EM 1110-1-1005
1 January 2007

US Army Corps
of Engineers

ENGINEERING AND DESIGN

Control and Topographic
Surveying

ENGINEER MANUAL



DEPARTMENT OF THE ARMY EM 1110-1-1005

US Army Corps of Engineers

CECW-CE Washington, DC 20314-1000
Manual
No. 1110-1-1005
Engineering and Design
CONTROL AND TOPOGRAPHIC SURVEYING
Table of Contents
Subject Paragrap
Chapter 1
Introduction
PUIPOSE ...t 1-1
APPIICADTIILY ... 1-2
DISIIDULION ...ttt 1-3
RETEIBNCES ..ottt ettt et e et e nbe e saesteenaenaeeneas 1-4
DISCUSSION ...ttt ettt et et ettt e e e te e s e saeereebesne e s e nteeseeneesteeneeneeas 1-5
USE OF MANUAL ... e et 1-6
SCOPE OF MANUAL.........ooiiiiiee et 1-7
Life Cycle Project Management Applicability..........ccccoviiiniiciiii e 1-8
Metrics and Accuracy DefinitionS.........ccccceviviiiiiiciie e 1-9
Trade Name EXCIUSIONS. .......civiiiiiieieieieise e 1-10
ADBDreviations and TEIMS ......viiiiieieeeeie e sre e seenres 1-11
Mandatory REQUITEMENTS .........cviiiiiieieieeieeeee e 1-12
Governing Engineer Regulations and Related Standards...........cccccoevviveveneiiernenne. 1-13
Proponency and WaIVETS ........c.ccuiiiiiieiiiieieieie et 1-14
Chapter 2
Overview of Topographic Surveying Techniques and Methods
PUIDOSE ..ttt ettt e e ar e e nrae e e nnre e e raeenes 2-1
General DefiNIIONS ........ccoiiiiiiiiee e 2-2
Generic Considerations Applicable to all Drawings and Maps..........cccccvcerereiennn. 2-3
SECTION I--Types of Surveys
Reconnaissance TOpOgraphiC SUIVEYS ..........coviiiiirireneeeeese s 2-4
Detailed TOPOGraphiC SUIVEYS .......cocveiieeiiesieesieesie e eseeesteeseeseeseesneesaeesseessessseeas 2-5
ULHITY SUNVBYS ..ottt ettt et sae e te e ras 2-6
AS-BUIE SUIVEYS ...ttt e 2-7
Reservation Boundary SUrveys and Maps.........cocuoererereieiinineneseseeesese e 2-8
RESEIVOIr ClEANNG SUIVEYS......ccviicie e cie e steesee s te ettt e e sae e e e sreesrnesneas 2-9
Upland DiSpPoSal AT A SUIVEYS........c.uuiiiriirierieieieesie sttt eens 2-10
Channel Improvement and CUtOff SUIVEYS ..o 2-11
Post-Flood High Water Mark SUIVEYS .........cccueiieiiiiiieie s se et 2-12
ROULE SUMVBYS.....eiie ittt ettt e e st e e st e e st e e srbe e snteeenneas 2-13

1 January 2007

h Page

1-1
1-1
1-1

1-1
1-2

1-4
1-4
1-4

1-4
1-5

2-11
2-12
2-12
2-12
2-13



EM 1110-1-1005

1 Jan 07

Subject Paragraph
B SUINVEYS ...ttt ettt sttt neeseesreenae e 2-14
Artillery SUrveys (FIM 3-34.331).....ccceiiiiiieie e e ettt nnee s 2-15
Airport Obstruction and NAVAID Surveys (FM 3-34.331) ....ccccoovviiiveincieieens 2-16
Site Plan ENgiNeering DIaWiNGS..........coviiiiiirinerieieieise e 2-17
Army Installation Mapping ReqUIremMeNts ..........cccooviirieiiiene e 2-18
SECTION I1--Survey Methods and Techniques

Older Topographic Surveying Methods ..........cooeiiiieie i 2-19
TOLAl STATIONS.....ee ettt st et nee e 2-20
Real Time Kinematic (RTK) GPS.......cccciiiiieeese e 2-21
Terrestrial LIDAR (LaSer) SCANNING .......ccoeiveiieiieeieerieesieeseeseeseesseeesseessesssesssnens 2-22
Topographic Data Collection Procedures..........ccocveviieeieiesecie e 2-23
Automated Field Data COIECHION..........ccooiiiiiiiiis s 2-24
Methods of Delineating and Densifying Topographic Features..............cccoovvvnnenns 2-25
General QC and QA Guidance on Topographic Data Collection and Drawings .....2-26
Chapter 3

Primary Control Surveys for Project Mapping

PUIPOSE ANU SCOPE.....eeeiiiieetie ittt ste ettt sre st beste e e b e e resreenes 3-1
SECTION I--Traditional Horizontal Control Survey Techniques

GENETAl OVEIVIEW.......viiviiiiiieiteie ettt 3-2
Secondary or Temporary Horizontal Control............ccccooeiiiiiiininiieecece 3-3
Bearing and Azimuth Determination.........cccocveieeiieeninc v 3-4
Electronic Distance MeaSUIrEMENT.........couuveirirerierieieises st 3-5
Coordinate COMPULALIONS.......cc.ciieiiiieiee e se s sre e sre e 3-6
TTAVEISE SUINVRYS ...eveiiieeeieieeetee e sttt e steeessteesste e s ntae e snteeaseeessteeateeesneeesnteeesnaeeanneeennneas 3-7
Traverse SUrVeY GUIAEIINES ........cvcvviiiiiece e 3-8
Traverse Computations and AdJUSTMENTS........cceriiiriririre e 3-9
Traverse Adjustment (COmpPass RUIE).......ccoieiiiiiiiiiiriieece e 3-10
Triangulation and Trilateration SUMVEYS.......ccccveeeiiee e 3-11

SECTION II--Vertical Control Survey Techniques

LC 1= 0T - | SR 3-12
SeCONd-Order LEVEIING ....cccveie ettt re e 3-13
Third-Order and Lower-Order LEVEIING........cooeieiriiiiniieiieceese e 3-14
Calibrations and AdJUSTMENTS........cciveiiiiic s 3-15
Care of LeVel INSITUMENTS .....oovoiiieieiiicc e 3-16
Routine Maintenance and Care of Level ROAS...........cccocvevvieei v 3-17
Maintenance of Survey INStrument ACCESSONIES .........ccerveriirirenereeieeee e 3-18
Chapter 4

Accuracy Standards for Engineering, Construction, and
Facility Management Control and Topographic Surveys

PUIDOSE ettt nb et e bbb r e rbe e nnes 4-1
General Surveying and Mapping Specifications ............ccoovovreneneneieiisesee e 4-2
Accuracy Standards for Engineering and Construction SUrveying ..........c.ccccceeveeniae 4-3

Page

2-14
2-15
2-15
2-17
2-18

2-21
2-23
2-25
2-26
2-26
2-28
2-29
2-38

3-1

3-2
3-7

3-10
3-12
3-14
3-16
3-17
3-19
3-21

3-23
3-28
3-32
3-37
3-39
3-41
3-42

4-1
4-2



Subject Paragraph
Accuracy Standards for Maps and Related Geospatial Products............ccccccvevveneene 4-4
Photogrammetric Mapping Standards and Specifications.............cccccevveveiiiiennenne. 4-5
Cadastral or Real Property Survey Accuracy Standards ...........cccocvenenencininninnn. 4-6
Hydrographic Surveying Accuracy Standards .........ccocceooevoeerenienieeneneseseseeie e 4-7
Structural Deformation Survey Standards...........ccocveeevenieieviie e 4-8
Geodetic Control Survey Standards ...........cccoevererenereis e 4-9
State and Local Accuracy Standards ............cooveveierieieneee e 4-10
CADDI/GIS Technology Center Standards..........ccccceereereeriesieeiee e seeseeseesee e 4-11
Mandatory STANAAIUS. ........ccvoviiiee et nre s 4-12
Chapter 5

Geodetic Reference Datums and Local Coordinate Systems
Purpose and BacKgroUNd............cooiiiiiiae e

SECTION I--Geodetic Reference Systems
LC 1] T - | ST

WGS 84 Reference EIPS0id.........coviiiiiiiiiiieieiesee et
Horizontal Datums and RefEreNCe FrameES.........cooviveieeieiiee i eeee e eeeee e s seee e

SECTION II--Horizontal Coordinate Systems

(1= T - PSS
Ge0graphiC COOIdINALES ........ccveieieeierie st be s sreras
State Plane Coordinate SYSIEMS .......cveiueiieriirieieeie e e se et nas
Grid Elevations, Scale Factors, and CONVEIgENCE.......cccecveieereereeseeseeseeseeseesnnes
Universal Transverse Mercator Coordinate SYStem.........ccccevevveiieiesieevesesee e
The US Military Grid-Reference System (FM 3-34.331) .....ccccovvvvivininninencniens
US National Grid SYSIEM .......ccveieiiiiiiiieieieee s
Chainage-Offset Coordinate SYStEMS .....cccviieeieeieeriee e se e e e
Datum Conversions and Transformation Methods............cccooveveviiiiiiieiie s
Horizontal Transition Plan from NAD 27 to NAD 83 ..o

SECTION Il1--Vertical Reference Systems

National Geodetic Vertical Datum of 1929 (NGVD 29)........ccceoviviiniiniincieicienns
North American Vertical Datum of 1988 (NAVD 88).........cccceieviiiiniiniineieeninens
Other Vertical Reference Datums and PIanes ...........cccovvvereininienenine e
Orthometric EIBVALIONS.........ccviiiiiie et
WGS 84 Elipsoidal HEIgNTS .......cc.ooviiiiiiiiceee e
Orthometric Height and WGS 84 Ellipsoidal Elevation Relationship .....................
Geoid Undulations and Geoid MOGEIS ........cccovviiiiiiiiineieeeesese e
Using GPS to Densify Orthometric EIeVations.............ccocoovveiiivinnincncccn
Vertical Datum Transformations..........cocveveirreeiiie e e
Vertical Transition Plan from NGVD 29 t0 NAVD 88........cccccvcviniiviniiencnens
Vertical Control in Areas Subjected to Subsidence or Sea Level Rise ....................
Mandatory STANTAITS. .........coeireriie e

EM 1110-1-1005
1 Jan 07

Page

4-5

4-10
4-10
4-13
4-13
4-13
4-15
4-19
4-19

5-1

5-2
5-2
5-4
5-5

5-10
5-10
5-10
5-14
5-15
5-15
5-16
5-17
5-19
5-22

5-25
5-25
5-26
5-27
5-28
5-29
5-30
5-30
5-31
5-32
5-33
5-35



EM 1110-1-1005

1 Jan 07
Subject Paragraph
Chapter 6
Planning and Conducting Control and Topographic Surveys
PUIPOSE ...t 6-1
Project Requirements from USING AGENCY .......cevriiiiereiiee e 6-2
Topographic Survey Planning Checklist..........c.cocvviiiiiieiccece e 6-3
RIGNTS-OF-ENTIY ...t 6-4
Sources of Existing Geospatial/Survey Data..........cccccoooveeeiieieeiieneneeese e 6-5
Project Control for Topographic Detail SUIVEYS.........ccocveieiieesic e 6-6
Establishing NSRS Control at a Project Site........cccccvevevevvciive e 6-7
Project Control Densification Methods..........cccccovvviiiiiiiiie e 6-8
Extending Control from a Local Project or Installation Network (Patrick AFB).....6-9
Extending Control from a Distant Network Using

Continuously Operating Reference Stations (CORS).......c.ccccoevvvvevvniviiernsennnn 6-10
On-Line Positioning User Service (OPUS) ... 6-11
Establishing Approximate Control for an Isolated

or OCONUS CoNnStruction PrOJECE .........ccoviiireiiieisisie s 6-12
Determining Required Map Scale and Contour Interval ........c..ccccoevevievieiieiinnnn, 6-13
Recommended Guidelines for Army Installation Maps and Drawings................... 6-14
Topographic Survey Equipment Selection and Planning Guidance..........c..ccc.u....... 6-15
Chapter 7
Field Data Collectors and Coordinate Geometry Functions
U100 LS PSS 7-1
Field Survey Notes--Manual and EIECIIONIC ..........cccevvieiieieciece e 7-2
Functional Requirements of a Generic Data Collector...........cccoeveviveviinieecece 7-3
General Software Features on a Data Collector ............cocevoiiieiinciiieiie e 7-4
Feature or Descriptor Codes for Topographic Field Data..........c.ccccooveveiviievennnnne 7-5
Descriptor Codes and Level Assignments for Various Topographic Features......... 7-6
Feature and Attribute Libraries for Topographic Field Data..............ccccoovivrvnennnne 7-7
Control Commands for Connecting Feature Ling StringS........cccocvvvvvvviveeiesieenne. 7-8
Field Coordinate GEOmetry OPLIONS ........covviiiiiiirieiiesieieeee e 7-9
General COGO Computation ROULINES ..........eoveieiiiiineiese e 7-10
Total Station Resection COMPULALIONS ........cccieriiiiiiiie e 7-11
Line-Line Intersection COMPULAtIONS.........c.ciiiieiiiieiie e 7-12
Chapter 8
Total Station Topographic Survey Procedures
PUIPOSE ... s 8-1
LI ] =11 o] 1P 8-2
Total Station Features and OPeration ...........cccccvveeiiieciese e 8-3
Reflectorless and Robotic Total StationS............ccoeveieininineseeeeee e 8-4
Field Equipment Inventory and Maintenance ...........ccccvvveieeneesecseesee e eree e 8-5

Page

6-1
6-1

6-7
6-8
6-9
6-12
6-12
6-13

6-15
6-21

6-21
6-22
6-30
6-37

7-1
7-4

7-6

7-10
7-18
7-20
7-21
7-22
7-24
7-26

8-1
8-3

8-6



EM 1110-1-1005

1 Jan 07

Subject Paragraph Page
Total Station JOb PIanNning..........cocooiiiiiiee e 8-6 8-8
Total STAtioN EFTOr SOUICES ....ccueeueiiieiieiie sttt e s 8-7 8-9
General Total Station Operating ProCEAUIES.........ccevveieriereeie e se e 8-8 8-12
Total Station Angle Measurement and Traverse TeChNIQUES...........cocvvvriieiciienns 8-9 8-14
Total Station Leveling Field Procedures ..........cooeiiieiinineeie e 8-10 8-14
Positioning Topographic Features with a Total Station ............cccccevvviveveiiicenee, 8-11 8-17
Chapter 9
GPS Real Time Kinematic Topographic Survey Procedures
PUIPOSE BNO SCOPE ... eeieneeiteeieesie ettt sttt ste st e tesee s e stesmeeseesteeneeseeeseenaesaeenees 9-1 9-1
RTK Field TECANIQUES ..ottt et 9-2 9-2
Standard RTK ObServing ProCeduUreS .........cccovvevviiiieie e 9-3 9-5
Site CaliDratioN .....cceiiiiiee e e 9-4 9-7
RTK Survey Field Data Collection Procedures and Checks ........ccccccevvrvinvicinnnnn. 9-5 9-10
Guidance for Setting Construction Control Points Using RTK Techniques............ 9-6 9-12
Chapter 10
Terrestrial 3D Laser Scanners
PUIPOSE ...t 10-1 10-1
103 (o] (10 T SRRSO 10-2 10-1
Scanner Operation and Data ProCeSSING.........ccueveiriierenenieieeeesese e 10-3 10-4
Corps of Engineers Project Application:

St. Lucie Lock and Dam, JackSONVille DIStrCE .......cvvveevieeciieeieee e eeeeeeeeee e 10-4 10-6
Corps of Engineers Project Application:

Portuguese Dam Foundation Construction, Ponce, PR, Jacksonville District ...10-5 10-8
Corps of Engineers Application:

Steel Bayou Levee Surveys, Vicksburg District ...........cccocveveviiicvciiieec e, 10-6 10-10
Corps of Engineers Application:

Structure Subsidence Survey, Philadelphia DiStrict.........cccccoeiviiiiiniienceen 10-7 10-12
Chapter 11
Final Site Plan or Map Production
PUIDOSE .ttt e e nr e reeenes 11-1 11-1
Overview of Topographic Survey Data FIOW...........ccccveiiniiiiiiiccccee 11-2 11-1
Basic Definitions of Geospatial Data used in CADD or GIS Databases................. 11-3 11-3
SDSFIE Data MOEL..........oviiiiiiiiiiie e 11-4 11-7
Data Collection and Processing Procedures for Topographic Surveys.................... 11-5 11-8
Field Computers and Software for Viewing and Processing Data.............cc.cccenee. 11-6 11-9
Field Quality Control and Quality Assurance Checks.........cccevvevivevienvinevieeviencnennnn, 11-7 11-11
Cell Libraries Containing Corps of Engineers Standardized Symbology ................ 11-8 11-13
Sheet and MOl FIlES ........ooviiiee e s 11-9 11-14
RETEIENCE FIIES ...ttt 11-10 11-14
Level Assignments for Surveying and Mapping .........cccccevvveveeieiieeve e cie e 11-11 11-15



EM 1110-1-1005

1 Jan 07

Subject Paragraph
Chapter 12

Survey Documentation and Submittals

(€= T | SRS 12-1
Final Survey Report Format--Civil WOrKS............cccooiiiiiii e 12-2
Final Survey Report Format--Military ..........c.cccccovviiiieiinieiie e 12-3
Field Note Keeping Procedures and FOMMALS ...........ccovrereneneieeiinienisenesie e 12-4
Sample Topographic Survey Field BOOK NOES ..........cccoooieiiiiniicieeece e 12-5
MONUMENE DESCHIPLIONS .. .eevveiieiie et e e e e e s ree e s aeenreesreenrneas 12-6
Standardized Coordinate File Coding (New Orleans District) ..........ccocccvvvvvevvernnnne. 12-7
Creating Metadata for TopographiC SUMVEYS.........ccoeriiieieneeee e 12-8
Sample Submittal of Feature Data ACCUIACY ........ccccoeveeeeieseeie et 12-9
Deliverable QA ChECKIIST.........cvi it sra e 12-10
MaANAALOTY CFITEIIA ....vevveiieeieiiitcie et 12-11
Chapter 13

Topographic Survey Contracting and Cost Estimating

General Contracting Policies and ProCedures ...........cccvvveveieieeieenese e 13-1
Indefinite Delivery CONTIACES .........ccvviiiiriiiiie e 13-2
Cost Estimates for Contracted Topographic Mapping IDCS..........ccccovviiicieniennen. 13-3
Task Order Time and COSt EStIMALES ........cceriieieieiiirese e 13-4
Task Order Request fOr Proposal ..o 13-5
Government Cost Estimate for a Task Order ..........cccovveieieieiininse e 13-6
AE Services Request for Task Order ISSUANCE ........cccveieereerieesieesieesieesieesreeseeesenens 13-7
Labor Hour Task Orders for Construction Surveying Services...........cccocevvvevverueanns 13-8
Hired-Labor Survey Cost EStIMALES .........ccciiiieiiiiiiiiesee e 13-9

Vi

Page

12-1
12-1
12-2
12-3
12-6
12-10
12-11
12-16
12-21
12-22
12-22

13-1
13-3
13-6
13-9
13-11
13-15
13-17
13-18
13-20



Subject

Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

Appendix F

Appendix G

Appendix H

Appendix |

Appendix J

Appendix K

Appendix L

EM 1110-1-1005

1 Jan 07
Paragraph/
Page
References A-1
Requirements and Procedures for Referencing Coastal B-1
Navigation Projects to Mean Lower Low Water (MLLW) Datum
Development and Implementation of NAVD 88 C-1
Sample Scopes of Work and Guide Specifications for D-1
Topographic Surveying Services
Application: Topographic Survey of Beach Sections Adjacent to E-1
Tillamook North Jetty, Oregon (Portland District)
Application: Topographic Survey for Relocation of Red Feather F-1
Prairie Bike Trail, Saylorville Lake Project, lowa
(Rock Island District)
Application: Topographic Survey of Hannibal Lock & Dam, G-1
Proposed Nationwide DGPS Antenna Site (Pittsburgh District)
Application: Topographic and Planimetric Survey--Proposed H-1
Military Fitness Center (Tulsa District)
Application: Control and Topographic Surveys Vicinity Footbridge -1
at Willamette Mission Bottom, Oregon (Portland District)
Application: Topographic Survey for Proposed US Army Reserve J-1
Center Belaire, Belmont County, Ohio (Louisville District)
Application: Topographic and Boundary Surveys, Bayou Baton K-1
Rouge Drop Structure, Amite River and Tributaries, Comite River
Diversion Project, East Baton Rouge Parish, Louisiana
(New Orleans District)
Glossary L-1

Vii



EM 1110-1-1005
1 Jan 07

Chapter 1
Introduction

1-1. Purpose

This manual provides guidance on performing detailed site surveys of military installation facilities and
civil works projects. Technical specifications, procedural guidance, and quality control criteria are
outlined for developing large-scale site plans used for engineering drawings of planned projects, or
detailed as-built feature mapping of completed facilities.

1-2. Applicability

This manual applies to all USACE commands having responsibility for the planning, engineering and
design, operation, maintenance, construction, and related real estate and regulatory functions of military
construction, civil works, and environmental restoration projects. It is intended for use by hired-labor
personnel, construction contractors, and Architect-Engineer (A-E) contractors. It is also applicable to
surveys performed or procured by local interest groups under various cooperative or cost-sharing
agreements.

1-3. Distribution
This publication is approved for public release; distribution is unlimited.
1-4. References

Referenced USACE publications and related bibliographic information are listed in Appendix A. Where
applicable, primary source material for individual chapters may also be noted within that chapter.

1-5. Discussion

Control and topographic surveys are performed to determine the planimetric location and/or elevation of
surface or subsurface features, facilities, or utilities. These surveys are normally used to prepare highly
detailed site plan maps (and digital databases) of a project site, facilities, or utility infrastructure; for
future design, on going construction, or as-built condition. Engineering drawing scales are typically
large--ranging between 1 inch = 30 ft and 1 inch = 100 ft. These surveys are performed over relatively
small project sites using tripod-mounted, manually operated, terrestrial survey equipment, such as transits,
tapes, levels, plane tables, electronic total stations, and GPS receivers. This manual covers the field
survey techniques, instrumentation, and electronic data collection systems that are used in performing
these ground-based field surveys, and transferring observed data into facility management or design
databases. Also included are methods for extending geodetic control needed for supplemental
topographic mapping work on a military installation or civil works project site. This manual also includes
procedures for transferring field data to computer-aided drafting and design (CADD) systems or
geographic information systems (GIS) used in planning, engineering, construction, and facility
management. Aerial topographic mapping techniques are not addressed in this manual--

see EM 1110-1-1003 (Photogrammetric Mapping). FM 3-34.331 (Topographic Surveying) should be
consulted for tactical field surveying operations supporting field artillery (FA), air-defense artillery
(ADA), aviation (e.qg., airfield NAVAID and obstruction surveys), intelligence, communications, or
construction.
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1-6. Use of Manual

This manual is intended to be a USACE reference guide for control surveying, site plan mapping, and
infrastructure utility feature mapping. These activities may be performed by hired-labor forces,
contracted forces, or combinations thereof. This manual will also used as the primary reference manual
for Proponent Sponsored Engineer Corps Training (PROSPECT) courses on topographic surveying.
Accuracy specifications, procedural criteria, and quality control requirements contained in this manual
may be directly referenced in the scopes of work for Architect-Engineer (A-E) survey services or other
third-party survey services, including construction contracts. This is intended to assure that uniform and
standardized procedures are followed by both hired-labor and contract service sources throughout
USACE.

Figure 1-1. PROSPECT topographic survey training course “Surveying IlI”
USACE Professional Development Support Center, Huntsville, AL (2003)

1-7. Scope of Manual

The overall scope of this manual is limited to ground-based survey methods--specifically, georeferenced
observations taken from survey instruments set up on tripods over fixed control points or benchmarks.
These methods usually provide the highest accuracy for engineering surveys, and are necessary when
surface and subsurface utilities must be definitively located and identified. Therefore, less-accurate and
less-detailed remote aerial mapping techniques are excluded. However, ground-based topographic
surveys covered in this manual are normally required to supplement generalized aerial topography, and to
provide feature details on surface and subsurface infrastructure. Control survey applications are limited
to establishing supplemental (or secondary) reference points at a project site from which detailed
topographic mapping or construction stake out is performed. Geodetic control survey methods used for
high-order densification of the national reference network (i.e., the National Spatial Reference System--
NSRS) are not covered in this manual--see EM 1110-1-1003 (NAVSTAR GPS Surveying) for performing
precise geodetic control surveys.

1-2



EM 1110-1-1005
1 Jan 07

a. Technical references. Technical or procedural guidance is in more general terms where
methodologies are described in readily available references or in survey instrumentation and data
collector operation manuals. This manual does not duplicate elementary surveying topics that are
adequately covered in a number of academic texts, such as those recommended in paragraph A-2 at
Appendix A. References to these publications will be provided to avoid unnecessary redundant coverage
of elementary topics. It is strongly recommended that a user performing control or topographic surveys
acquire one of these textbooks. Topics that will be referenced include instrument set-up and operation,
taping and chaining, instrument calibrations, basic surveying theory and accuracy estimates, traditional
survey distance, curve and area computations, traverse adjustments, etc. Reference is also made to
various survey and CADD manuals published by State Departments of Transportation (DOT). An
excellent example is the California Department of Transportation Surveys Manual (CALTRANS Surveys
Manual 2001-2004), a 14 chapter publication that can be downloaded at the CALTRANS web site
www.dot.ca.gov/hg/esc/geometronics. Chapters in the CALTRANS Surveys Manual are periodically
updated as new equipment or techniques are developed. Since design and construction surveys performed
by many State DOTSs are nearly identical to Corps of Engineers applications, these DOT manuals
represent an excellent up-to-date resource on procedures, instrumentation, standards, and specifications.

b. Manual coverage and appendices. The first few chapters in this manual are intended to
provide a general overview of control and topographic survey procedures, equipment, and standards.
Reference systems and datums used on Corps civil projects and military installations are described in
Chapter 5. Subsequent chapters cover survey planning, data collection, data processing, and generation of
digital or hard copy site plans. Examples of different topographic survey methods are included--e.g., total
station, LIDAR, GPS. Sample topographic survey projects are included within chapters or appendices.
Examples include those surveys typically performed on Corps civil works or military construction
projects, such as navigation, flood control, real estate, facility design and maintenance, lock and dam
surveys, and utility surveys. The final chapter on estimating costs for topographic surveys is intended to
assist those USACE commands that contract out these services. Sample scopes of works to contracted
and hired-labor field personnel are provided, including data deliverable requirements, are provided in this
chapter and in the appendices. The appendices also include a number of Corps project applications where
topographic surveys were performed in support of civil and military design and construction.

c. Evolving technology and procedures. Survey equipment operation, calibration, and procedural
methods for acquiring, logging, processing, and plotting topographic survey data are adequately detailed
in operation manuals provided by the various instrument manufacturers and software vendors. Since
instrument and data collector operations (and data processing methods) are unique to each vendor, and are
being constantly updated, this manual can only provide a general overview of some of the more common
techniques used by the Corps or its contractors. As new survey instruments, technology, and machine
control integration procedures are developed, Districts are strongly encouraged to use those innovations
and recommend modifications to any criteria or technical guidance contained in this manual--see
Proponency and Waivers section at the end of this chapter. Other Corps regulations may dictate
mandatory requirements for processing, displaying, transferring, and archiving survey data--e.g., metadata
archiving. These regulations will be referenced where applicable.

d. Manual development. Technical development and compilation of this manual was coordinated
in 2004-2005 by the US Army Engineer Research and Development Center--Topographic Engineering
Center (CEERD-TR-A). The following USACE Districts provided project examples and/or performed
technical reviews on various drafts of the manual: Jacksonville, Louisville, New Orleans, Pittsburgh,
Philadelphia, Portland, Rock Island, St. Louis, Tulsa, and Walla Walla. The original version of this manual
(Topographic Surveying) was developed in the early 1990s by the USACE Topographic Engineering
Center at Fort Belvoir, and published on 31 August 1994. This latest update consolidates control
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surveying topics from EM 1110-1-1004 (Geodetic and Control Surveying), dated 1 Jun 02. EM 1110-1-
1004 is superseded by this consolidation into EM 1110-1-1005.

1-8. Life Cycle Project Management Applicability

Project control established during the planning phase of a project may be used through the entire life
cycle of the project, spanning decades in many cases. During initial reconnaissance surveys of a project,
primary control should be permanently monumented and situated in areas that are conducive to the
performance or densification of subsequent surveys for contract site plans, construction, and maintenance.
During the early planning phases of a project, a comprehensive survey control plan should be developed
which considers survey requirements over a project's life cycle, with a goal of eliminating duplicative or
redundant surveys to the maximum extent possible.

1-9. Metrics and Accuracy Definitions

Both English and metric units are used in this manual. Metric units are commonly used in survey
instrumentation, such as electronic distance measurement and in GPS surveys. Metric-derived
geographical or metric Cartesian coordinates are transformed to English units of measurements for use in
local project reference and design systems, such as State Plane Coordinate System (SPCS) grids. In all
cases, the use of metric units shall follow local engineering and construction practices. English/metric
equivalencies are noted where applicable, including the critical--and often statutory--distinction between
the US Survey Foot (1,200/3,937 meters (m) exactly) and International Foot (30.48/100 m exactly)
conversions. One-dimensional (1D), two-dimensional (2D), and three-dimensional (3D) accuracy
statistics, standards, and tolerances specified in this manual are defined at the 95% RMS confidence level.
Unless otherwise stated, "positional accuracies” imply horizontal (2D) RMS measures.

1-10. Trade Name Exclusions

The citation or illustration in this manual of trade names of commercially available products, including
supporting surveying equipment, instrumentation, and software, does not constitute official endorsement
or approval of the use of such products.

1-11. Abbreviations and Terms

Abbreviations, acronyms, and engineering surveying terms used in this manual are explained in the
Glossary at the end of this manual.

1-12. Mandatory Requirements

ER 1110-2-1150 (Engineering and Design for Civil Works Projects) prescribes that mandatory requirements
be identified in engineer manuals. Mandatory accuracy standards, quality control, and quality assurance
criteria are normally contained in tables within each chapter, and these requirements are summarized at the
end of the chapter. If no mandatory requirements are listed, then the material in a particular chapter is
considered recommended guidance. Any mandatory criteria contained in this manual are based on the
following considerations: (1) project safety assurance, (2) overall project function, (3) previous Corps
experience and practice, (4) Corps-wide geospatial data standardization requirements, (5) adverse economic
impacts if criteria are not followed, and (6) HQUSACE commitments to industry standards.
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1-13. Governing Engineer Regulations and Related Standards

Spatial coordinates established using topographic survey techniques fall under the definition of geospatial
data contained in ER 1110-1-8156 (Policies, Guidance, and Requirements for Geospatial Data and
Systems). Accordingly, the guidance in ER 1110-1-8156, and its implementing manual EM 1110-1-2909
(Geospatial Data and Systems), must be followed for disseminating and archiving survey data. This would
include preparing appropriate metadata files in accordance with the guidance in EM 1110-1-2909. Detailed
CADD and GIS standards are promulgated by the CADD/GIS Technology Center in Vicksburg, MS.
Federal standards for reporting survey accuracy, geodetic control survey standards, and topographic survey
standards are also published by the Federal Geographic Data Committee (FGDC). These FGDC
"Geospatial Positioning Accuracy Standards" are listed in Appendix A.

1-14. Proponency and Waivers
The HQUSACE proponent for this manual is the Engineering and Construction Division, Directorate of

Civil Works. Comments, recommended changes, or waivers to this manual should be forwarded through
MSC to HQUSACE (ATTN: CECW-CE).
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Chapter 2
Overview of Topographic Surveying Techniques and Methods

2-1. Purpose

This chapter provides an overview of the types of surveys and equipment that are used for performing
control and topographic surveys. It covers the various types of engineering surveys used to support
facility design and construction, the different survey equipment and instruments, and the general field and
office procedures that are performed.

Figure 2-1. Topographic survey at Prompton Dam, PA
(Philadelphia District--April 2005)

2-2. General Definitions

“Topographic surveying” encompasses a broad range of surveying and mapping products, ranging from
aerial mapping to ground and underground surveys. “Control surveying” likewise can cover wide area
geodetic surveys to construction stakeout. The following definitions from the Florida Administrative
Code (FAC 2003) illustrates how topographic and control surveying falls under the overall “surveying
and mapping” field:

“Surveying and Mapping: a process of direct measurement and analysis specifically designed to
document the existence, the identity, the location, and the dimension or size of natural or artificial
features on land or in the air, space or water for the purpose of producing accurate and reliable
maps, suitable for visualization if needed, of such documentation.”
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“Topographic Survey: a survey of selected natural and artificial features of a part of theearth’s
surface to determine horizontal and vertical spatial relations.”

“Control Survey: a survey which provides horizontal or vertical position data for the support or
control of subordinate surveys or for mapping.”

Anderson and Mikhail 1998 define topographic surveys as follows:

“A topographic map shows, through the use of suitable symbols, (1) the spatial characteristics of
the earth’s surface, with such features as hills and valleys, vegetation and rivers, and (2) constructed
features such as buildings, roads, canals, and cultivation. The distinguishing characteristic of a
topographic map, as compared with other maps, is the representation of the terrain relief.”

As outlined in the scope in Chapter 1, the guidance and instructions in this manual will focus on the
performance of site plan surveys required for the design and construction of military facilities and civil
works projects. Control survey methods will focus on those surveys required to support detailed site
mapping. ERDC/ITL 1999b defines installation map products as:

"Maps are tools that provide the commanders with timely, complete, and accurate information
about our installation. They have three primary uses on the installation: locate places and features,
show patterns of distribution (natural and physical phenomena), and compare and contrast map
information by visualizing the relationships between these phenomena. A map is a representation
of reality comprised of selected features needed to meet the maps intended purpose."

2-3. Generic Considerations Applicable to all Drawings and Maps
There are some differences between topographic maps and plans (or engineering drawings). In general,

maps are usually developed at a smaller scale, whereas detailed site plan drawings are at much larger
scales. The following table (from Kavanagh 1997) illustrates this distinction:

Table 2-1. Map Scales Used for Various Engineering Drawings

Scale Typical Uses

1"=1to1"=8' Large scale detail drawings, architectural plans

1" =20"'-30-50'to 1" = 100’ Engineering site plans, facility design

1"=100"to 1" = 800' Intermediate scale: planning studies, drainage, route planning
1" =1,000" and smaller Small scale: topographic maps, USGS quad

maps, NOAA charts

In general, map scales greater than 1 inch = 100 ft are intended for detailed design purposes. Smaller
scales between than 1 inch = 100 ft and 1 inch = 1,000 ft are used for general planning purposes. To
assure convenience of use and to derive full benefit from maps and plans, the data on various types of the
above project drawings should contain the following criteria:
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a. State Plane Coordinate System. It is desirable that the surveys and construction drawings for
different projects be correlated with each other and with other Federal agencies. This is accomplished by
the use of the State Plane Coordinate System as the coordinate system of the project, and insuring that this
grid reference is adequately tied in to a nationwide geodetic reference system. In some cases, an arbitrary
or artificial coordinate system may be used.

b. Coordinate grid lines. To enable proper correlation between the various project maps and plans,
there must be drawn on all project maps (or CADD sheet files) the coordinate grid lines of the project
coordinate system. These lines should be spaced five (5) inches apart; the outside coordinate lines should
be the match lines for adjacent map sheets.

c. Determination of plan scales. The scale of topographic maps should be chosen so that these
maps may serve as base maps over which subsequent project drawings can be drawn at the same scale.
Reference Table 6-1 for guidance on selecting map scales. Thus, the scale of a reconnaissance
topographic survey is chosen at a convenient scale so that it may serve as base over which the preliminary
site studies and approved site plan may be prepared. The detailed topographic maps will also serve as a
base upon which to prepare detailed utility maps.

d. Outside sources of information. Full use should be made of surveying and mapping information
available in the various Federal, state, local agencies, and geospatial data clearinghouses prescribed in
Corps regulations. USACE Commands are required by ER 1110-1-8156 to perform clearinghouse
searches.

e. Accuracy. The type of survey, map scale, and contour interval should be selected in each case to
interpret the character of the terrain most suitably for the purpose, and the tolerance of permissible error
should be prescribed in each instance. It is not necessary that reconnaissance topographic surveys be of
the same degree of accuracy as detailed topographic surveys, nor should they show the topographic data
with the same degree of detail.

f. Control to be shown on Plans. The coordinate grid, horizontal control stations, benchmarks, and
related reference datums should be shown on all maps and plans--see Chapter 5 for specific details. This
is of particular importance in detailed layout plans of building areas drawn at the larger scales of 1 inch =
100 ftor 1 inch = 50 ft. The data are vital to speed and accuracy in subsequent location survey work.
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SECTION |
Types of Surveys

The following types of products are covered by this manual, all of which are assumed to fall under the
broad definition of “topographic surveying”:

¢ Reconnaissance Topographic Surveys

e Detailed Topographic Surveys and Maps

o Utility Surveys and Maps

e As-built Drawings

e Boundary Surveys and Reservation Maps
¢ Reservoir Clearing Surveys

¢ Upland Disposal Area Surveys

e Channel Improvement and Cutoff Surveys
e Post-Flood High Water Mark Surveys

¢ Bridge Surveys

e Artillery Surveys

e Airport Obstruction and NAVAID Surveys
e Site Plans (Hydrographic, Beach, Levee, Route, Quantity, Structure, etc.)
e Army Installation Drawings

Some of the above surveying and mapping applications will overlap in practice and definitions will vary
from District to District. Aerial topographic mapping products are excluded from this manual, as are
high-order geodetic control surveys.

2-4. Reconnaissance Topographic Surveys

Topographic surveys have various definitions by different agencies and publications. These may include
everything from photogrammetric mapping to hydrographic surveys. The reconnaissance topographic
surveys described below relate to smaller scale preliminary mapping performed in advance of engineering
and design, and are often called preliminary surveys. Following are the important considerations in
connection with reconnaissance topographic surveys:

a. Purpose of reconnaissance surveys. The reconnaissance survey is the basis for a general study
or a decision as to the construction suitability of areas. It may also be used for preliminary site layouts.
Reconnaissance surveys are useful in showing the general location of roads, building areas, and utilities;
and to establish an acceptable site layout which must be approved by authorized officers before detailed
layout plans can be made. Such surveys also enable the proper selection of those areas, relatively limited
in extent, which should be covered by the more time-consuming and costly detailed topographic surveys.
In some instances the US Geological Survey (USGS) topographic quadrangle sheets may be enlarged and
used for this purpose. The success of such use will be dependent upon the contour interval, whether the
USGS maps are of recent date, the character of the terrain, and the nature of the project.

b. Map scales and contour intervals. Dependent upon the size and shape of the area and upon the
nature of the terrain, i.e., density of culture and steepness of slope, reconnaissance surveys may be at
scales varying from 1 inch = 400 ft to 1 inch = 1,000 ft. In cases where the project is of limited size, a
scale of 1 inch = 200 ft may be used. Contour intervals of either five feet or ten feet may be used. The
five-foot interval is the more serviceable and should be used except where steepness of slope makes the
ten-foot interval advisable. When areas contain both flat and very steep slopes a ten-foot interval may be
adopted as the contour interval of the map. On the flat areas, one-half interval contour (e.g., five foot)
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may be shown, discontinuing them wherever the slopes become steep or uniform. Contours having
different intervals should not be shown by the same symbol on the same map. In extremely flat areas, a
one- or two-foot contour interval may be required to adequately represent the terrain.

c. Accuracy and degree of detail. Extreme accuracy of position is not necessary and minutiae of
detail are not desirable. The map should show all pertinent physical features such as roads, railroads,
streams, cleared and wooded areas, houses, bridges, cemeteries, orchards, lakes, ponds, and fence lines.
Elevations should be shown by contours and spot elevations at road intersections, bridges, water surfaces,
tops of summits and bottoms of depressions.

d. Datum. When practical and feasible, it is desirable for these surveys to be referenced to an
established NSRS datum, rather than some arbitrary grid system.

2-5. Detailed Topographic Surveys

Following are the important considerations in connection with detailed topographic surveys. Further
guidance is contained in Chapter 6.

a. Purpose of detailed topographic surveys. Detailed topographic surveys are the basis for detailed
plans showing the site layout and utilities. The area to be covered by detailed surveys should be kept to a
minimum to serve the requirements of the actual building area and should not be made where
reconnaissance surveys will serve. Detailed topographic surveys may be made by plane table, total
station, GPS, laser scanning, and/or photogrammetry.

b. Map scales and contour intervals. Detailed topographic surveys should be at a map scale of 1
inch = 100 ft or 1 inch = 200 ft, with contour intervals of two feet, depending on the convenient size to be
established for detailed site plans and utility maps. A scale of 1 inch =50 ft is also used on small
projects.

c¢. Accuracy and degree of detail. Upon the map sheets there shall be shown all control points and
bench marks with their designating numbers and their elevations, all roads, railroads, streams, fence lines,
utilities, poles, isolated trees ten inches or more in diameter, boundaries of timbered areas rock ledges or
boulders, wells, buildings, cemeteries and any other physical data that will affect planning. In addition to
elevations shown by the contours, there should be shown spot elevations at all summits, bottoms of
depressions, tops of banks, stream or water surfaces, roads and railroad lines at breaks of grade,
intersections, bridges, bases of isolated trees, first-floor elevation of existing buildings, and ground
surfaces at wells. The contours should faithfully express the relief detail and topographic shapes.
Accuracy standards for topographic mapping features are detailed in Chapter 4.

d. Horizontal control. There should be established a system of monumented horizontal control
originating from and closing upon existing NSRS control points. Since this control should also serve the
needs of subsequent site layouts and utility maps, the selection of its position and frequency must give
due weight to these needs. In areas where there is to be intensive development, the lines of control
circuits should ideally not be more than 2,000 to 2,500 feet apart in one direction, but may be of any
convenient dimension in the other direction. Control points should generally not be more than 800 to
1000 feet apart along the line of the circuit and should be intervisible. In order to serve property survey
needs, the outside control circuits should have control points within 300 or 400 feet of probable property
boundary corners. Where topography is to be taken by plane table, a sheet layout should first be made
and the control circuits selected near two sheet borders so that the line may be platted on both sheets.
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e. Vertical control. Vertical control should consist of levels run in circuits originating from and
closing upon Federal Government benchmarks. The closure error of these circuits should be predicated
on the character and scope of construction involved. The elevation of each traverse station monument
should be determined. Other permanent benchmarks as deemed necessary should be set.

f. Reference datum. When practical and feasible, it is desirable for these surveys to be referenced
to an established NSRS datum, rather than some arbitrary grid or vertical reference system.

2-6. Utility Surveys

There are several kinds of utility surveys, but principally they can be divided into two major types. One
type is performed for the layout of new systems, and the other is the location of existing systems. Typical
utilities that are located include communications lines, electrical lines, and buried pipe systems including
gas, sewers, and water lines. The layout of new systems can be described as a specialized type of route
surveying, in that they have alignment and profiles and rights-of-ways similar to roads, railroads, canals,
etc. In reality, utilities are transportation systems in their own right. Utilities are special in that they may
have problems regarding right-of-way above or below ground. A great portion of utility surveying
involves the location of existing utilities for construction planning, facility alteration, road relocations,
and other similar projects. This is a very important part of the preliminary surveys necessary for most of
these projects.

a. Purpose of utility maps. To a greater degree than any other drawings prepared in the field,
utility maps serve two main purposes: (1) as construction drawings, and (2) as permanent record of the
utilities, i.e. "as built." Their value to the Facility or Public Works Engineer in the proper operation and
maintenance of the project is such as to require complete information on all pertinent features of each
utility. For the purpose of recording "as built” construction in the most readily usable form, two sets of
utility maps are usually found most practicable: General Utility Maps at small scale (1 inch = 400 ft or
1 inch = 200 ft and Detailed Utility Maps (sometimes referred to as unit layout maps) at a larger scale
(1 inch =100 ft or 1 inch = 50 ft) as described below.

b. General survey procedure. Utilities are usually located for record by tying in their location to a
baseline or control traverse. It may be more convenient to locate them with relation to an existing
structure, perhaps the one that they serve.

(1) Aboveground utilities are usually easily spotted and are easier to locate than the subsurface
variety. Therefore, they should present little difficulty in being tied to existing surveys. Pole lines are
easy to spot and tie in. Consulting with local utility companies before the survey has begun will save
much work in the end. Any plats, plans, maps, and diagrams that can be assembled will make the work
easier. If all else fails, the memory of a resident or nearby interested party can be of great help.

(2) Proper identification of utilities sometimes takes an expert, particularly regarding buried pipes.
There are many types of wire lines on poles and in below ground conduits--this can lead to identification
problems. Where once only power and telephone lines were of concern, now cable TV, burglar alarms,
and even other wire or fiber optic line types must be considered.

(3) The location of underground utilities by digging, drilling, or probing should be undertaken only
as a last resort, and then only with the approval and supervision of the company involved. Some
techniques that work are the use of a magnetic locator, ground penetrating radar, a dip needle, or even
“witching” for pipes or lines underground.
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c. General utility maps. Ata scale of 1 inch =400 ft, 1 inch = 300 ft, or on smaller projects at
scales of 1 inch = 200 ft, the principal features of each utility are generally shown separately, each utility
on a separate map, or CADD layer/level. As a base upon which to add the data for each utility it is
normally most convenient to use the approved general site plan of the same scale. The amount of detail to
be indicated on each general utility map should be limited to that consistent with the scale of the map. It
is usually feasible, even at a scale of 1 inch = 400 ft, to indicate the location, material, pipe sizes, etc., of
the main distribution and collection systems, leaving minor construction features (valves, service
connections, etc.) to be shown at larger scale on the second set of maps (see Detailed Utility Maps below)
or as attributes in a CADD facilities database. General Utility Maps will normally include the following:

o Water Distribution System.

¢ Sewers: Sanitary and Storm Water Collection Systems

e Electric Distribution System, including Fire Alarm System.

¢ Communication Systems (telephone, cable, computer, fiber optic, etc.)

e Gas System.

e Gasoline Storage and Fuel System.

o Steam distribution and domestic hot water system for hospitals and other areas. (Include
compressed air system, if any)

e Target and Magazine Areas. (Where located at some distance from the general construction area,
these may be shown on a separate map annotated to show the relation to the project)

o Rail Facilities, including access to serving railroad (unless shown in complete detail on site plans)

Figure 2-2 below is a typical CADD file showing a variety of different utility systems surveyed by
Louisville District personnel at an Army Reserve Center. Each utility was coded in the field and placed
on a separate MicroStation design file “level.” Normally, as shown below, each utility system is given a
different color coding as well as a different level assignment. Turning off different utility levels (and
assigning these levels to separate sheets) eliminates the apparent overprinting below.

d. Detailed utility maps (sometimes referred to as Unit Layout Maps). At a scale of
1 inch =100 ft or 1 inch = 50 ft and normally on reproductions of the detailed site plans, the detailed
utility maps for large or complicated projects are generally prepared showing the details of all utilities on
each sheet rather than with each utility on a separate sheet. By this means, the Facility Engineer is
informed as to the underground relationship of the various utilities; and avoids the danger, in repairing
one utility, of damaging another. Even at the relatively large scale of 1 inch = 50 ft, the complexity of
utility data at "busy" intersections may require that inserts be added to the map at still larger scale. The
detailed utility maps will show the additional detailed data of all kinds which it was not feasible to show
on the smaller-scale general utility maps (grades at ground and inverts of manholes, etc., location and
sizes of valves, service connections, etc.) and will thus provide the Facility Engineer with complete data
necessary for operation and maintenance. On small projects where it has been feasible to prepare the
general utility maps at large scale (1 inch = 50 ft), it will be possible to add the necessary complete
detailed utility data to these maps and thus to avoid the preparation of special detailed utility maps. They
may also be omitted in cases where it is found feasible to show utility details on "strip" road plans,
providing the strips are of sufficient width to show service connections to structures on both sides of the
road.
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Figure 2-2. Utilities near a Vehicle Maintenance Refueling Facility at Patrick Air Force Base, Florida
(Louisville District--2004)

2-7. As-Built Surveys

a. Purpose. As-built surveys are surveys compiled to show actual condition of completed projects
as they exist for record purposes and/or payment. Since many field changes occur during construction,
both authorized and clandestine, surveys are regularly completed to check the project against plans and
specifications. As-built surveys are usually a modified version of the site plans that were originally
required to plan the project. This is particularly true of road, railroad, or watercourse relocation projects.
These projects are all of the route survey nature. The as-built survey, out of necessity, is this type also.
Typical items checked are:

Alignment.

Profile or grade.

Location of drainage structures.
Correct dimensions of structures.
Orientation of features.

Earthwork quantities (occasionally).

b. Methodology. For route-survey-type projects a traverse is usually run and major features of the
curve alignment are checked. Profiles may be run with particular attention paid to sags on paved roads or
other areas where exact grades are critical. Major features of road projects that are often changed in the
field and will require close attention are drainage structures. It is not uncommon for quickly changing
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streams to require modification of culvert design. Therefore, culvert and pipe checks are critical. Items
that should be checked for all major drainage structures are:

Size (culverts may not be square).

Skew angle (several systems in use).

Type or nomenclature (possibly changed from plans).

Flow line elevations are very important and should be accurately checked.

Station location of structure centerline with regard to traverse line should be carefully noted.

(1) Utilities that have been relocated should be carefully checked for compliance with plans and
specifications. Incorrect identification of various pipes, tiles, and tubes can result in difficulties. Since
the subject is somewhat complicated it is important to keep track of this type of information for the future.

(2) Project monumentation is sometimes a requirement of as-built surveys since it is common to
monument traverse lines and baselines for major projects. Their location should be checked for accuracy.
In many areas it is common for such monumentation to be done by maintenance people who are not at all
familiar with surveying and therefore the work is not always as accurate as would be desired.

