2010 SC LiDAR CONSORTIUM PROJECT

TECHNICAL SPECIFICATIONS

Project Area  (Available funding will determine the extent of priority area mapping)
Priority 1: Lexington and Richland Counties incorporating approximately 1470 square miles. 

Priority 2: Lee, Allendale, Hampton and Bamberg Counties incorporating approximately 1781 square miles.

Priority 3: Kershaw, Sumter and Saluda Counties incorporating approximately 1859 square miles.

Summary of Specifications

LiDAR Acquisition and Processing

· Obtain new LiDAR data for up to ten counties of project area (5110± sq . miles) as specified above consisting of point number, X coordinate, Y coordinate, Z coordinate, along with an intensity value.

· Post process the entire project area consisting of the following:

Nominal post spacing of 1.4 meters

Provide ground and non ground data

· Removal of artifacts to create a bare earth terrain surface. Sanborn will take special care in processing and QA/QC of artifacts around bridges, culverts, and vegetation.

Removal of flight line seams

Vertical Accuracy – 15.0 cm feet RMSE 95% confidence level (in order to support 2 ft contours)
Horizontal Accuracy -1 meter RMSE 95% confidence level

· Produce hydrologic breaklines with hydro flattening for project area

· Remove LiDAR from large streams and water bodies in the project area

Horizontal and Vertical Datums

· State Plane 

· Horizontal NAD 83-2007 (HARN) – International Feet

· Vertical NAVD 88 - U.S. Survey feet 

Data Format

· LAS with tile size of 5,000 ft by 5,000 ft

· LAS format compatible with LAS Specification LAS 1.2 or appropriate version
· ESRI grid raster format (DEM: 10 foot cell size)
· Seamless countywide Geodatabase Terrain surface – ESRI file geodatabase

All work should be done in accordance with USGS National Geospatial Program Base LiDAR Specifications, Version 13, dated February 22, 2010 supplemented where appropriate by FEMA's Guidelines and Specifications for Flood Hazard Mapping Partners, dated April 2003. The SC DNR will specify the requirements in FEMA's Guidelines and Specifications, appropriate to the project and the State will independently conduct the field verification discussed in Guidelines and Specifications Section A .8.6.2. The following defines the specific requirements for this project.
LiDAR Field QA/QC Verification 

Field QA/QC verification will be provided by SCDNR.  The DNR may elect to contract with a third party to provide QA/QC and accuracy assessment evaluation.
LiDAR Data Technical Specifications

Data collection, processing, and delivery shall be accomplished with the following specifications.  Sanborn shall provide all necessary labor, equipment, material, software, and supplies to satisfactorily complete the SOW.  All project deliverables will meet or exceed requirements relevant to the Standards, Guidelines and Specifications indicated below.

Acquisition


Sanborn will deliver the LiDAR LAS (point cloud) data for the coverage area specified above in accordance with appropriate LAS version specifications.  In addition to the measured elevation value, the intensity value for each return shall be included, and at a minimum, returns shall be classified as water, bare-earth or non-ground according to the American Society of Photogrammetry and Remote Sensing (ASPRS) LAS format classification table.  

· The data acquisition for this project will provide nominal post spacings of 1.4 meters Any raw data or extraneous values are to be processed to provide ground-level, surface elevations or “bare-earth” DTMs devoid of vegetation or man-made structures.  Data voids are unacceptable.  Areas not within two times the DTM posting of raw data points are considered data voids and must be resolved except for those removed intentionally to delete points that impinge on man-made structures. 
· The laser system will be configured to collect multiple echoes per pulse, with a minimum of a first, last and intermediate returns collected.  All returns collected shall be stored in the LAS point cloud.

· Flightline overlap of 45% to 50% is required.

· Flight lines will include parallel flight lines with at least one cross path flight line.  Data regarding mission date, time, flight altitude, airspeed, scan angle, laser pulse rate and other relevant flight characteristics information will be included in a project report and in supporting metadata.
· LAS point cloud data shall include GPS time, intensity/signal strength data, and the headers shall include the date of collection, e.g. time information is important for tidal referencing.  ASPRS minimum classes used should be:

· Class 1 - Unclassified (non-ground)
· Class 2 - Ground (bare-earth)

· Class 7 - Noise
· Class 8 - Model Key Points (thinned bare-earth)

· Class 9 - Water
· Class 10 – Points removed from bridges and box culverts

· Horizontal coordinates shall be international feet for at least three decimal places, State Plane Coordinate System 1983-2007-HARN (SPCS83), South Carolina zone.  http://www.scgs.state.sc.us/State%20Plane%20Coord%20Page.asp
· Elevations shall be in U.S. Survey foot units to at least three decimal places, North American Vertical Datum of 1988 (NAVD88) for all products.

