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Figure 1: A Historic Real Estate Map of the Washington Navy Yard
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Figure 2: 1903 Map of Washington Navy Yard

Preface

NAVFACENGCOM ORGANIZATION

Base Mapping and Geographic Information System (GIS) are listed as deliverables of the Facilities Planning function in the NAVFAC Products and Services Restructuring Matrix,

http://navfacilitator.navfac.navy.mil/rt/ps_list.xls.

However, various types of mapping themes and GIS development initiatives are being addressed at all levels of NAVFAC's organization and at nearly all of its organizational units. The major initiatives, by organizational unit, are discussed in the following sections.

NAVFAC Headquarters

Role

The NAVFAC Chief Engineer, Dr. Get Moy, is the Proponent for base mapping and GIS development. Dr. Moy is the director of both Planning (PLN) and Engineering (CHENG) Directorates. His role is to provide technical policy for base mapping and GIS development and to coordinate centrally managed funding programs. This Guidelines for Installation Mapping and Geospatial Data, developed as a mapping proponent initiative, addresses Base Map development. Examples of early Real Estate Maps and Base Maps for the Washington Navy Yard are shown in Figures 1 and 2.
Initiatives

Mapping and GIS are also key ingredients of the NAVFAC Intranet, sponsored by the CIO Office, and developed by the Enterprise Intranet Vanguard Team,

http://navfacilitator.navfac.navy.mil/vanguard/.

The Vanguard Team's subgroup on Facilities Information recognized the lack of overall NAVFAC guidance on base mapping and GIS applications and recommended to Dr. Moy that a mapping team be established.

The Mapping Process Team (MPT) was chartered in March 1998 and is composed of representatives from NAVFACHQ, the Engineering Field Divisions/Activities, Engineering Service Center, Public Works Centers and the CADD/GIS Technology Center for Facilities, Infrastructure and Environment. The MPT coordinates Navy mapping standards with the CADD/GIS Technology Center for Facilities, Infrastructure and Environment, and participated in the development of the Tri-Service Guidelines for Installation Mapping and Geospatial Data, published September 1999. The Navy SmartMap program, administered by the MPT, addresses two issues: (1) development of this NAVFACENGCOM Guidelines for Installation Mapping and Geospatial Data and (2) development of a SmartMap web site, as part of the NAVFAC Intranet, to provide maps in digital format to our NAVFACENGCOM corporation and customer activities. The MPT includes the following members:

	
	Team Member
	Organization

	1
	Bobby Bean
	NAWC Patuxent River

	2
	Frank Cole
	Public Works Center Norfolk

	3
	Turner Cole
	NAVFAC Atlantic Division

	4
	Steve Coppedge
	NAVFAC Headquarters

	5
	Ron Darlington
	NAVFAC Pacific Division

	6
	Bruce Cain
	NAVFAC Headquarters

	7
	Rene' Espinoza
	Public Works Center San Diego

	8
	Claude Jones
	NAVFAC Headquarters

	9
	John Mayhew
	NAVFAC Northern Division

	10
	Scott McAvoy
	NAVFAC Southern Division

	11
	Tom Phelps
	NAVFAC Southwest Division

	12
	Paul Pollock
	PWC Pearl Harbor

	13
	Vivian Sanchez
	NAVFAC Southwest Division

	14
	Karol Scott
	NAVFAC ESC

	15
	Teresa Speer
	ICON Consulting Inc.

	16
	Brian VanBockern 
	NAVFAC Southern Division


NITC, ESRI Inc., and ICON Consulting personnel created a proof-of-concept for the NAVFAC MapServer web site located on a NITC server in September 1998. It can be viewed at:

[image: image12.wmf]
Figure 3: Mapping Links to NAVFAC Products and Services
http://navfacilitator.navfac.navy.mil/mapserver/.

The web site will ultimately contain, or link to, Base Maps for all Navy and Marine Corps activities. As maps are prepared in accordance with this guide and the Tri-Service Guidelines for Installation Mapping and Geospatial Data they can be loaded on the server and linked to non-graphic data, also held at NITC. Compliance with these guides will ensure that map files are properly configured for data linking. Initially this will involve linking each facility on a map to its’ respective Navy Facilities Assets Database (NFADB) data record. To accomplish this the MapServer web site will be closely coordinated with the Navy Shore Installations (NSI) Home Page that contains NFADB data in Oracle client-server format. The MapServer web site long-term vision is to link to all Base Maps held on regional servers developed to support Navy Regionalization initiatives. This will better support Base Map utilization in Navy business-line functions conducted regionally across multiple installations.

Several Directorates within NAVFAC Headquarters are developing mapping and GIS applications, as shown in Figure 3. These may be linked to the MapServer web site. These applications include:

· Base Realignment and Closure Office: maps of BRAC sites containing Base Maps, aerial photographs, redevelopment plans and other graphic and textual data.

· Environmental Program Office: maps containing Natural Resource and Wetlands themes and other coverages.

· Planning Program Office: AICUZ maps of training ranges.

· Real Estate: maps of property and parcel boundaries; land use controls; records of formerly owned sites.

POCs

	
	Headquarters Office - Initiative
	Point of Contact 
	E-mail address

	1
	Chief Information Officer - GIS standards
	Jim J. Carberry
	Carberryjj@navfac.navy.mil

	2
	Planning - Mapping, RSIP-Link
	Bruce Cain
	Cainbs@navfac.navy.mil

	3
	Planning - Range Planning web site
	Sherrill A. Gardner
	Gardnersa@navfac.navy.mil

	4
	Environmental Office - Environmental web site
	Joseph E. Hautzenroder
	Hautzenroderje@navfac.navy.mil

	5
	Real Estate Office - Real Estate maps
	Claude E. Jones
	Jonesce@navfac.navy.mil

	6
	BRAC Office - BRAC web site
	Anthony F. Joyce
	Joyceaf@navfac.navy.mil

	7
	Chief Engineer - Mapping and GIS proponent
	Dr. Get W. Moy
	Moygw@navfac.navy.mil


Engineering Field Divisions and Engineering Field Activities

Role

The EFDs and EFAs are the production units of the NAVFACENGCOM corporation. As such, they provide technical expertise and contracting services for the preparation of Base Maps and GIS products for all Navy activities and Regional Commanders. The preparation of Base Maps and related maps based on aerial photogrammetry is accomplished by A/E contract. Several EFDs and EFAs have indefinite quantity contracts with mapping firms to provide this service. The standard statement of work included in Appendix H of this guide and in the CADD/GIS Technology Center Guidelines for Installation Mapping and Geospatial Data should be used for these contracting efforts.

Initiatives

Several EFD/EFAs have on-going initiatives involving base mapping and GIS development. These include:

Atlantic Division

Atlantic Division Planning is examining the business processes involved in preparing and maintaining Base Maps in the Hampton Roads region. A regional mapping team has been formed under the Commander Mid-Atlantic Region. LANTDIV is also incorporating RSIP technology into their Northeast Regional Waterfront Plan that is being started this summer.

Southern Division

Southern Division is currently working the Southeast Regional Aviation and Waterfront RSIPs. They are also continuing to support the RTC Great Lakes Recapitalization Plan and a large scale comprehensive airfield GIS for CNET. SOUTHDIV Environmental Department is supporting CNET's efforts to build a claimant-wide GIS that will use web-based distribution. SOUTHDIV continues to accomplish a significant portion of its GIS/Mapping work through in-house efforts in order to maintain a high degree of expertise.

Southwest Division

Southwest Division planners have established the first phase of the RSIP-Link for the San Diego region. They will also examine the business processes involved with base mapping in the San Diego region as a parallel effort to that being done at LANTDIV. These two efforts will come together to produce a unified business process for Navy mapping that will be expressed as an addendum to this document.

Pacific Division

Pacific Division is expanding the Pearl Harbor RSIP-Link that was initiated in FY98 to cover the entire island of Oahu. They plan to develop similar RSIP-Links to support the regional planning work for Guam and the Kanto Plain Region in Japan.

POCs

	
	EFD/EFA – Initiative
	Point of Contact
	E-mail Address

	1
	EFD North
	John Mayhew
	Jsmayhew@efdnorth.navfac.navy.mil

	2
	EFA Chesapeake - base mapping
	Ray Chilton
	ChiltonRC@efaches.navfac.navy.mil

	3
	EFD Atlantic - base mapping
	Turner Cole
	ColeTF@efdlant.navfac.navy.mil

	4
	EFD South - base mapping
	Brian Vanbockern
	VanbockhernB@efdsouth.navfac.navy.mil

	5
	EFD South - environmental
	Scott McAvoy
	McAvoyWS@efdsouth.navfac.navy.mil

	6
	EFD Southwest
	Vivian Sanchez
	SanchezVY@efdsw.navfac.navy.mil

	7
	EFA West
	Bob Elliott
	Eelliott@efawest.navfac.navy.mil

	8
	EFA Northwest
	Carole Slade
	SladeCA@efanw.navfac.navy.mil

	9
	EFD Pacific
	Ron Darlington
	DarlingtonRL@efdpac.navfac.navy.mil


Public Works Centers

Role

Several PWCs also have the capability to provide technical expertise and contracting services for the preparation of Base Maps and GIS products. Most have expertise in mapping of utilities.

Initiatives

PWC Pearl Harbor

Engineering Systems, Code 410, is a division of the Design and Engineering Services Department at PWC Pearl Harbor, and is the center’s lead for CAD, GIS and base mapping services. They are currently funded by the Commander Navy Region Hawaii (CNRH) Regional Facilities Office to develop a companion facilities management tool to RSIP-Link for all CNRH assets on the island of Oahu. The components of the tool include:

· Basemap viewing and distribution

· Link to work order databases (MAXIMO) used for geographic reporting and spatial analysis

· Utilities distribution systems - display and analysis

· Preventative maintenance program - reporting and management tools

· Facilities management metadata tools

The tool is client/server LAN and Intranet capable, utilizing ESRI products (MapObjects, MapObjects IMS, ArcView, ArcInfo) linked to Oracle databases. Currently a LAN based MapObjects viewer is operational, linked to the Pearl Harbor area. The timeline for completion of the features noted above is September 1999.

PWC Yokosuka, Japan

PWC Yokosuka has developed a GIS facilities management application that includes all of the Navy activities in the vicinity of Yokosuka. The program is being expanded to include the remaining Navy activities in the Kanto Plain region of Japan.

POCs

	
	PWC – Initiative
	Point of Contact 
	E-mail address

	1
	PWC Norfolk
	Frank Cole
	Fcole@pwcnorva.navy.mil

	2
	PWC Jacksonville
	See SOUTHDIV
	

	3
	PWC Pensacola
	See SOUTHDIV
	

	4
	PWC Great Lakes
	See SOUTHDIV
	

	5
	PWC San Diego
	Todd Glimme
	GlimmeTS@pwcsd.navy.mil

	6
	PWC Pearl Harbor
	Paul Pollock
	PollockPA@PWCPearl.navy.mil

	7
	PWC Guam
	
	

	8
	PWC Yokosuka
	Ayman El-Swaify
	ElSwaifyA@pwcyoko.navy.mil


Mapping Requirements and Funding

Requirements

OPNAV Instruction 11000.16A defines the requirements and methodology for regional planning in the Navy, and states the basic requirement for Base Mapping of Navy activities. The Specific Planning Requirements section states that "Geo-spatial information from automated information systems containing all necessary planning and mapping information required to support land and facilities planning at the building, activity and regional levels shall be used in the plan." The instruction sets requirements for "Regional Commanders / Area Coordinators and Commanding Officers of stand-alone activities" to "Maintain current electronic base maps and building floor plans."

Funding

The instruction defines funding responsibilities and tasks CNO to "Assist Installation Major Claimants (IMCs) in funding those plans with the highest potential for long term savings for the Navy. CNO funding shall be for the analysis of data and development of plans and alternatives that encompass the region as a whole." This shared funding policy is flexible as to the percentage of the regional plan that is funded by CNO and the IMC. Conversely, the IMCs are tasked with "funding the collection and maintenance of data that shall provide the baseline of information for the development of the regional plan." This has been interpreted to include any Base Mapping creation or updates needed to support the regional plan.

Cost Estimates

Cost estimates for the preparation of Base Maps and GIS initiatives can be obtained from either the EFD/EFA or PWC responsible for the activity in question.
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Figure 4: Detail of Mare Island Naval ComplexBase Map Showing Contour Lines.

Section 1:

INTRODUCTION

1.1. Base Map Definition

A map on which information can be placed for comparison or for geographic correlation. The term Base Map was at one time applied to a class of maps now known as outline maps. It may be applied to topographic maps that are used in the construction of many special types of maps by adding particular data.

1.2. General

Individual installation maps have specific names, show specific information and are created by unique combinations of basic information components. Two of these map products, showing the installation as it exists, and as it is proposed in the future, are called Base Maps, and General Development Maps (GDMs). For the purpose of this guide the term “Base Maps” will be used to describe both historically produced and GIS maps. The specific quantity and types of Base Maps required for an installation depends upon its individual features, conditions, and requirements. An example of a Base Map is shown in Figure 4.

1.3. Objective

The objective of this guide is to define the Base Map data requirements as envisioned by NAVFAC. The guidance is aligned with the National geospatial data framework.
 It will set a common baseline that will ensure the widest utility of digital Base Maps for users and customers through enhanced data sharing and the reduction of redundant data production. The guide will provide a foundation on which to collect, register, and integrate digital geospatial information accurately.

This guide is intended to assist with configuring digital Base Maps so as to facilitate the interchange of digital data with other automated programs that access maps as envisioned by the Integrated Facilities Management Information (IFMI) Clearinghouse. Because of rapidly changing technologies in the geospatial sciences, this guide covers a range of specification issues, many in general terms. The guide stresses complete and accurate reporting of information relating to quality control and standards employed in testing Base Map data.

1.4. Scope

This guide describes processing, accuracy, reporting, and applications considerations for digital Base Maps. This guide is classified as a Data Content Standard by the Federal Geographic Data Committee Standards Reference Model. Data content standards provide semantic definitions of a set of objects, such as those described above.

1.5. Relationship to Existing Standards

Many organizations and agencies have undertaken the responsibility for investigating, developing and adopting data standards. The CADD/GIS Technology Center for Facilities, Infrastructure and Environment recently published the CADD/GIS Technology Center Guidelines to provide procedures and standards for the development of installation maps within the Department of Defense (DoD). This Naval Facilities Engineering Command (NAVFACENGCOM) Guidelines for Installation Mapping and Geospatial Data is intended to support the CADD/GIS Technology Center Guidelines with Navy specific information. It will conform to recognized and adopted standards and will identify specific features of each standard that have direct impact on Navy Base Maps.

Throughout this guide, there are numerous references to the following standards:

1. Federal Geographic Data Committee "Content Standard for Digital Geospatial Metadata" (FGDC, 1994).

2. Tri-Service Spatial Data Standard (TSSDS) is used as the geospatial data standard (Release 1.9, April 1999).

3. The Spatial Data Transfer Standards (Dept. of Commerce, 1992).

4. 
Office of Management and Budget (OMB) "United States National Map Accuracy Standards" (Bureau of the Budget, 1947).

5. Photogrammetry for Highways Commit​tee "Reference Guide Outline: Specifications for Aer​ial Surveys and Mapping by Photogrammetric Methods for Highways" (Photogrammetry for High​ways Committee, 1968).

6. U.S. Department of Transportation (DOT) "Surveying and Mapping Manual" (Miller, 1985).

7. American Society for Photogrammetry and Remote Sensing (ASPRS) "ASPRS Accuracy Standards for Large-Scale Maps" (ASPRS, 1990).

8. U.S. National Cartographic Standards for Spatial Accuracy (publisher, year).

9. The FGDC National Standard for Spatial Data Accuracy (FGDC, 1996).

1.6. Guide Preparation Background

This guide was prepared by the NAVFAC Mapping Process Team which was formed at the recommendation of the NAVFAC Vanguard Project Facilities Information Team. The Vanguard Project established the NAVFAC Intranet and was sponsored by the NAVFAC Chief Information Officer.
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Figure 5: A Portion of the Installation Map for the Annapolis Naval Academy Used to Show Building Locations.


Section 2:
NAVFAC ACCURACY REQUIREMENTS

2.1. Description of Base Map Products
Computers are used to develop, maintain and produce maps. These systems, whether GIS or CADD, support the mapping of features, themes and layers of objects that, when properly aligned (“georeferenced”), provide accurate geospatial information. Specific combinations of features/themes/layers make up each map. The results, when annotated and output, are called map products.

The following paragraphs provide a synopsis of map products that are commonly used by Navy installations in support of a variety of planning, environmental, cultural, engineering, and operational business processes.

2.1.1. Base Map

The purpose of the Base Map is to print or display a sector or quadrant of an installation and to show all existing facilities
 and features exclusive of utilities and vegetation. The Base Map is prepared at a scale of 1”=100’, (1:1,000) or at the nearest rounded scale
 that clearly delineates the required information. When a series of Base Maps must be prepared to cover an installation's area, the sectionalized maps should be preceded by an Installation Map that depicts the entire installation on a single sheet. A key map to the sectionalized maps is reproduced in the legend panel map on each individual sheet.

Note that although a printed Base Map may illustrate a sector or quadrant of an installation, it is prepared from a collection of electronic files that each include the entire installation. For example, the Installation boundary would be included in one electronic file but could be represented on many printed sector or quadrant sheets. The practice of "tiling" maps by preparing individual electronic files for each sector or quadrant is not recommended. 

The Base Map(s) contains the following features:

10. Monuments, installation boundary and description.

11. Buildings, building numbers, and names of principal buildings.

12. Structures (such as bridges or retaining walls) not identified by a building number (identified by name or symbol).

13. Road locations and names, parking areas, hardstand areas, major walkway systems, and trails.

14. Rail lines and their names.

15. Fences and walls including the location of all gates and access points.

16. Golf courses.

17. Cemeteries.

18. Hydrographic features, including streams, coastlines, and established pier head lines on navigable waterways.

19. Applicable State Plane Grid or Universal Transverse Mercator Grid, labeled and shown outside map trim lines.

20. Embankments.

21. Underground and aboveground tanks.

22. Spot elevations.

23. Contours.

24. Outdoor recreation facilities (tennis courts, basketball courts, etc.).

See Appendix A for an example of the Pearl Harbor Base Map.

2.1.2. Installation Map

The Installation Map is prepared using features created for the Base Map at a scale appropriate to print the entire contiguous installation
 on a single sheet. The Installation Map may also be represented electronically in a manner that displays the complete contiguous installation in one screen view. Certain elements such as patterns and text may need to be enlarged to maintain readability at this smaller scale, or conversely, not included to improve clarity. The Base Map(s) are reduced to fill the entire sheet and modified as needed to achieve the proper printed line weights or screen image. A small​ scale key map, normally at 1:25,000, showing the relative location of other installations and major cities is located in the legend panel.

See Figure 5 and Appendix B for examples of Installation Maps.

2.1.3. General Development Map (GDM)

The GDM is primarily prepared to illustrate and track how the installation will be developed in the future. An example is shown in Figure 6. It is a direct reflection of the various proposed development plans for the activity. To accomplish this, the existing buildings, structures, roads and other man-made features are delineated by printed line font or computer screen line font or color to indicate the following:

25. Building or structure construction type (temporary, semi-permanent, permanent)

26. Features to be retained

27. Features to be demolished

28. Features to be constructed

[image: image5.png]



Figure 6: Detail of Capital Improvements Plan for NAVSTA Mobile which Overlays the General Development Map with MILCON Project Numbers.
The building structure type may be shown by weighted line fonts with the thinnest illustrating Temporary buildings and the thickest illustrating Permanent buildings. A color gradient or color fill may also be used for electronic display. Features to be demolished may be shown by a dashed line font or color. Features to be constructed, including roads and paved areas, are normally shown with a wide or double line font or contrasting color. In place of building numbers, MILCON or Minor Construction Project numbers are shown for future buildings. Where appropriate, a GDM may also indicate ship berthing locations, aircraft parking plans, training ranges or other operational features. Physical planning criteria including Explosives Safety Arcs, runway clear zones and electromagnetic radiation zones may also be shown.

The GDM is the most dynamic of this map series, as map updates are required not only when new features are constructed, but also when changes are made to the development plans and other information included on the GDM. Many activities are not able to support this high level of map maintenance and have allowed their GDMs to become obsolete. However, activities who are realizing the command-wide benefits of a GIS system understand the value of maintaining an accurate GDM and perform updates in a timely coordinated manner.

The GDM is normally prepared at the same scale as the Base Map and for the same sectors or quadrants. As an alternative or addition, the GDM may be prepared at the same scale and level of detail as the Development Area Map. This may be used when considerable changes are planned for a highly developed portion of the installation.

2.1.4. Development Area Map

For installations with areas of concentrated development, a sep​arate Development Area Map is prepared, using the Base Map as its base. Two examples are shown in Figures 7 and 8. The scale varies based on the size of the area depicted. A rounded scale is again recommended. A key map indicating the entire installation and the location of the area depicted is included. This map product shows the same information required on the Base Map but in greater detail. Additional detail such as paving patterns, curbs, landscaping and hardscaping may be shown.
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Figure 7: A Development Area Map for Naval Station Everett with Pedestrian Transportation Information Overlain.
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Figure 8: A Development Area Map with Landscaping Information Overlain.

2.1.5 Base Maps for the NAVFAC Intranet Map Server

The Base Maps published on the NAVFAC Intranet Map Server will be a subset of the map products. Table 1 is a list of features (based on the Tri-Service Spatial Data Standard) that will be included in the Navy Base Maps that are posted on the Intranet Map Server. The web site is shown in Figure 9. Table 1 also shows an example based on the Pearl Harbor Regional Base Map. The Pearl Harbor Regional Base Map is representative of the Navy Base Maps at many installations. Pearl’s Base Map includes the majority of features listed in the table. There are also a few features that are identified with an asterisk ‘*’ which are unique to Pearl but are important in presenting a complete Base Map of the region. Appendix D provides a diagram that illustrates the requirement to extract data from multiple overlays to compile the NAVFAC Base Map.

