see Appendix A for bench mark datasheets). 
2.1 Saipan

The aircraft was initially positioned using the published NGS DG3988 NAD83 position. In order to precisely position the base station in WGS84 the GPS datasets were submitted to NOAA’s Online Positioning User Service (OPUS). The positions provided by OPUS were then averaged. The final Saipan base station position used for final data processing is:

 N   15° 13' 34.66282" 
       
 E 145° 44' 14.50749" 
       
 WGS84 ellipsoid height: 58.041 meters

2.2 Rota
The horizontal position of the  base station used for the topographic survey of Rota International Airport (DG3991) were scaled from a topographic map and have an estimated accuracy of +/- 6 seconds using NAD83 for the horizontal datum. The position of this base station was refined and converted to WGS84 by submitting the GPS dataset to OPUS. The final Rota base station position used for data processing is:
            N   14° 10' 39.58948" 
            E  145° 15' 52.51149" 
            WGS84 ellipsoid height: 191.323 meters
3. Tides
Tide measurements were not required for this survey.

4. Reduction to Chart Datum
Tidal datums previously established by NOAA for tide gage 1633227, located at Saipan Harbor, were used for these surveys.

4.1 Saipan Harbor Hydrography
Chart datum for NOAA charts 81067 and 81076 is Mean Lower Low Water (MLLW). The GPS base station was established over NOAA tidal benchmark 12633227 UH-2C which was used establish a tide gage in Saipan Harbor.  The benchmark ellipsoid height is 58.041 meters. The Benchmark Elevation Information states the separation between the benchmark and MLLW is 2.049 meters. The data was initially collected with respect to the benchmark ellipsoid height, and a datum reduction value is calculated by subtracting the elevation of the bench mark above chart datum from the benchmark’s ellipsoid height:
(BM ellipsoid height) – (BM height above chart datum) =   datum reduction value

        (58.048 m)   –                      (2.049 m)                      =   55.999 m

Reduction of soundings to chart datum was accomplished by subtracting 55.999 meters from every raw lidar sounding. (See figure 4.1 Saipan datum reduction).
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Figure 4.1.  Saipan datum reduction.

5. Reduction to Map Datum
Topographic elevations for all areas are referred to Mean Sea Level (MSL) (i.e. map datum is MSL). The aircraft is positioned vertically with respect to the bench mark elevation (i.e. the benchmark elevation is initially “0”). Since the CHARTS system is primarily oriented towards hydrography, elevations are negative in the upwards direction. 

5.1  Saipan 
Topographic surveys of Saipan were positioned using the base station established in Saipan Harbor over NOAA tidal benchmark 12633227 UH-2C. Since all areas of Saipan were within 20 km of the base station a single value was used to reduce the elevations of the harbor and airport to map datum. The benchmark elevation is shown in the NGS DG3988 Data Sheet as 56.06 m above the NAD83 ellipsoid, and at the benchmark MSL is 0.392 meters above MLLW. 
Reduction of elevations to chart datum was accomplished by subtracting 56.391 meters from every raw lidar elevation. (See figure 4.1. Saipan datum reduction).

(BM ellipsoid height) – (BM height above map datum) =   datum reduction value

        (58.048 m)            –            (1.657 m)                      =   56.391 m

5.2 Tinian

Topographic surveys of Tinian were initially positioned using the base station established in Saipan Harbor over NOAA tidal benchmark 12633227 UH-2C. Due to the large area of the survey and the distance of the survey area from the GPS base station, the reduction of the data to map datum was accomplished using a surface of “WGS84-to-MSL 

Separations”. The “Charter” program was used to create this surface at .001” (approximately 18.5 m) resolution using 36 control points on Tinian. The locations of these control points are shown in Table and Figure 5.2. Once the surface was created the “Charts_datum” program was used to subtract the “separation surface” from the raw topographic elevations.
	Latitude
	Longitude
	Separation (m)