· Project level metadata are required for LAS (point cloud) data that fully comply with Federal Geographic Data Committee (FGDC) metadata standard. 
· Spring leaf-off season shall begin in late-December and end in mid-March.  Collection can continue into leaf-on with regular consultations with South Carolina Dept. of Natural Resources on flight scheduling and termination.   
· LAS delivery size - 5,000 foot X 5,000 foot tiles 

· LiDAR data from different flight lines must be consistent across flight lines with no vertical offset between adjacent flight lines

· Earth-surface data voids are unacceptable and shall be sufficient reason for rejection of the entire data delivery lot.  

· Delivery will be by completed county.  Lots will be identified by county.  

· Sanborn will ensure that all parts of the project area are fully covered. It is important that no portion of the project area be omitted from collection and processing unless specified in the scope of services due to military or other sensitivity or restrictions.

· Data gaps between adjacent flight lines are not acceptable.

· No data voids due to system malfunctions, or lack of overlap.
· For Richland County only:

In order to avoid flooding and water level issues in the lower county, the following water level gauge parameters must be observed at the time of the flight.

· Flow must not exceed 10,500 cfs on USGS gauge #02169500 at Congaree River at Columbia: 
http://waterdata.usgs.gov/nwis/uv?cb_00060=on&cb_00065=on&format=gif_stats&period=60&site_no=02169500

AND 

· Gauge height must not be greater than 9 feet on USGS gauge #02169625 at Congaree River at National Park:
http://waterdata.usgs.gov/nwis/uv?cb_00060=on&cb_00065=on&format=gif_stats&period=60&site_no=02169625

Bare-earth DEM, Breaklines, and Geodatabase Terrain files
· Bare-earth DEM point/post spacing shall be 10-foot for gridded elevation surface from hydro flattened Geodatabase Terrain.  
· Bare-earth tile size will be 50,000 ft by 50,000 ft including county overlap area

· Grid Output Parameters: Use “Floating Point” for all cell output values, and Natural Neighbors for an interpolation methodology.
· Voids and NoData cells within a project raster are unacceptable
· Horizontal coordinates shall be international feet for at least three decimal places, State Plane Coordinate System 1983 (NAD83-2007-HARN), South Carolina zone.

· Elevations shall be in U.S. Survey foot units to at least three decimal places, North American Vertical Datum of 1988 (NAVD88) for bare-earth surface, breaklines, and Geodatabase Terrain.  

· Tile level metadata that fully comply with FGDC metadata standard are required for bare-earth and breaklines.

· All elevation data points shall represent the topographic surface (i.e. for last-return bare-earth) and shall be reported to the nearest three decimal places for U.S. Survey foot units of measure. 

· Hydro breaklines will be collected for all rivers, streams, lakes, ponds, and reservoirs and includes stream centerlines as indicated in the hydro feature specifications below. 

· Bare-earth is removed from large streams, lakes, etc.

· Delivery size - 5,000 foot X 5,000 foot tiles.  
· Dense vegetation data voids minimized by automated and manual removal process.

· Project level metadata that fully comply with FGDC metadata standard are required for Geodatabase Terrain files.

Data Accuracy

The vertical accuracy requirements shall be 15.0 cm or less at the 95% confidence level after correction for systematic errors and discarding no more than 5% of check points and the root mean square error (RMSE) calculations to account for uncleaned artifacts.  A minimum Vertical RMSE of 15.0 cm for two foot contours must be obtained.  
NSSDA specifies that vertical accuracy should be reported at the 95 percent confidence level for data tested by an independent source of higher accuracy.  Summary of requirements: 

· Fundamental Vertical Accuracy (FVA)  of 15.0 cm RMSEz or better @ 95% confidence to support 2-foot contours

· Horizontal 1m RMSE

· Supplemental and consolidated vertical accuracies (SVA & CVA) should be better than 30.0 cm at the 95% confidence level.  Reference ASPRS Guidelines, Vertical Accuracy Reporting for LiDAR Data.

· No data voids due to system malfunction or lack of overlap.

· Example metadata statement:

Tested __ (meters, feet) vertical accuracy at 95 percent confidence level.  