Map views are necessary to enable the map server software to automatically turn on features as the user zooms into a portion of the Base Map. The table identifies four (4) views for the typical installation. The first view is a Zoom 1 scale Base Map. This is the first image that the typical user will see when accessing Base Maps over the Intranet. The subsequent views (Zooms 2, 3, and 4) contain more detail. As the user zooms in and crosses from one view to the next the additional features will be turned on automatically. This requirement is necessary to improve the overall performance of the Map Server and access to the Base Maps over the Intranet. These features are used by the RSIP-Link web tool, developed by PACDIV, to display Regional Shore Infrastructure Planning data. The web site uses ESRI Inc. ArcView IMS software to selectively turn on and off layers of data depending upon the degree of magnification. An example is shown in Figure 10.

Figure 9: The NAVFAC Intranet Map Server Screen
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Figure 10:. The Pearl Harbor Base Map Incorporated into the RSIP-Link Web Site with Planning Data Overlays.

Table 1: Map View Features

	Layer Name
	TSSDS
	Pearl Harbor Example
	Zoom 1
	Zoom 2
	Zoom 3
	Zoom 4

	Boundary
	
	
	
	
	
	

	Bdjurpol
	political_jurisdiction_area
	
	
	
	
	

	Buildings
	
	
	
	
	
	

	bggencnpab
	bggen_canopy_pavilion_b
	
	
	
	
	

	bggenshedb
	bggen_shed_b
	
	
	
	
	

	bggenslb
	bggen_slab_b
	x
	
	
	x
	x

	bggenstrpb
	bggen_structure_permanent_b
	x
	
	x
	x
	x

	bggenstrpt
	bggen_structure_permanent_t
	x
	
	
	
	x

	bggenfnd
	bggen_foundation_l
	
	
	
	
	

	bggentwrcb
	bggen_tower_control_b
	
	
	
	
	

	Cadastre
	
	
	
	
	
	

	cddodinddb
	cddod_installation_area_b
	
	
	
	
	

	cddodinddt
	cddod_installation_area_t
	
	
	
	
	

	Common
	
	
	
	
	
	

	cmgrdspgal
	cmgrd_state_plane_grid_line_l
	
	
	
	
	

	cmgrdutmal
	cmgrd_utm_grid_line_l
	
	
	
	
	

	Environmental Hazard
	
	
	
	
	
	

	ehtnkfrmaa
	ehtnk_reg_storage_tank_farm_a
	x
	
	
	
	x

	ehtnkfrmab
	ehtnk_reg_storage_tank_farm_b
	x
	
	x
	x
	x

	Hydrography
	
	
	
	
	
	

	hycznshr
	hyczn_shoreline_mean_high_l
	
	
	
	
	

	hysurditaa
	hysur_ditch_aqueduct_a
	x
	
	
	
	x

	hysurditat
	hysur_ditch_aqueduct_t
	
	
	
	
	

	hysurdital
	hysur_ditch_aqueduct_l
	x
	
	
	x
	x

	hysurwbdpb
	hysur_water_body_permanent_b
	x
	x
	x
	x
	x

	hysurwbdpl *
	Not in standard (water boundary)
	x
	x
	x
	x
	x

	hysurwcspb
	hysur_water_course_permanent_b
	
	
	
	
	

	hysurwcspt
	hysur_water_course_permanent_t
	
	
	
	
	

	Improvement
	
	
	
	
	
	

	imathareaa
	imath_athletic_field_a
	x
	
	
	
	x

	imathareab
	imath_athletic_field_b
	x
	
	
	
	x

	imathcrtaa
	imath_athletic_court_a
	x
	
	
	
	x

	imathcrtab
	imath_athletic_court_b
	x
	
	
	
	x

	imathgfgaa
	imath_golf_tee_green_a
	x
	
	
	
	x

	imathgfgab
	imath_golf_tee_green_b
	x
	
	
	x
	x

	imathgffab
	imath_golf_course_fairway_b
	x
	x
	x
	x
	x

	imathpolsa
	imath_swimming_pool_a
	x
	
	
	
	x

	imathpolsb
	imath_swimming_pool_b
	x
	
	
	x
	x

	imrecplyab
	imrec_playground_b
	x
	
	
	x
	x

	imrecfetrb
	im_outdoor_recreation_b
	x
	
	
	x
	x

	imeroreval
	imero_revetment_b
	x
	
	
	x
	x

	imgendrgul
	Not in standard (gutter)
	x
	
	
	
	x

	imgenfenal
	imgen_fence_l
	x
	
	
	x
	x

	imgengetfp
	imgen_flagpole_p
	x
	
	
	
	x

	imgengetsp
	imgen_sign_p
	x
	
	
	
	x

	imgensmkap
	imgen_smokestack_chimney_p
	x
	
	
	
	x

	imgenunaab *
	Not in standard (undefined object)
	x
	
	
	
	x

	imgengatap
	imgen_gate_p
	
	
	
	x
	

	imgenwalal
	imgen_wall_l
	x
	
	
	
	x

	Imgenwdskp *
	Not in standard
	x
	
	
	
	x

	Land Status
	
	
	
	
	
	

	lscndcemab
	lscnd_cemetery_b
	
	
	
	
	

	Transportation
	
	
	
	
	
	

	trairaclrl
	trair_runway_centerline_l
	x
	
	x
	x
	x

	trairsfchb
	trair_helipad_b
	x
	
	
	x
	x

	Transportation (cont)
	
	
	
	
	
	

	trairsfcob
	trair_shoulder_overrun_b
	x
	x
	x
	x
	x

	trairsfcra
	trair_runway_a
	x
	
	
	
	x

	trairsfcrb
	trair_runway_b
	x
	x
	x
	x
	x

	trairsfcta
	trair_taxiway_a
	x
	
	
	
	x

	trairsfctb
	trair_taxiway_b
	x
	x
	x
	x
	x

	traflaflab
	trafl_airfield_b
	
	
	
	
	

	trpedbrgab
	trped_footbridge_active_b
	x
	
	
	
	x

	trpedwlkab
	trped_sidewalk_active_b
	x
	
	
	
	x

	trpedwlkcb *
	Not in standard (covered walkway)
	x
	
	
	
	x

	trpedtrlaa
	trped_trail_pedestrian_active_a
	x
	
	
	
	x

	trpedtrlal
	trped_trail_pedestrian_active_l
	x
	
	
	
	x

	trhrbdockb *
	Not in standard (dock)
	x
	x
	x
	x
	x

	trhrbdryab
	trhrb_drydock_b
	x
	
	
	x
	x

	trhrbmorpa
	trhrb_pier_a
	x
	
	
	
	x

	trhrbmorpb
	trhrb_pier_b
	x
	
	x
	x
	x

	trhrbmorwb
	trhrb_wharf_b
	
	
	
	
	

	trrrdrlcal
	trrrd_railroad_c_line_active_l
	x
	
	x
	x
	x

	trrrdrrsab
	trrrd_railroad_active_b
	
	
	
	
	

	trrrdbrgab
	trrrd_railroad_bridge_b
	
	
	
	
	

	trvehbrgab
	trveh_bridge_b
	x
	x
	x
	x
	x

	trvehdrvpa
	trveh_driveway_paved_a
	x
	
	
	
	x

	trvehdrvpb
	trveh_driveway_paved_b
	x
	
	
	x
	x

	trvehprkpa
	trveh_parking_lot_paved_a
	x
	
	
	
	x

	trvehprkpb
	trveh_parking_lot_paved_b
	x
	
	x
	x
	x

	trvehprkub
	trveh_parking_lot_unpaved_b
	x
	
	
	
	x

	trvehrdspb
	trveh_road_paved_b
	x
	x
	x
	x
	x

	Trvehrdspt
	trveh_road_paved_t
	x
	
	
	
	x

	Trvehrdsub
	trveh_road_unpaved_b
	x
	x
	x
	x
	x

	Trvehrdsut
	trveh_road_unpaved_t
	
	
	
	
	

	Trvehbrgcb *
	Not in standard (bridge curb)
	x
	
	
	
	x


2.2. Inventory of Base Maps

Installation Base Maps must be inventoried prior to loading them on the NAVFAC Intranet Map Server to insure that they meet the minimum feature definition and accuracy requirements presented in this report. The inventory procedure is outlined in the following steps:

29. When received each map file should be carefully documented. Documentation should be based on the FGDC metadata standards and should include the Installation name, location, file names, file formats and media that the files were received on (diskette, cdrom, etc.).

30. Create a separate directory for each installation to be inventoried.

31. Load the files into the appropriate directory(ies).

32. Open the first file. The software to be used will depend on the file format (ie. AutoCad (.dwg), MicroStation (.dgn), ArcView (.shp)).

33. Determine whether the installation maps are in a single file or in multiple, tiled files. If the maps are tiled all files for the installation should be referenced to view the entire installation. Procedures for referencing the files will vary depending on the file format and software used for viewing the files.

34. Create a list of layer names for each file.

35. View each layer separately to identify the features on each layer.

36. Compare the file and layer names to the master spreadsheet. The features required for the NAVFAC Base Map may be in separate files. By comparing the files and layer names to a master spreadsheet, the necessary features can be identified.

A portion of the master spreadsheet is shown in Table 2. A blank master spreadsheet may be found in Appendix F. A sample spreadsheet, representing the Patuxent River Naval Air Station Base Map, may also be found in Appendix F.

37. Compare each file’s layer names and features to the TSSDS. This will assure uniformity and compliance to the TSSDS. All discrepancies should be documented.

38. Use the master spreadsheet to create a spreadsheet for each installation, showing file, layer, and feature names. The spreadsheet will also be used to identify which features should be displayed at common map scales.

39. Create a PowerPoint slide for each installation. The slide should show a map of the installation and a list of the layers displayed to compile the map. The slide should also list which layers are associated with each entity set, according to the TSSDS.

A sample slide, representing the Patuxent River Naval Air Station Base Map, may be found in Appendix E.

40. Create an assessment report for the installation maps. Discrepancies between file and layer names, as compared to the TSSDS, should be documented and forwarded to the appropriate installation. Recommendations for corrective action should also be included in the assessment report.

Table 2: Portion of the Master Spreadsheet

	Installation Name: [enter name here]

	TSSDS
	Inst.Name

	TSSDS Entity Name
	TSSDS Layer Name
	TSSDS Level Number
	Layer Name/
Level Number
	File Name
	Zoom 1
	Zoom 2
	Zoom 3
	Zoom 4

	
	Boundary
	Boundary
	Boundary
	
	
	
	
	

	Political_jurisdiction_area
	bdjurpol
	3
	
	
	
	
	
	

	
	Buildings
	Buildings
	Buildings
	
	
	
	
	

	bggen_canopy_pavilion_b
	bggencnpab
	22
	
	
	
	
	
	

	bggen_shed_b
	bggenshedb
	25
	
	
	
	
	x
	x

	bggen_slab_b
	bggenslb
	36
	
	
	
	
	
	

	bggen_structure_permanent_b
	bggenstrpb
	1
	
	
	
	x
	x
	x

	bggen_structure_permanent_t
	bggenstrpt
	3
	
	
	
	
	
	x

	bggen_foundation_l
	bggenfnd
	39
	
	
	
	
	
	

	bggen_tower_control_b
	bggentwrcb
	32
	
	
	
	
	
	


2.3. Background for the Development of NAVFAC Accuracy Standards

There are five generally recognized industry standards that can be used for specifying spatial mapping products and resultant accuracy compliance criteria:

41. American Society for Photogrammetry and Remote Sensing (ASPRS) "ASPRS Accuracy Standards for Large-Scale Maps" (ASPRS, 1990);

42. Office of Management and Budget (OMB) "United States National Map Accuracy Standards" (Bureau of the Budget, 1947);

43. U.S. Department of Transportation (DOT) "Surveying and Mapping Manual" (Miller, 1985);

44. Photogrammetry for Highways Commit​tee "Reference Guide Outline: Specifications for Aerial Surveys and Mapping by Photogrammetric Methods for Highways" (Photogrammetry for Highways Committee, 1968);

45. U.S. National Cartographic Standards for Spatial Accuracy.

Each of these standards has application to different types of functional products, ranging from wide-area small-scale mapping (OMB National Map Accuracy Standards) to large-scale engineering design (ASPRS Accuracy Standards for Large-Scale Maps). Their resultant accuracy criteria (i.e., spatial errors in X-Y-Z), including quality control compliance procedures, do not differ significantly from one another. In general, use of any of these standards for a photogrammetric mapping contract will result in a quality product.

2.3.1. Application of Standards

The objective of these photogrammetric (base mapping) standards is two-fold:

46. To help assure that the topographic map accuracy standards will be met during the production process.

47. To help assure that contractual deliverables other than maps, such as aerial photographs, ground control, etc., will possess quality of the re​quired degree.

2.3.2. Baseline Map Accuracy

ASPRS has defined the three map accuracy classes shown below. The classes are defined as:

· Class 1: maps are the most accurate

· Class 2: maps have twice the error as Class 1

· Class 3: have thrice the error of Class 1

The NAVFAC Mapping Process Team has evaluated existing Base Map accuracy at the following installations to determine the baseline accuracy for the Navy:

	Dahlgren
	Class One at 50’

	Pax River
	Class One at 40’

	Port Hueneme
	Class One at 100’

	Pearl Harbor
	Class One at 100’

	Rota Spain
	Class One at 50’

	Charleston
	Class One at 100’


Based on an initial assessment of Navy Base maps, the minimum map accuracy necessary to achieve an “A” rating is Class One at 1”=100’ (a one foot positional accuracy at 1”=100’).

2.3.3. ASPRS Horizontal Accuracy Criteria

Horizontal map accuracy is defined as the root mean square (RMS) error in terms of the project’s planimetric survey coordinates (X,Y) for checked points as determined at full (ground) scale of the map. The RMS error is the cumulative result of all errors including those introduced by processes of ground control surveys, map compilation, and final extraction of ground dimensions from the map. The limiting RMS errors are the maximum permissible RMS errors established by this standard. These are shown in Table 3.

Table 3: RMS Error for Typical Map Scales

	Planimetric Feature Coordinate Accuracy Requirement (Ground X or Y in Feet) for Well-Defined Points

	Target Map Scale (1"=x')
	Limiting RMS Error in X or Y

	
	Ratio (ft:ft)
	Class1
	Class 2
	Class 3

	5
	1:60
	0.05
	0.10
	0.15

	10
	1:120
	0.10
	0.20
	0.30

	20
	1:240
	0.2
	0.4
	0.6

	30
	1:360
	0.3
	0.6
	0.9

	40
	1:480
	0.4
	0.8
	1.2

	50
	1:600
	0.5
	1.0
	1.5

	60
	1:720
	0.6
	1.2
	1.8

	100
	1:1,200
	1.0
	2.0
	3.0

	200
	1:2,400
	2.0
	4.0
	6.0

	400
	1:4,800
	4.0
	8.0
	12.0

	500
	1:6,000
	5.0
	10.0
	15.0

	800
	1:9,600
	8.0
	16.0
	24.0

	1000
	1:12,000
	10.0
	20.0
	30.0

	1667
	1:20,000
	16.7
	33.3
	50.0


Key:

Green = Ground Survey Methods Required

Blue (Bold) = Limits of Aerial Photography

Red (Italics) = Limits of Satellite Imagery

Source: Tri-Service Guidelines for Installation Mapping and Geospatial Data
2.3.4. Map Accuracy Challenge: “Identification”

The most difficult challenge for NAVFAC is to identify the accuracy of existing Base Maps. This process begins by collecting samples of Base Maps from each installation and copies of the original contract specification used to acquire the Base Maps. If the original contract specification is not available the investigation can still proceed but will require additional time to determine the map accuracy. The next steps include the identification of a few selected features whose coordinate values can be accurately measured from the Base Map and field surveyed on the ground.

The following steps present the identification and investigation process required to determine map accuracy:

48. Review original contract specification to determine scale of mapping and if noted the RMS error.

If the original contract specification is not available, the following additional steps must be taken:

49. Obtain copy of Base Map.

50. Identify at least 20 well-defined features that can be sharply identified as discrete points.

51. Obtain map coordinates for the 20 features.

52. Obtain survey coordinates for the 20 features.

53. Calculate the X and Y discrepancy.

54. Calculate the RMS error.

55. Find the map scale (Row) on the table above.

56. Find the RMS error (Column) on the table above.

57. [image: image14.wmf]The intersection of the map scale row and RMS error column identifies the Map Class.

For example: Based on the contract specifications, Patuxent River Naval Air Station Base Maps were compiled at a scale of 1”=40’ with a RMS error of .40. This translates into a Base Map accuracy equal to Class 1 at 1”=40’.

[image: image15.wmf]2.3.5. Base Map Accuracy Testing and Validation for New Base Maps

Testing and validation of Base Map accuracy should occur during the initial development of a Base Map for the installation. Far too often the testing and validation occurs at the end of the development or not at all. Too often, the installation relies on the inclusion of the following statement in the base mapping contract and the installation does not field verify the accuracy.

“The development of the base map will meet National Map Accuracy Standards.”

As defined in the earlier sections of this guidance, the only procedure that is acceptable for testing and validating Base Map accuracy is by a physical inspection of at least 20 well defined features. Each of the samples should be tested during three phases of the development process.

The testing and validation procedures include the following steps:

58. [image: image16.wmf][image: image17.wmf]Make certain that any contract for development of a new Base Map includes the requirement for the contractor to select and identify 20 well defined features (during three phases of the development process). Coordinate values should be provided for each feature, including a detailed map file that identifies each feature with a number from 1 to 20 for phase one, 21-40 for phase two and 41-60 for the third phase. The contractor should also provide a spreadsheet with each feature (1 to 60) and the x,y coordinate values for each as derived from the Base Map.

59. [image: image18.wmf][image: image19.wmf]Secure the test data sets that include the appropriate features for the three phases from the Base Map contractor. The contractor should not be permitted to proceed with Base Map development until the features are tested.

60. The installation’s Base Map coordinator should have each of the features field surveyed immediately to verify ground coordinate values for each feature. A maximum positional error of 1’ for 1”=100’ Base Maps development is allowed. 19 of the 20 features must fall within this positional error to be acceptable. The feature that might fall outside the maximum positional error should not exceed the error by more than 0.5 foot. If the features have errors greater than 1 foot the contractor should be notified and action should be taken to correct positional error that exceeds these specifications. If the features meet the specifications, the contractor should be given the notice to proceed to the next phase.

61. [image: image20.wmf][image: image21.wmf]The second test should occur in the middle of the Base Map development project. The contractor should repeat the earlier procedure by identifying 20 new features. The installation Base Map coordinator should again proceed to have these next 20 features field surveyed to verify positional accuracy. If the data is approved, the contractor should be given notice to complete the Base Map development and to provide 20 new features for final approval (the total features that are field verified should equal 60).

62. When the final 20 features have been field verified the contractor should receive final payment and a letter from the installation Base Map coordinator acknowledging that the new Base Map meets these specifications.

63. [image: image22.png]6
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The three samples of well defined features will add cost to the development of the Base Map due to the time that the contractor has to put into the identification and reporting of the features and the installation’s field surveying to verify the positional accuracy. However, the benefits of an accurate Base Map (one that has been field verified) will save costs downstream. More and more data or map overlays are developed and registered to the Base Map without the concern of which source is more accurate. The Base Map should set the accuracy standard and be accepted as the foundation on which to develop the installation’s geospatial database.

The Navy cannot afford to ignore field testing the accuracy of Base Maps. If this testing is not done, potential users become concerned about errors and accuracy. Ultimately users do not trust the accuracy of the Base Map, which often results in expensive field surveys at the start of every project. The same is not true for the construction of a new facility. Typically, there can be as many as five inspections of a facility at various stages of construction. Granted, these inspections are required to ensure safety, but they also ensure that the contractor provides a quality product to the government. Field testing of the Base Maps helps to ensure that a quality product is delivered and that the government has received adequate services for its cost.
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Continued/periodic testing is recommended to lessen errors that develop on a Base Map over time due to poor maintenance procedures, lack of supervision, lack of maintenance, and conversion to different platforms. Potential users will not use the Base Map to support their business process if the Base Maps are not kept up to date. For this reason, one or more individuals should be assigned the responsibility of correcting problems as they are identified. Every business process that requires a Base Map should be investigated to determine whether the current Base Maps are being used, and if not, why not. Corrections should be made based on the results of this investigation.


2.4. Base Map Criteria for the Intranet Map Server

The Vanguard Mapping subgroup, chartered by the NAVFAC CIO and NAVFAC CHENG, has established a three-level rating system for NAVFAC Base Maps. The rating system was established to help identify the accuracy, accessibility, and database linkage status of existing Base Maps. Base maps that meet the highest rating criteria, as described below, are called ‘AAA’ Base Maps. The ‘AAA’ Base Maps are developed to comply with OPNAV Instruction 11000.16A and are used to support a variety of planning processes.

The three level rating system criteria for NAVFAC Base Maps is defined as:

	A
	Accuracy meets criteria that supports NAVFAC business process

	AA
	Accurate and Accessible on the NAVFAC Intranet

	AAA
	Accurate, Accessible and Attached to the NFADB database


No Base Maps will be served on the NAVFAC Intranet unless they meet at least an ‘A’ rating. A report will be placed on the NAVFAC Intranet that will identify each installation’s Base Map rating. If users require Base Maps that do not meet the criteria for an ‘A’ rating they will be able to acquire them by contacting the local installation.

The following sections present the criteria and requirements for developing ‘AAA’ Base Maps.

2.4.1. Testing and Validation

An installation will be responsible for verifying that their maps qualify for ‘A’, ‘AA’, or ‘AAA’ ratings. NAVFAC will load the installation Base Maps on the NAVFAC Map Server and periodically request updates from activities and/or EFDs/EFAs/PWCs/ESCs who provide new and updated map products. NAVFAC will periodically verify the certification of the Base Maps located on the NAVFAC Map Server.