	15.05712873
	145.61402919
	56.72

	14.97238090
	145.63172081
	56.41

	15.00450041
	145.63478111
	56.52

	15.01473136
	145.63565020
	56.54

	15.03490105
	145.63752459
	56.59

	15.04597497
	145.63859326
	56.60

	15.04976726
	145.61340385
	56.72

	15.01891653
	145.58852977
	56.73

	14.98160714
	145.61648786
	56.53

	15.06698857
	145.61495706
	56.71

	15.00289278
	145.65368744
	56.38

	15.08606094
	145.64798622
	56.62

	14.98665800
	145.61275495
	56.57

	14.95669772
	145.63661097
	56.32

	15.07792447
	145.62650108
	56.67

	15.07792447
	145.62650108
	56.67

	15.01807281
	145.59923167
	56.69

	15.01539440
	145.62848567
	56.59

	14.98157369
	145.62455907
	56.48

	15.04086634
	145.61258903
	56.74

	15.08583409
	145.64279341
	56.62

	15.04160143
	145.63003335
	56.55

	15.05522579
	145.63948264
	56.62

	14.98089002
	145.63248094
	56.44

	15.08097339
	145.65266035
	56.61

	15.01606308
	145.61960319
	56.64

	14.96256077
	145.63071933
	56.38

	15.08352891
	145.63487329
	56.64

	14.97075660
	145.62528733
	56.45

	15.06461709
	145.62627607
	56.68

	15.07360759
	145.65374360
	56.56

	14.96478393
	145.61733188
	56.46

	14.97065759
	145.62141844
	56.47

	15.00671124
	145.60931998
	56.66

	14.99652091
	145.61199212
	56.60

	15.06348810
	145.65327439
	56.58

	15.06047970
	145.64579179
	56.59


Table 5.2. Control points used to create the WGS-84 to MSL separation surface on Tinian.
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Figure 5.2. Control points used to create the WGS-84 to MSL separation surface on Tinian.

5.3 Rota
Topographic surveys of Rota were initially positioned using the base station established in Saipan Harbor over NGS benchmark DG3991 Due to the large area of the survey and the distance of the survey area from the GPS base station, the reduction of the data to map datum was accomplished using a surface of “WGS84-to-MSL 

Separations”. The “Charter” program was used to create this surface at .001” (approximately 18.5 m) resolution using 11 control points on Rota. The locations of these control points are shown in Table and Figure 5.3. Once the surface was created the “Charts_datum” program was used to subtract the “separation surface” from the raw topographic elevations.
	Latitude
	Longitude
	Separation (m)

	14.16883908
	145.1808704
	56.718

	14.18826523
	145.2770404
	55.902

	14.17341866
	145.2435404
	56.293

	14.1740759
	145.2340415
	56.392

	14.14125907
	145.1434189
	56.772

	14.16855595
	145.1796118
	56.71

	14.17747899
	145.2091059
	56.593

	14.13952098
	145.144117
	56.765

	14.1517725
	145.1453205
	56.777

	14.13483243
	145.2229476
	56.566

	14.18751038
	145.2288194
	56.825


Table 5.3. Control points used to create the WGS-84 to MSL separation surface on Tinian
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Figure 5.3. Control points used to create the WGS-84 to MSL separation surface on Rota.
6. Hardware and Software

6.1 Fugro-Pelagos Hardware and Software

Manufacturers: Opetch / Dell

Models: Optech in-house / Dell Dimension

Operating system: Microsoft Windows XP Professional

Description: Ground Control System (GCS)