Data Quality

· Automated and manual filtering for LiDAR products will use the following minimum performance for artifact/feature removal from the bare earth model:

·  90% artifacts removed

·  95% outliers removed

·  95% of vegetation removed

·  98% of buildings removed

Hydro Breakline Specifications  


All hydro features will meet or exceed those described in Section III of the USGS NGP Base LiDAR Specifications, Version 13, February 22, 2010.  Hydro breaklines will be collected and compiled using LiDARgrammetry techniques.  Due to problems from previous projects with H&H modeling and DEM development, hydro flattening is replacing hydro enforcement for breakline development.  
Hydrographic Feature Attributes




A minimum of four basic feature attribute types are required: 

· Single Line Stream 


Polyline Z


· Stream Centerline/Connector
Polyline Z

· Stream Bank Line


Polygon Z

· Waterbody Bank Line

Polygon Z
Hydro feature data capture requirements
· Hydro breaklines will be captured for drainage features that drain approximately 1/2 square mile or more.

· Stream centerlines will be captured for all streams that meet the ½ square mile or more drainage area criteria and are less than 40 feet in width. 

· Banklines AND stream centerlines/connectors will be captured for streams that meet the drainage area criteria and that are greater than 40 feet in width.

· Breaklines will be captured for all water bodies (lakes and ponds) that exceed 1 acre in surface area. 

· For lakes and ponds that are along these stream reaches both edge of water polygons AND a centerline through the pond will be captured.

· Banklines must form closed polygons

· Dangles must exist only at upstream headwater end of streams and at the downstream outfall

· Line intersections must be at nodes

· Edge matching of x-y-z values for adjoining counties are required

· For Lexington County only – hydro feature data capture will include canals and drainage ditches.  These will be delivered as a separate layer.
Hydro flattening requirements for inland streams and rivers

· Flat and level bank-to-bank (perpendicular to the apparent flow centerline) with gradient following the immediately surrounding terrain

· Entire water surface edge must be at or just below the immediately surrounding terrain

· Streams should break at road crossings (culvert locations).  Streams and rivers should not break at bridges.  When identification of a feature as a bridge or culvert cannot be made reliably, the feature should be regarded as a culvert.
· Stream connectors should be used to show flow between interconnecting rivers and streams at culvert, aqueduct, and similar feature type locations.

Hydro flattening requirements for inland ponds and lakes

· Flat and level water bodies with a single elevation for every bank vertex defining a given water body.

· Entire water surface edge must be at or just below the immediately surrounding terrain

· Long impoundments, such as reservoirs or inlets, whose water surface elevations drop when moving downstream should be treated as rivers.
· Stream Connectors should be used to show flow between interconnecting waterbodies at culvert, aqueduct, and similar feature type locations.

Standards, Guidelines, and Specifications


All deliverables shall meet all applicable international, national and Federal information technology and geographic information standards, particularly those identified by the Federal Geographic Data Committee (FGDC), the U.S. Geological Survey and FEMA (as appropriate).  Work shall be performed to meet quality standards based upon defined formal and informal specifications and standards set forth by these agencies and compiled and approved by the SC LiDAR Consortium.  Reference documents include:
· U.S. Geological Survey, National Geospatial Program, Base Lidar Specification, Version 13 - DRAFT, February 22, 2010.
· ASPRS Guidelines, Vertical Accuracy Reporting for LiDAR Data, Version 1.0, May 24, 2004   http://www.asprs.org/society/committees/lidar/lidar_downloads.html 

· FGDC-STD-007.3-1998: Geospatial Positioning Accuracy Standards, Part 3: National Standard for Spatial Data Accuracy (NSSDA) http://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part3/chapter3 

· FGDC-STD-001-1998: Content Standard for Digital Geospatial Metadata (version 2.0) http://www.fgdc.gov/standards/standards_publications/
· Guidelines for Digital Elevation Data, Version 1.0, National Digital Elevation Program (NDEP), May 10, 2004 http://www.ndep.gov/NDEP_Elevation_Guidelines_Ver1_10May2004.pdf 

· Guidelines and Specifications for Flood Hazard Mapping Partners, Appendix A: Guidance for Aerial Mapping and Surveying, FEMA, April 2003  


http://www.fema.gov/library/viewRecord.do?id=2206
Metadata Requirement

For each deliverable requested, Sanborn will provide a complete, FGDC-compliant metadata in eXtensible Markup Language (XML) format that can be validated using Metadata Parser (mp) software.  Both project and tile (file) level metadata describing LIDAR production process will be delivered. Metadata received from Sanborn shall be subject to inspection prior to acceptance.  The Metadata must be capable of being imported and processed by the Metadata Parser (mp) software or equivalent, free of errors.  One exception is the section for Entity and Attributes.  SCDNR will notify Sanborn of any rejected metadata within 30 days of receipt of the metadata.  Sanborn will return any metadata rejected by the SCDNR within 30 days from the rejection notification date.  For a free copy of the mp software see the following web site:

 http://geology.usgs.gov/tools/metadata/tools/doc/mp.html
Required LiDAR Metadata Fields

· Date(s) of acquisition.