2-8. Reservation Boundary Surveys and Maps

a. Purpose. Boundary surveys of civil and military reservations, posts, bases, etc. should generally
be performed by a professional land surveyor licensed in the state where the work is performed. Corps of
Engineers boundary survey requirements and procedures are detailed in Chapter 3 (Mapping) of ER 405-
1-12 (Real Estate Handbook). This chapter in ER 405-1-12 describes the procedures for providing maps,
surveys, legal descriptions, and related material on a project or installation basis for planning, acquisition,
management, disposal, and audit of lands and interests in lands acquired by the Corps of Engineers for
Department of the Army military and civil works projects, for the Department of the Air Force, and as
agent for other Federal agencies. The criteria, general format, forms development, approval authority,
maintenance, and distribution of project maps reflecting graphic depiction of all lands acquired and
disposed of are described in this regulation. Boundary surveys include parcel maps, subdivision maps,
plats, and any other surveys that are officially recorded (filed) in a local County or State clerk's office.
The following are the important considerations regarding boundary surveys:

b. Method and accuracy. The determination of the position of all points should be by transit or
total station traverses originating from and closing upon points of the local horizontal control system.
The error of survey as indicated by any such closure before adjustment should not exceed the standards
specified for boundary surveys in the particular state--usually ranging from 1 part in 5,000 to 1 part in
10,000. Where applicable, procedures and standards in the “Manual of Instruction for the Survey of the
Public Lands of the United States” (US Bureau of Land Management 1973) should be followed.

c¢. Reconciliation of conflicting data. Cases occur in which the data supplied by the field surveys
do not agree with the deed description; where these conflict and cannot be reconciled legal advice may be
necessary. However, it is a generally-accepted rule that where discrepancies exist between the boundary
line, as described in the deed, and the boundary lines of possession as defined on the ground by physical
objects such as fences, marked trees, boundary stones, boundary roads, and streams, the physical evidence
should be held as correct, unless convincing evidence to the contrary is produced.

d. Boundary monuments. When boundary surveys are authorized, standard reinforced concrete

monuments should be placed at all angle points on the exterior boundary. In long courses, such
monuments should be placed along the line of intervals of 1,000 ft on level terrain and at prominent
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points (intervisible if possible) where the terrain is rolling. Where a monument replaces an old landmark
it should be clearly so noted in the notes of the survey and on the property map. The notes should fully
describe old monuments or landmarks. Monumentation guidance is contained in EM 1110-1-1002
(Survey Markers and Monumentation) and in ER 405-1-12 (Real Estate Handbook).

e. Scales and other details. Boundary maps may be platted at any convenient scale consistent with
the size of the area involved. In the case of small projects the scale of the site plan will be a convenient
one for the boundary map. These maps should show the bearings, referred to the meridian of the
Government control point to which the survey is tied, and the lengths of property lines and rights-of-way,
the names of property owners, and the acreage to the nearest one-hundredth of an acre. Where survey
bearings and lengths differ from the deed description the latter should also be shown. The maps should
also show the position of all old property marks or corners that were found. The project coordinate grid
lines, control points, and the coordinate values of the beginning corner of the survey (POB) should be
shown on the maps.

f. Metes and bounds description. A complete typewritten metes and bounds description will be
prepared and will include the bearings and distances of all courses of the exterior boundary of the
reservation including detached areas, if such exist, with type of markers placed at angle and intermediate
points. The description will state the acreage, the county and state within which the area is situated, and
the date of the survey. The description should also include metes and bounds of any excepted area within
the reservation such as roads, railroads, and easements, with areas thereof.

g. Reservation maps. Reservation maps are required wherever the entire area of a reservation, or
portion thereof, is held in fee title by the Government. The scale of the reservation map will depend upon
the area involved, reliable information available, and on the scale of reservation maps in existence. Until
such time as the boundary surveying and monumenting of properties acquired by purchase or
condemnation are authorized, reservation maps will be usually comprised of a compilation of all available
existing information in the form of deed descriptions, General Land Office survey data, metes and bounds
descriptions if available, etc. The following data will be clearly set forth on the reservation map:

o All exterior boundary lines (based on certified and monumented surveys if prepared).

¢ Total acreage (computed, if a survey has been authorized), together with acreage of lands
transferred by temporary agreement, if any.

e The exterior boundaries and acreage of all additions to existing military areas acquired since
preparation of earlier reservation maps--to be indicated on original maps of the reservation if practicable,
otherwise on segmental maps properly coordinated with the original maps.

¢ The metes and bounds survey description, if previously authorized, or the General Land Office
survey description, if available.

e The approximate outline and designation of all outstanding areas of operation which are a part of
the military reservation; for example, Cantonment Areas, Ordnance Areas, Airfield and Revetment Areas,
Hospital Areas, Maneuver Areas, Depot Areas, Radio Sites, Target Range Areas, Bombing Areas, and
other areas of importance.

¢ Rights-of-way for sewerage, water supply lines, and other utility rights-of-way. If prepared on
segmental maps, these should be properly coordinated with the reservation map.

e The State and County or Counties within which the reservation is located.
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2-9. Reservoir Clearing Surveys

a. Purpose. Reservoir clearing surveys will include the establishment and mapping of the upper
clearing limit, the marking of pertinent portions of dredging spoil areas, the location of clearing and
grubbing limits for channel cut offs and improvements, and the lay out and marking of boat channels
through areas which will not be cleared. The upper clearing limit comprises the major portion of the job,
and work on this item should be vigorously prosecuted most particularly during the winter months while
the foliage is off the trees. The clearing limit contour will be established on the ground, painted, staked,
and mapped for all parts of the reservoir except such areas as may be prescribed to leave nucleated. The
following are typical examples:

o Areas for the enhancement of game and fish habitat.

o Upstream limits of creeks where pool is confined within the old channel or within steep banks.

¢ Within the river banks except for designated sections where clearing in the vicinity of public
areas will be performed.

e Islands formed by the clearing limit contour will not be cleared and must be located and marked.
This will probably require some exploratory surveying in the wider areas of the reservoir.

o Flowage easements.

b. Contour establishment and mapping. The clearing limit may frequently be located in low, flat
terrain with numerous branchings, "finger" sloughs, swales, and may lie in no pattern whatsoever. The
prime objective of this type survey is to locate, paint, and map the clearing line contour. In running the
levels to locate the contour, the rodmen will be the key to progress. The instrumentman will maintain a
hand or electronic notebook, recording all readings for turns. The contour will be temporarily marked
when located until a closure has been made and the notes verified. Mapping will be accomplished at a
target scale of usually 1 inch = 500 ft.

c. Coverage. Itis most probable that long traverses will be required in the lower reaches of the
reservoir. In the large heavily wooded areas there will be numerous "finger"” sloughs, islands, and
peninsulas formed by the contour. Lines, at approximately 1 mile intervals, originating on control at the
river banks should be run more or less normal to river, cross section style, a sufficient distance outward to
encompass the clearing limit contour and then tied together to form loops. In running these lines, all
points where the contour is crossed should be flagged and control points left for continuance of surveys.
These lines would serve a dual purpose to locate areas under the clearing limit contour and, after
adjustment, as control from which the surveys can be extended. Open areas will be delineated on the
map, with proper annotation, such as "cultivated,” "pasture," "pasture with scattered trees," "scattered
brush and trees," or whatever, so that a classification of type clearing can be made. In large cleared areas
the contour can be shot directly on aerial photos, if desired.

d. Markings. Trees standing on or very near the clearing line will be marked in accordance with
specifications. These markings shall be placed at intervals such that they are readily intervisible at
distances commensurate with the woods cover. All abrupt changes in direction shall be well marked at
the point of turn and other prominent trees nearby in both directions. The contour will be marked in open
areas--generally at 500 ft to 1000 ft intervals--or closer when required to show important changes in
direction. Points where the marked contour is discontinued or resumed (such as the contour entering
stream banks or a wildlife and fish habitat area where marking is not required) will be prominently
marked. One or more trees should a marked, or enough to insure that this point is readily visible and
identifiable.
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e. Miscellaneous. Where no surveying of the contour is required within the riverbanks, careful
watch for breakouts must be maintained. This may require leveling along the riverbanks and exploration
of the mouths of the streams, ditches, sloughs to ensure that the contour is also confined and, therefore,
information is needed from which to make a rigid estimate of the acreage involved. In the course of the
survey the contour will be outlined and this should be sufficient to determine the length of each area. The
width, from the contour down to the timberline next to the water's edge, must be obtained at proper
intervals to furnish an excellent average width. Points where these widths are obtained and the widths
shall be plotted.

2-10. Upland Disposal Area Surveys

Disposal areas are usually acquired in fee simple and thus will be surveyed and monumented in
accordance with state or local codes and standards. Clearing of these areas will be on a graduated basis
and it will be necessary under the clearing limit to part off only the portions of the areas required for the
original dredging. Limits of the required areas will be furnished to the survey party, and the survey work
can be accomplished using the area boundary monuments as control. These limits will be defined on the
ground by appropriate markings. The clearing in the disposal areas will be of lesser quality than the
reservoir clearing, so that clearing contour marking will prevail and the contour should be marked in the
spoil areas as elsewhere.

2-11. Channel Improvement and Cutoff Surveys

These areas require modified grubbing in addition to clearing and will have to be delineated differently
from the normal reservoir clearing. The clearing and grubbing lines for these features are usually outlined
in detail on the hydrographic maps and the cut off topographic maps. Using the existing ground control
and these layouts, these limits will be established. All angle points in these limits will be marked on the
nearest tree. Enough intervening trees to promote intervisibility will be marked. In order to furnish data
for a close estimate of area of the channel improvement sites, the streamward edge of the timber shall be
shown. Open areas within the cutoff confines will also be shown. This clearing will be of a higher grade
and take precedence over the regular reservoir clearing. If it is found that the clearing contour passes
through any other channel improvement clearing areas, and at the cutoff areas, marking should be
discontinued at the intersection. No marking of the clearing limit contour will be done in the areas of
clearing for channel improvement. Clearing maps will be presented as line drawn maps, using the
reservoir mapping as a base and utilizing the cultural data, stream outlines, etc.

2-12. Post-Flood High Water Mark Surveys

High water marks are evidence of the highest stages reached by a flood. There are many different types
of marks and the proper identification of them is the key to getting meaningful data. For this reason the
most experienced man in the field party shall be used to locate the marks. High water marks tend to
disappear rapidly after the flood peak. Thus, the survey should be started as soon as possible after the
peak. Marks should be identified by means of stakes, flagging, paint, nails, crayon, etc., and field
sketches made of locations to guide future survey work. Elevations can be obtained for the marks when
time permits. Criteria for selecting high water marks are as follows:

e Marks should be selected on surfaces parallel to the line of flow so that they represent the water
surface and not the energy grade line of the stream.

o Often small seeds of various plants will provide excellent high water marks, remaining in the
crevices of bark or in cracks in fence posts or utility poles. The highest of such particles should be used.

2-12



EM 1110-1-1005
1 Jan 07

e Mud or silt will often leave easily recognizable lines along banks or on trees, brush, rocks,
buildings, etc.

o Excellent high water marks may be found on buildings within the flood plane. Excellent marks
may be found on windowpanes or screens. However, care must be exercised not to select marks on the
upstream side of the building, which may have been affected by velocity head.

¢ Residents may afford a valuable source of information when evidence has been cleaned up or
destroyed by rain. Such information may be particularly reliable where the water has come into buildings
on the premises.

Poorly defined high water marks:

e Drift found on bushes or trees in or near the channel may afford false information. On trees the
buildup on the upstream side caused by current may cause an abnormally high reading, and conversely on
the downstream side. Bushes may bend with the current and, after the slowdown, straighten up to lift the
drift above the peak flood elevation.

e Foam lines, commonly found on bridge abutments, wingwalls, riprap, poles, trees, etc., may be
affected by velocity head pileup.

e Wash lines are usually poor.

e Information from residents after passage of time and destruction of evidence, especially when
remote from place of residence.

The type of marks should be fully described to facilitate recovery by others. Examples include "drift on
bank," "drift on tree," "wash line,” "silt line on post,” etc. Marks should be rated as "excellent,” "good,"
"fair," or "poor." Attribute data may include:

e Number, river or basin, bank of river.

e Month and year of flood.

e State, county, nearest town.

e Section, Township, Range, if possible.

e Specific location by description from nearest town, etc.
e Specific description of mark, e.g., "nail in post."

e Source of information.

e Type of mark.

e Sketch on right hand page of notebook.

If possible, mark may be tied to existing horizontal control. Otherwise, autonomous/differential GPS or
spotting on quadrangle or other map may be the only available method of locating, especially in remote
areas. All marks should be leveled to Third Order accuracy standards. Readings should be to nearest
0.01 ft. A TBM should be set in the vicinity to facilitate ties to any future comparative marks.

2-13. Route Surveys

Route surveys are most commonly used for levees, stream channels, highways, railways, canals, power
transmission lines, pipelines, and other utilities. In general, route surveys consist of:

e Determining ground configuration and the location of objects within and along a proposed route.

o Establishing the linear or curvilinear alignment of the route.
e Determining volumes of earthwork required for construction.
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After the initial staking of the alignment has been closed through a set of primary control points and
adjustments have been made, center-line/baseline stationing will identify all points established on the
route. Differential levels are established through the area from two benchmarks previously established.
Cross-sections in the past were taken left and right of centerline. Today digital terrain models (DTM) or
photogrammetry is used to produce cross-sections for design grades. Surveys may be conducted to check
these sections at intermittent stations along the centerline. Ground elevations and features will be
recorded as required.

2-14. Bridge Surveys

Bridge surveys are often required for navigation projects. In many instances, a plan of the bridge may be
available from the highway department, county engineer, railroad, etc. When as-built drawings can be
obtained, it may be substituted for portions of the data required herein. However, an accuracy check
should be made in the field. Field survey measurements should include the elevation of bridge floor, low
steel, and a ground section under bridge to present an accurate portrait of the bridge opening. Piers, bents,
and piling should be located with widths or thicknesses being measured so that their volume can be
computed and deducted from the effective opening under the bridge. Superstructure is not important and
need not be shown. However, guardrail elevations should be obtained and the rails described as to
whether they are of solid or open construction. A very brief description of bridge as to type of
construction (wood, steel, concrete, etc.) and its general condition should be furnished. If wingwalls
exist, minimum measurements should be made to draw them in proper perspective. Sketches of existing
bridges may be required on many of the various types of surveys performed by a District. Obtain digital
photographs of all bridges. All photographs should be carefully indexed, and a sketch made to show
approximate position and angle of each exposure. In general, survey data to be included on bridge survey
field notes should include:

e Direction facing bridge, whether upstream or downstream.

¢ Length of bridge, or stationing if established.

o Distances from center to center of piers or bents.

¢ Dimensions of piers or pilings including batter.

¢ Low chord (or steel) elevation over channel.

o Profile of bridge deck, roadway, handrail, etc.

¢ Sketch of plan of bridge, when required, showing deck dimensions including girder size and
spacing.

¢ Sketch of typical bent, when required, including cap size.

e Sketch of wingwall, when required.

e Digital photographs from various aspects.

o Material of which constructed (wood, steel, concrete, prestressed concrete, etc.).

e Type of construction, such as truss, trestle, or girder.

¢ General condition of bridge.

¢ Alignment of bridge to channel, whether normal or at angle (may be shown on plan sketch).

¢ Alignment of piers or bents, whether normal or at angle.

e Composition of bents may be indicated on sketch.

¢ Designation of highway, road, street, railroad, etc., utilizing bridge--describe surface, if road.

An example of field notes for a typical bridge survey is shown in Chapter 12.
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2-15. Artillery Surveys (FM 3-34.331)

The Field Artillery (FA) is a primary user of precise positioning and orientation information in a wartime
environment. Topographic survey support must be provided to multiple launch rocket system (MLRS)
units, Corps’s general support units, and other nondivisional assets in the Corps area. The FA requires
that topographic surveyors:

e Establish and recover monumented survey control points (SCPs)--horizontal and vertical--and
azimuthal references for conventional and inertial FA survey teams.

e Coordinate the exact position of the high-order control with the Corps’s survey officer.

e Augment FA survey sections when appropriate.

Topographic-engineer companies are the primary source of topographic support throughout the Echelons
above Corps (EAC) and general support. Topographic companies support artillery surveys by:

o Extending horizontal and vertical control into the corps and division areas.

¢ Providing a survey planning and coordination element (SPCE) in support of the EAC.
¢ Providing mapping-survey control where required.

¢ Advising on topographic matters.

o Assisting in lower-level surveys to augment FA surveys.

Additional details on field artillery surveys are found in Chapter 9 of FM 3-34.331
2-16. Airport Obstruction and NAVAID Surveys (FM 3-34.331)

Airfield-obstruction and NAVAID surveying operations involve obtaining accurate and complete
NAVAID (and associated airport/heliport-obstruction) and geodetic positioning data. Airport obstruction
chart (AOC) surveys provide source information on:

¢ Runways and stopways.

e NAVAIDs.

o Federal Aviation Regulation defined obstructions.
¢ Aircraft-movement aprons.

e Prominent airport buildings.

o Selected roads and other traverse ways.

e Cultural and natural features of landmark value.

¢ Miscellaneous and special-request items.

a. NSRS connection requirements. AOC surveys also establish or verify geodetic control in the
airport vicinity is accurately connected to the NSRS. This control and the NSRS connection ensure
accurate relativity between these points on the airport and other surveyed points in the NSRS, including
GPS navigational satellites. AOC data is used to:

¢ Develop instrument approach and departure procedures.
e Determine maximum takeoff weights.

e Certify airports for certain types of operations.

o Update official aeronautical publications.
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¢ Provide geodetic control for engineering projects related to runway/taxiway construction,
NAVAID positioning, obstruction clearing, and other airport improvements.

e Assist in airport planning and land-use studies.

e Support activities such as aircraft accident investigations and special projects.

b. Survey standards. Federal Aviation Administration Publication 405 (Standards for
Aeronautical Surveys and Related Products, Fourth Edition., 1996.) and Federal Aviation Regulation 77
(Objects Affecting Navigable Airspace, 15 July 1996) outline the requirements for AOC surveys. Various
areas, surfaces, reference points, dimensions, and specifications used in airfield surveys are described in
these references.

¢. Runway surveys. All length and width measurements are determined to the nearest foot. If the
runway’s threshold is displaced, the distance (in feet) is given from the beginning of the runway’s surface.
Determine the coordinates (latitude and longitude) of the runway’s threshold and stop end at the runway’s
centerline. Elevations at the runway’s threshold, stop end, and highest elevation (within the first 3,000
feet of each runway touchdown zone elevation [TDZE]) should be determined to the nearest 0.1 ft from
the MSL. In addition, prepare runway profiles that show the elevations listed above, the runway’s high
and low points, grade changes, and gradients. Determine the elevation of a point on the instrumented
runway'’s centerline nearest to the instrument landing system (ILS) and the glide-path transmitter to the
nearest 0.1-ft MSL.

d. NAVAID surveys. Airports requiring airfield-obstruction and NAVAID surveys are
instrumented runways. The exact point on the radar, the reflectors, the runway intercepts, and the
instrument landing system (ILS) and microwave-landing-system (MLS) components depend on the
survey type, the location, and the required accuracy. The requirement to verify the existing ILS/MLS,
their proper description, and all components on or near the runway are mandatory. Obtain information for
locating and describing all airfield features with help from airfield operation and maintenance section, and
control tower personnel.

e. Obstruction surveys. An obstruction is an object or feature protruding through or above any
navigational imaginary surface that poses a threat to the safe operation of aircraft. Navigational
imaginary surfaces or obstruction identification surfaces are defined in Federal Aviation Regulation 77.

f. Reference. Additional details (including accuracy specifications) on airport obstruction and
NAVAID surveys are found in Chapter 10 of FM 3-34.331
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Figure 2-3. Airfield NAVAID positioning using Fast-Static GPS methods

2-17. Site Plan Engineering Drawings

An engineering site plan survey is a topographic (and, if necessary, hydrographic) survey from which a
project is conceived, justified, designed, and built. Types of surveys that are performed for developing
site plan drawings include:

e Hydrographic Surveys--surveys of USACE navigation, flood control, or reservoir projects (see
EM 1110-2-1003 (Hydrographic Surveying).

e Beach Profile Surveys--surveys of renourishment projects, shore protection features, and
structures.

e Levee Surveys--surveys of levees, revetments, and other related river control structures.

¢ Route Surveys--surveys of proposed or existing transportation routes.

¢ Quantity Surveys--surveys for construction measurement and payment.

e Structure Surveys--surveys of facilities, utilities, or structures.

The methods used in performing an engineering survey can and sometimes will involve all of the
equipment and techniques available. GPS survey techniques are covered in EM 1110-1-1003 (NAVSTAR
GPS Surveying). Many of these GPS techniques are used in establishing control for topographic surveys.
Photogrammetry may also be used to produce maps of almost any scale and corresponding contour
interval--see EM 1110-1-1000 (Photogrammetric Mapping). Profiles and cross sections may also be
obtained from aerial photos. The accuracy of the photogrammetric product varies directly with the flight

2-17



EM 1110-1-1005
1 Jan 07

altitude or photo scale--these factors must be considered when planning such a project. Surveys of
structural deformations are not topographic surveys. These types of surveys are detailed in EM 1110-2-
1009 (Structural Deformation Surveying). Preliminary, General, and Detailed Site Plans are often
specified, as described below.

a. Preliminary Site Plans (Pre-engineering surveys). Based on reconnaissance surveys previously
described, the first plans to be prepared are preliminary site studies showing in skeleton form only the
general arrangement of areas where construction will take place, circulation between them and to training
areas, public roads, and serving railroads. The most convenient scale for these studies on sizeable
projects has usually been 1 inch = 400 ft; on smaller projects, 1 inch = 300 or 200 ft.

b. Approved General Site Plan. Upon the basis of these studies, a general site plan, at the same
scale, is reached; and serves as basis for enlargement for detailed site plans and for general utility plans
described below. This approved site plan will show:

e Grid System.

e Buildings (indicate types).

¢ Wooded Areas

¢ Roads and Fences (indicate roadway widths and types of base and surface).
e Service and Parking Areas.

¢ Rail Facilities, including access to serving railroad.

o Use Areas of all kinds (runways, aprons, firebreaks, parade grounds, etc.)

c. Detailed Site Plans. Based on the topographic surveys described above, and enlarged from the
approved preliminary site plan, detailed site plans at the scale of 1 inch = 200 ft or larger are prepared. In
the case of large developments such as cantonments, the detailed site plans often encompass an area about
equal to that utilized by a regiment and may be drawn at as large a scale as 1 inch = 50 ft. The detailed
site plans serve as a basis for detailed utility plans.

2-18. Army Installation Mapping Requirements

Each installation is guided by its respective service’s comprehensive or master planning requirements.
Each installation, depending on its mission, may have substantially more or fewer theme specific maps. It
is the responsibility of the installation’s planning, environmental operations, engineering, and
administrative staff to understand the mapping needs for their installation. Each installation is unique and
the specific quantity and type of maps required for an installation depend upon its individual features,
conditions, and requirements. An installation will generally produce and maintain a set of maps to meet
both its planning and operational needs. The following list (from ERDC/ITL 1999b--CADD/GIS
Technology Center Guidelines for Installation Mapping and Geospatial Data) is representative of the
geospatial map layers needed on a typical installation.
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A-Natural and Cultural Resources
A-1 Areas of Critical Concern
- Historic Preservation and
Archeology
- Threatened and Endangered
Species
- Wetlands & Floodplains
- State Coastal Zones
- Lakes, Rivers, Streams, and Water
Bodies
- Soil Borings & Soil Types
A-2 Management Areas
- Geology, including Surface Features
- Topography & Physiology
- Hydrology
- Vegetation Types
- Forest (Commercial Timber)
- Agriculture Grazing/Crops
- Fish and Wildlife
- Prime & Unique Soils
- Grounds Categories
- Climate & Weather
- Bird Aircraft Strike Hazard (BASH)
- Outdoor Recreation
- Pest Management

B-Environmental Quality
B-1 Environmental Regulatory
- Hazardous Waste Generation Points
- Permitted Hazardous Facilities
- Solid Waste Generation Points
- Solid Waste Disposal Locations
- Fuel Storage Tanks
- Installation Restoration Program (IRP)
B-2 Environmental Emissions
- Air Emission
- Waste Water NPDES Discharge
- Storm Water NPDES Discharge
- Drinking Water Supply Sources
- Electromagnetic and Radiation
Sources
- Radon Sources

C-Layout and Vicinity Maps
C-1 Installation Layout

C-2 Off-base Sites

C-3 Regional Location

C-4 Vicinity Location

C-5 Aerial Photographs

C-6 Installation Boundary

D-Land Use

D-1 Existing Land Use

D-1.1 Future Land Use

D-2 Off-base Sites Land Use

D-2.1 Off-base Sites Future Land Use

D-3 Real Estate

D 4 Explosive Safety Quantity-Distance (QD)
Arc

D-5 Hazard Analysis Constraints

D-6 Composite Installation Constraints and
Opportunities

D-7 Area Development

E-Airfield Operations
E-1 On base Obstruction to Airfield and
Airspace Criteria
E-2 Approach and Departure - Zone
Obstructions to 10,000 Ft
E-3 Approach and Departure Zone
Obstructions Beyond 10,000 Ft
E-4 Airspace Obstruction - Vicinity
E-5 Terminal Enroute Procedures (TERPS)
Automation Plan
E-6 Airfield and Airspace Clearances
- Waivers
- Clear Zones
- Primary Surfaces
- Transitional Surface (7:1)
- Approach &Departure Surface (50:1)
- Approach and Taxiway Clearances
E-7 Airfield Pavement Plan
E-8 Airfield Pavement Details
E-9 Aircraft Parking Plan
E-9.1 Proposed Aircraft Parking Plan
E-10 Airfield Lighting Systems

F- Reserved
F-1 Reserved
F-2 Reserved

G-Utilities System Plan

G-1 Water Supply System

G-2 Sanitary Sewerage System

G-3 Storm Drainage System

G-4 Electrical Distribution System
(Street & Airfield)

G-5 Central Heating and Cooling System
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G-6 Natural Gas Distribution System

G-7 Liquid Fuel System

G-8 Cathodic Protection System

G-9 Cathodic Protection System Details

G-10 Industrial Waste and Drain System

G-11 Composite Utility System
Constraints

G-11.1 Central Aircraft Support System

G-12 Other Utility Systems

H-Communication and NAVAID

Systems

H-1 Installation Communication (Base and
civilian communications units)

H-2 NAVAIDs and Weather Facilities

I-Transportation System

[-1 Community Network Access to Base
[-2 On-base Network

[-2.1 Future Transportation Plan

J-Energy Plan
K-Architectural Compatibility
L-Landscape Development Area

M-Future Development

M-1 Current Status

M-2 Short-Range Development
M-3 Long-Range Development

N-Reserved
N-1 Reserved
N-2 Reserved

O- Force Protection

0-1 Surge Capability (Beddown and
Support of Deployed Forces)

0-2 Physical Security

0-3 Disaster Preparedness Crash Grid
Map

O-4 Air Base Survivability and Theater-
Specific Requirements

P - Ports and Harbors

R - Range and Training Areas
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The CADD/GIS Technology Center schema (i.e., database structure/format) for installation maps uses
"entity sets" to classify graphic (maps) and non-graphic data (tabular files, reports, database files. etc.).
The overall structure is based upon the concept of features, attributes, and values. There are 26 entity sets
listed in the latest release of the Spatial Data Standard for Facilities, Infrastructure, and Environment
(SDSFIE):

Auditory Ecology Land Status
Boundary Environmental Hazards Landform
Buildings Fauna Military Operations
Cadastre Flora Olfactory

Climate Future Projects Soll

Common Geodetic Transportation
Communications Geology Utilities

Cultural Hydrography Visual
Demographics Improvement

These 26 entity sets are further broken down into Entity Class, Entity Type, and Entity (attributes,
descriptors, ranges, etc.), as shown for a typical feature in the plate below.

SDSFIE Data Model

Entity Set Entity Class Entity Type Attribute Domain

Vilities T WaterSystem | gPTS (FIPS 173) Data Model
Natural Gas
Wastewater =——=p Drain Sump
Grease Trap
Septic Tank=—=> Capacity

Age

Compositior——> Concrete

Fiberglass

Steel

Figure 2-4. Spatial data feature and attribute breakdown for a septic tank (SDSFIE Release 2.300)
Maps supporting Army installations are expected to conform to the SDSFIE data model, and the related

Facility Management Standard for Facilities, Infrastructure, and Environment (FMSFIE) non-graphic
tables and elements.
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SECTION I
Survey Methods and Techniques

This section provides an overview of the past and present instruments and methods used to perform
topographic surveys of sites, facilities, or infrastructure.

2-19. Older Topographic Surveying Methods

Prior to the advent of total stations, GPS, LIDAR, and data collector systems, transit and plane table
topographic surveying methods and instruments were once standard. They are rarely used today, other
than perhaps for small surveys when a total station or RTK system is not available. However, the basic
field considerations regarding detail and accuracy have not changed, and field observing methods with
total stations or RTK are not significantly different from the older survey techniques briefly described in
the following sections.

a. Transit-Tape (Chain). Transit tape topographic surveys can be used to locate points from
which a map may be drawn. The method generally requires that all observed data be recorded in a field
book and the map plotted in the office. Angles from a known station are measured from another known
station or azimuth mark to the point to be located and the distance taped (or chained) from the instrument
to the point. Transit-tape surveys typically set a baseline along which cross-section hubs were occupied
and topographic features were shot in on each cross-section. The elevation of an offset point on a section
is determined by vertical angle observations from the transit. The slope or horizontal distance to the
offset point is obtained by chaining. The accuracy may be slightly better than the plane table-alidade
method or very high (0.1 ft or less), depending upon the equipment combinations used. Transits are still
used by some surveying and engineering firms, although on a declining basis if electronic total station
equipment is available. Transit-tape surveys can be used for small jobs, such as staking out recreational
fields, simple residential lot (mortgage) surveys, and aligning and setting grade for small construction
projects. Assuming the project is small and an experienced operator is available, this type of survey
method can be effective if no alternative positioning method is available. Detailed procedures for
performing and recording transit tape topographic surveys can be found in most of the referenced survey
texts listed at Section A-2.

b. Chaining. 100, 200, 300, or 500-foot steel tapes are used for manual distance measurement
methods. Woven, cloth, and other types of tapes may also be used for lower accuracy measurements.
Maintaining any level of accuracy (e.g., better than 1: 5,000) with a steel tape is a difficult process, and
requires two experienced persons. Mistakes/blunders are common. Tapes must be accurately aligned
over the points (using plumb bobs), held at a constant, measured tension, and held horizontally (using
hand levels). Subsequent corrections for tape sag/tension, temperature, and slope may be necessary if a
higher accuracy is required. Taping methods, errors, and corrections are not covered in this manual but
may be found in any of the basic surveying texts listed at Appendix A-2.

c. Transit-Stadia. Transit-stadia topographic surveys are performed similarly to transit-tape
surveys described above. The only difference is that distances to offset topographic points are measured
by stadia "tacheometry" means-- i.e., using the distance proportionate ratio of the horizontal cross hairs in
the transit telescope. The multiple horizontal crosshairs in the transit scope can be used to determine
distance when observations are made on a level rod at the remote point. This distance measurement
technique has been used for decades, and is also the basis of plane table survey distance measurement.
The three horizontal crosshairs in the transit are spaced such that the upper and lower crosshair will read
1.0 fton a rod 100 ft distant from the transit--a "stadia constant"” ratio of 100 : 1. (Not all instruments
have an even 100 : 1 stadia constant). The accuracy of a stadia-derived distance is not good--probably
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about 1 : 500 at best. Thus, a 500 ft shot could have an error of + 1 ft. Additional errors (and corrections)
result from inclined stadia measurements, i.e., when the shot is not horizontal. Reduction of the stadia
intercept values to a nominal slope distance, then reduction to horizontal, requires significant computation
or use of tables. Transit-stadia was often used like a modern day total station in that topo detail could be
densified (typically using radial survey methods) from a single instrument setup. All observed data was
recorded in a field book, and occasionally optionally plotted in the field. Transit-stadia techniques are
likewise rarely performed today if a total station is available. Details on stadia measurement methods are
found in any surveying textbook--e.g., Kavanagh 1997.

d. Transit/Theodolite-EDM. Electronic Distance Measurement (EDM) instruments were first
developed in the 1950s, primarily for geodetic operations. In the 1970s, more compact EDM units were
mounted atop or alongside transits and theodolites--thus replacing manual chaining or optical stadia
distance measurement. Observed data were still recorded in field books for later office hand plotting.
These crude transit-EDM combinations were the early forerunner of the modern total stations. During
this time, methods were developed for automated drafting of observed features--after individual angles
and distances and features were encoded on punch cards and input to a computer/plotter system.

Figure 2-5. Plane table and alidade--Wild T-2 theodolite at right (USC&GS, ca 1960s)

e. Plane table surveying. The plane table and alidade were once the most common tools used to
produce detailed site plan maps in the field. The Egyptians are said to have been the first to use a plane
table to make large-scale accurate survey maps to represent natural features and man-made structures.
Plane table mapping is rarely done today--plane table surveying has, for most purposes, been replaced by
aerial photogrammetry and total stations, but the final map is still similar. Plane table surveys were
performed in the Corps well into the 1980s, and perhaps into the 1990s in some districts. A plane table
survey system is described as follows: A blank map upon which control points and grid ticks have been
plotted is mounted on the plane table. The table is mounted on a low tripod with a specially made head--
see Figure 2-5 above. The head swivels so that it can be leveled, locked in the level position, and then be
rotated so that the base map can be oriented. The base map is a scaled plot of the ground control stations.
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Thus, with the table set up over one of the stations, it can be rotated so that the plotted stations lie in their
true orientation relative to the points on the ground. Spot elevations and located features are located with
an alidade, an instrument that uses optical stadia to determine distance (similar to the transit stadia). The
error of a map produced with a plane table and alidade varies across the map as the error in stadia
measurements varies with distance. Horizontal errors may range from 0.2 ft at 300 feet, to 10 ft or more
at 1,000 feet. Since the elevation of the point is determined from the stadia measurement, relative errors
in the vertical result. The plane table survey resulted in a “field-finished” map product, with all quality
control and quality assurance performed in the field by the party chief/surveyor. The site plan map
delivered from the plane table was immediately suitable for overlaying design detail. Modern day
electronic survey and CADD systems are still attempting to attain the same level of “field-finish”
capability that the plane table once produced. Older editions of this manual or the surveying textbooks
listed in Section A-2 should be consulted if more detailed information on plane table survey techniques
and alidade observations is needed.

Figure 2-6. Leica TCR 705 Reflectorless Total Station

2-20. Total Stations

Total stations were first developed in the 1980s by Hewlett-Packard (Brinker and Minnick 1995). These
instruments sensed horizontal and vertical angles electronically instead of optically, and combined them
with an EDM slope distance to output the X-Y-Z coordinates of a point relative to the instrument's X-Y-Z
coordinates. Electronic theodolites operate in a manner similar to optical instruments. Angle readings
can be to 1" with precision to 0.5". Digital readouts eliminate the uncertainty associated with reading and
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interpolating scale and micrometer data. The electronic angle-measurement system eliminates the
horizontal- and vertical-angle errors that normally occur in conventional theodolites. Measurements are
based on reading an integrated signal over the surface of the electronic device that produces a mean
angular value and eliminates the inaccuracies from eccentricity and circle graduation. These instruments
also are equipped with a dual-axis compensator, which automatically corrects both horizontal and vertical
angles for any deviation in the plumb line. An EDM device is added to the theodolite and allows for the
simultaneous measurements of the angle and the distance. With the addition of a data collector, the total
station interfaces directly with onboard microprocessors, external PCs, and software. The ability to
perform all measurements and to record the data with a single device has revolutionized surveying. Total
stations perform the following basic functions:

Types of measurements:
e Slope distance

e Horizontal angle

¢ Vertical angle

Operator input to total station data collector:

e Text (date, job number, crew, etc.)

e Atmospheric corrections (PPM)

e Geodetic/grid definitions

e HI & HR

o Descriptor/attribute of setup point, backsight point, sideshot point, stakeout point, etc

In general, there are three types of total station operating modes:

o Reflector--total station requires a solid reflector or retroreflector signal return from the remote
point to resolve digital angles and distances. Prisms are attached to a pole positioned over a feature.
Requires two-man field crew--operator and rodman.

o Reflectorless--the total station will resolve (and coordinate) signal returns off natural features.
Distances may be far more limited than those obtained from reflectors ... typically less than 1,000 ft.
Allows for more economical one-man field crew operation.

o Robotic--total station self-tracks single operator/rodman at remote shot or stakeout points. One-
man crew operation, with operator normally based at remote rod point.

Additional details on total stations are covered in Chapter 8. Total stations are also extensively covered in
the text references listed at Appendix A-2--e.g., Wolf and Ghilani 2002.
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Figure 2-7. RTK base station and radio link transmitter--and rover with backpack
(Key West Harbor Dredging Project 2004--C&C Technologies, Inc. & Jacksonville District)

2-21. Real Time Kinematic (RTK) GPS

RTK survey methods have become widely used for accurate engineering and construction surveys,
including topographic site plan mapping, construction stake out, construction equipment location, and
hydrographic surveying. RTK survey systems operate in a similar fashion as the robotic total station,
with one major exception being that a visual line of sight between the reference point and remote data
collection point is not required. Both RTK and total stations use similar data collection routines and
methods, and can perform identical COGO stake out functions. Kinematic surveying is a GPS carrier
phase surveying technique that allows the user to rapidly and accurately measure baselines while moving
from one point to the next, stopping only briefly at the unknown points, or in dynamic motion such as a
survey boat or aircraft. A reference receiver is set up at a known station and a remote, or rover, receiver
traverses between the unknown points to be positioned. The data is collected and processed (either in
real-time or post-time) to obtain accurate positions to the centimeter level. Real-time kinematic solutions
of X-Y-Z locations using the carrier (not code) phase are referred to as "real-time kinematic" (RTK)
surveys. However, included in this definition are "post-processed real-time kinematic" (PPRTK)
techniques where the kinematic solution is not actually performed in "real-time." RTK (or PPRTK)
survey techniques require some form of initialization to resolve the carrier phase ambiguities. This is
done in real-time using "On-the-Fly" (OTF) processing techniques. Periodic loss of satellite lock can be
tolerated and no static initialization is required to regain the integers. This differs from other GPS
techniques that require static initialization while the user is stationary. A communication link between the
reference and rover receivers is required to maintain a real-time solution. Additional details on
performing topographic surveys with RTK are covered in Chapter 9.
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Figure 2-8. Optech LIDAR scanner and resultant image of underside of Kennedy Bridge
(Arc Surveying & Mapping, Inc.--Puerto Rico 2002)

2-22. Terrestrial LIDAR (Laser) Scanning

Laser scanning instruments have been developed that will provide topographic detail of structures and
facilities at an extremely high density, as shown in Figure 2-8 above. These tripod-mounted instruments
operate similarly to a reflectorless total station. However, they are capable of scanning the entire field of
view with centimeter-level pixel density in some cases. A full 3D model of a project site or facility
results from the scan. This model must be edited and feature attributes added. See Chapter 10 for
additional descriptions of terrestrial LIDAR survey procedures and applications.

2-23. Topographic Data Collection Procedures

Uniform operating procedures are needed to avoid confusion when collecting topographic survey data,
especially for detailed utility surveys. The use of proper field procedures is essential to prevent confusion
in generating the final site plan map. Collection of survey points in a meaningful pattern aids in
identifying map features. The following guidelines are applicable to all types of topographic survey
methods, including total stations and RTK systems.

a. Establish primary horizontal and vertical control for radial survey. This includes bringing
control into the site and establishing setup points for the radial survey. Primary control is usually brought
into the site from established NSRS monuments/benchmarks using static or kinematic GPS survey
methods and/or differential leveling. Supplemental traverses between radial setup points can be
conducted with a total station as the radial survey is being performed. A RTK system may require only
one setup base; however, supplemental checkpoints may be required for site calibration. Elevations are
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established for the radial traverse points and/or RTK calibration points using conventional leveling
techniques. Total station trigonometric elevations or RTK elevations may be used if vertical accuracy is
not critical--i.e., £ 0.1 ft.

b. Perform radial surveys to obtain information for mapping. Set the total station or RTK base
over control points established as described above. Measure and record the distance from the control
point up to the electronic center of the instrument (HI), as well as the height of the prism or RTK antenna
on the prism pole (HR). To prevent significant errors in the elevations, the surveyor must report and
record any change in the height of the prism pole. For accuracy, use a suitable prism and target that
matches optical and electrical offsets of the total station. Use of fixed-height (e.g., 2-meter) prism poles
is recommended for total station or RTK observations, where practical.

c. Collect topographic feature data in a specific sequence. Collect planimetric features (roads,
buildings, etc.) first. Enter ground elevation data points needed to fully define the topography. Observe
and define break lines. Use the break lines in the process of interpolating the contours to establish regions
for each interpolation set. Contour interpolation will not cross break lines. Assume that features such as
road edges or streams are break lines. They do not need to be redefined. Enter any additional definition
of ridges, vertical, fault lines, and other features.

d. Draw a sketch of planimetric features. A field book sketch or video of planimetric features is
an essential ingredient to proper deciphering of field data. The sketch may also be made on a pen tablet
PC. The sketch does not need to be drawn to scale and may be crude, but must be complete. Numbers
listed on the sketch show point locations. The sketch helps the CADD operator who has probably never
been to the jobsite confirm that the feature codes are correct by checking the sketch.

e. Obtain points in sequence. The translation of field data to a CADD program will connect
points that have codes associated with linear features (such as the edge of road) if the points are obtained
in sequence. For example, the surveyor should define an edge of a road by giving shots at intervals on
one setup. Another point code, such as natural ground, will break the sequence and will stop formation of
a line on the subsequent CADD file. The surveyor should then obtain the opposite road edge. Data
collector software with "field-finish™ capabilities will facilitate coding of continuous features.

f. Use proper collection techniques. Using proper techniques to collect planimetric features can
give automatic definition of many of these features in the CADD design file. This basic picture helps in
operation orientation and results in easier completion of the features on the map. Improper techniques
can create problems for office personnel during analysis of the collected data. The function performed by
the surveyor in determining which points to obtain and the order in which they are gathered is crucial.
This task is often done by the party chief. Cross training in office procedures gives field personnel a
better understanding of proper field techniques.

(1) Most crews will make and record 250 to over 1,000 measurements per day, depending on the
shot point detail required. This includes any notes that must be put into the system to define what was
measured. A learning curve is involved in the establishment of productivity standards. A crew usually
has to complete five to six mapping projects to become confident enough with their equipment and the
feature coding system to start reaching system potential.

(2) A one or two-person survey crew is most efficient when the spacing of the measurements is
less than 50 feet. When working within this distance, the average rod person can acquire the next target
during the time it takes the instrument operator to complete the measurement and input the codes to the
data collector. The instrument operator usually spends about 20 seconds sighting a target and recording a
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measurement and another 5-10 seconds coding the measurement. The same time sequences are
applicable for a one-man topographic survey using a robotic total station or RTK.

(3) When the general spacing of the measurements exceeds 50 feet, having a second rod person
may increase productivity. A second rod person allows the crew to have a target available for
measurement when the instrument operator is ready to start another measurement coding sequence. Once
the measurement is completed, the rod person can move to the next shot, and the instrument operator can
code the measurement while the rod people are moving. If the distance of that move is 50 feet or greater,
the instrument will be idle if you have only one rod person.

(4) Communication between rod person and instrument person is commonly done via radio or cell
phone. The rodmen can work independently in taking ground shots or single features; or they can work
together by leapfrogging along planimetric or topographic feature lines. When more than one rod person
is used, crew members should switch jobs throughout the day. This helps to eliminate fatigue in the
person operating the instrument.

2-24. Automated Field Data Collection

Since the 1990s, survey data collection has progressed from hand recording to field-finish data
processing. Prior to the implementation of data collectors, control survey data and topographic feature
data were recorded in a standard field book for subsequent office adjustment, processing, and plotting.
Modern data collectors can perform all these functions in the field. This includes least squares
adjustments of control networks, full feature attributing, symbology assignment to features, and on-screen
drafting/plotting capabilities. Data collectors either are built into a total station or are separate
instruments. A separate (independent) data collector is advantageous in that it can be used for a variety of
survey instruments--e.g., total station, digital level, GPS receiver. Field data collector files are
downloaded to an office PC platform where the field data can be edited and modified so it can be directly
input into a CADD or GIS software package for subsequent design and analysis uses. Many upgraded
CADDI/GIS software packages can directly download field data from the collector without going through
interim software (e.g., CVTPC). Subsequent chapters in this manual (i.e. Chapters 7 and 11) provide
additional information on data collectors and the transition of field collected data to office processing
systems.

a. Field survey books. Even with fully automated data collection, field survey books are not
obsolete. They must be used as a legal record of the survey, even though most of the observational data is
referenced in a data file. Field books are used to certify work performed on a project (personnel, date,
time, etc.). They are also necessary to record detailed sketches of facilities, utilities, or other features that
cannot be easily developed (or sketched) in a data collector. When legal boundary surveys are performed
that involve ties to corners, it is recommended that supplemental observations and notes be maintained in
the field book, even though a data collector is used to record the observations.

b. Field Coordinate Geometry (COGO) computations. Most data collectors now have a full field
capability to perform any surveying computation required. Some of the main field computational
capabilities that are found on state-of-the-art data collectors include:

e Coordinate computations from radial direction-distance observations
e Multiple angle/direction adjustments

o Offset object correction (horizontal or vertical)

e EDM meteorological, slope, and sea level reductions

e Horizontal grid and datum transformations
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e Vertical datum transformations

e GPS baseline reductions (static, kinematic)

e Traverse adjustments (various methods)

e Inverse and forward position computations

e Resections (2, 3 or more point adjustments)

o Level net adjustments (trig or differential)

e RTK site calibration adjustments (regression fits)

e Construction stake out (slope, horizontal & vertical curves, transition/spiral curves, etc.)

c. Feature coding and attributing. Data collectors are designed to encode observed topographic
features with a systematic identification. Similar features will have the same descriptor code--e.g., "BS"
for "backsight" and "EP" for "edge of pavement.” Features that are recorded in the data collector can
have additional attributes added. Attributes might include details about the feature being located (e.g., the
number of lamps and height of a light pole).

d. Field graphic and symbology displays. Many field data collectors have symbology libraries
which can be assigned to standard features, e.g., manholes, culverts, curb lines, etc. Plotted display of
collected points with symbology can be viewed on the data collector display screen, or transferred to a
portable laptop screen that has a larger viewing area. This allows for a visual view in the field of
observed data in order to check for errors and omissions before departing the job site. This capability is,
in effect, a modern day form of a plane table.

e. Data transfer. Digital survey data collected in the field is transferred from the data collector to
a laptop or desktop PC for final processing and plotting in CADD (e.g., MicroStation, AutoCAD). Both
original and processed data observations are transferred. Original (raw) data includes the unreduced slope
distances, Hls, HRs, backsight and foresight directions, etc. Field processed data includes items such as
reduced horizontal distances, adjusted coordinates, features, attributes, symbology, etc. Many field-finish
software packages can generate level/layer assignments that will be compatible with CADD packages.

f. Reference. Additional details on data collectors and COGO are covered in Chapter 7 of this
manual.

2-25. Methods of Delineating and Densifying Topographic Features

A variety of methods can be used to tie in planimetric features or measure ground elevations. Some type
of systematic process is used to ensure full coverage of a job site--e.g., running cross-sections from a
centerline baseline or a grid pattern. Feature accuracy will also vary: an invert elevation will be shot to
0.01 ft whereas ground shots on irregular terrain are recorded to the nearest 0.1 ft; the horizontal location
of a building corner or road centerline will be to the nearest 0.01 ft but a tree can be positioned to the
nearest foot.

a. Cross-section survey methods. Most site plan topographic surveys are performed relative to
project baselines. This is often called the “right-angle offset technique” (Kavanagh 1997). A baseline is
established along a planned or existing project axis (e.g., road centerline) using standard traverse control
survey methods, as shown in Figure 2-9. Intermediate points are set and marked at regular intervals along
the baseline (at 50-ft or 100-ft stations with intermediate stations added at critical points). The
intermediate points are marked with 2x2 inch wooden hubs, PK nails, or temporary pins with flagging.
Station hubs are occupied with a transit or total station and cross-sections are taken normal to the baseline
alignment. Points along the cross-section offsets are shot for feature and/or elevation. Offset alignment is
done either visually, with a right-angle glass, or transit, depending on the accuracy required. Distances
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along offsets are measured by chaining, stadia, or EDM (i.e., total station). Detailed notes and sketches of
ground shots and planimetric features are recorded in a standard field book, electronic data collector, or
both. Notekeeping formats will vary with the type of project and data being collected. General industry
standard notekeeping formats should be used, such as those shown in any of the texts listed under
Appendix A-2. Examples of selected topographic baseline notes are shown in Figures 2-10 and 2-11 and
in Chapter 12.

For typical linear projects
(roads, levees, canals, etc.)
cross-sections are run normal
to the centerline baseline ...
() typically at 50 to 100 ft O/C

PC

PT

To cover a large area, cross-
sections normal to the
baseline can be extended ...
spacing can vary from 100 ft
to 1,000 ft

‘\
>,

Figure 2-9. lllustration of cross-sections alignments run normal to established baselines

A grid pattern of cross-sections is also used for topographic survey of large areas, such as wetlands,
orchards, swamps, etc. This is also illustrated in Figure 2-9 above where the cross-sections southeast of
the PT extend a considerable distance from the baseline. In general, the maximum distance to extend the
baseline is a function of the feature accuracy requirements and the precision of the survey instrument. For
total stations, ground shots on a prism rod out to 1,000 ft and greater are usually acceptable. Transit
stadia distances should not extend out beyond 500 ft. If coverage beyond 1,000 ft is needed, then
additional baselines need to be run through the area and intermediate cross-sections should be connected
between these baselines. (In current practice, this is rarely performed anymore--radial methods with a
total station or RTK system are far more productive).
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Figure 2-10. Sketch of profile line and cross-section (Kavanagh 1997)
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Figure 2-11. Example of field book notes showing location relative to centerline and elevation data from two
cross-sections spaced 50-ft C/C (Oregon DOT 2000)

b. Radial survey methods. (Figure 2-12). Plane tables were especially suited to radial survey
methods; thus, most surveys using total stations or RTK now utilize this technique. Radial observations
are made with the instrument (total station or RTK base station) set up over a single point that has full
project area visibility (or in the case of RTK, can encompass radio or cell phone ranges well beyond
visible limitations with a total station). Thus, topographic features, baseline stakeout, and elevations can
be surveyed without having to occupy separate stations along a fixed baseline. COGO packages will
automatically compute radial distances and azimuths to linear or curved baseline stations, and visually
guide the stakeout process. RTK surveys methods are a unique form of radial survey methods--RTK
controller COGO packages are used to reduce GPS observations and guide alignment. Planimetric and
ground elevation coverage is performed in a systematic pattern to ensure that the project site is adequately
covered. This was straightforward on a plane table--the drawing could be viewed for omissions. On
electronic data collector devices, verifying coverage before breaking down the instruments is not as easy.
Data collector display screens are typically small and not all field data may have been collected using

“field-finish” string (polyline) type coding.
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Figure 2-12. Topographic detail densification using radial survey methods--instrument set at point “MON A”
and radial shot points (planimetric features or elevations) are observed

c. Planimetric features. Planimetric features are tied in using either cross-section or radial survey
methods. The amount of detail required on a feature depends on the nature of the project and the size of
the feature relative to the target scale. On small-scale topographic mapping projects, a generic symbol
may be used to represent a feature; however, on a detailed drawing for this same project, the feature may
be fully dimensioned. An example would be a 3 ft x 5 ft catch basin: on a linch = 400 ft scale map, this
basin would be represented by a symbol at its center point but might be surveyed in detail (all four corner
points located) on a linch = 30 ft site plan.

d. Topographic elevations and contours. A variety of survey methods are used to develop the
terrain model for a given project area. The technique employed is a function of the type of survey
equipment, the detail required, and specified elevation accuracy. In addition, the technique may depend
on whether traditional contours or a digital terrain model (DTM) is required.

e. Contours from cross-sections. Contours can be directly surveyed on the ground or derived
from a terrain model of spot elevations. When cross-section methods are employed, even contour
intercepts along the offsets can be set in the field using a level rod. Alternatively, elevations can be taken
at intervals along the cross-section where changes in grade or breaklines occur, and contour intercepts
interpolated over the linear portions. If abrupt changes in grade (or breaks in grade) occur between cross-
section stations, then supplemental cross-sections may be needed to better represent the terrain and
provide more accurate cut/fill quantity takeoffs.
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f. Contours from radial surveys--spot elevation matrices. It is often more efficient to generate
contours from a DTM based on spot elevations taken over a project area. These surveys are normally
done with a total station or RTK system; however, older transit-stadia or plane table methods will also
provide the same result. The density of spot elevations is based on the desired contour interval and terrain
gradient. In some instances, an evenly spaced grid of spot elevations may be specified (so-called "post"
spacing). Flat areas require fewer spots to delineate the feature. Breaklines in the terrain are separately
surveyed to ensure the final terrain model is correctly represented. Data points can be connected using
triangular irregular network (TIN) methods and contours generated directly from the TIN in various
CADD packages (MicroStation InRoads, AutoCAD, etc.). The generated DTM or TIN also provides a
capability to perform "surface-to-surface" volume computations.

g. DTM generation from breakline survey technique. The following guidance is excerpted from
the California Department of Transportation (CALTRANS) Surveys Manual. It describes a technique
used by CALTRANS to develop DTMs on total station topographic surveys.

