STATEMENT OF WORK 

Grant to Utah Automated Geographic Reference Center for 2016 Multi-Agency LiDAR Acquisition of Utah and Southern Idaho in Support of USGS 3DEP Initiative
June 24th, 2016
1.   Purpose 
The 3DEP program was developed in response to the National Enhanced Elevation Assessment (NEEA) of 2011.  The NEEA study concluded that the 3DEP program could return more than $690 million annually in benefits to the private sector and US citizens at a fully funded and implemented  level.  There is an estimated annual benefit of at least $6 million directly to the State of Idaho alone through the 3DEP program. This initiative requires support from a nationwide community of partners comprised of all levels of government along with private sector companies to complete national high accuracy elevation coverage in eight years.  It also relies on private sector mapping firms for data collection therefore creating jobs with increased funding. The NEEA surveyed, compiled and ranked over 600 business uses supported by LiDAR and other enhanced 3D mapping techniques, all of which not only support the USFWS in land management and conservation activities, but directly benefits local government agencies and private industry as well.  The top uses for high accuracy 3D data are flood risk management,  infrastructure and construction management, natural resource conservation, agriculture and farming, water supply and quality, wildfire management, geologic hazard assessments, forest resource management, river and stream resource management and aviation navigation and safety.  
The State of Utah Automated Geographic Reference Center (AGRC) submitted a multi-agency proposal to the USGS though a Broad Agency Announcement (BAA) and through competitive selection was awarded a Cooperative Agreement from the 3DEP program.  The Cooperative Agreement awards roughly 50% funding of the total cost for the selected project.  By contributing to this multi-agency 3 DEP acquisition collaborative, the USFWS is eligible to offset our cost by approximately 35%.  This statement of work describes what the USFWS would receive in return for awarding a grant in the amount of $32,759 to the AGRC in support of this LiDAR acquisition project.  By contributing to this project the USFWS is not only furthering the mission of the Service but directly supporting an immeasurable amount of benefit, both economically and scientifically, to the American public.  Furthermore, this project requires all data produced be open and accessible without restriction to any organization or member of the public, meeting several Departmental and Executive Policies including: E-Gov Act, CSDGM (EO 12906), Digital Government Strategy, Open Data Policy, and more.    
2.   ABBREVIATIONS
1. 3DEP
3 Dimensional Elevation Program

2. AGRC
Automated Geographic Reference Center

3. AOI
Area Of Interest

4. CORS
Continuously Operating Reference Station

5. DEM
Digital Elevation Model

6. FOV
Field of View

7. FWS          U.S. Fish & Wildlife Service
8. GIS
Geographic Information System

9. GPS
Global Positioning System

10. LiDAR
Light Detection and Ranging

11. NEEA
National Enhanced Elevation Assessment
12. NGTOC
National Geospatial Technical Operations Center

13. NMAS
National Map Accuracy Standards

14. NWR
National Wildlife Refuge

15. OPUS
Online Positioning User System (National Geodetic Survey)

16. RTK
Real Time Kinematic GPS technique

17. TIN
Triangular Irregular Network

18. USGS
United State Geological Survey
3.  Project Area and Period of Performance
3.1Project Area

The entire Multi-Agency acquisition area extends from Southern Utah up to South-Central Idaho (see Exhibit A).  The USFWS portion of the acquisition covers Bear Lake and Minidoka National Wildlife Refuges, both in Southern Idaho (see Exhibit B), a total area of interest (AOI) approximately ~89,750 acres (365 Km2) in size. 
1. Bear Lake National Wildlife Refuge consist of the ~41,520 acre (170 Km2) main refuge AOI and the ~6,390 acre (25 Km2) Thomas Fork Unit AOI.  Bear Lake NWR  is comprised mostly of shallow emergent wetland, open water, and interspersed with agricultural fields around the perimeter.  It lies approximately 8 miles South of Montpelier Idaho at an elevation around 6,000 feet. 
2. Minidoka National Wildlife Refuge AOI is approximately ~41,840 acres (170 Km2) and is comprised of open water, wetlands, sagebrush uplands and interspersed with bedrock outcrops.   It lies approximately 13 miles east of Rupert Idaho at an elevation around 4,200 feet.     

