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Introduction


The following criteria and standards are intended to promote consistency in the development and use of specifications for the acquisition and mapping of geospatial data.  Geospatial data acquisition and mapping includes traditional surveying and mapping, aerial photography, remote sensing, Global Positioning Systems (GPS), and map scanning and vectorization.  Much of the technical guidance contained herein reflects updated criteria and standards resulting from technological advancements in photogrammetry, CADD, GIS, and GPS survey-ing and mapping.


Available technical guidance in preparing specifications is presented by reference to industry standards, and DoD, Army, Navy, and/or USACE technical regulations and manuals.  Further guidance includes use of standards being promulgated by the Tri-Service Center and the FGDC.

General Policy Guidance


Construction plans, maps, CADD, and GIS databases are created by a variety of terrestrial, satellite, acoustic, and aerial mapping techniques that acquire planimetric, topographic, hydrographic, or feature attribute data.


Specifications for obtaining these data should be “performance-based” to the maximum extent possible and not overly prescriptive or process oriented.  They should be derived from the project requirements, and industry standards should be used where available.  Performance specifications should distinctly define the basic mapping limits, feature location, attribute requirements, scale, contour interval, map format, sheet layout, final data transmittal, metadata, archiving or storage requirements, and the required accuracy criteria standards for topographic and planimetric features that are to be depicted.  Prescriptive specifications should be kept to a minimum--in particular, those that require use of specific instruments, procedures, and personnel.

Sources of geospatial data acquisition services


Geospatial data may be acquired using either in-house or contracted labor.  Determining whether to use contracted support is a function of in-house survey capabilities and current workload.  In general, in-house forces are reserved for critical, fast-track projects and construction measurement, payment, and acceptance surveys where rapid response is essential.  Surveying and mapping projects are contracted using fixed-price or indefinite delivery A-E contracts specific to these services.  As stated in Chapter 1, the Brooks Architect-Engineer Act (PL 92-582) qualification-based selection process must be used in obtaining these services.

Industry standards


OMB Circular No. A-119, “Federal Participation in the Development and Use of Voluntary Standards,” prescribes that Federal agencies maximize use of industry standards and consensus standards established by private voluntary standards bodies, in lieu of Government-developed standards.  The OMB circular encourages that voluntary industry standards be given preference over nonmandatory Government standards.  When industry standards are nonexistent, inappropriate, or do not meet a project's or organization’s functional requirement, then the appropriate Government standards may be specified.


Technical specifications for the acquisition of geospatial data (e.g., surveying and mapping) should conform to industry consensus standards established by national professional organizations, such as the American Society for Photogrammetry and Remote Sensing (ASPRS), the American Society of Civil Engineers (ASCE), the American Congress on Surveying and Mapping (ACSM), or the American Land Title Association (ALTA).  FGDC standards and specifications may be used where they are clearly performance-oriented and not overly prescriptive.  Technical standards established by state boards of registration, especially on projects requiring licensed surveyors, mappers, architects, engineers, etc. should be followed when legally applicable.

Performance specifications


Maximum use of performance-oriented (i.e., outcome based) specifications in procuring surveying and mapping services is strongly recommended. Performance specifications set forth the end results to be achieved (i.e., final map format or accuracy standard) and not the means or technical procedures used to achieve those results.  A performance-oriented specification provides the most flexibility to a professional services contractor and allows the contractor to employ the most economical and efficient methods to achieve the desired end product.  Performance-oriented specifications must be free from unnecessary equipment, personnel, instrumentation, procedural, or material limitations; except as needed to establish comparative cost estimates for negotiated services.


Performance specifications should simply delineate the area and type of features to be mapped, identify accuracy standards to be met, and describe Government-quality assurance procedures that will be used to verify conformance with the specified criteria.  This would include any in-progress reviews or approvals during various phases of the project.  To the maximum extent practicable, A-E contractors should be assigned all phases of a survey and mapping project--from “field to finish.”

Prescriptive (procedural) specifications


The use of prescriptive specifications should be kept to a minimum and required only on highly specialized or critical projects where only one prescribed technical method, in the opinion of the Government, is appropriate or practical to perform the work.  Prescriptive specifications typically require specific field instrumentation, equipment, floating plant, personnel, office technical production procedures, or rigid project phasing with on-going design or construction.  Prescriptive specifications may (depending on the expertise of the writer):  (1) reduce a contractor's flexibility, efficiency, and risk; (2) increase significantly the Government’s liability and risk; and (3) increase project costs if antiquated methods or instrumentation are required.


Prescriptive specifications may be applicable to DoD projects or facilities involving specialized work not routinely performed by private surveying and mapping firms (e.g., mapping tactical operation sites; mapping hazardous, toxic, and radioactive waste (HTRW) clean-up sites; etc.).