A DTM is a representation of the surface of the earth using a triangulated irregular
network (TIN). The TIN models the surface with a series of triangular planes. Each of
the vertices of an individual triangle is a coordinated (x,y,z) topographic data point. The
triangles are formed from the data points by a computer program which creates a
seamless, triangulated surface without gaps or overlaps between triangles. Triangles are
created so that their sides do not cross breaklines. Triangles on either side of breaklines
have common sides along the breakline.

Breaklines define the points where slopes change in grade (the intersection of two
planes). Examples of breaklines are the crown of pavement, edge of pavement, edge of
shoulder, flow line, top of curb, back of sidewalk, toe of slope, top of cut, and top of bank.
Breaklines within existing highway rights of way are clearly defined, while breaklines on
natural ground are more difficult to determine. DTMs are created by locating topographic
data points that define breaklines and random spot elevation points. The data points are
collected at random intervals along longitudinal break lines with observations spaced
sufficiently close together to accurately define the profile of the breakline. Like contours,
break lines do not cross themselves or other break lines. Cross-sections can be
generated from the finished DTM for any given alignments.

Method: When creating field-generated DTMs, data points are gathered along DTM
breaklines, and randomly at spot elevation points, using the total station radial survey
method. This method is called a DTM breakline survey. Because the photogrammetric
method in most cases is more cost effective, gathering data for DTMs using field methods
should be limited to small areas or to provide supplemental information for
photogrammetrically determined DTMs. The number of breaklines actually surveyed can
be reduced for objects of a constant shape such as curbs. To do this, a standard cross
section for such objects is sketched and made part of the field notes. Field-collected
breaklines are identified by line numbers and type on the sketch along with distances and
changes in elevation between the breaklines. With this information in the field notes, only
selected breaklines need to be located in the field, while others are generated in the
office based on the standard cross section. Advantages of DTM breakline surveys:

o Safety of field crews is increased because need to continually cross traffic is eliminated.

¢ Observations at specific intervals (stations) are not required.
o New sets of cross sections can be easily created for each alignment change.
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DTM survey guidelines:

¢ Remember to visualize the TIN that will be created to model the ground surface and
how breaklines control placement of triangles.

e Use proper topo codes, point numbering, and line numbers.

e Use a special terrain code (e.g., 701) for critical points between breaklines, around drop
inlets and culverts, and on natural ground in relatively level areas.

e Make a sketch of the area to be surveyed identifying breaklines by number.

¢ Do not change breakline codes without creating a new line.

o Take shots on breaklines at approximately 20 m intervals and at changes in grade.

¢ Locate data points at high points and low points and on a grid of approximately 20 m
centers when the terrain cannot be defined by breaklines.

e If ground around trees is uniform, tree locations may be used as DTM data points by
using a terrain code of 701.

o Keep site distances to a length that will ensure that data point elevations meet desired
accuracies.

e Gather one extra line of terrain points 5 to 10 m outside the work limits.

Accuracy Standard: Data points located on paved surfaces or any engineering works
should be located within £10 mm horizontally and + 7 mm vertically. Data points on
original ground should be located within £ 30 mm horizontally and vertically.

Checking: Check data points by various means including reviewing the resultant DTM,
reviewing breaklines in profile, and locating some data points from more than one setup.

Products: The Surveys Branch is responsible for developing and delivering final, checked
engineering survey products, including DTMs, to the survey requestors. Products can be
tailored to the needs of the requestor whenever feasible, but normally should be kept in
digital form and include the following items:

e Converted and adjusted existing record alignments, as requested. (CAICE project
subdirectory)

e Surveyed digital alignments of existing roadways and similar facilities. (CAICE project
subdirectory)

e CAICE DTM surface files. (CAICE project subdirectory)

¢ 2-D CADD MicroStation design files, .dgn format.

e Hard copy topographic map with border, title block, labeled contours, and planimetry.
e File of all surveyed points with coordinates and descriptions. (CTMED, .rpt, format)

h. Utility survey detail methods. It is important to locate all significant utility facilities. Utilities

are surveyed using either total station or RTK techniques. The CALTRANS Surveys Manual
recommends that accuracy specifications for utilities that are data points located on paved surfaces or any
engineering works should be located within £10 mm horizontally and £7 mm vertically. Data points on
original ground should be located within £30 mm horizontally and vertically. The following are lists of
facilities and critical points to be located for various utilities--as recommended in the CALTRANS
Surveys Manual.

Oil and Gas Pipelines
e Intersection point with centerlines and/or right of way lines
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e For lines parallel to right of way — location ties necessary to show relationship to the
right of way lines

e Vents

e Angle points

e Meter vaults, valve pits, etc.

Water and Sewer Lines

e Intersection point with centerlines and/or right of way lines

e For lines parallel to right of way — location ties necessary to show relationship to the
right of way lines

e Manholes, valve boxes, meter pits, crosses, tees, bends, etc.

¢ Elevation on waterlines, sewer inverts, and manhole rings

e Fire hydrants

e Curb stops

e Overhead Lines

e Supporting structures on each side of roadway with elevation of neutral or lowest
conductor at each centerline crossing point.

¢ On lines parallel to roadway, supporting structures that may require relocation, including
overhead guys, stubs, and anchors

Underground Lines

e Cables/lines (denote direct burial or conduit, if known), etc.

e Manholes, pull boxes, and transformer pads

¢ Crossing at centerline or right of way lines

e For lines parallel to right of way — location ties as necessary to show relationship to the
right of way lines

Railroads

¢ Profile and location 60 m each side of the proposed roadway right of way lines

e Switch points, signal, railroad facilities, communication line locations, etc.

Checking: Utility data should be checked by the following means:

e Compare field collected data with existing utility maps

e Compare field collected data with the project topo map/DTM

¢ Review profiles of field collected data

e Include field collected data, which have elevations, in project DTM
e Locate some data points from more than one setup

i. Archaeological Site/Environmentally Sensitive Area Surveys (CALTRANS). Archaeological and
environmental site surveys are performed for planning and engineering studies. Surveys staff must work
closely with the appropriate specialists and the survey requestor to correctly identify archeological and
environmentally sensitive data points.

Method: Total station radial survey, GPS fast-static, kinematic, or RTK.
Accuracy Standard: Data points located on paved surfaces or engineering works should
be located within £10 mm horizontally and +7 mm vertically. Data points on original

grounds should be located within £30 mm horizontally and vertically. Review field survey
package for possible higher required accuracy.
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Checking: Check data points by various means including, reviewing the resultant DTM,
reviewing breaklines in profile, and locating some data points from more the one setup.

Products:
¢ 3-D digital graphic file of mapped area

¢ Hard copy topographic map with border, title block, and planimetry (contours and
elevations only if specifically requested)

e File of all surveyed points with coordinates and descriptions

j. Spot Location or Monitoring Surveys (CALTRANS). Monitoring surveys are undertaken for
monitoring wells, bore hole sites, and other needs.

Method: Total station radial survey, GPS fast static or kinematic

Accuracy Standard: Data points located on paved surfaces or any engineering works
should be located within £10 mm horizontally and +7 mm vertically. Data points on
original ground should be located within +£30 mm horizontally and vertically.

Checking: Observe data points with multiple ties.

Products:
¢ File of all surveyed points with coordinates and descriptions
¢ Sketch or map showing locations of data points

k. Vertical Clearance Surveys (CALTRANS). Vertical clearance surveys are undertaken to
measure vertical clearances for signs, overhead wires, and bridges.

Method: Total station radial method.

Accuracy Standard: Data points located on paved surfaces or any engineering works
should be located within £10 mm horizontally and £7 mm vertically. Data points on
original ground should be located within £30 mm horizontally and vertically.

Checking: Observe data points with multiple ties.

Products:
e File of all surveyed points with coordinates and descriptions
e Sketch or map showing vertical clearances
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2-26. General QC and QA Guidance on Topographic Data Collection and Drawings

The following guidance is excerpted from the Woolpert, Inc. "Survey Manual." It contains a "checklist"
of critical features and attributes that must be collected for various types of utilities, roads, boundaries,
facilities, HTRW sites, and other structures. It is followed by a "Drawing Annotation Checklist" that
provides general guidance on attributing various features.

INTRODUCTION: Topographic surveys are the basis for the engineering, planning, and
development plans. ltis critical that the information shown on the plans be correct and
complete. It is also very important to understand the intended use or accuracy
requirements needed by the user of the plan along with the size of the project. This
information can be useful to determine whether the project should be collected by aerial
mapping of ground run surveys. If the plan is to be used for engineering design then the
field survey will likely include pavement sections and utility locations.

ITEMS INCLUDED ON SURVEYS

Topography (General)

e Performed by using trigonometric techniques with the Total Station or digitized by aerial
photography.

¢ Provide and identify the natural relief of the ground, and man-made structures.

e Topography (Location)

e Natural

e Establish the location of “top of bank”, “toe of slope,” and centerline of all streams or
creeks.

¢ Provide cross sections at specified intervals — typically 20 meters or 50 ft.

¢ Provide a “spot grade” shot +/- 30 ft away from “top of bank” at the cross section
interval

e Provide a “top of water” shot at every 1000 ft interval — record date and time if tidal area
or recent weather events if not tidal.

e Sizes of trees will be identified by common name and/or scientific name, and their
diameter will be measured at DBH or “diameter at breast height.”

¢ Provide location of isolated or cultivated trees

¢ Provide location of edge of woods at outside “drip line.”

¢ Locate all high points and low points along ridges and valleys.

¢ Note: Some circumstances may require the location of: spoil piles, sink holes, standing
water, caves, and unusual rock outcrops.

¢ Note: Some circumstances may require the locations of the “thread” or “thalweg line”
when providing a profile of a stream.

e Wetlands

¢ Delineation of a wetland can be located only after flags have been set by an
environmental scientist from either the Army Corps of Engineers or Department of
Transportation.

Ditches and Drainage Features

¢ Establish the location of “top of bank”, “toe of slope,” and centerline of all ditches.

e Provide cross sections at specified intervals — typically 20 meters or 50 ft.

¢ Provide a “spot grade” shot — typically +/- 30 feet away from “top of bank” at the cross
section interval.
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¢ Locate any concrete or asphalt: flumes, V-ditches, UD — drains or channels.
e Locate all yard drop inlets and curb drop inlets.

¢ Locate all headwalls and wing walls.

e Measure the diameter and note the type of all pipes.

e Provide location and elevation on invert (flow line) of pipe.

Storm and Gravity Sanitary Sewers

¢ Obtain elevations and location on the tops of manholes or drop inlets.

e Measure readings (downs) from rim of manhole to inverts

e Locate and provide elevations on inverts and manholes on the next structure out of the
limits.

¢ Obtain location and elevations on inverts on box culverts

¢ Obtain location and elevations on inverts on ends of flared-end-section pipes

¢ Locate sanitary sewer clean outs

e Locate and describe sanitary sewer pump stations (lift stations).

¢ Locate approximate areas of septic fields and tanks.

Roads

e Locate and measure all curb and gutter features: Back of curb, flow line, and edge of
gutter pan.

¢ Note size and type of curb and gutter.

¢ Provide location of edge of pavement at specified intervals — typically 20 meters or 50
ft.

¢ Note size and type of pavement.

¢ Provide location of centerline or “crown” of road.

e Obtain and locate all entrances.

e If concrete pavement has been overlaid with asphalt, measure approximate depth of
overlay.

¢ Locate and note types of guardrails.

¢ Locate and provide elevations at the base of Jersey barrier.

Railroads

¢ Provide location of tracks with elevations at specified intervals--typically 20 meters or 50
ftin a curve. Note: Some special circumstances may also include location and elevations
for the ballast rock and railroad bed.

¢ Obtain location of all switches.

¢ Obtain location of all mileposts. Note: Most crossing signals provide distances to
closest milepost. If a railroad milepost cannot be located, the closest railroad spur must
be located and tied.

¢ Obtain location of all signal equipment.

¢ Obtain location of all Right-of-way monuments.

¢ Obtain location, size, and type of culverts under the railroad.

e Secure a copy of the railroad right-of-way map.

Fences

¢ Provide location, type, and height of fence.

e Common types of fences are split rail, wood privacy, chain link, woven wire, barbed
wire, etc.
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Cemeteries

e Location of cemetery boundary must be shown.

¢ Locate graves coincident with the Right-of-way and survey centerline.
e Provide an approximate count of the number of graves.

Automobile Graveyards
¢ Locate outside limits and note approximate number of automobiles.

Signs

¢ Locate and describe all overhead truss signs.

¢ Locate and describe all overhead cantilever signs.

¢ Locate and describe all breakaway I-beam traffic signs.

¢ Locate and describe all traffic signals.

e Locate and describe all historical markers — recording identity numbers.

e Locate, measure, and describe in detail all advertising signs or commercial billboards.
It is imperative to note the owner and the license number.

House & Building Location

¢ Locate all dwellings and buildings at the wall or footer line and note/dimension the
overhang.

e Describe as dwellings, buildings, restaurants, etc.

e Identify structure address: example) house or box number.

e Describe the height of structures: example) one story, two story, or split-level.

¢ Describe the type of construction: example) brick, wood frame.

e Locate and describe all porches, decks, carports, utility buildings, and driveways.

Utility Items--Above Ground Utility Location

¢ Utility poles and guy wire anchors — recording number and owner.

e Light poles — recording number and owner.

e Cable TV pedestals — recording number and owner.

¢ Electric — cabinet, transformer, junction box, hand hole, witness post, meter,
transmission tower, and Sub-Stations (note: do not enter facility).

e Water meters, valves, vaults, manholes, blow off valves, fire hydrants and witness
posts.

e Gas meters, valves, test stations, and witness posts.

¢ Force main air vents and withess posts along line as well as valves and emergency
pump connections at pump station facility (note: do not enter facility).

e Steam pipes and steam manholes.

e Petroleum pipes, witness posts, and pumping stations (note: do not enter facility).

e Communication or telephone manholes, pedestals, hand holes, and witness posts —
recording number and owner.

e Traffic control signals, manholes, cabinets, junction boxes, and hand holes.

Political Boundaries & Road Names

¢ Provide location of all monuments of city or town corporate limits.

¢ Obtain the location of all monuments pertaining to county or state lines.
e Locate all street name signs and route number identifiers.
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Government Survey Control

e Locate all government benchmarks.

¢ Locate all government triangulation, trilateration, and traverse stations.
¢ Locate all government reference marks and azimuth marks.

e Locate all state Right-of-way monuments.

Property Data — (If required)

¢ Obtain Right-of-way plans from State Location and Design Engineer.

e Obtain pertinent data from court records such as; subdivision plats, parcel, or tract
deeds and plats, and tax assessor’s cards and maps.

¢ Provide location of all property monuments called for in the deed as needed per scope
¢ Provide location of all easements.

Hazardous Material/Waste Sites

¢ Typically, all hazardous waste sites or potential waste sites will be noted.

¢ Obtain site plan of suspected area

¢ Note and record pertinent information on location of underground storage tanks, filler
caps, monitoring wells and caps.

Set TBMs
¢ Obtain and verify vertical datum as per scope: Assumed, City datum, NGVD29, or
NAVDS88.

¢ A minimum of two temporary benchmarks will be set on private topographic surveys.
e TBMs will be set an interval of 1000 ft. to 1500 ft. on typical corridor surveys.

DRAWING ANNOTATION CHECKLIST

¢ Advertising Signs (Billboards): Locate if needed and show license number and owner
(small license plate).

e Automobile Graveyards: Locate the outside limits and annotate.

¢ Brush, shrubbery, woods: Annotate as dense, light, mixed, etc., and type. Example:
(Tree types). Description of trees: describe the type of tree, not just hardwood and pine
unless it cannot be identified. Use “Shrub” instead of “Bush” in all cases.

¢ Buildings: Locate at the overhangs and annotate type brick, frame, etc., the height (one
story, two story, etc.), and name if commercial. Carports, porches, steps, walks, etc., will
also be shown. Example: (1 Story frame dwelling #3098), (2 Story brick building #4139);
Building numbers need to be shown. If no number is visible note that, do not leave it
blank. Sheds are structures with a roof, and four support posts; Buildings are structures
enclosed by four sides, and a door; a Dwelling is a structure that someone lives in; a
Commercial Building is a business; and a Restaurant is a structure that someone eats in.
The occupant of a Commercial building shall also be identified, i.e. Exxon or First Union
Bank. Strip malls will be called out as such or by the name of the shopping center.

¢ Bridges: Annotate type, with deck.

e Curbs and Gutters: Annotate type and size.
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e Cemeteries: Locate the extremities, the closest grave to the centerline and annotate
the approximate number of graves.

e Concrete or Paved Ditches: Annotate type and width. Flow elevations and directions
will be secured by a field survey.

e Concrete or Paved Flumes: Annotate type and width. Flow elevations and directions
will be secured by a field survey.

e Curbs: Annotate type and size.

¢ Culverts: Annotate type, size, secure invert elevations, and direction of flow.
e Dams: Annotate type.

e Entrances: Annotate type (soil, gravel, asphalt, etc.).

e Electric Manholes and junction boxes: Annotate.

¢ Endwalls and Headwalls: Annotate type.

e Fences: Annotate Height and type (wood, wire, or chain link), no split rail or woven
wire.

e Fire Hydrants: Annotate.
e Guardrails: Annotate type.

e Guy Wires: Need to be annotated and located (number and furthest wire if more than
one).

e Government Benchmarks, Triangulation Stations, Traverse Stations, Azimuth Marks,
and Reference Marks: Annotate.

¢ Historical Marks: Annotate identification numbers.

¢ High Voltage Transmission Lines: Annotate. Electric transmission lines should be
shown on the survey. Show one Tower outside the limits. List the number of lines on
each tower. We do not need to show the location of the overhead lines.

e Light poles: Should be described differently, based upon use. The light poles along
roadways are to be called out as “Street Light”; the lights in a shopping center, at a
service station, around a hotel are to be shown as “Security Light.” The light poles in
someone’s yard would be shown as “Lamp Post” and ground lights illuminating signs, etc.
would be shown as “Outdoor Lights.”

e Mile Markers: Annotate
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e Names of all cities, towns, and villages must be annotated and all corporate limits,
county and state lines located and annotated.

¢ Outlet Ditches: Annotate with directions of flow.
e Pavements: Annotate type and if concrete covered with asphalt, make notations.
e Pipes: Annotate type, size, invert elevations, and direction flow.

¢ Property Data: Corners will be located and annotated. All pins within the limits of the
survey should be obtained if possible, especially each lot within a subdivision, not just pc
and pt points on the subdivisions right-of-way.

e Ponds and Lakes: Annotate and collect DTM data inside the edge of water line styles.
e Roads: Annotate route numbers and street names and type.

¢ Right-of Way Monuments: Annotate.

¢ Railroads: Annotate owners, right-of-way, and distance to the nearest milepost.

e Sewage Disposal and Water Supply: Annotate for each individual developed property,
privy, well, sewer clean outs, water meters, drain fields, septic tanks, etc. See
homeowner if necessary.

e Special Signs: Annotate overhead truss, signal traffic lights, railroad protective devices,
etc. (No street signs or speed limit signs are needed). Location and description of all
other signs is required. Private signs should be picked up and described, as well as the
type of supports, concrete pads or bases, and heights (especially the tall service station
and restaurant signs that can be seen from the interstates). All green signs along
interstate should be shown and described as on wood posts or steel breakaway posts,
and if they are on concrete or not. Street signs should be picked up and identified as
“Street Sign.” Reflector posts, curve signs, speed limit signs, other delineator signs
should not be picked up. If they show up in the mapping put an X through them.

e Storm and Sanitary Sewers: Annotate type. Example: SMH= Sanitary, SSMH=Storm,
DI, etc. Secure rim elevations, inverts and/or flow lines of all structures. For curb drop
inlets show elevation at low point of the throat, usually the center of actual box and
measure the length of the throat.

e Telephone M.H.’s, pedestals, handholes: Annotate.

e Trees: Annotate type and size with the diameter measured three feet above the
ground. If unsure of type, hardwood or pine will do.

o Utility Poles and Pedestals: Annotate number and owner initials. Include information if
pole has light or transformer. Example: T-Ped-#R-1680, B.A. (Bell Atlantic) PP-AB-53,
V.P. (Virginia Power).

e Walls: Annotate type, height, and width.
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¢ \Witness posts: annotate type.
e Identify gas station filler caps, monitoring wells and locate concrete pads around them.
e |dentifying areas of possible hazardous materials and type of possible contamination.

¢ Use common sense...annotate, edit and/or revise areas not covered in the above and
correct all discrepancies in mapping.

e Set TBM’'s or BM’s approximately 1500 feet apart. They can be on the centerline. They
should also be at all drainage crossings (canals, etc.) and bridges.

¢ Use discretion when setting nails in trees for references. Do not use ID caps on private
property.
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Chapter 3
Primary Control Surveys for Project Mapping

3-1. Purpose and Scope

Control surveys are performed to establish a monumented reference system for a military or civil facility
mapping project. These fixed horizontal control points and vertical benchmarks are then used as starting
points for supplemental topographic site plan mapping. This chapter provides guidance on the various
techniques used to establish project control. FM 3-34.331 (Topographic Surveying) contains numerous
examples of basic survey data reductions and computations, such as three-wire level reduction, level line
reductions, c-factor computations, scale and grid factor computations, and traverse adjustments. This
chapter will refer to the Field Manual for many of these topics.

a. Horizontal control survey methods. Horizontal positions of permanent monuments around a
facility or project site can be established by a number of survey techniques. These include traditional
traverse, triangulation, or trilateration surveys from an established geodetic network on an installation or
region (e.g., NSRS). Alternatively, GPS methods can be performed to extend control from an established
network to the project site. Since most modern day survey crews or firms possess both GPS and total
station equipment, there would be little justification for running lengthy (and costly) traverses or
triangulation/trilateration networks to bring in control to a local site. Therefore, this chapter will focus on
current practices for performing "traditional™ horizontal control surveys--i.e. control being established
using total station traverse methods. (This chapter does contain some background on older survey
methods for use in basic PROSPECT surveying courses). GPS control survey densification methods are
more thoroughly covered in EM 1110-1-1003 (NAVSTAR GPS Surveying). Triangulation and trilateration
methods will only be briefly addressed, along with references to other publications. Traverse survey
methods described in this chapter are largely drawn from FM 3-34.331.

b. Vertical control survey methods. As with horizontal control densification, a number of survey
methods can be used to bring vertical control from an established datum into a project site. These include
trigonometric leveling (e.g., a total station), differential (spirit) leveling, and differential GPS techniques.
Since most facility mapping projects require fairly accurate elevations relative to a local network,
traditional differential leveling is still the most effective and reliable method of transferring elevations.
GPS elevation transfer methods are reliable over short distances; however, they are not as accurate as
differential leveling methods. Refer to EM 1110-1-1003 (NAVSTAR GPS Surveying) for details on
performing accurate DGPS elevation transfers.
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SECTION |
Traditional Horizontal Control Survey Techniques

3-2. General Overview

a. Purpose. Horizontal control is established to serve as a basic framework for large mapping
projects, to establish new horizontal control in a remote area, or to further densify existing horizontal
control in an area.

b. Instruments. Minimum instrument requirements for the establishment of primary control will
typically include a repeating theodolite having an optical micrometer with a least-count resolution of six
seconds (6") or better; a directional theodolite having an optical micrometer with a least count resolution
of one arc-second; an EDM capable of a resolution of 1:10,000; or a total station having capabilities
comparable to, or better than, any of the instruments just detailed. A calibrated 100-ft steel tape may also
be used for measuring short distances.

c. Monumentation. Primary project horizontal control points not permanently monumented in
accordance with criteria and guidance established in EM 1110-1-1002 (Survey Markers and
Monumentation) should meet the following minimum standards:

(1) Markers. Project horizontal control points should be marked with semi-permanent type markers
(e.q., re-bar, railroad spikes, or large spikes). If concrete monuments are required, they will be set prior to
horizontal survey work.

(2) Installation. Horizontal control points should be placed either flush with the existing ground
level or buried a minimum of one-tenth of a foot below the surface.

(3) Reference marks. Each primary control point should be referenced by a minimum of two points
to aid in future recovery of that point. For this reference, well-defined natural or manmade objects may
be used. The reference point(s) can be either set or existing and should be within 100 ft of the control
point.

(4) Sketches. A sketch should be placed in a standard field survey book or on a standard form, such
as DA Form 1959 (Figures 3-1 and 3-2). The sketch, at minimum, will show the relative location of each
control point to the reference points and major physical features within 100 ft of the point.

d. Redundancy. A minimum of two repeated angle measurements (i.e. positions or sets) should be
made for establishing project control points. With EDM distance measurements, a minimum of two
readings should be taken at each setup and recorded in a standard field book (or data collector). The
leveled height of the instrument and the height of the reflector should be measured carefully to within
0.01 ft and recorded. Each measured slope distance (taped or EDM) should be reduced to a horizontal
distance using either reciprocal vertical angle observations or the known elevation of each point obtained
from differential leveling. Duplicate distances should be observed over each line by remeasuring
backsight lines at each traverse point set up. Depending on the accuracy requirements, additional sets of
angle measurements or EDM distances may be specified--see FGCS 1984.
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COUNTRY TYPE OF MARK STATION
Germany 170 Monument Stone Kamp
LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) ELEVATION ;Pr
Illesheim/L6528 NA NA 331.671 ™M)
LATITUDE DATUM |oaTum
I 49°28'10.47467" 10°23'10.92519" WGS 84 Amsterdam
Wmnm (EASTING} BT | [EASTING) (NORTHING) GRID AND ZONE ESTABLISHED BY (AGENCY)
5,480,852.200 (m) ) 600,444.268 M) 32U 320th Engineer
(NORTHING) (EASTING) (FT) |(EASTING) INORTHING} (FT) |GRID AND ZONE DATE (YYYYMMDD) | ORDER
M) M) 2001 07 15 |Third
TO OBTAIN GRID AZIMUTH, ADD o TO THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD) (SUB.) ° TO THE GEODETIC AZIMUTH
ACTMLITH Of SRNCTION GEOD. DISTANCE . DISTANCE
OBJECT (GEODETICHGRID) BACK AZIMUTH e rscilll SN0 i}
AMAGHETIC) - - - cnddigned

The station is located on Storch Barracks, lllesheim, Germany.

To reach the station front gate of Storch Barracks (Grid 0082) go straight for

0.1 mile to four-way intersection. Turn right (west) and proceed 0.8 mile to the gate
of the access road and a guard shack. Follow the access road around the
perimeter of the airfield for 0.9 mile to the station site.

The station is a Type 70 monument protruding 20 cm above the ground and is
located atop a burm.

The station is located 75.1 m at an azimuth of 160° from Building 6680, 82.3 m
from the hot fuel point and 67 m from the fuel point sign.

Horizontal position was established by third-order class | traverse.
Elevation was established by third-order leveling procedures.

Building 6680

————

Fuel |
point

(Eems) /7 (g

il

REPLACES DA FORMS 1969
AND 1960, 1 FEB 57, WHICH
ARE OBSOLETE.

DA FORM 1959, JUL 2001

agency is TRADOC.

DESCRIPTION OR RECOVERY OF HORIZONTAL CONTROL STATION
For use of this form, see FM 3-34.331; the proponent USAPA V1.00

Figure 3-1. DA Form 1959 -- "Description or Recovery of Horizontal Control Station"
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COUNTRY TYPE OF MARK STATION
USA
LOCALITY STAMPING ON MARK AGENCY (CAST IN MARKS) ELEVATION (FT)
Corps of Engineers (M)
LATITUDE LONGITUDE DATUM DATUM
(NORTHING) (FT) (EASTING) (FT) GRID AND ZONE ESTABLISHED BY (AGENCY)
(M) (M)
(NORTHING) (FT) (EASTING) (FT) GRID AND ZONE DATE ORDER
(M) (M)
TO OBTAIN GRID AZIMUTH, ADD ° ! " TO THE GEODETIC AZIMUTH
TO OBTAIN GRID AZ. (ADD) (SUB) ° ! " TO THE GEODETIC AZIMUTH
AZIMUTH OR DIRECTION
OBJECT (GEODETIC) (GRID) BACK AZIMUTH GEOD DISTANCE GRID DISTANCE
(MAGNETIC) (METERS) (FEET) (METERS) (FEET)
o ' " o ' "
SKETCH
DA FORM 1 959 REPLACES DA FORMS 1959 DESCRIPTION OR RECQVERY OF HORIZONTAL CONTROL STATION
JUL AND 1960, 1FEB 57, WHICH For use of this form, see FM 3-34.331; the proponent
2001 ARE OBSOLETE. agnecy is TRADOC.

Figure 3-2. Blank DA Form 1959 -- "Description or Recovery of Horizontal Control Station"
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e. Repeating theodolite. If a repeating theodolite (e.g., a Wild T1) is used for the horizontal angles,
the instrument will be pointed at the backsight station with the telescope in a direct reading position, and
the horizontal vernier set to zero degrees. All angles should then be turned to the right, and the first angle
recorded in a field book. The angle should be repeated a minimum of four times (i.e. two sets) by
alternating the telescope and pointing in the direct and inverted positions. The last angle will also be
recorded in the field book. If the first angle deviates more than five seconds (5") from the result of the
last angle divided by four, the process should be repeated until the deviation is less than or equal to five
seconds. Multiples of 360 degrees may need to be added to the last angle before averaging. The horizon
should be closed by repeating this process for all of the sights to be observed from that location. The
foresight for the last observation should be the same as the backsight for the first observation. If the sum
of all the angles turned at any station deviates more than ten seconds (10") from 360 degrees, the angles
should be turned again until the summation is within this tolerance.

f. Directional theodolite. If a directional theodolite (e.g., Wild T2 or Wild T3) is used for the
horizontal angles, the instrument should be pointed at the backsight station with the telescope in a direct
reading position and the horizontal scales set to within ten seconds (10") of zero degrees. The scales
should be brought into coincidence and the angle read and recorded in the field book. The angles
(directions) should then be turned to each foresight in a clockwise direction, and the angles read and
recorded in a field book. This process will continue in a clockwise direction and should include all sights
to be observed from that station. The telescope should then be inverted and the process repeated in
reverse order, except the scales are not to be reset, but will be read where it was originally set. The angles
between stations may then be computed by differencing the direct and reverse readings. This process of
observing a "set" should be repeated two or more times, depending on the survey specification. It is
difficult to set the angle values precisely on the plates of an optical theodolite. Angles are determined by
reading the initial and the final directions, and then determining the angular difference between the two
directions. Optical theodolites are generally very precise--a Wild T2 optical theodolite reads directly to
1". If several sets are required for precision purposes, distribute the initial settings around the plate circle
to minimize the effect of circle-graduation distortions--see FM 3-34.331 for recommended circle settings
for a 1" theodolite.

g. Horizontal distances. To reduce EDM slope distances to horizontal, a vertical angle observation
must be obtained from each end of each line being measured. The vertical angles should be read in both
the direct and inverted scope positions and adjusted. If the elevations for the point on each end of the line
being measured are obtained by differential leveling, then this vertical angle requirement is not necessary.

h. Targets. All targets established for backsights and foresights should be fixed and centered
directly over the measured point. Target sights may be a reflector or other type of target set in a tribrach,
a line rod plumbed over the point in a tripod, or guyed/fixed in place from at least three positions.
Acrtificial sights (e.g., a tree on the hill behind the point) or hand held sights (e.g., line rod or plumb bob
string) should not be used to set primary control targets.

i. Calibration. All theodolites, total stations, EDM, and prisms used for horizontal control work
should be serviced regularly and checked frequently. Tapes and EDMs must be periodically calibrated
over lines of known length, such as NGS calibration baselines. Instrument calibrations should be done at
least annually. Theodolite instruments should be adjusted for collimation error at least once a year and
whenever the difference between direct and reverse reading of any theodolite deviates more than thirty
seconds from 180 degrees. Readjustment of the cross hairs and the level (plate) bubble should be done
whenever misadjustments affect the instrument reading by more than the least count of the reading scales
of the theodolite. Forced centering type tribrachs should be periodically (monthly) checked to ensure the
optical plumb line is correct. Circular or "bulls eye" bubbles on tribrachs, total stations, rods, etc. should
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be periodically checked and adjusted. Tribrach or total station optical plummets (visual or laser) must be
periodically checked. These various calibrations and adjustments are described in the Appendix A-2
references or in FM 3-34.331 (Topographic Surveying).

j. Horizontal direction recording. Procedures for recording horizontal directions are the same for
all orders of accuracy. Record horizontal directions in a bound field survey book (see Figure 3-3 below),
on DA Form 4253 (see FM 3-34.331), or any equivalent electronic recording form. Each time a point is
occupied, the following information should be recorded--either on the Title Page or entry page, as
appropriate:

Title Page:

Instrument make, model, and serial number.
Instrument operator’s name.

Recorder’s name.

Weather description.

O Temperature.

o0 General atmospheric condition.

o Wind.

Entry Page:

¢ Designation of the occupied station.
o Full station name.
0 Year established.
o0 Name of the agency on the disk.

The field book or recording form should include the above information for each station observed. If an
instrument, signal, or target is set eccentric to a station (not plumbed directly over the station mark), that
item should be sketched on the recording form. The sketch should include the distance and the directions
that the eccentric item is from the station. When intersection stations are observed, the exact part of the
point observed must be recorded and shown on the sketch.

k. Horizontal abstracts of directions. An abstract of horizontal directions should be compiled for
every station at which horizontal directions have been observed. DA Form 1916 (see FM 3-34.331) or
equivalent field book abstracts should be completed before leaving the point. If a horizon closure is
specified, the corrected station angle and the corrected explement angle should be recorded in the field
book before leaving the point. If DA Form 1916 is used, readings will be entered opposite the proper
circle position, as indicated in the field notes. The degrees and minutes for each direction are entered one
time at the top of each column, and the seconds are entered for each circle position.
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Figure 3-3. Sample horizontal field book recording--Directional Theodolite

3-3. Secondary or Temporary Horizontal Control

a. General. Secondary horizontal control is established to determine the location of structure
sections, cross sections, or topographic features, for construction control, or to pre-mark requirements for
small to medium scale photogrammetric mapping. These points are often temporary in nature and can
easily be reset from the permanent primary control points.

b. Requirements. Secondary horizontal control requirements are identical to that described for
primary horizontal control with the following exceptions.

(1) Monumentation. It is not required for secondary horizontal control points to have two reference
points. Wooden hubs, PK nails, or other similar markings are adequate. Descriptions or sketches are

usually not required.

(2) When a total station or EDM is used, a minimum of two readings should be taken at each setup

and recorded in a standard field book or electronic data collector.

(3) If a repeating theodolite is used for the horizontal angles, the angle measurement should be
repeated a minimum of two times by alternating the telescope and pointing in the direct and inverted

positions.
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(4) If a directional theodolite is used for the horizontal angles, the process (described for primary
control) should be repeated two times--for a total of two data set collections.

3-4. Bearing and Azimuth Determination

Horizontal angles are usually turned (or deflected) to the right or left. The three types of angle
measurements are as follows:

e Interior angles. If angles in a closed figure are to be measured, the interior angles are normally
read. When all interior angles have been recorded, the accuracy of the work can be determined by
comparing the sum of the abstracted angles with the computed value for the closed loop (Figure 3-4
below).

o Deflection angles. In an open traverse (Figure 3-4), the deflection angles are measured from the
prolongation of the backsight line to the foresight line. The angles are measured either to the left or to the
right. The direction must be shown along with the numerical value.

o Vertical angles. Vertical angles can be referenced to a horizontal or vertical line (Figure 3-5).
Optical-micrometer theodolites measure vertical angles from the zenith (90° or 270° indicate a horizontal
line). Zenith and nadir are terms describing points on a sphere. The zenith point is directly above the
observer, and the nadir point is directly below the observer. The observer, the zenith, and the nadir are on
the same vertical line.

Station C

Station B

Station D

,' Station A
y

Exterior angle =
Station E 272°55"

LEGEND:
L =left
R = right

3+T1

Figure 3-4. Interior angles on a closed traverse (top) and deflection angles on an open traverse (bottom)
(FM 3-34.331)
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Zenith angle

Harizon
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dirzction

Madir angle

Y

Nadir direction

Figure 3-5. Reference directions for vertical angles--Horizontal, Zenith, and Nadir (FM 3-34.331)

a. Bearing types. The bearing of a line is the direction of the line with respect to a given meridian.
A bearing is indicated by the quadrant in which the line falls and the acute angle that the line makes with
the meridian in that quadrant. Observed bearings are those for which the actual bearing angles are
measured, while calculated bearings are those for which the bearing angles are indirectly obtained by
calculations. A true bearing is made with respect to the astronomic north reference meridian. A magnetic
bearing is one whose reference meridian is the direction to the magnetic poles. The location of the
magnetic poles is constantly changing; therefore the magnetic bearing between two points is not constant
over time. The angle between a true meridian and a magnetic meridian at the same point is called its
magnetic declination. An assumed bearing is a bearing whose prime meridian is assumed. The
relationship between an assumed bearing and the true meridian should be defined, as is the case with most
SPCS grids.

b. Bearing determination guidelines. All bearings used for engineering applications should be
described by degrees, minutes, and seconds in the direction in which the line is progressing. Bearings are
recorded with respect to its primary direction, north or south, and next the angle east or west. For
example, a line can be described as heading north and deflected so many degrees east or west.
Alternatively, a line also can be described as heading south and deflected so many degrees east or west.
A bearing will never be listed with a value over 90 degrees (i.e. the bearing value always will be between
over 0 degrees and 90 degrees. Bearing angles are computed from a given azimuth depending on the
quadrant in which the azimuth lies. When the azimuth is in the first quadrant (0° to 90°), the bearing is
equal to the azimuth. When the azimuth is in the second quadrant (90° to 180°), the bearing is equal to
180° minus the azimuth. When the azimuth is in the third quadrant (180° to 270°), the bearing is equal to
the azimuth minus 180°. When the azimuth is in the fourth quadrant (270° to 360°), the bearing is equal
to 360° minus the azimuth. Since the numerical values of the bearings repeat in each quadrant, the
bearings must be labeled to indicate which quadrant they are in. The label must indicate whether the
bearing angle is measured from the north or south line and whether it is east or west of that line. For
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example, a line with an azimuth of 341° 12' 30" falls in the fourth or northwest (NW) quadrant and its
bearing is N 18° 47' 30" W.

c. Azimuth types. The azimuth of a line is its direction as given by the angle between the meridian
and the line, measured in a clockwise direction. Azimuths can be referenced from either the south point
or the north point of a meridian. (Geodetic azimuths traditionally have been referenced to the south
meridian whereas grid azimuths are referenced to the north meridian). Assumed azimuths are often used
for making maps and performing traverses, and are determined in a clockwise direction from an assumed
meridian. Assumed azimuths are sometimes referred to as "localized grid azimuths.” Azimuths can be
either observed or calculated. Calculated azimuths consist of adding to or subtracting field observed
angles from a known bearing or azimuth to determine a new bearing or azimuth.

d. Azimuth determination guidelines. Azimuths will be determined as a line with a clockwise
angle from the north or south end of a true or assumed meridian. For traverse work using angle points,
the traverse closure requirements outlined in Chapter 4 will be followed.

e. Astronomic azimuth. In order to control the direction of a traverse, an astronomic azimuth must
be observed at specified intervals and abrupt changes of direction of the traverse. Astronomic azimuth
observations can be made by the well-known hour angle or altitude methods. Azimuth observations
should be divided evenly between the backsight and foresight stations as reference objects. Using the rear
station, turn clockwise to forward station then to star, reverse telescope on star, then forward station and
back to rear station. Then using forward station, turn clockwise to rear station then to star, reverse
telescope on star, then rear station and back to forward station. The number of position repetitions will
depend upon the order of accuracy required. Since GPS has effectively eliminated the need for lengthy
traverse networks, astronomic azimuth observations are rarely ever required. Exceptions may involve
boundary surveys originally referenced from solar azimuth observations. Procedures for observing
astronomic azimuths can be found in the references listed at Appendix A-2. (Note that GPS azimuths
determined relative to WGS 84 must be corrected to the reference orientation of the local datum).

3-5. Electronic Distance Measurement

The distance between two points can be horizontal, slope, or vertical. A tape measure or an EDM device
(such as a total station) can measure horizontal and slope distances. A distance measured on a slope can
be trigonometrically converted to its horizontal equivalent by using the slope angle or vertical difference
of elevation (DE). Figure 3-6 below illustrates a basic example of the geometry used to determine the
horizontal distance of a measurement over uneven ground.

Elevation at Station B = elevation at Station A + HI £V - HT

EDM \\ H(S cos «)

HI (measured)

1

Station A HT (measured)

Ground
LEGEND:

V = vertical distance

H = horizontal distance
S = slope distance

Station B

Figure 3-6. Geometry of an EDM measurement (FM 3-34.331)
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Alternatively, the elevations of the occupied hubs (Stations A and B in Figure 3-6 above) may have been
determined by differential levels. Applying the measured HI and HT yields the absolute elevation of the
instrument and target. The measured slope distance "S™ can then be reduced to a horizontal distance "H"
given the delta elevation between the instrument and target. A meteorological correction is applied to the
observed slope distance before reducing it to horizontal. Subsequently, the horizontal distance is
corrected for grid scale and sea level. A traditional field book example of a horizontal slope distance
observation is shown in Figure 3-7 below. In this example, slope distances are manually recorded along
with meteorological data. A series of 10 slope distances were observed and averaged. A meteorological
correction is applied along with a constant instrument/system constant. The resultant slope distance "T"
(76.106 m) is reduced to horizontal, then to a grid distance (Hg in Figure 3-7). No sea level correction
was applied since this project was set on an arbitrary datum (PICES). Note that Figure 3-7 illustrates the
internal computations now automatically performed in a total station/data collector system.

\
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Figure 3-7. Horizontal distance observations and reductions--manual computations in field book
(Jacksonville District)

a. Errors. Distances measured using an EDM are subject to the same errors as direction measuring

equipment. The errors also include instrumental component errors. Instrumental errors are usually
described as a number of millimeters plus a number of ppm. The accuracy of the infrared EDM is
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typically £ (5 millimeters + 5 ppm). The ppm accuracy factor can be thought of in terms of millimeters
per kilometer, as there are 1 million millimeters in 1 kilometer. This means that 5 ppm equals 5
millimeters per kilometer. Errors introduced by meteorological factors must be accounted for when
measuring distances of 500 meters or more. Accurate ambient temperature and barometric pressure must
be measured. An error of 1 degree Celsius (C) causes an error of 0.8 ppm for infrared distances. An error
of 3 millimeters of mercury causes an error of 0.9 ppm in distance.

b. Instrument constants. Although manufacturers provide instrument and prism constants, it is
essential that instrument constants be verified under actual operating conditions, especially for precise
surveys. The following factors must be considered:

e The use of a prism typically provides an indicated distance longer than the true value. Applying a
negative correction will compensate for this effect. Each prism should have its own constant or
correction determined individually, and a master file should be maintained.

¢ An instrument constant can be either positive or negative and may change due to the phase shifts
in the circuitry. Therefore, a positive or a negative correction may be required.

o The algebraic sum of the instrument and the prism constants are referred to as the total constant.
The correction for the total constant (equal in magnitude but opposite in sign) is referred to as the total
constants correction, from which the instrument or prism constant can be computed if one or the other is
known.

3-6. Coordinate Computations

If the coordinate of a point and the azimuth (or bearing) and distance from that point to a second point are
known, the coordinate of the second point can be computed. In Figure 3-8 below, the azimuth and
distance from Station A to Station B are determined by measuring the horizontal angle ( # ) from the
azimuth mark to Station B and the distance from Station A to Station B.

Point "B"

. . C ted:
Reference Azimuth Point ompd e_
(observed backsight from Northing (N g)
Point "A") Easting (Eg)

Occupied Point "A"
Known:
Northing (N ») - -
Easting (E ») Northing (N gz ) = Northing (N ,) +s -cos a

Easting (Eg)=Easting (E,) +s-sina

Figure 3-8. Forward Position Computation
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The azimuth (or bearing) from A to B () is determined by reducing the observed azimuth to the relative
quadrant. For example, in Figure 3-8, if the azimuth from Point A to the Azimuth Mark is 320°, and
observed angle "4 from Station A between the reference azimuth point and Point B is 105°, then the

azimuth of the line from Point A to Point B "o" is computed from:

Azimuth (o) from A — B = 105° - (360° - 320°) = 65° [or bearing N 65° E ]

The computation of the difference in northing (dN) and the difference in easting (dE) requires the
computation of a right triangle. The distance from Station A to Station B (*'s" in Figure 3-8--reduced to
horizontal, sea level, corrected for grid scale, etc.) is the hypotenuse of the triangle, and the bearing angle
(azimuth) is the known angle. The following formulas are used to compute dN and dE:

dN= s- cos (a)
dE= s- sin(a)
(Eq 3-1)

If the traverse leg falls in the first (northeast [NE]) quadrant, the value of the easting increases as the line
goes east and the value of the northing increases as it goes north. The product of the dE and the dN are
positive and are added to the easting and northing of Station A to obtain the coordinate of Station B, as
shown in Figure 3-8. When using trigonometric calculators to compute a traverse, enter the azimuth
angle, and the calculator will provide the correct sign of the function and the dN and the dE. If the
functions are taken from tables, the computer provides the sign of the function based on the quadrant.
Lines going north have positive dNs; lines going south have negative dNs. Lines going east have positive
dEs; lines going west have negative dEs. The following are examples of how to compute the dN and the
dE for different quadrants:

e Given an azimuth from Station A to Station B of 70° 15' 15" and a distance of 568.78 meters (this
falls in the first [NE] quadrant), compute the dN and the dE.

dN = cos 70° 15" 15" - 568.78 = +0.337848 - 568.78 = +192.16 m
dE =sin 70° 15' 15" - 568.78 = +0.941200 - 568.78 = +535.34 m

¢ Given an azimuth from Station B to Station C of 161° 12' 30" and a distance of 548.74 meters
(this falls in the second [southeast] [SE] quadrant), compute the dN and the dE.

dN =cos 161° 12' 30" - 548.74 = -0.946696 -548.74 = -519.49 m
dE =sin 161° 12' 30" - 548.74 = +0.322128 - 548.74 = +176.76 m
e Given an azimuth from Station C to Station A of 294° 40' 45" and a distance of 783.74 meters
(this falls in the fourth [NW] quadrant), compute the dN and the dE.
dN = cos 294° 40' 45" - 783.74 = +0.417537 - 783.74 = +327.24 m

dE =sin 294° 40' 45" - 783.74 = -0.908660 - 783.74 = -712.15m
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3-7. Traverse Surveys

A traverse survey is defined as the measurement of the lengths and directions of a series of straight lines
connecting a series of points on the earth. Points connected by the lines of a traverse are known as
traverse stations. The measurements of the lengths and directions are used to compute the relative
horizontal positions of these stations. Traversing is used for establishing basic area control where
horizontal positions of the traverse stations, and elevations of the stations, must be determined. If
reference azimuth marks or features are not available, astronomic observations and/or GPS-derived
azimuths are made along a traverse at prescribed intervals to control the azimuth alignment of the
traverse. The interval and type of controlling azimuth observation will depend upon the order of accuracy
required and the traverse methods used; and the availability of existing control.

a. Traverse types. There are two basic types of traverses, namely, closed traverses and open
traverses.

(1) Closed traverse. A traverse that starts and terminates at a station of known position is called a
closed traverse. The order of accuracy of a closed traverse depends upon the accuracy of the starting and
ending known positions and the survey methods used for the field measurements. There are two types of
closed traverses.

Siation B

Station &

\.‘i"l#

10442

il

Siation ©

115°34"

Station E

Station D

Figure 3-9. Closed Traverse--Looped (Station A fixed) or Connecting (Stations A and B fixed)

(a) Loop traverse. A loop traverse starts on a station of known position and terminates on the same
station--e.g., Station A in Figure 3-9 above. An examination of the position misclosure in a loop traverse
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will reveal measurement blunders and internal loop errors, but will not disclose systematic errors or
external inaccuracies in the control point coordinates. In a loop traverse, the measured angular closure is
the summation of the interior or exterior horizontal angles in the traverse. If there are "n" sides in a loop
traverse, and interior angles were measured, the true angular closure should equal (n-2) - 180°. If exterior
angles were measured when performing a loop traverse, the true angular closure should equal (n+2) -
180°. In Figure 3-9 above, the starting azimuth from Station "A™ is not shown. This initial azimuth might
have been taken from a GPS, magnetic, or astronomic observation--or even an arbitrary (assumed) value
might have been used.

(b) Connecting traverse. A connecting traverse starts on a station of known position and terminates
on a different station of known position. An example would be Stations "A™ and "B" in Figure 3-9 above-
-if these two points have fixed coordinates (and azimuth A-B between them). When using this type of
traverse, the systematic errors and position inaccuracies can be detected and eliminated along with
blunders and accidental errors. The ability to correct measurement error depends on the known accuracy
of the control point coordinates, and related azimuth references used at each end of the traverse.

(2) Open traverse. (Figure 3-10 below). An open traverse starts on a station of known position and
terminates on a station of unknown position. With an open traverse, there are no checks to determine
blunders, accidental errors, or systematic errors that may occur in the measurements. The open traverse is
very seldom used in topographic surveying because a loop traverse can usually be accomplished with
little added expense or effort.

JULID

o0°10°63.8° {ag=31°15.2" 191°3241.2

155°07'57.8"

A MY
TILDOM AR FORCE MARIME LAWY

ARNY

LEGEND:

A, = control station
{3 =traverss swation

Figure 3-10. Open traverse

b. Right-of-way traverse. A right-of-way traverse normally starts and ends on known points. This
type of traverse can be run with a transit and steel tape, EDM, or total station. The style of notes is
similar to most traverses with the only difference being the type of detail shown. Fences can be of
particular importance in determining right-of-way limits, especially when working in an area not
monumented. Notes for right-of-way traverses should be especially clear and complete for many times
this type of traverse is the basis for legal or court hearings regarding true property corners. If a search for
a corner is made and nothing is found, a statement should be written in the field book to this effect.
Property title searches and deed research will generally be required to obtain appropriate existing
descriptions, plans, and other documents, which are generally available in the public record.
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c. Stadia traverse. Uses of stadia traverses include rough or reconnaissance type surveys, checking
on another traverse for errors, and control for a map being made by stadia methods on a very large scale.
Stadia traverses are rarely performed given the availability of total stations today.

d. Compass traverse. A compass traverse is made to establish the direction of a line by magnetic
compass measurements (i.e. no angles are turned). Distances are usually measured by stadia or paced.
These types of surveys are rarely performed.

