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1. Introduction
1.1 Purpose

Terrain data, as defined in FEMA Guidelines and Specifications, Appendix M: Data Capture Standards describes the digital topographic data that was used to create the elevation data representing the terrain environment of a watershed and/or floodplain. Terrain data requirements allow for flexibility in the types of information provided as sources used to produce final terrain deliverables. Once this type of data is provided, FEMA will be able to account for the origins of the flood study elevation data.  

The purpose of these terrain datasets are to represent the topography of a watershed and/or floodplain environment for for riverine hydraulic and hydrologic modeling in Kittitas County Washington.  All terrain data collected for hydrologic analysis, hydraulic analysis, floodplain boundary delineation, and/or testing of floodplain boundary standard compliance meets the requirements outlined in FEMA Appendix A: Guidance for Aerial Mapping and Survey and FEMA Procedural Memorandum 61: Standards for LiDAR and Other High Quality Digital Topography.

1.2 Project Synopsis
Base LiDAR point cloud data provided for this project is compliant with FEMA Guidelines and Specifications procedure memorandum 61.  LiDAR acquisition and post processing was completed for the Concord River Watershed under FEMA Task Order No. HSFE01-10-J-0006 for FEMA case number 11-01-0110S.  The LiDAR acquisition for an area of interest within Kittitas County Washington, consisting of 181 square miles, was captured to the “Highest” vertical accuracy requirement. This collection specification is the equivalent of a 2-foot contour accuracy with a nominal pulse spacing of 1-meter.  Topographic datasets delivered to FEMA for Task Order No. HSFE01-10-J-0006 was used as the basis for topographic data development for the watershed under FEMA Task Order Number HSFE01-10-J-00002 to support riverine H&H analysis and floodplain boundary delineation.

Kittitas is bordered by Chelan and Douglas Counties to the north, King County to the northwest, Yakima County to the south,  Pierce County to the southwest and the Grant Countyto the east.   Towns located within Kittitas County are: City of Cle Elum, City of Ellensburg, City of Kittitas, City of Roslyn, and the City of South Cle elum in the Upper Yakima River HUC8 (17030001) watershed.
[image: image1.emf]Figure 1- Kittitas County, WA Location
Fully classified LAS Bare Earth tiles were processed and provided to FEMA under Task Order No. HSFE01-10-J-00002.  The LiDAR LAS tiles and derived products cover the entire 40 square miles collected.
Figure 2- Kittitas LiDAR/Products Coverage
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2 Scope of Work
Topographic Data Development 

Responsible PTS Contractor:  STARR

· STARR will gather any available and existing topography from the communities and review the 
· Certification documents to determine if it meets FEMA specifications for the level of study required. 
· For counties in Table 1.0 listed as having LiDAR we will obtain the data and certification

Scope:  STARR shall obtain additional topographic data of the overbank areas of the flooding sources and coastal floodplains studied.  These data will be used for hydrologic analysis, hydraulic analysis, floodplain boundary delineation, and/or testing of floodplain boundary standard compliance as required in the SOP.  STARR shall gather information on what topographic data is available for the given community and what accuracy and currency it meets.  STARR shall use this topographic data when it is better than

that of the original study.  In coordination with the partner who performed scoping, ensure that the FEMA Geospatial Data Coordination Policy and Implementation Guide is followed and the data obtained or to be produced are documented properly.  (If necessary, describe additional steps that may need to be taken to use the available data.) 

For this activity, STARR also shall generate the data collected under this Topographic Data Development task and via field surveys to create a best available digital elevation model for the subject flooding sources.  STARR shall confirm with the FEMA Regional Project Officer the automated appropriate data model(s) (i.e., contours, Digital Elevation Models (DEMs), Triangulated Irregular Network (TIN), mass points, and breaklines) for the intended use of the data. 

For this activity, STARR also shall develop topographic maps and/or DEMs for the subject flooding sources using the data collected under this Topographic Data Development process and via field surveys.   
Standards:  All Topographic Data Development work shall be performed in accordance with the standards specified in Section 4 - Standards. 
Deliverables:  

In accordance with the G&S, STARR shall make the following products available to FEMA by uploading the digital data to the MIP and submitting in TSDN format in accordance with the  schedule outlined in Section 5 - Schedule.  

A metadata file complying with the NFIP Metadata Profiles  Specifications, must accompany the uploaded G&S compliant digital data.  Additionally, the TSDN format described in the G&S must be delivered in accordance with Section 2 – Technical and Administrative Support Data Submittal.