Quality control


Quality control (QC) of contracted services should be performed by the contractor.  Therefore, Government quality assurance (QA) and testing functions should be focused on whether the contractor meets the required performance specification (e.g., map accuracy) and not the intermediate surveying, mapping, and compilation steps performed by the contractor.  The contractor's internal QC will normally include independent tests which should be periodically reviewed by the Government.  Government-performed (or monitored) field testing of map accuracy is an optional QA requirement and should be performed only when technically and economically justified, as determined by the ultimate project function.  Few mapping projects warrant extensive Government testing or inspection during progress.

A-E quality management, responsibility,     liability, and performance


When work is performed by contract, A-E’s should be required to submit a Quality Control Plan (QCP) at the beginning of all major surveying and mapping projects.  USACE ER 1110-1-12, “Quality Management” can be used as a guide in the development of the QCP.  A-E contractors are responsible for the professional quality, technical accuracy, and coordination of all services required under their contracts (FAR 36.608f and USACE ER 715-1-10, “A-E Responsibility Management Program (AERMP).”  Interim and post-contract A‑E performance appraisals (DD Form 2631) should be prepared in accordance with USACE ER 715-1-17, “A-E Performance-Evaluation.”

Federal standards for coordinating geospatial     data acquisition and access--national spatial         data infrastructure


Executive Order (EO) 12906, “Coordinating Geographic Data Acquisition and Access:  The National Spatial Data Infrastructure,” prescribes Federal policies and establishes mechanisms for acquiring, processing, storing, distributing, and improving utilization of geospatial data.  This directive applies to most geospatial data described herein.  The contract documents should contain provisions requiring that the contractor prepare the metadata files and deliver them to the Government along with the other contract deliverables.  The USACE has developed guidance on implementing EO 12906 (ER 1110-1-8156) and the other Tri-Service agencies are investigating the development of guidance.

Metrication


Surveying and mapping performed for design and construction should be recorded and plotted in the units prescribed for the project by the requesting organization or end-user.  Policy relating to the application of the metric system in military construction is addressed in USACE ER 1110-345-100, “Design Policy for Military Construction.”  During transition to the metric system, inch-pound (IP) units or soft conversions may be required for some geospatial data covered under this regulation.  Applicable hard and soft metric conversions are indicated throughout this chapter.  Reference ACSM Metric Practice Guide for Surveying and Mapping (1978).

Determining Specific Surveying and Mapping Requirements


General guidance for determining project-specific surveying and mapping requirements is contained in Appendix E.  This appendix may be used to develop specifications for map scales, feature location tolerances, contour intervals, and controlling survey accuracy standards for typical engineering and construction projects.


It is absolutely essential that surveying and mapping specifications originate from the functional requirements of the project and that these requirements be realistic and economical.  Specifying map scales or accuracy in excess of those required for project planning, design, construction, or study results in increased costs to local sponsors, organizations, or installations and may delay project completion.  The recommended standards and accuracy tolerances shown in Appendix E should be considered as general guidance for typical projects.

Mapping scope/limits


Mapping limits should be delineated so only areas critical to the project are covered by detailed ground or aerial surveying.  The aerial extent of detailed (i.e., large-scale) site plan surveys should be kept to a minimum.

Target scale and contour interval specifications


Appendix E provides recommended map scales and contour intervals for a variety of applications.  The selected target scale for a map or construction plan should be based on the detail necessary to portray the project site.  Surveying and mapping costs typically increase exponentially with larger mapping scales; therefore, specifying too large a scale or too small a contour interval than needed to adequately depict the site can significantly increase project costs.  Topographic elevation, density, or related contour intervals must be specified consistent with existing site gradients and the accuracy needed for the intended purpose.  Photogrametric mapping flight altitudes or ground topographic survey accuracy and density requirements are determined from the design map target scale and contour interval, which should be provided by the Government in the contract technical provisions (or delivery order Statement of Work (SOW) for indefinite delivery order contracts).

Feature location tolerances


This requirement establishes the primary surveying effort necessary to delineate physical features on the ground.  In many instances, a construction feature may need to be located to an accuracy well in excess of its plotted/ scaled accuracy on a construction site plan; therefore, feature location tolerances should not be used to determine the required scale of a drawing.  In such instances, surveyed coordinates, internal CADD grid coordinates, or rigid relative dimensioning are used.  Appendix E indicates recommended positional tolerances (or precisions) of planimetric features.  These feature tolerances are defined relative to adjacent points within the confines of a specific area, map sheet, or structure--not to the overall project or installation boundaries.  Relative accuracies are determined between two points that must functionally maintain a given accuracy tolerance between themselves, such as adjacent property corners, adjacent utility lines, adjoining buildings, bridge piers, approaches, or abutments, overall building or structure site construction limits, runway ends, catch basins, levee baseline sections, etc.  Feature tolerances should be determined from the functional requirements of the project's structure (e.g., field construction/fabrication, field stakeout or layout, alignment, locationing, etc.).  Few engineering, construction, or real estate projects require that relative accuracies be rigidly maintained beyond a 1,500‑m (5,000-ft) range, and usually only within the range of the detailed design drawing for a project/structure (or its equivalent CADD design file limit).  For example, two catch basins 60 m (200 ft) apart might need to be located to 25 mm (0.1 ft) relative to each other, but need only be known to +30 m (+100 ft) relative to another catch basin 10 km (6 miles) away.  Likewise, relative accuracy tolerances are far less critical for small-scale GIS data elements.