3.2  Period of Performance
1. The intent of the project is to collect data at a time when the water in the Refuge’s is at its lowest level and after seasonal burning has taken place to reduce the amount of vegetation.  Specifically, the data should be collected in one of two time periods: 

a. Preferred collection time window: Oct. 1st, 2016 - Nov. 30th, 2016.  This time period is contingent upon the seasonal burning and avoidance of the earliest anticipated snowfall.  Collection must be in agreement with the condition requirements stated in section 4.1.    

b. Alternate collection time window: as soon as possible after the final snowmelt 
2. The AGRC will make every reasonable effort to complete the data collection during the primary time window.  If it becomes necessary to use the alternate time window, the AGRC will coordinate closely with the Project Officer to determine the optimum time.
3. An initial project meeting will be scheduled between the AGRC and the Project Officer to discuss a proposed timeline of the data collection and delivery schedule.

4. Any changes to the specified or agreed upon data collection and delivery schedule shall be reported to the Project Officer immediately.
5. The AGRC shall contact the Project Officer prior to beginning each flight mission.  During data acquisition, the AGRC’s field personnel shall be in daily contact with the appropriate Refuge Staff.

6. Quarterly performance reports will be provided to the Project Officer detailing the progress of the project. Quarterly Reports will be provided until the final data delivery has taken place and been accepted by the Project Officer.

7. Modifications to the above time requirements will be granted to account for factors beyond the AGRC’s control such as weather conditions in the project area, fire shut downs, personnel unavailability, problems with access, or schedule changes requested by the Refuge.  

4.  Data Collection and Accuracy Requirements
The AGRC will furnish all labor, equipment and supplies, except for “Government Furnished Materials/ Information” as listed below in section 9.

4.1. LiDAR Data Collection Requirements
1. The LiDAR data collection area shall cover the chosen areas shown on Exhibit B, and provided to the AGRC in the form of a shape file.  
2. The project will be scheduled so as to coincide with low water level at the Refuges, and should be conducted after seasonal burning has taken place. 
3. Atmospheric: Cloud and fog-free between the aircraft and ground 
4. Ground must be snow free; very light, undrifted snow may be acceptable in special cases, with prior approval. 

5. No unusual inundation or flooding at the time of acquisition.

6. The AGRC shall contact FWS prior to beginning each flight mission and at the conclusion of each flight mission. During data acquisition, the AGRC’s field personnel shall be in daily contact with the FWS Refuge Staff. 
4.2 Accuracy Requirements
1. LiDAR data will meet all specifications for USGS Quality Level 1 products as specified in Lidar Base Specification Version 1.2 (2014).  Refer to that document for all requirements.
5.  Data Standards and Specifications
5.1 Projection and Datum

The project will be referenced to the NAD 83 (2011) / High Accuracy Resolution Network (HARN), Universal Transverse Mercator (UTM) Zone 12N projection.

1. The Horizontal Datum will be North American Datum 1983 / High Accuracy Resolution Network (NAD83(2011) / HARN)

2. Mapping units will be Meters

3. The Vertical Datum will be the North American Vertical Datum 1988 (NAVD88) 

4. The Geoid12B model (or latest released model) will be used.
5.2Ground Control

1 A monumented control network has been established at Bear Lake National Wildlife Refuge.  These points have been published to the OPUS database and should be used for ground control for the portion of collection on and around Bear Lake NWR.