3-8. Traverse Survey Guidelines
Several basic steps are required to plan and execute a traverse survey:

e research existing control in the project area
e design survey to meet specifications

e determine types of measurements

¢ determine types of instruments

o determine field procedures

e site reconnaissance and approximate surveys
e install monuments and traverse stations

e data collection

e data reduction

e data adjustment

e prepare survey report

The following general guidelines are recommended in performing traverse surveys:

a. Preparation. For most applications, it is recommended that permanent points be established at
intervals of one mile or less, starting at a known point--preferably a NGS published control point on the
NSRS. Plan the traverse to follow a route that will be centered as much in the project area as possible,
and avoiding areas that will be affected by construction, traffic, or other forms of congestion. The route
should provide a check into other known points as often as practicable. After determining the route, it is
best to set temporary or permanent monuments (e.g., wooden hubs, PK nails, iron rods, brass caps in
concrete, or some other suitable monument) at each angle point on the traverse. Refer to EM 1110-1-
1002 (Survey Markers and Monumentation) for further guidance. Ensure there is a clear line of sight
from angle point to angle point and determine an organized numbering or naming system to mark all
points when set.

b. Accuracy requirements. Control traverses are run for use in connection with all future surveys
to be made in the area of consideration. They may be of Second, Third, or Fourth-Order accuracy,
depending on project requirements. Most USACE project requirements will be satisfied with Second- or
Third-Order accuracies. The order of accuracy for traversing may also be determined by the equipment
and methods used to collect the traverse measurements, by the final accuracy attained, and by the
coordinate accuracy of the starting and terminating stations of the traverse. The point closure standards
indicated in Chapter 4 must be met for the appropriate accuracy classification to be achieved.

c¢. Position and azimuth orientation. If it is impossible to start or terminate on stations of known
position and/or azimuth, then a GPS or astronomic observation for position and/or azimuth must be
conducted. Astronomic position or azimuth observations are no longer practical given the ease of GPS
for these requirements. Two GPS static points can be established at the ends of a traverse, from which a
starting position and azimuth is available. The GPS azimuth point should be 500 to 1,000 ft distant from
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the initial point. Extreme care should be taken not to mix up astronomic, geodetic, GPS, magnetic, and
grid azimuths--they are all different.

d. Traverse route. The specific route of a new traverse should be selected with care, keeping in
mind its primary purpose and the flexibility of its future use. Angle points should be set in protected
locations if possible. Examples of protected locations include fence lines, under communication or power
lines, near poles, or near any permanent concrete structure. It may be necessary to set critical points
below the ground surface. If this is the case, reference the traverse point relative to permanent features by
a sketch, as buried points are often difficult to recover at future dates. Select sites for traverse stations as
the traverse progresses. Locate the stations in such a way that, at any one station, both the rear and
forward stations are visible. The number of stations in a traverse should be kept to a minimum to reduce
the accumulation of instrument errors and the amount of computing required. Short traverse legs (courses
or sections) require the establishment and use of a greater number of stations and may cause excessive
errors in the azimuth. Small errors in centering the instrument, in station-marking equipment, and in
instrument pointings, can be magnified over short courses and can result in abnormally high azimuth
closures.

e. Temporary hubs. Temporary station markers are usually 2x2-inch wooden hubs, 6 inches or
more in length. These hubs should be driven flush with the ground, especially in maintained areas or
where the hubs could present a hazard. The center of the top of the hub is marked with a surveyor’s tack
or an "X" to designate the exact point of reference for angular and linear measurements. To assist in
recovering a station, a reference stake (e.g., a flagged 1 x 2 inch wood stake) may be set near the hub.
The reference stake should be marked with the traverse station designation, stationing, offset, etc.--as
applicable.

f. Measurements. Follow manufacturer instructions for operation of theodolites, EDM, or total
stations. When using an EDM or total station, a minimum of two redundant readings should be made
before moving to the next occupation point. Special care should be taken with the type of sights used for
angle measurement--fixed rigid sights should be used, not hand held targets on poles. For directional
theodolite or total station angle measurements, at least two sets (positions) of angles should be made.
Always measure horizontal angles at the occupied station by sighting the instrument at the rear station and
measuring the clockwise angles to the forward station. A horizon closure may be performed as a check.

g. Field data reductions. All survey field notes should be carefully and completely reduced; with
the mean angle calculated in the field and recorded along with the sketch. All traverse adjustments should
be made in the office unless this capability is available on the data collector in the field. A sketch of the
permanent monument locations should be made in the field and a detailed description on how to recover
them should be recorded in writing. This information can be used for making subsequent record of the
survey monument and survey report. Refer to examples in FM 3-34.331. Temporary monuments need
only be briefly described in the field notes

3-9. Traverse Computations and Adjustments
There are a number of methods available for adjusting traverses. The most common are listed below.

a. Crandall Rule. The Crandall rule is used when the angular measurements (directions) are
believed to have greater precision than the linear measurements (distances). This method allows for the
weighting of measurements and has properties similar to the method of least squares adjustment.

Although the technique provides adequate results, it is seldom utilized because of its complexity. In
addition, modern distance measuring equipment and electronic total stations provide distance and angular

3-17



EM 1110-1-1005
1 Jan 07

measurements with roughly equal precision. Also, a standard Least Squares adjustment can be performed
with the same amount of effort.

b. Compass Rule. The Compass Rule adjustment (also called the Bowditch Method) is used when
the angular and linear measurements are of equal precision. This is the most widely used traverse
adjustment method. Since the angular and linear precision are considered equivalent, the angular error is
distributed equally throughout the traverse. For example, the sum of the interior angles of a five-sided
traverse should equal 540° 00" 00".0, but if the sum of the measured angles equals 540° 01' 00".0, a value
of 12".0 must be subtracted from each observed angle to balance the angles within traverse. After
balancing the angular error, the linear error is computed by determining the sums of the north-south
latitudes and east-west departures. The misclosure in latitude and departure is applied proportional to the
distance of each line in the traverse.

c. Least Squares. The method of least squares is the procedure of adjusting a set of observations
that constitute an over-determined model (redundancy > 0). A least squares adjustment relates the
mathematical (functional model) and stochastic (stochastic model) processes that influence or affect the
observations. Stochastic refers to the statistical nature of observations or measurements. The least
squares principle relies on the condition that the sum of the squares of the residuals approaches a
minimum.

v'w v — minimum
(Eq 3-2)
where
v = observation residual
w = weight of observation

The residuals (v) are the corrections to the observations. The final adjusted observations equal the
observation plus the post-adjustment residual.

n=1+v
(Eq 3-3)
where
I" = adjusted observation
| = observation
v = observation residual

(1) Functional model. The functional model relates physical or geometrical conditions to a set of
observations. For example, if a surveyor measures the interior angles of a five-sided figure, the sum of
these angles should add up to 540°. If the correct model is not determined, the adjusted observations will
be in error.

(2) Stochastic model. The stochastic model is the greatest advantage of the least squares procedure.
In least squares adjustment, the surveyor can assign weights, variances, and covariance information to
individual observations. The traditional traverse balancing techniques do not allow for this variability.
Since observations are affected by various errors, it is essential that the proper statistical estimates be
applied.

(3) Observations. Observations in least squares are the measurements that are to be adjusted. An
adjustment is not warranted if the model is not over-determined (redundancy = 0). Observations vary due
to blunders and random and systematic errors. When all blunders and systematic errors are removed from
the observations, the adjustment provides the user an estimate of the “true” observation.
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(4) Blunders. Blunders are the result of mistakes by the user or inadvertent equipment failure. For
example, an observer may misread a level rod by a tenth of a foot or a malfunctioning data recorder may
cause erroneous data storage. All blunders must be removed before the least squares adjustment
procedure. Blunders can be identified by scrutinizing the data before they are input in the adjustment
software. Preliminary procedures like loop closures, traverse balancing, and weighted means are
techniques that can identify blunders before adjustment.

(5) Systematic errors. Systematic errors are the result of physical or mathematical principles.
These errors must be removed before the adjustment procedure. Systematic errors are reduced or
eliminated through careful measurement procedures. For example, when using a total station EDM, the
user should correct the distance for meteorological effects (temperature, pressure, relative humidity).

(6) Random errors. Random errors are an unavoidable characteristic of the measurement process.
The theories of probability are used to quantify random errors. The theory of least squares is developed
under the assumption that only random errors exist within the data. If all systematic errors and blunders
have been removed, the observations will differ only as the result of the random errors.

(7) References. Many field data collectors are capable of performing Least Squares traverse
adjustments; thus, simple traverses are more frequently being adjusted by this method. Least squares
adjustment techniques are covered in detail in EM 1110-1-1003 (NAVSTAR Global Positioning System
Surveying) and EM 1110-2-1009 (Structural Deformation Surveying).

3-10. Traverse Adjustment (Compass Rule)

The Compass Rule is a simple method and is most commonly employed for engineering, construction,
and boundary surveys. It is also recognized as the accepted adjustment method in some state minimum
technical standards. The following sections only briefly describe traverse adjustment techniques--detailed
procedures and examples of traverse adjustments can be found in any of the texts listed in Appendix A-2.

a. General. Traverse computations and adjustments require the following steps (Wolf and
Brinker 1994):

¢ Adjust angles and directions to fixed geometric conditions based on angular misclosure
¢ Calculate latitudes (dY or dN) and departures (dX or dE) of the traverse misclosure

e Distribute the misclosure latitudes and departures over the traverse

e Compute adjusted coordinates of the traverse stations

¢ Calculate final adjusted lengths and azimuths between traverse points

b. Angle computations and adjustments. The azimuth of a line is the horizontal angle (measured
clockwise) from a base direction to the line in question. To compute a traverse, surveyors determine the
azimuth for each traverse leg, starting with the fixed azimuth at the known starting point. This fixed
azimuth is typically that computed between the fixed starting station and some azimuth reference point
(another monument, a known object, or astronomical), as was shown back on Figure 3-8. The azimuth
for each succeeding leg is then determined by adding the value of the measured angle at the occupied
station to the value of the azimuth from the occupied station to the rear station. On occupation of each
successive station, the first step is to compute the back azimuth of the preceding leg (the azimuth from the
occupied station to the rear station). At the closing station, the azimuth carried forward is compared with
the computed azimuth from the closing station to the reference azimuth mark.
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(1) Azimuth correction. The azimuth closure error is obtained by subtracting the known closing
azimuth from the computed closing azimuth, as described above. This difference provides the angular
closure error with the appropriate sign. By reversing this sign, the azimuth correction (with the
appropriate sign) is obtained. If the angular error of closure is less than the allowable angular error of
closure for the order of traverse (see closure standards in Chapter 4), the azimuths of the traverse may be
adjusted. If the azimuth error is larger than the allowable closure error, then reobservations may be
necessary. The allowable error of closure (or misclosure) depends on the instrument, the number of
traverse stations, and the order of the control survey.

Allowable error of closure =K -Vn
(Eq 3-4)
where,

K = fraction of the least count of the instrument, dependent on the number of repetitions and
accuracy desired (e.g., 20" for Third-Order and 60" for Fourth-Order--see Table 4-1 in Chapter 4)

n = number of traverse stations

(2) Azimuth adjustment. The Compass Rule is based on the assumption that angular errors have
accumulated gradually and systematically throughout the traverse. The angular correction is then
distributed systematically (equally) among the angles in the traverse. Refer to the "Balanced Angle"
column in the example at Figure 3-11 below where a 4-second misclosure was distributed equally.

c. Traverse position computations. After the angles are adjusted as described above, compute the
adjusted azimuth (or bearing) of each leg by using the starting azimuth and the adjusted angles at each
traverse station. Verify the computed closing azimuth agrees with the computed fixed closing azimuth.
Using the adjusted azimuths (or bearings) for each leg, and the measured distances (as corrected to sea
level and grid scale), compute each traverse station X-Y (or N-E or departure-latitude) position from the
beginning to the closing station--e.g., the "Unadjusted Latitudes and Departures” column in Figure 3-11.
The linear misclosure at the closing station is determined in both X (departure or easting) and Y (latitude
or northing) coordinates-- AX and AY. The overall position misclosure (V[ AX 2 + AY ?]) is then used
to determine the relative accuracy (or precision) of the traverse, and conformance with the minimum
closure standards in Table 4-1. The relative accuracy is obtained by dividing the misclosure (as computed
after adjusting the angles) by the sum of the overall traverse length. This value is then inversed to obtain
a ratio for comparison with Table 4-1, as shown in Equation 3-5 below.

Relative accuracy (or precision) =
[ Misclosure (after angular adjustment) + X of the traverse course distances ] ™
(Eq 3-5)

The sample traverse shown in Figure 3-11 below resulted in a misclosure of 0.036 ft over full 603.1ft
traverse length. The relative accuracy is then:

0.036 +603.1~1/17,000 (i.e., "1 partin 17,000" or 1:17,000)

The position misclosure (after azimuth adjustment) can then be distributed among the intermediate
traverse station based on the adjustment rule being applied. For the Compass Rule, the latitude and
departure misclosures are adjusted in proportion to the length of each traverse course divided by the
overall traverse length. For any traverse leg with length dX (departure) and dY (latitude) in each
coordinate, and with a final misclosure after azimuth adjustment of " AX ™ and " AY ", the corrections to
the dX or dY lengths are adjusted by:
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- (Misclosure AX or AY) - (Length of Traverse Course)

Correction indX or dY =
(Overall Traverse Length)
(Eq 3-6)

Once the above corrections are applied to the latitudes and departures in each traverse course, the adjusted
length and direction of each course can be computed, along with the final adjusted coordinates of each
intermediate point. (These final computations are not shown in Figure 3-11).

d. Adjustment techniques. In the past, the above adjustment was performed using a tabular form
that was laid out to facilitate hand calculation of the angular and coordinate corrections and adjustments--
see sample at Figure 3-11 below. Other examples of Compass Rule traverse adjustments can be found in
the references listed at Appendix A. Today, COGO software packages can perform this adjustment in the
field or office and these tabular computation forms are not necessarily needed.

Compass Rule Adjustment
Measured Balanced Horiz, Unadjusted Adjusted Adjusted
Stfion __Angle Angle Azimuth Distance Laitude  Depart Lattude  Depart  Coordinates  Length  Direction
12 103°-03"14" 110.84'
1 85°.05-33° 85°.05-34"  188°.0348" 219,51’ 2720 34T 217300 3142
9 58°-48'-39" 58°48-40"  66°-57-28° 130.08' 5090  119.67 5090 11966
19 120°-62-29° 120°-52-30° 7°-49'58° 142.70° 141,37 19.45' 14136 1944
12 95°.13-15° 95°13-16"  288°-03-14° 110.84' 2504  -107.98' 2504 -107.98
I = 360°

Ia, = 359°-59"-56"
= 3%60°
Oy = +

D= Zy AN TAE IAN by

SUM 603.10° 0.02 0.03' 0 0
(p) Line of closure = 0.036' Area = 20,081 Square Feet
(P) Precision = 1/16,726 Area = 0.46 Acres

Adjustment by BAF

(p) Line of closure

Rule COMPASS RULE

oo

J
(P) Traverse precision -DJ

Figure 3-11. Tabular computation format for a Compass Rule traverse adjustment

3-11. Triangulation and Trilateration Surveys

Triangulation and trilateration methods are now rarely used for expanding or densifying horizontal
control. Before GPS, they were extensively used for this purpose. In USACE, localized triangulation and
trilateration techniques (using Wild T3s and precise EDM) are still used for accurate structural
deformation monitoring work. However, these specialized surveys are only performed around a lock,
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dam, or hydropower project. Procedures and techniques for deformation triangulation/trilateration
surveys are found in EM 1110-2-1009 (Structural Deformation Surveying).

a. General. A triangulation network consists of a series of angle measurements that form joined
or overlapping triangles in which an occasional baseline distance is measured. The sides of the network
are calculated from angles measured at the vertices of the triangle. A trilateration network consists of a
series of distance measurements that form joined or overlapped triangles where all the sides of the
triangles and only enough angles and directions to establish azimuth are determined.

b. Networks. When practicable, all triangulation and trilateration networks should originate from
and tie into existing coordinate control of equal or higher accuracy than the work to be performed. An
exception to this would be when performing triangulation or trilateration across a river or some obstacle
as part of a chained traverse. In this case, a local baseline should be set. Triangulation and trilateration
surveys should have adequate redundancy and are usually adjusted using least squares methods.

c. Accuracy. Point closure standards listed in Chapter 4 must be met for the appropriate accuracy
classification to be achieved. If project requirements are higher-order, refer also to the FGCS "Standards
and Specifications for Geodetic Control Networks" (FGCS 1984).

d. Resection. Three-point resection is a form of triangulation. Three-point resection may be used
in areas where existing control points cannot be occupied or when the work does not warrant the time and
cost of occupying each station. Triangulation of this type should be considered Fourth-Order, although
Third-Order accuracy can be obtained if a strong triangular figure is used and the angles are accurately
measured. The following minimum guidelines should be followed when performing a three-point
resection:

(1) Location. Points for observation should be selected to give strong geometric figures, such as
with angles between 60 and 120 degrees of arc.

(2) Redundancy. If it is possible to sight more than three control points, the extra points should be
included in the figure. If possible, occupy one of the control stations as a check on the computations and
to increase the positioning accuracy. Occupation of a control station is especially important if it serves as
a control of the bearing or direction of a line for a traverse that originates from this same point.

(3) Measurements. Both the interior and exterior angles should be observed and recorded. The

sum of these angles should not vary by more than three (3) arc-seconds per angle from 360 degrees. Each
angle should be turned not less than 2-4 times (in direct and inverted positions).
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SECTION I
Vertical Control Survey Techniques

3-12. General

Vertical control surveys provide a basic framework for controlling elevations on facility mapping
projects. The purpose of vertical control surveys is to establish elevations on rigid benchmarks
throughout the project area. These benchmarks can then serve as points of departure and closure for
leveling operations and as reference benchmarks during subsequent construction work. The NGS, USGS,
other Federal agencies, and many USACE commands have established vertical control throughout the
CONUS. Unless otherwise directed, these benchmarks should be used as a basis for all vertical control
surveys. Descriptions of benchmark data and their published elevation values can be found in data
holdings issued by the agency maintaining the project/installation. Information on USACE maintained
points can be found at District or Division offices. This section focuses on Second-Order and Third-
Order vertical control techniques performed using differential leveling instruments--Figure 3-12 below.

Figure 3-12. Sokkia B20 automatic level (Key West Harbor Dredging Project 2004--
C& C Technologies, Inc. & Jacksonville District)
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a. Differential leveling. With differential leveling, differences in elevation are measured with
respect to a horizontal line of sight established by the leveling instrument. Once the instrument is leveled
(using either a spirit bubble or automated compensator), its line of sight lies in a horizontal plane.
Leveling comprises a determination of the difference in height between a known elevation and the
instrument and the difference in height from the instrument to an unknown point by measuring the
vertical distance with a precise or semi-precise level and leveling rods (Figure 3-13). Digital (or Bar
Code) levels are used to automatically measure, store, and compute heights, and are capable of achieving
Second-Order or higher accuracies. Accuracy standards should follow the point closure standards shown
in Table 4-2 in Chapter 4. When leveling in remote areas where the density of basic vertical control is
scarce, the semi-precise rod is generally used. The semi-precise rod should be graduated on the face to
centimeters and the back to half-foot intervals. When leveling in urban areas or areas with a high density
of vertical control where ties to higher-order control are readily available, the standard leveling rods are
used--e.g., a Philadelphia rod graduated to hundredths of a foot. Other rods that are graduated to
centimeters can be used. Both types of rods are furnished with targets and verniers that will permit
reading of the scale to millimeters or thousandths of a foot if required by specifications. This is generally
not required on lower-order level lines. Standard stadia rods may also be used for lower-order level lines.
The stadia rod is graduated to the nearest 0.05 ft, or two centimeters. These rods are generally equipped
with targets or verniers, but if project specifications require, they can be estimated to hundredths of a foot.

3-24



EM 1110-1-1005
1 Jan 07

Figure 3-13. Traditional rectangular cross-section leveling rods
showing a variety of graduation markings (FM 3-34.331)

b. Trigonometric leveling. This method applies the fundamentals of trigonometry to determine
the differences in elevation between two points by observing a horizontal distance and the vertical angles
above or below a horizontal plane. Trigonometric leveling is generally used for lower-order accuracy
vertical positioning; however, it is sufficiently accurate for radial topography when elevations of features
are cut in by a total station. Trigonometric leveling is especially effective in establishing control for
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profile lines, for strip photography, and in areas where the landscape is steep. With trigonometric
leveling operations, it is necessary to measure the height of instrument (HI) and rod target above the
monuments, the slope distance (s), the vertical angle (a), and the rod intercept. From this data, the
vertical difference in elevation (DE) can be computed using the sine of the vertical angle and applying the
rod difference (Figure 3-14 below). Refinements to this technique include doubling vertical angles,
taking differences from both stations, and using the mean values. If the horizontal distance is known
between the instrument and the rod, it is not necessary to determine the slope distance. The instrument
most commonly used for trigonometric leveling is a directional theodolite or Total Station. Manufacturer
specifications and procedures should be followed to achieve the desired point closure standards.

Instrument

l—

Horizontal Line

f 3 HI

DE S

4

Rod /

Reading B

v

<
€

Horizontal Distance (h)

DE =s*Sin(a) OR DE = h*Tan(a)

Elev B = Elev A + HI - DE - Rod Reading

Figure 3-14. Trigonometric leveling

(1) Recording vertical trigonometric observations (zenith distances--ZD) is the same for all orders
of accuracy. Vertical observations may be recorded in a standard field book, on DA Form 5817-R (Zenith
Distance/Vertical Angle--see FM 3-34.331), on an equivalent single-sheet recording form, or a data
collector. In all cases, complete documentation will be performed in the field. The following information
is typically required:

e The HI above the station (recorded to the nearest 0.01 meter or foot).

¢ A sketch of the observed target (that shows the point observed on the target) at the bottom of the
object-observed column.

e The height of the observed rod reading (height of target--HT) above the station being observed
(recorded to the nearest 0.01 meter or foot).

o A sketch showing any target’s adjoining stations. This sketch should be drawn in the bottom of
the remarks column. All possible points that may be observed should be measured and recorded to the
nearest 0.01 meter or foot.
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(2) During vertical observations, the time of the first observation of the first position and the time
of the last observation of the last position are recorded. The times are recorded to the nearest whole
minute.

(3) Vertical observations may alternatively be abstracted onto DA Form 1943 (Abstract of Zenith
Distances--see FM 3-34.331) at the station site by the observing party. Vertical observations recorded as
vertical angles are converted to ZDs before abstracting. Targets or signals shown to other stations are
sketched and dimensioned at the bottom of the form. If a target or signal is changed during the day, the
time of the change and the new dimensions are also entered.

c. Trigonometric elevations over longer lines. Trigonometric elevations over longer lines may
need to be corrected for curvature and refraction. These corrections are insignificant (< 0.02 ft) and
unnecessary for topographic survey distances of 1,000 feet or less. The type of correction used depends
on whether the long line was occupied at each end. The following formula (Wolf and Brinker 1994) is
used to determine the combined curvature and refraction correction for trigonometric elevations observed
over longer lines.

h (feet) =0.0206 (F) 2
(Eq 3-7)
where
combined correction for curvature and refraction in feet
length of observed line in thousands of feet

h =
F =
As an example, given a 2,000 ft line, the combined correction would be 0.0206 (2) 2 = 0.08 ft, or about
0.1 ft. For longer lines, these approximate computations are not accurate; however, there are few
applications requiring trigonometric leveling over longer lines given GPS methods will yield more

accurate results. If long-line trigonometric leveling is required, consult the NOAA/NGS for more
accurate observing procedures and computations.

d. Barometric leveling. This method uses the differences in atmospheric pressure as observed
with a barometer or altimeter to determine the differences in elevation between points. This method is the
least accurate of determining elevations. Because of the lower achievable accuracies, this method should
only be used when other methods are not feasible or would involve great expense. Generally, this method
is used for elevations when the map scale is to be 1:250,000 or smaller.

e. Reciprocal leveling (Valley or River Crossings). Reciprocal leveling is a method of carrying a
level circuit across an area over which it is impossible to run regular differential levels with balanced
sights (Figure 3-15). Most level operations require a line of sight to be less than 300 or 400 feet long.
However, it may be necessary to shoot 500-1,000 feet, or even further, in order to span across a river,
canyon, or other obstacle. Where such spans must be traversed, reciprocal leveling is appropriate. The
reciprocal leveling procedure can be described as follows. Assume points "A" and "B" are turns on
opposite sides of the obstacle to be spanned (Figure 3-15) where points A and B are intervisible. Two
calibrated rods are used, one at point A, and the other at point B. With the instrument near A, read rod at
A, then turn to B and have target set as close as possible and determine the difference in elevation.
Leaving rods at A and B, move the instrument around to point B, read B, then turn to read A and again
determine the difference in elevation. The mean of the two results is the final height difference to be
applied to the elevation of A to get an elevation value for point B. If the long sight is difficult to
determine, it is suggested that a target be used and the observations repeated several times to determine an
average value. For more precise results it will be necessary to take several foresights, depending on the
length of the sight. It is typical to take as many as 20 to 30 sightings. When taking this many sightings, it
is critical to relevel the instrument and reset the target after each observation. Reciprocal leveling
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assumes the conditions during the survey do not change significantly for the two positions of the level.
Reciprocal leveling with two instruments should never be done unless both instruments are used on both
sides of the obstacle and the mean result of both sets used. The use of two instruments is advised if it is a
long trip around the obstacle. Reciprocal leveling is effective only if the instruments used will yield
measurements of similar precision.

Rod target

1 « e

BS FS

Figure 3-15. Reciprocal leveling for river crossing

f. Two rod leveling. In order to increase the productivity in precise leveling operations, it is
advisable to use two rods. When the observations are completed at any instrument setup, the rods and the
instruments are moved forward simultaneously. An even number of setups should be used to minimize
the possible effects of rod index error. Two rods are recommended when using an automatic level, as this
takes full advantage of the productivity possible with this type of instrument.

g. Tidal benchmarks and datums. For guidance on the establishment of tidal benchmarks and
datums refer to Appendix B (Requirements and Procedures for Referencing Coastal Navigation Projects
to Mean Lower Low Water (MLLW) Datum) and EM 1110-2-1003 (Hydrographic Surveying).

3-13. Second-Order Leveling

a. General. Asshown in Figure 3-16 below, a leveling operation consists of holding a rod
vertically on a point of known elevation. A level reading is then made through the telescope to the rod,
known as a backsight (BS), which gives the vertical distance from the ground elevation to the line of
sight. By adding this backsight reading to the known elevation, the line of sight elevation, called "height
of instrument” (HI), is determined. Another rod is place on a point of unknown elevation, and a foresight
(FS) reading is taken. By subtracting the FS reading from the height of instrument, the elevation of the
new point is established. After the foresight is completed, the rod remains on that point and the
instrument and back rod are moved to forward positions. The instrument is set up approximately midway
between the old and new rod positions. The new sighting on the back rod is a backsight for a new Hl, and
the sighting on the front rod is a FS for a new elevation. The points on which the rods are held for
foresights and backsights are called "turning points.” Other foresights made to points not along the main
line are known as "sideshots." This procedure is used as many times as necessary to transfer a point of
known elevation to another distant point of unknown elevation.
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STA BS (+) | HI FS () ELEV DESCRIPTION
BM Hood-2| 6.35 630.22 623.87 Bronze disk ...
TP1 1.96 628.26

TP 2

TP 3

TP 4

/\ 1.96
e 4

6.35 .
Foresight
(TP1)
— 628.26
Backsight
BM Hood-2
623.87 ft

Figure 3-16. Differential leveling--example of one setup between benchmark and TP 1
(Standard field book recording format shown at top of sketch)

b. Leveling accuracy. Second-Order leveling point closure standards for vertical control surveys
are shown in Table 4-2. Second-Order leveling consists of lines run in only one direction, and between
benchmarks previously established by First-Order methods. If not checking into another line, the return
for Second-Order--Class | level work should check within the limits of 0.025 times the square root of M
feet (where "M" is the length of the level line in miles), while for Second-Order Class Il work, it should
check within the limits of 0.035 times the square root of M feet. Ties to two or more benchmarks are
always recommended in order to verify stability of the fixed benchmarks.

c. Leveling equipment. The type of equipment needed is dependent on the accuracy requirements.
Examples of precise leveling instruments are shown in Figure 3-17 below.

(1) Second-Order leveling instrument. Second-Order leveling instruments require a relatively
precise level. Often a graduated parallel plate micrometer is built into the instrument to allow reading to
the nearest 0.001 of a unit. The sensitivity of the level vial, telescopic power, focusing distance, and size
of the objective lens are factors in determining the precision of the instrument. Instruments are rated and
tested according to their ability to maintain the specified order of accuracy. Only those rated as precise
geodetic quality instruments may be used for Second-Order work.

(2) Precise level rods. Precise level rods are normally used when running Second-Order levels.
Both traditional rods and bar code type rods may be used. The rods may be of one piece, invar strip type,
with the least graduation on the invar strip of 1 centimeter. The front of the rod is graduated in meters,
decimeters and centimeters on the invar strip. The back of the rod is graduated in feet and tenths of feet,
or yards and tenths of yards. Rods with similar characteristics are paired and marked. The pairings must
be maintained throughout a line of levels. The invar strips should be checked periodically against a
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standard to determine any changes that may affect their accuracy. The precise level rod is a scientific
instrument and must be treated as such; not only during use but also during storage and transporting.
When not in use they must be stored in their shipping containers to avoid damage. The footpiece should
be inspected frequently to make sure it has not been bent or otherwise damaged.

Parallel plate
micrometer attachment

Invar plate inside
left & right rod scales

|

Figure 3-17. Zeiss Nil automatic level with parallel plate micrometer attached--precise double-scale Invar rod
with constant 3.01550-meter difference in left and right scales (Jacksonville District)

d. Leveling monumentation. All benchmarks used to monument Second-Order level lines should
conform to criteria published in EM 1110-1-1002 (Survey Markers and Monumentation). Benchmarks
used to monument Second-Order level lines should be standard USACE brass caps set in concrete. The
concrete should be placed in holes deep enough to avoid local disturbance. If the brass cap is not attached
to an iron pipe, use some type of metal to reinforce the concrete prior to embedding the brass cap.
Concrete should be placed in a protected position. If possible, benchmarks should be set close to a fence
line, yet far enough away to permit plumbing of level rod. Do not set monuments closer than four feet to
a fence post, as the benchmark likely will be disturbed if the post is replaced. Each brass cap must be
stamped to identify it by the methods detailed in EM 1110-1-1002. In addition to stamping a local
number or name on the cap, it is optional to stamp the elevation on the brass cap after final elevation
adjustment has been made. The benchmarks must be set no less than 24 hours in advance of the level
crew if the survey is to be made immediately after monument construction.

e. Leveling notes. Notes for Second-Order levels should be kept in a format approved by the

District, or should follow recognized industry practice. A set style cannot be developed due to different
types of equipment that may be employed. Elevations generally should not be carried in the field as they
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will be adjusted by the field office and closures approved prior to assigning a final adjusted elevation.
See the following section on Third-Order leveling for sample recording formats and sketches.

f. Three-wire leveling. This method can be used for most types of leveling work and will achieve
any practical level of accuracy, including Second-Order. However, most applications do not require the
accuracies possible with three-wire leveling; plus, it is somewhat labor intensive. Three-wire leveling can
be applied if the reticule of the level has stadia lines and substadia that are spaced so that the stadia
intercept is 0.3 ft at 100 feet, rather than the more typical 1.0 ft at 100 feet. The substadia lines in
instruments meant for three-wire leveling are short cross lines that cannot be mistaken for the long central
line used for ordinary leveling. Although there are many different observing techniques for three-wire
leveling, in the following example, the rod is read at each of the three lines and the average is used for the
final result. Before each reading, the level bubble is centered. The half-stadia intervals are compared to
check for blunders. The following values were taken and recorded and calculations made:

Upper Wire: 8.698 2.155 :Upper Interval
Middle Wire:  6.543

Lower Wire: 4.392 2.151 :Lower Interval
Sum 19.633

Average 6.544

The final rod reading would be 6.544 feet. The upper and lower intercepts differ by only 0.004 ft--an
acceptable error for this sort of leveling and evidence that no blunder has been made. It is recommended
that "Yard Rods" specifically designed for three-wire leveling operations be used instead of Philadelphia
rods that are designed for ordinary leveling. A sample recording form is shown at Figure 3-18.
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Figure 3-18. Three-wire leveling recording form--DA Form 5820 (FM 3-34.331)

g. High accuracy differential leveling. Methods and procedures for conducting highly precise (i.e.
First-Order) differential leveling used for monitoring structural settlements are covered in EM 1110-2-
1009 (Structural Deformation Surveying).

3-14. Third-Order and Lower-Order Leveling

a. General. Leveling run for traverse profiles, temporary benchmarks, control of cross-sections,
slope stakes, soundings, topographic mapping, structure layout, miscellaneous construction layout, and
construction staking should be Third- or Fourth-Order leveling, unless otherwise directed. All levels
should originate from and tie into existing control; preferably from two or more benchmarks. No level
line should be left unconnected to control unless by specific instructions of the survey supervisor or
written directive.

b. Leveling accuracy. All accuracy requirements for USACE vertical control surveys will
conform to the point closure standards shown in Table 4-2. The required accuracy (in feet) for Third-
Order levels is 0.050 times the square root of M feet, and where "M" is the length of the level line in
miles. Construction Layout level work will conform to 0.100 times the square root of M feet. The length
of the line may be determined from quad sheets or larger scale map if a direct measure between points is
not available.
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c. Leveling equipment. The type of equipment needed is dependent upon the accuracy
requirements.

(1) Third-Order level. A semi-precise level can be used for Third-Order leveling, such as the
tilting Dumpy type, three-wire reticule, or equivalent.

(2) Leveling rods. The rods should be graduated in feet, tenths and hundreds of feet. The
Philadelphia rod or its equivalent is acceptable. However, the project specifications will sometimes
require that semi-precise rods be used that are graduated on the front in centimeters and on the back in
half-foot intervals. The Zeiss stadia rod, fold type, or its equivalent should be used when the
specifications require semi-precise rods.

(3) Lower-order instruments. The type of spirit level instrument used should ensure accuracy in
keeping with required control point accuracy. Precision levels are not required on lower-order leveling
work. The Fennel tilting level, dumpy level, Wye level, or their equivalent, are examples of levels that
can be used. A stadia rod with least readings of 0.05 ft or 1 cm will be satisfactory. The use of turning
pins and/or plates will depend upon the type of terrain or if rods may be placed on firm stones or
roadways.

d. Leveling monumentation. The level line should be tied to all existing benchmarks along or
adjacent to the line section being run. In the event there are no existing benchmarks near the survey, new
ones should be set, not more than 0.5 mile apart. Steep landscape in the area of survey may require
monuments to be set at a closer spacing. Benchmarks should be set on permanent structures, such as,
head walls, bridge abutments, pipes, etc. Large spikes driven into the base of trees, telephone poles, and
fence posts are acceptable for this level of work. All temporary benchmarks must have a full description
including location. Unless they are on a turn, they are not considered temporary benchmarks. No
closures shown by an intermediate shot will be accepted. All temporary benchmarks must have a name or
number for future identification.

e. Leveling equipment. Turning pins should be driven into in the ground until rigid with no
possibility of movement. Turning points or temporary benchmarks will have a definite high point so that
any person not familiar with the point will automatically hold the rod on the highest point, and so that it
can spin free. If solid rocks are being used for turns they must be marked with crayon or paint prior to
taking readings. It is not mandatory to use targets on the rod when the reading is clearly visible.
However, they are required in dense brush, when using grade rods, or when unusually long shots are
necessary. Rod bubbles should always be used to ensure the rod is held plumb.

f. Leveling notes and sketches. Complete notations or sketches should be made to identify level
lines and side shots. All Second- and Third-Order or lower level notes should be completely reduced in
the field as the levels are run; with the error of closure noted at all tie in points. In practice, the circuit
will be corrected to true at each tie in point unless instructed to do otherwise by the survey supervisor or
written directive. Any change in rod reading should be initialed and dated so there is no doubt as to when
a correction was made. Cross out erroneous readings--never erase them. The instrument man should take
care to keep peg notes on all turns in the standard field book. The notes should be dated and noted as to
what line is being run, station occupied, identification of turns, etc. A complete description of each point
on which an elevation is established should be recorded in the field book adjacent to the station
designation. Entries should be made in the book that give the references to the traverse notes and other
existing data used for elevations (e.g., TRAVERSE BOOK XXXX PAGE XX, USGS Quad XXXXXX,
NOS Chart XXXX, etc.). Level notes should conform to a standard industry format, e.g., Point--(+)BS--
HI--(-)FS--Elev. In general, level notes should follow the formats shown in Figures 3-19 through 3-22
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below. However, local variations are acceptable--see Kavanagh 1997 for examples of different types of
level notes. Level line sketches should be drawn in the field, as shown in the example at Figure 3-23
below. These sketches are particularly helpful in resolving complicated loop closures or where redundant
lines have been run. Sketches may be drawn in a field book or on graph paper. They need not be at any
particular orientation or scale. Original field notes or copies of notes may be submitted, as directed.

. s >
Y i
Sbel Lo |
Z"nx‘d Al
e s | & | A
B By |HEo W
: TR |Hez s
: LY
s7. + |
B |\G.o3 282
¥* 2y (558 2ot
JBY. |#w 229
Y R
s B |70 _zz.&?'
/2 mz‘...
= .

[B/24/2B84 @9:139

Figure 3-19. Sample single-wire level notes to set tide staff (Jacksonville District--Morgan & Ekland, Inc.)
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Figure 3-20. Sample level notes for bringing in vertical control to a project

Figure 3-21. Sample single-wire level notes tying in tidal benchmarks on a dredging project
(Jacksonville District)
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Figure 3-22. Standard single-wire level notes (C&C Technologies, Inc. & Jacksonville District)
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Figure 3-23. Sample vertical control project sketch showing forward and backward level runs for each leg

3-15. Calibrations and Adjustments

To maintain the required accuracy, certain tests and adjustments must be made at prescribed intervals to
both the levels and rods being used.

a. Determination of stadia constant. The stadia constant factor of the leveling instrument should
be determined by calibration. The stadia factor is required for measurement and computation of distances
from the instrument to the leveling rod. This determination is made independently for each level used in
the field and is permanently recorded and kept with project files. The determination is made by
comparing the measured stadia distance to known distances on a test course.

Figure 3-24. C-factor calibration procedure
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b. Determination of "C" Factor. Each day, just before the leveling is begun, or just after the
beginning of the day's observations, and immediately following any instance in which the level is
subjected to unusual shock, the error of the level, or "C" factor, must be determined. This determination
can be made during the regular course of leveling or over a special test course; in either case the recording
of the observations must be done on a separate page of the recording notes with all computations shown.
If the determination is made during the first setup of the regular course of levels, the following procedure
is used (Figure 3-24 above). After the regular observations at the instrument station "A" are completed,
transcribe the last FS reading "a" as part of the error determination; call up the backsight rodman and have
the rod placed about 10 meters from the instrument; read the rod "b" over the instrument to a position "B"
about 10 meters behind the front rod; read the front rod “c" and then the back rod "d". The two
instrument stations must be between the rod points. The readings must be made with the level bubble
carefully centered and then all three wires are read for each rod reading. The required "C" factor
determined is the ratio of the required rod reading correction to the corresponding subtended interval, or:

C=(R1-R2)/ (R3 - R4)
(Eq 3-8)
where

R1 = Sum near rod readings
R2 = Sum distant rod readings
R3 = Sum distant rod readings
R4 = Sum near rod readings

The total correction for curvature and refraction must be applied to each distant rod reading before using
them in the above formula. It must be remembered that the sum of the rod intervals must be multiplied by
the stadia constant in order to obtain the actual distance before correction. The maximum permissible "C"
factor varies with the stadia constant of the instrument. The instruments must be adjusted if the "C"
factor is:

C > 0.004 for a stadia constant of 1/100
C > 0.007 for a stadia constant of 1/200
C > 0.010 for a stadia constant of 1/333.

The determination of the "C" factor should be made under the expected conditions of the survey as to
length of sight, character of ground, and elevation of line of sight above the ground. The date and time
must be recorded for each "C" factor determination, since this information is needed to compute leveling
corrections.
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Figure 3-25. Example of C-factor computation (FM 3-34.331)

c. Adjustment of level. The type of instrument being used will dictate the method and procedure
used to adjust the instrument if the "C" factor exceeds the allowable limits. The manufacturer's
procedures should be followed when adjusting a level.

d. Testof rod levels. Precise rod levels must be tested once each week during regular use--or
whenever they receive a severe shock. This test is made with the level rod bubble held at its center, and
the deviation of the face and edge of the rod from the vertical are determined. If the deviation from the
vertical exceeds 0.01 meter on a 3-meter length of rod, the rod level must be adjusted. The rod level is
adjusted in the same manner as any other circular bubble. A statement must be inserted in the records
showing the manner in which the test was made, the error that was found, if any, and whether an
adjustment was made. When using other than precise leveling rods, this test is not required.

3-16. Care of Level Instruments

The following sections on care and maintenance of leveling equipment are taken from the CALTRANS
Surveys Manual (CALTRANS 2002-2004). This guidance is applicable to Corps field operations.

a. Optical Pendulum Level. Pendulum levels are fast, accurate, and easy to maintain. Proper care

and service is required to provide continuous service and to maintain precision in measurement. Never
disassemble an instrument in the field. Only make those adjustments outlined in the operator’s manual.
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Care of a Pendulum Level:

¢ To prevent compensator damage, do not spin, bounce, or hit pendulum levels.
e Protect the level from dust. Dust or foreign matter inside the scope can cause the compensator
damping device to hang up.

b. Circular bubble test and adjustment. Frequently check adjustment of the bullseye bubble.
Adjust the bubble to the center of the bullseye. Make certain the bubble is adjusted along the line of sight
and 90° to the line of sight as well. Proper adjustment reduces the possibility of compensator hang-up.
Adjustment will be easier if done in the shade, where temperature is constant.

c. Horizontal cross-hair test and adjustment (Two-Peg Test). At least once every 90 days or when
discrepancies show up in the leveling work and before every three-wire level survey, the “Two-Peg Test”
should be performed as follows:

e Select two benchmarks “A” and “B” approximately 60 m apart.

¢ Set up the level midway between the two points “A” and “B” and record the rod readings of
each point determining their difference in elevation.

e Move the level 6 m beyond either benchmark and record the rod reading of both points again,
once again determining their difference in elevation.

o |f the difference in elevation measured at each setup is the same, the level is in adjustment. If
not, the horizontal cross-hair should be adjusted as detailed in the operator’s manual.

o After the adjustment repeat the “peg test” again to check the adjustment.

d. Mechanical functions. To check for compensator hang-up, lightly tap the telescope with a
pencil or operate the fine movement screw jerkily to and fro. If the compensator is slow to respond or
malfunctioning, send the instrument to an approved repair service. There are no mechanical field
adjustments that can be made on the compensator.

e. Electronic Digital Bar-Code System. Digital bar-code levels (Figure 3-26) operate by
comparing the observed digital image of a bar-code leveling rod with a map of the bar code stored in the
level’s memory. These instruments are also equipped with a conventional pendulum-type compensator
and may be used as an optical level. An on-board computer processes all leveling operations including
determination of sight lengths. A bar-code system should include:

o Digital level with data recorder module or cable connected data collector
o Data reader and/or appropriate computer interface
e Bar-code leveling rods

(1) Field operations. At the beginning and end of each day’s operation, check the instrument for
collimation error, recording the tests into the survey notes. When using electronic digital leveling
instruments, the absolute collimation error will be recorded along with the leveling data. If an error in
excess of 2 mm within a 60 m sight distance is detected, the level should be readjusted. If the instrument
is severely jolted or bumped, or suspected as such, it should be immediately checked. Manufacturers'
specifications state that the electronic digital leveling instrument should not be exposed to direct sunlight
and recommend use of an umbrella in bright sunlight.

(2) Horizontal cross-hair test and adjustment (Two-Peg Test). The test and adjustment procedure
for an electronic digital level is geometrically similar to the two peg procedure for a conventional optical
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level. However, all horizontal and vertical measurements and differences are measured and recorded
electronically. The collimation error is recorded by the on-board computer.

(3) Data collection, storage, and transfer. Raw data generated by an electronic digital level is
stored in a data collector and processed into field book format. Software will perform simple or least-
squares adjustment of the data. An ASCII file may be created that can be imported into road design
software.

(4) Leveling rods. Leveling rods should be maintained and checked as any other precision
equipment. Accurate leveling depends as much on the condition of the rods as on the condition of the
levels. Reserve an older rod for rough work, such as measuring inverts, mud levels, water depths, etc.

Figure 3-26. Digital Bar Code Level--Wild NA2 (New Orleans District)

3-17. Routine Maintenance and Care of Level Rods
a. Maintenance procedures common to all types of rods are.

e Periodically lubricate hardware and slip joints with an oil-free silicon spray.

¢ Clean sand and grit from slip joints.

e Clean graduated faces with a damp cloth and wipe dry.

o Keep the base plate clean.

e Periodically check all screws and hardware for snugness and operation.

e Periodically check accuracy by extending rod and measuring between graduations across rod
section divisions with an accurate tape.

b. Transport and storage.
o If possible, leave a wet rod uncovered and extended until it is thoroughly dry.

e Store rods in protective sleeves or cases, in a dry location, either vertically (not leaning), or
horizontally. When stored horizontally, either fully support the rod or provide at least three-point support.
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c. Field operations.

e Touch graduated faces only when necessary and avoid laying the rod where the graduated face
will come into contact with other tools, objects, or materials that could mar the face.

¢ Do not abuse a rod by throwing, dropping, dragging, or placing it where it might fall.

¢ Do not lay a rod in sand, dust, or loose granular material.

o Lower rod sections as the rod is being collapsed. Do not let them fall or drop.

d. Direct reading rod. At frequent intervals, check all components for wear. Periodically
lubricate all hardware, racks, and rollers with an oil-free silicone aerosol spray. If the tape guides begin
to snag or bind the tape, have the rod repaired.

e. Fiberglass leveling rod. Dowels through the bottom of each section keep the section above
from falling inside the lower section. Dropping the sections when collapsing the rod will loosen the
dowels causing the sections to jam and may also shatter the fiberglass around the dowel holes. Observe
the following precautions:

¢ When the slip joint goes bad, remove the rod from service.
¢ Lubricate fiberglass rods with an oil-less silicone spray or with talcum.

f. Invar leveling rods. Invar rods are precisely made and standardized; extra care is required to
maintain this precision. Observe the following precautions:

e Store, fully supported and stopped, in a water-proof case.

e Do not use invar rods in rain or dust.

o Carry parallel with the ground, in alternate “face-up” and “face-down” positions to equalize
weight stresses.

¢ Avoid laying an invar rod on the ground.

o If foreign matter has “fouled” a rod, carefully disassemble and clean.

e The rod tape must slide freely in the recessed guides as the wooden staff swells or shrinks.

g. Bar-code leveling staffs (Rods). A typical bar-code leveling staff is of a different design and
construction than a conventional level rod. Several types of bar-code rods are available, depending on the
type of work performed. Designs range from an aluminum/invar-tape, precise staff to various sectional
staffs constructed of wood, aluminum, or fiberglass. Care and maintenance of these staffs is minimal due
to their simplistic construction. Store in clean, dry condition and always transport in carrying cases.

3-18. Maintenance of Survey Instrument Accessories

a. Tripods. Tripods support and provide a fixed base for all types of surveying instruments. The
typical tripod has a 5/8-in. x 11 thread fastener to secure an instrument or accessory to the tripod head.
The head provides a lateral adjustment range for the instrument of approximately 25 mm. The tripods are
of a wide-frame design and have extendible legs. A secure and stable tripod is required for the support of
precision instruments. There should be no slack between the various components of a tripod. Loose
joints or fittings will cause instability. Some guidelines to properly maintain tripods are:

e Maintain a firm snugness in all metal fittings. Over-tightening is the cause of crushed wooden
components and stripped threads.

¢ Tighten leg hinges just enough to support the fully extended legs when a tripod is lifted clear of
the ground.
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o Keep the metal tripod shoes tight and free of dirt and debris.

o Keep wooden parts of tripods well painted or varnished to reduce swelling and shrinking due to
moisture content of the wood.

o Always replace top caps when tripod is not in use to protect the mounting surface and head from
damage.

e Use care when placing or removing tripods from the survey vehicle, as significant damage can
occur. Ensure that carry compartments are designed and constructed to isolate tripods from each other
and from other equipment.

b. Tribrachs. Tribrachs are the detachable base for most survey instruments and many
accessories. They are equipped with an optical plummet and spherical “bullseye” level. The ability to
“leapfrog” instrument setups by interchanging instruments, prisms, targets, or antennas without disturbing
the setup of a tribrach greatly enhances the speed, efficiency, and accuracy of a survey. Some guidelines
to properly maintain tribrachs are:

e Transport tribrachs in separate compartments or containers to prevent damage to the base
surfaces, spherical level, and optical plummet.

¢ Do not over-tighten the tripod fastener screw.

e Clean leveling screws regularly.

e When tribrachs are not in use, set leveling screws at mid-range, usually marked by a horizontal
line.

¢ Use care whenever using range poles mounted on a tribrach to vertically extend a sight, antenna,
or prism. Extensions place considerable stress on the leveling plate.

o Adjust spherical level and vertical collimation of optical plummet routinely.

c. Prism Poles/Antenna Poles. An attached adjustable spherical level bubble (bullseye) is used to
maintain a prism/antenna pole in a vertical position. A maladjusted level bubble may cause systematic
error when using the pole. A simple method for checking the accuracy of the bullseye bubble is to check
the rod by placing it against a door jamb or other permanent vertical part of a building that has been
previously verified as being vertical.

3-43



EM 1110-1-1005
1 Jan 07

Chapter 4
Accuracy Standards for Engineering, Construction, and Facility Management
Control and Topographic Surveys

4-1. Purpose

This chapter sets forth accuracy standards and other related criteria that are recommended for use in large-
scale site plan topographic surveys for engineering and construction purposes. These standards relate to
surveys performed to locate, align, and stake out construction for civil and military projects, e.g.,
buildings, utilities, roadways, runways, flood control and navigation projects, training ranges, etc. In
many cases, these engineering surveys are performed to provide the base horizontal and vertical control
used for area mapping, GIS development, preliminary planning studies, detailed site plan drawings for
construction plans, construction measurement and payment, preparing as-built drawings, installation
master planning mapping, future maintenance and repair activities, and other AM/FM products. Most
engineering surveying standards currently used are based on local practice, or may be contained in State
minimum technical standards. The standards given in this chapter conform to the criteria prescribed in
EM 1110-1-2909 (Geospatial Data and Systems) and the FGDC Geospatial Positioning Accuracy
Standard. See Appendix A for a list of these FGDC standards.