CADD level/layer descriptors


The use of CADD or GIS equipment allows planimetric features and topographic elevations to be readily separated onto various layers or separate files, and depicted at any scale.  Problems may arise when scales are increased beyond their originally specified values or when so-called “rubber sheeting” is performed.  It is, therefore, critical that these geospatial data layers and related metadata files contain descriptor information identifying the original source, target scale, and designed accuracy.

Map control survey specifications


The control survey used to provide primary reference for a map or GIS product is normally performed at a higher accuracy than that required for features to be shown on the map.  Most maps warranting an accuracy classification should be referenced to, or controlled by, conventional field surveys.  Control survey accuracies are usually measured in different units, typically relative distance values.  The survey accuracies shown in Appendix E will generally provide the indicated map feature accuracies when the scope of a project site is considered.  Higher order control surveys should not be specified for area-wide mapping or GIS definition unless a definitive functional requirement exists (e.g., military operational targeting or some low-gradient flood-control projects).

Reference datum and coordinate system specifications


A variety of reference datums and coordinate references are used throughout Tri-Services.  Where practical and feasible, wide-area mapping projects should be referenced to National datums, State Plane or UTM Coordinate grids, and National vertical reference planes that are commonly used in the area.  Small local construction projects and cadastral surveys are usually locally referenced and should not be connected to external datums.


Horizontal reference.  In CONUS, all new maps should be horizontally referenced to either the North American Datum of 1983 (NAD83), or to the GPS-based, nationwide National Spatial Reference System (NSRS).  Many existing maps are referenced to the North American Datum of 1927 (NAD27).  The map references for these maps should be changed to NAD83, as sufficient funds become available.  These spatial datum coordinates should be trans​formed to a recognized plane coordinate system that is used in the project or installation area, such as the State Plane Coordinate System (SPCS) or Univer​sal Transverse Mercator (UTM) grid system.  The UTM grid system may be used for military operational or tactical uses in locales within and outside the continental United States (OCONUS), or on some civil projects encom​passing or crossing multiple SPCS zones (reference USACE TM 5-237, Surveying Computer's Manual).  Grid systems (and north arrow refer​ences) shown on maps or plans must clearly indicate the reference datum.  When local grid systems (e.g., station-offset) are developed for detailed construction, they should be clearly distinguished from the SPCS grid, and should be referenced to the primary coordinate system used.


Vertical reference.  In CONUS, vertical map control should be referenced to either the National Geodetic Vertical Datum, 1929 Adjustment (NGVD 29), or the North American Vertical Datum, 1988 Adjustment (NAVD 88).  Guidance for conversion to the NAVD 88 is contained in USACE EM 1110-1-1004.  Independent or local survey datums and reference systems should be avoided unless required by local code, statute, or practice.  Coastal navigation projects should be referenced to Mean Lower Low Water (.MLLW) datum, in accordance with Section 224 of the Water Resources Development Act of 1992.  Inland low water reference planes (lake, river, pool, or tidal, e.g., LWRP 74, IGLD 85) should be referenced to NGVD 29 or NAVD 88.

Plan drawing feature specifications


Mapping specifications must clearly and explicitly define the types, aerial extent, and locational accuracy of features to be surveyed.  The type and purpose of the map should be clearly defined in the specifications in order for the field surveyor to determine which features are critical to the project.  In addition, the specifications should indicate the symbology, detailing (or labeling), and attributing required for recurring features, such as manholes, curbs, pavements, valves, etc.  Appendix E (Planimetric and Topographic Feature Depiction) of USACE EM 1110-1-1000, “Photogrammetric Mapping,” provides guidance for specifying features to be mapped as a function of four different mapping scales used in various construction plans, AM/FM, and some GIS feature data--1:600, 1:1,200, 1:2,400, and 1:4,800 (50, 100, 200, and 400 ft per in.).  Feature symbology/delineation is specified as a function of scale--e.g., depiction of structure perimeters, centerlines, elevations, etc.  See also ASPRS/ACSM (1986) “Large-Scale Mapping Guidelines” for other typical mapping specifications.  For each map product, feature depiction, delineation, layering, and attributing requirements should comply with the TSSDS (Tri-Service Center).