Table 4 summarizes the minimum criteria for achieving ‘AAA’ Base Maps:

Table 4: ‘AAA’ Base Map Criteria

	Base Map Rating
	Testing/Validation Requirements
	Comments
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A
	Large-scale (Installation) Map Accuracy must meet ASPRS Class One at 1"=100'
	1 ft error at 1"=100'

	
	Installation Map Accuracy must be tested on a minimum of 20 features
	Coordinates derived from ground survey and derived from map cannot exceed 1ft

	
	Small-scale (Regional) Map Accuracy must meet National Map Accuracy Standards
	10 ft error at 1"=1000'

	AA
	Maps must be accessible on the NAVFAC Intranet Map Server
	TSSDS features, FGDC metadata, and Paragraph 2.2 documentation

	AAA
	Maps must be linked to the NFADB
	No more than 1% mismatch error between map and NFADB is permitted


2.4.2. ‘A’ - Accurate

To achieve an ‘A’ rating for its Base Map the installation must meet the following accuracy requirements:

Accuracy is defined as the positional difference between a true ground coordinate for a specific feature and the coordinate value that can be extracted from the Base Map. Accuracy is to be distinguished from precision, where precision is the ability to measure the distance between features on the ground or on a Base Map. A Base Map that is inaccurate could still produce precise measurements.
The recommended standard for NAVFAC base mapping (installation) is the ASPRS Accuracy Standards for Large-Scale Maps (ASPRS 1990).

Appendix G presents the ASPRS Accuracy Standards For Large-Scale Maps, which are the accepted Base Map standards for NAVFAC.

2.4.3. ‘AA’ - Accurate and Accessible on the NAVFAC Intranet

To achieve a ‘AA’ rating Base Maps must first meet the criteria for ‘A’ accuracy. The ‘AA’ rating means that Base Maps are accurate and have been made accessible on the NAVFAC Intranet. There will not be any Base Maps served on the NAVFAC Intranet that do not meet the accuracy defined in the previous section. NAVFAC will compile a list of all bases and the ratings that have been assigned to each based on the criteria in this report. Any Base Maps that are not served on the NAVFAC Intranet, and that achieve an ‘A’ rating can be acquired from the local installation, but caution should be exercised since the maps do not meet the mapping criteria and may not provide reliable position or location information.

Base maps installed and accessible using the NAVFAC Intranet must be kept current. An information flow is currently being established to support the updating/replacing of Base Maps once an installation completes updates within their area of responsibility.

NAVFAC has installed an Intranet and will implement a Map Server that supports accessing maps via the Intranet. Figure 11 represents a configuration designed to support the NAVFAC Map Server, Base Maps, and supporting database information.
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[image: image28.wmf]Figure 11: Sample Configuration for Map Server and Base Map Support
2.4.4. ‘AAA’ - Accurate, Accessible, and Attached to the NFADB Database

‘AAA’ criteria means that CAD or GIS compatible files are in vector format (not raster), that they are compliant with the Tri-Service Spatial Data Standard, have correct polygon forms, have correct/unique labels for each facility, and are linked to the NSI (NFADB Oracle server) database, as shown in Figure 11.

To achieve a ‘AAA’ rating Base Maps must first meet the criteria for ‘AA’ accuracy and accessibility. The ‘AAA’ rating means that Base Maps are accurate, accessible on the NAVFAC Intranet, and attached to the NFADB database. Base maps may be served on the NAVFAC Intranet that do not meet the defined ‘AAA’ criteria. Base maps that do not meet “AAA” criteria can be accessed on the NAVFAC intranet but are not linked to the NFADB database.

Base maps linked to the NFADB database must be kept current and reconciled against the NFADB database. An information flow is currently being established to support the updating/replacing of Base Maps and NFADB linkages once an installation completes updates within their area of responsibility.

‘AAA’ Base Maps are linked to the NFADB and must meet the following criteria:

64. The Base Map must have a “AA” rating.

65. The Base Map must be linked to the NFADB database based on individual building labels in the graphic Base Map.

To achieve the linkage, all building labels must contain an origin point that is inside the building footprint. Small buildings may have labels that can be scaled down in size to fit within the building footprint or overlap the footprint (as long as the origin point of the label is inside the building footprint).

66. The graphical building labels need to be reconciled with the list of building numbers in the NFADB.

To complete the reconciliation, all building labels in the graphic Base Map must correspond to a building record in the NFADB database.

Mismatches must be identified and corrected in both systems. Tests at Port Hueneme showed a 10% mismatch between their Base Maps and the NFADB after the first reconciliation. These errors were corrected (mostly in the Base Maps due to the age of the maps) and subsequent reconciliation efforts resulted in fewer mismatches. Currently, the possibility exists for mismatches because the Base Maps and NFADB are updated using two different and disjoint processes. This means that it is possible to create a building in the NFADB that is not mapped on the Base Map, which will result in a mismatch. Once the installation reconciles its Base Maps with the NFADB both information flows should be closely integrated or new mismatches will continue to result.

67. No more than a 1% mismatch between the Base Map building labels and the NFADB building records will be allowed. For an installation with 1,000 buildings this means that 10 mismatches will be permitted. A mismatch report that identifies the 10 buildings must be submitted and will be made accessible via the NAVFAC Intranet.

Figure 12 provides a conceptual diagram of the linkage to NSI based on TSSDS feature definitions for Buildings.
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Figure 12: How Building Labels Correspond to Building Records in NFADB
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Figure 13: The Base Map for the Daws Hill Special Area of NAVFAC London, England with Building Numbers Called Out.

Section 3:

BASE MAP DEVELOPMENT SPECIFICATIONS

The following sections present the requirements and processes required to develop Base Maps and link Base Maps with the NFADB. The following sections also provide introductions and brief background information about orthophotography and satellite imagery. Figure 13 represents the Base Map for the Daws Hill Special Area of NAVFAC London, England.

3.1. Base Map Development

Base maps are commonly developed by installations, EFD’s and major commands by contracting for a fly-over and new Base Map. The diagram on the next page, Figure 14, illustrates the process of developing NAVFAC Base Maps, based on ‘AAA’ criteria. The definitions for each of the Base Map Development Process components are provided in Table 5.

The CADD/GIS Technology Center has developed a presentation that provides a high-level overview of tasks associated with the implementation of Geographic Information Systems. The presentation, titled Implementing Geographic Information Systems (GIS) on Military Installations: A Practical Guide, may be found on the CADD/GIS Technology Center web site at:  http://tsc.wes.army.mil/contacts/groups/FWG/Military_Planning/papers/papers.asp.
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Figure 14:  Base Map Development Process
Table 5: Base Map Development Process Definitions

	No.
	Task
	Description

	1
	Evaluate Existing Base Maps
	Review existing digital Base Maps that exist for the activity. Determine the mapping scale accuracy, its source, how well it reflects existing physical conditions, CAD or GIS file format, Tri-Service compliance, etc.

	2
	Prepare Map Requirements
	Specify the area to be mapped, the desired map scales(s), contour interval and accuracy for the map tasking.

	3
	Research Existing Map/ Photography Sources
	Determine if other DoD or government agencies have acquired aerial photography and/or maps of the activity and obtain the metadata for those maps.

	4
	Prepare Government Cost Estimate
	Based on requirements, determine costs for the development of installation Base Maps, including aerial photography, ground control, survey, etc.

	5
	Determine Contract and Fund Approach
	Mapping can be funded from a variety of Navy sources: the activity Staff Civil Engineer, the activity Environmental Office, Major Claimants or Regional Commanders.

	6
	Produce Needs Assessment Report
	After a comparison of the map requirements with the existing Base Maps determine if new mapping is required, its anticipated cost and potential fund sources.

	7
	Proceed Y/N
	Obtain funding decision.

	8
	Prepare SOW
	Prepare a government Scope of Work based on the Mapping Contract Specification Model contained in this document and the Map Requirements discussed above. Determine the aerial photography parameters such as flight height, photo scale, use of ground control surveys or airborne GPS for photo control and type of film.

	9
	Negotiate Contract
	Advertise and select short list of qualified contractors.

	10
	Award Contract
	Interview short list contractors and make final selection of primary contractor, prepare all necessary contract documentation.

	11
	Update Real Estate Summary Maps
	Request that the Real Estate Summary Maps for the activity be updated by the cognizant Engineering Field Division or Engineering Field Activity.

	12
	Provide Contractor Certifications
	The contractor will provide all necessary certifications required, including survey, flight, photogrammetric devices, GPS, engineering certifications, etc.

	13
	Provide Govt. Furnished Material
	Provide all existing Base Maps, survey data, monumentation, flight restrictions, supporting data, safety and regulatory information, digital maps and databases, etc. necessary to facilitate the development of installation Base Maps.

	14
	Hold Preplanning Meeting
	Conduct a meeting with the selected contractor, installation staff, and the contract representative to discuss requirements and finalize plans for the schedule, development of the installation Base Maps, and deliverables.

	15
	Prepare Flight Plan Report
	Based on the aerial photography parameters such as flight height, photo scale, use of ground control surveys or airborne GPS for photo control, the contractor will prepare and submit to the Contracting Officer the flight line map to be used for flying the mission to acquire the aerial photography.

	16
	Establish Ground Controls/Report
	Plan locations and place targets for aerial photography control purposes and mark/paint utilities or structures (optional) in preparation of installation over-flight. Perform field surveys of ground control locations.

	17
	Acquire Aerial Photography
	Acquire photography, process film, perform quality control and produce contact prints, diapositives and photographic indexes.

	18
	Provide Contact Prints and Index to Navy
	Provide contact prints and index to Contracting Officer

	19
	Quality Control Check
	The Contracting Officer or a government technical expert will review the contact prints and index to ensure that they meet the requirements of the specifications and will provide complete photographic coverage for the work required.

	20
	Select Map Control Points for Photo Identification
	The contractor will select the number of optional control points on the photographs required for photo control.

	21
	Perform Field Surveys for Photo Identification
	The contractor will perform field surveys for photo control points.

	22
	Perform Aero-triangulation and Stereo-compile Base Maps
	The contractor will mark (drill) and measure diapositives in preparation for aerotriangulation, perform aerotriangulation, and deliver aerotraingulation report for approval. The contractor will then perform stereo-compilation and/or the generation of orthophoto maps.

	23
	Provide Draft Base Map to Navy
	The contractor will prepare electronic versions of the Base Maps and photogrammetric products in conformance with TSSDS along with paper copies.

	24
	Provide Feature Report to Navy
	The contractor will provide the Feature Report based on TSSDS formatting.

	25
	Quality Control Check
	The Contracting Officer or a government technical expert will review the Base Maps and photogrammetric products to ensure that they meet the requirements of the specifications.

	26
	Provide Base Map Corrections to Contractor
	The Contracting Officer will provide an error report and red-lined map products to the contractor.

	27
	Final Base Map to Navy
	The contractor will make all necessary revisions and submit final electronic versions of the Base Maps and photogrammetric products along with paper copies.

	28
	Stereo-compile Utility & Special Interest Maps
	The contractor will then perform stereo-compilation of the required utility and/or special interest map features.

	29
	Provide Draft Utility & Special Interest Maps to Navy
	The contractor will prepare electronic versions of the utility and/or special interest map features, along with paper copies, and submit to the Contracting Officer.

	30
	Quality Control Check
	The Contracting Officer or a government technical expert will review the utility and/or special interest map features to ensure that they meet the requirements of the specifications.

	31
	Provide Corrections to Contractor
	The Contracting Officer will provide an error report and red-lined map products to the contractor.

	32
	Final Utility & Special Interest Maps to Navy
	The contractor will make all necessary revisions and submit final electronic versions of the utility and/or special interest map features along with paper copies to the Contracting Officer.


3.2. Base Map Development Timeline
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Individual Base Map development projects may vary depending on the scope of the mapping project, funding, coordination of personnel and a variety of other issues. Figure 15 represents a sample timeline for the development of Base Maps.

Note that for some mapping applications, it is necessary to conduct the aerial photography (step 18) during the winter months when deciduous trees are defoliated. For this reason the start point of the timeline may need to be adjusted accordingly.

Figure 15: Base Map Development Timeline

The following schedule corresponds to Figure 16 and provides additional definitions for each milestone of a typical surveying and mapping contract.

	Time
	Major Milestones

	- annually
	Evaluate need for new mapping and/or aerial photography (installation level) – Needs Assessment

	- 13 months
	Scope of Work and Cost Estimate prepared. EFD requests funds from activity.

	- 12 months
	Scope approved by activity and funds provided.

	- 2 weeks
	Pre-planning conference held at EFD or at activity.

	- 0 days
	Contract begun. Contractor provided with all original government furnished documents. Technical Representative furnished with all original contractor supplied certifications, Camera Calibration Reports, test computer media (tapes or cdroms).

	+ 4 weeks
	Control report and documentation provided to Technical Representative.

	+ 5 weeks
	Real Estate Summary Map updated.

	+ 6 weeks
	Flight diagram and accompanying data provided to Technical Representative.

	+ 8 weeks
	Pre-flight site preparations made.

	+ 12 weeks
	Photography completed (single day, if possible).

	+ 13 weeks
	Negatives processed, marked and one set of contact prints and index provided to Technical Representative.

	+ 24 weeks
	Stereo-compilation completed.

	+ 25 weeks
	DRAFT Base Map(s) provided to Technical Representative.

	+ 27 weeks
	Corrected DRAFT Base Maps returned to contractor.

	+ 30 weeks
	DRAFT Utility and Special Interests Maps provided to Technical Representative.

	+ 32 weeks
	Corrected DRAFT Utility and Special Interests Maps returned to contractor.

	+ 40 weeks
	FINAL Base Maps provided to Technical Representative.

	+ 42 weeks
	FINAL Utility and Special Interests Maps provided to Technical Representative.

	+ 44 weeks
	Remaining contractor furnished data provided to Technical Representative.


3.3. Link Base Maps to the NFADB

The NFADB database contains a great deal of information. Linking Base Map features, such as building footprints, to corresponding NFADB records allows Geographic Information System (GIS) users to query the NFADB records by selecting individual map features visible on the Base Map screen.

The linkage also enables NFADB and Base Map administrators to ensure that every record in the NFADB has a corresponding map feature and every map feature has a corresponding NFADB record. Mismatches between the two can be isolated and corrected as appropriate. Figure 16 identifies the high-level tasks that are necessary to link Base Map features (such as building footprints) to corresponding records in the NFADB database.
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Figure 16
:  Base Map Linkage to NFADB
3.4. Introduction to Orthophotography

Orthophotos are image maps.  They are rectified photographs of a landmass that contains manmade natural features.  Where these features touch the ground, they are imaged in their true x,y, map position. An orthophotograph is the equivalent of an orthographic photograph of the ground taken from above.  Removing the effects of tilt, relief, and many of the lens aberrations from standard perspective photographs of the terrain. Orthonegatives are produced from geometrically rigid stereoscopic models by a scanning process which is controlled in such a way that contiguous scan widths are correlated thus minimizing scan lines.  The requirement for relative orientation of the stereopair is identical to that for standard stereoscopic compilation.  The absolute orientation relative to elevation within the model is not as critical as for standard stereoscopic compilation since a large error in model tilt can be tolerated before appreciable horizontal displacements result.  Horizontal control is not required for the preparation of Orthonegatives.  The process of preparation of orthophotographs is usually referred to as differential rectification.

3.5. Satellite Imagery Alternative to Aerial Photography

Satellite imagery taken by the IKONOS satellite is an inexpensive alternative to aerial photography for some applications, such as base planning, updating existing imagery, and base mapping.   The imagery is available on a world-wide basis.

IKONOS imagery is orthorectified with datum and map projection options, and is available in one meter resolution panchromatic (black and white) imagery, four meter resolution color (multispectral) imagery, and one meter resolution pan-sharpened imagery. The color imagery is comprised of four bands: blue; green; red; and near-infrared.  The pan-sharpened combines the spatial content of the one meter panchromatic and the color content of the four meter multispectral data.  All of the products are delivered in 11-bit format. This means that the panchromatic data will have 2048 shades of gray per pixel.  Most imagery is 8-bit format with 256 shades of gray per pixel.  The 11-bit format allows the user to more easily identify objects covered by shadows or in dark areas.

The product is licensed to the end user and is therefore not considered public information and must be used as such.  When ordering, the user must consider whether other Federal Agencies outside the Department of the Navy will be using the product, as this will affect the licensing agreement.

For additional information visit the Space Imaging website at www.spaceimaging.com.

[image: image10.png]



Figure 17: Detail of NAF Atsugi, Japan Base Map.


Section 4:
SURVEYING & MAPPING SERVICE SPECIFICATIONS
4.1. Mapping Statement of Work Model

A sample Statement of Work (SOW) used by the Navy to acquire fly-overs and new Base Maps is included in Appendix H. The sample SOW has been prepared to assist personnel at the Engineering Field Divisions and Public Works Centers contract for mapping services for the shore activities. The specification was designed for maximum flexibility and will require some tailoring for each application. Prerequisites and edits that should be made to the sample SOW are included in the following sections.

4.1.1. Prerequisites

Before the specification can be used, some background work must be done and several decisions made by the Technical Representative. These include:

68. Are the present Base Maps suitable for digitizing? See Figure 17. To be suitable they must have been prepared from aerial photography (or by survey for small activities) and be tied into the local State Plane system or international coordinate system, as appropriate. The planner should also consider their age and whether significant changes have taken place at the activity. Can As-built drawings be obtained for new facilities that are not shown? In most cases, photogrammetric stereodigitizing from a new aerial survey, rather than digitizing existing maps, is needed.

69. What types of data are to be mapped? In addition to the Base Map(s), will utility data or natural conditions data be included? The Technical Representative must know what the activity needs, can afford, and what the priorities are.

70. What is the status of the Real Estate Summary Map(s)? The Technical Representative should determine what data are present in the EFD’s files concerning the boundary description and whether research will be required.

71. To what scale will the maps be prepared? For most activities the Base Maps should be prepared at a scale of 1"=200' (1:2500 for metric). However, if utilities are to be mapped, a scale of 1"= 40' or 50' (1:500 or 1:600 for metric) must be used to achieve the required accuracy. The Base Map(s) can be based on this more accurate information. For extremely large activities, undeveloped portions can be mapped at a scale of 1" = 400' or 500' (1:5000 or 1:6000 for metric). The Technical Representative should also determine what scale is appropriate for the composite activity maps, see Figure 18.
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Figure 18: Standard Graphic Scale Bar

72. What is the condition of the real estate markers and monuments at the activity? The Technical Representative should request that the Public Works officer determine how many markers and monuments must be located or replaced.

73. When should the mapping take place? The Technical Representative should know when the mapping will be needed for planning projects such as master plan or capital improvements plan updates. If environmental data are to be gathered, the Technical Representative should consult the Natural Resources personnel at the EFD or the activity to determine what seasonal environmental conditions must be present when the photography is conducted. If environmental data are not gathered, the Technical Representative should still consider seasonal conditions. For example, an activity may need to be flown in fall to prevent foliage from obstructing the camera view, or flying in winter may need to be avoided if snow is possible.

74. What information is available from surrounding communities or organizations? In some cases recent or planned flyovers by a neighboring unit may present opportunities for partnering.

4.2. Statement of Work Preparation

The model specifications include several prompts for editing. At locations where blanks (____) are shown, specific information must be inserted by the Technical Representative. Portions of the specification that are optional or where a choice must be made between several options are enclosed in brackets [ ].

Editing must be done at the following locations:

	Section
	Editing Required

	1.
	Indicate the name of activity and location.

	1.1.
	Describe the work location. Indicate Section that contains a map of the work site (if included).

	1.2.
	Indicate the name/number of the associated project.

	2.1.
	Indicate the Contract Section containing the reference.

	2.2.
	Indicate the Contract Section containing the reference.

	2.3.
	Indicate the TSSDS Release (version) number.

	2.4.
	Indicate the Edition of the reference.

	3.1.
	Indicate how the products of the work will be used and related activities and/or engineering studies.

	3.2.
	Indicate the types of work requested and latest software release/version. Select “Windows NT” or “UNIX.”

	3.2.1.
	Choose “Not in Contract” or the “Survey” statement. If not in contract, note in the Table of Contents.

	3.2.2.
	Choose “Not in Contract” or the “Verify” statement. If not in contract, note in the Table of Contents.

	3.2.3.
	Choose “Not in Contract” or the “Real Estate Summary Map Revision” statements. If not in contract, remove sections 3.2.3.1 through 3.2.3.5 and change the Table of Contents accordingly.

	3.2.8.
	Choose “Not in Contract” or the “Prepare” statement. If not in contract, note in the Table of Contents.

	3.2.9.
	Choose “Not in Contract” or the “Prepare” statement. If not in contract, note in the Table of Contents.

	3.2.
	Substitute or delete sections concerning Hawaii or Guam.

	3.3.
	Choose “Not in Contract” or the data collection statement in 3.3.1 and 3.3.3 through 3.3.15. Change the Table of Contents accordingly.

	4.4.
	Indicate the Section that contains a map of the work site (if included).

	4.8.1
	Indicate percentage of boundary overlap.

	4.8.3.
	Indicate the sidelap percentages.

	4.18.
	Indicate the overlap and sidelap percentages.

	5.2.4.
	Select scale for control diagram.

	9.
	Insert scales from the table.

	10.3.4.
	Select English or Metric units. Select design/compilation scale and contour interval.

	12.1.
	Select latest software release/version, the specific system software, and the applicable file extension.

	12.2.
	Select applicable software release/version.

	12.3.
	Select applicable software release/version and choose “cell” or “block.”

	12.4.5.
	Choose “English” or “Metric” units. Select working units accordingly (for Bentley and Intergraph applications only).

	12.5.2.
	Indicate whether contractor can use raster scanning for input of data.

	12.8.1.
	Select scale for composite map(s). The Technical Representative may want to delete 12.8.2. if there are no special areas or annexes to be mapped.

	12.9.
	Choose “cell” or “block.”

	13.1.1.
	Select from scales listed.

	13.1.3.
	Fill in a text font. (Use a standard font for the selected software).

	13.3.
	Choose “cell” or “block.” Retain or delete paragraphs concerning using roof outlines for building shapes and digitizing roof detail. Plotting actual foundation lines and roof detail will increase the cost of the contract. The actual foundation lines probably are not needed except for urban sites.

	13.4.1.
	Select contour line interval. See section 10.3.4.

	13.5.
	This section should be noted as “Not in Contract” if non-graphic attributes are not included in the contract. Change the Table of Contents accordingly. Fill in “attributes” blank. Choose the Relational Database Management Software.