2 Further coordination will be required to discuss the ground control on and around Minidoka NWR.

3 All other surveying required to complete the data collection is the responsibility of the AGRC.

5.3 Specifications
1. All processing shall be carried out with the understanding that all point deliverables are required to be in fully compliant LAS format, v1.4. Data producers are encouraged to review the LAS specification in detail:
http://www.asprs.org/wp-content/uploads/2010/12/LAS_1_4_r13.pdf
2. All collected swaths are to be delivered as part of the “Raw Data Deliverable”. This includes calibration swaths and cross-ties. All collected points are to be delivered. No points are to be deleted from the swath LAS files. This in no way requires or implies that calibration swath data are to be included in product generation. Excepted from this are extraneous data outside of the buffered project area (aircraft turns, transit between the collection area and airport, transit between fill-in areas, etc.). These points may be permanently removed.
3. Classification Consistency: Point classification is to be consistent across the entire project. Noticeable variations in the character, texture, or quality of the classification between tiles, swaths, lifts, or other non-natural divisions will be cause for rejection of the entire deliverable.
4. No points in the Classified LAS deliverable will be assigned Class = 0.  All points not identified as Withheld are to be classified.
5. GIS data (ESRI grids, shapefiles, featureclasses, etc) shall have complete and correct associated projection, metadata, and sidecar files.
6. Tiling Scheme:
a. A single non-overlapped tiling scheme will be established and agreed upon prior to collection. This scheme will be used for all tiled deliverables.

b. Tile size must be an integer multiple of the cell size of raster deliverables.

c. Tiles must be sized using the same units as the coordinate system of the data.

d. Tiled deliverables shall conform to the tiling scheme, without added overlap.

e. Tiled deliverables shall edge-match seamlessly and without gaps in both the 

horizontal and vertical.
6.  Deliverables
All deliverables must be submitted by the end of the performance period.  GIS-specific deliverables will be compatible with ArcGIS version 10.3. Deliverables will consist of:   

6.1 Final Report:
1. Survey report detailing the collection of control and reference points used for calibration and QA/QC.
2. Collection report detailing mission planning and flight logs

3. Processing report detailing calibration, classification and product generation procedures. Including methodology used for breakline collection, hydro-flattening, file formats, file naming schemes and an explanation of delivery layout.
4. QA/QC reports detailing the analysis, accuracy assessment and validation of:

a. The point data (absolute, within swath and between swath)

b. The bare-earth surface (absolute)

c. Other deliverables as appropriate. 

5. See the metadata section in Lidar Base Specification Version 1.2 (2014) for further reference in what the final report shall contain.  
6.2 Metadata 

Descriptive information and all supporting documents will be provided with the data delivery and be fully Federal Geographic Data Committee (FGDC) compliant.  Refer to the USGS Lidar Base Specification Version 1.2 (2014) for a specific list of required metadata and products.  
6.3 Raw Point Cloud
Fully compliant LAS format, v1.4, Point Data Record Format 6, 7, 8, 9, or 10 and shall conform to the following specifications. Data producers are encouraged to review the LAS specification in detail: 
http://www.asprs.org/wp-content/uploads/2010/12/LAS_1_4_r13.pdf 
1. All collected points, fully calibrated, georeferenced, and adjusted to ground, organized and delivered in their original swaths, one file per swath, one swath per file Waveform data are to use external “auxiliary” files with the extension “.wdp” for the storage of waveform packet data. See the LAS v1.4 Specification for additional information. 
2. Georeference information included in LAS header 
3. GPS times are to be recorded as Adjusted GPS Time, at a precision sufficient to allow unique timestamps for each pulse.
4. Intensity values (native radiometric resolution). Including automatic gain control (AGC) values normalized to 16 bit. 

6.4 Classified Point Cloud
Fully compliant LAS format, v1.4, Point Data Record Format 6, 7, 8, 9, or 10 and shall conform to the following specifications. Data producers are encouraged to review the LAS specification in detail: 
http://www.asprs.org/wp-content/uploads/2010/12/LAS_1_4_r13.pdf
1 All project swaths, returns, and collected points, fully calibrated, adjusted to ground, and classified, by tiles. LAS v1.4 deliverables with waveform data are to use external “auxiliary” files with the extension “.wdp” for the storage of waveform packet data. See the LAS v1.4 Specification for additional information. 

2 Georeference information included in LAS header 

3 GPS times are to be recorded as Adjusted GPS Time, at a precision sufficient to allow unique timestamps for each pulse. 