Mapping Specifications


Mapping of GIS features is normally performed at relatively small scales for master planning studies and other assessments of large geographical areas.  Both topographic and photogrammetric mapping techniques are employed.  Location and delineation detail of GIS features are highly dependent on the target scale, typically ranging between 200 ft and 400 ft to the inch (1:2,400 to 1:4,800) for most master planning applications.  Larger scales may be needed for some AM/FM utility layers.  Standards and procedures for designing and implementing GIS for large-area study projects or installation master planning should follow general guidance contained in the following publications:  TSSDS, A/E/C CADD Standards, FGDC “Multipurpose Land Information Systems - The Guidebook,” and USACE EM 1110-1-1000, “Photogrammetric Mapping.”  A-E GDS mapping contracts should contain references to these and other appropriate manuals in the contract provisions, and a copy should be provided to the consulting firm as a part of the Government-furnished materi​als (GFMs).  As with detailed topographic mapping work, contract specifica​tions for GIS database development must clearly delineate specific features to be located, including the extent of critical subsurface utility mapping and attributing.

Standards for positioning and mapping        small‑scale map features


Many small-scale (i.e., smaller than l in. = 400 ft (1:4,800)) GDS applications need accuracies only to the nearest meter, 10 m or even 100 m in some cases.  Accurate field topographic survey methods or precise photogrammetric stereoplotters may prove uneconomical to develop maps at these lower accuracy levels.  Often, map feature data are scaled, digitized, or scanned from l:24,000 USGS quadrangle maps, aerial photographs, or other small-scale formats.  Many map features can be efficiently located using Global Positioning System (GPS) equipment.

Uncontrolled mapping


Numerous vector- or raster-based GDS digital maps are created from sources that are not “controlled,” or are only marginally “controlled.”  A “controlled” map is one that has been referenced (i.e., registered) to accurately surveyed “control” monuments or points on the ground.  “Uncontrolled” or marginally “controlled” maps are either only approximately registered (i.e., not accurately registered), or were registered “uncontrolled” maps including planimetric map data drawn or digitized directly from aerial photographs, rectified aerial photographs, enlarged aerial photographs, digitized U.S. Geolo​gical Survey (USGS) quadrangle map products, maps or photomap products drawn at scales in excess of their original target scale (e.g., enlarging, then digitizing, a 1:24,000 (1 in. = 2,000 ft) aerial photo to 1:600 (1 in. = 50 ft) or enlarging a USGS 1:24,000 quadrangle map to 1:2,400).  Information qualifying the accuracy of “controlled” and “uncontrolled” mapping data should be recorded in the appropriate metadata or mapping data file.  The positional accuracy estimate should be based on the original source map or photo scale, original contour interval, and the accuracy by which data were transferred from that source.  Contract specifications should simply describe the approximate mapping transfer process along with an expected accuracy.

Map Accuracy Standards


Mapping accuracy standards are associated with the final development scale of the map, both the horizontal “target” scale and vertical relief (specified contour interval or digital elevation model) components.  There are a number of industry and Federal mapping standards that may be used in specifications.  The recommended standard is the “Accuracy Standards for Large-Scale Maps” (ASPRS 1990).  This standard, like most other mapping standards, defines map accuracy by comparing the mapped location of selected well-defined points to their “true” location, as determined by a more accurate, independent field survey.  Alternatively, when no independent check is feasible or practicable, a map's accuracy may be estimated based on the accuracy of the technique used to locate mapped features--e.g., GPS, total station, plane table, etc.  A map accuracy standard classifies a map as statistically meeting a certain level of accuracy.  The ASPRS standard has application to different types of mapping, ranging from wide-area, small-scale, GIS mapping to large-scale construction site plans.  It is applicable to all types of horizontal and vertical geospatial mapping derived from conventional topographic surveying or photogrammetric surveys.  This standard should be specified for detailed construction site plans that are developed using conventional ground topographic surveying techniques (i.e., electronic total stations, plane tables, and kinematic DGPS).  The ASPRS standard is especially applicable to site plan development work involving mapping scales larger than 1:20,000 (1 in. = 1,667 ft); therefore it applies to the more typical map scales in the 1:240 (1 in. = 20 ft) to 1:4,800 (1 in. = 400 ft) range.  Its primary advantage over other standards is that it contains more definitive statistical map testing criteria, which, from a contract administration standpoint, is desirable.  Using the guidance in Tables 1 and 2, specifications for site plans need only indicate the ASPRS map class, target scale, and contour interval.
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Table 1

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





Target Map Scale


Ratio, m/m

ASPRS Limiting RMSE in X or Y (meters)