	14.
	This section should be noted as “Not in Contract” if utility data are not included in the contract. If utilities are to be mapped, retain or note as “Not in Contract” individual paragraphs 14.1 through 14.1.13 as required. Change the Table of Contents accordingly. (Noting sections or paragraphs as “Not in Contract” instead of deleting them will prevent having to renumber parts in the Statement of Work.) Choose desired additional optional non-graphic.

	14.1.1.
	List Natural Gas Distribution graphic features and non-graphic attributes.

	14.1.2.
	List Electrical Distribution graphic features and non-graphic attributes.

	14.1.3.
	List Potable and Raw Water Distribution graphic features and non-graphic attributes.

	14.1.4.
	List Storm Drainage graphic features and non-graphic attributes.

	14.1.5.
	List Industrial Waste graphic features and non-graphic attributes.

	14.1.6.
	List Sanitary Sewers graphic features and non-graphic attributes.

	14.1.7.
	List Steam and Condensate Lines graphic features and non-graphic attributes.

	14.1.8.
	List Fueling graphic features and non-graphic attributes.

	14.1.9.
	List Compressed Air graphic features and non-graphic attributes.

	14.1.10.
	List Chilled Water graphic features and non-graphic attributes.

	14.1.11.
	List High Temperature Hot Water graphic features and non-graphic attributes.

	14.1.12.
	List Salt Water graphic features and non-graphic attributes.

	14.1.13.
	List Telephone Service graphic features and non-graphic attributes.

	15.
	This section should be noted as “Not in Contract” if natural conditions data are not included in the contract. If they are included, retain or note as “Not in Contract” paragraphs 15.1 through 15.8 as required. The Technical Representative should determine what government data are is to be supplied to the contractor and edit the text accordingly. Change the Table of Contents accordingly.

	15.1.
	Choose “Not in Contract” or the data collection statements in 15.1. Change the Table of Contents accordingly.

	15.2.
	Choose “Not in Contract” or the data collection statements in 15.2. Change the Table of Contents accordingly.

	15.2.2.
	Delete the sentence about “soil types’ non-graphic attributes” if the soil types are not attributed.

	15.3.
	Indicate whether ground surveys are required by the contractor to verify forestry data. Indicate whether null attributes are to be inserted for the forestry symbols.

Choose “Not in Contract” or the data collection statements in 15.3. Change the Table of Contents accordingly.

	15.3.2.(2)
	Delete the sentence about “null attributes” if the forestry features are not attributed.

	15.4.
	Indicate whether ground surveys are required for verification of wetlands data.

Choose “Not in Contract” or the data collection statements in 15.4. Change the Table of Contents accordingly.

	15.5.
	Determine if contractor is to acquire data or if they are to be supplied by government.

Choose “Not in Contract” or the data collection statements in 15.5. Change the Table of Contents accordingly.

	15.5.2.(3)
	Fill in “other data” or delete.

	15.6.
	Indicate whether ground surveys are required for verification of outdoor recreation areas.

Choose “Not in Contract” or the data collection statements in 15.6. Change the Table of Contents accordingly.

	15.6.1.
	Fill in “other” for item (13) as required.

	15.7.
	Choose “Not in Contract” or the data collection statements in 15.7. Change the Table of Contents accordingly.

	15.8.
	Choose “Not in Contract” or the data collection statements in 15.8. Change the Table of Contents accordingly.

	15.8.1.(5)
	Fill in “other data” or delete.

	15.8.2.(2)
	Fill in “other data” or delete.

	18.1.
	Select the name of Public Works Organization.

	19.1.5.
	Choose one of the two “utility maps and data” statements.

	19.1.6.
	Choose one of the two “special interest maps and data” statements.

	20.4.
	Indicate whether DRAFT (75%) utility and special interest maps are to be provided.

	21.
	Indicate number of days for each submittal.


Appendix A

Pearl Harbor Base Map
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Appendix B

[image: image34.wmf]Pearl Harbor Installation Map

Appendix C

Pearl Harbor Development Area Map
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APPENDIX D

TSSDS Entity Set Template: 
Pearl Harbor

(Used To Identify Locations Of Entities For A Specific Map)
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APPENDIX E

TSSDS Entity Set Template: 
Patuxent River

(Used To Identify Locations Of Entities For A Specific Map)
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APPENDIX F

Map Inventory Spreadsheet Template and 
Sample Patuxent River Map Inventory Spreadsheet

The following table represents the Map Inventory Spreadsheet Template.

	Installation Name: Pax River

	TSSDS
	Pax River

	TSSDS Entity Name
	TSSDS Layer Name
	TSSDS Level Number
	Layer Name/
Level Number
	File Name
	Zoom 1
	Zoom 2
	Zoom 3
	Zoom 4

	
	Boundary
	Boundary
	Boundary
	
	
	
	
	

	Political_jurisdiction_area
	bdjurpol
	
	
	
	
	
	
	

	
	Buildings
	Buildings
	Buildings
	
	
	
	
	

	bggen_canopy_pavilion_b
	bggencnpab
	
	
	
	
	
	
	

	bggen_shed_b
	bggenshedb
	
	
	
	
	
	
	

	bggen_slab_b
	bggenslb
	
	
	
	
	
	
	

	bggen_structure_permanent_b
	bggenstrpb
	
	
	
	
	
	
	

	bggen_structure_permanent_t
	bggenstrpt
	
	
	
	
	
	
	

	bggen_foundation_l
	bggenfnd
	
	
	
	
	
	
	

	bggen_tower_control_b
	bggentwrcb
	
	
	
	
	
	
	

	
	Cadastre
	Cadastre
	Cadastre
	
	
	
	
	

	cddod_installation_area_b
	cddodinddb
	
	
	
	
	
	
	

	cddod_installation_area_t
	cddodinddt
	
	
	
	
	
	
	

	
	Common
	Common
	Common
	
	
	
	
	

	cmgrd_state_plane_grid_line_l
	cmgrdspgal
	
	
	
	
	
	
	

	cmgrd_utm_grid_line_l
	cmgrdutmal
	
	
	
	
	
	
	

	
	Environmental Hazard
	Environmental Hazard
	Environmental Hazard
	
	
	
	
	

	ehtnk_reg_storage_tank_farm_a
	ehtnkfrmaa
	
	
	
	
	
	
	

	ehtnk_reg_storage_tank_farm_b
	ehtnkfrmab
	
	
	
	
	
	
	

	
	Hydrography
	Hydrography
	Hydrography
	
	
	
	
	

	hyczn_shoreline_mean_high_l
	hycznshr
	
	
	
	
	
	
	

	hysur_ditch_aqueduct_a
	hysurditaa
	
	
	
	
	
	
	

	hysur_ditch_aqueduct_t
	hysurditat
	
	
	
	
	
	
	

	hysur_ditch_aqueduct_l
	hysurdital
	
	
	
	
	
	
	

	hysur_water_body_permanent_b
	hysurwbdpb
	
	
	
	
	
	
	

	hysur_water_course_permanent_b
	hysurwcspb
	
	
	
	
	
	
	

	hysur_water_course_permanent_t
	hysurwcspt
	
	
	
	
	
	
	

	
	Improvement
	Improvement
	Improvement
	
	
	
	
	

	imath_athletic_field_a
	imathareaa
	
	
	
	
	
	
	

	imath_athletic_field_b
	imathareab
	
	
	
	
	
	
	

	imath_athletic_court_a
	imathcrtaa
	
	
	
	
	
	
	

	imath_athletic_court_b
	imathcrtab
	
	
	
	
	
	
	

	imath_golf_tee_green_a
	imathgfgaa
	
	
	
	
	
	
	

	imath_golf_tee_green_b
	imathgfgab
	
	
	
	
	
	
	

	imath_golf_course_fairway_b
	imathgffab
	
	
	
	
	
	
	

	imath_swimming_pool_a
	imathpolsa
	
	
	
	
	
	
	

	imath_swimming_pool_b
	imathpolsb
	
	
	
	
	
	
	

	imrec_playground_b
	imrecplyab
	
	
	
	
	
	
	

	im_outdoor_recreation_b
	imrecfetrb
	
	
	
	
	
	
	

	imero_revetment_b
	imeroreval
	
	
	
	
	
	
	

	Not in standard (gutter)
	imgendrgul
	
	
	
	
	
	
	

	imgen_fence_l
	imgenfenal
	
	
	
	
	
	
	

	imgen_flagpole_p
	imgengetfp
	
	
	
	
	
	
	

	imgen_sign_p
	imgengetsp
	
	
	
	
	
	
	

	imgen_smokestack_chimney_p
	imgensmkap
	
	
	
	
	
	
	

	imgen_gate_p
	imgengatap
	
	
	
	
	
	
	

	imgen_wall_l
	imgenwalal
	
	
	
	
	
	
	

	Not in standard
	imgenwdskp
	
	
	
	
	
	
	

	
	Transportation
	Transportation
	Transportation
	
	
	
	
	

	trair_runway_centerline_l
	trairaclrl
	
	
	
	
	
	
	

	trair_helipad_b
	trairsfchb
	
	
	
	
	
	
	

	trair_shoulder_overrun_b
	trairsfcob
	
	
	
	
	
	
	

	trair_runway_a
	trairsfcra
	
	
	
	
	
	
	

	trair_runway_b
	trairsfcrb
	
	
	
	
	
	
	

	trair_taxiway_a
	trairsfcta
	
	
	
	
	
	
	

	trair_taxiway_b
	trairsfctb
	
	
	
	
	
	
	

	trafl_airfield_b
	traflaflab
	
	
	
	
	
	
	

	trped_footbridge_active_b
	trpedbrgab
	
	
	
	
	
	
	

	trped_sidewalk_active_b
	trpedwlkab
	
	
	
	
	
	
	

	trped_trail_pedestrian_active_a
	trpedtrlaa
	
	
	
	
	
	
	

	trped_trail_pedestrian_active_l
	trpedtrlal
	
	
	
	
	
	
	

	trhrb_drydock_b
	trhrbdryab
	
	
	
	
	
	
	

	trhrb_pier_a
	trhrbmorpa
	
	
	
	
	
	
	

	trhrb_pier_b
	trhrbmorpb
	
	
	
	
	
	
	

	trhrb_wharf_b
	trhrbmorwb
	
	
	
	
	
	
	

	trrrd_railroad_c_line_active_l
	trrrdrlcal
	
	
	
	
	
	
	

	trrrd_railroad_active_b
	trrrdrrsab
	
	
	
	
	
	
	

	trrrd_railroad_bridge_b
	trrrdbrgab
	
	
	
	
	
	
	

	trveh_bridge_b
	trvehbrgab
	
	
	
	
	
	
	

	trveh_driveway_paved_a
	trvehdrvpa
	
	
	
	
	
	
	

	trveh_driveway_paved_b
	trvehdrvpb
	
	
	
	
	
	
	

	trveh_parking_lot_paved_a
	trvehprkpa
	
	
	
	
	
	
	

	trveh_parking_lot_paved_b
	trvehprkpb
	
	
	
	
	
	
	

	trveh_parking_lot_unpaved_b
	trvehprkub
	
	
	
	
	
	
	

	trveh_road_paved_b
	trvehrdspb
	
	
	
	
	
	
	

	trveh_road_paved_t
	trvehrdspt
	
	
	
	
	
	
	

	trveh_road_unpaved_b
	trvehrdsub
	
	
	
	
	
	
	

	trveh_road_unpaved_t
	trvehrdsut
	
	
	
	
	
	
	


The following table represents the Patuxent River Naval Air Station Base Map.

	Installation Name: Pax River

	TSSDS 
	Pax River

	TSSDS Entity Name
	TSSDS Layer Name
	TSSDS Level Number
	Layer Name/
Level Number
	File Name
	Zoom 1
	Zoom 2
	Zoom 3
	Zoom 4

	
	Boundary
	Boundary
	Boundary
	
	
	
	
	

	political_jurisdiction_area
	bdjurpol
	3
	
	
	
	
	
	

	
	Buildings
	Buildings
	Buildings
	
	
	
	
	

	bggen_canopy_pavilion_b
	bggencnpab
	22
	
	
	
	
	
	

	bggen_shed_b
	bggenshedb
	25
	25
	Facility.dgn
	
	
	x
	x

	bggen_slab_b
	bggenslb
	36
	
	
	
	
	
	

	bggen_structure_permanent_b
	bggenstrpb
	1
	1
	Facility.dgn
	
	x
	x
	x

	bggen_structure_permanent_t
	bggenstrpt
	3
	3
	
	
	
	
	x

	bggen_foundation_l
	bggenfnd
	39
	
	
	
	
	
	

	bggen_tower_control_b
	bggentwrcb
	32
	
	
	
	
	
	

	
	Cadastre
	Cadastre
	Cadastre
	
	
	
	
	

	cddod_installation_area_b
	cddodinddb
	1
	1
	Property.dgn
	x
	x
	x
	x

	cddod_installation_area_t
	cddodinddt
	3
	
	
	
	
	
	

	
	Common
	Common
	Common
	
	
	
	
	

	cmgrd_state_plane_grid_line_l
	cmgrdspgal
	4
	
	
	
	
	
	

	cmgrd_utm_grid_line_l
	cmgrdutmal
	5
	
	
	
	
	
	

	
	Environmental Hazard
	Environmental Hazard
	Environmental Hazard
	
	
	
	
	

	ehtnk_reg_storage_tank_farm_a
	ehtnkfrmaa
	29
	
	
	
	
	
	

	ehtnk_reg_storage_tank_farm_b
	ehtnkfrmab
	30
	
	
	
	
	
	

	
	Hydrography
	Hydrography
	Hydrography
	
	
	
	
	

	hyczn_shoreline_mean_high_l
	hycznshr
	1
	
	
	
	
	
	

	hysur_ditch_aqueduct_a
	hysurditaa
	41
	
	
	
	
	
	

	hysur_ditch_aqueduct_t
	hysurditat
	41
	
	
	
	
	
	

	hysur_ditch_aqueduct_l
	hysurdital
	40
	
	
	
	
	
	

	hysur_water_body_permanent_b
	hysurwbdpb
	1
	1
	Hywet.dgn
	x
	x
	x
	x

	Not in standard (water boundary)
	hysurwbdpl *
	
	
	
	
	
	
	

	hysur_water_course_permanent_b
	hysurwcspb
	7
	
	
	
	
	
	

	hysur_water_course_permanent_t
	hysurwcspt
	9
	
	
	
	
	
	

	
	Improvement
	Improvement
	Improvement
	
	
	
	
	

	imath_athletic_field_a
	imathareaa
	5
	
	
	
	
	
	

	imath_athletic_field_b
	imathareab
	3
	
	
	
	
	
	

	imath_athletic_court_a
	imathcrtaa
	53
	
	
	
	
	
	

	imath_athletic_court_b
	imathcrtab
	51
	
	
	
	
	
	

	imath_golf_tee_green_a
	imathgfgaa
	47
	
	
	
	
	
	

	imath_golf_tee_green_b
	imathgfgab
	45
	
	
	
	
	
	

	imath_golf_course_fairway_b
	imathgffab
	42
	
	
	
	
	
	

	imath_swimming_pool_a
	imathpolsa
	14
	
	
	
	
	
	

	imath_swimming_pool_b
	imathpolsb
	12
	
	
	
	
	
	

	imrec_playground_b
	imrecplyab
	12
	
	
	
	
	
	

	im_outdoor_recreation_b
	imrecfetrb
	30
	
	
	
	
	
	

	imero_revetment_b
	imeroreval
	9
	
	
	
	
	
	

	Not in standard (gutter)
	imgendrgul
	
	
	
	
	
	
	

	imgen_fence_l
	imgenfenal
	1
	
	
	
	
	
	

	imgen_flagpole_p
	imgengetfp
	11
	
	
	
	
	
	

	imgen_sign_p
	imgengetsp
	5
	
	
	
	
	
	

	imgen_smokestack_chimney_p
	imgensmkap
	15
	
	
	
	
	
	

	Not in standard (undefined object)
	imgenunaab *
	
	
	
	
	
	
	

	imgen_gate_p
	imgengatap
	3
	
	
	
	
	
	

	imgen_wall_l
	imgenwalal
	13
	
	
	
	
	
	

	Not in standard
	imgenwdskp
	
	
	
	
	
	
	

	
	Transportation
	Transportation
	Transportation
	
	
	
	
	

	trair_runway_centerline_l
	trairaclrl
	15
	
	
	
	
	
	

	trair_helipad_b
	trairsfchb
	12
	12
	Airflds.dgn
	
	
	x
	x

	trair_shoulder_overrun_b
	trairsfcob
	27
	
	
	
	
	
	

	trair_runway_a
	trairsfcra
	5
	
	
	
	
	
	

	trair_runway_b
	trairsfcrb
	3
	3
	Airflds.dgn
	x
	x
	x
	x

	trair_taxiway_a
	trairsfcta
	8
	
	
	
	
	
	

	trair_taxiway_b
	trairsfctb
	6
	6
	Airflds.dgn
	x
	x
	x
	x

	trafl_airfield_b
	traflaflab
	41
	
	
	
	
	
	

	trped_footbridge_active_b
	trpedbrgab
	11
	
	
	
	
	
	

	trped_sidewalk_active_b
	trpedwlkab
	1
	
	
	
	
	
	

	Not in standard (covered walkway)
	trpedwlkcb *
	
	
	
	
	
	
	

	trped_trail_pedestrian_active_a
	trpedtrlaa
	8
	
	
	
	
	
	

	trped_trail_pedestrian_active_l
	trpedtrlal
	7
	7
	Facility.dgn
	
	
	x
	x

	Not in standard (dock)
	trhrbdockb *
	
	
	
	
	
	
	

	trhrb_drydock_b
	trhrbdryab
	18
	
	
	
	
	
	

	trhrb_pier_a
	trhrbmorpa
	31
	
	
	
	
	
	

	trhrb_pier_b
	trhrbmorpb
	29
	
	
	
	
	
	

	trhrb_wharf_b
	trhrbmorwb
	32
	
	
	
	
	
	

	trrrd_railroad_c_line_active_l
	trrrdrlcal
	1
	
	
	
	
	
	

	trrrd_railroad_active_b
	trrrdrrsab
	10
	
	
	
	
	
	

	trrrd_railroad_bridge_b
	trrrdbrgab
	7
	
	
	
	
	
	

	trveh_bridge_b
	trvehbrgab
	19
	
	
	
	
	
	

	trveh_driveway_paved_a
	trvehdrvpa
	30
	
	
	
	
	
	

	trveh_driveway_paved_b
	trvehdrvpb
	28
	
	
	
	
	
	

	trveh_parking_lot_paved_a
	trvehprkpa
	15
	
	
	
	
	
	

	trveh_parking_lot_paved_b
	trvehprkpb
	13
	13
	Transport.dgn
	
	x
	x
	x

	trveh_parking_lot_unpaved_b
	trvehprkub
	16
	16
	Transport.dgn
	
	x
	x
	x

	trveh_road_paved_b
	trvehrdspb
	7
	7
	Transport.dgn
	x
	x
	x
	x

	trveh_road_paved_t
	trvehrdspt
	9
	9
	Transport.dgn
	
	
	
	x

	trveh_road_unpaved_b
	trvehrdsub
	10
	10
	Transport.dgn
	x
	x
	x
	x

	trveh_road_unpaved_t
	trvehrdsut
	12
	12
	Transport.dgn
	
	
	
	x

	Not in standard (bridge curb)
	trvehbrgcb *
	
	
	
	
	
	
	


Pax River’s Base Map was developed in the MicroStation product format. MicroStation does not require that layer names be used (layer names are optional, and many users only designate by layer numbers). Pax River’s Base Map uses the Tri-Service Spatial Data Standard level numbers to designate features (MicroStation layer numbers correspond to the TSSDS level numbers). Therefore, Pax River’s Base Map is TSSDS compliant.
Pax River’s Base Map has fewer features than the Pearl Base Map. However, the Pax Base Map is representative of the installation. Therefore, it is not necessary for each installation to provide a Base Map with every feature identified in the tables above as long as the Base Map presents a complete view of the installation.

Both Pearl and Pax are compliant with the standards defined in this report. Pax River should consider (but it is not required) converting the Base Map file to the TSSDS file name convention, and implementing the layer names in MicroStation to be consistent with the next version of the TSSDS.

Appendix G

ASPRS Accuracy Standards for Large-Scale Maps

United States Army Corps of Engineers BASE MAPPING STANDARD

The recommended standard for USACE photogrammetric (base mapping) mapping is the ASPRS Accuracy Standards for Large-Scale Maps (ASPRS 1990). This standard was developed and is generally recog​nized by the photogrammetric industry, and is spe​cifically concerned with definitions of spatial accuracy’s for engineering projects typical of those designed by USACE. This standard is intended for site plan development work involving mapping scales larger than 1:20,000, usually in the range of l in.=20 ft to l in.=100 ft. Its primary advantage over other standards is that it contains more defini​tive statistical map testing criteria, which, from a contract administration standpoint, is desirable. It also is applicable to conventional surveying topographic site development work.

For small-scale general location mapping work (i.e., scales smaller than 1:20,000), any of the other mapping standards may be specified. The OMB National Map Accuracy Standards (Bureau of the Budget 1947) is perhaps the most widely used standard and is recommended for smaller scale mapping work.
The American Society for Photogrammetry and Remote Sensing
Approval by the ASPRS Professional Practicing Division, March, 1990
These standards have been developed by the Specifications and Standards Committee of the American Society for Photogrammetry and Remote Sensing (ASPRS). It is anticipated that these ASPRS standards may form the basis for revision of the U.S. National Map Accuracy Standards for both small-scale and large-scale maps. A major feature of these ASPRS standards is that they indicate accuracy at ground scale. Thus, digital spatial data of known ground-scale accuracy can be related to the ap​propriate map scale for graphic presentation at a recognized standard.

These standards concern the definitions of spatial accuracy as they pertain to large-scale topographic maps prepared for special purposes or engineering applications. Emphasis is on the final spatial accuracy’s that can be derived from the map in terms most generally understood by the users.