Where paper documentation is required by state law for professional certifications, you may submit the paper in addition to a scanned version of the paper for the digital record. 
· Digital contour data; 
· Report summarizing methodology and results; 
· Mass points and breaklines data; 
· Gridded DEM data; 
· TIN data if needed; 
· Checkpoint analyses to assess the accuracy of data, including RMSE calculations to support vertical accuracy; 
· Identification of data voids and methods used to supplement data voids;  
· National Geodetic Survey data sheets for Network Control Points used to control remote-sensing and ground surveys;  
· Other supporting files consistent with the DCS in the G&S; and 
· A Summary Report that describes and provides the results of all automated or manual QA/QC

· review steps taken during the preparation of the topographic data as outlined in the approved

· QA/QC Plan.  
Independent QA/QC Review of Topographic Data 
Responsible PTS Contractor:  STARR

Scope:  STARR shall perform an internal and impartial review of the mapping data generated by STARR under Topographic Data Development for the applicable projects listed in Table A.1 to ensure that these data are consistent with FEMA standards and standard engineering practice, and are sufficient to prepare the DFIRM.  FEMA may audit or assist in these activities if deemed to be necessary by the Regional Project Officer. 

Please note FEMA will also be performing periodic audits and overall study/project management to ensure study quality. STARR will be responsible for addressing comments resulting from periodic audits. 

Standards: All Topographic Data Development work shall be reviewed in accordance with the standards specified in Section 4 - Standards. 

Deliverables: In accordance with the G&S, STARR shall make the following products available to FEMA by uploading the digital data to the MIP.  Additionally, the TSDN format described in the G&S must be delivered in accordance with Section 2 – Technical and Administrative Support Data Submittal.

This submittal will occur in accordance with the schedule outlined in Section 5 - Schedule.   
• A Summary Report that describes the findings of the independent QA/QC review; and 
• Recommendations to resolve any problems that are identified during the independent QA/QC review. 
3 Information for the next Mapping Partner
LiDAR collected under FEMA Task Order No. HSFE01-10-J-0006 was collected and processed by STARR. Compass Data, Inc. performed the ground control survey and RMSE vertical quality control. Photoscience, Inc. performed the LiDAR Acquisition and LiDAR post processing.  Greenhorne and O’Mara, Inc. performed Independent Quality Assurance of the base LiDAR products and produced the LiDAR derived products.

All LiDAR derived products for this project has been collected using the following spatial reference information:

Projection: Washington State Plane South
State Plane FIPS Zone: 4602
Linear units: US Survey Foot

Horizontal Datum: North American Datum 1983

Vertical Datum: North American Vertical Datum of 1988

Vertical units: US Survey Foot

     3.1 LAS processing

Classified LAS data for KittitasCounty was used as the basis for topographic products.
Due to automated processing procedures and quality reviews the LAS was selected as the base LiDAR product.  LAS header files were checked to insure data consistency.  By spot checking several tiles it was determined that the LAS files had a standard projection, linear units were identical, ASPRS classifications are present, and the elevation minimum and maximum values meet expectations for the project area.

Using the Point File Information tool in ArcGIS 3D analyst a LiDAR boundary grid was created that contains the file name, point count, point spacing, elevation minimum, and elevation maximum for each LAS file.  This is compared with the header files to insure data reliability between the information in the header files and the actual spatial information.  This grid is also used to determine the average point spacing by viewing the statistics of the point spacing field.  The mean value is captured and compared with LAS metadata.
Once it is determined that the LAS files are ready to be used in terrain processing they are converted to a multipoint feature class and stored within a file geodatabase featuredataset.  The featuredataset has the projection information that matched the LiDAR collection.  The ArcGIS 3D Analyst tool LAS to multipoint is used to accomplish this.  Once this is complete the LAS tiles are only used as a back up in the event of errors in processing.
 3.2 DEM processing

Once all of the LAS files have been converted to a multipoint feature class digital elevation modeling can proceed.  The first step in creating a DEM for the project is to determine the actual LiDAR extent.  This area represents the actual area covered by points and not the LAS boundary.  LAS files may not include “full” point coverage.  ArcGIS Spatial Analyst is used to accomplish this by converting the multipoint feature class to a raster.  From there a series of Spatial analyst tools are used to create the LiDAR coverage polygon. Once the extent has been created the next process is to create an ESRI terrain dataset.  The terrain is composed of the multipoint feature class as mass points, the breaklines as hard lines, and the LiDAR collection extent as a soft clip.  After the terrain has been created it is reviewed.  This terrain is then converted to a floating point raster with a cell size of 5ft.

3.3 Contour processing

Once the DEM has been created the next step in the data processing is to generate contours.  In order to create accurate cartographic contours an automated routine to reduce the noise is run on the DEM.  Two foot contours created from the DEM are reviewed and given an integer contour value. 
3.4 Quality Assurance

All products created under the develop topographic information are carefully reviewed to make sure datasets meet the needs for detailed coastal analysis.  Datasets are organized and stored in Appendix M data capture standards formatting for delivery to FEMA.
3.5 Deliverables

Products delivered under this task order include: 

· ESRI file geodatabase that contains LAS multipoint, LiDAR extent, LAS Information grid, and ESRI terrain.
· 5ft floating point DEM in ESRI grid format
· Hydrologically Corrected DEMs in ESRI grid format.
· ESRI file geodatabase that contains 2ft contours.
· FEMA FGDC compliant terrain metadata record

Data will be uploaded to the MIP at this location: 
J:\FEMA\R10\WASHINGTON_53\KITTITAS_53037\KITTITAS_037C\11-10-0110S\SubmissionUpload\Terrain\2141404\
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