Class 1
Class 2
Class 3

1:50
0.0125
0.025
0.038

1:100
0.025
0.05
0.075

1:200
0.050
0.10
0.15

1:500
0.125
0.25
0.375

1:1,000
0.25
0.50
0.75

1:2,000
0.50
1.00
1.5

1:2,500
0.63
1.25
1.9

1:4,000
1.0
2.0
3.0

1:5,000
1.25
2.5
3.75

1:8,000
2.0
4.0
6.0

1:10,000
2.5
5.0
7.5

1:16,000
4.0
8.0
12.0

1:20,000
5.0
10.0
15.0

1:25,000
6.25
12.5
18.75

1:50,000
12.5
25.0
37.5

1:100,000
25.0
50.0
75.0

1:250,000
62.5
125.0
187.5

Note:  ASPRS Class 1 is equivalent to FGDC National Spatial Data Accuracy Standard (1994

         ADVANCE \R 0.70Draft).

RSME = root mean square error.




Horizontal planimetric accuracy criteria

The ASPRS planimetric standard compares the root mean square error (RMSE) of the average of the squared discrepancies or differences in coordi​nate values between the map and an independent topographic ground survey of higher accuracy (i.e., check survey).  The “limiting RMSE” is defined in terms of meters (feet) at the ground scale rather than in millimeters (inches) at the target map scale.  This results in a linear relationship between RMSE and target map scale; as map scale decreases, the RMSE increases linearly.  The RMSE is the cumulative result of all errors including those introduced by the processes of ground control surveys, map compilation, and final extraction of
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Table 2

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






Target Map Scale


ASPRS Limiting RMSE in X or Y (feet)



1 in. = x ft
Ratio, ft/ft
Class 1
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

1,000
1:12,0000
10.0
20.0
30.0

1,667
1:20,000
16.7
33.3
50.0

ground dimensions from the target map.  The limiting RMSE's shown in Tables 1 and 2 are the maximum permissible RMSE's established by the ASPRS standard.  These limits of accuracy apply to well-defined map test points only.

Vertical (topographic) accuracy criteria

Vertical accuracy has traditionally been, and currently still is, defined relative to the required contour interval for a map.  In cases where digital elevation models (DEM) are being generated, an equivalent contour interval can be specified based on the required digital point-spot elevation accuracy.  The contours themselves may be later generated from a DEM using computer software routines.  The ASPRS vertical standard also uses the RMSE statistic, but only for well-defined features between contours containing interpretative elevations, or spot elevation points.  The limiting RMSE for Class 1 contours is one-third of the contour interval.  Testing for vertical map compliance is also performed by independent, equal, or higher accuracy ground survey methods, such as differential leveling.  Tables 3 and 4 summarize the limiting vertical RMSE for well-defined points, as checked by independent surveys at the full (ground) scale of the map.
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Table 3

ASPRS Topographic Elevation Accuracy Requirement for Well-Defined Points (in meters)







Target

Contour

Interval, m

ASPRS Limiting RMSE, meters








Topographic Feature Points



Spot or Digital Terrain


Model Elevation Points




Class 1
Class 2
Class 3
Class 1
Class 2
Class 3

0.10
0.03
0.07
0.10
0.02
0.03
0.05

0.20
0.07
0.13
0.2
0.03
0.07
0.10

0.25
0.08
0.17
0.25
0.04
0.08
0.125

0.5
0.17
0.33
0.50
0.08
0.16
0.25

1
0.33
0.66
1.0
0.17
0.33
0.5

2
0.67
1.33
2.0
0.33
0.67
1.0

4
1.33
2.67
4.0
0.67
1.33
2.0

5
1.67
3.33
5.0
0.83
1.67
2.5

10
3.33
6.67
10.0
1.07
3.33
5.0
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Table 4

ASPRS Topographic Elevation Accuracy Requirement for

Well-Defined Points (in feet)









ASPRS Limiting RMSE, feet






Target

Contour

Interval, ft

Topographic Feature Points



Spot or Digital Terrain 


Model Eleva​tion Points




Class 1
Class 2
Class 3
Class 1
Class 2
Class 3

0.5
0.17
0.33
0.50
0.08
0.16
0.25

1
0.33
0.66
1.0
0.17
0.33
0.5

2
0.67
1.33
2.0
0.33
0.67
1.0

4
1.33
2.67
4.0
0.67
1.33
2.0

5
1.67
3.33
5.0
0.83
1.67
2.5

Map accuracy testing and certification

Specifications and/or contract provisions should indicate the requirement or option to perform independent map testing.  Map testing should be performed within a fixed time period after delivery, and if performed by contract, after proper notification to the contractor.  Normally, a mapping contractor will perform these quality control tests under Government quality assurance oversight.  In accordance with the ASPRS standard, the horizontal and vertical accuracies of a map are checked by comparing measured coordinates or elevations from the map (at its intended target scale) with spatial values determined by a check survey of higher accuracy.  The check survey should be at least twice (preferably three times) as accurate as the map feature tolerance given in the ASPRS tables, and a minimum of 20 points should be tested.  Maps and related geospatial databases found to comply with a particular standard should have a statement indicating that standard.