1. Horizontal Accuracy:

Horizontal map accuracy is defined as the rms error1 in terms of the project's planimetric survey coordinates(X,Y) for checked points as determined at full (ground) scale of the map. The rms error is the cumulative result of all errors including those introduced by the processes of ground control surveys, map compila​tion and final extraction of ground dimensions from the map. The limiting rms errors are the maximum permissible rms errors es​tablished by this standard. These limiting rms errors for Class 1. maps are tabulated in Table 1E(feet) and Table 1M(meters) along with typical map scales associated with the limiting errors. These limits of accuracy apply to tests made on well-defined points only.

	Table 1E: Planimetric Coordinate Accuracy Requirement

	(Ground X or Y in feet) for Well-defined Points - Class1. maps

Planimetric (X or Y) Accuracy3

	(limiting rms error, feet)
	Typical Map Scale

	0.05
	1:60

	0.1
	1:120

	0.2
	1:240

	0.3
	1:360

	0.4
	1:480

	0.5
	1:600

	1.0
	1:1200

	2.0
	1:2400

	4.0
	1:4800

	5.0
	1:6000

	8.0
	1:9600

	10.0
	1:12000

	16.7
	1:20000


= Indicates the practical limit for aerial methods. For scales above this line, ground methods are normally used.

2. Vertical Accuracy:

Vertical map accuracy is defined as the rms error in evaluation in terms, of the project's evaluation datum for well-defined points only. For Class 1. maps the limiting rms error in evaluation is set by the standard at one-third the indicated contour interval for well-defined points only. Spot heights shall be shown on the map within a limiting rms error of one-sixth of the contour interval.

3. Lower-Accuracy Maps:

Map accuracy’s can also be defined at lower spatial accuracy standards. Maps compiled within limiting rms errors of twice or three times the those allowed for a Class 1. map shall be desig​nated Class 2 or Class 3. maps respectively. A map may be com​piled that complies with one class of accuracy in elevation and an other in plan- Multiple accuracy’s on the same map are allowed provided a diagram is included which dearly relates segments of the map with the appropriate map accuracy class.

4. Map Accuracy Test:

Tests for compliance of a map sheet are optional. Testing for horizontal accuracy compliance is done by comparing the planimetric (X and Y) coordinates of well-defined ground points to the coordinates of the same points as determined by a horizon​tal check survey of higher accuracy. The check survey shall be designed according to the Federal Geodetic Control Committee (FGCC) [FGCC,19841 standards and specifications to achieve standard deviations equal to or less than one-third of the “limiting rms error" selected for the map. The distance between control points (d) used in the FGCC standard for the design of the survey shall be the horizontal ground distance across the diagonal dimension of the map sheet.

Testing for vertical accuracy compliance shall be accomplished by comparing the elevations of well-defined points as determined from the map to corresponding elevations determined by a sur​vey of higher accuracy. For purposes of checking elevations, the map position of the ground point may be shifted in any direction by an amount equal to twice the limiting rms error in position. The vertical check survey should be designed to produce rms er​rors in elevation differences at check point locations no larger than 1/20th of the contour interval. The distance (d) between bench marks used in the FGCC standard for the design of the vertical check survey shall be the horizontal ground distance across the diagonal of the map sheet. Generally, vertical control networks based on surveys conducted according to the FGCC standards for Third Order provide adequate accuracy for conducting the verti​cal check survey.

Discrepancies between the X, Y, or Z coordinates of the ground point, as determined from the map and by the check survey, that exceed three times the limiting rms error shall be interpreted as blunders and will be corrected before the map is considered to meet this standard.

The same survey datum’s, both horizontal and vertical, must be used for both the project and the check control surveys. Although a national survey datum is preferred, a local datum is acceptable.

A minimum of 20 check points shall be established through​out the area covered by the map and shall be distributed in a manner agreed upon by the contracting parties.

Maps produced according to this spatial accuracy standard shall include the following statement in the title block:

THIS MAP WAS COMPILED TO MEET THE ASPRS STANDARD FOR CLASS 1. MAP ACCURACY

If the map was checked and found to conform to this spatial accuracy standard, the following statement shall also appear in the title block:

THIS MAP WAS CHECKED AND FOUND TO CONFORM TO THE ASPRS STANDARD FOR CLASS 1. MAP ACCURACY

Explanatory Comments

Al. Root Mean Square Error

The "root mean square (rms) error is defined to be the square root of the average of the squared discrepancies. In this case, the discrepancies are the differences in coordinate or elevation values as derived from the map and as determined by an independent survey of higher accuracy (check survey). For ex​ample, the rms error in the X coordinate direction can be computed as:

rms error= ((d12 + d22 + ---- + dn2)/n)0.5
where:

d = the discrepancy in the X coordinate direction = x (from the map) - x (from the field survey)

n = total number of points checked on the map in the X coordinate direction

A2. Well-defined Points

The term "well-defined points" pertains to features that can be sharply identified as discrete points. Points which are not well-defined (that is poorly-defined) are excluded from the map accuracy test. In the case of poorly-defined image points, these may be of features that do not have a well-defined center such as roads that intersect at shallow angles (U.S. National Map Accuracy Standards, 19411. In the case of poorly defined ground points, these may be such features as soil boundaries or timber boundaries. As indicated in the ASPRS Standard, the selection of well-defined points is made through agreement by the con​tracting parties.

A3. Relationship to U.S. National Map Accuracy Standards

Planimetric accuracy in terms of the "limiting rms error" can be related to the United States National Map Accuracy Stan​dards (NMAS) provided the following assumptions are made:

· the discrepancies are normally distributed about a zero mean

· the standard deviations in the X and Y coordinate directions are equal

· sufficient check points are used to accurately estimate the variances

To compute the "circular map accuracy standard" (CMAS) which corresponds to the 90% circular map error defined in the NMAS [ACIC, 1962, p.26, p.411]:

CMAS = 2.146 0 x, or

CMAS = 2.146 o Y

Given these relationships and assumptions, the limiting rms errors correspond approximately to the CMAS of 1/47th of an inch for all errors and related scales indicated in Table lE. For the metric case indicated in Table IM, the CMAS is 0.54 mm for all rms errors and corresponding scales. It is emphasized that for the ASPRS Standard, spatial accuracy’s are stated and evaluated at full or ground scale. The measures in terms of equiv​alent CMAS are only approximate and are offered only to pro​vide a comparison to the National Map Accuracy Standard of CMAS of 1/30th inch at map scale.

A4. Check Survey

Both the vertical and horizontal (planimetric) check surveys are designed based on the National standards of accuracy and field specifications for control surveys established by the Fed​eral Geodetic Control Committee (FGCC). These standards and specifications [FGCC, 1984] are intended to establish proce​dures which produce accuracy’s in terms of relative errors. For horizontal surveys, the proportional accuracy’s for the various orders and classes of survey are stated in Table 2.1 of the FGCC document and for elevation accuracy in Table 2.2. These tables along with their explanations are reproduced here. From FGCC [1984].

HORIZONTAL CONTROL NETWORK STANDARDS

When a horizontal control is classified with a particular order and class, NGS certifies that the geodetic latitude and longitude of that control point bear a relation of specific accuracy to the coordinates of all other points in the horizontal control network. This relationship is expressed as a distance accuracy, 1:a. A distance accuracy is the ratio of relative positional error of a pair of control points to the horizontal separation of those points.

	Table 2.1: DISTANCE ACCURACY STANDARDS

	Classification
	Minimum Distance Accuracy

	First order
	1:100,000

	Second order, class I
	1:50,000

	Second order, class II
	1:20,000

	Third order, class I
	1:10,000

	Third order, class II
	1:5,000


A distance accuracy, 1:a, is computed from a minimally constrained, correctly weighted, least squares adjustment by:

a=d/s

where

a = distance accuracy denominator

s =propagated standard deviation or distance between survey points obtained from the least squares adjustment

d = distance between survey points

VERTICAL CONTROL NETWORK STANDARDS

When a vertical control point is classified with a particular order and class, NGS certifies that the orthometric elevation at that point bears a relation of specific accuracy to the elevations of all other points in the vertical control network. That relation is expressed as an elevation difference accuracy, b. An elevation difference accuracy is the relative elevation error between a pair of control points that is scaled by the square root of their horizontal separation traced along existing level routes.

	Table 2.2: Elevation ACCURACY STANDARDS

	Classification
	Maximum Elevation Difference Accuracy

	First order, class I
	0.5

	First order, class II
	0.7

	Second order, class I
	1.0

	Second order, class II
	1.3

	Third order
	2.0


An elevation difference accuracy, b, is computed from a minimally constrained, correctly weighted, least squares ad​justment by:

b=s/d

where

d = approximate horizontal distance in kilometers between con​trol point positions traced along existing level routes.

d = propogated standard deviation of elevation difference in millimeters between survey control points obtained from a least squares adjustment. Note that the units of b are (mm)/(km).

For an example of designing a check survey (selecting an order and class), assume that a survey is to be designed to check a map which is intended to possess a planimetric (horizontal) "limiting rms error" (see Table lE. of the map standard) of one foot and a contour interval of two feet. In contrast to survey accuracy’s, which are stated in terms of relative horizontal distances to adjacent points, map features are intended to possess accuracy’s relative to all other points appearing on the map. Therefore, for purposes of the check survey, the distance be​tween survey points (d) is taken as the diagonal distance on the ground across the area covered by the map. According to the FGCC survey standards this is the distance across which the "minimum distance accuracy" and "maximum elevation differ​ence accuracy" is required (see Table 2.1 and 2.2 of the [FGCC, 1984] document).

For the planimetric check survey, assume that the diagonal distance on the ground covered by the map is 6000 feet. The propagated standard deviation (s) required for the check survey is one-third of the limiting rms error of one foot or 0.33 foot in this example. Returning to the equation from the FGCC [1984] document relating distance between survey points (d), standard deviation (s) and distance accuracy denominator (a):

a = d/s = (6000 feet)/(0.33 feet) = 18,182

By referring to Table 2.1 of the FGCC document, it is clear that a control survey designed according to the standards and specifications for second-order, class II is required to produce the hor​izontal check survey for this example. If the project control survey is conducted at a standard of accuracy equal to or better than second-order, class II, the check survey can tie to the project control network in accord with FGCC standards.

For the vertical check survey, the distance (d) is also taken as a diagonal ground distance across the map to account for the fact that elevation accuracy pertains to all mapped features. The propagated standard deviation in elevation (s) is required by this standard to be equal or less than 1/20th of the contour interval of two feet;

s = (1/20) CI = 0.10 feet

Returning to Table 2.2 of the FGCC document, relating distance between bench marks (d in km), the standard deviation in el​evation (s in mm), and the elevation difference accuracy ~);

where

s = 0.10 feet = 30.5 mm

d = 6000 feet = 1.181 km

then

b=s/d = 28.1 mm/km

It is clear that a third-order survey for elevation differences is more than adequate for purposes of conducting the check survey for this map example. Other methods for conducting the check survey for elevation are acceptable provided they have demonstrated accuracy capability equal to that required by this map standard. Such departures however must be agreed upon by the contracting parties prior to conducting the survey.

A5. Check Point Location

Due to the diversity of requirements anticipated for any large-scale special purpose or engineering map, it is not realistic to include statements that specify the spatial distribution of check points designed to assess the spatial accuracy of the map. For instance, it may be preferred to distribute the check points more densely in the vicinity of important structures or drainage fea​tures and more sparsely in areas that are of little or no interest. Of course suitable notation, such as a change in map class for the region of lesser interest, should be included accordingly on the map sheet.

For a map sheet, however, of conventional rectangular di​mensions, intended to portray a uniform spatial accuracy over the entire map sheet, it may be reasonable to specify the dis​tribution. For instance, given the minimum of twenty check points, it could be specified that at least 20% of the points be located in each quadrant of the map sheet and that these points be spaced at intervals equal to at least 10% of the map sheet diagonal.
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PROJECT IDENTIFICATION

1.
LOCATION OF WORK

Photogrammetric mapping and related surveying services will be performed at ________. (List project area, activity, installation, state, etc.).

1.1
The work location and remote sites (if appropriate) are described as ________. (Describe the work location, remote sites, and portion of the activity to be mapped, if not entire activity). [A map detailing the work site is included in Section ________ of this contract].

1.2
Photogrammetric mapping and related surveying services will be performed in connection with project ________.

2.
TECHNICAL CRITERIA AND STANDARDS

The following standards are referenced in this contract. In cases of conflict between these technical specifications and any referenced technical standard, these specifications shall have precedence.

2.1.
USACE EM 1110-1-1000, Photogrammetric Mapping. This reference is attached to and made part of this contract. (See Contract Section ________).

2.2.
USACE EM 1110-1-1002, Survey markers and monumentation. [This reference is attached to and made part of this contract. (See contract Section ________)].

2.3.
Tri-Service Spatial Data Standards, Release ________ on CD-ROM.

2.4.
Manual of Photogrammetry, ASPRS, ________ Edition.

[2.5.
United States National Map Accuracy Standards, US Bureau of the Budget, 17 June 1947.]

[2.6.
Reference Guide Outline: Specifications for Aerial Surveys and Mapping by Photogrammetric Methods for Highways, US Department of Transportation, Federal Highway Administration, Washington, DC, 1968.]

2.7.
ASPRS Accuracy Standards for Large-Scale Maps, ASPRS, March 1990.

[2.8.
Standards and Specifications for Geodetic Control Networks, Federal Geodetic Control Committee (FGCC), September 1984.]

[2.9.
Flood Insurance Study-Guidelines and Specifications for Study Contractors, Federal Emergency Management Agency (FEMA), Federal Insurance Administration, Publication FEMA 37, March 1991.]

PROJECT REQUIREMENTS

3.
WORK TO BE PERFORMED

Professional photogrammetric mapping and related surveying services to be performed under this contract are defined below. Unless otherwise indicated in this contract, each required service shall include field-to-finish effort. All mapping work will be performed using precise photogrammetric data acquisition, mensuration, and compilation procedures, including all quality control associated with these functions. The work will be accomplished in strict accordance with the photogrammetric mapping criteria contained in the technical references (Paragraph 2 above), except as modified or amplified herein.

3.1.
Purpose of Work. The work to be performed under this contract is to be used as mapping information for [Installation Master Planning,] [Design,] [Construction,] [Operation,] [Maintenance,] [Real Estate,] [Regulatory Enforcement,] [Hazardous and Toxic Waste Site ____________,] [____________]; including those related activities and/or engineering studies covering such pertinent details as [reservoir capacities,] [channel capacities,] [damage assessment,] [benefits,] [project location,] [design of main structure and appurtenances,] [relocations,] [land acquisition,] [land development and management,] [encroachment,] [construction measurement and payment,] [____________].

3.2.
Project Scope. This project consists of: (1) the land surveying necessary to verify the activity boundary (property) description; (2) the aerial photogrammetric services necessary to compile large scale Base Maps titled Base Maps and other Special Interest maps; (3) the digitizing of data from existing maps known to be accurate. The work will involve the construction of a database consisting of digitized graphic and alphanumeric data to be totally compatible with AutoCad, MicroStation, ArcInfo or other software on a [Windows NT] [UNIX] platform, and; (4) preparation of plots of the Base Maps with the Special Interest data as overlays.


This project shall include the following specific items:

3.2.1.
Activity Boundary Survey: [Not in Contract] [Prepare a Record of Survey of the activity’s perimeter boundary and replace corner monuments, as required.]

3.2.1.1.
Accuracy: The Contractor shall insure that the boundary will be surveyed with an accuracy of Third Order, Class I, or as specified by the Contracting Officer.

3.2.1.2.
Activity Boundary: The activity boundary shall be tied into the First Order National Geodetic Survey Network or to the system acceptable to the local land court or similar statutory body.

3.2.1.3.
Survey Data: The survey data will be shown as bearings and distances for straight lines and the arc curve data will include the radius distance, the arc distance, the chord bearing, and the chord distance.

3.2.1.4.
State Plane Coordinate System: The boundaries are to be tied into the State Plane Coordinate System and coordinate values identified for boundary turning points. For areas where there is no U.S. State Plane Coordinate System, Universal Transverse Mercator grid coordinates will be used.

Note to Contracting Officer: the following sections should be substituted for the above for contract involving work in the State of Hawaii and Guam.

3.2.1.
Boundary Survey: The Contractor shall prepare a Record of Survey of the activity’s perimeter boundary using geodetic surveying azimuths, based upon True South.

3.2.1.1. Accuracy: The Contractor shall insure that the boundary will be surveyed with an accuracy of Second Order or higher control.

3.2.1.2. Activity Boundary: The activity boundary shall be tied into the highest order National Geodetic Survey Network available.

3.2.1.3. Survey Data: Work shall be done by a registered land surveyor in accordance with requirements of local statutory bodies that regulate land records.

(In Hawaii, survey data shall be shown as azimuths measured clockwise from true South and distances in feet and hundredths of feet, curve line data will include the radius (azimuth and distance), and chord bearing and distance.)

(In Guam, survey data shall be shown as bearing angles and distances in feet (to hundredths) and meters (to thousandths), curve line data will include the radius, the central angle, the arc distance and the chord bearing and distance.)

3.2.1.4. State Plane Coordinate System:

(In Hawaii the State Plane system consists of 4 zones by island groupings. These shall be used for locations of local trig stations with reference to each other.)

(In Guam, the Land and Claims Commission (L&CC) 1945 and Guam Geodetic Network (GGN) 1993 survey is to be used as the standard until such time as the facility has been converted to GGN93. When all facilities have been converted to GGN 1993, GGN 1993 shall be used as the standard.)

(Note to Contractor: In Hawaii, all land descriptions are tied to local triangulation (trig) stations. Coordinates are North, South, East, and West from these trig stations. Each trig station is used over a relatively small area. For one island, such as Oahu, many trig stations are used, each in its own locality. In the Pearl Harbor complex, for example, references will be to “Salt Lake,” “Ewa Church,” “Kapuai New,” and “Puuloa” or “Puuloa 2.” Azimuths are referred to true South at each trig station for its area. At each interface between trig station areas, the azimuths in the two sides of the interface are different. Additionally, in the Land Court system, only Map 1 of each Land Court Application contains a reference to the local trig station and the overall perimeter of the Land Court Application. All further subdivisions refer back eventually to Map 1. Land descriptions refer only to Application number, Lot number, Map number, etc.)

3.2.2.
Metes and Bounds Verification: [Not in Contract] [Verify metes and bounds as described in the Real Estate Summary Map(s) and accompanying documentation.]

3.2.3.
Real Estate Summary Maps: [Not in Contract] [Review, update, and correct the Real Estate Summary Map(s) for the subject activity. Ensure that perimeter survey is adjusted and closes. The Contractor will compile the boundary data for the RESMs.] The Contracting Officer will furnish the following data to the Contractor:

3.2.3.1.
Interior parcel legal descriptions.

3.2.3.2.
Legal descriptions of in- and out-easements, rights-of-way, and in- and out-grants.

3.2.3.3.
Legal descriptions of Federal legislative jurisdiction including acquisition dates, type of jurisdiction, authority, acceptance dates, and method of acquisition (fee, condemnation and civil number, and other types of acquisition).

3.2.3.4.
All recent real estate transactions.

3.2.3.5.
Data Representation: The text and accompanying symbols required to describe the above data shall be located in the appropriate TSSDS (Reference 22.1) feature file on the appropriate layers. Pattern hatches (government furnished) shall be used to identify various types of Federal legislative jurisdiction and other large areas, unless otherwise specified.
3.2.4.
Aerial Photography: Compile large scale Base Map consisting of planimetric and topographic features by stereo-compilation methods using stereo-restitution instruments interfaced directly to the data recording system by a three axis (X, Y, and Z) stereo compilation unit.

3.2.5.
Database: Translate photogrammetric and other data to an interactive computer graphics database compatible with a ________ (Indicate which software is required for this contract.) system. See Section 12 for a definition of database compatibility.

3.2.6.
Base Map(s): Create an Base Map(s) that is in accordance with the TSSDS (Reference 22.1). See Section 22 for reference information.
3.2.7.
Adjustments: Insure that there is complete graphic compatibility between the newly flown and compiled Base Map and the updated Real Estate Summary Map.

3.2.8.
Special Interest Maps: [Not in Contract] [Prepare individual interactive computer graphics data layers containing the Special Interest data specified in Section 3.3, in accordance with the TSSDS (Reference 22.1).]

3.2.9.
Utility Maps: [Not in Contract] [Prepare individual interactive computer graphics data layers containing the Utility data specified in Section 14, in accordance with the TSSDS (Reference 22.1).]

3.2.10.
Mylar Plots: Prepare reproducible mylar plots of the Base Map(s) and other Special Interest Maps listed in Sections 3.3 and 15.

3.2.11.
Field Checks: The compiled maps shall be field verified for horizontal and vertical accuracy by conventional field survey methods (traverse, triangulation, and differential leveling methods). A minimum of 60 well-distributed points shall be checked (3 field checks with 20 points in each test).

3.2.12.
Final Revisions: Revise database as required by field check.

3.3.
Use of Existing Source Material. Lists of various documents such as existing installation master plans, topographic surveys, etc. will be provided by the installation. This information will be used for general reference, as a work planning tool, for locating underground utility features, for annotating facilities with facility numbers or names, and as a means for checking work which is generated by the Contractor. The Contractor shall coordinate all data collection with the Contracting Officer. The data required to prepare the products specified by this contract shall be obtained from the following sources (or others specified by the Contracting Officer). However, in all cases where a discrepancy exists between the existing source material and Contractor’s generated data, the aerial photography and the Contractor’s field verification shall be accepted as more accurate and correct.

3.3.1.
Real Estate Summary Map(s): [Not in Contract] [Obtained from Engineering Field Division files and verified by ground surveys.]

3.3.2.
Base Map(s): Data obtained by aerial photography and verified by ground surveys.

3.3.3.
Utility Map(s): [Not in Contract] [Data obtained by aerial photography, from Engineering Field Division or activity files, and verified by ground surveys.]

3.3.4.
Soil Classification: [Not in Contract] [Data obtained from U.S. Department of Agriculture Soil Conservation Service Documents or from digital tapes of U.S.D.A soil data, if available.]

3.3.5.
Forestry: [Not in Contract] [Data obtained from Contracting Officer (and verified with aerial photography and ground surveys).]

3.3.6.
Floodplains: [Not in Contract] [Data obtained from Federal Insurance Administration or as supplied by the Contracting Officer PIC.]