Software: Fledermaus V6.1.3


    Optech GCS V 5.20

6.2 NAVOCEANO Hardware and Software

Manufacturer: Pogolinux

Model: Storageware S316

Operating system: Linux Fedora Core 2

Description: 3 terabyte RAID 5 

Software: Area Based Editor V 1.06

7. Hydrographic Data Processing

Data processing was done by both Fugro-Pelagos (FP) and NAVOCEANO employees. FP employees performed processing that could only be done using Optech’s proprietary software (detailed below). The data was checked by a second FP employee before being turned over to NAVOCEANO. NAVOCEANO employees performed additional processing and noise elimination (detailed below). The data was then checked by a second NAVOCEANO employee. 
7.1. Fugro-Pelagos
Fugro-Pelagos employees performed the initial hydrographic data processing using the computers and software of the Ground Control Segment (GCS), both in the field and at the Joint Lidar Bathymetry Technical Center of Expertise (JALBTCX). Tasks included reverse-processing flight lines flown in “land-to-water” directions and reprocessing very shallow (<1.0 m) water areas using special depth selection algorithms. At this time any obvious noise was removed as well. The data was processed by an FP employee and quality-checked by a second FP employee before being released to NAVOCEANO. 
7.2 NAVOCEANO 

NAVOCEANO employees performed the final data processing. Using Area Based Editor software the wave forms (time/intensity graphs) of questionable soundings were examined. Processing included “Second Depth Swaps” (SDS) and noise elimination. When a laser pulse passes through a relatively turbid layer of water the reflection off the layer can result in a false bottom detection. When these false bottoms are detected the sounding can be reprocessed to select the more appropriate “Second Depth”.  Obvious noise in the data was removed as well. 

7.2.1 Target Investigations. 
A list of obstructions in Saipan Harbor was provided by NOAA (see Appendix B in the CNMI Report of Survey). A target file was created from this list and imported into the PFM file structure, and each item was investigated. A spread sheet (“Saipan_items.xls”) was created summarizing the review of NOAA’s targets. Additional targets identified by NAVOCEANO were also chosen using the following criteria:
Water depth


Target Criteria

<10 m
                  objects 2 m3 or greater
<40 – 10 m
      objects proud of the bottom by at least 10% of the water depth

Each target was tagged in XML format using ABE. Target information includes position, least depth, orientation, description and digital down-look image if available. The results of the target investigations are shown in “Saipan_items.xls”.
7.2.3 Aids to Navigation Investigation
A list of Aids to Navigation (ATON) was downloaded from NGA’s website (see XXX, CNMI Report of Survey). A target file was created from this list and imported into the PFM file structure. Soundings in the vicinity of the ATON were carefully investigated, and the floating ATONs showed up as anomalously shoal soundings. Digital down-look images for these soundings were examined for the presence of the ATON. The results of these investigations are shown in Saipan_items.xls. Five of the fifteen ATONs were outside the surveyed area. One ATON (buoy 30787) was not present (i.e. missing), and one ATON (light 309116) was present (observed in imagery) but not positioned with lidar.
8.  Topographic Processing
Noise elimination was the primary task during topographic lidar processing. FP employees cleaned the data using GCS computers and software before turning it over to NAVOCEANO. 
8.1. Fugro-Pelagos

Fugro-Pelagos employees performed the initial hydrographic data processing using the computers and software of the Ground Control Segment (GCS), both in the field and at the Joint Lidar Bathymetry Technical Center of Expertise (JALBTCX). Tasks included reverse-processing flight lines flown in “land-to-water” directions and reprocessing very shallow (<1.0 m) water areas using special depth selection algorithms. At this time any obvious noise was removed as well. The data was processed by an FP employee and quality-checked by a second FP employee before being released to NAVOCEANO. 

8.2. NAVOCEANO 

NAVOCEANO employees performed the final data processing. Using Area Based Editor software the wave forms (time/intensity graphs) of questionable elevations were examined. Obvious noise in the data was removed as well. 