The compliance statement should refer to the data of lowest accuracy depicted on the map or, in some instances, to specific thematic features.  The statement should clearly indicate the target map scale at which the map or feature layer was developed.  Due to the high cost of field testing, not all deliverables will be tested.  In such cases, the statement should clearly indicate that the procedural mapping specifications were designed and performed to meet a certain ASPRS map classification, but that a rigid compliance test was not performed.  Published maps and geospatial databases whose errors exceed those given in a standard should indicate in their legends or metadata files that the map is not controlled and that dimensions are not to scale.  This accuracy statement requirement is especially applicable to GIS databases, which may be compiled from a variety of sources containing known or unknown accuracy reliability.

Topographic Surveys and Construction Site Plans

Topographic surveys and construction site plan surveys are performed for the master planning, design, and construction of installations, buildings, housing complexes, roadways, airport facilities, flood-control structures, navigation locks, etc.  Construction plans are performed at relatively large scales (typically ranging between 1 in. = 20 ft to 1 in. = 400 ft (1:240 to 1:4,800) using electronic total stations, plane tables, or low-altitude photogram​metric mapping methods (see Appendix E for recommended map scales). Guidance for performing topographic surveys is contained in a variety of commercial and Government publications, e.g., Field Technical Publication 5‑82014-FM-TG, “Soldier's Manual and Training Guide”; FM 5-232, “Topo​graphic Surveying”; or USACE EM 1110-1-1000, “Photogrammetric Map​ping.”  USACE EM 1110-1-1005, “Topographic Field Surveying,” is the most current guidance publication, and details procedures for field electronic data collection of features using elec​tronic total stations.  Other recognized industry standards, manuals, or survey​ing textbooks may also be used for guidance in performing plane table surveys, total station surveys, and radial topographic mapping methods using kinematic DGPS.  For all types of topographic surveys or site plan surveys, the mapping specifica​tions must clearly indicate the level of surface and under​ground feature detail to be mapped (see guidance specifica​tions in Appendix E (Planimetric and Topo​graphic Feature Depiction Specifications) of USACE EM 1110-1-1000, “Photogrammetric Mapping”).

Reconnaissance topographic surveys

These surveys are performed at relatively small scales--from 1 in. = 400 ft (1:4,800) to 1 in. = 1,000 ft (1:12,000).  They provide a basis for general studies, site suitability decisions, or preliminary site layouts.  General locations of existing roads and facilities are depicted, and only the limited feature and rough elevation detail are shown.  Five- to ten-foot contour intervals are usually adequate.  Enlarged USGS I:24,000 maps may be substituted in many cases.

General/preliminary site plans

Scales are from 1 in. = 200 ft to 1 in. = 400 ft (1:2,400-1:4,800).  The plan depicts the general layout arrangement of areas where construction will take place, proposed transportation systems, training areas, and existing facilities.

Detailed topographic surveys for         construction site plan drawings

Scales are from 1 in. = 20 ft to 1 in. = 200 ft and 1- or 2-ft contour intervals.  Detailed ground topographic surveys are performed to prepare a base map for detailed site plans (general site layout plan, utility plan, grading plan, paving plan, airfield plan, demolition plan, etc.).  Scope of mapping should be confined to the existing or proposed building area.  The map should be used as the base for subsequent as-built drawings of facilities and utility layout maps (i.e., AM/FM databases).

Hydrographic Surveying Standards and Specifications

Hydrographic surveying accuracy standards, specifications, and guidance are contained in USACE EM 1110-2-1003, “Hydrographic Surveying.”  This EM should be referenced in construction dredging contracts involving in-place measurement and payment.  Standards in this manual apply to river and harbor navigation project surveys, such as dredge measurement and payment surveys, channel condition surveys of inland and coastal Federal navigation projects, beach renourishment surveys, and surveys of other types of marine structures.  EM 1110-2-1003 specifies accuracy standards for three distinct classes of surveys:  Contract Payment, Project Condition, and Reconnaissance Surveys (see Table 5).  There are no recognized industry standards for performing detailed, large-scale hydrographic surveys of navigation projects; thus, use of
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Table 5

Accuracy Standards for Hydrographic Surveys






USACE Survey Classification




1
2
3

Measurement
Contract Payment
Project Condition
Reconnaissance Survey

Horizontal position1
3 m

(10 ft)
6 m

(20 ft)
100 m

(328 ft)

Elevation2 or depth
±0.15 m

±(0.5 ft)
±0.30 m

±(1.0 ft)
±0.46 m

(±1.5 ft)

1  2DRMS accuracy-approximately 95% probability.