· Geoid used to reduce satellite derived elevations to orthometric heights.

· Nominal Pulse density.

· How GPS coordinates were referenced.

· Maximum and mean differential baseline lengths.

· Calibration procedures & relevant information.
· Attributes present in the data set (e.g. X,Y,Z, intensity, all with numbers of significant figures specified).
· Processing steps.

· Horizontal Accuracy
· Vertical Accuracy

Geodetic Control

South Carolina has seven GPS/GLONASS Continuously Operating Reference Station (CORS) sites, and a very accurate Height Modernization vertical control network established using NGS-58 specifications. In addition, South Carolina has become the sixth state to implement a statewide Virtual Reference Station (VRS) network in the United States.  VRS guidelines are available per ASPRS, Vertical Accuracy Reporting for LiDAR Data, Section 2.3.2.

Test results of the South Carolina VRS network in an 11 county area containing 50 Height Modernization control points provided an RMSE of 2.4 cm at 95% confidence for horizontal, and an RMSE of 2.25 cm at 95 % confidence for vertical.  Another test to compare VRS against first order level loop containing 24 benchmarks resulted in a 13mm standard error with an average elevation difference of 12mm.  South Carolina’s VRS Network has been extremely valuable for previous LiDAR projects and its use is required where appropriate for this and future projects. The following requirements shall apply:
· A minimum of two ground control points shall be used

· GPS sensor position (latitude, longitude, and elevation) shall be recorded at the instant of exposure with airborne GPS. Airborne GPS data shall be differentially corrected and organized as individual data sets grouped by corresponding flight line
· Differentially corrected Airborne GPS positional data shall be stored on portable media, in LAS point cloud format.  The Contractor shall produce and deliver a statistical report summarizing the results of the airborne GPS adjustment

· IMU Exterior Orientation: The IMU data shall be adjusted and organized as individual data sets grouped by corresponding flight line. The Contractor shall produce a statistical report summarizing the overall accuracy of the adjusted IMU data.

Quality Assurance/Quality Control

Sanborn is responsible for insuring the quality and accuracy of the LiDAR, breaklines and other deliverables included in this project.  Internal QA/QC review and evaluation must minimally include edgematching across flight lines, dealing with data voids, automated and manual feature extraction, generation of hillshades and other visual and automated quality assurance steps.  

The SC Dept. of Natural Resources will contract for an independent quality review and accuracy assessment study of the elevation data and products generated for this project.  The checkpoints for the accuracy assessment will be stratified by major land cover categories: 1. Bare-earth/low grass, 2. High grass & crops, 3. Scrub-shrub/brush vegetation, 4. Forested, and 5. Urban areas.  All test points must be located in flat or uniformly sloping terrain (not to exceed 20%).  A minimum of 20 test points for each major land cover category will be collected.  Therefore, a minimum of 100 checkpoints will be collected for each county coverage area.  Staff at the Richland County Geographic Information System Office also will conduct independent QA/QC and accuracy assessment evaluations of the data for their county and will provide written notification of data QA verification to the DNR prior to data acceptance under the signed agreement.
.

The quality assurance/quality control review and accuracy assessment will minimally include the three standard accuracy measures.

· Fundamental Vertical Accuracy (FVA) is determined with check points located only in open terrain (grass, dirt, sand, and/or rocks) where there is a very high probability that the LIDAR sensor will have detected the bare-earth ground surface and where errors are expected to follow a normal error distribution.

· Consolidated Vertical Accuracy (CVA) is determined with all checkpoints in all land


cover categories combined where there is a possibility that the LIDAR sensor and 
post processing may not have mapped the bare-earth ground surface and where 
errors may not follow a normal error distribution. CVA at the 95% confidence level 
equals the 95th percentile error for all checkpoints in all land cover categories 
combined.

