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Survey Report

Lidar Ground Validation Survey 
San Joaquin and Sacramento Delta and Suisun Marsh

Towill, Inc. - 12204
Overview

Towill performed a survey to provide ground position and elevations at 38 locations for the Delta Lidar Survey Project.  We also measured a number of NGS monument positions which were selected by Airborne1, and were used as GPS base stations which collected data during the ABGPS sessions.
General site selection guidelines are:

· Each site shall be reasonably flat with no buildings or structures within a radius of approximately 25 to 30 feet, with an open, un-obstructed view of the sky.  

· Ground surface shall be bare dirt, gravel, or short grassy areas.  

· Areas that are very light or dark, such as bright concrete or dark paved areas are to be avoided wherever possible.
At each site, a semi-permanent survey marker, such as a PK Nail, 60d nail, or rebar was set to allow later recovery.  No flight marker panels were set for this survey.  A monument recovery sheet was prepared with a rough field sketch, brief “to-reach” description, and final adjusted coordinate values.  A digital photograph was taken showing the surveyed point and the surrounding area.  

Field Surveys

Surveys were performed using Federal Geodetic Control Subcommittee guidelines for First Order GPS Surveys.  A network of properly formed closed loop traverses was constructed with sufficient redundancy to allow determination of loop closures, and repeat independent baseline measurements.  GPS equipment was dual frequency Trimble 4000SSE, 4700 and R8 receivers with corresponding geodetic antennae, ground planes and fixed-height tripods.  GPS surveys were conducted during periods with at least 5 common satellites visible and a predicted PDOP of 4.0 or less.  Simultaneous observations were recorded of sufficient length to produce fixed baseline solutions whenever possible.
Kinematic QC Surveys

Towill also performed QC surveys on selected major roadways throughout the project.  This data was collected using “kinematic” observation methods.  Baseline distances were kept to a maximum of approximately 15 km.  These data were reduced to project datums using GrafNav and an x,y,z file provided for these surveys.  
Data Processing

GPS data were downloaded and processed with Trimble Geomatics Office.  Only independent baselines were processed and checked for acceptable tolerances for ratio and reference variance.  Loop closures were run to verify raw data mis-closures are acceptable.  Accepted independent baselines were exported to Starnet version 6.022 for final analysis and adjustment.   Geoid ’03 was used to determine geoid heights.  A minimally constrained adjustment was performed holding one reference point fixed in order to verify the network geometric closures and raw data baseline residuals were within expected survey tolerances.  All reference monuments whose published values match “surveyed” values within a reasonable tolerance (in this case approximately 5 cm) were selected to be held fixed in the final fully constrained adjustment. 
To meet the accelerated project schedule, the survey was performed in two phases.  During the first phase measurements were made between the NGS monumentation and CORS stations in order to provide Airborne1 with project coordinates on the ABGPS stations, so that they could begin processing the data quickly.  Values established in this phase were held fixed in the second phase, during which we completed the measurements to our ground QC stations.  As a result, there are two sets of Starnet adjustments; minimally and fully constrained “Lidar Base” surveys, and minimally and fully constrained “Ground QC” surveys.

 Project Datums
Horizontal datum is referenced to NAD83 UTM Zone 10 North, NSRS 2007.  Elevations are referenced to the North American Vertical Datum of 1988 (NAVD88).  Geoid heights are determined using Geoid 03.  All units are meters.
Fixed Reference Monumentation

A number of CORS and NGS benchmarks were measured in the project area.  Values for CORS sites in the project area were available from the California Spatial Reference Center (CSRC).  For NGS monument values were translated to NSRS2007 using HTDP version 2.9.  
Adjustment Results
The results of our minimally constrained and fully constrained adjustments fit both CORS and HTDP derived NSRS2007 values very well horizontally and vertically, and all fixed reference positions were held with a few exceptions:

The elevation of Point JS1193 did not fit our measured position by approximately 9 cm, and our measured elevation was assigned to this point.  Also, the elevation for points AC9892 and JS0755 did not fit our measured position by approximately 6 cm and the elevations were re-assigned for these points.  
The horizontal positions for HS0512 and JS1244 were found to differ by approximately 10 cm and 14 cm respectively, and these values were re-assigned by our survey.