4-2. General Surveying and Mapping Specifications

Construction plans, maps, facility plans, and CADD/GIS databases are created by a variety of terrestrial,
satellite, acoustic, or aerial mapping techniques that acquire planimetric, topographic, hydrographic, or
feature attribute data. Specifications for obtaining these data should be "performance-based" and not
overly prescriptive or process oriented. They should be derived from the functional project requirements
and use recognized industry accuracy standards where available.

a. Industry standards. Maximum use should be made of industry standards and consensus
standards established by private voluntary standards bodies--in lieu of Government-developed standards.
Therefore, industry-developed accuracy standards should be given preference over Government
standards. A number of professional associations have published surveying and mapping accuracy
standards, 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), and the American Land Title Association (ALTA). When industry standards are non-existent,
inappropriate, or do not meet a project's functional requirement, FGDC, DOD, DA, or USACE standards
may be specified as criteria sources. Minimum technical standards established by state boards of
registration, especially on projects requiring licensed surveyors, should be followed when legally
applicable. Local surveying and mapping standards should not be developed where consensus industry
standards or DOD/DA standards exist.

b. Performance specifications. Performance-oriented (i.e. outcome based) specifications are
recommended in procuring surveying and mapping services. Performance specifications set forth the end
results to be achieved (final map format, data content, and/or accuracy standard) and not the means, or
technical procedures, used to achieve those results. Performance-oriented specifications typically provide
the most flexibility and use of state-of-the-art instrumentation and techniques. Performance specifications
should succinctly define only the basic mapping requirements that will be used to verify conformance
with the specified criteria, e.g., mapping limits, feature location and attribute requirements, scale, contour
interval, map format, sheet layout, and final data transmittal, archiving or storage requirements, required
accuracy criteria standards for topographic and planimetric features that are to be depicted, and quality
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assurance procedures. Performance-oriented specifications should be free from unnecessary equipment,
personnel, instrumentation, procedural, or material limitations; except as needed to establish comparative
cost estimates for negotiated services.

c. Prescriptive (procedural) specifications. Use of prescriptive specifications should be kept to a
minimum, and called for only on highly specialized or critical projects where only one prescribed
technical method is appropriate or practical to perform the work. Prescriptive specifications typically
require specific field instrumentation, equipment, 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, reduce flexibility, efficiency, and risk, and can adversely impact project costs
if antiquated methods or instrumentation are required. Prescriptive specifications also tend to shift most
liability to the Government. Occasionally, prescriptive specifications may be applicable to Corps projects
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,
military/tactical surveying, or structural deformation monitoring of locks, dams, and other flood control
structures.

d. Quality control and quality assurance. Quality control (QC) of contracted surveying and
mapping work should generally be performed by the contractor. Therefore, USACE quality assurance
(QA) and testing functions should be focused on whether the contractor meets the required performance
specification (e.g., accuracy standard), and not the intermediate surveying, mapping, and compilation
steps performed by the contractor. The contractor's internal QC will normally include independent tests
that may be periodically reviewed by the Government. Government-performed (or monitored) field
testing of map accuracies is an optional QA requirement, and should be performed when technically and
economically justified, as determined by the ultimate project function.

e. Metrication. Surveying and mapping performed for design and construction should be recorded
and plotted in the units prescribed for the project by the requesting Command or project sponsor. During
transition to the metric system, inch-pound (IP) units or soft conversions may be required for some
geospatial data.

f. Spatial coordinate reference systems. Where practical, feasible, or applicable, civil and military
projects should be adequately referenced to nationwide or worldwide coordinate systems directly derived
from, or indirectly connected to, GPS satellite observations. In addition, navigation and flood control
projects in tidal areas should be vertically referenced to the latest datum epoch established by the
Department of Commerce--see Appendix B (Requirements and Procedures for Referencing Coastal
Navigation Projects to Mean Lower Low Water (MLLW) Datum) for detailed requirements and
procedures.

4-3. Accuracy Standards for Engineering and Construction Surveying

a. Accuracy standards. Engineering and construction surveys are normally specified and classified
based on the horizontal (linear) point closure ratio or a vertical elevation difference closure standard.
This type of performance criteria is most commonly specified in Federal agency, state, and local
surveying standards, and should be followed and specified by USACE commands. These standards are
applicable to most types of engineering and construction survey equipment and practices (e.g., total
station traverses, differential GPS, differential spirit leveling). These accuracy standards are summarized
in the following tables.
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Table 4-1

Minimum Closure Accuracy Standards for Engineering and Construction Surveys
USACE Classification Closure Standard

Engr & Const Distance Angle
Control (Ratio) (Secs)
First-Order 1:100,000 24Nt
Second Order, Class | 1:50,000 34N
Second Order, Class Il 1:20,000 54N
Third Order, Class | 1:10,000 10N
Third Order, Class Il 1: 5,000 20-YN
Engineering Construction 1: 2,500 60-VN

(Fourth-Order)

1 N = Number of angle stations

Table 4-2
Minimum Elevation Closure Accuracy Standards for Engineering and Construction Surveys

Elevation Closure Standard

USACE Classification (ft)* (mm)
First-Order, Class | 0.013-YM 34K
First-Order, Class Il 0.017-V\M 44K
Second Order, Class | 0.025-\M 6-VK
Second Order, Class I 0.035-\M 8K
Third Order 0.050-YM 12-VK
Construction Layout 0.100-YM 24K

1 yM or VK = square root of distance in Miles or Kilometers

b. Survey closure standards. Survey closure standards listed in Tables 4-1 and 4-2 should be used
as a basis for classifying, standardizing, and evaluating survey work. The point and angular closures (i.e.
traverse misclosures) relate to the relative accuracy derived from a particular survey. This relative
accuracy (or, more correctly, precision) is estimated based on internal closure checks of a traverse survey
run through the local project, map, land tract, or construction site. Relative survey accuracy estimates are
always expressed as ratios of the traverse/loop closure to the total length of the survey (e.g., 1:10,000).

(1) Horizontal closure standard. The horizontal point closure ratio is determined by dividing the
linear distance misclosure of the survey into the overall circuit length of a traverse, loop, or network
line/circuit. When independent directions or angles are observed, as on a conventional traverse or closed
loop survey, these angular misclosures should be distributed (balanced) before assessing positional
misclosure. In cases where differential GPS vectors are measured in three-dimensional geocentric
coordinates, then the horizontal component of position misclosure is assessed relative to Table 4-1.
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(2) Vertical control standards. The vertical accuracy of a survey is determined by the elevation
misclosure within a level section or level loop. For conventional differential or trigonometric leveling,
section or loop misclosures (in millimeters or feet) should not exceed the limits shown in Table 4-2,
where the line or circuit length is measured in the applicable units. Fourth-Order accuracies are intended
for construction layout grading work.

¢. Construction survey accuracy standards. Construction survey procedural and accuracy
specifications should follow recognized industry and local practices. General procedural guidance is
contained in a number of standard commercial texts--e.g., Kavanagh 1997. Accuracy standards for
construction surveys will vary with the type of construction, and may range from a minimum of 1:2,500
up to 1:20,000. A 1:2,500 "4th-Order Construction” classification is intended to cover temporary control
used for alignment, grading, and measurement of various types of construction, and some local site plan
topographic mapping or photo mapping control work. Lower accuracies (1:2,500-1:5,000) are acceptable
for earthwork, dredging, embankment, beach fill, and levee alignment stakeout and grading, and some site
plan, curb and gutter, utility building foundation, sidewalk, and small roadway stakeout. Moderate
accuracies (1:5,000) are used in most pipeline, sewer, culvert, catch basin, and manhole stakeouts, and for
general residential building foundation and footing construction, and highway pavement. Somewhat
higher accuracies (1:10,000-1:20,000) are used for aligning longer bridge spans, tunnels, and large
commercial structures. For extensive bridge or tunnel projects, 1:50,000 or even 1:100,000 relative
accuracy alignment work may be required. Grade elevations are usually observed to the nearest 0.01 ft
for most construction work, although 0.1 ft accuracy is sufficient for riprap placement, earthwork grading,
and small diameter pipe placement. Construction control points are usually marked by semi permanent or
temporary monuments (e.g., plastic hubs, P-K nails, iron pipes, wooden grade stakes). Construction
control is usually set from existing boundary, horizontal, and vertical control points.

d. Geospatial positioning accuracy standards. Many control surveys are now being efficiently and
accurately performed using radial (spur) techniques--e.g., single line vectors from electronic total stations
or kinematic differential GPS to monumented control points, topographic feature points, property corners,
etc. Since these surveys may not always result in loop closures (i.e. closed traverse) alternative
specifications for these techniques must be allowed. This is usually done by specifying a radial positional
accuracy requirement. The required positional accuracy may be estimated based on the accuracy of the
fixed reference point, instrument, and techniques used. Ratio closure standards in Tables 4-1 and 4-2 may
slowly decline as more use is made of nation-wide augmented differential GPS positioning and electronic
total station survey methods.

(1) GPS satellite positioning technology allows development of map features to varying levels of
accuracy, depending on the type of equipment and procedures employed. Government and commercial
augmented GPS systems allows direct, 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 or differential GPS observations, at accuracies ranging
from 1 cm to 20 meters (95%).

(2) Accuracy classifications of maps and related GIS data developed by GPS methods can be
estimated based on the GPS positioning technique employed. Permanent GPS reference stations
(Continuously Operating Reference Stations or CORS) can provide centimeter-level point positioning
accuracies over wide ranges; thus providing direct map/feature point positioning without need for
preliminary control surveys.
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e. Higher-order surveys. Requirements for relative line accuracies exceeding 1:50,000 are rare for
most facility engineering, construction, or mapping applications. Surveys requiring accuracies of First-
Order (1:100,000) or better (e.g., A- or B-Order) should be performed using FGDC geodetic standards
and specifications. These surveys must be adjusted and/or evaluated by the National Geodetic Survey
(NGS) if official certification relative to the national network is required.

f. Instrumentation and field observing criteria. In accordance with the policy to use performance-
based standards, rigid prescriptive requirements for survey equipment, instruments, or operating
procedures are discouraged. Survey alignment, orientation, and observing criteria should rarely be rigidly
specified; however, general guidance regarding limits on numbers of traverse stations, minimum traverse
course lengths, auxiliary azimuth connections, etc., may be provided for information. For some highly
specialized work, such as dam monitoring surveys, technical specifications may prescribe that a general
type of instrument system be employed, along with any unique operating, calibration, or recordation
requirements. Appendix A contains a number of technical references that may be used.

g. Connections to existing control. Surveys should normally be connected to existing local control
or project control monuments/benchmarks. These existing points may be those of any Federal (including
Corps project control), State, local, or private agency. Ties to local Corps or installation project control
and boundary monuments are absolutely essential and critical to design, construction, and real estate. In
order to minimize scale or orientation errors, at least two existing monuments should be connected. It is
recommended that Corps surveys be connected with one or more stations on the National Spatial
Reference System (NSRS), when practicable and feasible. Connections with local project control that
have previously been connected to the NSRS are normally adequate in most cases. Connections with the
NSRS shall be subordinate to the requirements for connections with local/project control. Details on
these NSRS connections are given in Chapter 6.

h. Survey computations, adjustments, and quality control/assurance. Survey computations,
adjustments, and quality control should be performed by the organization responsible for the actual field
survey. Contract compliance assessment of a survey should be based on the prescribed point closure
standards of internal loops, not on closures with external networks of unknown accuracy. In cases where
internal loops are not observed, then assessment must be based on external closures. Specifications
should not require closure accuracy standards in excess of those required for the project, regardless of the
accuracy capabilities of the survey equipment. Least-squares adjustment methods should be optional for
Second-Order or lower-order survey work. Details on network adjustments are covered in
EM 1110-1-1003 (NAVSTAR GPS Surveying). Professional contractors should not be restricted to rigid
computational methods, software, or recording forms. Use of commercial software adjustment packages
is strongly recommended.

i. Data recording and archiving. Field survey data may be recorded and submitted either manually
or electronically. Manual recordation should follow standard industry practice, using field book formats
outlined in various technical manuals.

4-4. Accuracy Standards for Maps and Related Geospatial Products

Map accuracies are defined by the positional accuracy of a particular graphical or spatial feature depicted.
A map accuracy standard classifies a map as statistically meeting a certain level of accuracy. For most
engineering projects, the desired accuracy is stated in the specifications, usually based on the final
development scale of the map--both the horizontal "target" scale and vertical relief (specified contour
interval or digital elevation model). Often, however, in developing engineering plans, spatial databases
may be developed from a variety of existing source data products, each with differing accuracies--e.g.,
mixing 1 inch = 60 ft topo plans with 1 inch = 400 ft reconnaissance topo mapping. Defining an
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"accuracy standard" for such a mixed database is difficult and requires retention (attribution) of the source
of each data feature in the base. In such cases the developer must estimate the accuracy of the mapped
features.

a. ASPRS Standard. For site mapping of new engineering or planning projects, there are a number
of industry and Federal mapping standards that may be referenced in contract specifications. The
recommended standard for facility engineering is the ASPRS "Accuracy Standards for Large Scale Maps"
(ASPRS 1989). 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. Alternately, 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., photogrammetry, GPS, total station, plane table. 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 may be specified for
detailed construction site plans that are developed using conventional ground topographic surveying
techniques (electronic total stations, plane tables, kinematic GPS). The ASPRS standard is especially
applicable to site plan development work involving mapping scales larger than 1:20,000 (1 inch = 1,667
ft); it therefore applies to the more typical engineering map scales in the 1:240 (1 inch = 20 ft) to 1:4,800
(1 inch = 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 4-3 and 4-4 below, specifications for site plans need only indicate the ASPRS map
class, target scale, and contour interval.

b. 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 coordinate
values between the map and an independent topographic ground survey of higher accuracy (i.e. a 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 ground dimensions from the target map. The limiting RMSE shown
in Table 4-3 is the maximum permissible RMSE established by the ASPRS standard. These ASPRS
limits of accuracy apply to well-defined map test points only--and only at the specified map scale.

c. 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) or digital terrain models (DTM) 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. Table 4-4 summarizes 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 4-3a. ASPRS Planimetric Feature Coordinate Accuracy Requirement
(Ground X or Y in Meters) for Well-Defined Points

ASPRS Limiting RMSE in X or Y

Target Map Scale (Meters)

Ratio

m/m 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 15
1:2,500 0.63 1.25 1.9
1:4,000 1.0 2.0 3.0
1:5,000 1.25 25 3.75
1:8,000 2.0 4.0 6.0
1:10,000 25 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 6.25 125 18.75
1:50,000 12.5 25.0 375
1:100,000 25.0 50.0 75.0
1:250,000 62.5 125.0 187.5

Table 4-3b. ASPRS Planimetric Feature Coordinate Accuracy Requirement
(Ground X or Y in Feet) for Well-Defined Points

ASPRS Limiting RMSE in X or Y

Target Map Scale (Feet)
1"=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 1:12,000 10.0 20.0 30.0
1,667 1:20,000 16.7 33.3 50.0
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Table 4-4a. ASPRS Topographic Elevation Accuracy Requirement for Well-Defined Points (Meters)

ASPRS Limiting RMSE in Meters

Spot or Digital

Target Topographic Terrain Model
Contour Feature Points Elevation Points
Interval

Class Class Class Class Class Class
Meters 1 2 3 1 2 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 0.12
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 25
10 3.33 6.67 10.0 1.67 3.33 5.0

Table 4-4b. ASPRS Topographic Elevation Accuracy Requirement for Well-Defined Points (Feet)

ASPRS Limiting RMSE in Feet

Spot or Digital

Target Topographic Terrain Model
Contour Feature Points Elevation Points
Interval
Class Class Class Class Class Class
ft 1 2 3 1 2 3
0.5 0.17 0.33 0.50 0.08 0.16 0.2
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

d. Map accuracy quality assurance testing and certification. Independent map testing is a quality
assurance function that is performed independent of normal quality control during the mapping process.
Specifications and/or contract provisions should indicate the requirement (or option) to perform
independent map testing. Independent map testing is rarely performed for engineering and construction
surveys. If performed, map testing should be completed within a fixed time period after delivery, and if
performed by contract, after proper notification to the contractor. In accordance with the ASPRS
standard, the horizontal and vertical accuracy of a map is 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 tested. Maps and related
geospatial databases found to comply with a particular ASPRS standard should have a statement
indicating that standard. The compliance statement should refer to the data of lowest accuracy depicted
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on the map, or, in some instances, to specific data layers or levels. The statement should clearly indicate
the target map scale at which the map or feature layer was developed. When independent testing is not
performed, the compliance 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 that may be compiled from a variety of sources containing known or unknown accuracy
reliability.

e. National Standard for Spatial Data Accuracy (NSSDA). The traditional small-scale "United
States National Map Accuracy Standard” (Bureau of the Budget 1947) has been revised by the FGDC as
the NSSDA ("Geospatial Positioning Accuracy Standards, PART 3: National Standard for Spatial Data
Accuracy"). This latest version of the NSSDA indicates it is directly based on the ASPRS standard;
however, the ASPRS coordinate-based standard is converted to a 95% radial error statistic and the vertical
standard is likewise converted from a one-sigma (68%) to 95% standard. The NSSDA defines positional
accuracy of spatial data, in both digital and graphic form, as derived from sources such as aerial
photographs, satellite imagery, or other maps. Its purpose is to facilitate the identification and application
of spatial data by implementing a well-defined statistic (i.e. the 95% confidence level) and testing
methodology. As in the ASPRS standard, accuracy is assessed by comparing the positions of well-
defined data points with positions determined by higher accuracy methods, such as ground surveys.
Unlike the above ASPRS tables, the draft NSSDA standard does not define pass-fail criteria--data and
map producers must determine what accuracy exists for their data. Users of that data determine what
constitutes acceptable accuracies for their applications. Unlike the ASPRS standard that uses the RMSE
statistic in the X, Y, and Z planes, the NSSDA defines horizontal spatial accuracy by circular error of a
data set's horizontal (X & Y) coordinates at the 95% confidence level. Vertical spatial data is defined by
linear error of a data set's vertical (Z) coordinates at the 95% confidence level. ASPRS lineal horizontal
accuracies in X and Y can be converted to NSSDA radial accuracy by multiplying the limiting RMSE
values by 2.447, that is:

Radial ACCUfacy nsspa = 2.447 - RMSE asprs-- X or v

(Eq 4-1)
ASPRS 1-sigma (68%) vertical accuracies can be converted to NSSDA 95% lineal accuracy by
multiplying the limiting RMSE values by 1.96, or:
Vertical ACCUfacy NSSDA — 1.96 - RMSE ASPRS -- 7
(Eq 4-2)

In time, it is expected that the NSSDA will be the recognized standard for specifying the accuracy of all
mapping and spatial data products, and the ASPRS standard will be modified to 95% confidence level
specifications.

f. Other mapping standards. When work is performed for DOD tactical elements or other Federal
agencies or overseas, mapping standards other than ASPRS may be required.
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4-5. Photogrammetric Mapping Standards and Specifications

Most smaller scale (e.g., less than 1 inch = 100 ft or 1:1,200) engineering topographic mapping and GIS
data base development is accomplished by aerial mapping techniques. The ASPRS standards should be
used in specifying photogrammetric mapping accuracy requirements. Procedures for developing
photogrammetric mapping specifications are contained in EM 1110-1-1000 (Photogrammetric Mapping).
This manual 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 EM 1110-1-1000.

4-6. Cadastral or Real Property Survey Accuracy Standards

a. General. Many State codes, rules, statutes, or general professional practices prescribe minimum
technical standards for real property surveys. Corps in-house surveyors or contractors should follow
applicable State 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 improvements, or platting or dividing parcels.
Although some State standards relate primarily to accuracies of land and boundary surveys, other types of
survey work may also be covered in some areas. Refer to ER 405-1-12, (Real Estate Handbook), and the
"Manual of Instructions for the Survey of the Public Lands of the United States" (US Bureau of Land
Management 1973) for additional technical guidance on performing cadastral surveys, or surveys of
private lands abutting or adjoining Government lands.

b. ALTA/ACSM standards. Real property survey accuracy standards recommended by
ALTA/ACSM are contained in "Minimum Standard Detail Requirements for ALTA/ACSM Land Title
Surveys” (ALTA 1999), a portion of which is excerpted below. (Note that these ALTA standards are
periodically updated--the latest version should be obtained from the reference noted in Appendix A-3).
This standard was developed to provide a consistent national standard for land title surveys and may be
used as a guide in specifying accuracy closure requirements for USACE real property surveys. However,
it should be noted that the ALTA/ACSM standard itself not only prescribes closure accuracies for land
use classifications but also addresses specific needs particular to land title insurance matters. The
standards contain requirements for detailed information and certification pertaining to land title insurance,
including information discoverable from the survey and inspection that may not be evidenced by the
public records. The standard also contains a table as to optional survey responsibilities and specifications
that the title insurer may require. USACE cadastral 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 project sponsor. Meeting ALTA/ACSM Urban
Class accuracy standards is considered impractical for small tracts or parcels less than 1 acre in size.
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Accuracy Standards for ALTA-ACSM Land Title Surveys

Introduction

These Accuracy Standards address Positional Uncertainty and Minimum Angle, Distance and Closure
Requirements for ALTA-ACSM Land Title Surveys. In order to meet these standards, the Surveyor must assure
that the Positional Uncertainties resulting from the survey measurements made on the survey do not exceed the
allowable Positional Tolerance. If the size or configuration of the property to be surveyed or the relief,
vegetation, or improvements on the property will result in survey measurements for which the Positional
Uncertainty will exceed the allowable Positional Tolerance, the surveyor must alternatively apply the within table
of "Minimum Angle, Distance and Closure Requirements for Survey Measurements Which Control Land
Boundaries for ALTA-ACSM Land Title Surveys" to the measurements made on the survey or employ, in his or
her judgment, proper field procedures, instrumentation and adequate survey personnel in order to achieve
comparable results.

The lines and corners on any property survey have uncertainty in location which is the result of (1) availability
and condition of reference monuments, (2) occupation or possession lines as they may differ from record lines,
(3) clarity or ambiguity of the record descriptions or plats of the surveyed tracts and its adjoiners and (4)
Positional Uncertainty.

The first three sources of uncertainty must be weighed as evidence in the determination of where, in the
professional surveyor's opinion, the boundary lines and corners should be placed. Positional Uncertainty is
related to how accurately the surveyor is able to monument or report those positions.

Of these four sources of uncertainty, only Positional Uncertainty is controllable, although due to the inherent error
in any measurement, it cannot be eliminated. The first three can be estimated based on evidence; Positional
Uncertainty can be estimated using statistical means.

The surveyor should, to the extent necessary to achieve the standards contained herein, compensate or correct
for systematic errors, including those associated with instrument calibration. The surveyor shall use appropriate
error propagation and other measurement design theory to select the proper instruments, field procedures,
geometric layouts and computational procedures to control and adjust random errors in order to achieve the
allowable Positional Tolerance or required traverse closure.

If radial survey methods are used to locate or establish points on the survey, the surveyor shall apply appropriate
procedures in order to assure that the allowable Positional Tolerance of such points is not exceeded.

Definitions:

"Positional Uncertainty" is the uncertainty in location, due to random errors in measurement, of any physical point
on a property survey, based on the 95% confidence level.

"Positional Tolerance" is the maximum acceptable amount of Positional Uncertainty for any physical point on a
property survey relative to any other physical point on the survey, including lead-in courses.

Computation of Positional Uncertainty

The Positional Uncertainty of any physical point on a survey, whether the location of that point was established
using GPS or conventional surveying methods, may be computed using a minimally constrained, correctly
weighted least squares adjustment of the points on the survey.

Positional Tolerances for Classes of Survey

| 0.07 feet (or 20mm) + 50ppm |

Application of Minimum Angle, Distance, and Closure Requirements

The combined precision of a survey can be statistically assured by dictating a combination of survey closure and
specified procedures for an ALTA/ACSM Land Title Survey. ACSM, NSPS and ALTA have adopted the following
specific procedures in order to assure the combined precision of an ALTA/ACSM Land Title Survey. The
statistical base for these specifications is on file at ACSM and available for inspection.
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American Congress On Surveying and Mapping
Minimum Angle, Distance and Closure Requirements for Survey Measurements
Which Control Land Boundaries for ALTA/ACSM Land Title Surveys
(Note 1)
Dir. Instrument Number of Spread Angle Linear Distanc Minimum
Reading Reading Observation From Closure Closure e Length of
of Estimated | s Per Station Mean of Where Measur | Measureme
Instrument D&R N=No. of ement nts
(Note 3) (Note 4) Not To Stations
Exceed Not To (Note 6)
(Note 2) Exceed (Notes 8, 9,
(Note 5) (Note 7) 10)
EDM or
20" <1'> 5" <0.1'> 2 D&R 5"<0.1'> 10" W 1:15,000 Double | (8) 81m, (9)
N.A. tape 153m,
with (20) 20m
Steel
Tape

Note (1) All requirements of each class must be satisfied in order to qualify for that particular class of survey.
The use of a more precise instrument does not change the other requirements, such as number of angles turned,
etc.

Note (2) Instrument must have a direct reading of at least the amount specified (not an estimated reading), i.e.:
20" = Micrometer reading theodolite, <1'> = Scale reading theodolite, = Electronic reading theodolite.

Note (3) Instrument must have the capability of allowing an estimated reading below the direct reading to the
specified reading.

Note (4) D & R means the Direct and Reverse positions of the instrument telescope, i.e., Urban Surveys require
that two angles in the direct and two angles in the reverse position to be measured and meaned.

Note (5) Any angle measured that exceeds the specified amount from the mean must be rejected and the set of
angles re-measured.

Note (6) Ratio of closure after angles are balanced and closure calculated.

Note (7) All distance measurements must be made with a properly calibrated EDM or Steel tape, applying
atmospheric, temperature, sag, tension, slope, scale factor and sea level corrections as necessary.

Note (8) EDM having an error of 5 mm, independent of distance measured (Manufacturer's specifications).
Note (9) EDM having an error of 10 mm, independent of distance measured (Manufacturer's specifications).

Note (10) Calibrated steel tape.
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4-7. Hydrographic Surveying Accuracy Standards

Hydrographic surveys are performed for a variety of engineering, construction, and dredging applications
in USACE. Accuracy standards, procedural specifications, and related technical guidance are contained
in EM 1110-2-1003 (Hydrographic Surveying). This manual should be attached to any A-E contract
containing hydrographic surveying work, and must be referenced in construction dredging contracts
involving in-place measurement and payment. Standards in this manual apply to Corps 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. Accuracy standards are given for different project conditions and depths.
Standards for nautical charting surveys or deep-water bathymetric charting surveys should conform to
applicable DOD, National Ocean Survey (NOS), or US Naval Oceanographic Office (USNAVOCEANO)
accuracy and chart symbolization criteria.

4-8. Structural Deformation Survey Standards

Deformation monitoring surveys of Corps structures require high line vector and/or positional accuracies
to monitor the relative movement of monoliths, walls, embankments, etc. Deformation monitoring survey
accuracy standards vary with the type of construction, structural stability, failure probability and impact,
etc. Since many periodic surveys are intended to measure "long-term" (e.g., monthly or yearly changes)
deformations relative to a stable network, lesser survey precisions are required than those needed for
short-term structural deflection type measurements. Long-term structural movements measured from
points external to the structure may be tabulated or plotted in either X-Y-Z or by single vector movement
normal to a potential failure plane. Accuracy standards and procedures for structural deformation surveys
are contained in EM 1110-2-1009 (Structural Deformation Surveying). Horizontal and vertical
deformation monitoring survey procedures are performed relative to a control network established for the
structure. Ties to the National Spatial Reference System are not necessary other than for general
reference, and then need only USACE Third-Order connection.

4-9. Geodetic Control Survey Standards

Geodetic control surveys are usually performed for the purpose of establishing a basic framework of the
National Spatial Reference System (NSRS). These geodetic network densification survey functions are
clearly distinct from the traditional engineering and construction surveying and mapping standards
covered in this chapter. Geodetic control surveys of permanently monumented control points that are
incorporated in the NSRS must be performed to far more rigorous standards and specifications than are
control surveys used for general engineering, construction, mapping, or cadastral purposes. When a
project requires NSRS densification, or such densification is a desirable by-product and is economically
justified, USACE Commands should conform to published FGDC survey standards and specifications.
This includes related automated data recording, submittal, project review, and adjustment requirements
mandated by FGDC and the National Geodetic Survey. Geodetic survey accuracy and procedural
specifications published by the FGDC or NGS include:

e "Standards and Specifications for Geodetic Control Networks" (FGCS 1984)

e "Input Formats and Specifications of the National Geodetic Survey Data Base,”" NOAA, National
Geodetic Survey, (NOAA 1994)
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¢ "Geometric Geodetic Accuracy Standards and Specifications for Using GPS Relative Positioning
Techniques (Preliminary)" (FGCS 1988)

e “Guidelines for Submitting GPS Relative Positioning Data to the National Geodetic Survey”
(NGS 1988)

e “Geospatial Positioning Accuracy Standards--Part 2: Standards for Geodetic Networks”
(FGDC 1998b)

¢ "Guidelines for Establishing GPS-Derived Ellipsoid Heights (Standards: 2 cm and 5 cm)*
(NOAA 1997)

Copies of these specifications and standards can be downloaded from the NGS website--see Appendix A.
These FGCS/NGS standards and specifications should rarely be specified for Corps control surveys in that
they prescribe far more demanding criteria than that needed to establish control for most engineering
projects. These FGDC/NGS standards can also easily add 50% or more time and cost to a control survey
project.

Part 2 of the FGDC Geospatial Positioning Accuracy Standards (Standards for Geodetic Networks)--
FGDC 1988b-- prescribes a positional accuracy criteria instead of the traditional linear closure
(misclosure) criteria. It is expected that this positional accuracy standard will gradually replace the
misclosure standards in Tables 4-1 and 4-2. This new standard is excerpted in Table 4-5 below.

Table 4-5. FGDC Part 2 Accuracy Standards for Geodetic Networks
Horizontal, Ellipsoid Height, and Orthometric Height

Accuracy 95-Percent
Classification Confidence
Less Than or
Equal to:
1-Millimeter 0.001 meters
2-Millimeter 0.002 "
5-Millimeter 0.005 "
1-Centimeter 0.010 "
2-Centimeter 0.020 "
5-Centimeter 0.050 "
1-Decimeter 0.100 "
2-Decimeter 0.200 "
5-Decimeter 0.500 "
1-Meter 1.000 "
2-Meter 2.000 "
5-Meter 5.000 "
10-Meter 10.000 "

NOTE: The classification standard for geodetic networks is based on accuracy. Accuracies are categorized
separately according to horizontal, ellipsoid height, and orthometric height. Note: although the largest entry
in the table is 10 meters, the accuracy standards can be expanded to larger numbers if needed.
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4-10. State and Local Accuracy Standards

Most State and local governments prescribe survey and map accuracy standards. These are usually
similar to those standards given in the previous tables in this chapter. State surveyor licensing boards
may prescribe “minimum technical standards” for various real property surveys. State transportation
departments may have additional standards unique to their design and construction requirements.

a. General state surveying and mapping standards. Below is an excerpt of surveying accuracy
standards taken from the Florida Administrative Code (FAC 2003). These standards for general boundary
surveys are representative of minimum technical standards used by many states.

(1) Survey and Map Accuracy

(a) REGULATIONAL OBJECTIVE: The public must be able to rely on the accuracy of measurements and
maps produced by a surveyor and mapper. In meeting this objective, surveyors and mappers must achieve
the following minimum standards of accuracy, completeness, and quality.

(b) The accuracy of the survey measurements shall be premised upon the type of survey and the expected
use of the survey and map. All measurements must be in accordance with the United States standard, using
either feet or meters. Records of these measurements shall be maintained for each survey by either the
individual surveyor and mapper or the surveying and mapping business entity. Measurement and
computation records must be dated and must contain sufficient data to substantiate the survey map and
insure that the accuracy portion of these standards has been met.

(c) Vertical Control: Field-measured control for elevation information shown upon survey maps shall be based
on a level loop. Closure in feet must be accurate to a standard of plus or minus .05 ft. times the square root
of the distance in miles. All surveys and maps with elevation data shall indicate the datum and a description
of the benchmark(s) upon which the survey is based. Minor elevation data may be obtained on an assumed
datum provided the base elevation of the datum is obviously different than the established

datum.

(d) Vertical Feature Accuracy:

1. If contour lines are shown, then sufficient data must be obtained in order to insure that 90% of ground point
elevations taken from contours are within 1/2 of the contour interval, and the remainder are not in error more
than the contour interval.

2. For surveys performed by photogrammetric methods, vertical positional accuracy of map elevations,
contours, or other forms of terrain models must be stated. The stated accuracy is a plus or minus tolerance
that encompasses 90% of elevation differences between survey measured values and ground truth. All such
survey maps or reports with elevation data shall have a statement to the effect: “Elevations of well-identified
features contained in this survey been measured to an estimated vertical positional accuracy of: ____ (ft)
(m).” If different accuracy levels exist for different features, then applicable features and accuracies shall be
identified with similar statements.

(e) Horizontal Control: All surveys and maps expressing or displaying features in coordinate position shall
indicate the coordinate datum and a description of the control points upon which the survey is based. Minor
coordinate data may be obtained on an assumed datum provided the numerical basis of the datum is
obviously different than an established datum. The accuracy of field-measured control measurements shall
be statistically verified by measurement and calculation of a closed geometric figure. All control
measurements shall be made with a transit and steel tape, or devices with equivalent or higher degrees of
accuracy. The relative distance accuracy must be better than the following:

e Commercial/High Risk Linear: 1 foot in 10,000 feet;

e Suburban: Linear: 1 foot in 7,500 feet;
e Rural: Linear: 1 foot in 5,000 feet;
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(f) Horizontal Feature Accuracy (for surveys by photogrammetric methods only): A survey and map’s
horizontal positional accuracy must be stated. The stated accuracy is a plus or minus tolerance that
encompasses 90% of coordinate differences between survey measured values and ground truth. All survey
maps or reports shall have a statement of the effect: “Well-identified features in this survey and map have
been measured to an estimated horizontal positional accuracy of *[ (ft) (m).” If different accuracy levels
exist for different features, then applicable features and accuracies shall be identified with similar statements.

(g) Map Plotting Accuracy: The horizontal position of physical features surveyed by field methods must be
plotted to within 1/20 of an inch at the map scale.

(h) Intended Display Scale: At the maximum intended display scale, a survey and map’s positional accuracy
value occupies 1/20" on the display. All maps or reports of surveys produced by photogrammetric methods
and delivered with digital coordinate files must contain a statement to the effect of: “This map is intended to

be displayed at a scale of 1/ * or smaller.”

(2) Other Provisions that Apply to All Surveys and Maps.

(@) REGULATIONAL OBJECTIVE: In order to avoid misuse of a survey and map, the surveyor and mapper
must adequately communicate the survey results to the public through a map, report, or report with an
attached map. Any survey map or report must identify the responsible surveyor and mapper and contain
standard content. In meeting this objective, surveyors and mappers must meet the following minimum
standards of accuracy, completeness, and quality:

(b) Each survey map and report shall state the type of survey it depicts consistent with the types of surveys
defined in Rule 61G17-6.002(8)(a)-(k), F.A.C. The purpose of a survey, as set out in Rule 61G17-
6.002(8)(a)-(I), F.A.C., dictates the type of survey to be performed and depicted, and a licensee may not
avoid the minimum standards required by rule of a particular survey type merely by changing the name of the
survey type to conform with what standards or lack of them the licensee chooses to follow.

(c) All survey maps and reports must bear the name, certificate of authorization number, and street and
mailing address of the business entity issuing the map and report, along with the name and license number of
the surveyor and mapper in responsible charge. The name, license number, and street and mailing address
of a surveyor and mapper practicing independent of any business entity must be shown on each survey map
and report.

(d) All survey maps must reflect a survey date, which is the date of the field survey or the date of image
acquisition for photogrammetric surveys. If the graphics of a map are revised, but the survey date stays the
same, the map must list dates for all revisions.

(I) Responsibility Clearly Stated. The responsibility for all mapped features must be clearly depicted on any
map or report signed by a Florida licensed surveyor and mapper. In the case that features surveyed by the
signing surveyor and mapper have been integrated with features surveyed by others, then the full extent of
responsibility shall be clearly depicted on the map or report, and the signing surveyor and mapper shall
include in the map or report an assessment of the quality and accuracy of all mapped features delivered.

b. DOT control survey standards. The following Third-Order survey standards shown in Figures
4-1and 4-2 below are from the CALTRANS Surveys Manual. The first standard is for establishing
permanent Third-Order horizontal control using a total station. The second is a Third-Order standard for
differential leveling--covering different types of levels. Figure 4-3 depicts a CALTRANS accuracy
standard for setting primary control around a project site. The classifications and closure standards are
identical with those in Tables 4-1 and 4-2. The "G" classification is roughly comparable to USACE "4th
Order" classification
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Traverse/Network
Specifications Resection
Double Tie
Check vertical index error Daily
Check horizontal collimation Daily

Measure instrument height and target height

Begin and end of each setup

Use plummet to check position of target and instrument over points

Begin and end of each setup

Measure temperature and pressure and enter ppm correction into total station

First set-up of day

1 Jan 07

Measure distance to backsight and foresight at each sefup Required
Observe traverse multiple ties to improve least squares adjustment As Feasible
Close all traverses Required
Horizontal angle observations, minimum 3D, 3R
Vertical angle observations, minimum 3D, 3R
Angular rejection limit, residual not to exceed 5"
Maximum value for the standard error of the mean 12"
Minimum distance measurement to meet horizontal accuracy standard 50m
Minimum number of distance measurements 3
Distance rejection limit: residual not to exceed 2mm + 2 ppm
Maximum distance measurement to meet vertical accuracy standard 100 m

Figure 4-1. CALTRANS Third-Order horizontal control standards (Total Station)

Compensator-Level | Compensator-Level
Operation/Specification Three-Wire Single-Wire Electronic/Digital
Observation Observation Bar Code Level

Difference in length between fore and

back sights, not to exceed per setup 10m 10m 10m
Cumulative difference in length between

fore and backsights, not to exceed per

loop ar section 10m 10m 10m
Maximum sight lengths 90 m 90m 00 m (e Mot 1)
Minimum ground clearance of sight line 0.5m 0.5m 0.5m

Maximum section misclosure

12 mum [} Gee ot 2)

12 mrn x [} (e Nate 2)

8 mm [} e Yo 2

Maximum loop misclosure

12 mm x  Efee Nowe 3

12 mm 3~ (e Note 3)

8 mum x e Yot 3

Difference between top and hottom

interval not to exceed 0.30 of rod unit /A WA
Collimation (Two-Peg) Test Daily % Note 4) Daily Daily
(not to exceed 2 mm)
Minimum number of readings
(Use repeat measure option for each
observation) N/A /A 3 e Note 5)

Figure 4-2. CALTRANS Third-Order differential leveling standards
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Figure 4-3. CALTRANS accuracy classifications and standards
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4-11. CADD/GIS Technology Center Standards

The CADD/GIS Technology Center [for Facilities, Infrastructure, and Environment] is located at the
USACE Waterways Experiment Station in Vicksburg, MS. The Center’s primary mission is to serve as a
multi-service vehicle to set computer-aided design and drafting (CADD) and geographic information
system (GIS) standards; coordinate CADD/GIS facilities systems within the Department of Defense
(DOD); promote CADD/GIS system integration; support centralized CADD/GIS hardware and software
acquisition; and provide assistance for the installation, training, operation, and maintenance of CADD and
GIS systems. The intent of the CADD/GIS Technology Center standards development initiatives has
been to develop usable CADD, GIS, and facility management (FM) standards that will satisfy the project
life-cycle concept for digital data. This concept requires a set of CADD, GIS, and FM standards for
initial data collection, analysis, design, construction, and subsequent master planning, facility
management, and maintenance. This allows for direct integration from CADD engineering design or as-
builts to such GIS analysis tasks as master planning and FM. The Center has issued a number of
geospatial standards and related CADD/GIS guidance. Some of these standards include:

¢ Spatial Data Standard for Facilities, Infrastructure, and Environment (SDSFIE)
¢ Facility Management Standard for Facilities, Infrastructure, and Environment (FMSFIE)
e A/E/C CADD Standard

These A/E/C CADD standards define symbology, level/layer assignments, drafting templates, sheet
layouts, and other criteria required in a CADD environment. The SDSFIE Standards define the attributes
and attribute values for geospatial data features. These standards should be specified for in-house or A-E
services requiring delivery of CADD, GIS, and other spatial and geospatial data covered by this chapter.
4-12. Mandatory Standards

The accuracy standards in the following tables in this chapter are considered mandatory.

e Table 4-1: Minimum Closure Accuracy Standards for Engineering and Construction Surveys

e Table 4-2: Minimum Elevation Closure Accuracy Standards for Engineering and Construction
Surveys

e Table 4-3a: ASPRS Planimetric Feature Coordinate Accuracy Requirement (Ground X or Y in
Meters) for Well-Defined Points

e Table 4-3b: ASPRS Planimetric Feature Coordinate Accuracy Requirement (Ground X or Y in
Feet) for Well-Defined Points

e Table 4-4a: ASPRS Topographic Elevation Accuracy Requirement for Well-Defined Points
(Meters)

e Table 4-4b: ASPRS Topographic Elevation Accuracy Requirement for Well-Defined Points
(Feet)

HQUSACE has directed that geospatial data collected for architectural, engineering, and construction
projects shall be compliant with the A/E/C CADD Standard and/or the SDSFIE Standard. This includes
data that is collected, developed, or contracted for, and/or otherwise executed by the Corps of Engineers.
Topographic survey data falls within this directive.
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Chapter 5
Geodetic Reference Datums and Local Coordinate Systems

5-1. Purpose and Background

This chapter provides guidance on geodetic reference datums, coordinate systems, and local horizontal
and vertical reference systems that are used to georeference Corps military construction and civil works
projects. Use of State Plane Coordinate Systems (SPCS) is covered in detail since these systems are most
commonly used to reference topographic surveys of local projects. Transformations between datums and
coordinate systems are discussed. Site calibration techniques needed for RTK topographic surveys are
covered in Chapter 9.

a. Topographic surveys can be performed on any coordinate system. Most localized total station
topographic surveys are initiated on (or referenced to) an arbitrary coordinate grid system, e.g., X=5,000
ft, Y=5,000 ft, Z=100 ft, and often elevation or scale reductions are ignored. Planimetric and topographic
data points collected on this arbitrary grid in a data collector are then later translated, rotated, scaled,
and/or "best fit" to some established geographical reference system--e.g., the local State Plane Coordinate
System (SPCS).

b. The process of converting the observed topographic points on the arbitrary grid system to an
established geographical reference system (e.g., SPCS) is termed a “datum transformation.” In order to
perform this transformation, a few points (preferably three or more) in the topographic database must be
referenced to the external reference system. These “control” points on a topographic survey have been
previously established relative to an installation or project’s primary control network. They normally
were established using more accurate “geodetic control” survey procedures, such as differential leveling,
static or kinematic DGPS observations, or total station traverse.

¢. Most USACE topographic surveys require “control surveys” to bring in a geodetic reference
network to the local project site where detailed topographic surveys are performed. It is important that
the correct geodetic reference network is used, and that it is consistent with the overall installation or
project reference system. It may also important that these reference systems conform to regional or
nationwide reference systems, such as the National Spatial Reference System (NSRS), North American
Datum of 1983 (NAD 83), or the North American Vertical Datum of 1988 (NAVD 88). These various
reference datums and systems are discussed in this chapter.

d. Not all topographic surveys require a rigid reference to some local or regional geographic
coordinate system, and thus do not need time consuming and expensive preliminary control surveys.
Some project feature or on going construction applications may only require a simple local reference--for
example, a single monument with assumed or scaled coordinates and an arbitrary reference azimuth may
suffice.

e. Other topographic surveys outside Army installations or Corps civil project areas may require
rigid references to established property boundaries (corner pins, section corners, road
intersections/centerlines, etc.). These ties to legal boundaries and corners will thus establish the reference
system by which all topographic survey features are detailed. Regional geodetic or SPCS networks may
or may not be required on such surveys, depending on local practice or statute.

f. For additional details on geodetic datums and coordinate systems, refer to EM 1110-1-1003
(NAVSTAR GPS Surveying) or consult one of the technical references listed in Appendix A.
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SECTION |
Geodetic Reference Systems

5-2. General

The discipline of surveying consists of locating points of interest on the surface of the earth. The
positions of points of interest are defined by coordinate values that are referenced to a predefined
mathematical surface. In geodetic surveying, this mathematical surface is called a datum, and the position
of a point with respect to the datum is defined by its coordinates. The reference surface for a system of
control points is specified by its position with respect to the earth and its size and shape. A datumis a
coordinate surface used as reference figure for positioning control points. Control points are points with
known relative positions tied together in a network. Densification of the network refers to adding more
fixed control points to the network. Both horizontal and vertical datums are commonly used in surveying
and mapping to reference coordinates of points in a network. Reference systems can be based on the
geoid, ellipsoid, or a plane. The physical earth’s gravity force can be modeled to create a positioning
reference frame that rotates with the earth. The geoid is such a surface (an equipotential surface of the
earth’s gravity field) that best approximates Mean Sea Level (MSL). The orientation of this surface at a
given point on geoid is defined by the plumb line. The plumb line is oriented tangent to the local gravity
vector. Surveying instruments can be readily oriented with respect to the gravity field because its
physical forces can be sensed with simple mechanical devices. Such a reference surface is developed
from an ellipsoid of revolution that best approximates the geoid. An ellipsoid of revolution provides a
well-defined mathematical surface to calculate geodetic distances, azimuths, and coordinates.

5-3. Geodetic Coordinates

IERS Conventional Terrestrial Pole Z Point “P” on earth’s surface:
A

Geocentric coordinates X-Y-Z

Geographic coordinates
(Lat-Long-height)
o - NAD 27

- NAD 83

Mass center
of earth

Local coordinates
n-e-u

X
IERS WGS 84 Zero Meridian
approx Greenwich

Figure 5-1. Earth-centered earth-fixed coordinate reference frames
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A coordinate system is defined by the location of the origin, orientation of its axes, and the parameters
(coordinate components) which define the position of a point within the coordinate system. Terrestrial
coordinate systems are widely used to define the position of points on the terrain because they are fixed to
the earth and rotate with it. The origin of terrestrial systems can be specified as either geocentric (origin
at the center of the earth, such as NAD 83) or topocentric (origin at a point on the surface of the earth,
such as NAD 27). The orientation of terrestrial coordinate systems is described with respect to its poles,
planes, and axes. The primary pole (Z in Figure 5-1 above) is the axis of symmetry of the coordinate
system, usually parallel to the rotation axis of the earth, and coincident with the semi-minor axis of the
reference ellipsoid. The reference planes that are perpendicular to the primary polar axis are the equator
(zero latitude) and the Greenwich meridian plane (zero longitude). Parameters for point positioning
within a coordinate system refer to the coordinate components of the system (either Cartesian or
curvilinear).

a. Geocentric coordinates. Geocentric coordinates have an origin at the center of the earth, as
shown above in Figure 5-1. GPS coordinates are initially observed on this type of reference system. For
example, a coordinate on such a system might be displayed on a GPS receiver as:

668400.506 m
-4929214.152 m
3978967.747 m

X
Y
z

GPS receivers will transform these geocentric coordinates into a geographic coordinate system described
below.

b. Geodetic or Geographic coordinates. Geographic coordinate components consist of:

o latitude (¢),
e longitude (&),
o ellipsoid height (h).

Geodetic latitude, longitude, and ellipsoid height define the position of a point on the surface of the Earth
with respect to some “reference ellipsoid.” The most common reference ellipsoid used today is the WGS
84, which will be described in more detail in a later section.

(1) Geodetic latitude (¢). The geodetic latitude of a point is the acute angular distance between the
equatorial plane and the normal through the point on the ellipsoid measured in the meridian plane (Figure
5-1). Geodetic latitude is positive north of the equator and negative south of the equator.

(2) Geodetic longitude (). The geodetic longitude is the angle measured counter-clockwise (east),
in the equatorial plane, starting from the prime meridian (Greenwich meridian), to the meridian of the
defined point (Figure 5-1). In the continental United States, longitude is commonly reported as a west
longitude. To convert easterly to westerly referenced longitudes, the easterly longitude must be
subtracted from 360 deg.

East-West Longitude Conversion:
AW) =[360 - A1(E)]
(Eq5-1)

For example:

A (E)=282952M36.345 °E
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A (W)= [360%-282%952™36.345°E ]
A (W)= 77907 ™23.655° W

(3) Ellipsoid Height (h). The ellipsoid height is the linear distance above the reference ellipsoid
measured along the ellipsoidal normal to the point in question. The ellipsoid height is positive if the
reference ellipsoid is below the topographic surface and negative if the ellipsoid is above the topographic
surface.

(4) Geoid Separation (N). The geoid separation (or often termed "geoidal height") is the distance
between the reference ellipsoid surface and the geoid surface measured along the ellipsoid normal. The
geoid separation is positive if the geoid is above the ellipsoid and negative if the geoid is below the
ellipsoid.

(5) Orthometric Height (H). The orthometric height is the vertical distance of a point above or
below the geoid.

5-4. Datums

A datum is a coordinate surface used as reference for positioning control points. Both horizontal and
vertical datums are commonly used in surveying and mapping to reference coordinates of points in a
network.

a. Geodetic datum. Five parameters are required to define an ellipsoid-based datum. The major
semi-axis (a) and flattening (f) define the size and shape of the reference ellipsoid; the latitude and
longitude of an initial point; and a defined azimuth from the initial point define its orientation with respect
to the earth. The NAD 27 and NAD 83 systems are examples of horizontal geodetic datums.

b. Horizontal datum. A horizontal datum is defined by specifying (1) the 2D geometric surface
(plane, ellipsoid, sphere) used in coordinate, distance, and directional calculations, (2) the initial reference
point (origin), and (3)a defined orientation, azimuth or bearing from the initial point. The “horizontal
datum” for most topographic surveys is usually defined relative to the fixed control points (monuments
and/or benchmarks) that were used to control the individual shots. These “control points” may, in turn, be
referenced to a local installation/compound control network and/or to a regional NSRS CORS station.

c. Project datum. A project datum is defined relative to local control and might not be directly
referenced to a geodetic datum. Project datums are usually defined by a system with perpendicular axes,
and with arbitrary coordinates for the initial point, and with one (principal) axis oriented toward an
assumed north. A chainage-offset system may also be used as a reference, with the Pls (points of
intersection) either marked points or referenced to some other coordinate system.

d. Vertical datum. A vertical datum is a reference system used for reporting elevations. The two
most common nationwide systems are the National Geodetic Vertical Datum of 1929 (NGVD 29) and the
North American Vertical Datum of 1988 (NAVD 88). Vertical elevations used on navigation, flood
control, and hydropower projects may also be referenced to a variety of datums, such as:

e Mean Sea Level (MSL)

e Mean Low Water (MLW)

e Mean Lower Low Water (MLLW)

e Mean High Water (MHW)

e International Great Lakes Datum (IGLD)
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o Low Water Reference Plane (LWRP)
¢ Flat Pool Stage
¢ Local Pool or Reservoir Capacity Reference Point

Mean Sea Level (MSL) based elevations are used for most construction and topographic surveys--in
particular those involving flood control or shoreline improvement/protection. It should be noted that
MSL elevations are not the same as NGVD 29; and that MSL and NGVD 29 elevations can widely differ
from NAVD 88 elevations--as much as 3 ft in western CONUS. MLLW elevations are used in
referencing coastal navigation projects. MHW elevations are used in construction projects involving
bridges and other crossings over navigable waterways.

e. The National Spatial Reference System (NSRS). The NSRS is that component of the National
Spatial Data Infrastructure (NSDI) - [http://www.fgdc.gov/nsdi/nsdi.html] which contains all geodetic
control contained in the National Geodetic Survey (NGS) database. This includes: A, B, First, Second
and Third-Order horizontal and vertical control, geoid models, precise GPS orbits and Continuously
Operating Reference Stations (CORS), and the National Shoreline as observed by NGS as well as data
submitted by other Federal, State, and local agencies, academic institutions, and the private sector.