2  One-sigma.




EM 1110-2-1003 is essential.  Requirements for compliance with EM 1110-2-1003 are contained in USACE ER 1130-2-307, “Dredging Policies and Practices.”  This manual defines accuracy standards and field procedural specifications for dredge measurement and payment surveys.

Navigation project charts and                   channel condition reports

Procedures for disseminating USACE navigation information to the marine industry, the public, and other Government agencies are prescribed in USACE ER 1130-2-315, “Navigation Charts for Inland Waterways,” USACE ER 1130-2-316, “Navigation Notices and Marine Information,” and USACE ER 1130-2-306, “Navigation Lights, Aids to Navigation, Charts, and Related Data Policy, Practices, and Procedures.”  USACE EC 1130-2-206 applies to the dissemina​tion of navigation data.

Bathymetric surveys

Standards for surveys of coastal waters outside Federal navigation projects, or deep-water bathymetric charting surveys, should conform to applicable Defense Mapping Agency (DMA), National Ocean Survey (NOS), or U.S. Naval Oceanographic Office (USNAVOCEANO) accuracy and chart symbolization criteria.

Cadastral/Real Estate Survey Standards
Guidance

Many state codes, rules, statutes, or general professional practices prescribe minimum technical standards for surveying and mapping.  In-house surveyors or contractors should follow applicable state minimum technical standards for real property surveys involving the determination of the perimeters of a parcel or tract of land by establishing or reestablishing corners, monuments, and boundary lines for the purpose of describing, locating fixed improve​ments, or platting or dividing parcels.  Although some state standards relate primarily to accuracy of land and boundary surveys, other types of survey work may also be covered in some areas.  See also USACE ER 405-1-12, “Real Estate Handbook” and the “Manual of Instructions for the Survey of the Public lands of the United States” (U.S. Bureau of Land Management 1947) for cadastral surveys or surveys of private lands abutting or adjoining Government lands.

ALTA/ACSM standards

Table 6 depicts the closure standards prescribed by ALTA/ACSM (Mini​mum Standard Detail Requirements for ALTA/ACSM Land Title Surveys, 1992).  This standard was developed to provide a realistic national standard for land title surveys and may be used as a guide in specifying closure require​ments for DoD cadastral type surveys.  However, it should be noted that the ALTA/ACSM standard itself not only prescribes closure accuracy for land use classifications but also addresses specific needs peculiar to land title insurance matters.  The standards contain requirements for detailed information and certification pertaining to land title insurance, including information discover​able from the survey and inspection that may not be evidenced by the public records.
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Table 6

ALTA-ACSM Minimum Closure Standards for Cadastral Surveys



Survey Classification

ALTA/ACSM Class

Closure Standard



Distance (Ratio)
Angle1 (secs)

Urban
1:15,000
10 (N

Suburban
1:10,000
15 (N

Rural
1:7,500
20 (N

Mountain/Marshland
1:5,000
30 (N

1  N = number of angle stations.  ( = square root.




The standard also contains a table of optional survey responsibilities and specifications which the title insurer may require.  Surveys not involving title insurance should follow state minimum standards, not ALTA/ACSM standards.  On land acquisition surveys which may require title insurance, the decision to perform an ALTA/ACSM standard survey, including all optional survey responsibilities and specifications, should come from the title insurer.  The four ALTA/ACSM classes are defined as (1) Urban Surveys - Surveys of land lying within a city or town, such as commercial properties, condominiums, townhouses, apartments, multi-unit dwellings, etc., (2) Suburban Surveys - Surveys of land outside urban areas, such as single family residences or residential subdivisions, (3) Rural Surveys - Surveys of farms and other undeveloped land outside suburban areas which may have potential for future development, and (4) Mountain and Marshland Surveys - Surveys of land lying in remote areas with difficult terrain and having limited potential for develop​ment.  Meeting ALTA/ACSM Urban Class standards is often difficult for small tracts or parcels less than l acre (4,046 square meters) in site.

Photogrammetric Mapping Techniques and Standards

In specifying photogrammetric mapping services, it is essential that feature accuracy tolerances (horizontal and vertical) be clearly identified relative to the project target mapping scale.  Procedures for developing photogrammetric mapping specifications are contained in USACE EM 1110-1-1000, “Photo​grammetric Mapping.”  EM 1110-1-1000 contains guidance on specifying flight altitudes, determining target scales, and photogrammetric mapping cost-estimating techniques.  A full contract Guide Specification is also contained in an appendix to the manual.  More comprehensive technical guidance may be obtained from the “Manual of Photogrammetry” (ASPRS 1980).  Neither of these references currently reflect the latest uses and potential efficiencies of GPS-controlled photogrammetry.