· Supplemental Vertical Accuracy (SVA) is determined separately for each individual


land cover category, recognizing that the LIDAR sensor and post-processing may not 
have mapped the bare-earth ground surface and where errors may not follow a 
normal error distribution. For each land cover category, the SVA at the 95% 
confidence level equals the 95th percentile error for all checkpoints in that particular 
land cover category.

Checkpoints

As with previous SC LiDAR Consortium projects, the SC Geodetic Survey will provide accuracy assessment checkpoints as an in-kind contribution to the project.  Checkpoint surveys will be conducted to 5-cm Local Network accuracy according to NOAA Technical Memorandum NOS NGS-58, "Guidelines for Establishing GPS-Derived Ellipsoid Heights," using the National Geodetic Survey’s Geoid 2003 model to convert from ellipsoid heights to orthometric heights.  Work shall be reported according to ASPRS Guidelines, Vertical Accuracy Reporting for LiDAR Data and will include the following:  
· Checkpoint surveys will include a record of x-y-z real-time-kinematic (RTK) GPS observations 

· Documentation for each county will include survey report outlining procedures, supporting documentation, 3-D data, digital photographs, checkpoint reports, fieldwork procedures and supporting documentation.  
· Digital Pictures will show point name, ground and site conditions.

· Data Observations will include Orthometric and Ellipsoid Height values.  

· Delivery format can either be ASCII comma-delimited or XLS (example template available upon request)
Accuracy Assessment Report

The requirements for calculating and reporting accuracy will be per the ASPRS Guidelines, Vertical Accuracy Reporting for LiDAR Data.  Minimum report criteria and explanation of Fundamental, Consolidated, and Supplemental vertical accuracy include an explanation of the QA/QC process steps, a diagram of checkpoint distributions, and all applicable tables, charts or graphs to assess the FVA, CVA and SVA. 
The SC Dept. of Natural Resources will conduct additional, independent quality assurance/quality control and accuracy assessment studies of the elevation data produced by Sanborn under this scope of services.  Specifics of the independent QA/QC process will be outlined under a separate task order with the QA/QC contractor.
PROJECT DELIVERABLES

· Project Work Plan and Schedule: one digital file (accompanied with a hardcopy if needed).

· Flight Map/Control Diagram: one digital file (accompanied by a hardcopy if needed).
· The following LiDAR data products and documentation
· LAS 1.4-meter nominal spacing (point cloud – first, last, and intermediate returns)

· Hydro Breaklines (GeoDatabase or .SHP file)

· Intensity Images 
· Bare-earth DEM (10 ft ESRI Grid) 

· Geodatabase Terrain Surface – ESRI File Geodatabase (seamless by county)

· Geodatabase Hydro-flattened Terrain

· FGDC metadata for LAS, Bare-earth DEM, Breaklines, and GeoDatabase Terrain

· LiDAR system data report

·  
Flight layout

·  
Flight and GPS base station logs.

·  
System calibration report

·  
Record of field work procedures, 
·  
Data derivation and adjustments,

·  
Ground control report for airborne GPS survey

· Accuracy Assessment Report for each county (Internal)

· For Richland County only - a second set of independent deliverables will be provided with the following georeferencing requirements:

· Horizontal coordinates shall be international feet for at least three decimal places, State Plane Coordinate System 1983 (NAD83-1986), South Carolina zone.
· For Lexington County only - a second set of independent breakline deliverables will be provided with the following requirements: 
· Hydro feature data capture will include canals and drainage ditches.  These will be delivered as a separate layer.
Deliverable Acceptance:

The State has 30 business days to review each deliverable and submit review comments. If it is determined that Sanborn needs to re-submit a deliverable or portion of a deliverable, that deliverable or portion will be completed and resubmitted, satisfactorily addressing all comments, within 30 calendar days of receipt of comments at no additional cost.

DELIVERY SCHEDULE

The production milestones established for this project are as follows:

Project Work Plan and Schedule

February 10, 2010
Establish Ground Control



LiDAR Acquisition



March 1, 2010
Initial data delivery






Lexington County


August 2, 2010


Richland County


September 7, 2010


Allendale County


October 11, 2010


Hampton County


November 15, 2010


Bamberg County


December 20, 2010


Lee County



January 24, 2011


Sumter County *


February 28, 2011


Kershaw County *


April 4, 2011


Saluda County *


May 9, 2011



Final data delivery



August 8, 2011



LiDAR Reports



August 15, 2011

*Priority Three Delivery schedule will be negotiated should funding for this area be obtained.
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