5-5. WGS 84 Reference Ellipsoid

The WGS 84 ellipsoid is used to reference GPS satellite observations and is used to reduce observations
onto the NAD 83 system. The origin of the WGS 84 Cartesian system is the earth's center of mass, as
shown in Figure 5-1. The Z-axis is parallel to the direction of the Conventional Terrestrial Pole (CTP) for
polar motion, as defined by the Bureau International Heure (BIH), and equal to the rotation axis of the
WGS 84 ellipsoid. The X-axis is the intersection of the WGS 84 reference meridian plane and the CTP's
equator, the reference meridian being parallel to the zero meridian defined by the BIH and equal to the X-
axis of the WGS 84 ellipsoid. The Y-axis completes a right-handed, earth-centered, earth-fixed
orthogonal coordinate system, measured in the plane of the CTP equator 90 degrees east of the X-axis and
equal to the Y-axis of the WGS 84 ellipsoid. The DOD continuously monitors the origin, scale, and
orientation of the WGS 84 reference frame and references satellite orbit coordinates to this frame.
Updates are shown as WGS 84 (GXXX), where "XXX" refers to a GPS week number starting on 29
September 1996.

Prior to development of WGS 84, there were several reference ellipsoids and interrelated coordinate
systems (datums) that were used by the surveying and mapping community. Table 5-1 lists just a few of
these reference systems along with their mathematical defining parameters. Note that GRS 80 is the
actual reference ellipsoid for NAD 83; however, the difference between GRS-80 and WGS 84 ellipsoids
is insignificant. Transformation techniques are used to convert between different datums and coordinate
systems. Most GPS software has built in transformation algorithms for the more common datums.

Table 5-1. Reference Ellipsoids and Related Coordinate Systems

Reference Coordinate System Semimajor axis Shape

Ellipsoid (Datum/Frame) (meters) (1/flattening)
Clarke 1866 NAD 27 6378206.4 1/294.9786982
WGS 72 WGS 72 6378135 1/298.26

GRS 80 NAD 83 (XX) 6378137 1/298.257222101
WGS 84 WGS 84 (GXXX) 6378137 1/298.257223563
ITRS ITRF (XX) 6378136.49 1/298.25645
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5-6. Horizontal Datums and Reference Frames
The following paragraphs briefly describe the most common datums used to reference CONUS projects.

a. North American Datum of 1927 (NAD 27). NAD 27 is a horizontal datum based on a
comprehensive adjustment of a national network of traverse and triangulation stations. NAD 27 is a best
fit for the continental United States. The fixed datum reference point is located at Meades Ranch, Kansas.
The longitude origin of NAD 27 is the Greenwich Meridian with a south azimuth orientation. The
original network adjustment used 25,000 stations. The relative precision between initial point monuments
of NAD 27 is by definition 1:100,000, but coordinates on any given monument in the network contain
errors of varying degrees. As a result, relative accuracies between points on NAD 27 may be far less than
the nominal 1:100,000. The reference units for NAD 27 are US Survey Feet. This datum is no longer
supported by NGS, and USACE commands are gradually transforming their project coordinates over to
the NAD 83 described below. Approximate conversions of points on NAD 27 to NAD 83 may be
performed using CORPSCON, a transformation program developed by ERDC/TEC. Since NAD 27
contains errors approaching 10 m, transforming highly accurate GPS observations to this antiquated
reference system is not the best approach.

b. North American Datum of 1983 (NAD 83). The nationwide horizontal reference network was
redefined in 1983 and readjusted in 1986 by the National Geodetic Survey. It is known as the North
American Datum of 1983, adjustment of 1986, and is referred to as NAD 83 (1986). NAD 83 used far
more stations (250,000) and observations than NAD 27, including a few satellite-derived coordinates, to
readjust the national network. The longitude origin of NAD 83 is the Greenwich Meridian with a north
azimuth orientation. The fixed adjustment of NAD 83 (1986) has an average precision of 1:300,000.
NAD 83 is based upon the Geodetic Reference System of 1980 (GRS 80), an earth-centered reference
ellipsoid which for most (but not all) practical purposes is equivalent to WGS 84. With increasingly more
accurate uses of GPS, the errors and misalignments in NAD 83 (1986) became more obvious (they
approached 1 meter), and subsequent refinements outlined below have been made to correct these
inconsistencies.

c. High Accuracy Reference Networks (HARN). (Figure 5-2). Within a few years after 1986, more
refined GPS measurements had allowed geodesists to locate the earth’s center of mass with a precision of
a few centimeters. In doing so, these technologies revealed that the center of mass that was adopted for
NAD 83 (1986) is displaced by about 2 m from the true geocenter. These discrepancies caused
significant concern as the use of highly accurate GPS measurements proliferated. Starting with
Tennessee in 1989, each state--in collaboration with NGS and various other institutions--used GPS
technology to establish regional reference frames that were to be consistent with NAD 83. The
corresponding networks of GPS control points were originally called High Precision Geodetic Networks
(HPGN). Currently, they are referred to as High Accuracy Reference Networks (HARN). This latter
name reflects the fact that relative accuracies among HARN control points are better than 1 ppm, whereas
relative accuracies among pre-existing control points were nominally only 10 ppm. Positional differences
between NAD 83 (1986) and NAD 83 (HARN) can approach 1 meter.
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Figure 5-2. High Accuracy Reference Network control points

d. Continuously Operating Reference Stations (CORS). The regional HARNSs were subsequently
further refined (or "realized™) by NGS into a network of Continuously Operating Reference Stations, or
CORS. This CORS network was additionally incorporated with the International Terrestrial Reference
System (ITRS), i.e. the ITRF. CORS are located at fixed points throughout CONUS and at some
OCONUS points--see Figure 5-3 below. This network of high-accuracy points can provide GPS users
with centimeter level accuracy where adequate CORS coverage exists. Coordinates of CORS stations are
designated by the year of the reference frame, e.g., NAD 83 (CORS 96). Positional differences between
NAD 83 (HARN) and NAD 83 (CORS) are less than 10 cm. More importantly, positional difference
between two NAD 83 (CORSxx) points is typically less than 2 cm. Thus, GPS connections to CORS
stations will be of the highest order of accuracy. USACE commands can easily connect and adjust GPS-
observed points directly with CORS stations using a number of methods, including the NGS on-line
program OPUS (On-Line Positioning User Service)--see EM 1110-1-1003. CORS are particularly useful
when precise control is required in a remote area, from which a topographic survey may be performed.
With only 1 to 2 hours of static DGPS observations, reference points can often be established to an
ellipsoid accuracy better than + 0.2 ft in X-Y-Z.
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Figure 5-3. Continuously Operating Reference Stations as of 2001 (NGS)

e. International Terrestrial Reference Frame (ITRF). The ITRF is a highly accurate geocentric
reference frame with an origin at the center of the earth's mass. The ITRF is continuously monitored and
updated by the International Earth Rotation Service (IERS) using very-long-baseline-interferometry
(VLBI) and other techniques. These observations allow for the determination of small movements of
fixed points on the earth's surface due to crustal motion, rotational variances, tectonic plate movement,
etc. These movements can average 10 to 20 mm/year in CONUS, and may become significant when
geodetic control is established from remote reference stations. These refinements can be used to
accurately determine GPS positions observed on the basic WGS 84 reference frame. NAD 83 coordinates
are defined based on the ITRF year/epoch in which it is defined, e.g., ITRF 89, ITRF 96, ITRF 2000. For
highly accurate positioning where plate velocities may be significant, users should use the same
coordinate reference frame and epoch for both the satellite orbits and the terrestrial reference frame.
USACE requirements for these precisions on control surveys would be rare, and would never be
applicable to local facility mapping surveys. Those obtaining coordinates from NGS datasheets must take
care not to use ITRF values. The relationship between ITRF, NAD 83, and the geoid is illustrated in
Figure 5-4 below.
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ITRF/WGS 84

Earth Mass

Center \

2.2 m (3-D)
dx,dY,dz

)\IAD 83

GEOID

Figure 5-4. Relationship between ITRF, NAD 83, and the geoid
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SECTION I
Horizontal Coordinate Systems

5-7. General

Geocentric, geographic, or geodetic coordinates described above are rarely used to reference site plan
topographic surveys or maps. Engineering site plan drawings are normally referenced to a local state
plane coordinate system (SPCS), or in some cases a metric-based UTM system. In rare cases, they may
be referenced to an arbitrary coordinate system relative to some point on the project--a monument, corner,
road intersection, etc. In most cases, control surveys performed for setting project control will be
computed and adjusted using the SPCS. The following paragraphs describe horizontal coordinate
systems commonly used on facility site plan mapping and related control surveys.

5-8. Geographic Coordinates

The use of geographic coordinates as a system of reference is accepted worldwide. It is based on the
expression of position by latitude (parallels) and longitude (meridians) in terms of arc (degrees, minutes,
and seconds) referred to the equator (north and south) and a prime meridian (east and west). The degree
of accuracy of a geographic reference (GEOREF) is influenced by the map scale and the accuracy
requirements for plotting and scaling. Examples of GEOREFs are as follows:

40° N 132° E (referenced to degrees of latitude and longitude).

40°21' N 132°14' E (referenced to minutes of latitude and longitude).

40°21'12" N 132°14'18" E (referenced to seconds of latitude and longitude).

40°21'12.4" N 132°14'17.7" E (referenced to tenths of seconds of latitude and longitude).
40°21'12.45" N 132°14'17.73" E (referenced to hundredths of seconds of latitude and longitude).

US military maps and charts include a graticule (parallels and meridians) for plotting and scaling
geographic coordinates. Graticule values are shown in the map margin. On maps and charts at scales of
1:250,000 and larger, the graticule may be indicated in the map interior by lines or ticks at prescribed
intervals (for example, scale ticks and interval labeling at the corners of 1:50,000 at 1minute [in degrees,
minutes, and seconds] and again every 5 minutes).

5-9. State Plane Coordinate Systems

a. General. State Plane Coordinate Systems (SPCS) were developed by the National Geodetic
Survey (NGS) to provide plane coordinates over a limited region of the earth’s surface. To properly
relate geodetic coordinates (¢-A-h) of a point to a 2D plane coordinate representation (Northing, Easting),
a conformal mapping projection must be used. Conformal projections have mathematical properties that
preserve differentially small shapes and angular relationships to minimize the errors in the transformation
from the ellipsoid to the mapping plane. Map projections that are most commonly used for large regions
are based on either a conic or a cylindrical mapping surface (Figure 5-5 below). The projection of choice
is dependent on the north-south or east-west areal extent of the region. Areas with limited east-west
dimensions and indefinite north-south extent use the Transverse Mercator (TM) type projection. Areas
with limited north-south dimensions and indefinite east-west extent use the Lambert projection. The
SPCS is designed to minimize the spatial distortion at a given point to approximately one part in ten
thousand (1:10,000). To satisfy this criteria, the SPCS has been divided into zones that have a maximum
width or height of approximately one hundred and fifty eight statute miles (158 miles). Therefore, each
state may have several zones or may employ both the Lambert (conic) and Transverse Mercator
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(cylindrical) projections. The projection state plane coordinates are referenced to a specific geodetic
datum (i.e. the datum that the initial geodetic coordinates are referenced to must be known).

Imaginary
Cylinder Earth
LAMBERT CONFORMAL TRANSVERSE
CONIC PROJECTION MERCATOR PROJECTION

Figure 5-5. Common map projections

b. Transverse Mercator (TM). The Transverse Mercator projection uses a cylindrical surface to
cover limited zones on either side of a central reference longitude. Its primary axis is rotated
perpendicular to the symmetry axis of the reference ellipsoid. Thus, the TM projection surface intersects
the ellipsoid along two lines equidistant from the designated central meridian longitude (Figure 5-6).
Distortions in the TM projection increase predominantly in the east-west direction. The scale factor for
the Transverse Mercator projection is unity where the cylinder intersects the ellipsoid. The scale factor is
less than one between the lines of intersection, and greater than one outside the lines of intersection. The
scale factor is the ratio of arc length on the projection to arc length on the ellipsoid. To compute the state
plane coordinates of a point, the latitude and longitude of the point and the projection parameters for a

particular TM zone or state must be known.
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Figure 5-7. Lambert Projection
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c. Lambert Conformal Conic (LCC). The Lambert projection uses a conic surface to cover limited
zones of latitude adjacent to two parallels of latitude. Its primary axis is coincident with the symmetry
axis of the reference ellipsoid. Thus, the LCC projection intersects the ellipsoid along two standard
parallels (Figure 5-7). Distortions in the LCC projection increase predominantly in the north-south
direction. The scale factor for the Lambert projection is equal to unity at each standard parallel and is less
than one inside, and greater than one outside the standard parallels. The scale factor remains constant
along the standard parallels.

d. SPCS zones. Figure 5-8 depicts the various SPCS zones in the US. The unique state zone

number provides a standard reference when using transformation software developed by NGS and the
COE. The state zone number remains constant in both NAD27 and NAD83 coordinate systems.

Figure 5-8. SPCS zones identification numbers for the various states

e. Scale units. State plane coordinates can be expressed in both feet and meters. State plane
coordinates defined on the NAD 27 datum are published in feet. State plane coordinates defined on the
NAD 83 datum are published in meters; however, state and federal agencies can request the NGS to
provide coordinates in feet. If NAD 83 based state plane coordinates are defined in meters and the user
intends to convert those values to feet, the proper meter-feet conversion factor must be used. Some states
use the International Survey Foot rather than the US Survey Foot in the conversion of feet to meters.

International Survey Foot:

1 International Foot = 0.3048 meter (exact)
US Survey Foot:

1 US Survey Foot = 1200 / 3937 meter (exact)
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5-10. Grid Elevations, Scale Factors, and Convergence

In all planer grid systems, the grid projection only approximates the ellipsoid (or roughly the ground), and
“ground-grid” corrections must be made for measured distances or angles (directions). Measured ground
distances must be corrected for (1) elevation (sea level factor), and (2) ground to grid plane (scale factor).
Figure 5-9 below illustrates a reduction of a measured distance (D) down to the ellipsoid distance (S).

Not shown is the subsequent reduction from the ellipsoid length to a grid system length. Observed
directions (or angles) must also be corrected for grid convergence. Also shown on the figure is the
relationship between ellipsoid heights (h), geoid heights (N), and orthometric heights (H).

R
Earth Radius
6,372,161 m
h=N+H
20,906,000 ft.
S=Dx R
Earth Center R+N<+H

Figure 5-9. Reduction of measured slope distance D to ellipsoid distance S (NGS)
a. Grid factor. For most topographic surveys covering a small geographical site, these two
factors can be combined into a constant “grid factor”--reference Kavanagh 1997:
Grid factor = Sea Level Factor x Scale Factor
then:  Ground Distance = Grid Distance / Grid Factor
or

Grid Distance = Ground Distance x Grid Factor

b. Convergence. Between two fixed points, the geodetic azimuth will differ from the grid
azimuth. This difference is known as “convergence” and varies with the distance from the central
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meridian of the projection. Thus, if a geodetic azimuth is given between two fixed points (inversed from
published geographic coordinates, astronomic, or GPS), then it must be corrected for convergence to
obtain an equivalent grid azimuth. If lengthy control traverses are being computed on a SPCS or UTM
grid, then additional second term corrections to observed angles may be required--e.g., the "t-T”
correction used in older survey manuals at Appendix A-4 (TM 5-237 and TM 5-241-2).

c. Use of data collectors. The above grid corrections should rarely have to be performed when
modern survey data collectors are being used. These total station or RTK data collectors (with full
COGO and adjustment capabilities) will automatically perform all the necessary geographic to grid
coordinate translations, including sea level reductions and local grid system conversions that are later
transformed and adjusted into an established SPCS grid at a true elevation. If for some reason you are not
using a data collector that seamlessly performs these translation functions, and you are performing a
survey in higher elevations, then you must correct original distance observations for the sea level
reduction. If you transfer these observed distances and angles to a SPCS or UTM grid, then you must
correct for grid scale factor and convergence described above. Consult any of the referenced surveying
textbooks at Appendix A-2 for procedures and examples.

5-11. Universal Transverse Mercator Coordinate System

Universal Transverse Mercator (UTM) coordinates are used in surveying and mapping when the size of
the project extends through several state plane zones or projections. UTM coordinates are also utilized by
the US Army, Air Force, and Navy for tactical mapping, charting, and geodetic applications. It may also
be used to reference site plan engineering surveys if so requested in CONUS or OCONUS installations.
The UTM projection differs from the TM projection in the scale at the central meridian, origin, and unit
representation. The scale at the central meridian of the UTM projection is 0.9996. In the Northern
Hemisphere, the northing coordinate has an origin of zero at the equator. In the Southern Hemisphere, the
southing coordinate has an origin of ten million meters (10,000,000 m). The easting coordinate has an
origin five hundred thousand meters (500,000 m) at the central meridian. The UTM system is divided
into sixty (60) longitudinal zones. Each zone is six (6) degrees in width extending three (3) degrees on
each side of the central meridian. UTM coordinates are always expressed in meters. USACE program
CORPSCON can be used to transform coordinates between UTM and SPCS systems. Additional details
on UTM grids and survey computations thereon may be found in the older DA references listed at
Appendix A-4.

5-12. The US Military Grid-Reference System (FM 3-34.331)

The US Military Grid-Reference System (MGRS) is designed for use with UTM grids. For convenience,
the earth is generally divided into 6° by 8° geographic areas, each of which is given a unique grid-zone
designation. These areas are covered by a pattern of 100,000-meter squares. Two letters (called the
100,000-meter-square letter identification) identify each square. This identification is unique within the
area covered by the grid-zone designation.

a. The MGRS is an alphanumeric version of a numerical UTM grid coordinate. Thus, for that
portion of the world where the UTM grid is specified (80° south to 84° north), the UTM grid-zone
number is the first element of a military grid reference. This number sets the zone longitude limits. The
next element is a letter that designates a latitude bond. Beginning at 80° south and proceeding northward,
20 bands are lettered C through X. In the UTM portion of the MGRS, the first three characters designate
one of the areas within the zone dimensions.

b. A reference that is keyed to a gridded map (of any scale) is made by giving the 100,000-meter-
square letter identification together with the numerical location. Numerical references within the
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100,000-meter square are given to the desired accuracy in terms of the easting and northing grid
coordinates for the point.

c. The final MGRS position coordinate consists of a group of letters and numbers that include the
following elements:

e The grid-zone designation.

e The 100,000-meter-square letter identification.

e The grid coordinates (also referred to as rectangular coordinates) of the numerical portion of the
reference, expressed to a desired refinement.

e The reference is written as an entity without spaces, parentheses, dashes, or decimal points.

Examples are as follows:

18S (locating a point within the grid-zone designation).
18SUU (locating a point within a 100,000-meter square).
18SUU8O0 (locating a point within a 10,000-meter square).
18SUU8401 (locating a point within a 1,000-meter square).
18SUU836014 (locating a point within a 100-meter square).

d. To satisfy special needs, a reference can be given to a 10-meter square and a 1-meter square.
Examples are as follows:

85UUB3630143 (locating a point within a 10-meter square).
185UU8362601432 (locating a point within a 1-meter square).

e. There is no zone number in the polar regions. A single letter designates the semicircular area
and the hemisphere. The letters A, B, Y, and Z are used only in the polar regions. An effort is being
made to reduce the complexity of grid reference systems by standardizing a single, worldwide grid
reference system.

5-13. US National Grid System

A US National Grid (USNG) system has been developed to improve public safety, commerce, and aid the
casual GPS user with an easy to use geoaddress system for identifying and determining location with the
help of a USNG gridded map and/or a USNG enabled GPS system. The USNG can provide for whatever
level of precision is desired. Many users may prefer to continue using the UTM format for applications
requiring precision greater than 1 meter.

a. Grid Zone Designation (GZD). The US geographic area is divided into 6-degree longitudinal
zones designated by a number and 8-degree latitudinal bands designated by a letter. Each area is given a
unique alphanumeric Grid Zone Designator--e.g., 18S.

b. 100,000-meter square identification. Each GZD 6x8 degree area is covered by a specific
scheme of 100,000-meter squares where each square is identified by two unique letters--e.g., 18SUJ
identifies a specific 100,000-meter square in the specified GZD.

c. Grid coordinates. A point position within the 100,000-meter square shall be given by the UTM
grid coordinates in terms of its Easting (E) and Northing (N). An equal number of digits shall be used for
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E and N where the number of digits depends on the precision desired in position referencing. In this
convention, the reading shall be from left with Easting first and then Northing.

Examples:
18SUJ20 - Locates a point with a precision of 10 km
18SUJ2306 - Locates a point with a precision of 1 km
18SUJ234064 - Locates a point with a precision of 100 meters
18SUJ23480647 - Locates a point with a precision of 10 meters
18SUJ2348306479 - Locates a point with a precision of 1 meter

The number of digits in Easting and Northing can vary, depending on specific requirements or
application.

5-14. Chainage-Offset Coordinate Systems

Most linear engineering and construction projects (roads, railways, canals, navigation channels, levees,
floodwalls, beach renourishment, etc.) are locally referenced using the traditional engineering chainage-
offset system--Figure 5-10. Usually, SPCS coordinates are provided at the Pls, from which (given the
alignment between Pls) a SPCS coordinate can then be computed for any given station-offset point.
Chainage-offset systems are used for locating cross-sections along even centerline stations. Topographic
elevation and feature data is then collected along each section relative to the centerline. Likewise, road,
canal, levee alignments can be staked out relative to station-offset parameters, and internally in a total
station or RTK system data collector, these offsets may actually be transformed from a SPCS.

a. Station. Alignment stationing (or chainage) zero references are arbitrarily established for a
given project or sectional area. Stationing on a navigation project usually commences offshore on coastal
projects and runs inland or upstream. Stationing follows the channel centerline alignment. Stationing
may be accumulated through each PI or zero out at each PI or new channel reach. Separate stationing is
established for widener sections, turning basins, levees, floodwalls, etc. Each district may have its own
convention. Stationing coordinates use “+” signs to separate the second- and third-place units (XXX +
XX.XX). Metric chainage often separates the third and fourth places (XXX + XXX.XX) to distinguish
the units from English feet; however, some districts use this convention for English stationing units.

b. Offsets. Offset coordinates are distances from the centerline alignment. Offsets carry
plus/minus coordinate values. Normally, offsets are positive to the right (looking toward increasing
stationing). Some USACE Districts designate cardinal compass points (east-west or north-south) in lieu
of a coordinate sign. On some navigation projects, the offset coordinate is termed a “range,” and is
defined relative to the project centerline or, in some instances, the channel-slope intersection line (toe).
Channel or canal offsets may be defined relative to a fixed baseline on the bank or levee.
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Figure 5-10. Chainage-offset project control scheme for a typical deep-draft navigation project--Cape
Canaveral, FL (Jacksonville District)

c. Azimuth. Azimuths are computed relative to the two defining Pls. Either 360-deg azimuth or
bearing designations may be used. Azimuths should be shown to the nearest second.

d. Other local alignments. Different station-offset reference grids may be established for
individual portions of a project. River sections and coastal beach sections are often aligned perpendicular
to the project/coast. Each of these sections is basically a separate local datum with a different reference
point and azimuth alignment. Beach sections may also be referenced to an established coastal
construction setback line. Circular and transition (spiral) curve alignments are also found in some rivers,
canals, and flood control projects such as spillways and levees. Surveys will generally be aligned to the
chainage and offsets along such curves. Along inland waterways, such as the Mississippi River,
stationing is often referenced to either arbitrary or monumented baselines along the bank. In many
instances, a reference baseline for a levee is used, and surveys for revetment design and construction are
performed from offsets to this line. Separate baselines may exist over the same section of river, often
from levees on opposite banks or as the result of revised river flow alignments. Baseline stationing may
increase either upstream or downstream. Most often, the mouth of a river is considered the starting point
(Station 0 + 00), or the river reaches are summed to assign a station number at the channel confluence.
Stationing may increase consecutively through Pls or reinitialize at channel turns. In addition,
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supplemental horizontal reference may also be made to a river mile designation system. River mile
systems established years ago may no longer be exact if the river course has subsequently realigned itself.
River mile designations can be used to specify geographical features and provide navigation reference for
users.

5-15. Datum Conversions and Transformation Methods

a. General. Federal Geodetic Control Subcommittee (FGCS) members, which includes USACE,
have adopted NAD 83 as the standard horizontal datum for surveying and mapping activities performed
or financed by the Federal government. To the extent practicable, legally allowable, and feasible,
USACE should use NAD 83 in its surveying and mapping activities. Transformations between NAD 27
coordinates and NAD 83 coordinates are generally obtained using the CORPS Convert (CORPSCON)
software package or other North American Datum Conversion (e.g., NADCON) based programs.

b. Conversion techniques. USACE survey control published in the NGS control point database
has been already converted to NAD 83 values. However, most USACE survey control was not originally
in the NGS database and was not included in the NGS readjustment and redefinition of the national
geodetic network. Therefore, USACE will have to convert this control to NAD 83. Coordinate
conversion methods considered applicable to USACE projects are discussed below.

(1) Resurvey from NAD 83 Control. A new survey using NGS published NAD 83 control could
be performed over the entire project. This could be either a newly authorized project or one undergoing
major renovation or maintenance. Resurvey of an existing project must tie into all monumented points.
Although this is not a datum transformation technique, and would not normally be economically justified
unless major renovation work is being performed, it can be used if existing NAD 27 control is of low
density or accuracy.

(2) Readjustment of Survey. If the original project control survey was connected to NGS control
stations, the survey may be readjusted using the NAD 83 coordinates instead of the NAD 27 coordinates
originally used. This method involves locating the original field notes and observations, and completely
readjusting the survey and fixing the published NAD 83 control coordinates.

(3) Mathematical Transformations. Since neither of the above methods can be economically
justified on most USACE projects, mathematical approximation techniques for transforming project
control data to NAD 83 have been developed. These methods yield results which are normally within + 1
ft of the actual values and the distribution of errors are usually consistent within a local project area.
Since these coordinate transformation techniques involve approximations, they should be used with
caution when real property demarcation points and precise surveying projects are involved. When
mathematical transformations are employed they should be adequately noted so that users will be aware
of the conversion method.

c. Horizontal datum transformation methods. Coordinate transformations from one geodetic
reference system to another can be most practically made either by using a local seven-parameter
transformation or by interpolation of datum shift values across a given region.

(1) Seven parameter transformations. For worldwide (OCONUS) and local datum
transformations, one of the referenced textbooks at Section A-2 should be consulted.

(2) Grid-shift transformations. Current methods for interpolation of datum shift values use the

difference between known coordinates of common points from both the NAD 27 and NAD 83
adjustments to model a best-fit shift in the regions surrounding common points. A grid of approximate
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datum shift values is established based on the computed shift values at common points in the geodetic
network. The datum shift values of an unknown point within a given grid square are interpolated along
each axis to compute an approximate shift value between NAD 27 and NAD 83. Any point that has been
converted by such a transformation method should be considered as having only approximate NAD 83
coordinates.

(3) NADCON/CORPSCON. NGS developed the transformation program NADCON, which
yields consistent NAD 27 to NAD 83 coordinate transformation results over a regional area. This
technique is based on the above grid-shift interpolation approximation. NADCON was reconfigured into
a more comprehensive program called CORPSCON. Technical documentation and operating instructions
for CORPSCON can be obtained at the following ERDC Web site: http://crunch.tec.army.mil. This
software converts between:

NAD 27 NAD 83 SPCS 27 SPCS 83
UTM 27 UTM 83 NGVD 29 NAVD 88
GEOIDO03 HARN

Since the overall CORPSCON datum shift (from point to point) varies throughout North America, the
amount of datum shift across a local project is also not constant. The variation can be as much as 0.1 ft
per mile. Examples of some NAD 27 to NAD 83 based coordinate shift variations that can be expected
over a 10,000-ft section of a project are shown below:

Project Area SPCS Reference Per 10,000 feet
Baltimore, MD 1900 0.16 ft
Los Angeles, CA 0405 0.15 ft
Mississippi Gulf Coast 2301 0.08 ft
Mississippi River (IL) 1202 0.12 ft
New Orleans, LA 1702 0.22 ft
Norfolk, VA 4502 0.08 ft
San Francisco, CA 0402 0.12 ft
Savannah, GA 1001 0.12 ft
Seattle, WA 4601 0.10 ft

Such local scale changes will cause project alignment data to distort by unequal amounts. Thus, a 10,000-
ft tangent on NAD 27 project coordinates could end up as 9,999.91 feet after mathematical transformation
to NAD 83 coordinates. Although such differences may not be appear significant from a lower-order
construction survey standpoint, the potential for such errors must be recognized. Therefore, the
transformations will not only significantly change absolute coordinates on a project and the datum
transformation process will slightly modify the project’s design dimensions and/or construction
orientation and scale. For example, on a navigation project, an 800.00-ft wide channel could vary from
799.98 to 800.04 feet along its reach. This variation could also affect grid alignment azimuths.

Moreover, if the local SPCS 83 grid was further modified, then even larger dimension changes can result.
Correcting for distortions may require recomputation of coordinates after conversion to ensure original
project dimensions and alignment data remain intact. This is particularly important for property and
boundary surveys. A less accurate alternative is to compute a fixed shift to be applied to all data points
over a limited area. Determining the maximum area over which such a fixed shift can be applied is
important. Computing a fixed conversion factor with CORPSCON can be made to within £1 foot.
Typically, this fixed conversion would be computed at the center of a sheet or at the center of a project
and the conversions in X and Y from NAD 27 to NAD 83 and from SPCS 27 to SPCS 83 indicated by
notes on the sheets or data sets. Since the conversion is not constant over a given area, the fixed
conversion amounts must be explained in the note. The magnitude of the conversion factor change across
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a sheet is a function of location and the drawing scale. Whether the magnitude of the distortion is
significant depends on the nature of the project. For example, a 0.5-ft variation on an offshore navigation
project may be acceptable for converting depth sounding locations, whereas a 0.1-ft change may be
intolerable for construction layout on an installation. In any event, the magnitude of this gradient should
be computed by CORPSCON at each end (or corners) of a sheet or project. If the conversion factor
variation exceeds the allowable tolerances, then a fixed conversion factor should not be used. Two
examples of using Fixed Conversion Factors follow:

Example 1. Assume a 1 inch =40 ft scale site plan map on existing SPCS 27 (VA South Zone 4502).
Using CORPSCON, convert existing SPCS 27 coordinates at the sheet center and corners to SPCS 83
(US Survey Foot), and compare SPCS 83-27 differences.

SPCS 83 SPCS 27 SPCS 83 - SPCS 27

Center N 3,527,095.554 Y 246,200.000 dY = 3,280,895.554
of Sheet E 11,921,022.711 X 2,438,025.000 dX =9,482,997.711
NW N 3,527,595.553 Y 246,700.000 dY = 3,280,895.553
Corner E 11,920,522.693 X 2,437,525.000 dX =9,482,997.693
NE N 3,527,595.556 Y 246,700.000 dY = 3,280,895.556
Corner E 11,921,522.691 X 2,438,525.000 dX =9,482,997.691
SE N 3,526,595.535 Y 245,700.000 dY = 3,280,895.535
Corner E 11,921,522.702 X 2,438,525.000 dX =9,482,997.702
SW N 3,526,595.535 Y 245,700.000 dY = 3,280,895.535
Corner E 11,920,522.704 X 2,437,525.000 dX =9,482,997.704

Since coordinate differences do not exceed 0.03 feet in either the X or Y direction, the computed SPCS
83-27 coordinate differences at the center of the sheet may be used as a fixed conversion factor to be
applied to all existing SPCS 27 coordinates on this drawing.

Example 2. Assuming a linch = 1,000 ft base map is prepared of the same general area, a standard
drawing will cover some 30,000 feet in an east-west direction. Computing SPCS 83-27 differences along

this alignment yields the following:

SPCS 83 SPCS 27 SPCS 83 - SPCS 27
West N 3,527,095.554 Y 246,200.000 dY = 3,280,895.554
End E 11,921,022.711 X 2,438,025.000 dX =9,482,997.711
East N 3,527,095.364 Y 246,200.000 dY = 3,280,895.364
End E 11,951,022.104 X 2,468,025.000 dX =9,482,997.104

The conversion factor gradient across this sheet is about 0.2 ft in Y and 0.6 ft in X. Such small changes
are not significant at the plot scale of 1 inch = 1,000 ft; however, for referencing basic design or
construction control, applying a fixed shift across an area of this size is not recommended -- individual
points should be transformed separately. If this 30,000-ft distance were a navigation project, then a fixed
conversion factor computed at the center of the sheet would suffice for all bathymetric features. Caution
should be exercised when converting portions of projects or military installations or projects that are
adjacent to other projects that may not be converted. If the same monumented control points are used for
several projects or parts of the same project, different datums for the two projects or parts thereof could
lead to surveying and mapping errors, misalignment at the junctions and layout problems during
construction.
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d. Dual grids ticks. Depicting both NAD 27 and NAD 83 grid ticks and coordinate systems on
maps and drawings should be avoided where possible. This is often confusing and can increase the
chance for errors during design and construction. However, where use of dual grid ticks and coordinate
systems is unavoidable, only secondary grid ticks in the margins will be permitted.

e. Field survey methods. If GPS is used to set new control points referenced to higher order
control many miles from the project (e.g., CORS networks), inconsistent data may result at the project
site. If the new control is near older control points that have been converted to NAD 83 using
CORPSCON, two slightly different network solutions can result, even though both have NAD 83
coordinates. In order to avoid these situations, it is recommended that all project control (old and new) be
tied into the same reference system--preferably the NSRS.

f. Local project datums. Local project datums that are not referenced to NAD 27 cannot be
mathematically converted to NAD 83 with CORPSCON. Field surveys connecting them to other stations
that are referenced to NAD 83 are required.

5-16. Horizontal Transition Plan from NAD 27 to NAD 83

a. General. Not all maps, engineering site drawings, documents, and associated products
containing coordinate information will require conversion to NAD 83. To insure an orderly and timely
transition to NAD 83 is achieved for the appropriate products, the following general guidelines should be
followed:

(1) Initial surveys. All initial surveys should be referenced to NAD 83.

(2) Active projects. Active projects where maps, site drawings or coordinate information are
provided to non-USACE users (e.g., NOAA, USCG, FEMA, and others in the public and private sector)
coordinates should be converted to NAD 83 the next time the project is surveyed or maps or site drawings
are updated for other reasons.

(3) Inactive projects. For inactive projects or active projects where maps, site drawings or
coordinate information are not normally provided to non-USACE users, conversion to NAD 83 is
optional.

(4) Datum notes. Whenever maps, site drawings or coordinate information (regardless of type) are
provided to non-USACE users, it should contain a datum note, such as the following:

THE COORDINATES SHOWN ARE REFERENCED TO NAD *[27/83] AND ARE IN
FEET BASED ON THE SPCS *[27/83] *[STATE, ZONE]. DIFFERENCES BETWEEN
NAD 27 AND NAD 83 AT THE CENTER OF THE *[SHEET/DATASET] ARE *[dLat,
dLon, dX, dY]. DATUM CONVERSION WAS PERFORMED USING THE COMPUTER
PROGRAM “CORPSCON.” METRIC CONVERSIONS WERE BASED ON THE *[US
SURVEY FOOT = 1200/3937 METER] [INTERNATIONAL FOOT = 30.48/100 METER].
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b. Levels of effort. For maps and site drawings the conversion process entails one of three levels
of effort:

(1) Conversion of coordinates of all mapped details to NAD 83, and redrawing the map,
(2) Replace the existing map grid with a NAD 83 grid,
(3) Simply adding a datum note.

For surveyed points, control stations, alignment, and other coordinated information, conversion must be
made either through a mathematical transformation or through readjustment of survey observations.

c. Detailed instructions.

(2) Initial surveys on Civil Works projects. The project control should be established on NAD 83
relative to NGS’s National Spatial Reference System (NSRS) using conventional or GPS surveying
procedures. The local SPCS 83 grid should be used on all maps and site drawings. All planning and
design activities should then be based on the SPCS 83 grid. This includes supplemental site plan
mapping, core borings, project design and alignment, construction layout and payment surveys, and
applicable boundary or property surveys. All maps and site drawings shall contain datum notes. If the
local sponsor requires the use of NAD 27 for continuity with other projects that have not yet converted to
NAD 83, conversion to NAD 27 could be performed using the CORPSCON transformation techniques.

(2) Active Civil Works Operations and Maintenance projects undergoing maintenance or repair.
These projects should be converted to NAD 83 during the next maintenance or repair cycle in the same
manner as for newly initiated civil works projects. However, if resources are not available for this level
of effort, either redraw the grids or add the necessary datum notes. Plans should be made for the full
conversion during a later maintenance or repair cycle when resources can be made available.

(3) Military Construction and master planning projects. All installations and master planning
projects should remain on NAD 27 or the current local datum until a thoroughly coordinated effort can be
arranged with the MACOM and installation. An entire installation’s control network should be
transformed simultaneously to avoid different datums on the same installation. The respective MACOMs
are responsible for this decision. However, military operations may require NAD 83, including SPCS 83
or UTM metric grid systems. If so, these shall be performed separate from facility engineering support.
A dual grid system may be required for such operational applications when there is overlap with normal
facilities engineering functions. Coordinate transformations throughout an installation can be computed
using the procedures described herein. Care must be taken when using transformations from NAD 27
with new control set using GPS methods from points remote from the installation. Installation boundary
surveys should adhere to those outlined under real estate surveys listed below.

(4) Real Estate. Surveys, maps, and plats prepared in support of civil works and military real
estate activities should conform as much as possible to state requirements. Since most states have
adopted NAD 83, most new boundary and property surveys should be based on NAD 83. The local
authorities should be contacted before conducting boundary and property surveys to ascertain their
policies. It should be noted that several states have adopted the International Foot for their standard
conversion from meters to feet. In order to avoid dual coordinates on USACE survey control points that
have multiple uses, all control should be based on the US Survey Foot, including control for boundary
and property surveys. In states where the International Foot is the only accepted standard for boundary
and property surveys, conversion of these points to NAD 83 should be based on the International foot,
while the control remains based on the US Survey foot.
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(5) Regulatory functions. Surveys, maps, and site drawings prepared in support of regulatory
functions should begin to be referenced to NAD 83 unless there is some compelling reason to remain on
NAD 27 or locally used datum. Conversion of existing surveys, maps, and drawings to NAD 83 is not
necessary. Existing surveys, maps, and drawings need only have the datum note added before distribution
to non-USACE users. The requirements of local, state and other Federal permitting agencies should be
ascertained before site specific conversions are undertaken. If states require conversions based on the
International foot, the same procedures as described above for Real Estate surveys should be followed.

(6) Other existing projects. Other existing projects, e.g., beach nourishment, submerged offshore
disposal areas, historical preservation projects, etc., need not be converted to NAD 83. However, existing
surveys, maps, and drawings should have the datum note added before distribution to non-USACE users.

(7) Work for others. EXxisting projects for other agencies will remain on NAD 27 or the current
local datum until a thoroughly coordinated effort can be arranged with the sponsoring agency. The
decision to convert rests with the sponsoring agency. However, existing surveys, maps, and drawings
should have the datum note added before distribution to non-USACE users. If sponsoring agencies do not
indicate a preference for new projects, NAD 83 should be used. The same procedures as described above
for initial surveys on Civil Works projects should be followed.
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SECTION IlI
Vertical Reference Systems

A vertical datum is the surface to which elevations or depths are referred to or referenced. There are
many vertical datums used within CONUS. The surveyor should be aware of the vertical control datum
being used and its practicability to meet project requirements. .

5-17. National Geodetic Vertical Datum of 1929 (NGVD 29)

NGVD 29 was established by the United States Coast and Geodetic Survey (USC&GS) 1929 General
Adjustment by constraining the combined US and Canadian First Order leveling nets to conform to Mean
Sea Level (MSL). It was determined at 26 long-term tidal gage stations that were spaced along the east
and west coast of North American and along the Gulf of Mexico, with 21 stations in the US and 5 stations
in Canada. NGVD 29 was originally named the Mean Sea Level Datum of 1929. It was known at the
time that the MSL determinations at the tide gages would not define a single equipotential surface
because of the variation of ocean currents, prevailing winds, barometric pressures, and other physical
causes. The name of the datum was changed from the Mean Sea Level Datum to the NGVD 29 in 1973
to eliminate the reference to sea level in the title. This was a change in name only; the definition of the
datum established in 1929 was not changed. Since NGVD 29 was established, it has become obvious that
the geoid based upon local mean tidal observations would change with each measurement cycle.
Estimating the geoid based upon the constantly changing tides does not provide a stable estimate of the
shape of the geoid.

5-18. North American Vertical Datum of 1988 (NAVD 88)

The NAVD 88 datum is the product of a vertical adjustment of leveled height difference measurements
made across North America. This reference system supersedes the NGVD 29 vertical reference
framework. NAVD 88 was constrained by holding fixed the orthometric height of a single primary tidal
benchmark at Father's Point / Rimouski, Quebec, Canada and performing a minimally constrained general
adjustment of US-Canadian-Mexican leveling observations. Most Third Order benchmarks, including
those of other Federal, state and local government agencies, were not included in the NAVD 88
adjustment. The vertical reference surface is therefore defined by the surface on which the gravity values
are equal to the control point value. NAVD 88 elevations are published orthometric heights that represent
the geometric distance from the geoid to the terrain measured along the plumb line. Orthometric height
corrections were used to enforce consistency between geopotential based vertical coordinates and
measured leveled differences. NAVD 88 is the most compatible vertical reference frame available to
relate GPS ellipsoidal heights to orthometric heights. Note also that NGVD 29 is no longer supported by
NGS; thus, USACE commands should be transitioning all older project vertical control to NAVD 88.

The differences in orthometric elevations between the superseded NGVD 29 and NAVD 88 references are
significant--upwards of 1.5 meters in places, as depicted in Figure 5-11 below. Therefore, it is important
that these two reference systems not be confused. Given the local variations shown in Figure 5-14, there
is no direct transformation between the two systems, and a site calibration/transformation must be
performed as explained in subsequent sections.
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Figure 5-11. NGVD 29-NAVD 88 elevation differences in mm

The Federal Geodetic Control Subcommittee (FGCS) of the Federal Geographic Data Committee (FGDC)
has affirmed that NAVD 88 shall be the official vertical reference datum for the US. The FGDC has
prescribed that all surveying and mapping activities performed or financed by the Federal Government
make every effort to begin an orderly transition to NAVD 88, where practicable and feasible. Further
technical details on NAVD 88 are in Appendix C, “Development and Implementation of NAVD 88.”

5-19. Other Vertical Reference Datums and Planes

a. Mean Sea Level datums. Some vertical datums are referenced to mean seal level. Such datums
typically are maintained locally or within a specific project area. The theoretical basis for these datums is
local mean sea level. Local MSL is a vertical datum based on observations from one or more tidal gaging
stations. NGVD 29 was based upon the assumption that local MSL at 21 tidal stations in the US and 5
tidal stations in Canada averaged 0.0 ft on NGVD 29. The value of MSL as measured over the Metonic
cycle of 19 years shows that this assumption is not valid and that MSL varies from station to station.

b. Great Lake datums. Depths in the Great Lakes and connecting channels are referenced to the
International Great Lakes Datum (IGLD) of 1985. IGLD 85 represents a low water datum from which
navigation is maintained. A separate datum is established for each of the Great Lakes. The datum must
be adjusted for slope in the connecting channels between the Great Lakes. These datums undergo
periodic adjustment. For example, the IGLD 55 was adjusted in 1985 to produce IGLD 85. IGLD 85 has
been directly referenced to NAVD 88 and originates at the same point as NAVD 88. Additional details

are provided in Appendix C.
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c. Other vertical datums. Other areas may maintain and employ specialized vertical datums. For
instance, vertical datums maintained in Alaska, Puerto Rico, Hawaii, the Virgin Islands, Guam, and other
islands and project areas. Specifications and other information for these particular vertical datums can be
obtained from the particular District responsible for survey related activities in these areas, or the National
Ocean Service (NOS).

d. Tidal areas. Tidal datums usually are defined by the range and phase of the tide and usually
are referenced to a mean lower low water elevation, or MLLW. In offshore coastal areas, CONUS
navigation projects are generally referenced to a MLLW datum established by NOS or the Corps from
long-term gage observations. This MLLW reference plane is not a flat surface but slopes as a function of
the tidal range in the area. Tidal range can increase or decrease near coastal entrances; thus the MLLW
must be accurately modeled throughout the navigation project. The required grade at all points on the
navigation project is dependent on tidal modeling--requiring determination of the elevation of the MLLW
datum plane from a series of gage observations at each point. For further information on these and other
tidal datum related terms, refer to Appendix B, "Requirements and Procedures for Referencing Coastal
Navigation Projects to Mean Lower Low Water (MLLW) Datum™ and EM 1110-2-1003 (Hydrographic
Surveying)

e. Inland river areas. River datums are usually referenced to a low water reference plane
(LWRP), such as the LWRP 1974 reference used in the unregulated portion of the Mississippi River.
Like tidal MLLW, the low water river datum must be determined from gage/staff observations at
sufficient points along the river to adequately define the surface. The spacing of these observations must
be sufficient to allow linear interpolation between staff gage points. For a river like the Mississippi that
drops 0.5 ft/mile, gages or benchmarks may be required at least every quarter- to half-mile in order to
reference hydrographic surveys.

f. Controlled river pools. Between river control structures, low water pools are used to reference
maintained navigation depths. Since these pools themselves may exhibit some slope, sufficient
gages/benchmarks within the pools should be established to account for any minor slope.

g. Reservoir pools. Depths in controlled reservoirs are usually referenced to a national vertical
datum (e.g., NGVD 29 or NAVD 88).

5-20. Orthometric Elevations

Orthometric elevations are those corresponding to the earth's irregular geoidal surface, as illustrated in
Figure 5-12 below. Measured differences in elevation from spirit leveling are generally relative to the
local geoidal surface--a spirit level bubble (or pendulum) positions the instrument normal to the direction
of gravity, and thus parallel with the local slope of the geoid, which approximates mean sea level near
coastal points. The orthometric height of a point is the distance from the geoid (or a related reference
surface) to the point on the earth's surface, measured along the line perpendicular to every equipotential
surface in between. A series of equipotential surfaces can be used to represent the gravity field. One of
these surfaces, the geoid, is specified as the reference system from which orthometric heights are
measured. The geoid itself is defined as an equipotential surface. Natural variations in gravity induce a
smooth, continuous, curvature to the plumb line, and therefore physical equipotential surfaces which are
normal to gravity do not remain geometrically parallel over a given vertical distance (the plumb line is not
quite parallel to the ellipsoidal normal). Elevation differences between two points are orthometric
differences, a distinction particularly important in river/channel hydraulics. Orthometric heights for the
continental United States (CONUS) are generally referenced to the NGVD 29 or the updated NAVD 88.
The NGVD 29 reference datum more closely approximates mean sea level--the NAVD 88 does not.
Tidal reference datums (e.g., MLLW) vary geographically over short distances and must be accurately
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related to NAVD 88 and/or NGVD 29 orthometric heights. GPS derived ellipsoidal heights shown in
Figure 5-12 below must be converted to local orthometric elevations in order to have useful engineering
and construction value--see EM 1110-1-1003 for details. This transformation is usually done by a form
of "site calibration™ using known orthometric elevations of fixed benchmarks and/or geoid undulation
models for the project area. These transforms are further explained below.

Ellipsoid, Geoid, and Orthometric Heights

G — ] ] ’S
h - H + N %ﬁg\ac%

Ellipsoid Plumb Line

h (Ellipsoid Height) = Distance along ellipsoid normal (Q to P)

N (Geoid Height) = Distance along ellipsoid normal (Q to P)
H (Orthometric Height) = Distance along plumb line (P, to P)

Figure 5-12. Ellipsoid, geoid, and orthometric surface definitions and relationships (NGS)
5-21. WGS 84 Ellipsoidal Heights

GPS-determined heights (or height differences) are referenced to an idealized mathematical ellipsoid
which differs significantly from the geoid; thus, GPS heights are not the same as the orthometric heights
needed for standard USACE projects (local engineering, construction, and hydraulic measurement
functions). Accordingly, any WGS 84 referenced ellipsoidal height obtained using GPS must be
transformed or calibrated to the local orthometric vertical datum. This requires adjusting and
interpolating GPS-derived heights relative to fixed orthometric elevations. Over short distances--less than
1 km--elevation differences determined by GPS can usually be assumed to be orthometric differences.
These elevation differences would then be of sufficient accuracy for topographic site plan mapping, such
as those acquired using RTK total station methods. However, at greater distances, a site calibration with
surrounding benchmarks must be performed in order to adjust RTK ellipsoidal heights down to the local
vertical datum. For some surveys (e.g., offshore navigation), a predicted geoid model may be used if no
other vertical control is available to calibrate the model.
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5-22. Orthometric Height and WGS 84 Ellipsoidal Elevation Relationship

Geoidal heights represent the geoid-ellipsoid separation distance and are obtained by taking the difference
between ellipsoidal and orthometric height values. Knowledge of the geoid height enables the evaluation
of vertical positions in either the geodetic (ellipsoid based) or the orthometric height system. The
relationship between a WGS 84 ellipsoidal height and an orthometric height relative to the geoid can be
obtained from the following equation, and depicted graphically in Figure 5-12 above.

h=H+N

(Eq 5-2)
where

h = ellipsoidal height (WGS 84)
H = elevation (orthometric--normal to geoid)
N = geoidal undulation above or below the WGS 84 ellipsoid

and by convention the geoid undulation "N" being a positive height above the ellipsoid.

Figure 5-13. Geoid undulation model of North America--depicts geoid undulation N
relative to the WGS 84 ellipsoid
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5-23. Geoid Undulations and Geoid Models

Due to significant variations in the geoid, sometimes even over small distances, elevation differences
obtained by GPS cannot be directly equated to orthometric (or spirit level) differences. This geoid
variation is depicted as a surface model in Figure 5-13 above. Geoid modeling techniques are used to
obtain the parameter "N in the above equation from which ellipsoidal heights can be converted to
orthometric elevations. These geoid models (e.g., Geoid 90, Geoid 93, Geoid 96, Geoid 99, Geoid 03,
etc.) are approximations based on observations by the NGS. Each successive geoid model is more
accurate. In time, these models may improve to centimeter-level accuracy. On some small project areas
where the geoid stays relatively constant, elevation differences obtained by GPS can be directly used
without geoid correction. Geoid models are not compatible with the superseded NGVD 29.

a. Geoid height values at stations where either only " h "or " H " is known can be obtained from
geoid models which are mathematical surfaces representing the shape of the earth's gravity field. The
geoid model is constructed from a truncated functional series approximation using a spherical harmonics
expansion and an extensive set of globally available gravity data. The model is determined from the
unique coefficients of the finite series representing the geoid surface. Its accuracy depends on the
coverage and accuracy of the gravity measurements used as boundary conditions. Former geoid models
produced for general use limit absolute accuracies for geoid heights to no less than 1 meter. More recent
geoid models have shown a significant increase in absolute accuracy for geoid heights to a few
centimeters.

b. In practice the shape of the geoid surface is estimated globally as a function of horizontal
coordinates referenced to a common geocentric position. Specific geoid height values are extracted from
the model surface at the node points of a regular grid (e.g., a 2-minute X 2-minute grid spacing).
Biquadratic interpolation procedures can be used within a grid cell boundary to approximate the geoid
height at a given geodetic latitude and longitude. For example, the NGS GEOID 96 model for the United
States indicates geoid heights (N) range from a low of (-) 51.6 meters in the Atlantic to a high of -7.2
meters in the Rocky Mountains. For more information on geoid modeling, see the references in Appendix
A or the National Geodetic Survey web site.

c. GPS surveys can be designed to provide elevations of points on any local vertical datum. This
requires connecting to a sufficient number of existing orthometric benchmarks from which the elevations
of unknown points can be "best-fit" or "site calibrated" by some adjustment method--usually a least
squares minimization. This is essentially an interpolation process and assumes linearity in the geoid slope
between two established benchmarks. If the geoid variation is not linear--as is typically the case--then the
adjusted (interpolated) elevation of an intermediate point will be in error. Depending on the station
spacing, location, local geoid undulations, and numerous other factors, the resultant interpolated/adjusted
elevation accuracy is usually not suitable for accurate (i.e., £ 0.01 ft) construction surveying purposes;
however, GPS-derived elevations may be adequate for small-scale topographic mapping control and
hydrographic surveying applications where £ 0.1 ft accuracy is sufficient.