GPS Surveying and Mapping Techniques

GPS satellite positioning technology allows development of map features to varying levels of accuracy, depending on the type of equipment and procedures employed.  Given this rapidly developing technology, GPS surveying specifi​cations rapidly become obsolete; therefore, it is best to follow the GPS equipment manufacturer's recommended procedures.  General guidance on performing GPS control surveys is in USACE EM 1110-1-1003, NAVSTAR GPS Surveying.  The advent of local area differential GPS (LADGPS) and wide area augmented GPS (WAAS) allows direct, near real-time positioning of static AM/FM type features and dynamic platforms (survey vessels, aircraft, etc.).


Site plan drawings, photogrammetric control, and related GIS features can be directly constructed from GPS observations, at accuracies ranging from 1 cm to 100 m 2DRMS.  Accuracy classifications of maps and related GIS data developed by GPS methods can be estimated based on the GPS position​ing technique employed.  Permanent LADGPS reference stations (Continuously Operating Reference Stations (CORS)) can provide decimeter-level, and even centimeter-level, point positioning accuracy over wide ranges; thus providing direct map/feature point positioning without the need for preliminary control surveys.


When map features are to be located by GPS point positioning techniques, A-E contract specifications need only indicate the required feature accuracy--the contractor should recommend the appropriate GPS survey technique for achieving this result based on his/her equipment capabilities.

Digital Orthophotography, Image File, and Map Production

Digital orthophotography is used to a great extent to replace or supplement the vector-based planimetric maps used with GIS’s (and GDS’s).  Digital orthophotographs (or digital orthophotos) consist of a photogrammetric base.  Digital orthophotographs are created by scanning a diapositive transparency (a film positive prepared from the original negative) produced from an aerial photograph using a precision image scanner, and rectifying the scanned data to an orthographic projection on a pixel-by-pixel basis.


The term digital ortho​photograph is often confused with other types of photogrammetric mapping products, as summarized below:

Aerial Photograph - No ground control (in the form of surveyed points or points from existing maps or points) is used and distortion due to tip, tilt, and ground surface relief may be present.

Scaled Photograph - Two ground control points are used, distortion due to ground surface relief may be present, and the photograph may be accurate only between the two points.

Rectified Photograph - Three or more ground control points are used, distor​tion due to ground surface relief may be present, and photograph is adjusted to best fit or warp to control.

Digital Orthophotograph - Photograph is adjusted to several thousand control points produced from a digital terrain model (DTM), is adjusted on a pixel-by-pixel basis with a consistent scale and accuracy, and all distortions are removed.


Digital orthophotographs can have two different types of accuracy:  relative and absolute.  The output or plot scale of the digital orthophotograph deter​mines its relative accuracy.  The pixel size in the image must be appropri​ate for showing the necessary ground details at the desired plot scale.  Table 7 provides the recommended approximate pixel sizes for digital orthophoto​graphs at selected final map plot scales.
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Table 7

Recommended Approximate Pixel Sizes for Selected Final Digital Orthophotograph Map Plot Scales


Final Plot Scale
Approximate Pixel Size Required to Meet National Map Accuracy Standards

1 in. = 20 ft

1 in. = 40 ft

1 in. = 100 ft

1 in. = 200 ft

1 in. = 400 ft

1 in. = 500 ft

1 in. = 1,000 ft
1 in.

2 in.

6 in.

1 ft

2 ft

2.5 ft

5 ft


The absolute accuracy of a digital orthophotograph is related to the follow​ing components:

Magnification - In order to maintain image quality, black-and-white aerial photography should not be magnified or enlarged more than a factor of 8.5 times the original size.  For example, if the final scale of an orthophoto​graph is 1 in. = 50 ft (1:600), a photograph scale of less than 1 in. = 425 ft is recommended.  The costs increase rapidly when aerial photography is enlarged less than a factor of 5 times.  The optimum enlargement range for black-and-white aerial photography lies somewhere between 5 to 8.5 times the original size.  Color aerial photography should not be magni​fied or enlarged more than a factor of 6 times the original size.

Control Points - The control points chosen to orient the orthodiapositives over a Digital Elevation Model (DEM)

Scanner’s Geometric Accuracy

DEM Quality and Camera Focal Length

Base Comprehensive Plan Mapping

Mapping standards for the development of Base Comprehensive Plans are included in Air Force Standard Specification Manual for Digital Base Compre​hensive Plan Mapping, Volumes 1 and 2.

Remote Sensing, Radar, and Satellite Imagery

(To be added in a subsequent report)

Drawing/Map Conversion, Raster Scanning and Vector Genera​tion

(To be added in a subsequent report)
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