Appendix A.  Data sheets for KGPS base station locations

A.1 National Ocean Service Tidal Benchmark 1633227 UHC-2C Datasheet

The data sheet for tidal benchmark UHC-2 used for the Saipan Harbor GPS base station can be found on NOAA’s website at http://140.90.121.76/benchmarks/1633227.html. The pertinent information is reproduced below. (Note: NOAA’s primary benchmark 1633227 UH-2C is given PID DG3988 by the National Geodetic Service. See Appendix C.1.2, National Geodetic Survey DG3988 Datasheet)

U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration

National Ocean Service

Station ID: 1633227                                

Publication Date:  04/21/2003

Name:       TANAPAG HARBOR, SAIPAN, N MARIANAS IS             

NOAA Chart: 81067                                  

Latitude:         15° 13.6' N

USGS Quad:  ISLAND OF SAIPAN                       Longitude:       145° 44.2' E

To reach tidal bench marks from Saipan International Airport, proceed 3.4 km

(2.1 mi) north along an unnamed road.  As the road terminates, turn left (west)

onto Cross Island Road (Note: there are no road signs in Saipan).  Turn right

(north) on Middle Road (first large intersection with traffic light) and proceed

for 8 km (5 mi).  Turn left (west) immediately after the WESTPAC building

(located on the west side of Middle Road).  The unnamed road will bend to the

South, turn right (west) just past the Port of Saipan Building (two story

concrete building painted beige).  Proceed through the parking toll booth and

turn right toward the NNE side of the port facility.  The bench marks were

located on the Port of Saipan facility.  The tide gauge was located where east

parking lot meets with the east face of Delta Dock.

 T I D A L   B E N C H   M A R K 

PRIMARY BENCH MARK STAMPING:   None.

DESIGNATION:          1633227 UH-2C

MONUMENTATION:           Bolt                                      VM#:    16316

AGENCY:                  University of Hawaii (UH)                 PID:         

SETTING CLASSIFICATION:  Concrete deck

The primary bench mark is a 9/16" SS hex head bolt set in the concrete deck

where the east face of Delta Dock (Delta -3) meets the east face of the parking

lot (CPA-2) fronting the port building, located at the Commonwealth Port

Authority (CPA) facility in Saipan Harbor (aka Tanapag Harbor), 2.83 m (9.3 ft)

SSE of the SE corner of a diesel containment wall, 2.56 m (8.4 ft) NNE of

utility pole #7, and 1.13 m (3.7 ft) west of the east pier face (CPA-2).

T I D A L   D A T U M S 

Tidal datums at TANAPAG HARBOR, SAIPAN, N MARIANAS IS based on:

LENGTH OF SERIES:      

5 Months

TIME PERIOD:           

October 2000 - February 2001

TIDAL EPOCH:           

1983-2001

CONTROL TIDE STATION:  
1630000 GUAM, APRA HARBOR

Elevations of tidal datums referred to Mean Lower Low Water (MLLW), in METERS:

     MEAN HIGHER HIGH WATER (MHHW)                
 =  0.669

     MEAN HIGH WATER (MHW)                       

 =  0.629

     MEAN TIDE LEVEL (MTL)                       

 =  0.407

     MEAN SEA LEVEL (MSL)                         

 =  0.392

     MEAN LOW WATER (MLW)                         

 =  0.185

     MEAN LOWER LOW WATER (MLLW)                
 =  0.000

National Geodetic Vertical Datum (NGVD 29)
Bench Mark Elevation Information           

In METERS above:

Stamping or Designation               MLLW        MHW

163 3227 UH-2C                            2.049          1.420

D E F I N I T I O N S

Mean Sea Level (MSL) is a tidal datum determined over a 19-year National Tidal

Datum Epoch.  It pertains to local mean sea level and should not be confused

with the fixed datums of North American Vertical Datum of 1988 (NAVD 88).

NGVD 29 is a fixed datum adopted as a national standard geodetic reference for

heights but is now considered superseded.  NGVD 29 is sometimes referred to as

Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological

Survey Topographic Quads.  NGVD 29 was originally derived from a general

adjustment of the first-order leveling networks of the U.S. and Canada after

holding mean sea level observed at 26 long term tide stations as fixed.

Numerous local and wide-spread adjustments have been made since establishment in

1929.  Bench mark elevations relative to NGVD 29 are available from the National

Geodetic Survey (NGS) data base via the World Wide Web at 

National Geodetic Survey.

NAVD 88 is a fixed datum derived from a simultaneous, least squares, minimum

constraint adjustment of Canadian/Mexican/United States leveling observations.