5-24. Using GPS to Densify Orthometric Elevations

DGPS observation sessions produce 3-D geodetic coordinate differences that establish the baseline
between two given stations. The expected accuracy of ellipsoidal height difference measurements is
based on several factors, such as GPS receiver manufacture type, observation session duration, and the
measured baseline distance, but it does not depend greatly on prior knowledge of the absolute vertical
position of either occupied station. Dual frequency, carrier phase measurement based GPS surveys are
usually able to produce 3-D relative positioning accuracies under 30 mm at the 95% confidence level over
baseline distances less than 20 km, depending on the type of GPS surveying method used. This situation
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exists mainly because GPS range biases are physically well correlated over relatively short distances and
tend to cancel out as a result of forming double differences for carrier phase data processing. In contrast,
GPS absolute code positioning accuracy will contain the full effects of any GPS range measurement
errors. Geoidal height differences describe the change in vertical position of the geoid with respect to the
ellipsoid between two stations. These relative geoidal heights can be more accurate than the modeled
absolute separation values within extended areas because the relative geoidal height accuracy is based on
the continuous surface characteristics of the geoid model, where only small deviations between closely
spaced points would be expected. The regional trend or slope of the geoid at a given point will not be
highly sensitive to local gravity anomalies especially in non-mountainous areas. Differential GPS can
accurately measure ellipsoidal height differences from GPS satellites. GPS surveys output vertical
positions in geodetic coordinates defined with respect to the WGS 84 reference ellipsoid. The ellipsoidal
height value at a given point is based on the distance measured along the normal vector from the surface
of the reference ellipsoid to the unknown point. The practical accuracy of WGS 84 as a vertical reference
frame for collecting elevation data depends on the actual ellipsoidal height values assigned to benchmarks
or other physically defined control points.

5-25. Vertical Datum Transformations
Appendix C (Development and Implementation of NAVD 88) contains a detailed discussion on the
development and implementation of NAVD 88, and the rationale for converting projects from NGVD 29
to this updated vertical datum. There are several reasons for USACE commands to convert authorized
and future projects to NAVD 88--these are summarized from Appendix C.

o Differential leveling surveys will close better.

e NAVD 88 height values are available in convenient form from the NGS database.

o Federal surveying and mapping agencies will stop publishing on NGVD 29.

¢ NAVD 88 is recommended by ACSM and FGCS.

o Surveys performed for the Federal government require use of NAVD 88.

e NAVD 88 provides a reference to estimate GPS derived orthometric heights.

The last bullet above is a primary reason for transforming project control to NAVD 88. The conversion
process entails one of two levels of effort that are covered in detail in Appendix C:

(1) Conversion of all elevations to NAVD 88 by readjustment or releveling.
(2) Adding a datum note based on an approximate conversion (VERTCON).

a. VERTCON. VERTCON is a software program developed by NGS that converts elevation data
from NGVD 29 to NAVD 88. Although the VERTCON software has been fully incorporated into the
software application package CORPSCON, it will be referred to below as a separate program.
VERTCON uses benchmark heights to model the shift between NGVD 29 and NAVD 88 that is
applicable to a given area. In general, it is only sufficiently accurate to meet small-scale mapping
requirements. VERTCON should not be used for converting benchmark elevations used for site plan
design or construction applications. Users input the latitude and longitude for a point and the vertical
datum shift between NGVD 29 and NAVD 88 is reported. The root-mean-square (RMS) error of NGVD
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29 to NAVD 88 conversion, when compared to the stations used to create the conversion model, is £1 cm;
with an estimated maximum error of £ 2.5 cm. Depending on network design and terrain relief, larger
differences (e.g., 5 to 50 cm) may occur the further a benchmark is located from the control points used to
establish the model coefficients. For this reason, VERTCON should only be used for approximate
conversions where these potential errors are not critical.

b. Datum note. Whenever maps, site drawings, or spatial elevation data are provided to non-
USACE users, they should contain a datum note that provides, at minimum, the following information:

The elevations shown are referenced to the *[NGVD 29] [NAVD 88] and are in *[feet] [meters].
Differences between NGVD 29 and NAVD 88 at the center of the project sheet/data set are shown
on the diagram below. Datum conversion was performed using the *[program VERTCON] [direct
leveling connections with published NGS benchmarks] [other]. Metric conversions are based on
*[US Survey Foot = 1200/3937 meters] [International Survey Foot = 0.3048 meters].

5-26. Vertical Transition Plan from NGVD 29 to NAVD 88

a. General. A change in the vertical datum on a project will affect USACE engineering,
construction, planning, and surveying activities. The cost of conversion could be substantial at the onset.
There is a potential for errors in conversions inadvertently occurring. The effects of the vertical datum
change can be minimized if the change is gradually applied over time; being applied to future projects and
efforts, rather than concentrated on changing already published products. In order to insure an orderly
and timely transition to NAVD 88 is achieved for the appropriate products, the following general
guidelines should be followed.

b. Conversion criteria. Maps, engineering site drawings, documents, and associated spatial data
products containing elevation data may require conversion to NAVD 88. Specific requirements for
conversion will, in large part, be based on local usage--e.qg., that of the local sponsor, installation, etc.
Where applicable and appropriate, this conversion should be recommended to local interests.

c. Newly authorized construction projects. Generally, initial surveys of newly authorized projects
should be referenced to NAVD 88. In addition to design/construction, this would include wide-area
master plan mapping work. The project control should be referenced to NAVD 88 using conventional or
GPS surveying techniques. All planning and design activities should be based upon NAVD 88. All maps
and site drawings shall contain datum notes as described below. If the sponsor/installation requires the
use of NGVD 29 or some other local vertical reference datum for continuity, the relationship between
NGVD 29 and NAVD 88 shall be clearly noted on all maps, engineering site drawings, documents, and
associated products.

d. Active projects. On active projects where maps, site drawings, or elevation data are provided to
non-USACE users, the conversion to NAVD 88 should be performed. This conversion to NAVD 88 may
be performed the next time the project is surveyed or when the maps/site drawings are updated for other
reasons. Civil works projects may be converted to NAVD 88 during the next maintenance or repair cycle
in the same manner as for newly initiated civil works projects. However, if resources are not available for
this level of effort, redraw the maps or drawings and add the necessary datum note. Plans should be made
for the full conversion during a later maintenance or repair cycle when resources can be made available.
Military installations should remain on NGVD 29 or the local vertical datum until a thoroughly
coordinated effort can be arranged with the MACOM and installation. An entire installation's control
network should be transformed simultaneously to avoid different datums on the same installation.
MACOMs should be encouraged to convert to NAVD 88. However, the respective MACOMs are
responsible for this decision.
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e. Inactive projects. For inactive projects or active projects where maps, site drawings, or
elevation data are not normally provided to non-USACE users, conversion to NAVD 88 is optional.

f. Work for others. Projects for other agencies will remain on NGVD 29 or the current local
vertical datum until a thoroughly coordinated effort can be arranged with the sponsoring agency. Other
agencies should be encouraged to convert their projects to NAVD 88, although the decision to convert
rests with the sponsoring agency. However, surveys, maps, and drawings should have the datum note
described below added before distribution to non-USACE users. If sponsoring agencies do not indicate a
preference for new projects, NAVD 88 should be used.

g. Miscellaneous projects. Other projects referenced to strictly local datum, such as, beach
nourishment, submerged offshore disposal areas, historical preservation projects, etc., need not
necessarily be converted to NAVD 88. However, it is recommended that surveys, maps and drawings
have a clear datum reference note added before distribution to non-USACE users.

h. Real Estate. Surveys, maps, and plats prepared in support of civil works and military real
estate activities should conform as much as possible to state requirements. Many states are expected to
adopt NAVD 88 (by statute) as an official vertical reference datum. This likewise will entail a transition
to NAVD 88 in those states. State and local authorities should therefore be contacted to ascertain their
current policies. Note that several states have adopted the International Foot for their standard conversion
from meters to feet. In order to avoid dual elevations on USACE survey control points that have multiple
uses, it is recommended that published elevations be based on the US Survey Foot. In states where the
International Foot is the only accepted standard for boundary and property surveys, conversion of these
elevations to NAVD 88 should be based on the International Foot while the control remains based on the
US Survey Foot.

5-27. Vertical Control in Areas Subjected to Subsidence or Sea Level Rise

Published elevations relative to the vertical datums in high subsidence areas must be used with caution.
This is due to the uneven temporal and spatial movement of the land. Thus, any geodetic or terrestrial-
based elevation is not constant and must be periodically observed and adjusted for local subsidence.
Likewise, hydraulic or sea level based reference datums are subject to variations due to subsidence and
sea level rise at each gage site. Sea level datums also have time varying astronomical components
making their reference definition more complex than terrestrial based datums. Hydraulic low water
reference datums used to define navigation and flood protection elevations on the Mississippi River may
also be subject to subsidence and other long-term variations, and thus these datums are spatially and
temporally variable.

Subsidence is the lowering or sinking of Earth’s surface, often quantified relative to non-sinking portions
of the Earth’s crust. It is especially pronounced in portions of California, Texas, and Louisiana. In
Southern Louisiana, subsidence is occurring at a rate of up to 0.1 foot every three years in some areas.
There are many potential factors that contribute to subsidence, such as the geologic composition of the
area and withdrawal of ground water and oil. The rate of subsidence is not always constant and can vary
from epoch to epoch (survey to survey) due to many factors, such as compaction, removal of subsurface
fluids, and geologic events. Therefore, one cannot predict future subsidence with any degree of accuracy.
Table 1 below illustrates the large variability in subsidence rates of change occurring over a relatively
small region in Louisiana. These rates were determined from periodic First-Order, Class Il leveling
surveys by NOAA.

5-33



EM 1110-1-1005

1 Jan 07
Table 1
Apparent Benchmark Movement Rates
Benchmark Designation Rates of Movement in Millimeters per year
A 148 (AU0429) -11.01
PIKE RESET (BH1164) -6.99
231 LAGS (BH1073) -16.08
A 92 (BH1136) -7.39

Subsidence can be measured and/or periodically monitored using either conventional leveling procedures
or GPS techniques contained in NOAA 1997 (Guidelines for Establishing GPS-Derived Ellipsoid Heights
(Standards: 2 cm and 5 cm)). Determining subsidence rates requires long-term observations and
considerable analysis. As an example, Figure 5-14 below contains a map showing the estimated amount
of subsidence along the route between New Orleans and Venice, LA. The leveling for this line was
performed by NOAA in 1984 and adjusted to the NGVD 29 datum at that time. In 1991, NGS adjusted
the entire CONUS to the NGVD 29 datum in preparation for the NAVD 88 adjustment. In Southern
Louisiana, an extensive “GPS Derived Height” network was completed establishing new heights
(elevations) for 85 benchmarks in Southern Louisiana. This adjustment, known as NAVD 88 (2004.65),
held control outside of the subsidence area to establish new NAVD88 adjusted heights for the 85
benchmarks. Because the 1991 NAVD 88 adjustment held control outside of the area, as did the NAVD
88 (2004.65) adjustment, the change in the heights reflects the apparent movement of the marks between
the observation periods. In order to determine the amount of subsidence from the time the original
leveling was done, it is necessary to determine the amount of movement between the original adjustment
and the 1991 national readjustment of the NGVD 29 and then the amount of movement between the
original NAVD 88 adjustment and the NAVD 88 (2004.65) adjustment.
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Figure 5-14. Estimated subsidence (in centimeters) in the New Orleans to Venice region. Photos depict
relative ground subsidence of benchmarks attached to deep driven rods.

Monitoring subsidence or sea level changes on flood control, hurricane protection, or coastal (tidal)
navigation projects requires continuous leveling or GPS surveys between water level recording gages and
fixed benchmarks. Vertical datums (NAVD 88 and tidal lower low water datums) must be periodically
updated to reflect changes due to subsidence or sea level rise.

5-28. Mandatory Standards

Spatial data collected for projects shall be referenced to the updated NAD 83 and NAVD 88 reference
datums established by the National Oceanic and Atmospheric Administration (NOAA). Navigation
projects referenced to tidal datums shall be updated to the latest tidal epoch (currently 1983-2001) in
accordance with the statutory requirements in Section 224 of the Water Resources Development Act of
1992 (see Appendix B). Flood control or hurricane protection structure elevations shall be referred to the
hydrodynamic surface model datum used in the design analysis.
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Chapter 6
Planning and Conducting Control and Topographic Surveys

6-1. Purpose

This chapter provides general guidance on planning control and topographic surveys. Requirements and
methods for extending nationwide control networks into a facility project site are described. Sources of
geodetic control data are described. Guidance is also provided on selecting map scales, feature location
tolerances, and contour intervals for typical engineering and construction projects. Actual procedural
examples of projects performed by various Districts are found in the appendices to this manual.

6-2. Project Requirements from Using Agency

Topographic survey requests originate from the using agency. The requestor might be an internal District
office division, an outside Army installation, or another Federal or State agency. Often these requests are
general in nature, and often accompanied with a request for a cost estimate to perform the survey. In many
cases, the survey details, site conditions, scope, and accuracy requirements are not specified; or, more often
than not, the actual work required far exceeds the given budgeted amount. Often, in such cases, the surveyor
must meet with the requesting District element or outside agency and modify the accuracy and scope in order
to stay within budget. Such budgetary driven compromises do not always result in an optimum survey in the
user’s estimation; however, the burden is often placed on the surveyor to design a survey accuracy and
density that will best satisfy the design/construction requirements that the requesting entity desires. It is rare
that the requesting user ever obtains the detail required for the project. Likewise, it is equally rare that the
surveyor is able to perform the quality of survey he feels is necessary to adequately define the project
conditions. In many cases, an advance site visit may be needed in order to assess the actual conditions and
provide a reliable budget estimate (time and cost) to the requesting agency.

Figure 6-1. An advance site visit would be essential in planning for conditions such as this (Portland District)
a. Sample topographic survey request. The following excerpt is taken from a site plan mapping Scope

of Work in Pittsburgh District, for a survey of a tract of land adjacent to Hannibal Lock and Dam on the Ohio
River. The purpose of the survey was to develop site plans for construction of new facilities on a parcel
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adjacent to the Hannibal Lock. The originating agency’s request may not have been as detailed as this
version sent to an AE contractor--it may have only requested a topographic site plan survey without any
detailed map scale, accuracy, or utility requirements.

General Surveying and Mapping Requirements.

(1) General site plan feature and topographic detail mapping compiled at a target scale of
1"=50 ft, 1 ft contour interval for that area annotated on furnished exhibit. Collect all existing
pertinent features, drainage characteristics, drainage structures, channels, inlets and outlets, etc.
Collect all surface utility data and conduct a thorough search for evidence of subsurface utilities. An
underground gas line runs through a portion of the site. Gas line markers are visible.

(2) Set control monumentation as required to adequately control construction layout.
Monumentation shall be set in an area outside the construction limits so as not to be disturbed during
construction phases. Existing control monumentation within the vicinity may be used in lieu of setting
new monumentation. All control monumentation, set or found, shall be adequately described and
referenced in a standard fieldbook.

(3) Based on information established by record and by field survey, establish and delineate
on the ground, with capped re-bars and witness posts, that portion of the Ohio DOT right-of-way
bounding Tract 113; commencing at the edge of the right bank of the Ohio River, thence continuing
along Tract 113 and Ohio Route 7. This is a critical element that will need to be properly delineated
on the ground and properly annotated on the map to ensure the site is contained within COE
property. At a minimum, this portion of the field work shall be performed under the on-site direction
of a Professional Land Surveyor duly registered in the State of Ohio.

The above scope effectively describes the requirements of the survey. It does not specify all survey
details that could be listed. For instance, it does not state what topographic elevation density is required
on ground shot points. These types of details are usually left to the field surveyor to develop--presuming
he knows the purpose of the site plan mapping project and is familiar with subsequent design and
construction requirements. It is therefore critical that the field survey crew be made knowledgeable of the
ultimate purpose of a project so that they can locate critical features which may impact on future
construction.

b. Checklist format. An alternate method of describing the survey requirements is a checklist form.

The following checklist in Figure 6-2 below is used by FEMA and notes critical requirements that a
user/requestor must specify.
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Surface Description (choose one) Reflective surface (if using LIDAR)
[] Bare-earth surface (FEMA default) [ First [] Last (FEMA default)  [] All
[] Top surface (e.g., treetops/rooftops) [] LIDAR intensity returns
[[] Bathymetric surface [] Other simultaneous imagery
Vertical Accuracy (choose one)
[] 1" contour equiv. (Accuracy,= 0.6 ft.) [] 5' contour equiv. (Accuracy, = 3.0 ft.)
[ 2' contour equiv. (Accuracy, = 1.2 ft.) [] Other; Accuracy,= __ft.

[C] 4' contour equiv. (Accuracy, = 2.4 ft.)
Vertical accuracy at the 95% confidence level (Accuracy,) = RMSE, x 1.9600 with normal distribution

Horizontal Accuracy (choose one)

[ 1" =500 equiv. (Accuracy, = 11' or 3.35 m) [J] RMSE,=1m
[ 1" =1000" equiv. (Accuracy,= 22" or 6.7 m) [CJ] RMSE, =
Horizontal accuracy at the 95% confidence level (Accuracy,) = RMSE, x 1.7308

Data Model (choose one or more)

[] Contours [] Mass points [l TIN (average point spacing = ___meters) *

[] Cross sections [[] Breaklines [C] DEM (post spacing = ___meters)

* FEMA’s standard DEM post spacing is 5-meters when mass points are supplemented with breaklines for
hydraulic modeling. The TIN point spacing is typically smaller than the DEM post spacing to allow a
denser network of irregularly-spaced points for interpolation of the uniformly-spaced DEM.

Horizontal Datum (choose one) Vertical Datum (choose one)

[] NAD 27 [] NAD 83 (defaulty  [[] NGVD 29 [] NAVD 88 (default)
Coordinate System (choose one)

] utm [] state Plane il Geographic

Units Note: For feet and meters, vertical (V) units may differ from horizontal (H) units

[] Feetto _ decimalplaces [J]V [JH [J Decimal degreesto ___decimal places
[J Metersto ___decimal places [JV [JH [J DDDMMSSto _ decimal places
Feet are assumed to be U.S. Survey Feet unless specified to the contrary

Data Format (choose one or more)

Digital contour lines and breaklines Mass points and TINs DEMs

[] .DGN [] ASCII x/y/z [] ASCII x/y/z

[] .DO (DLG Optional) [J ASCII with attribute data [] BIL

] .DWG [ BIN ] BIP

[] .DXF [ TIN Arc/Info Export File ] BsQ

] .E00 [ Other [] .DEM (USGS standard)
(] .MIF/MID [C] ESRI Float Grid
] .SHP [C] ESRI Integer Grid
[] SDTS ] GeoTiff

[] TAB [] RLE

[] Other [ Other

File size or Tile size (choose one)

[ Filesize  MBor | GB (max)

[] Tile size X (specify feet or meters)
[] Other tile size:
[] Buffer size:

Other Quality Factors (optional, explain on separate page)

[] Cleanness from artifacts

[] Limits on size/location of void areas where there are no elevation data shown

[] How elevations are to be shown for void areas

[] Hydro-enforcement Bridges/culverts removed? CJYes [ No
[] Other requirements

Figure 6-2. Digital Topographic Data Requirements Checklist (FEMA)
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6-3. Topographic Survey Planning Checklist

Upon receipt of a user's request for a topographic survey, as part of the planning process it is best to logically
resolve many of the variables associated with a proposed site. The following planning checklist may be used
as a general outline for that process. This checklist may also be useful in reviewing a topographic survey
request with the end user. The remainder of the sections in this chapter will address some of these items.

(This checklist is taken from the Corps PROSPECT Survey |1l course).

PROJECT PLANNING
OBJECTIVE

Identify considerations for planning and
producing a survey.

Identify issues to be addressed when
requesting or discussing proposed work.

END-USE OF MAP OR DATA

How will the data or map be used?

Site planning

Construction plans and specs
Management

GIS

Will you count each tree, species, size?
Plot boundary

Compute areas

PROJECT PLANNING

Thoroughly read request from user.

(Request may be different than verbal
agreement)

What is the purpose of the survey?

What did the site look like a year ago?

What will it look like in one year?

SITE CONSIDERATIONS

Has the requestor walked the site
recently?

(Not a drive-by performed 2 years ago.)
Have you personally walked the site this
season?

Safety hazards to consider:

Steep slopes

Busy roads

Flagger, road signs

High speed railroad

switching railroad

Berries

Poison oak, poison ivy, nettles

Tide

Weather patterns

Local mentality

6-4

DELIVERABLE FORMAT

Assume CADD environment

Does file or map have to match existing
data?

What software will be used to view
data?

Engineering software for manipulation.
Will a variety of output files be required?

COORDINATE SYSTEM

e Horizontal

e State plane

e State plane on what zone

e True state plane, or at ground surface

e Local

o Military coordinate system

e Recommend something that can be
recovered. Perpetual coordinate system
usually better.

STATIONING

Stationing is a disjointed coordinate
system where one axis is the STATION
and the other is OFFSET, and the
STATION axis rotates at every PI.
Distances are usually ground distances.
(State plane coordinates might have to
be adjusted.)

Great for linear surveys such as roads,
railroads and levees.

VERTICAL COORDINATE SYSTEM

NAVD 88 (specify adjustment date)
MSL or NGVD 29 or NGVD 29 (XX)
1912 Adjustment

MLLW

City or Local

Base

Recommend a perpetual vertical system
and conversion to datum used.



UNITS OF MEASURE

Foot

U.S. Survey Foot
International Survey Foot
Meter

River mile, nautical mile
Ground distances

Grid distances

FILE TYPE

.DGN
.DWG
.SHP
ASCII
.DXF
.COT
TIF
WTIF

FILE SIZE

Some files are just too large for PC.
Match into existing or planning new
software or computer.

Does file size equate to sheet size?
Are sheets necessary?

EXISTING CONTROL

Decide what BM to hold ... 2 or more.
Decide what horizontal to hold.

Have these monuments been re-set?
Always check between 2 or more
existing monuments.

Update reference ties.

Protect during construction or relocate.

CONTROL MONUMENTS

Set or reference permanent control
The Same Control should be used for:
Project boundary recovered or set
Map for design

Plans and specs

Construction

As-Builts

Operation of facility as necessary
Project boundary should be recovered
or re-set.

Construction as per EM 1110-1-1002
Digging permit?

Rebar below frost line

Stamped or capped

Reference ties

Reference closest boundary
Drive-to/To-reach
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Set in protected place and set witness
post

CONTROL SURVEY

Different procedure than mapping
Whatever it takes to meet

(EM 1110-1-1004, Chapter 3).
Typically 2 sets of angles and
differential levels

Qualify monument coordinates with a
level of accuracy.

Archive

CONTROL DIAGRAM

Original Monuments

(Origination of horizontal and vertical)
Monuments set (type and designation)
Grid coordinates

Coordinate System

Ground Distance/Grid
Distance/Combination Factor and Grid
Factor, etc.

Reference ties

CONTROL DIAGRAM Build control diagram for:

e Mapping
e Design
e Construction plans and specs
e Archive
DELIVERABLES

X-section plots
Topographic map
Digital Terrain Model
Ink on mylar

Paper check plots
Color

Black/White

Digital files only
Digital file specifications/format
Levels

Font size

Line weights

Global origin

Sheet size

Title block format
Seed files in relevant coord. Sys/units
Boundary plat

File with the county
Metadata

Field-book
Computation files
Daily reports



EM 1110-1-1005
1 Jan 07

DELIVERABLES (CONTD)

Project Surveyor’s Report (pertinent
data, relevant comments by locals)
County reports

Digital media type (CD, DVD, tape)

OTHER CONSIDERATIONS

Manhole (MH) work

Size, type of each pipe flowing into MH
Direction of flow

Invert and rim elevation of MH
Confined space precautions

Only survey what you can see.

If locates, then call out as such.
Bridge detalil

Standard bridge sketch

Structural detail

Cross-section upstream and
downstream

Profile across bridge deck + 300 ft
Low steel elevation

Orientation to flow

Drill holes

Locate before drilling. (Stake for digging
permit.)

Survey after drilling. (Provide
coordinate and elevation on perpetual
coordinate system.)

Piezometers

Where do you want the elevation?
Are they locked? Have they been
located or read recently?
Photographs of site

Keep a logical record.

Helpful for office when mapping.
Show nearest utility hook-ups.
Water

Fire Hydrants

Power

Sanitary, storm etc.

Keys

Do we need any keys for access?
Right of entry

Knock on the door first

Tree/brush clearing permits

ROE in hand

SECURITY

Notify installation/project office in
advance (need POC)

Name, purpose, duration
Restricted area

Security escort required?

6-6

Security briefing

E-mail

Clothing requirement, safety clothing
Radio contact, pager

SPECIAL CONDITIONS Survey or map during:

Low pool

Maximum pool

Winter

After or before Leaf Drop

Conform to base or project operations.

Base operations

Flight schedule

Operation schedule (spillway at dam)

Low tide, high tide

Not during:

- Duck hunting season, deer hunting
season

- Calving or nesting season

- Fish migration

SCHEDULE

Is this time critical?

Could we save money by waiting?
Produce field-work now, and office later.
Will work be contracted?

How long to advertise, select,
negotiate?

Fiscal year (dated money)

OPTIONS TO COMPLETE WORK

In-House

IDC

Credit card

Neighboring districts

Other engineering contracts in the
district

Other agencies

FUNDING

Seed money to provide intelligent
estimate

Is proposed work probable?

What kind of estimate is required?
Format of estimate

Cover your estimate

Clearly state all assumptions
Provide proposed Schedule of
Obligation and Expenditure, if
contracted.
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PROJECT PLANNING, OFFICE e Steel tape

e Research e Pocket tape

e Control e Total station

¢ In-house o Reflectorless

e State e Robotic

e County e Data collection

e  Municipality or Military Installation ¢ Need to download daily.

e Land corners e Computer with software and place

e Previous work in area o Level

e Prism pole

SAFETY ISSUES e Triple prism

e Weather e Leadline

e Gunnery e GPS

» Operations e Is site GPS friendly?

o Tides

e Bugs VEHICLES

e Mud, Sand e 4x4

¢ UNEXO o ATV & trailer

e HTRW Site Safety Plan e Boat

o  Skiff

EQUIPMENT e Work boat

e Radios e Fisherman'’s tube

o Batteries e Parking at project or secured at hotel

e Cables

e Chargers MATERIALS

e Place to charge e Hubs/Stakes

e Water jug e Lath

e First Aid/CPR e Flagging

e Metal detector e Paint

e Chain saw e Nails

e Drill ¢ Monuments

e Waders or hip boots e Rebar

o Work vest

e Longrod

6-4. Rights-of-Entry

When entering property to conduct a survey, rights of the property owner will be respected. The
following paragraphs outline some minimum guidelines that should be followed.

a. Permission. Whenever necessary, permission to enter a military installation and other private
property may be acquired by the District prior to entering such property. While on the military
installation, members of the survey crew will adhere to all of the stipulations (e.g., rules, regulations,
directives, verbal guidance, etc.) set forth by the Installation Commander or his designated representative.
The same basic guidelines are applicable when the right to enter private property is given.

b. Protection of property. Government and private property shall be protected at all times. Every
effort should be made not to damage or cut trees, shrubs, plants, etc. on the property. If line cutting or
other modifications must be done, the Installation Commander, or in the case of private property, the
private property owner, is the only person who can grant permission to do so. It shall be standard practice
that property entered shall be returned to its condition prior to entry once the survey is completed. Gates
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and other structures should be left in the position in which they were found prior to entry. If a gate is
closed, do not leave it open for any long period of time. Return all borrowed property (e.g., keys, maps,
etc.) as instructed by the property owner or designated representative.

¢. Monuments. Survey points should be placed in such a way as to not obstruct the operations of
an installation or the property owners, or be offensive to their view. Monuments set as a result of the
survey should be set below ground level to prevent damage by or to any equipment or vehicles; especially
grass cutting tractors. Extra care must be taken when setting a survey point at or near airports. Any
temporary marks set on military installations or private property will be removed as soon as possible after
the survey work is completed, or at the request of the Installation Commander, property owner, and/or
designated representative. Permission should be obtained before painting permanent aerial mapping
targets on paved surfaces.

6-5. Sources of Existing Geospatial/Survey Data

When a request for a survey of a given project site is received, the first effort should be to research the
files to ascertain if a survey of the same site has already been performed. Policies and procedures for
performing searches of geospatial clearinghouse databases are prescribed in EM 1110-1-2909 (Geospatial
Data and Systems). However, given the highly detailed scale of topographic surveys, and the need for
current conditions, it is highly improbable that an archived survey of sufficient detail can be found at
these geospatial data shopping sites. Regardless, NSRS control will still be needed to reference the
topographic mapping. A variety of databases can be accessed to obtain horizontal and vertical control
from various local, state, and federal agencies. One or more of the following sources of existing
geospatial data may need to be researched before performing a topographic survey. These files may be
located in the District Office, the installation or base, county clerk's office, or a local public works/utility
company.

o Installation As-built drawing files. The requesting installation may have detailed hard copy or
digital files of topographic surveys, utility drawings, or real estate tract maps.

o District Office files. Archived drawing files for the project site.
¢ Aerial photo archives.
o Utility drawings. Electric, sanitary, storm, cable, telephone, fiber optic, etc. (Figure 6-3).

o Recorded plats and related real property surveys. Consult local county courthouse, District Real
Estate Division files, local surveyor’s archival files, etc.

e USGS topographic quadrangle maps. USGS quadrangle maps may be used for general location
references. Excerpts of these maps can be downloaded at sites such as www.topozone.com. General
small-scale orthophoto imagery can also be downloaded from a number of web sites, if this imagery is
needed for a background to design plans drawings and specifications.

e NGS control. Published National Geodetic Survey control can be downloaded at
www.ngs.noaa.gov. This site allows simple search options for all NSRS control points in the region of
the project.

e State, county, city, and regional agency control. Some states and regional/local agencies maintain
web sites for searching control in their areas.
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e District control. Corps control on a project or Army installation may be available in archived
files.

The FGDC National Geospatial Data Clearinghouse is a potential source for imagery data within or
surrounding a project site. The Geospatial Data Clearinghouse is a collection of over 250 spatial data
servers that have digital geographic data primarily for use in Geographic Information Systems (GIS),
image processing systems, and other modeling software. Generally, at this time the data is of small-scale
resolution, which means there are few uses for large-scale topographic mapping. These data collections
can be searched through a single interface based on their descriptions, or "metadata.” The Clearinghouse
can be reached through a link on the FGDC web site: http://www.fgdc.gov.
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Figure 6-3. Portion of a typical as-built utility map depicting proposed modifications
6-6. Project Control for Topographic Detail Surveys

Topographic surveys of facilities, utilities, or terrain must be controlled to some reference framework,
both in horizontal and vertical. This reference framework should consist of two or more permanently
monumented control points and/or benchmarks located in the vicinity of the project. These project
control points can then be used to perform supplemental topographic surveys of the project. This concept
is illustrated in Figure 6-4 below. In this example of a survey site located along the Ohio River, NSRS
control is brought in from three existing points using static GPS observations. A single point on the
western end of the survey site is positioned. A baseline in the project area is established from the
westernmost point using GPS. From these two intervisible points, subsequent topographic detail is
surveyed using either a total station or RTK methods. LIDAR scans of the bridge across the Ohio River
could be made relative to points set from the westernmost new point. In CONUS, connections are usually
made to the NSRS. In OCONUS locales, connections to local reference frameworks can be made.
Simple references to the satellite-based WGS-84 framework system may be also used, using a UTM grid
for local reference. Vertical control is usually established relative to the nearest existing benchmarks. In
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Figure 6-4 below, the points on the ends of the baseline would be tied in by differential levels to two or
more or the local benchmarks shown.

Project site

GPS baselines
@ Published NSRS Control O Published NSRS Benchmark

A Topo control points set at project site

Figure 6-4. Project control: NSRS and local control

a. Project control relative accuracy. In general, horizontal and vertical accuracy of the control
points used to control topographic surveys need only be to Third-Order, relative to themselves. In
practice, if these control points in and around the project site have been interconnected by total station
traverse, differential leveling, or static/kinematic DGPS techniques, their relative accuracy will be far
greater--upwards of 1:50,000 to 1:100,000 type closures are expected. Positional accuracies within a
project site should be around the £ 0.2 ft level in X-Y, and better than £ 0.1 ft in the vertical.

b. Project control absolute accuracy. The absolute accuracy of project control is that defined
relative to some local, statewide, or nation-wide reference framework. These frameworks might be the
NSRS that is maintained be the National Geodetic Survey or an installation geodetic network that was in
turn connected to the NSRS. Maintaining a good relative accuracy with an adjoining installation project
control network is far more important than accurate connections to distant NSRS networks. Likewise,
connections to adjoining property boundary monuments are significantly more critical than connections to
distant NSRS networks.
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¢. Boundary control. Topographic surveys involving real property boundaries must always be
connected to established property corners, section corners, or adjoining right-of-way boundaries.
Locations of structures, buildings, roads, utilities, etc. must be shown relative to the property boundaries.
Likewise, stakeout of planned construction must be performed relative to these boundaries--and surveyed
relative to applicable property corner pins. NSRS framework coordinates may be placed on property
corner marks; however, subsequent stakeout work should never be performed relative to distant NSRS
control--in other words, one should always occupy and/or connect to the nearest adjoining property
boundary corners, as shown in Figure 6-5.

& -0/ x|

Loop Traverse from POB

Intermediate hubs
from which total
station topo
survey
densification will
be made

Connections to property
corners

=
;Eence Type:? Block. ~ |
Fence Mode:  Inside hd

Bk =D 7o o] y

Figure 6-5. Setting additional topographic survey control points relative to platted property corners

d. Local project control. On some occasions, there is no existing horizontal or vertical control
within the immediate vicinity of a project. Two options are available:

o Perform detailed surveys relative to an arbitrary coordinate system established for the project--
e.g., set two permanent reference points, assume arbitrary coordinates of 5,000-10,000-100
(X-Y-Z) for one of the marks.

¢ Perform traverse, leveling, and/or GPS control surveys to bring in NSRS referenced control to the
project site.

The first option listed above used to be more common; however, with the ease of extending control with

GPS (either autonomous or differential), it is now fairly simple to establish some form of NSRS control
on a project; or, at minimum, reference to the WGS 84 ellipsoid.

6-11



EM 1110-1-1005
1 Jan 07

6-7. Establishing NSRS Control at a Project Site

A variety of factors must be considered in deciding whether and how to connect project sites to an
external spatial coordinate network. These include:

e Cost: Bringing distant horizontal and vertical control to a project site can be costly, and may
exceed the cost of performing the detailed topographic survey itself.

¢ Policy. Command, Agency, District, or Installation policy may mandate that all site plan work
shall be referenced to the NSRS. If this is the case, then it is up to the surveyor to perform this connection
in the most cost-effective manner as possible.

e Accuracy (horizontal and vertical). The horizontal and vertical accuracy of topographic features
relative to the NSRS must be rigorously and sensibly defined. Most project sites have no real
requirement for rigorous connections to a NSRS. For example, the horizontal location of a Reserve
Center motor pool building need not have precise geographic coordinates relative to the NSRS. However,
the location of a lock guidewall must be accurately located relative to the NSRS since this feature will be
depicted on independent navigation charts. Likewise, the first floor elevation of the motor pool building
relative to NGVD 29 is of little significance if the Reserve Center is located well outside any flood plain.
For example, absolute NSRS positional accuracies of the motor pool building would be adequate at the +
10 ft level in X-Y, and £ 3 ft in the vertical, whereas its local topographic survey accuracy relative to an
adjoining property line would be around the + 0.1 ft level in X-Y, and a floor elevation better than + 0.02
ft relative to local utility connections.

¢ Distance from NSRS network. The distance useable published horizontal control points or
vertical benchmarks are from the project site will have an impact on cost. In particular, if a distant
benchmark requires a lengthy level line to bring in accurate vertical control, costs can rapidly escalate.
More options are available for bringing in horizontal control to a project site, such as GPS static options
using CORS networks.

Depending on many of the factors listed above (and many others), the method and accuracy of bringing in
project control can be designed. The following paragraphs describe some of the common techniques that
can be employed in establishing horizontal and vertical control relative to a NSRS network.

6-8. Project Control Densification Methods

a. Horizontal control. Horizontal control is most effectively connected to the NSRS published
network into a project site by one of the following methods:

e Traverse surveys

e Static GPS surveys

¢ Kinematic GPS surveys
Traverse surveys with a total station are practical if the existing control is fairly close to the project site,
i.e., within a few turning point setups. General procedures for performing conventional traverse surveys
are covered in Chapter 3. If traverse surveys would take more than a few hours, then a static GPS

observation may prove more practical. At least two external NSRS network points should be occupied.
Alternatively, a static GPS survey could be conducted at a point set on the project site using the NGS
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CORS network to adjust the point. Since most topographic site plan mapping surveys require only Third-
Order accuracy relative to the NSRS, short-term (1 or 2 hour) GPS observations are normally the most
cost-effective methods for extending control to a project site. Refer to EM 1110-1-1003 (NAVSTAR GPS
Surveying) for details on performing and adjusting static GPS surveys.

b. Vertical control. If vertical control is required to a higher accuracy than can be achieved using
GPS survey techniques, then conventional leveling methods must be used. Depending on the distance of
the level run, Third-Order methods are usually sufficient. Either single-wire or digital leveling may be
used. See EM 1110-1-1009 (Structural Deformation Surveying) if more accurate leveling methods are
required--e.g., precise leveling with two-sided invar rods. Total station trigonometric leveling may be
performed over short distances.

6-9. Extending Control from a Local Project or Installation Network (Patrick AFB)

Most topographic surveys are performed on existing installation or civil works project sites where NSRS
or boundary control is readily available. Depending on the distance of this control from the survey site,
either total station traverse or static GPS surveys are used to establish local control. Vertical control will
typically be brought in by running Third Order levels from two existing benchmarks. If boundary surveys
are required, then all property corners should be recovered and tied in as part of the survey. Figure 6-6
below (from a Trimble Geomatics Office screen capture) illustrates a constrained adjustment network for
a Louisville District in-house control survey at an Army Reserve Center at Patrick AFB, Florida. GPS
control is established from one-hour static and 5 to 15 min fast-static observations at three fixed NSRS
control points--TECH 1961 (N-E-h) from the south , GPS 1009 (N-E) from the north, and BM PC1000
(e) from the south; where "N-E" are fixed horizontal coordinates, "h" is a fixed ellipsoidal height, and "e"
is a fixed orthometric elevation. Station PAT1 at the Patrick AFB site is thereby controlled. From PAT1,
10 additional control points within the site are radiated from short-term (less than 5 min) kinematic GPS
observations. These points are used as subsequent total station occupations.
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Figure 6-6. Horizontal and vertical control extended to project site from
external NSRS points (Patrick AFB, Florida--Louisville District 2004)

Figure 6-7 below shows various control and topographic observations that were performed on the Patrick
AFB survey. On this project, both total station and RTK topographic surveys were performed. The
occupied radial points were positioned by fast static GPS observations from the primary
installation/NSRS control point some 2,500 ft south of the site. The blue lines represent GPS baselines
(Fast Static or RTK) and the green lines are terrestrial (total station) observations. All the observations
were imported into TGO for a constrained adjustment (only redundant control points receive any
adjustment--the radial RTK or total station observations are not adjusted).
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Figure 6-7. Total Station and RTK surveys at Patrick AFB (Louisville District 2004)

6-10. Extending Control from a Distant Network Using Continuously Operating
Reference Stations (CORS)

The National Geodetic Survey coordinates the maintenance of a permanent network of continuously
operating GPS receivers that can be used to establish NSRS control at virtually any place in CONUS.
The use of CORS stations eliminates the need to occupy full baselines, as in the previous example. A
single GPS receiver is set up at a primary control point in the project site, and 1 to 2 hour static GPS
observations are recorded. These observations become the end of any number of selected baselines using
stations in the CORS network. Static GPS observations made at a project site can be adjusted to any
number of nearby CORS stations, using the NGS User Friendly CORS Web site, which is linked through
the NGS Web Site at: http://www.ngs.noaa.gov .

a. The following example illustrates extending NSRS control to a project site using the CORS
data network maintained by the NGS. Figure 6-8 below depicts an extension of NSRS control to a remote
site where a detailed topographic survey is required. The point of this example is to illustrate a practical,
rapid (one hour observing time), and cost-effective method of extending NSRS horizontal and vertical
control into a project site. In this example (a structure survey on a remote mountain in Pennsylvania), a
one-hour static GPS observation was made at a monument set near the facility to be surveyed. The
specified NSRS absolute accuracy required was only + 10 feet horizontal and + 3 feet vertical. The one-
hour static observation was connected to six CORS stations as shown below. The six baselines were
reduced and an adjusted position for the topographic reference point was computed using least squares
software.
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Figure 6-8. Connections to multiple CORS stations to adjust coordinates of a remote point (Leica SKI)

b. Figure 6-8 above shows the unknown control point “88211-2” being connected to six CORS
stations at various locations in Pennsylvania--PAPT, PSU1, GTS1, UPTC, WIL1, and LYCO. RINEX
data recorded for each of these CORS stations was downloaded from the Internet and each of the six
baselines was reduced using standard baseline reduction software. A standard constrained adjustment
using the weighted baseline reduction data is then performed to arrive at the adjusted position of the point
“88211-2.” The output of this adjustment is shown below with notes shown in blue italics:

Adjustment type : Constrained
Number of observations : 18 [6 baselines -- X, Y, and Z]
Number of unknowns 3
Degrees of freedom - 15
Number of groups 1
88211-2 Lat: 41 11 30.397202 N + 0.00960 [m] + 0.03 ft
Lon: 76 58 35.163335 W £+ 0.01280 [m] =+ 0.04 ft
Hgt: 517.6770 m + 0.01286 [m] + 0.04 ft

The above result indicates that the resultant CORS-adjusted position has a high relative accuracy
estimate--at the + 0.1 ft level. This accuracy is more than adequate to reference the horizontal location of
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subsequent total station observations made from “88211-2.” The height shown (517.677 m) may have
adjusted to the + 0.1 ft level, but this elevation is based on the WGS 84 ellipsoid height reduced to NAVD
88 using the published geoid model (GEOID 03) at this location--a predicted correction. Thus, while this
CORS-adjusted elevation is well within the £ 3 ft accuracy specification, use of the predicted geoid model
may degrade the absolute accuracy to no better than + 0.5 ft. If the project required a better vertical
accuracy relative to adjacent utility systems, then conventional differential level lines should be run rather
than use GPS-derived vertical elevations.

c. The following output from this CORS connection scheme shows a Leica SKI “Mean Position”
option based on the six baselines (the mean position is not the same as the least squares position). Also
shown are the differences in Lat-Long-Hgt for each baseline relative to the mean position. These
differences clearly indicate that the more distant baselines (PAPT, GTS1, and UPTC) are of lesser
quality; however, they would provide results well within the desired tolerances if used separately. In
practice, not all six of these CORS observations would have been used on this project--they are used in
this example for illustrative purposes to show that even CORS points 100 to 200 miles distant can provide
fairly reliable results. Since CORS point LYCO was less than 10 miles away from the project site, and
has a fixed baseline solution (all the others were “float” solutions), this CORS point and a second check
point (e.g., PSU1) would have been adequate in practice. It is always advisable to include a third CORS
site for a blunder check. CORS-derived positions can be computed the same day as the observations are
made.

Mean coordinates and differences:

Point id: 88211-2

WGS84 Coordinates:

[WGS 83Lat-Long/NAVD 88 Hgt Geocentric coordinates]

Lat: 41 11 30.39723 N X: 1083261.795 m

Lon: 76 58 35.16313 W Y: -4683333.242 m

Hot: 517.695 m Z: 4178814.491 m

Reference Date(YY/MM/DD) dLat dLon dHgt

LYCO 04/05/28 12:58:25 -0.002 m 0.000 m -0.005 m Tfixed
wiLl 04/05/28 13:04:35 -0.003 m 0.090 m 0.078 m

GTS1 04/05/28 12:58:25 0.002 m 0.106 m 0.095 m

PAPT 04/05/28 12:58:25 -0.014 m -0.077 m 0.175 m > 150 miles
UPTC 04/05/28 13:05:10 -0.022 m 0.123 m 0.060 m

PSU1 04/05/28 12:58:25 -0.022 m -0.025 m 0.077 m

d. In obtaining CORS data sheets from the NGS, care must be taken to use the correct published
coordinates shown on the sheet and input those values in the GPS adjustment program. The typical
datasheet that is downloaded with a CORS dataset is shown below for a point in Ohio near Gallipolis
Lock and Dam on the Ohio River--Figure 6-9 on the next page. On this example, the coordinates for
antenna phase center (ARP) are used (note options regarding use of L1 and L2 phase centers). Ignore all
“ITRF” positions--use only published NAD 83 positions. The ellipsoid height on this CORS sheet
(169.501 m) is based on GPS observations at this point and is referenced to NAD 83. The NGS Data
Sheet (Figure 6-10) for this point (PID = DF4048) shows its GEOID 03 height. No NAVD 88 elevation
is indicated since this CORS ARP point has not been connected to the vertical network. These CORS
position and ellipsoid heights can be changed and may not be the same as the downloaded RINEX
position and ellipsoid heights. Thus, care must be taken when using CORS stations to ensure that
coordinates used in the adjustment are those published. In rare cases, errors in published CORS ellipsoid
heights have been encountered; thus, redundant CORS points are advised.
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e. Azimuth orientation at the topographic project site is easily performed as part of the process of
bringing in CORS control. A second GPS receiver is set up at a marked point 500 to 1,000 ft distant from
the first GPS point. GPS observations over the short baseline are made concurrently with the CORS
baseline connections. The fixed solution over this short baseline will provide adequate azimuth
orientation for subsequent topographic work at the project site. (Note that a solid fixed solution is
required over this baseline). Either end of the baseline can be used to fix the CORS-derived X-Y-Z
position. The absolute accuracy over a 1,000 ft baseline will be between 10 and 30 seconds, depending
on the quality of the short baseline solution. This azimuth is adequate assuming the survey site is small
and no real property connections are required. If the site has deeded boundary alignments (e.g., bearings
shown along a road or boundary), then these deeded bearings should be used for azimuth reference if this
alignment is the established reference. GPS derived azimuths would have to be corrected to fit the local
orientation.
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Antenna Reference Point(ARP): GALLIPOLIS CORS ARP

PID = DF4048

|

|

|

I

| ITRFOO POSITION (EPOCH 1997.0)

| Computed in Feb., 2003 using 24 days of data.
| X
|

|

|

|

|

|

|

|

= 668399.969 m latitude = 38 50 39.17620 N
Y = -4929212.710 m longitude = 082 16 40.10632 W
Z = 3978967.616 m ellipsoid height = 168.250 m

ITRFOO VELOCITY
Predicted with HTDP_2.7 February 2003.

VX = -0.0164 m/yr northward = 0.0012 m/yr
VY = -0.0017 m/yr eastward = -0.0165 m/yr
VzZ = 0.0011 m/yr upward = 0.0003 m/yr
NAD_83 POSITION (EPOCH 2002.0)
Transformed from ITRFOO (epoch 1997.0) position in Feb., 2003. Use NAD 83 POSITION of
X = 668400.506 m latitude = 38 50 39.14896 N ARP in Adiust t
Y = -4929214.152 m longitude = 082 16 40.09229 W In Adjusimen
Z = 3978967.747 m ellipsoid height = 169.501 m

NAD_83 VELOCITY
Transformed from ITRFOO velocity in Feb., 2003.

VX = 0.0000 m/yr northward = 0.0000 m/yr
VY = -0.0001 m/yr eastward = 0.0000 m/yr
VzZ = 0.0000 m/yr upward = 0.0000 m/yr

L1 Phase Center of the current GPS antenna: GALLIPOLIS CORS L1 PC C

The D/M element, chokerings, radome antenna

(Antenna Code = TRM29659.00 UNAV) was installed on 11/14/02.
The L2 phase center is 0.020 m above the L1 phase center.
PID = DF9327

ITRFOO POSITION (EPOCH 1997.0)
Computed in Feb., 2003 using 24 days of data.

X = 668399.982 m latitude = 38 50 39.17622 N
Y = -4929212.792 m longitude = 082 16 40.10624 W
Z = 3978967.684 m ellipsoid height = 168.358 m

The ITRFOO VELOCITY of the L1 PC is the same as that for the ARP.

NAD_83 POSITION (EPOCH 2002.0)
Transformed from ITRFOO (epoch 1997.0) position in Feb., 2003.

X = 668400.519 m latitude = 38 50 39.14899 N
Y = -4929214.235 m longitude = 082 16 40.09221 W
Z = 3978967.815 m ellipsoid height = 169.609 m

The NAD 83 VELOCITY of the L1 PC is the same as that for the ARP.

* Latitude, longitude, and ellipsoid height are computed from their corresponding
Cartesian coordinates using dimensions for the GRS 80 ellipsoid:
semi-major axis = 6,378,137.0 meters Tflattening =1/298.257222101

* WARNING: Mixing of antenna types can lead to errors of up to 10 cm. in height
unless antenna-phase-center variation is properly modeled.

Figure 6-9. CORS antenna reference data
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The NGS Data Sheet

See file dsdata.txt for more information about the datasheet.
DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 7.09

1 National Geodetic Survey, Retrieval Date = NOVEMBER 16, 2004
DF4048 FFxdkdodsdkdodsddsdkddddddodddddkdddaix

DF4048 CORS - This is a GPS Continuously Operating Reference Station.
DF4048 DESIGNATION - GALLIPOLIS CORS ARP

DF4048 CORS_ID - GALP

DF4048 PID - DF4048

DF4048 STATE/COUNTY- OH/GALLIA

DF4048 USGS QUAD - RODNEY (1983)

DF4048 *CURRENT SURVEY CONTROL

DF4048

DF4048* NAD 83(CORS)- 38 50 39.14896(N) 082 16 40.09229(W) ADJUSTED
DF4048* NAVD 88 -

DF4048

DF4048 EPOCH DATE - 2002.00

DF4048 X - 668,400.506 (meters) COMP
DF4048 Y - -4,929,214.151 (meters) COMP
DF4048 Z - 3,978,967.746 (meters) COMP
DF4048 ELLIP HEIGHT- 169.50 (meters) (02/?2/03) GPS OBS
DF4048 GEOID HEIGHT- -33.71 (meters) GEOIDO3
DF4048 HORZ ORDER - SPECIAL (CORS)

DF4048 ELLP ORDER - SPECIAL (CORS)

DF4048

DF4048.1TRF positions are available for this station.

DF4048.The coordinates were established by GPS observations
DF4048.and adjusted by the National Geodetic Survey in February 2003.
DF4048.The coordinates are valid at the epoch date displayed above.
DF4048.The epoch date for horizontal control is a decimal equivalence
DF4048.of Year/Month/Day .

DF4048.The PID for the CORS L1 Phase Center is DF9327.