The provisional residual results of the minimally constrained and fully constrained adjustments are shown below:
Adjusted Station Information
Minimally Constrained Adjustment

============================

             Coordinate Changes from Entered Provisionals (Meters)

               (Elevations Marked with (*) are Ellipsoid Heights)

Station                   dN             dE          dZ

AC9892                  0.0420        -0.0361      0.0684*

AE9887                  0.0559         0.0173     -0.0189*

AE9891                  0.0589         0.0323     -0.0222*

CMOD                    0.0243        -0.0218      0.0241*

DE8502                 -0.0353        -0.0513      0.0258*

HS0455                  0.0256         0.0094     -0.0020*

HS0512                  0.0340        -0.0934     -0.0361

JS0755                  0.0102         0.0028     -0.0602*

JS1193                  0.0211         0.0244     -0.0870*

JS1244                  0.1092         0.0403     -0.0184*

JS3889                  0.0276         0.0302     -0.0307*

JT0185                  0.0077        -0.0111      0.0659*

JT0221                 -0.0042        -0.0280      0.0358*

JT9536                  0.0611        -0.0288      0.0297*

P256                   -0.0010        -0.0014      0.0014*

P257                    0.0007        -0.0035      0.0052*

P261                    0.0009        -0.0016      0.0237*

P262                    0.0032        -0.0025      0.0104*

P266                    0.0000         0.0000      0.0000*

P267                   -0.0050        -0.0013      0.0150*

P268                   -0.0025         0.0024     -0.0003*

P271                   -0.0050         0.0015      0.0131*

P273                    0.0021        -0.0003     -0.0059*

UCD1                   -0.0067        -0.0002      0.0258*

AE9889                  0.0274         0.0356     -0.0338*

DE8502                 -0.0154        -0.0127     -0.0031*

HS0455                  0.0329         0.0211     -0.0219*

JS0755                  0.0152         0.0173      0.0692*

JS1011                  0.0093         0.0063      0.0366*

JS1617                  0.0085         0.0091      0.0126*

JT9527                  0.0228         0.0219      0.0275*

Adjusted Station Information
Fully constrained Adjustment
============================

             Coordinate Changes from Entered Provisionals (Meters)

               (Elevations Marked with (*) are Ellipsoid Heights)

Station                   dN             dE          dZ

AC9892                  0.0000         0.0000      0.0589*

AE9887                  0.0000         0.0000      0.0000*

AE9889                  0.0000         0.0000      0.0000*

AE9891                  0.0000         0.0000      0.0000*

CMOD                    0.0000         0.0000      0.0000*

DE8502                  0.0000         0.0000      0.0000*

HS0455                  0.0000         0.0000      0.0000*

HS0512                  0.0180        -0.0952      0.0000

JS0755                  0.0000         0.0000     -0.0637*

JS1193                  0.0000         0.0000     -0.0912*

JS1244                  0.1078         0.0402      0.0000*

JS3889                  0.0000         0.0000      0.0000*

JT0185                  0.0000         0.0000      0.0000*

JT0221                  0.0000         0.0000      0.0000*

JT9536                  0.0000         0.0000      0.0000*

P256                    0.0000         0.0000      0.0000*

P257                    0.0000         0.0000      0.0000*

P261                    0.0000         0.0000      0.0000*

P262                    0.0000         0.0000      0.0000*

P266                    0.0000         0.0000      0.0000*

P267                    0.0000         0.0000      0.0000*

P268                    0.0000         0.0000      0.0000*

P271                    0.0000         0.0000      0.0000*

P273                    0.0000         0.0000      0.0000*

UCD1                    0.0000         0.0000      0.0000*
JS1011                  0.0000         0.0000      0.0000*

JS1617                  0.0000         0.0000      0.0000*

JT9527                  0.0000         0.0000      0.0000*

All final adjusted baseline residuals were less than the 1/100,000 or 10 ppm guideline specified for First Order GPS surveys by the FGCS.
Randy Smith, PLS
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