4 Intensity values (native radiometric resolution). Including automatic gain control (AGC) values when applicable.
5 Tiled delivery, without overlap 
6 Classification, as defined below.
	Code/Class 
	Description

	1
	Processed, but unclassified

	2
	Bare earth

	7
	Low noise

	9
	Water

	10
	Ignored ground (near a breakline)

	17
	Bridge decks

	18
	High noise


6.5 Breaklines
All breaklines developed for use in hydro-flattening shall be delivered as an ESRI feature class (PolylineZ or PolygonZ format, as appropriate to the type of feature represented and the methodology used by the data producer). Geodatabase is preferred. 
1 Each feature class will include properly formatted and accurate georeference information in the standard location.  All shapefiles must include the companion .prj file.  
2 Breaklines must use the same coordinate reference system (horizontal and vertical) and units as the LiDAR point delivery. 

6.6 Bare Earth DEM 

1. Bare-earth DEM with hydro-flattening

2. Cell Size no greater than 0.5 meter or 1.6 feet, and no less than the design Nominal Pulse Spacing (NPS). 

3. Delivery in an industry-standard, GIS-compatible, 32-bit floating point raster format.
4. Georeference information shall be included in each raster file 

5. Tiled delivery, without overlap 

6. DEM tiles will show no edge artifacts or mismatch. A quilted appearance in the overall project DEM surface, whether caused by differences in processing quality or character between tiles, swaths, lifts, or other non-natural divisions, will be cause for rejection of the entire DEM deliverable. 
7. Void areas (i.e., areas outside the project boundary but within the tiling scheme) shall be coded using a unique “NODATA” value. This value shall be identified in the appropriate location within the file header, and also within the corresponding metadata file.  
8. A report on the assessed absolute vertical accuracy (NVA and VVA) of the bare-earth surface in accordance with the guidelines set forth in the “Positional Accuracy Standards for Digital Geospatial Data” (American Society for Photogrammetry and Remote Sensing, 2014). 

9. All QA/QC analysis materials and results are to be delivered to the FWS. 

6.7 A Hydro-Enforced, Hydro-conditioned, Hydro-flattened Digital Elevation Model.
1. Similar specifications as the bare earth DEM above, but with culverts, bridges, and other features removed for hydrological and hydraulic modeling.
2. Water Bodies, wide streams and river and other non-tidal water bodies are to be hydro-flattened within the DEM. Hydro-flattening shall be applied to all water impoundments, natural or man-made, that are larger than ~2 acre in area (equivalent to a round pond ~350’ in diameter), to all streams that are nominally wider than 100’, and to all non-tidal boundary waters bordering the project area regardless of size. The methodology used for hydro-flattening is at the discretion of the data producer. For more details refer to USGS Lidar Base Specifications Version 1.2 (USGS, 2014)
3. Hydro-flattened water bodies (lake and ponds) are leveled at a single elevation and streams and rivers are conditioned for continuous downhill flow.

4. All hydro-flattened areas should have pleasing aesthetic appearance.
5. Stream channels should break at road crossings (culvert locations). These 

road fills should not be removed from DEM. However, streams and rivers 

should not break at elevated bridges.

6. Bridges should be removed from DEM. 

7. When the identification of a feature, such as a bridge or culvert, cannot be made reliably, the feature should be regarded as a culvert.  
6.8 Top of Vegetation Canopy Height Model – First Return (Highest Hit) Raster Surface.  
1. Cell size no greater than 0.5 meters and no less than the design Nominal Pulse Spacing (NPS) for QL1 collections.