3.3.7.
Wetlands: [Not in Contract] [Data obtained from Fish and Wildlife Service Wetland Specifications, U.S. Department of Agriculture Soil Conservation Service, NAVFAC Land Management Reports, or activity maps (and verified with aerial photography and ground surveys).]

3.3.8.
Endangered Species/Critical Habitat: [Not in Contract] [Data obtained from Fish and Wildlife Service, NAVFAC Land Management Reports and files, or activity records (and verified with aerial photography and ground surveys).]

3.3.9.
Outdoor Recreation: [Not in Contract] [Obtained from activity or Engineering Field Division files (and verified with aerial photography and ground surveys).]

3.3.10.
Grounds Maintenance: [Not in Contract] [Obtained from activity or Engineering Field Division files (and verified with ground surveys).]

3.3.11.
Agricultural Outleasing: [Not in Contract] [Obtained from activity or Engineering Field Division files (and verified with ground surveys).]

3.3.12.
Explosive Safety Criteria: [Not in Contract] [Digitized from data obtained from activity or Engineering Field Division files.]

3.3.13.
Electromagnetic Safety Criteria: [Not in Contract] [Digitized from data obtained from activity or Engineering Field Division files.]

3.3.14.
Air Safety Criteria: [Not in Contract] [Digitized from data obtained from activity or Engineering Field Division files.]

3.3.15.
Other Special Interest: [Not in Contract] [Digitized from data obtained from activity or Engineering Field Division files.]

3.4.
Site Visitations for Survey and Reconnaissance: All visits to the installation including airborne reconnaissance shall be coordinated in advance with the installation point of contact listed in each delivery order. Site visits are subject to the following conditions:

3.4.1.
The Contractor and all employees shall abide by all security regulations of the installation.

4.
AIRCRAFT FLIGHT OPERATIONS AND EQUIPMENT REQUIREMENTS

Survey Clearance: The Contractor shall notify the Installation Civil Engineer’s office at least 10 working days prior to going on installation property to perform survey work. The project manager will furnish the Contractor a point of contact for the detailed coordination required between the Contractor and the installation.

4.1.
Aircraft and flight crew. The aircraft furnished or utilized under this contract shall be equipped with navigation and photographic instruments and accessories necessary to satisfactorily produce the required photography. The aircraft shall be maintained in operational condition during the period of this contract, and shall conform to all governing federal aviation administration and civil aeronautics board regulations over such aircraft. The flight crew and cameraman shall have had a minimum of 400 hours experience in flying precise photogrammetric mapping missions.

4.2.
Camera windows and camera mounting. When high-altitude photography is required, camera windows may be needed. Camera windows shall be mounted in vibration-damping material to avoid mechanical stress to the window. Prior to photography, any camera window used shall be checked by the calibration center to ensure that it will not adversely affect lens resolution and distortion and that it is substantially free of veins, striations, and any other non-homogeneity. The camera itself shall be installed in a mounting that dampens the effects of aircraft vibration. Aircraft exhaust gases shall be vented away from camera opening.

4.3.
Photography Type. The Contractor shall provide single lens vertical black and white photography at scales suitable to produce the required products. Characteristics of the photography shall be suitable for analytical aerotriangulation and standard photogrammetric mapping.

4.4.
Flight Plan. The minimum area(s) to be photographed are as indicated on maps included in Section ________ (which will be provided for each photographic delivery order). Given the specified photo-negative scale criteria herein, the contractor shall design the flight lines for the photography to obtain proper overlap, sidelap, and endlap to assure full stereoscopic photographic coverage, in accordance with the criteria defined in this contract (or delivery order thereto). Generally, the flight lines shall be parallel to each other and to the longest boundary lines of the area to be photographed. For single strip photography, the actual flight line shall not vary from the line plotted on the flight map by more than the scale of the photography expressed in feet. For example, the allowable tolerance for photography flown at scale of 1 inch equals 1000 feet is about 1000 feet. The flight diagram shall be submitted to the government for approval 10 days before the flight and shall show the following items:

4.4.1.
Number of flight lines with proposed direction and aircraft altitudes.

4.4.2.
Number of stereo models outlined on each flight line and sheet layout.

4.4.3.
All existing horizontal and vertical control points.

4.4.4.
All supplementary horizontal and vertical control points.

4.4.5.
The pre-targeted panel positions needed to tie the individual frames of photog​raphy to the State Plane Grid System.

4.4.6.
The pre-targeted panel positions needed to locate utility lines and features.

4.5.
Off Installation Coverage. The coverage of aerial photography will include off installation adjacent areas as determined by the Project Manager. Coverage of satellite locations—such as housing sites, missile sites—which are not immediately adjacent to the boundaries (greater than 1000 feet off the main installation) will also be determined by the Project Manager.

4.6.
Flight Clearance: The Contractor shall notify the Project Manager prior to the anticipated flight date. The Contractor shall include the time required to accomplish each mission and any alternate period that should be used to reschedule the flight. The Contracting Officer will obtain and furnish to the Contractor any required clearances from the installation for these dates. Clearances issued are subject to temporary cancellation in the event of unforeseen mission requirements.

4.7.
Flight Log. For each flight day, the pilot or cameraman shall prepare a flight log containing the date, project name, aircraft used, and names of crew members. In addition, the following shall be prepared for each flight line: Altitude, camera, magazine serial number, F-Stop, shutter speed, beginning and ending exposure numbers and times, and any other comments relative to the flight conditions. These flight logs, or copies thereof, may be incorporated into the film report (if required) and will be delivered to the contracting officer as specified in this contract.

4.8.
Subcontracted Photography. Before commencement of any aerial photography under this contract (or work order) by a subcontractor, the contractor shall furnish the contracting officer, in writing, the name of such subcontractor, together with a statement as to the extent and character of the work to be done under the subcontract, including applicable camera certifications.

4.8.1.
Boundaries. All of the areas appearing on the first and last negative in each flight line extending over a boundary shall be outside the boundary of the project area. The principal point of two photographs on both ends of each flight line shall be taken past the boundary line of the project. Each strip of photographs along a boundary shall extend over the boundary not less than [fifteen] [15] ________ ____ percent of the width of the strip.

4.8.2.
Endlap. [Unless otherwise specified in a delivery order,] The forward overlap shall be sixty (60) percent +,- ______ percent. Endlap of less than [55] ______ percent in one or more negatives may be cause for rejection of the negative or negatives in which such deficiency or excess of endlap occurs.

4.8.3.
Sidelap. [Unless otherwise specified in a delivery order,] The lateral sidelap shall average [thirty (30)] ________ ______ percent +,- [ten (10)] ________ ______ percent. Any negative having sidelap less than [fifteen (15)] ________ ______ percent or more than [fifty (50)] ________ ______ percent may be rejected. The foregoing requirement can be varied in cases where the strip area to be mapped is slightly wider than the area that can be covered by one strip of photographs, where increase in sidelap is required for control densification purposes, or where increase or decrease in sidelap is required to reach established ground control.

4.9.
Crabbing. Any series of two or more consecutive photographs, crabbed in excess of 10 degrees as measured from the mean flight path of the airplane as indicated by principal points of the consecutive photographs, may be considered cause for rejection of the photographs in the flight within 10 miles of the rejective negatives.

4.10.
Tilt. The average tilt for photographs shall not exceed 1 degree and maximum tilt shall not exceed 3 degrees in a flight strip.

4.11.
Suitable Conditions. All photography shall be accomplished between 0900 and 1500 hours, Standard Time Zone, when the atmosphere is sufficiently clear, and when no part of the terrain being photographed is obscured by clouds, cloud shadows, smoke, fog or snow, except with the permission of the project manager. Every effort shall be made to acquire all the photography on the same day.

4.12.
Flight Requirements for Natural Resources: All aerial photography taken to obtain data on natural resources shall use color infrared film. Aerial photography for natural resources shall be obtained at a time of year when leaves are not present on deciduous trees and snow is not present on the ground.

4.13.
Marking. The Contractor shall mark on each negative of the photography assignment the date of exposure, the approximate scale (1:xxxxxx), file number, roll number, flight line number, and exposure number. All such editing of numbered negatives shall be made by mechanical lettering, with characters 0.2 inch high, and shall be so placed as to appear within the image on the forward edge (in the line of flight) of the positive paper prints, to read from the back edge, all in relative positions as follows:

Date - Scale - File No. - Flight Line No. - Photo No.

4.14.
Contact Prints. The contractor shall furnish positive contact prints of the aerial photographs made on double weight semi-matte paper stock. They shall be sharp and clear, shall contain all highlight, and shadow detail, and shall be evenly toned. They shall be permanently fixed, thoroughly washed, processed through flattening solution and dried without pressing, rolling, or excessive heating, and trimmed to the image area, approximately 9” x 9”, with imaged fiducial retained on the print.

4.15.
Photographic Index. The Contractor shall prepare a photograph index for each mission. The index shall be on one or more sheets (maximum photo image size: 26" x 30"), and shall be a stable base film positive made from a single negative, entirely free of splicing and marking. Each sheet shall display a north arrow, sheet index with photograph numbers and title block, showing the following information:

Installation Name
Contract No.

Date of Photography

Scale of Original Photography

Contractor Name

Sheet No. ______ of ______

4.16.
Materials. All materials, supplies, or articles required for work described herein shall be products of reputable manufacturers and entirely suitable for the intended purpose. They shall be new and unused, unless otherwise specified.

4.17.
Aerial Film. The Contractor shall furnish aerial film of a quality that is equal or superior to Kodak Aerocolor II Type 2445 or color negative film. Black and white photography may be used if photos are to be used solely for stereocompilation. Black and white photography shall be obtained using Kodak Plus-X Aerographic Type 2402 or equivalent panchromatic negative film. For natural resource features, Kodak Aerochrome II Infrared Film 2443 or equivalent infrared negative film will be used. Only fresh, fine-grained aerial film shall be used. The negatives shall be exposed and developed in such a manner that they will be sharp, clear, and contain all highlight, and shadow detail. They shall be free of any defects that render them unsuitable for their intended purpose.

4.18.
Terrain Elevation Variances. When ground heights within the area of overlap vary by more than ten percent of the flying height, a reasonable variation in the stated overlaps shall be permitted provided that the fore and aft overlaps do not fall below [55] ___ percent and the lateral sidelap does not fall below [10] ______ percent or exceed [55] ______ percent. In extreme terrain relief where the foregoing overlap conditions are impossible to maintain in straight and parallel flight lines, the gaps created by excessive relief may be filled by short strips flown between the main flight lines and parallel to them.

4.18.1.
Strips running parallel to shoreline may be repositioned to reduce the proportion of water covered, provided the coverage extends beyond the limit of any land feature by at least 10 percent of the strip width.

4.18.2.
Where the ends of strips of photography join the ends of other strips or blocks flowing in the same general direction, there shall be an overlap of at least two stereoscopic models. In flight lines rephotographed to obtain substitute photography for rejected photography, all negatives shall be exposed to comply with original flight specifications, including scale and overlap requirements. The joining end negatives in the replacement strip shall have complete stereoscopic coverage of the contiguous area on the portions not rejected.

4.18.3.
Unexposed film. Whenever any part of an unexposed roll of film remains in the camera, before such film is used on a subsequent day, a minimum 3 ft. section of the roll of film shall be rolled forward, and exposed, immediately preceding the beginning of photography.

4.18.4.
Quality of Photography. The photographic negatives shall be taken so as to prevent appreciable image movement at the instant of exposure. The negatives shall be free from static marks, shall have uniform color tone, and shall have the proper degree of contrast for all details to show clearly in the dark-tone areas and high-light areas as well as in the halftones between dark and light. Negatives having excessive contrast or negatives low in contrast may be rejected.

4.18.5.
Processing of exposed film. The processing, including development and fixation and washing and drying of all exposed photographic film, shall result in negatives free from chemical or other stains, containing normal and uniform density, and fine-grain quality. Before, during, and after processing, the film shall not be rolled tightly on drums or in any way stretched, distorted, scratched, or marked, and shall be free from finger marks, dirt or blemishes of any kind. Equipment used for processing shall be either rewind spool-tank or continuous processing machine, and must be capable of achieving consistent negative quality specified below without causing distortion of the film. Drying of the film shall be carried out without affecting its dimensional stability.

5.
GROUND SURVEY AND GLOBAL POSITIONING SYSTEM SURVEYING
5.1.
Accuracy Standards for Control Surveys: The Contractor shall be responsible for the accuracy of all horizontal and vertical control used in this project and shall provide all additional control necessary for the completion of the mapping work. All horizontal and vertical control established for this project shall meet or exceed the standards of Class I accuracy as published in the American Society for Photogrammetry and Remote Sensing (ASPRS) “ASPRS Accuracy Standards for Large-Scale Maps” (ASPRS 1990).

5.1.1.
Field surveys will be of third order accuracy (1:5,000) or better. Vertical control shall be based on NAVD 88 datum. The horizontal control shall be tied to the applicable State Plane Coordinate System and shall be based on the NAD 83 datum. If no permanent monuments or bench marks are within reasonable distance from the project site, the Contractor shall set a significant number of semi-permanent survey points outside the proposed project limits to serve as project control. Additional control can be accomplished by analytical triangulation. The distribution of control to maintain mapping accuracy as specified, following, shall be the responsibility of the contractor.

5.1.2.
All horizontal angles along the traverse routes will be measured with a one (1) second Theodolite utilizing a minimum of three (3) circle positions. The angle derived from each circle position will be obtained from observations with the instrument in both the direct and reversed telescope positions. Should any of the three circle positions produce an angle that differs from the mean by more than six (6) seconds, additional circle positions will be observed until this criteria is satisfied.

5.1.3.
Zenith Angles will be measured at each instrument station. These angles will be used to reduce the slope EDM distances to the Horizontal and to compute elevations for each traverse station. Zenith Angles will be observed with the instrument in both the direct and reversed telescope positions to the station forward and to the station back. Zenith Angles for all traverse legs that exceed 2000 feet in length will be measured a second time from both ends of the line.

5.1.4.
All distances will be measured with an electro/optical EDM capable of measuring at least two (2) miles. The EDM will be calibrated along with the Retro-Reflectors to be used during the survey to determine the proper reflector constants to be applied to each measurement. Temperature and barometric pressure will be recorded for each measurement. Each measured distance will be reduced to a Horizontal Geodetic Sea Level distance and then be reduced to a grid on the Georgia West Zone, Transverse Mercator State Plane Coordinate System.

5.1.5.
Astronomical observations for Azimuth will be performed at the beginning and ending of all traverse routes, at or near all traverse junctions. These observations may be made utilizing either the sun or the star Polaris. If the sun is used the Hour Angle method of computation for Azimuth must be utilized. Azimuth adjustment between astronomical observations shall not exceed the square root of the number of stations (N) multiplied by twenty (20) seconds. (Nx20)

5.2.
Control Report: The Contractor shall prepare and furnish a control report containing all of the following:

5.2.1.
Narrative Section: The narrative shall clearly describe and list in tabular form the existing monuments, stations and bench marks used to establish the horizontal and vertical datums. It also shall describe the survey adjustments and closures, and the manner in which the closure errors were distributed. A minimum of three swing ties to well-defined objects shall be measured in the field and shown for each location.

5.2.2.
Closure and Adjustment Computations

5.2.3.
Sketches and Descriptions of all existing and all set and surveyed basic control, comprising the horizontal station markers and bench marks.

5.2.4.
Control Diagram: a diagram to scale of the system of project basic control correlated with the existing control utilities for closure purposes. The control diagram shall clearly show the arrangement (horizontal position) of the existing basic and project control, and shall be prepared to a scale of one inch equals [1000] [2000] [4000] ________ feet. The diagram may be placed on an existing topographic or other accurate map as a base for locating each horizontal and vertical control point.

6.
MAPPING ACCURACY

6.1.
Mapping shall conform to the following accuracy:

6.1.1.
Vertical: Ninety percent of all contours shall be within 1/4 contour interval of their correct position. The remaining 10 percent shall not be in error by more than one contour interval.
6.1.2.
Horizontal: A ninety percent of all identifiable horizontal features shall be within 1/40 of map scale, their correct position as determined from the nearest grid lines and the remaining 10 percent shall not be more than 1/20 of map scale in error.
6.1.3.
Pre-Flight Site Preparation: The Contractor shall furnish plottings of the ground control profiles over which the appropriate mapping profile has been superimposed. The Contractor shall be responsible for setting targets (panels) of appropriate size on all ground control points needed to achieve the required accuracies of this contract through aerotriangulation. The Contractor shall panel all corners of the boundary for photo identification. Above ground features, such as small structures, manholes, hydrants, valves, and inlets, etc., may be coded by the Contractor as is necessary for his work, either by applying removable panels or by painting with water soluble paint prior to the acquisition of the aerial photography, in order to locate these features during the mapping process. Extreme care must be taken by the Contractor regarding the use of paint. Installations must maintain a neat and orderly appearance and the Contractor must use the least durable paint possible which will, however, permit the successful accomplishment of his work. Any panels, paint, or other images to be placed on the installation’s property shall be approved both in writing and in advance by the Project Manager.

6.1.4.
Pre-Photography Targets: The Contractor shall position a network of targets (panels) in accordance with the highest standards for analytical aerotriangulation methods. The quality, spacing, size and construction of the targets shall be compatible with the flight scale, equipment and software that the Contractor will use to generate the supplemental analytic control values in accordance with the accuracy specified in the contract.

6.2.
GPS Methods and Procedures: Comprehensive Planning and environmental data shall use global positioning system (GPS), where appropriate. The system shall be compatible with the Magellan GPS NAV 5000 PRO. Accuracy associated with GPS collection methods will be at least three (3) meters. Better accuracy may be achieved but is not guaranteed.

6.3.
GPS field techniques will be double-differentiated. This technique will require a GPS base unit to be located at a known (horizontal and vertical) control point and one or more GPS units at remote or unknown points. To achieve the accuracies specified above, post processing computer software will yield accuracies that are less than 3 meters and require the base station to be manned full time. This technique also requires radio contact between the manned base station and the remote site(s) during the observation period. Field differential methods will not be used.

6.4.
Equipment required to perform double difference differential GPS methods and to achieve three (3) meter accuracies will consist of the following:

6.4.1.
GPS base unit which shall be an Ashtech XII Ranger or other receiver that is compatible with the Magellan GPS NAV 5000 PRO.

6.4.2.
Each CONSULTANT furnished GPS unit will consist of, or be compatible with, the following equipment:

Magellan NAV 5000 PRO

Multipath Antenna

External Data Logger

6.5.
The Contractor will require a full-time GPS coordinator to manage the GPS efforts, ensure the quality of the data being collected and to process the data on a daily basis. The Contractor shall be responsible for acquiring the necessary hardware and software for the post processing of the data.

6.6.
All work will be accomplished in accordance with the specifications provided in NAVSTAR Global Positioning System Surveying, US Army Corps of Engineers, Engineering and Design, EM-1110-1-1003.

7.
AERIAL PHOTOGRAPHY

The Contractor shall furnish all personnel, plant, equipment, transportation, and materials necessary to perform aerial photography in accordance with the following conditions, provisions, and specifications.

8.
CAMERA EQUIPMENT

All mapping photography shall be made with a single lens precision aerial mapping camera equipped with a high-resolution, distortion-free type lens, shall be calibarted by the National Bureau of Standards or an agency making calibrations of equal accuracy and shall be approved by the project manager. A copy of the Report of Test of Lens and Camera Calibration Report shall be furnished to the project manager prior to executing the photography mission.

8.1.
The calibrated focal length of the lens (the focal length at which the values of the lens distortion, irrespective of sign, are held to a minimum within 45 degrees of the optical axis) shall be 153 millimeters, plus or minus 3 millimeters. The camera shall function properly at the necessary altitude and under the expected climatic conditions, and shall expose a 9-inch square negative. The lens cone shall be so constructed that the lens, focal plane at calibrated focal length, fiducial markers, and marginal data markers comprise an integral unit are otherwise fixed in right orientation with one another.

8.2.
Dimensional change brought about by variations of temperature or other conditions shall not be of such magnitude as would cause deviation from the calibrated focal length in excess of plus or minus 0.03 millimeter or would preclude determination of the principal point location to within plus or minus 0.03 millimeter.

8.3.
The focal plane surface of the platen shall be flat to within 0.013 millimeter and shall be truly normal to the optical axis of the lens. The camera shall be equipped with means of holding the film motionless and flat against the platen at the instant of exposure.

8.4.
For mapping photography, the camera shall be equipped with a minimum of four fiducial marks suitable for making precise measurements in analytical aerotriangulation processes. The lens, focal plane, and fiducial marks must be permanently fixed in rigid orientation with each other. Fiducial marks shall be calibrated to 0.0002 millimeter.

8.5.
As referred to the calibrated focal length, the radial distortion shall not exceed plus or minus 1.0 millimeter within a 42.5 degree half field angle, and the tangential distortion shall not exceed 0.0005 millimeter. Values of distortion at equal but opposite angular separations from the axis along the same diameter shall not differ from each other by more than 0.02 millimeters.

8.6.
When installed in the camera, and with an appropriate filter mounted in place, the lens shall resolve at least 32 equally spaced lines to the millimeter in the center of the field and at least 14 equally spaced lines to the millimeter in any orientation extending to 45 degrees from its axis, all as could be determined by tests using Eastman Spectroscopic Type V-F Emulsion or equivalent. The lens shall be fully color corrected for color photography.

8.7.
The appropriate filter shall be used in the photography and shall be of such quality that no appreciable reduction in resolution will result. The surfaces of the filter shall be parallel to within 10 seconds of arc. Clear antivignetting filters and haze filters shall be used as required for color photography.

8.8.
The camera shall be equipped with a between-the-lens shutter of the variable speed type, whose efficiency shall be at least 75 percent at the fastest rated speed.

8.9.
Substitute cameras may be used in taking special purpose aerial oblique photographs for the reference and photographs to be used in the preparation of mosaics.

9.
PHOTOGRAPHY SCALE

The aerial photography shall be performed at an altitude that ensures that the film negatives will have a scale as specified below (refer to the table below). Negatives having a departure from the specified scale by more than 5 percent because of tilt or abrupt changes in flying altitude shall be replaced.