Local mean sea level observed at Father Point/Rimouski, Canada was held fixed as

the single initial constraint.  NAVD 88 replaces NGVD 29 as the national

standard geodetic reference for heights.  Bench mark elevations relative to

NAVD 88 are available from NGS through the World Wide Web at 

National Geodetic Survey.

NGVD 29 and NAVD 88 are fixed geodetic datums whose elevation relationships to

local MSL and other tidal datums may not be consistent from one location to

another.

The Vertical Mark Number (VM#) and PID# shown on the bench mark sheet are unique

identifiers for bench marks in the tidal and geodetic databases, respectively.

Each bench mark in either database has a single, unique VM# and/or PID# assigned.

Where both VM# and PID# are indicated, both tidal and geodetic elevations are

available for the bench mark listed.

The NAVD 88 elevation is shown on the Elevations of Tidal Datums Table Referred

to MLLW only when two or more of the bench marks listed have NAVD 88 elevations.

The NAVD 88 elevation relationship shown in the table is derived from an average

of several bench mark elevations relative to tide station datum.  As a result of

this averaging, NAVD 88 bench mark elevations computed indirectly from the tidal

datums elevation table may differ slightly from NAVD 88 elevations listed for

each bench mark in the NGS database.

A.2 National Geodetic Service DG3988 Datasheet

Information on this benchmark was found on the NGS website, starting at:

http://www.ngs.noaa.gov/cgi-bin/ds_county.prl and is reproduced below. (Note: NGS PID DG3988 is given tidal benchmark identifier 1633227 UH-2C by the National Ocean Service. See Appendix C.1.1, National Ocean Service Tidal Benchmark1633227 UH-2C Datasheet.)

The NGS Data Sheet

See file  dsdata.txt for more information about the datasheet.

DATABASE = Sybase 

PROGRAM = datasheet

VERSION = 7.33

1        National Geodetic Survey,   Retrieval Date = MARCH 25, 2006

  ***********************************************************************

   DESIGNATION -  163 3227 TIDAL UH 2C

   PID         -  DG3988

   STATE/COUNTY-  CQ/NORTHERN MARIANA ISLANDS

   USGS QUAD   -  

                          *CURRENT SURVEY CONTROL

   ___________________________________________________________________

 * NAD 83(2002)-  15 13 34.73150(N)    214 15 45.39433(W)     ADJUSTED  

 * NMVD03      -         1.657  (meters)       5.44   (feet)  ADJUSTED ___________________________________________________________________

   EPOCH DATE  -        2002.00

   X           -  -5,087,487.659 (meters)                     COMP

   Y           -   3,465,585.998 (meters)                     COMP

   Z           -   1,664,290.360 (meters)                     COMP

   ELLIP HEIGHT-            56.06  (meters)          (06/14/04) GPS OBS

   GEOID HEIGHT-          53.14  (meters)                     EGM96

   HORZ ORDER  -  A

   VERT ORDER  -  FIRST     CLASS II

   ELLP ORDER  -  SECOND    CLASS I

The horizontal coordinates were established by GPS observations and adjusted by the National Geodetic Survey in June 2004. This is a SPECIAL STATUS position.  See SPECIAL STATUS under the DATUM ITEM on the data sheet items page. The horizontal coordinates are valid at the epoch date displayed above. The epoch date for horizontal control is a decimal equivalence of Year/Month/Day.

The orthometric height was determined by differential leveling and adjusted by the National Geodetic Survey in April 2003.

The X, Y, and Z were computed from the position and the ellipsoidal ht.

The ellipsoidal height was determined by GPS observations and is referenced to NAD 83.

The geoid height was determined by EARTH GRAVITY MODEL 96.

The EGM96 model is referenced to the WGS84 ellipsoid.

                                    North           East          Units    Scale Factor       Converg.