2. Delivery in an industry-standard, GIS-compatible, 32-bit floating point raster format (ESRI Grid preferred).

3. Georeference information shall be included in each raster file.

4. Tiled delivery, without overlap, using Project Tiling Scheme.

5. DEM tiles will show no edge artifacts or mismatch. A quilted appearance in the overall project DEM surface, whether caused by differences in processing quality or character between tiles, swaths, lifts, or other non-natural divisions, will be cause for rejection of the entire deliverable.
6.9 Intensity Images – 8 bit gray scale, tiled.
0.5 m resolution intensity images in 8-bit grayscale GeoTIFF format
7.  INSPECTION AND ACCEPTANCE
The USGS National Geospatial Technical Operations Center (NGTOC) will ensure that the delivered data products meet the requirements of the USGS NGP Lidar Base Specification Version 1.2 (2014) and The National Map: 3D Elevation Program (3DEP).  Deliverables will not be accepted without acceptance by the USGS NGTOC.
8.  Delivery Specifications:
1. Deliverables will be sent to the Project Officer as follows:


Eric Bergey, Geographer / Data Manager

U.S. Fish & Wildlife Service, LANDS Division, Refuge Information Branch

911 NE 11th Avenue
Portland OR 97232

Digital review files less than 20 mb in size can be e-mailed to Eric_Bergey@fws.gov
2. After final acceptance has been made by the USGS NGTOC, all deliverable data and documentation will be free from restrictions regarding use and distribution. Data and documentation provided under this project plan shall be in the public domain and freely distributable by Federal, State, and local government agencies. 
3. USGS NGTOC provides the accepted LiDAR data to AGRC and for public access (public domain) through the 3DEP View website.
4. Deliverables shall be delivered on USB3 compatible portable hard drives using an uncompressed and unencrypted NTFS file system. Free of malicious code or software.
5. Files may be gzip or zip compressed. Use of compression shall be lossless and uniform across a given data layer.
9.  GOVERNMENT FURNISHED INFORMATION - EQUIPMENT
The FWS will furnish to the AGRC the following items:
1. Full documentation on geodetic control points, including positions, photographs and “to reach” descriptions. FWS strongly recommends that the AGRC use these control points as the physical location for the GPS base stations.

2. Maps and other information as requested by the AGRC pertaining to the project.
3. GIS shape files containing the boundary for the area of interest.  
4. A member of the Refuge staff will be available before and during data collection to show the AGRC the point locations, to identify federal lands, and to help with any access problems.
10.  AVAILABILITY OF THE WORK SITE / SPECIAL CONDITIONS
1. The project area consists of the Bear Lake and Minidoka National Wildlife Refuges administered by the US Fish & Wildlife Service, public lands administered by Bureau of Land Management and Bureau of Reclamation, land administered by the State of Idaho, and private lands. In general there is no restriction on access to FWS and BLM lands, although there may be locked gates, and managers may impose reasonable resource protection requirements.

2. The AGRC will make exceptional efforts to protect private property, and will not enter on private property without permission.  The FWS intends to obtain any necessary access permission, and a Refuge employee will be available to identify allowable access routes.
3. The AGRC will be responsible for complying with any fire-protection requirements, such as spark arrestors, not driving in dry grass, etc.  These items will be specified prior to the data collection.
11.  TECHNICAL COORDINATOR and contacts
1.  The Project Officer will answer any technical questions and provide further information products if required.

Eric Bergey, Geographer / Data Manger

U.S. Fish & Wildlife Service, LANDs Division, Refuge Information Branch

911 NE 11th Avenue
 Portland OR 97232


Phone: (503) 736-4713   FAX: (503) 231-6161


Email:  Eric_Bergey@fws.gov

2.  The AGRC will coordinate with Refuge staff:  

Bear Lake National Wildlife Refuge

Jeremy Jirak, Refuge Manager
322 N 4th St

Montpelier, ID 83254

Phone:  (208) 847-1757
Email: Jeremy_Jirak@fws.gov  

Minidoka National Wildlife Refuge

Jeffery Kruger, Refuge Manager


961 E Minidoka Dam Rd 
Rupert, Idaho 83350
(208) 436-3589

Email: jeffrey_krueger@fws.gov
Administrative Office: 
U.S. Fish & Wildlife Service, Southeast Idaho NWR Complex

4425 Burley Drive, Suite A, 
Chubbuck, ID 83202 

Phone: (208) 237- 6615 Fax: (208) 237-8213
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