Area
Negative Photo Scale
Map Scale

Cantonment Area
____________________
____________________

Vicinity Area
____________________
____________________

(Non Cantonment Area)
____________________
____________________

Aerial Photography Acquisition Parameters

	Photo Scale Range
	Altitude (meters)
	Altitude (feet)
	Map Scale Range 
	Map Scale 1"=x'
	Contour Interval (meters)
	Contour Interval (feet)
	Typical Use

	1:2400–1:3000
	450
	1500
	1:480–1:500
	1"=40'
	0.5
	1.0
	Site map

	1:3000–1:4000
	600
	2000
	1:600
	1"=50'
	0.5
	1.0
	Small Area Development Map Utility Maps 

	1:4000–1:5000
	760
	2500
	1:1200
	1"=100'
	1
	2
	Area Development Map Special Area Maps—Airfields, Ports, Harbors etc. 

	1:5000–1:12000
	900
	3000
	1:2400
	1"=200'
	2
	5
	Cantonment Area Map Land Use Map

	1:12000–1:24000
	1060
	3500
	1:4800
	1"=400'
	3
	10
	Environmental Concern Area Transportation Access Map

	1:24000–1:25000
	1200
	4000
	1:6000
	1"=500'
	3
	10
	Installation Layout Map

	1:25000–1:26000
	1350
	4500
	1:9600
	1"=800'
	6
	20
	Special Study—Environmental Change Map

	1:26000–1:72000
	1520
	5000
	1:12000
	1"=1000'
	6
	20
	Vicinity Map

	
	
	
	1:24000
	1"=2000'
	10
	40
	Regional Map


10.
PHOTOGRAMMETRIC MAPPING REQUIREMENTS

Photogrammetric mapping shall be produced from photography meeting the specifications outlined in previous sections. Enlargement from photographic negative scale to compilation scale must be accomplished within the limits of stereoplotter capabilities in order to produce mapping of the required accuracy specified in this contract.

Digital Orthophoto files will be furnished for the area in question in _____ (typically TIFF, GEOTIFF) file format.  Ortho images will be either mosaiced to form a continuous file or left in individual tiles for custom mosaics.  Original aerial film dipositives will be scanned at a minimum resolution of 15 microns (1693 dots per inch).  Final image resolution following resampling will be based on a pixel size of .25" or .5" or 1' or 2' depending on needs.  The average pixel size is typically 1'.  

Image rectification will be accomplished using topographic data derived from the digital topographic map files.  Digital image files will be geo-referenced (to the accepted local datum) to facilitate overlaying of digital map vector files in the chosen mapping software environment.  Files shall also be furnished to be compatible with the latest version of _______compression software technology.  Files will be furnished on compact disks.

10.1.
Operators of photogrammetric mapping equipment shall be trained and skilled to meet contract requirements.

10.2.
Supplemental Analytical Control: The Contractor may use fully analytical aerotriangulation methods to establish stereo-photogrammetric map compilation. Semi-analytic or analog methods are not acceptable for this project.
10.2.1.
Point Marking. All point markings will be performed using precision marking instruments. Marking will be between 40 and 80 micrometers in size, appropriate to the scale of the photography and stereo plotting instruments. Marks will be drilled through the photographic diapositive emulsion and waste materials will be removed prior to mensuration.

10.2.2.
Mensuration: The photogrammetric measuring instruments employed shall be comparators having a precision of at least one micrometer. The comparators will be calibrated to an accuracy sufficient to achieve a root mean square error of two microme​ters.

The supplemental control points for the photography used in the topographic map compilation will be computed using a fully analytical bundle aerial triangulation program. The specific program to be used and the density of the control network shall work hand-​in-hand so that all accuracies are met. As the minimum, the program shall incorporate the capability to weight control points on an individual basis, correct film deformation, atmospheric refraction, earth curvature and lens distortion.

10.2.3.
Supplemental Control Points: A minimum of nine precisely marked supplemental control points will be established for each photograph and six points will be located as near as possible to the corners and the nadir point of the “neat” model. X, Y, and Z values will be computed for all supplemental control points.

10.2.4.
Records and Control Photos: The Contractor will clearly identify the position of all primary and supplemental control points, using permanent black ink on a set of 9" x 9" contact prints. Identifying numbers will be assigned to all supplemental control points, using the flight number to clearly relate them to the flight line on which they appear. A tabular listing of all control points with their elevation and/or coordinate value will be prepared. All computer printout sheets showing the final analytical aerotriangulation control values will be assembled. The above data will be furnished to the Contracting Officer together with the other final products of the contract.

10.2.5.
Accuracy: The positional accuracy (vector of both Northing and Easting coordinate errors) of pass points established by aerotriangulation should meet either of the following minimum requirements: 

10.2.5.1. The accuracy of supplemental control points generated by analytic methods should have a root mean square error (RMSE) in feet not greater than one part in 1,500 of the nominal photo scale as expressed in feet per inch.

Photo Scale*
RMSE

1" = 200' (1:2400)
0.13 feet

1" = 600' (1:7200)
0.40 feet

1" = 1500' (1:18000)
l.0 foot

*see Scale Conversion Chart at end of this appendix.

10.2.5.2. Ninety percent of the checkpoints in error in feet by not more than one part in 900 of the nominal scale as expressed in feet per inch.

In either case, no point should be in error by more than one part of 400 of the negative scale as expressed in feet per inch. At the scale of photography selected by the Government for this project, the pass points should have the following accuracies:

PASSPOINTS ACCURACY REQUIREMENTS

Photo Scale
1"=1,600'
1"=400'

RMS (1:1,500)
1.33'
0.40'

90% (1:900)
2.22'
0.67'

Max (1:400)
5.00'
1.5'

10.3.
Stereo map compilation shall be accomplished by using automated high order type stereo-resolution instruments that are interfaced directly to a CADD system by means of a three axis (X, Y, and Z) encoding unit, and shall be capable of attaching non-graphic data to a graphic element. The stereoplotting device shall be capable of capturing the level of detail required from the aerial photography. All data shall be digitally derived using an analytical plotter. Stereoplotters and other mensuration instruments shall be well calibrated.

10.3.1.
Revisions: The system will have the capability of making revisions to the data stored in the system, while maintaining the specified accuracy standards.

10.3.2.
Planimetric Map Content: All planimetric map features shall be compiled from the stereo-model directly into the interactive graphics system as described above.

10.3.3.
Contours and Spot Elevations: Contours and spot elevations shall be compiled from the stereo-model directly into a computer graphics system as described above.

10.3.4.
Design/Compilation Scale: The design/compilation scale and contour interval for this project shall be:

English Units (use one of the following):

Design Compilation Scale
Contour Interval

1"= 40' (1:480)
1' contours

1"= 100' (1:1200)
2' contours

1"= 200' (1:2400)
5' contours

Metric Units:

Design Compilation Scale
Contour Interval

1:500
0.5 m contours

The Contractor shall apply his total integrated, photogrammetric system including: vertical aerial photography; primary horizontal and vertical ground control surveys; supplemental analytical aerotriangulation control (if used); stereo map compilation; interactive database input and final automated drafting; in a manner that will insure compliance with the accuracy standards specified below. It is recognized that the computer interactive mapping system has the ability to enlarge and reduce the mapping to a wide range of viewing and final drafting scales, but the map accuracy standards specified in Section 11, will apply only to the Design/Compilation Scale for this project.

11.
STEREO-PHOTOGRAMMETRIC MAP ACCURACY STANDARDS

Unless otherwise specified, all stereo-photogrammetric mapping will meet the following horizontal and vertical accuracy requirements:

Contours and Spot Elevations: Ninety percent of the elevations determined from the solid line contours of the topographic maps shall have an accuracy with respect to true elevation one-half of the contour interval or better and the remaining ten percent of such elevations shall not be in error by more than one contour interval. In checking elevations taken from the map, the apparent vertical error may be decreased by assuming a horizontal displacement of 1/40 (0.025) of an inch. In densely wooded areas where heavy brush or tree cover fully obscures the ground, contours shall be shown by dashed lines and shall be plotted as accurately as possible from the stereoscopic mode, while making full use of spot elevations obtained during ground control surveys and all spot elevations measured photogrammetrically in places where the ground is visible.

11.2.
Coordinate Grid Lines: The plotted position of each plane coordinate grid shall not vary by more than 1/100 of an inch from true grid value on each map manuscript.

11.3.
Horizontal Control: Each horizontal control point shall be plotted on the map manuscript to an accuracy of one-hundredth (0.010) of an inch of its true position as expressed by the coordinate values computed for the point. The plotted position of each coordinate grid line shall not vary by more than one-hundredth (0.010) of an inch from its true grid value on each Existing Condition Map. The planimetric map features shall be plotted on the Base Map so that at least ninety percent of their positions shall be accurate to within one fortieth (0.025) of an inch of their true coordinate positions, as may be determined by test surveys. None of the features shall be misplaced by more than one-thirtieth (0.033) of an inch from their true coordinate position.

11.4.
Planimetric Features: All planimetric features which appear on the photographs shall be plotted so that at least 90 percent of their positions on the finished maps shall be accurate to within a total range of 1/40 of an inch of their true coordinate positions, as may be determined by test surveys, and none of the features tested shall be misplaced on the finished map by more than 1/30 of an inch from their true coordinate position.

11.5.
Spot Elevations - Ninety percent of all spot elevations placed on the maps shall have an accuracy of at least 1/4 of the contour interval, and the remaining 10 percent shall not be in error by more than 1/2 of the contour interval.

12.
COMPUTER COMPATIBILITY

12.1.
System: Map database-building efforts on this project shall EITHER be performed on a [FCAD2] ________ system, utilizing [FCAD2] ________ Revision ______ or later software; OR on a system or systems capable of providing an equivalent [FCAD2] ________ compatible database. If other than a [FCAD2] ________ system is to be used, the Contractor shall provide the Contracting Officer with a test media (e.g., tape) produced from data entered on his equipment that demonstrates the required compatibility. Compatibility means that [FCAD2] ________ binary graphic files (files with name extension ______) and associated files are delivered on media readable by [FCAD2] ________ software.

12.2.
Database Conversion: Conversion of other than [FCAD2] ________ databases to [FCAD2] ________ shall be the contractor’s responsibility. Conversion shall include all appropriate graphical and non-graphical attribute type data.

12.3.
Deliverables: The contractor shall deliver all graphic databases, [cell] [block] files, line font definitions, non-graphic property files, extract data definition files, computer programs, and plotting instructions developed as part of this contract. Map part databases and other files shall be delivered on CD or media approved by the Contracting Officer.

12.4.
Database Format: The prepared database shall be consistent with the TSSDS (Reference 22.1) with respect to:

12.4.1.
File Naming Conventions: Graphic file names will be of the form: a five letter name that signifies the entity set (e.g., tr for transportation) and entity classification (e.g., veh for vehicle) plus the specific software’s filename extension. If more than one area or site is mapped, the different map sets will be stored in different file directories.

12.4.2.
Layering Conventions: Layer assignments shall conform to the TSSDS (Reference 22.1).

12.4.3.
Non-Graphic Attributes: All non-graphic attributes assigned to graphic entities shall conform to the definitions (attribute name, data type—integer, character, real, or double precision, length—for character attributes, existing values from a domain—if the domain is available) contained in the TSSDS (Reference 22.1).

If an attribute is required but unavailable in the TSSDS, creation of the new attribute must be approved by the Contracting Officer.

12.4.4.
Map Projections: Projection definitions and parameters shall be set up with the mapping software’s standard projection definition utilities.

12.4.5.
Database Units: The database shall be constructed in [English] or [Metric] units. For Microstation, MGE, or GeoMedia, use ________ working units.

12.4.6.
Standard Symbols: Symbols shall be referenced from the TSSDS (Reference 22.1) standard symbol library. When no appropriate symbol is available from the TSSDS library, the contractor shall obtain Contracting Officer approval before creating a new symbol.

12.5.
Digitizing Procedures

12.5.1.
Digitizing of Existing Maps: [Optional] Digitizing from source documents (when allowed by the Project Manager) shall be performed on a digitizing tablet with resolution and repeatability of less than or equal to 0.001 inch and a maximum absolute error of 0.005 inch or less. Digitizing shall be accomplished so map features are represented within 0.010 inch of their locations on the original source documents. String entities will be filtered to store only the minimum number of coordinates needed to represent a feature position to the nearest 0.01 inches on the drawing at the largest plotted scale. For features with elevations indicated on the source document, z coordinates shall be stored in addition to x, y coordinates. Features for which the elevation cannot be determined shall be assigned a z value of zero.

12.5.2.
Raster Scanning: Digitizing by raster scanning of source documents followed by raster to vector conversion [may] [may not] be used for this project. (Raster scanning performed for this project shall use algorithms for character recognition and for ensuring that rectangular relationships of the features being modeled are retained.)

12.5.3.
Stereo-Digitizing: Photogrammetric input shall be stereo-digitized to provide X, Y, and Z coordinates for all map features derived from aerial survey. String entities will be filtered to store only the minimum number of coordinates needed to represent a feature position to the nearest 0.01 inches on the drawing at the largest plotted scale.

12.6.
Government Supplied Equipment: One workstation and associated software and peripherals (e.g., magnetic tape unit, CD-ROM drive) will be made available at a site designated by the Contracting Officer for in-house acceptance testing and for familiarization of Government personnel with use of the database.

12.7.
Database Partitioning: The database is partitioned by feature according to TSSDS (Reference 22.1). Any other partitioning scheme must be approved by the Contracting Officer. (See 12.8 below). Some circumstances where another partitioning scheme would be considered are:

12.7.1.
To store data for non-contiguous annexes or special areas that would be plotted on a separate map sheet. Maps for these areas shall be submitted as separate part files, or as a series of part files.

12.7.2.
To separate generalized vicinity maps from detailed activity map information.

12.7.3.
To increase processing speed. The individual feature file sizes shall not exceed 5 megabytes.

12.8.
Database Partitioning Scheme: A database partitioning scheme shall be submitted to the Contracting Officer for approval. Partitioning by geographic area (such as a separate part file for each 1" = 40' or l" = 200' scale map sheet) and/or by information content (e.g., a part file including only contours and vertical control), are acceptable approaches, provided that:

12.8.1.
If multiple map sheets are required for contiguous portions of an activity, a composite database is prepared at a scale that shows the entire activity on one sheet. The composite sheet scale shall be [1" = 400'] [1" = 800'] [1" = 1000'] [1" = 2000'] [1" = 3000'] intervals (for metric intervals see metric Conversion Chart at end of appendix). (Composites shall also be made that show each quadrant of the activity on one sheet.) These shall be separate part files.

12.8.2.
Each large scale map sheet can be plotted separately with any/all of the overlay data shown.

12.9.
Nesting of [Blocks] [Cells]: Nesting of [blocks] [cells] shall be limited to two levels, i.e., the composite database may include [blocks] [cells] which include [blocks] [cells], but the latter may not reference additional [blocks] [cells].

13.
DATA REPRESENTATION

13.1.
Map Requirements

13.1.1.
Scales and Units: The Contractor shall prepare the database in model units of [feet] [meters] and drawing units of inches. The Base Map (and the Special Interest maps) shall be plotted at a scale of [l inch = 200 feet] [1 inch = 100 feet] [1 inch = 400 feet], unless otherwise specified. A scale of [1 inch = 40 feet] [1 inch = 50 feet] shall be used for the plotting of utility data. A scale of not less than 1:25,000 shall be used for the mapping of natural resources data.

13.1.2.
Sheet Standards: The final database shall be paneled so as to divide the activity into quadrants suitable for plotting on standard 28 inch by 40 inch sheets. The quadrants shall be oriented with north towards the top, unless otherwise approved by the Contracting Officer. An index sheet showing the quadrants shall be included in the database. Plots of the data required to produce the Base Map(s) and Special Interest maps shall be done on sheets of matte polyester (mylar) material of 5 mil thickness. Each sheet shall have a 1/2 inch margin between border and trim lines on top, bottom, and right sides. The left side shall have a 1-1/4 inch margin. A sample of a standard Government Sheet with the appropriate title block shall be furnished to the Contractor by the Contracting Officer.

13.1.3.
Text Size: Delineation and lettering shall be of such size and quality to permit reduction to 105 mm film size and return to full size without loss of detail or blocking. The ________ font will be used. The minimum letter size is 0.10 inch on the final sheet plotted at 1 inch =200 feet scale (or 1 inch = 40 feet for utility data).

13.1.5.
Location Map and Legend: In the legend of the Base Map(s) indicate the relative position of the area mapped with respect to the overall activity. A legend of standard symbols and abbreviations used shall also be provided on each plot. Match-lines between sheets and the numbers of adjacent sheets shall be shown. Matching sheets shall be “BUTT JOINED” with no overlap.

13.2.
Survey Data: Station grid ticks and state coordinate grid lines shall be stored on the appropriate layer in the “cmgrd” feature file, as described in the TSSDS (Reference 22.1) and shown on each plot. These shall be marked along the boundary with activity locator designations. Station grid ticks shall extend slightly into the map area. The values of the State coordinate grid lines shall be indicated.

13.3.
Man-Made Features: All significant man-made surface features, including buildings, structures, piers, fences, ditches, roads and paved areas, rail lines, utility lines, etc., shall be represented in the database. Each item shall be identified by its facility number or name. These shall be stored in the appropriate Tri-Service Spatial Data Standard (TSSDS) feature file and on the appropriate layer in the feature file. If the Contractor is uncertain as to which layer to use, the Contracting Officer should be contacted. TSSDS symbols shall be used for all features for which a symbol is available. These should be stored in the database as [blocks] [cells]. Vicinity maps shall be created separately and inserted into the model as [blocks] [cells].

13.3.1.
Buildings and Structures: All existing buildings and structures shall be shown as the foundation line or facility footprint. Where the foundation line is hidden by the roof, image displacement (lean), shadows, tree cover, motor vehicles, etc., the Contractor shall conduct ground surveys to determine the actual foundation line.

Roof outlines shall be satisfactory where minor changes in building line and roof line occur.

The Contractor shall plot all roof top detail, including vents, mechanical equipment, and include spot elevations for building heights.

The database for buildings and structures shall be composed of a single closed string for each facility. These shall not be made into [blocks] [cells]. The entities shall be inserted into the database in a manner that will ensure that rectangular relationships of the facilities being modeled are retained. If the buildings and structures are to be represented as color-filled areas, they must be created or converted to closed polygons. The entities shall be stored on the appropriate layer in the “bggen” feature file, as described in the TSSDS (Reference 22.1). Facility numbers or names shall be shown immediately inside each building and structure, using a uniform font and size. If the text is too large to fit inside the building or structure, the origin point of the text should be located inside the building and the remainder of the text may overlap the building boundary.

The facility numbers will be gotten off of existing maps. Where a facility number is not shown on those maps, it will be the Contractor’s responsibility to get the number from the Public Works office or Project Manager.

13.3.2.
Roads and Highways: On large-scale maps, roads and highways shall be shown as double lines. The database for roads and other paved areas shall be composed of a series of strings, lines, and/or arcs joined at their end points. Where roads have parallel curbs or edges, the strings, lines, or arcs shall be parallel or equidistant apart. The entities shall be stored on the appropriate layer in the “trveh” feature file, as described in the TSSDS (Reference 22.1). The center of the roadway (centerline) as measured from the edge of the paved surface shall be shown as a line segments. The segments of a road centerline will coincide with the road segments in order to have similar characteristics. The names of all roads shall be included either within the road or immediately outside and parallel to it. Unimproved roads, tank trails, dirt roads, etc. shall have dashed line fonts attached to their entities and be likewise depicted in the legend. On small-scale maps, roads and highways shall be shown as a single line as needed.

The road names will be gotten off of existing maps. Where a road name is not shown on those maps, it will be the Contractor’s responsibility to get the name from the Public Works office or Project Manager.

13.4.
Natural Features: Shore lines, drainage lines, and other natural features shall be stored in the database as a series of strings, lines, and/or arcs joined at their end points. Some natural features may also be represented with the symbols included in the TSSDS (Reference 22.1). The entities and symbols shall be stored in the appropriate TSSDS feature file and on the appropriate layer and the line fonts and weights used in each case shall also conform to the TSSDS.

13.4.1.
Contour lines: Contour lines at [one] [two] [five] [ten] [twenty-five] foot shall be included for the project area intervals (for metric intervals see Scale Conversion Chart at end of appendix). These shall be divided into index contour lines at [five] [ten] [twenty-five] foot intervals and intermediate contour lines at [one] [two] [five] foot intervals intervals (for metric intervals see Scale Conversion Chart at end of appendix). The Contractor shall in steep relief apply the standard cartographic practice of “Feathering out contours and carrying contours.” Where contours exceed one-foot spacing, spot elevations shall be shown at a density of a one-foot grid. The accuracy of topographic data shall be indicated in legend format. Fonts and line weights for contour lines are shown in the TSSDS.

13.4.2.
Hydrographic Features: Natural hydrographic features including shorelines, streams, rivers, lakes, springs, swamps, marshlands, etc. shall be shown on the appropriate layer in the “hyczn,” “hysur,” or “hyhdb” feature file, as described in the TSSDS (Reference 22.1) and shall be used to create the Base Map(s). Other natural features shall be included in the database if required by the Special Interest maps listed in Section 3.2.8. These should also be stored on the appropriate data layer in the appropriate TSSDS feature file. Marshlands or swamps shall be patterned with the “swamp” pattern hatch. The Contracting Officer will provide any required pattern hatches. These shall be used where appropriate. If additional patterns must be created, they shall be submitted to the Contracting Officer for approval.

13.5.
Non-graphic Attributes [Not in Contract] [Several types of data shall be required to be stored in the database as non-graphic attributes. These include ________. The attribute data shall be stored in [Oracle] [Informix] [other] relational database management software. These shall be attached to the feature in the data model using the software’s standard attribute utilities. Non-graphic attributes definitions shall conform to the TSSDS (Reference 22.1).]

14.
UTILITY DATA (OPTIONAL)

14.1.
Data Collection (Note: utility features may require field survey data collection): The Contractor shall compile data contained in the activity's utility maps, Base Maps, as-built drawings, and other available data for location, size, material, and type of utility infrastructure features. All major above-ground utility features and the location of manholes, transformers, and substations, etc., shall be obtained from the aerial survey conducted as part of this contract. The following data shall be included in the database on the layer(s) specified in the TSSDS (Reference 22.1). If additional layers are required, the Contracting Officer shall be notified.