 UTM  55      1,683,750.068   364,394.340   MT     0.99982743       -0 19 54.0

                          Elev Factor  x  Scale Factor =   Combined Factor

 UTM  55          0.99999119  x   0.99982743  =   0.99981862

                           SUPERSEDED SURVEY CONTROL

 No superseded survey control is available for this station.

U.S. NATIONAL GRID SPATIAL ADDRESS: 55PCS6439483750(NAD 83)

MARKER: B = BOLT

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

WITH SETTING: PAVEMENT

SP_SET: DECK

MARK LOGO: NONE  

MAGNETIC: N = NO MAGNETIC MATERIAL

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

STABILITY: SURFACE MOTION

   HISTORY     - Date     Condition        Report By

   HISTORY     - UNK      MONUMENTED       UHI

   HISTORY     - 20030530 GOOD             CNMI

   HISTORY     - 20040304 GOOD             CO-OPS

 STATION DESCRIPTION

DESCRIBED BY COMMONWEALTH NORTHN MARIANA IS 2003 (PPC)

THE STATION IS LOCATED IN COMMONWEALTH PORT AUTHORITY (CPA) FACILITY IN SAIPAN HARBOR AKA TANAPAG HARBOR.  TO REACH THE STATION FROM THE INTERSECTION OF CORSS ISLAND ROAD AND MIDDLE ROAD PROCEED NORTH APPROXIMATELY 5.0 MILES.  (8.0 KM) TURN LEFT (WEST) IMMEDIATELY AFTER THE WESTPAC BUILDING (WHICH IS LOCATED ON THE WEST SIDE OF MIDDLE ROAD)   THE UNNAMED ROAD WILL BEND TO THE SOUTH.  TURN RIGHT (WEST) JUST PAST THE PORT OF SAIPAN BUILDING AND PROCEED THROUGH THE PARKING TOLL BOOTH AND TURN RIGHT TOWARD THE NORTH NORTHEAST SIDE OF THE PORT FACILITY. THE STATION IS EMBEDDED IN CONCRETE DECK WHERE THE EAST FACE OF DELTA DOCK (DELTA -3) MEETS THE EAST FACE OF THE PARKING LOT FRONTING THE PORT BUILDING.  THE BOLT IS 2.82 M (9.25 FT) SSE OF THE SE CORNER OF A DIESEL CONTAINMENT WALL, 2.55 M (8.37 FT) NNE OF UTILITY POLE NO 7, AND 1.14 M (3.74 FT) WEST OF THE PIER FACE.  THE BENCH MARK IS UN-STAMPED UNIVERSITY OF HAWAII 9/16 INCH SS HEX HEAD BOLT.

 STATION RECOVERY (2004)

RECOVERY NOTE BY CEN OPER OCEANOG PROD+SVCS 2004 (JRH)

ADJUSTMENT ID=00000434 (NORTHERN MARIANAS VERTICAL DATUM=NM), SPECIFICALLY FOR THE ISLAND OF SAIPAN, IN 2004 -

 COMPUTATION OF HEIGHT FOR CONSTRAINT FOLLOWS...

USING DATA WITH A PUBLICATION DATE OF 04/21/2003 FOR

TANAPAG HARBOR, SAIPAN, N MARIANAS IS,  TIDE STATION 163 3227 BASED ON THE FOLLOWING--

LENGTH OF SERIES          
= 5 MONTHS

TIME PERIOD                    
= OCTOBER 2000 - FEBRUARY 2001

TIDAL EPOCH                    
= 1983-2001

CONTROL TIDE STATION          = 1630000 GUAM, APRA HARBOR 

BENCH MARK ELEVATION INFORMATION        IN METERS ABOVE

      STAMPING OR DESIGNATION              MLLW        MHW

      163 3227 UH-2C                    

      2.049      1.420

USING ELEVATIONS OF MEAN HIGH WATER (MHW) AND MEAN SEA LEVEL (MSL) TIDAL DATUMS REFERRED TO MEAN LOWER LOW WATER (MLLW), IN METERS -