14.1.1.
Natural Gas Distribution: The database shall show graphically the system components listed below for Gas Distribution. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.2.
Electrical Distribution: The database shall show graphically the system components listed below for Electrical Distribution. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.3.
Potable and Raw Water Distribution: The database shall show graphically the system components listed below for Water Distribution. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.4.
Storm Drainage: The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
Distribution lines
Size, invert elevation, material type and construction type; line design flow

2.
Manhole location
Number, and invert elevation

3.
Pump location
Number, pressure, and flow

4.
Culvert location
Size

5.
Catch basin
Location; Capacity

6.
Lateral ties to facilities

7.
Outfall location
Average flow

8.
Drainage channel location
Size

[9.
Other]

14.1.5.
Industrial Waste: The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
Distribution line location
Size, elevation, material and construction type, year installed, line operating pressure and design flow

2.
Manhole location
Number, and invert elevation

3.
Valve location
Number and size

4.
Pump location
Number, pressure, and flow

5.
Service outlet location
Size, pressure, and flow

6.
Lateral ties to facilities

7.
Outfall location
Average flow

8.
Storage tank location
Volume and elevation

9.
Ind. Waste Plant location
Treatment processes (metals, CN, organics, etc.)

10.
Connections to/from IWTP
 Locations, size, number.

[11.
Other]

14.1.6.
Sanitary Sewers: The database shall show graphically the system components listed below for Sanitary Sewers. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.7.
Steam and Condensate Lines: The database shall show graphically the system components listed below for Steam and Condensate Distribution. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.8.
Fueling: The database shall show graphically the system components listed below for Fuel Distribution. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.9.
Compressed Air: The database shall show graphically the system components listed below for Compressed. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.10.
Chilled Water: The database shall show graphically the system components listed below for Chilled Water. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.11.
High Temperature Hot Water: The database shall show graphically the system components listed below for High Temperature Water. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.1.12.
Salt Water: The database shall show graphically the system components listed below for Salt Water. The database shall include the following graphic data with the listed non- graphic data attached:

Graphic Feature
Non-Graphic Data

1.
Distribution line location
Size, elevation, material and construction type, year installed, line operating pressure and design flow.

2.
Service outlet location
Size, design pressure and flow.

3.
Manhole location
Number and invert elevation

4.
Valve location
Number and size.

5.
Pump location
Number, design pressure, and flow.

6.
Lateral ties to facilities

7.
Pump location
Number, design pressure, and flow.

[8.
Other]

14.1.13.
Telephone Service: The database shall show graphically the system components listed below for Telephone Service and Cable TV. The database shall include the following graphic data with the listed non-graphic data attached:

Graphic Feature
Non-Graphic Data

1.
__________
_______________

2.
__________
_______________

3.
__________
_______________

14.2.
Data Representation

14.2.1.
Utility lines: Utility lines shall be represented by continuous line strings attached to nodes, such as manholes, inlets, or utility poles. These nodes shall be represented by TSSDS symbols.

14.2.2.
Non-graphic attributes: The database shall include as non-graphic attributes the attributes required to describe those utility facilities included in the database. The attribute definitions shall conform to the TSSDS. If an attribute is required but unavailable in the TSSDS, creation of the new attribute must be approved by the Contracting Officer.

15.
NATURAL RESOURCES (OPTIONAL)

15.1.
Watershed Areas [Not in Contract—if not in contract, delete parts 15.1.1 and 15.1.2 below]

[15.1.1.
Data collection: The Contractor shall determine the locations of watersheds and sub-watersheds from the information gathered by aerial photography and ground surveys, as required. Watersheds shall be defined as areas or regions bounded by a water parting or ridge line and draining to a particular watercourse or body of water. Specific information to be provided by the Contractor shall include:

15.1.1. (1.)
Watershed boundaries

15.1.1. (2.)
Sub-watershed boundaries

If a current Watershed map(s) is supplied to the Contractor by the Contracting Officer, the digitizing procedures defined in Section 12.5 shall be used to enter the information into the database.
15.1.2.
Data representation: Watershed boundaries shall be represented as closed strings on the appropriate layer in the TSSDS “hyhdb” feature file and shall comply with the TSSDS symbology.]

15.2.
Soil Classification [Not in Contract – if not in contract, delete parts 15.2.1 and 15.2.2 below]

[15.2.1.
Data Collection: Soil Conservation Service soil survey maps will be provided to the Contractor by the Contracting Officer, unless otherwise noted.

15.2.2.
Data Representation: The Contractor shall plot the Soil Conservation Service data at the scale of the Base Maps, as described in Section 13.1. The soil type boundaries shall be represented as closed strings on the appropriate layer in the TSSDS “sogen” feature file and shall comply with the TSSDS symbology.]

[The database shall have the soil type non-graphic attribute attached to the polygon being represented.]

The database shall include the soil symbol as text located within or adjacent to the polygon.

15.3.
Forestry [Not in Contract—if not in contract, delete parts 15.3.1 and 15.3.2 below]

[15.3.1.
Data Collection: A current forest stand map(s) will be supplied to the Contractor by the Contracting Officer. The Contractor shall enter into the database the information required to produce a forest stand map for the activity, or the areas specified by the Contracting Officer. The information shall coincide with the Base Map prepared as part of this contract. (Ground surveys shall be conducted as required to verify the accurate locations of forest stands, and shall be coordinated with the Contracting Officer, or the designated representative).

15.3.2.
Data Representation: Forest stand boundaries shall be represented as closed strings on the appropriate layer in the TSSDS “flmgt” feature file and shall comply with the TSSDS symbology. [Each polygon shall have the following non-graphic properties attached to the polygon:

15.3.2.(1.)
Stand Number 

15.3.2.(2.)
Other]

[The Contractor shall provide null attributes for the additional forest stand non-graphic properties described in the “flmgtfor” and “flmgtfst” tables in the TSSDS (Reference 22.1).]

15.4.
Wetlands [Not in Contract—if not in contract, delete parts 15.4.1 and 15.4.2 below]

[15.4.1.
Data collection: A current wetlands map(s) will be supplied to the Contractor by the Contracting Officer. The Contractor shall enter into the database the information required to produce a wetlands map of the activity, or the portions specified by Contracting Officer. The information shall coincide with the Base Map prepared as part of this contract. (Ground surveys shall be conducted as required to verify the accurate locations of forest stands, and shall be coordinated with Contracting Officer, or the designated representative. The survey(s) shall include inspection/verification of each wetland area.)

15.4.2.
Data Representation: Wetland boundaries shall be represented as closed strings on the appropriate layer in the TSSDS “hywet” feature file and shall comply with the TSSDS symbology. The wetlands type symbol shown on the map provided shall be used to annotate each area and appear as text in the map display.]

15.5.
Endangered Species/Critical Habitat [Not in Contract—if not in contract, delete parts 15.5.1 and 15.5.2 below]

[15.5.1.
Data Collection: [The Contracting Officer will furnish the Contractor with all information held by the Government concerning the presence and location of all known federally-listed endangered species and critical habitat boundaries at the activity.] [The Contractor shall obtain all additional information necessary from the U.S. Fish and Wildlife Service and other sources to accurately plot this data]. The accurate locations of these areas shall coincide with the Base Maps prepared as part of this contract.

15.5.2.
Data Representation: Endangered Species shall be shown with symbols. Critical Habitat boundaries shall be represented as closed strings on the appropriate layer in the TSSDS “fahab” feature file and shall comply with the TSSDS symbology. The following non-graphic properties shall be attached to the symbol located within the critical habitat boundary:

15.5.2.(1.)
Species (the “species_d” attribute in the TSSDS “fahabars” table)

15.5.2.(2.)
Status (endangered or threatened) - (the “habcat_d” attribute in the TSSDS “fahabars” table)

15.5.2.(3.)
(Other data)]

15.6.
Outdoor Recreation [Not in Contract—if not in contract, delete parts 15.6.1 and 15.6.2 below]

[15.6.1.
Data collection: a current outdoor recreation map(s) will be supplied to the Contractor by the Contracting Officer. The Contractor shall enter into the database the information specified by the outdoor recreation map provided by the Contracting Officer. The accurate locations of these areas shall coincide with the Base Map prepared as part of this contract.

[One or more ground surveys shall be conducted to verify the data included in the data provided by the Contracting Officer.] The data shall include the following (if present at the activity):

(1)
hunting areas
(8)
scenic areas

(2)
deer stands
(9)
all trails

(3)
fishing areas
(10)
boat launch sites

(4)
duck blinds
(11)
swimming areas

(5)
campgrounds
(12)
stables

(6)
picnic areas
[(13)
other]

(7)
playgrounds

15.6.2.
Data Representation: The recreation features shown on the map provided by the Contracting Officer as areas, shall be represented with as closed strings or symbols on the appropriate layer in the TSSDS “fahab” feature file and shall comply with the TSSDS symbology. Each area shall have the name of the area, and its use included in the database as text located within the area.

The recreation features shown with symbols on the map provided, shall be annotated with the symbols in the TSSDS (Reference 22.1). If additional symbols are required, the Contractor shall contact the Contracting Officer. The Contractor shall be responsible for developing new symbols, as directed by the Contracting Officer.

Recreational features that are indicated as lines on the map provided, shall be represented with strings in the database and shall have the line font attached.]

15.7.
Grounds Maintenance [Not in Contract—if not in contract, delete parts 15.7.1 and 15.7.2 below]

[15.7.1.
Data Collection: The Contractor shall enter into the database the information required to produce a Grounds Maintenance map of the activity, or the portions specified by the Contracting Officer. Current maps of these areas will be furnished to the Contractor by the Contracting Officer. The accurate locations of these areas shall coincide with the Base Maps prepared as part of this contract.

15.7.2.
Data Representation: The boundaries of Grounds Maintenance areas shall be represented as closed strings on the appropriate layer in the TSSDS “lscnd” feature file and shall comply with the TSSDS symbology.]

15.8.
Agricultural Outleasing [Not in Contract—if not in contract parts 15.8.1 and 15.8.2 below]

[15.8.1.
Data Collection: The Contracting Officer will furnish the Contractor with maps and other necessary data concerning leases and structure use. The Contractor shall enter into the database the information required to produce an Agricultural Outleasing map for the activity, or the portions specified by the Contracting Officer. The accurate locations of these areas shall coincide with the Base Maps prepared as part of this contract. The information shall include those applicable items listed:

15.8.1.(1.)
lease boundaries

15.8.1.(2.)
applicable structures

15.8.1.(3.)
water developments (canals, wells, etc.)

15.8.1.(4.)
range improvements (corrals, salt grounds, etc.)

[15.8.1.(5.)
other data]

15.8.2.
Data Representation: The boundaries of Agricultural Outlease areas shall be represented as closed strings on the appropriate layer in the TSSDS “lscnd” feature file and shall comply with the TSSDS symbology. Each area shall have the following non-graphic properties attached to a polygon representing the area:

15.8.2.(1.)
lease number (“outlease_id” attribute in the “lscndago” table)

[15.8.2.(2.)
other data]

The lease number shall also appear as text within the boundary. The lines and accompanying text shall be included in the database on the layers.]

16.
METADATA

Metadata files for all geospatial data produced under this contract shall be provided to the Contracting Officer. Geospatial data refer to all information that geographically locates and characterizes natural and man-made features and boundaries. Geospatial data also refer to the conditions and buffers (e.g., Explosive Safety Quantity Distance Arcs or Air Safety/Accident Potential Zones) that result from the features. The metadata file shall conform to the Spatial Data Transfer Standard (SDTS)/Federal Information Processing Standard (FIPS) 173, Federal Geographic Data Committee (FGDC) standards, and the TSSDS. The output from the CORPSMET metadata generator software (obtainable from the USACE National Geospatial Data Clearinghouse Internet site, URL address: http://corps_geo1.usace.army/mil) shall be the standard format for all metadata files created under this contract. The digital metadata files shall be provided to the Government along with each final product deliverable, unless otherwise approved in writing by the Contracting Officer.

ADDITIONAL PROJECT INSTRUCTIONS

17.
SPECIAL CONTRACTOR INSTRUCTIONS

17.1.
Technical Representative

All directions for work not specifically identified in this contract shall be provided by the Contracting Officer. No formal contact other than requests for information, and work not specified in this contract, shall be undertaken without the notification and approval of the Contracting Officer.

17.2.
Communication

All conferences, including telephone conversations, decisions, etc. which have an impact on the contract, shall be recorded in writing by the Contractor and one copy of the record sent to the Contracting Officer within 7 days of the conference, etc.

17.3.
Classification

The maps shall be unclassified. The Contractor in coordination with the Contracting Officer, shall obtain the necessary approvals from the subject activity’s Commanding Officer for the aerial and field surveys prior to commencement of these surveys.

17.4.
Start of Work

The Contracting Officer shall be notified 72 hours in advance of anticipated performance of any aerial surveys.

17.5.
Liability

The Contractor shall assume all risk and shall be liable for any damages to persons or property in connection with the accomplishment of the work under this scope.

17.6.
Limitations

Entry into electrical vaults and/or climbing electrical poles is specifically excluded. No excavation shall be required by the Contractor.

18.
CONTROL DATA VERIFICATION

18.1.
Research

The Contractor shall research all existing survey control data available from the Engineering Field Division or Public Works [Center] [Department] [Office] of the activity involved and perform reconnaissance to locate and target existing control points that can be used for ground control, including existing boundary monuments. Additional control points shall be set with capped iron pipes and/or concrete monuments surveyed and targeted, as required for adequate density of control.

18.2.
Government Property

The original field books, computations, and supporting survey data, other data collected, and all databases developed under this contract shall become the property of the Government on completion of the work prior to final payment of the contract.

19.
GOVERNMENT FURNISHED MATERIALS

19.1.
The Government shall provide the following data and material to the Contractor:

19.1.1.
The Tri-Service Spatial Data Standard (TSSDS), Reference 22.1. The TSSDS includes line fonts and graphic symbols. The TSSDS also includes non-graphic attribute definitions.

19.1.2.
Any required pattern hatches and insertion instructions. 

19.1.3.
The current version of the Base Map Guidance document(s).

19.1.4.
Existing Real Estate Summary Maps and supporting documentation, Base Maps and General Development Maps.

19.1.5.
[Utility maps and utility data.] [Utility maps and data are not required for this contract].

19.1.6.
[Other special interest maps and data as required.] [Special interest data are not required for this contract.]

20.
SUBMITTALS AND PRODUCTS

20.1.
Flight Plan Layouts: Prior to the taking of the aerial photography, the Contractor shall submit control and flight plan layouts for review and approval.

20.2.
25% Submittal: Overflight records shall be made available upon request of the Contracting Officer.

20.3.
50% Submittal: At approximately the 50 percent stage of completion or when the DRAFT Base Map is completed, the Contractor shall submit one set of ink on paper plots for initial review and approval.

20.4.
75% Submittal: [Not required for this contract.] [When the [Utility] [and other Special Interest] overlays are completed, they shall be plotted as a color overlays on the Base Map on paper for review and approval.]

20.5.
100% Submittal: One set of ink on mylar plots of all maps, overlays, and composites along with all Government review comments and resulting Contractor revisions shall be submitted to the Contracting Officer for review and approval. Each Special Interest map shall be plotted separately, as a color overlay of the Base Map.

20.6.
Final Submittal:

20.6.1.
Contract Products: All photos, negatives, manuscripts, (scribe coats), materials, and data developed specifically for this contract shall be provided to the Contracting Officer.

20.6.2.
Aerial Photographic Prints: Four sets of the aerial photo prints - one set on matte polyester mylar, one set on single weight photographic paper, and two sets of overlapping color photo prints suitable for stereo pair work on natural resources – shall be provided to the Contracting Officer. In addition, two copies of the Photo Index with a 4X reduction shall be provided on a 28 inch by 40 inch sheet.

20.6.3.
Database: The database shall be provided to the Contracting Officer on CD-ROM disk or media acceptable to the Contracting Officer fully compatible with the system noted in Section 3.2.5. Copies of any data required for map generation shall be included on the tape(s). All symbols used to generate the map(s) shall be taken from the TSSDS, unless they have been specifically approved by the Contracting Officer. Any subsequent use of the database must be specifically approved by the Contracting Officer.

20.6.4.
Base Maps: Three sets of the Base Maps plotted on 28 inch by 40 inch mylar shall be provided to the Contracting Officer.

20.6.5.
Special Interest Maps: One set of the Special Interest Map overlays plotted on 28 inch by 40 inch mylar (without the Base Map base) shall be provided to the Contracting Officer. One set of the Special Interest Maps plotted on 28 inch by 40 inch mylar as an overlay on the Base Map base shall be provided to the Contracting Officer.

20.7.
Quality Control/Quality Assurance:

20.7.1.
Line Work: A line-cleaning routine shall be used to assure that there are no overshoots or undershoots in the line work.

20.7.2.
Quality of Deliverables:

20.7.2.1. All extraneous graphics outside the border area shall be removed.

20.7.2.2. All reference [or XREF] files shall be attached without device or directory specifications.

20.7.2.3. All graphic and non-graphic files, required for the project, (e.g., color tables, pen tables, line font libraries, symbol libraries, user command files/programs, etc.) shall be provided to the Contracting Officer.

20.7.2.4. All fonts, tables, symbols, cells/blocks, line styles/types, pattern hatches developed by the Contractor shall be clearly documented. The Contractor shall obtain Contracting Officer approval before using such items.

21.
TIME SCHEDULE

10% Submittal:
__ days after notice to proceed.

25% Submittal:
__ days after receipt of 10% review comments.

50% Submittal:
__ days after receipt of 25% review comments.

75% Submittal:
__ days after receipt of 50% review comments.

100% Submittal:
__ days after receipt of 75% review comments.

Final Submittal:
__ days after receipt of 100% review comments.

22.
REFERENCES

22.1.
Tri-Service Spatial Data Standard (TSSDS), latest revision.

22.2.
Tri-Service Installation Base Map Guide, latest revision.

22.3.
NAVFAC Base Map Guide, latest revision.

23.
SCALE CONVERSION CHART

	Fractional Scale
	Feet/Inch
	Inches/Mile
	Miles/Inch
	Meters/CM
	CM/Kilometer
	Kilometers/CM

	1:480
	40.00
	132.000
	0.0076
	4.80
	0.480
	0.0048

	1:500
	41.67
	126.720
	0.0079
	5.00
	1.200
	0.0120

	1:2,400
	200.00
	26.400
	0.0379
	24.00
	2.400
	0.0240

	1:4,800
	400.00
	13.200
	0.0758
	48.00
	4.800
	0.0480

	1:12,000
	1,000.00
	5.280
	0.1894
	120.00
	12.000
	0.1200

	1:24,000
	2,000.00
	2.640
	0.3788
	240.00
	24.000
	0.2400

	1:48,000
	4,000.00
	1.320
	0.7576
	480.00
	48.000
	0.4800

	1:62,500
	5,208.33
	1.014
	0.9864
	625.00
	62.500
	0.6250

	1:63,360
	5,280.00
	1.000
	1.0000
	633.60
	63.360
	0.6336

	1:100,000
	8,333.33
	0.634
	1.5783
	1,000.00
	100.000
	1.0000

	1:250,000
	20,833.33
	0.253
	3.9457
	2,500.00
	250.000
	2.5000

	1:500,000
	41,666.67
	0.127
	7.8914
	5,000.00
	500.000
	5.0000

	1:750,000
	62,500.00
	0.084
	11.8371
	7,500.00
	750.000
	7.5000

	1:1,000,000
	83,333.33
	0.063
	15.7828
	10,000.00
	1,000.000
	10.0000
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Mapping links to NAVFAC products and services





� HYPERLINK "http://navfacilitator.navfac.navy.mil/sf/default.htm" ��Safety�


	Fire/emergency maps


	hazardous materials maps


	ESQD maps





� HYPERLINK "http://navfacilitator.navfac.navy.mil/seabee/ce.htm" ��Contingency Engineering�


	Deployment maps


	Land use maps


	Transportation maps


	Mobilization maps





� HYPERLINK "http://navfacilitator.navfac.navy.mil/env/default.htm" ��Environmental�


	IR site maps


	Wetlands maps


	Natural Resources maps


	Coastal zone maps


	Hazardous waste maps


	Endangered species maps


	Cultural Resources maps





� HYPERLINK "http://navfacilitator.navfac.navy.mil/brac/default.htm" ��BRAC�


	Community maps


	Utility maps


	Real Estate maps


	Development maps


	


	











� HYPERLINK "http://navfacilitator.navfac.navy.mil/mcn/" ��Construction�


	Development maps


	Utility maps


	Transportation maps


	











� HYPERLINK "http://navfacilitator.navfac.navy.mil/re/" ��Real Estate�


	Cadastral maps


	Easement maps


	Natural resources maps


	

















� HYPERLINK "http://navfacilitator.navfac.navy.mil/cheng/" ��Engineering�


	Utility maps


	Transportation maps


	Project drawings








� HYPERLINK "http://navfacilitator.navfac.navy.mil/pln/" ��Planning�


	Land use maps	


	Site maps


	Development maps


	Explosives safety maps


	AICUZ maps


	Ship berthing maps


	Flood plain maps


	Soils maps


	Coastal zone maps
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� HYPERLINK "http://155.252.248.14/" ��Housing�


	Community maps	


	Transportation maps


	School District maps


	Neighborhoods of


          Excellence maps


	Housing floor plans


Housing referral maps
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� Refer to EO 12906.


� Facilities include all buildings and structures as defined in NAVFAC P-78.


� Using a scale rounded to the nearest 100', 500' or 1,000' allows the user to easily measure distances using an engineering scale.


� Refer to P-78 for definition of Buildings and Structures.


� Note that many Navy installations contain non-contiguous land parcels called Special Areas. A separate Installation Map may be needed for each of these if they are not in the immediate vicinity of the host installation.


� Photogrammetric Mapping, American Society of Civil Engineers, 1996





�PAGE \# "'Page: '#'�'"  ��add arrow from NFADB Server to Link Maps to NFADB data (34)
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Guidelines for Installation Mapping and Geospatial Data
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