 (MHW - MSL) = 0.629 - 0.392 = 0.237 METER

 (MHW - MSL) + MHW FOR 163 3227 UH-2C = 0.237 + 1.420 = 1.657 METERS

THE ORTHOMETRIC HEIGHTS, RESULTING FROM THE 2004 ADJUSTMENT OF THE  2003 LEVELING OBSERVATIONS DONE ON THE ISLAND OF SAIPAN, WERE COMPUTED  BASED ON NORMAL GRAVITY (SEE USC+GS SPECIAL PUBLICATION 240).  NOTE--IF ACTUAL GRAVITY VALUES BECOME AVAILABLE IN THE NORTHERN MARIANAS, 'TRUE' ORTHOMETRIC HEIGHTS MAY BE RECOMPUTED LATER.

A.3 National Geodetic Service DG3991 Datasheet 

Information on this benchmark was found on the NGS website, starting at: http://www.ngs.noaa.gov/cgi-bin/ds_county.prl and is reproduced below. 

NGS Data Sheet

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 7.33

1        National Geodetic Survey,   Retrieval Date = MARCH 25, 2006

***********************************************************************

   DESIGNATION 
-  A CABLAY DEDO

   PID         

-  DG3991

   STATE/COUNTY
-  CQ/NORTHERN MARIANA ISLANDS

   USGS QUAD   -  

                          *CURRENT SURVEY CONTROL

   ___________________________________________________________________

 NAD 83(1986)-  14 10 39.     (N)    214 44 09.     (W)     SCALED    

 NMVD03      -       135.294  (meters)     443.88   (feet)  ADJUSTED  

   ___________________________________________________________________

 GEOID HEIGHT-          53.79  (meters)                     EGM96

 VERT ORDER  -  FIRST     CLASS II

The horizontal coordinates were scaled from a topographic map and have an estimated accuracy of +/- 6 seconds.

The orthometric height was determined by differential leveling and adjusted by the National Geodetic Survey in October 2004. No vertical observational check was made to the station.

The geoid height was determined by EARTH GRAVITY MODEL 96.

The EGM96 model is referenced to the WGS84 ellipsoid.

SUPERSEDED SURVEY CONTROL

No superseded survey control is available for this station.

U.S. NATIONAL GRID SPATIAL ADDRESS: 55PCR126680(NAD 83)

MARKER: DV = VERTICAL CONTROL DISK

SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT

STAMPING: A CABLAY DEDO 2003

MARK LOGO: NGS   

MAGNETIC: N = NO MAGNETIC MATERIAL

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

STABILITY: SURFACE MOTION

HISTORY     - Date     Condition        Report By

HISTORY     - 2003     MONUMENTED       CNMI

STATION DESCRIPTION

DESCRIBED BY COMMONWEALTH NORTHN MARIANA IS 2003 (JJR)

THE STATION IS LOCATED IN CHENCHON AREA ON THE ISLAND OF ROTA IN THE COMMONWEALTH OF THE NORTHERN MARIANA ISLANDS.  TO REACH THE STATION FROM THE ROTA INTERNATIONAL AIRPORT PROCEED SOUTH ON THE AIRPORT ROAD FOR 0.1 MILE (0.2 KM) TO THE MAIN INTERSECTION OF THE AIRPORT ROAD AND THE MAIN ROAD KNOWN AS SAN FRANCISCO ROAD, PROCEED EAST FOR 1.7 MILES

(2.7 KM) TO THE MARK.  THE STATION IS A STANDARD NGS BENCH MARK DISK SET IN A 14 INCH SQUARE CONCRETE PROJECTION 0.6 METERS (2.0 FT) ABOVE THE GROUND AT THE NORTH END OF THE FENCE.  IT IS 0.8 METERS (2.6 FT) NORTHWEST OF A PROPERTY CORNER, 5.3 METERS (17.4 FT) SOUTHEAST OF THE CENTERLINE OF A DIRT ROAD, AND 1.4 METERS (4.6 FT) NORTHWEST OF A FENCE CORNER.
Appendix B. Network Adjustment of DG3991
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