DF4048

DF4048.The XYZ, and position/ellipsoidal ht. are equivalent.

DF4048

DF4048.The ellipsoidal height was determined by GPS observations
DF4048.and is referenced to NAD 83.

DF4048.The geoid height was determined by GEOIDO3.

DF4048

DF4048; North East Units Scale Factor Converg.
DF4048;SPC OH S - 93,742.541 619,289.825 MT 0.99998005 +0 08 27.6
DF4048

DF4048! - Elev Factor x Scale Factor = Combined Factor
DF40481SPC OH S - 0.99997341 x 0.99998005 = 0.99995346

DF4048

DF4048 SUPERSEDED SURVEY CONTROL

DF4048_No superseded survey control is available for this station.

DF4048

DF4048_U.S. NATIONAL GRID SPATIAL ADDRESS: 17SLD8910900264(NAD 83)
DF4048_MARKER: STATION IS THE ANTENNA REFERENCE POINT OF THE GPS ANTENNA
DF4048

DF4048 STATION DESCRIPTION

DF4048"DESCRIBED BY NATIONAL GEODETIC SURVEY 2003

DF4048"STATION IS A GPS CORS. LATEST INFORMATION INCLUDING POSITIONS AND
DF4048"VELOCITIES ARE AVAILABLE IN THE COORDINATE AND LOG FILES ACCESSIBLE
DF4048"BY ANONYMOUS FTP OR THE WORLDWIDE WEB.

DF4048" FTP CORS.NGS.NOAA.GOV: CORS/COORD AND CORS/STATION_LOG
DF4048* HTTP://WWW.NGS.NOAA.GOV UNDER PRODUCTS AND SERVICES.

Figure 6-10. NGS Data Sheet
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6-11. On-Line Positioning User Service (OPUS)

OPUS is a free on-line baseline reduction and position adjustment service provided by the National
Geodetic Survey. OPUS provides an X-Y-Z baseline reduction and position adjustment relative to three
nearby national CORS reference stations. It performs the solution similarly to the manual adjustment
illustrated above and can be used for establishing accurate horizontal control relative to the NSRS. It is
simpler to operate in that only the user’s observed data needs to be uploaded as opposed to downloading
three or more CORS RINEX files. It can also be used as a quality control check on previously established
control points. OPUS input is performed "on-line" by entering a required minimum period static, dual-
frequency GPS RINEX, or other acceptable native format data. The resultant adjustment is returned in
minutes via e-mail. Either the ultra-rapid or the precise ephemeris is used for the solution. OPUS is
accessed at the following web page address: www.ngs.noaa.gov/OPUS. The various data on the web
page screen are entered, e.g., e-mail address, RINEX file path, antenna height, and local SPCS code. The
antenna height in meters is the vertical (not slope) distance measured between the monument/benchmark
and the antenna reference point (ARP). The ARP is almost always the center of the bottom-most,
permanently attached, surface of the antenna. 1f 0.0000 meters is entered for the height, OPUS will return
the position of the ARP. The type of antenna is selected from the drop down menu. OPUS computes an
average solution from the three baselines. NGS baseline reduction software is used for the solutions.
Output positions are provided in both ITRF and NAD 83. An overall RMS (95%) confidence for the
solution is provided, along with maximum coordinate spreads between the three CORS stations for both
the ITRF and NAD 83 positions. An orthometric elevation on NAVD 88 is provided using the current
geoid model. The orthometric accuracy shown is a function of the spread between the three redundant
baseline solutions. OPUS is also recommended as a check on existing USACE control.

6-12. Establishing Approximate Control for an Isolated or OCONUS Construction Project

When confronted to perform a topographic survey for design or construction at a remote (OCONUS)
project site, the following options are available:

e Establish a local (arbitrary) coordinate system--e., g., set and mark a primary point with X-Y-Z
coordinates 10,000-10,000-100 (meters or feet). (It is recommended that the arbitrary X-Y coordinates be
sufficiently different (e.g., 5,000-10,000) to avoid potential confusion between coordinates. Also ensure
that negative coordinates will not occur over the project site).

¢ Set and mark a secondary point 500 to 1,000 ft distant for azimuth orientation.
e Establish the azimuth orientation between the two points (i.e. a baseline) using either:

o Arbitrary azimuth of 000 deg.

o Estimated azimuth (scaled from map or photo)

0 Magnetic azimuth (from transit or hand held compass)

o Perform astronomic observation (Solar or Polaris)

o Perform 8 to 15 minute GPS baseline observation, holding autonomous position at the
primary end of the baseline

0 Gyroscope

¢ Perform topographic surveys relative to these two points. No grid or sea level corrections are
applied to observed distances--a tangent plane grid is assumed.
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a. No georeferenced control. Georeferenced control is rarely required for construction--an
arbitrary system described above is totally adequate for all design, stakeout, and construction. In
addition, an arbitrary grid system can be established in minutes--the baseline is quickly marked with
stakes, hubs, rebar, or PK nails at each end. Topographic surveys using a total station or RTK can then be
immediately conducted, starting at one end of the arbitrary baseline. If needed, supplemental control
traverses can be run to set additional marked control points around the project site. Optionally, RTK
radial control points can also be set relative to the baseline.

b. Georeferencing using autonomous GPS. If georeferenced control is required on this isolated
project, then autonomous GPS positioning could be used to put approximate georeferencing on the
primary control point. Georeferencing can be performed at any time. All data that was observed on the
arbitrary grid system can later be translated (and rotated) to a planer georeferenced coordinate system. If
only approximate georeferenced control is needed (z 20 ft), then an autonomous position from a hand-
held GPS receiver is adequate (e.g., Garmin, PLGR), and noting on all survey records that any resultant
coordinates are approximate. A few minute visual recording of the position is sufficient. Likewise, a
quick autonomous GPS position on the other end of the baseline will establish a rough geodetic azimuth
for the baseline--accurate to only + 1 deg at best. If the receiver will convert Lat/Long to the local UTM
zone, then the UTM coordinate system may be used to reference the project. A Lat/Long coordinate for
the primary point on the baseline should not be shown to an accuracy greater than the nearest 0.1 second.
A UTM coordinate should not be shown to better than the nearest meter.

c. Long-term static GPS observations. If a more precise georeferencing is required, then longer
term static GPS observations must be made at the primary point on the baseline. Most GPS receivers can
average long-term autonomous GPS positions-- over say 24 hours. This will derive a WGS 84 3D
position accurate to approximately + 2 meters. A higher accuracy (better than + 1 meter) will be attained
if geodetic quality GPS receivers are available. If two geodetic receivers are available, then a fixed
solution can be achieved over the short baseline with only a few minutes of static observations.

d. Transformations. All databases and drawings must clearly note the approximate
georeferencing of the project, the method by which it was performed, and the estimated accuracy of the
primary reference point. Also clearly indicate that the project is referenced to WGS 84. The vertical
datum is referenced either to the WGS 84 ellipsoid or to the approximate local geoid if a worldwide geoid
model is available. Clearly note on drawings which vertical datum was held. If required, the project may
also be referenced to a local OCONUS horizontal datum if the transformation parameters are known or
are imbedded in the GPS receiver. Previous topographic observations on an arbitrary coordinate system
may be transformed to the WGS 84/UTM grid using standard transformation routines found in most
COGO software packages. These routines will also automatically apply grid and sea level corrections
during the transformation--assuming these are significant.

6-13. Determining Required Map Scale and Contour Interval

General guidance for determining project-specific mapping requirements is contained in Table 6-1 at the
end of this section and in Table 6-2 in the next section. Table 6-1 may be used to develop specifications
for map scales, feature location tolerances, and contour intervals for typical engineering and construction
projects. Functional activities are divided into military construction, civil works, real estate, hazardous
waste, and emergency management. 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 topographic map scales or accuracies in excess of those required for project plan-
ning, design, or construction results in increased costs to USACE, local sponsors, or installations, and
may delay project completion. However, the recommended standards and accuracy tolerances shown in

6-22



EM 1110-1-1005
1 Jan 07

Table 6-1 should be considered as general guidance for typical projects--variance from these norms is
expected.

a. Mapping scope/limits. Mapping limits should be delineated so only areas critical to the project
are covered by detailed ground topographic surveys. The areal extent of detailed, large-scale, site plan
surveys should be kept to a minimum and confined to the actual building, utility corridor, or structure
area. Outside critical construction perimeters, more economical smaller scale plans should be used, along
with more relaxed feature location accuracies, larger contour intervals, etc.

b. Target scale and contour interval specifications. Map scale is the ratio of the distance
measurement between two identifiable points on a map to the same physical points existing at ground
scale. The errors in map plotting and scaling should exceed errors in measurements on the ground by a
ratio of about 3to 1. Stated in a different manner, a ratio can be established as a function of the plotter
error divided by the allowable scale error. For example, if a digital plotter has an accuracy of 0.0008 ft
(0.25 mm) and scaled map distances must be accurate to 0.5 ft, then 0.0008/0.5 =~ 1/600; or the ratio
becomes 1:600 or 1 inch = 50 feet. Table 6-1 provides recommended map scales and contour intervals
for a variety of engineering 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 will normally
increase exponentially with larger mapping scales; therefore, specifying too large a site plan 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 to define site layout, drainage, grading, etc., or perform quantity take
offs. Photogrammetric mapping flight altitudes or ground topographic survey accuracy and density
requirements are determined from the design map target scale and contour interval provided in the
contract specifications..

c. Feature location tolerances. This requirement establishes the primary surveying effort
necessary to delineate physical features on the ground. In most 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 or
determine photogrammetric mapping requirements. In such instances, surveyed coordinates, internal
CADD grid coordinates, or rigid relative dimensions are used. Table 6-1 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/structure (e.qg., 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 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 200 ft apart might need to be located to 0.1 ft relative to each other,
but need only be known to £100 ft relative to another catch basin 6 miles away. Likewise, relative accu-
racy tolerances are far less critical for small-scale GIS data elements. Actual construction alignment and
grade stakeout will generally be performed to the 0.1 ft or 0.01 ft levels, depending on the type of
construction.

d. Maintaining relative precision on a topographic survey. lIdeally, all features located

throughout a site area will have the same relative precision. In practice, the relative precision of the
points located furthest from the project control points will tend to have more error than points located
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directly from control monuments. In order to maintain the required accuracy for a project, a primary
project control net or loop is established to cover the entire project. Secondary project control loops or
nets are constructed from the primary project network. This helps to ensure that the intended precision
will not drop below the tolerance of the survey. In lieu of increasing control requirements, the target map
scale may be reduced in outlying areas. This trade-off between survey control and scale either increases
project costs or the scale is reduced below usable limits in some cases.

e. Optimum target scale. The requesting agency (or surveyor) should always use the smallest
scale which will provide the necessary detail for a given project. This will provide economy and meet the
project requirements. Once the smallest practical scale has been selected given the recommended options
from Table 6-1, determine if any other future map uses are possible for this project which might need a
larger scale. If no other uses are of practical value, then the optimum map scale has been determined.

f. Determining optimum contour interval. The contour interval is the constant elevation difference
between two adjacent contour lines. The contour interval is chosen based on the map purpose, required
vertical accuracy (if any was specified), the relief of the area of concern, and somewhat from the map
target scale. Steep slopes (large relief) will cause the surveyor to increase the contour interval in order to
make the map more legible. Flat areas will tend to decrease the interval to a limit which does not
interfere with planimetric details located on the topographic map.

(1) As a general rule, the lower limit for the contour interval is 25 lines per inch for even the
smallest map scales. The checklist to find the proper contour interval is:

e Intended purpose of the map.
e The desired accuracy of the depicted vertical information.
o Area relief (mountainous, hilly, rolling, flat, etc.).

¢ Cost of extra field work and possibility of plotting problems for selecting a smaller contour
interval.

o Other practical uses for the intended map.

(2) Following the above checklist, contour interval ranges are recommended in Table 6-1 for the
types of projects typically encountered in USACE. If a specific vertical tolerance has been specified as
the purpose for the mapping project, then the contour interval may be determined as a direct proportion
from Table 6-1 for the type of project site. Otherwise, the stated map accuracy of the vertical information
will be in terms of the selected contour interval within the limits provided by Table 6-1.

(3) Any contour drawn on the map will be correct to a stated fraction of the selected contour
interval. Because interpolation is used between spot elevations, the spot elevations themselves are
required to be twice as precise as the contours generated by the spot elevations.

g. CADD level/layer descriptors. The use of CADD or GIS equipment allows planimetric
features and topographic elevations to be readily separated onto various levels or layers and depicted at
any scale. Problems may arise when scales are increased beyond their originally specified values, or
when so-called "rubber sheeting" or "warping" 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.
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Table 6-1. RECOMMENDED ACCURACIES AND TOLERANCES:
ENGINEERING, CONSTRUCTION, AND FACILITY MANAGEMENT PROJECTS
Target Feature Position Tolerance Contour Survey
Map Scale Horizontal Vertical Interval Accuracy
Project or Activity SI/1P Sl/IP Sl/IP Sl/IP Hor/Vert
DESIGN, CONSTRUCTION, OPERATION & MAINTENANCE OF MILITARY FACILITIES
Maintenance and Repair (M&R)/Renovation of Existing Installation Structures, Roadways, Utilities, Etc
General Construction Site Plans & Specs: 1:500 100 mm 50 mm 250 mm  3rd-I
Feature & Topographic Detail Plans 40 ft/in 0.1-05ft 0.1-0.3ft 1ft 3rd
Surface/subsurface Utility Detail Design Plans 1:500 100 mm 50 mm N/A 3rd-1
Elec, Mech, Sewer, Storm, etc 40 ft/in 0.2-0.5 ft 0.1-0.2 ft 3rd
Field construction layout 0.1ft 0.01-0.1 ft
Building or Structure Design Drawings 1:500 25 mm 50 mm 250 mm  3rd-I
40 ft/in 0.05-0.2 ft 0.1-0.3 ft 11t 3rd
Field construction layout 0.01 ft 0.01 ft
Airfield Pavement Design Detail Drawings  1:500 25 mm 25 mm 250 mm  3rd-1
40 ft/in 0.05-0.1 ft 0.05-0.1 ft 0.5-1 ft 2nd
Field construction layout 0.01 ft 0.01 ft
Grading and Excavation Plans 1:500 250 mm 100 mm 500 mm  3rd-11
Roads, Drainage, Curb, Gutter etc. 30-100 ft/in  0.5-2 ft 0.2-1ft 1-2 ft 3rd
Field construction layout 11t 0.1ft
Recreational Site Plans 1:1000 500 mm 100 mm 500 mm  3rd-11
Golf courses, athletic fields, etc. 100 ft/in 1-2 ft 0.2-2 ft 2-5ft 3rd
Training Sites, Ranges, and 1:2500 500 mm 1000 mm 500 mm 3rd-lI
Cantonment Area Plans 100-200 ft/in  1-5ft 1-5ft 2 ft 3rd
General Location Maps for Master Planning 1:5000 1000 mm 1000 mm 1000 mm 3rd-II
AM/FM and GIS Features 100-400 ft/in  2-10 ft 1-10 ft 2-10ft  3rd
Installation boundaries, roads, buildings 100 ft/in
Installation regional location 2,000 ft/in
Installation vicinity map 1,000 ft/in
Space Management Plans 1:250 50 mm N/A N/A N/A
Interior Design/Layout 10-50 ft/in 0.05-1 ft
As-Built Maps: Military Installation 30 to 100 ft/in 100 mm 100 mm 250 mm  3rd-I
Surface/Subsurface Utilities (Fuel, Gas, 0.2-1ft 0.2 ft 1t 3rd
Electricity, Communications, Cable,
Storm Water, Sanitary, Water Supply, 1:1000 or 50-100 ft/in (Army)
Treatment Facilities, Meters, etc.) 1:500 or 50 ft/in (USAF)
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Table 6-1 (Contd). RECOMMENDED ACCURACIES AND TOLERANCES:

ENGINEERING, CONSTRUCTION, AND FACILITY MANAGEMENT PROJECTS

Target Feature Position Tolerance Contour Survey
Map Scale Horizontal Vertical Interval Accuracy

Project or Activity SI/1P Sl/IP Sl/IP Sl/IP Hor/Vert

Housing Management GIS (Family Housing, 1:5000 10000 mm N/A N/A 4th

Schools, Boundaries, and Other Installation 100-400 ft/in  10-15 ft 4th

Community Services)

Environmental Mapping and Assessment 1:5000 10000 mm N/A N/A 4th
Drawings/Plans/GIS 400 ft/in 10-50 ft 4th

Emergency Services Maps/GIS 1:10000 25000 mm N/A N/A 4th
Military Police, Crime/Accident Locations,  400-2000 ft/in 50-100 ft 4th
Post Security Zoning, etc.

Cultural, Social, Historical Plans/GIS 1:5000 10000 mm N/A N/A 4th
Archeological sites, habitat, endangered 400 ft/in 20-100 ft 4th
species, wildlife, wetlands

Runway Approach and Transition Zones: 1:2500 2500 mm 2500 mm 1000 mm 3rd-II
General Plans/Section 100-200 ft/in  5-10 ft 2-5ft 5 ft 3rd

Approach maps 1:5000 (H) 1:1000 (V)
Approach detail 1:5000 (H) 1:250 (V)
Runway end location N/A 1ft 0.2 ft N/A 3rd

Airport Obstruction & NAVAID Surveys
Airport Obstructions N/A 20 ft 31t N/A 3rd-1
NAVAID-visual N/A 20 ft N/A N/A 3rd-11
NAVAID-electronic--radar N/A 20 ft 100 ft N/A 3rd-11
NAVAID-WAAS (absolute) N/A 5cm 10cm N/A 3rd
NAVAID-WAAS (relative) N/A lcm 0.2cm N/A 2nd
Primary & Secondary Control Points N/A 3cm 4cm N/A 2nd

DESIGN, CONSTRUCTION, OPERATIONS AND MAINTENANCE OF CIVIL

TRANSPORTATION & WATER RESOURCE PROJECTS

Site Plans, Maps & Drawings for Design Studies, Reports, Memoranda, and Contract Plans and
Specifications, Construction plans & payment

General Planning and Feasibility Studies,

Reconnaissance Reports

Flood Control and Multipurpose
Project Planning, Floodplain Mapping,
Water Quality Analysis, and Flood

Control Studies

Soil and Geological Classification Maps

400 ft/in

Land Cover Classification Maps

400-1000 ft/in

1:2500 1000 mm
100-400 ft/in 2-10 ft

1:5000 10000 mm
400-1000 ft/in 20-100 ft

1:5000 10000 mm
20-100 ft
1:5000 10000 mm
50-200 ft
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0.5-2 ft

100 mm
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N/A

N/A

1000 mm 3rd-11
2-10ft 3rd
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Table 6-1. (Contd). RECOMMENDED ACCURACIES AND TOLERANCES:
ENGINEERING, CONSTRUCTION, AND FACILITY MANAGEMENT PROJECTS
Target Feature Position Tolerance Contour Survey
Map Scale Horizontal Vertical Interval Accuracy
Project or Activity SI/1P Sl/IP Sl/IP Sl/IP Hor/Vert
Archeological or Structure Site Plans & Details
(Including Non-topographic, Close Range, 1:10 5mm 5mm 100 mm 2nd-I/1l
Photogrammetric Mapping) 0.5-10 ft/in 0.01-0.5 ft 0.01-05ft 0.1-1ft 2nd
Cultural and Economic Resource Mapping  1:10000 10000 N/A N/A 4th
Historic Preservation Projects 1000 ft/in 50-100 ft 4th
Land Utilization GIS Classifications 1:5000 10000 mm N/A N/A 4th
Regulatory Permit Locations 400-1000 ft/in 50-100 ft 4th
Socio-Economic GIS Classifications 1:10000 20000 mm N/A N/A 4th
1000 ft/in 100 ft 4th
Grading & Excavation Plans 1:1000 1000 mm 100 mm 1000 mm 3rd-I
100 ft/in 0.5-2 ft 0.2-1ft 1-5ft  3rd
Flood Control Structure Clearing & Grading 1:5000 2500 mm 250 mm 500 mm  3rd-11
Plans (e.g., revetments) 100-400 ft/in  2-10 ft 0.5 ft 1-2ft  3rd
Federal Emergency Management 1:5000 1000 mm 250 mm 1000 mm 3rd-I
Agency Flood Insurance Studies 400 ft/in 20 ft 0.5 ft 4t 3rd
Locks, Dams, & Control Structures 1:500 25 mm 10 mm 250 mm 2nd-1l
Detail Design Drawings 20-50 ft/in 0.05-1 ft 0.01-05ft 0.5-1ft 2nd/3rd
Spillways & Concrete Channels 1:1000 100 mm 100 mm 1000 mm 2nd-11
Design Plans 50-100 ft/in  0.1-2 ft 0.2-2 ft 1-5ft 3rd
Levees and Groins: New Construction or 1:1000 500 mm 250 mm 500 mm  3rd-11
Maintenance Design Drawings 100 ft/in 1-2 ft 0.5-1ft 1-2ft  3rd
Construction In-Place Volume Measurement 1:1000 500 mm 250 mm N/A 3rd-11
Granular cut/fill, dredging, etc. 40-100 ft/in ~ 0.5-2 ft 0.5-1ft 3rd
Beach Renourishment/Hurricane 1:1000 1000 mm 250 mm 250 mm  3rd-11
Protection Project Plans 100-200 ft/in 2 ft 0.5 ft 11t 3rd
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Table 6-1. (Contd). RECOMMENDED ACCURACIES AND TOLERANCES:
ENGINEERING, CONSTRUCTION, AND FACILITY MANAGEMENT PROJECTS

Target Feature Position Tolerance Contour Survey
Map Scale Horizontal Vertical Interval Accuracy
Project or Activity SI/1P Sl/IP Sl/IP Sl/IP Hor/Vert
Project Condition Survey Reports
Base Mapping for Plotting Hydrographic 1:2500 10000 mm 250 mm 500 mm N/A
Surveys: line maps or aerial plans 200-1000 ft/in 5-50 ft 0.5-1 ft 1-2 ft N/A
Dredging & Marine Construction Surveys 1:1000 2000 mm 250 mm 250 mm N/A
New Construction Plans--Rock 100 ft/in 6 ft 1ft 11t N/A
New Construction Plans--Soft material 100 ft/in 6 ft 2 ft 11t N/A
Maintenance Dredging Drawings 1:2500 2000 mm 500 mm 500 mm N/A
200 ft/in 6 ft lor2ft 1ft N/A
Offshore Geotechnical Investigations - 5000 mm 50 mm N/A N/A
Core Borings /Probings/etc. 5-15 ft 0.1-0.5 ft 4th
Structural Deformation Monitoring
Studies/Surveys
Reinforced Concrete Structures: Large-scale 10 mm 2 mm N/A N/A
Locks, Dams, Gates, Intake Structures, vector 0.03 ft 0.01 ft N/A
Tunnels, Penstocks, Spillways, Bridges movement (long-term)
diagrams

or tabulations

Earth/Rock Fill Structures:Dams,Floodwalls, (same as 30 mm 15 mm N/A N/A
Levees, etc--slope/crest stability & above) 0.1ft 0.05 ft N/A
alignment (long term)
Crack/Joint & Deflection Measurements: tabulations 0.2 mm N/A N/A N/A
piers/monoliths--precision micrometer 0.01 inch N/A
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Table 6-1. (Concluded). RECOMMENDED ACCURACIES AND TOLERANCES:
ENGINEERING, CONSTRUCTION, AND FACILITY MANAGEMENT PROJECTS
Target Feature Position Tolerance Contour Survey
Map Scale Horizontal Vertical Interval Accuracy
Project or Activity SI/1P Sl/IP Sl/IP Sl/IP Hor/Vert
REAL ESTATE ACTIVITIES: ACQUISITION, DISPOSAL, MANAGEMENT, AUDIT
Maps, Plans, & Drawings Associated with Military and Civil Projects
Tract Maps, Individual, Detailing
Installation or Reservation Boundaries, 1:1000 10 mm 100 mm 1000 mm 3rd-1/11
Lots, Parcels, Adjoining Parcels, and 1:1200 (Army) 3rd
Record Plats, Utilities, etc. 50-400 ft/in  0.05-2 ft 0.1-2 ft 1-5ft
Condemnation Exhibit Maps 1:1000 10 mm 100 mm 1000 mm 3rd-1/11
50-400 ft/in  0.05-2 ft 0.1-2 ft 1-5ft  3rd
Guide Taking Lines/Boundary Encroachment 1:500 50 mm 50 mm 250 mm  3rd-I/1l
Maps: Fee and Easement Acquisition 20-100 ft/in  0.1-1ft 0.1-1ft 1t 3rd
General Location or Planning Maps 1:24000 10000 mm 5000 mm 2000 mm N/A
2000 ft/in 50-100 ft 5-10 ft 5-10ft 4th
GIS or Land Information System (LIS)
Mapping, General
Land Utilization and Management, Forestry ~ 1:5000 10000 mm N/A N/A 3rd
Management, Mineral Acquisition 200-1000 ft/in 50-100 ft 3rd
Easement Areas and Easement 1:1000 50 mm 50 mm N/A 3rd
Delineation Lines 100 ft/in 0.1-0.5ft 0.1-0.5ft 3rd
HAZARDOUS, TOXIC, RADIOACTIVE WASTE (HTRW) SITE INVESTIGATION,
MODELING, AND CLEANUP
General Detailed Site Plans 1:500 100 mm 50 mm 100 mm 2nd-1/11
HTRW Sites, Asbestos, etc. 5-50 ft/in 0.2-1ft 0.1-05ft 05-1ft 2nd/3rd
Subsurface Geotoxic Data Mapping 1:500 100 mm 500 mm 500 mm  3-II
and Modeling 20-100 ft/in  1-5ft 1-2 ft 1-2 ft 3rd
Contaminated Ground Water 1:500 1000 mm 500 mm 500 mm  3rd-11
Plume Mapping/Modeling 20-100 ft/in  2-10ft 1-5ft 1-2 ft 3rd
General HTRW Site Plans & 1:2500 5000 mm 1000 mm 1000 mm 3rd-II
Reconnaissance Mapping 50-400 ft/in ~ 2-20 ft 2-20 ft 2-5ft  3rd

EXPLANATORY NOTES FOR COLUMNS IN TABLE 6-1:

1. Target map scale is that contained in CADD, GIS, and/or AM/FM layer, and/or to which ground topo or aerial
photography accuracy specifications are developed. This scale may not always be compatible with the feature
location/elevation tolerances required. In many instances, design or real property features are located to a far
greater relative accuracy than that which can be scaled at the target (plot) scale, such as property corners, utility
alignments, first floor or invert elevations, etc. Coordinates/elevations for such items are usually directly input
into a CADD or AM/FM database.
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2. The feature position or elevation tolerance of a planimetric feature is defined at the 95% confidence level.
The positional accuracy is relative to two adjacent points within the confines of a structure or map sheet, 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. The tolerances between the two
points are determined from the end functional requirements of the project/structure (e.g., field
construction/fabrication, field stakeout or layout, alignment, locationing, etc.).

3. Horizontal and vertical control survey accuracy refers to the procedural and closure specifications needed to
obtain/maintain the relative accuracy tolerances needed between two functionally adjacent points on the map or
structure, for design, stakeout, or construction. Usually 1:10,000 Third-Order (I) control procedures (horizontal
and vertical) will provide sufficient accuracy for most engineering work, and in many instances of small-scale
mapping or GIS rasters, Third-Order, Class Il methods and Fourth-Order topo/construction control methods may
be used. Base- or area-wide mapping control procedures shall be specified to meet functional accuracy
tolerances within the limits of the structure, building, or utility distance involved for design or construction
surveys. Higher order control surveys shall 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).

6-14. Recommended Guidelines for Army Installation Maps and Drawings

Table 6-2 below is extracted from the "CADD/GIS Technology Center Guidelines for Installation
Mapping and Geospatial Data" (ERDC/ITL 1999b). It contains guidance on recommended scales for
various types of military installation maps. The map class refers to the ASPRS standards (ASPRS 1989).

Table 6-2
Recommended Installation Mapping Guidelines

NOTE: UNLESS OTHERWISE SPECIFIED THE INSTALLATION LAYOUT MAP WILL BE USED AS A BASE FOR THE
PREPARATION OF OTHER SPECIFIED MAPS.

MAP AND GRAPHIC LAYERS MAP MAP CLASS- [CONTOUR |DESCRIPTION AND FEATURES
M=mandatory SCALE ACCURACY |INTERVAL |SHOWN

O=optional . (feet)

TBD=to be determined Lr=xooxt

A- NATURAL AND CULTURAL RESOURCES|M | 1"=400ft Class 1 5 Shows historic and archeological
A-1 AREAS OF CRITICAL CONCERN 1:4,800 sites, areas of threatened and

endangered species, primary habitat
areas, flood plains, wetlands, coastal
zones, lakes, rivers, water bodies,
soils and soil boring locations, and
similar information.

A- NATURAL AND CULTURAL RESOURCES|O |1"=400ft Class 1 5 Shows surface/subsurface geology,
A-2 MANAGEMENT AREAS 1:4,800 paleontology, topography, hydrology
and surface drainage, vegetation
areas, forests, commercial timber
areas, agricultural outleasing areas,
fish and wildlife areas, prime soils,
grounds maintenance areas, outdoor
recreation areas, pest management
areas, and similar information.
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Table 6-2

Recommended Installation Mapping Guidelines

NOTE: UNLESS OTHERWISE SPECIFIED THE INSTALLATION LAYOUT MAP WILL BE USED AS A BASE FOR THE

PREPARATION OF OTHER SPECIFIED MAPS.

B- ENVIRONMENTAL QUALITY M
B-1 ENVIRONMENTAL REGULATORY
AREAS

1"=400ft
1:4,800

Class 1

Shows hazardous waste generation
points, hazardous waste storage
facilities, solid waste disposal and
recycling points, fuel tanks,
Resource Conservation and
Recovery Act sites, installation
restoration program sites/areas, and
similar information.

B- ENVIRONMENTAL QUALITY (0]
B-2 ENVIRONMENTAL EMISSIONS AREAS

1"=400ft
1:4,800

Class 1

Shows sources of air emissions,
wastewater Non-point Pollution
Discharge Elimination System
(NPDES) point source discharges,
storm water non-point discharges,
drinking water supply,
electromagnetic radiation sources,
sources of radon emissions and
similar information.

C-INSTALLATION LAYOUT AND VICINITY |M
C-1 INSTALLATION LAYOUT

1"=100ft
1:1,200

Class 1

Shows the installation boundary;
buildings (facility identification
numbers and type: permanent, semi-
permanent, temporary); structures;
roads and parking areas; walkways
and trails; railroads; fences;
recreation areas; cemeteries;
training ranges; contours; water
areas; coordinate grid;
embankments; below/above ground
tanks; embankments; spot
elevations and survey control;
neighboring land use (outside
installation boundary); historic
buildings and places, archeological
sites and similar information.

C-INSTALLATION LAYOUT AND VICINITY (M
C-2 OFF-INSTALLATION SITES

1"=400ft
1:4,800

Class 1

Shows the same information as the
installation layout map, but this map
is prepared for those facilities that
are outside the installation's primary
boundary.

C-INSTALLATION LAYOUT AND VICINITY O
C-3 INSTALLATION REGIONAL LOCATION

1"=2,000ft
1:24,000

NA

20

Shows information of interest to
regional planning and major
transportation systems, cities, towns,
political jurisdictions, DoD installation
boundaries, aeronautical data,
woodlands, recreation areas, towers,
significant physical characteristics of
the region and other similar
information.

C-INSTALLATION LAYOUT AND VICINITY |O
C-4 INSTALLATION VICINITY

1"=1000ft
1:12,000

Class 1

10

Shows the installation boundary,
airfield and operations areas, major
roads, proposed roads and
highways, railroads, bombing and
test ranges, vertical obstructions,
topography, recreation areas,
waterways and bodies, towers and
similar information.
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Table 6-2

Recommended Installation Mapping Guidelines

NOTE: UNLESS OTHERWISE SPECIFIED THE INSTALLATION LAYOUT MAP WILL BE USED AS A BASE FOR THE
PREPARATION OF OTHER SPECIFIED MAPS.

C-INSTALLATION LAYOUT AND VICINITY
C-5 AERIAL PHOTOGRAPHIC COVERAGE

AND CONTROL STATIONS

o

NA

NA

Prepared as an index of the aerial
photographic coverage for the
installation, shows the center point of
individual photographs as well as the
location of survey control stations
and control points used for the aerial
photography.

C-INSTALLATION LAYOUT AND VICINITY

C-6 INSTALLATION BOUNDARY

M

Legal
Records

Class 1

Shows the land area comprising the
installation boundary including
survey monuments.

D- LAND USE
D-1 INSTALLATION LAND USE
D-1.1 FUTURE LAND USE

1"=400ft
1:4,800

Class 1

Shows installation land use including
airfields; maintenance and repair
areas; manufacturing industrial
areas; supply/ storage areas;
administration areas; training and
ranges areas; troop and family
housing; community facilities
(commercial and service); medical
facilities; outdoor recreation; open
spaces; and similar information

D- LAND USE
D-2 OFF SITE LAND USE
D-2.1 FUTURE OFF SITE LAND USE

1"=400ft
1:4,800

Class 1

Shows off-site land use including
airfields; maintenance and repair
areas; manufacturing industrial
areas; supply/ storage areas;
administration areas; training and
ranges areas; troop and family
housing; community facilities
(commercial and service); medical
facilities; outdoor recreation; open
spaces; and similar information

D- LAND USE
D-3 REAL ESTATE

1"=400ft
1:4,800

Class 1

Shows the land area comprising the
installation including parcel
information on fee title, lease,
license, permit and easement areas
inclusive of tract, acreage, data of
acquisition, lease period and similar
information.

D- LAND USE

D-4 EXPLOSIVE SAFETY
QUANTITY-DISTANCE CLEARANCE
ZONES (QD-ARCS)

1"=400ft
1:4,800

Class 1

Same as installation layout map, but
includes the distance clearance
zones for explosives.

D- LAND USE

D-5 HAZARD ANALYSIS CONSTRAINTS

1"=400ft
1:4,800

Class 1

Same as installation layout map, but
includes areas of catastrophic
potential to include flooding,
subsidence, avalanche, erosion,
earthquake, tsunami, snowfall,
windstorm, volcanic ash and similar
information.

D- LAND USE
D-6 COMPOSITE CONSTRAINTS

1"=400ft
1:4,800

Class 1

Same as installation layout map, but
emphasizes areas of catastrophic
potential from natural occurrences
e.g., flooding, subsidence,
avalanche, earthquake, tsunami and
technological occurrences, accident
potential zones, hazardous noise
areas, noise contours, environmental
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Table 6-2
Recommended Installation Mapping Guidelines

NOTE: UNLESS OTHERWISE SPECIFIED THE INSTALLATION LAYOUT MAP WILL BE USED AS A BASE FOR THE
PREPARATION OF OTHER SPECIFIED MAPS.

management areas and other similar

information.
D- LAND USE O [1"=100ft Class 1 2 Same as installation layout map, but
D-7 AREA DEVELOPMENT 1:1,200 includes information on the planned
development of areas within the
installation.
E-AIRFIELD OPERATIONS M |1"=1,000ft |Class 1 5 Same as airport pavement map and
E-1 ON-BASE OBSTRUCTIONS TO 1:12,000 includes information on any
AIRFIELD CRITERIA obstructions to navigation and

ground movement of aircraft within
the installation boundary.

E-AIRFIELD OPERATIONS M | 1"=800ft Class 1 5 Shows obstructions within the glide

E-2 APPROACH/DEPARTURE ZONE angle approach zone and other

OBSTRUCTIONS (to 10,000 feet) similar information within the
distance specified.

E-AIRFIELD OPERATIONS M |1"=2,000ft |Class 1 10 Shows obstructions within the glide

E-3 APPROACH/DEPARTURE ZONE 1:24,000 angle approach zone and other

OBSTRUCTIONS (from 10,000 feet to 10 similar information within the

miles) distance specified.

E-AIRFIELD OPERATIONS M [1"=1,000ft |Class 1 10 Shows obstructions within the

E-4 AIRSPACE OBSTRUCTION-VICINITY 1:12,000 vicinity of the airfield, but not those

already shown on
approach/departure zone maps,
topography, cities, towns, other
obstructions, water courses and
water bodies and similar information.

E-AIRFIELD OPERATIONS M |TBD TBD TBD Shows all NAVAIDS with latitude
E-5 TERMINAL ENROUTE PROCEDURES and longitude.

(TERPS) AUTOMATION

E-AIRFIELD OPERATIONS O [1"=100ft Class 1 2 Shows airfield waivers, clear zones,
E-6 AIRFIELD/AIRSPACE CLEARANCES 1:1,200 primary surface, transitional surface

(7:1), approach and departure
surface (50:1) approach and taxiway
clearances, wing tip clearances,
turning radii, and other similar
information necessary for aircraft
movement on the ground.

E-AIRFIELD OPERATIONS O [1"=400ft Class 1 5 Shows runways, taxiways, aprons,
E-7 AIRFIELD PAVEMENT 1:4,800 warm-up pads, hardstands, helipads,
stabilized shoulders, overruns and
similar information.

E-AIRFIELD OPERATIONS O [1"=100ft Class 1 2 Shows runways, taxiways, aprons,
E-8 AIRFIELD PAVEMENT DETAILS 1:1,200 warm-up pads, hardstands, helipads,
stabilized shoulders, overruns and
similar information, but includes
cross sections and elevation profiles.

E-AIRFIELD OPERATIONS O [1"=100ft Class 1 2 Shows the parking plan for aircraft
E-9 AIRCRAFT PARKING 1:1,200 including alert hangars, refueling
E-9.1 PROPOSED AIRCRAFT PARKING outlets, blast fences, aircraft

orientation, control tower, fire station,
cargo holding pads, maintenance
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Table 6-2

Recommended Installation Mapping Guidelines

NOTE: UNLESS OTHERWISE SPECIFIED THE INSTALLATION LAYOUT MAP WILL BE USED AS A BASE FOR THE

PREPARATION OF OTHER SPECIFIED MAPS.

docks, maintenance lights, aircraft
revetments and similar information.
E-AIRFIELD OPERATIONS O [1"=100ft Class 1 Shows the major components of
E-10 AIRFIELD LIGHTING SYSTEMS 1:1,200 airfield lighting system including
runway, taxiway, end reference
lights, location size and type of
underground ducts, obstruction
lights, stand-by generator equipment
and similar information.
F- Reserved
G-UTILITY SYSTEMS M | 1"=50ft Class 1 Shows all significant components of
G-1 WATER SUPPLY SYSTEM 1:600 the water supply system.
G-UTILITY SYSTEMS M | 1"=50ft Class 1 Shows all significant components of
G-2 SANITARY SEWERAGE SYSTEM 1:600 the sanitary sewerage system.
G-UTILITY SYSTEMS M | 1"=50ft Class 1 Shows all significant components of
G-3 STORM DRAINAGE SYSTEM 1:600 the storm drainage system.
G-UTILITY SYSTEMS M | 1"=50ft Class 1 Shows all significant components of
G-4 ELECTRICAL DISTRIBUTION SYSTEM 1:600 the electrical distribution and exterior
(STREET AND AIRFIELD) lighting systems.
G-UTILITY SYSTEMS M | 1"=50ft Class 1 Shows all significant components of
G-5 CENTRAL HEATING/COOLING 1:600 the central heating/cooling systems.
SYSTEMS
G-UTILITY SYSTEMS M | 1"=50ft Class 1 Shows all significant components of
G-6 NATURAL GAS DISTRIBUTION 1:600 the natural gas distribution system.
SYSTEM
G-UTILITY SYSTEMS M | 1"=50ft Class 1 Shows all significant components of
G-7 LIQUID FUEL SYSTEM 1:600 the liquid fuel system.
G-UTILITY SYSTEMS O [1"=100ft Class 1 Shows all significant components of
G-8 CATHODIC PROTECTION SYSTEM 1:1,200 the cathodic protection system for all
underground utility systems and
structures subject to electrochemical
corrosion.
G-UTILITY SYSTEMS O [1"=50ft Class 1 Shows all significant components of
G-9 CATHODIC PROTECTION SYSTEM 1:600 the cathodic protection system
DETAILS including details of other utilities in
proximity to ground beds for all
underground utility systems.
G-UTILITY SYSTEMS O | 1"=50ft Class 1 Prepared when these systems are of
G-10 INDUSTRIAL WASTE AND DRAIN 1:600 such a complexity or nature it
SYSTEM requires the production of a separate
map to portray their characteristics.
G-UTILITY SYSTEMS M | 1"=100ft Class 1 Shows the water, sanitary sewer,
G-11 COMPOSITE UTILITY SYSTEM 1:1,200 storm drainage, electrical, central
heating/cooling, gas compressed air,
industrial waste and other utility
systems combined on a single map.
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Recommended Installation Mapping Guidelines
NOTE: UNLESS OTHERWISE SPECIFIED THE INSTALLATION LAYOUT MAP WILL BE USED AS A BASE FOR THE
PREPARATION OF OTHER SPECIFIED MAPS.
G-UTILITY SYSTEMS O [1"=50ft Class 1 2 Shows all the utilities systems that
G-11.1 CENTRAL AIRCRAFT SUPPORT 1:600 serve the airfield apron and related
SYSTEMS servicing of aircraft.
G-UTILITY SYSTEMS M | 1"=400ft Class 1 5 Shows fire hydrants, water deluge
G-12 FIRE PROTECTION SYSTEMS AND 1:4,800 systems, safety buffer distances,
UTILITIES vehicle maneuverability areas, and

similar information related to fire
protection or safety.

G-UTILITY SYSTEMS O |1"=100ft Class 1 2 Show utilities not displayed on other
G-13 OTHER UTILITY SYSTEMS 1:1,200 maps.

H-COMMUNICATION AND NAVAID M | 1"=400ft Class 1 5 Uses the installation layout map as a
SYSTEMS 1:4,800 base to show installation-wide

H-1 INSTALLATION-WIDE communications systems.
COMMUNICATIONS AND COMPUTER

SYSTEMS

H-COMMUNICATION AND NAVAID M | 1"=400ft Class 1 5 Shows NAVAID components such
SYSTEMS 1:4,800 as radio transmitters, radio relay

H-2 NAVAID SYSTEMS facilities, high and ultra high

frequency direction finders, radio
beacon shelters, GCA units,
RAPCON units, PAR structures,
TACAN buildings and facilities and
similar information.

I-TRANSPORTATION SYSTEM M | 1"=400ft Class 1 10 Shows all major arterial, collector
I-1 COMMUNITY NETWORK - ACCESS TO 1:4,800 streets that have direct relationship
BASE to the installation and local streets

providing access to the installation.

I-TRANSPORTATION SYSTEM M | 1"=400ft Class 1 2 Shows the transportation network

-2 ON-BASE NETWORK 1:4,800 including parking areas, sidewalks,
bike/hike/jogging trails on the
installation.

I-TRANSPORTATION SYSTEM O [1"=400ft Class 1 2 Shows the planned transportation

1-2.1 FUTURE ON-BASE NETWORK 1:4,800 network including parking areas,

sidewalks, bike/hike/jogging trails on
the installation.

J-ENERGY SYSTEMS O [1"=100ft Class 1 2 Shows data related to the
1:1,200 installation's energy planning
systems.
K-ARCHITECTURAL COMPATIBILITY O | 1"=400ft Class 1 2 Shows the installation's architectural
1:4,800 compatibility zones and architectural
districts.
L-INSTALLATION LANDSCAPE O [1"=400ft Class 1 2 Shows the installation's landscape
DEVELOPMENT AREA 1:4,800 areas and planned flora.
M-FUTURE DEVELOPMENT M | 1"=400ft Class 1 5 Shows the current installation layout;
M-1 CURRENT 1:4,800 e.g. streets, parking lots, buildings,

utilities etc, to include those facilities
presently under development.

M-FUTURE DEVELOPMENT M | 1"=400ft Class 1 5 Shows planned development on the
M-2 FUTURE DEVELOPMENT SHORT- 1:4,800 installation including streets and
TERM (1-5 YEARS) parking lots, buildings, utilities and
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Table 6-2

Recommended Installation Mapping Guidelines

NOTE: UNLESS OTHERWISE SPECIFIED THE INSTALLATION LAYOUT MAP WILL BE USED AS A BASE FOR THE

PREPARATION OF OTHER SPECIFIED MAPS.

similar information.

M-FUTURE DEVELOPMENT 1"=400ft Class 1 Shows the facilities that will be

M-2 FUTURE DEVELOPMENT SHORT- 1:4,800 developed beyond a five-year time

TERM (> 5 YEARS) frame on the installation including
streets and parking lots, buildings,
utilities and similar information.

O-FORCE PROTECTION 1"=400ft Class 1 Show areas that can be suited for

0-1 SURGE CAPABILITY (BEDDOWN AND 1:4,800 temporary billeting of troops in the

SUPPORT) case of surge requirements.

O-FORCE PROTECTION 1"=400ft Class 1 Shows security fences, proposed

0-2 PHYSICAL SECURITY 1:4,800 and existing access points, sensor
devices, location of security police
units, fire stations and other similar
information.

O-FORCE PROTECTION 1"=400ft Class 1 Shows all buildings and building

0-3 DISASTER PREPAREDNESS CRASH 1:4,800 numbers with hospitals and fallout

GRID shelters, protection factors and
similar information.

O-FORCE PROTECTION 1"=400ft Class 1 Prepared for installations to show

0-4 INSTALLATION SURVIVABILITY 1:4,800 operational contingencies.

P-PORTS AND HARBORS 1"=100ft Class 1 Shows berths, breakwater, channel,

1:1,200 cable and pipeline areas, hazard

areas, dry dock, navigation aides,
jetties, wrecks, bouys, piers, quays,
reefs, safety fairway, wharf, and
other similar information.

R- TRAINING COMPLEX 1"=400ft Class 1 Shows surface danger zones, target

R-1 RANGE AREA 1:4,800 areas, impact areas, dudded areas,
bomb circles, firing points, firing fans
and lanes, range control points, and
other similar information.

R- TRAINING COMPLEX 1"=400ft Class 1 Shows landing zones, drop zones,

R-2 TRAINING AREA 1:4,800 bivouac areas, training sites, foot
traffic areas, perimeter defense,
obstacle course areas, drill fields,
marching areas and other similar
information.
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6-15. Topographic Survey Equipment Selection and Planning Guidance

This section discusses the selection of topographic survey instruments and methods for a given project.
There is no set formula for deciding on a particular instrument (transit-tape, transit-stadia, plane table,
total station, RTK, Laser) or survey densification technique (cross-sections, grid matrix, random). This is
because of the large number of variables involved that will impact the use of one instrument or method
versus another. These variables also have a major impact on productivity and cost. Some of these
variables are discussed in the following paragraphs.

e Size of project. A simple stakeout of a baseball field can be accomplished easily with a transit
and 100/300 ft steel tape--a total station or RTK would be overkill for such a project. On the other hand,
a detailed site plan survey of a multi-acre planned commissary site would require a more productive
instrument, such as a total station or RTK.

e Complexity of project. If only ground elevation shots are required at a site, survey data hand
recorded in a field book would suffice. A project with many different feature levels, and with attribute
options for each feature, would be more effectively surveyed using an electronic data collector--with a
"field-finish" option if available.

e Project location. A remote or hazardous site location may dictate the type of equipment used.
Lengthy mob/demob travel times will significantly increase costs, as will sites that can only be reached on
foot.

e Project time constraints. A quick delivery suspense date may require use of electronic "field-
finish" survey techniques; perhaps even laser techniques if a complex structure is involved. Specified
overtime may increase costs.

¢ Project cost constraints. Always a driving factor--may preclude use of terrestrial laser technique.
Or the cost may dictate a one-man crew with a robotic total station.

o User/requestor preferences. The originating office may have a preference for a particular survey
method, including detailed data acquisition specifications. This user preference may or may not be the
most economical method.

¢ Project accuracy specifications. The requested accuracy requirements from the using office may
be unrealistically tight, and may preclude using a particular method even though it might have sufficed
for the work. For example, if 0.2 ft horizontal accuracy is specified for all feature locations, a transit-tape
or transit-stadia survey method is ruled out. Over specifying accuracy is probably the biggest cost driver
on a project.

e Tree coverage. Dense canopy cover will eliminate use of RTK methods. If canopy is low (less
than 20 to 25 ft) an expandable prism pole may be used to reach over the canopy.

o Ground vegetation. Heavy ground vegetation typically precludes use of laser/LIDAR survey
methods. If vegetation is thick, line clearing may be needed to obtain direct total station shots. RTK may
be more productive in such areas.

e Above ground and underground utility detail required. If complex utility infrastructure needs to
be mapped, a total station may be the most practical method. If detailed attribute sketches are required, a
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pen tablet type notebook may be preferable to a field book. Utility work can represent 50% or more of
the survey cost.

o Site elevation relief. A site with high relief will make obtaining ground shots difficult,
particularly if climbing or rappelling is required to access shot points. This might occur on highly
complex mechanical facilities where it is difficult to occupy overhead HVAC lines with a reflector or
GPS antenna. Site relief will also be a major factor in productivity estimates, particularly if dense
vegetation is also involved. A reflectorless total station may be the best solution in these areas.

e Ground topographic shot density requirements. Usually the terrain gradient dictates the shot
density required to model the ground. In some cases, the requesting agency may dictate a certain "post
spacing," which may or may not make any sense given the ground relief. Determining the optimum shot
spacing density has traditionally been left to the experienced field surveyor. This was the case when a
plane table was the method of choice for developing site plans for design. The field Party Chief based the
amount of ground relief detail he collected on the project design requirement, and verified coverage
before leaving the field. This is still true of electronic data collectors--the Party Chief must confirm that
the shot density is sufficient to generate a DTM that is adequate for the project purpose. The critical
component is the project purpose--dense topographic data is not needed on a site where little, if any,
excavation will be performed. Thus, it is critical that the Party Chief have knowledge of the
planned/proposed design and construction effort, and base the collection density on that criteria.

¢ Instrument availability. Not all survey organizations have a full complement of instrumentation
technologies available. A smaller firm may have only an electronic total station but has not invested in an
expensive RTK system.

¢ Instrument data collection productivity. Data collection productivity is highly dependent on the
type of feature data being collected and the instrument used to collect the data. Collection rates can be as
long as a few minutes per feature in the case of a transit or plane table where slope distances must be hand
reduced and recorded or plotted. Transit and plane table surveys typically collected between 100 and 200
points in a day. The other extreme is a terrestrial laser that can collect thousands of points/sec (without
any attribution). Data collection rates for a total station or RTK system are roughly the same--both use a
similar data collection system with nearly identical COGO options. Continuous ground shot points can
be collected every few seconds--as long as it takes the rod/prism-person to move between points. (Some
systems have a "continuous" tracking mode which will update the points every second or so). When
different features are shot, the descriptor codes (and perhaps attributes) must be entered into the data
collector. If a two-digit descriptor code is used, shots can be completed in a few seconds. Additional
time will be required depending on the amount of attribution. A feature requiring a detailed field sketch
may require a few minutes to complete. Thus, depending on the nature of the project and features, a total
station or RTK system can collect anywhere from 300 to 2,000 points in a day.

o Data collector requirements. The requesting agency may dictate a particular data collector
format be used, in addition to mandating use of a data collector itself (no field book option).

¢ Final product deliverable format. The requesting agency usually mandates a specific CADD or
GIS deliverable format. This may impact the field data collection method.

e Crew or instrument operator experience. Plane table surveys are probably not a survey option

any more given few experienced plane table operators are still employed. Most engineers and surveyors
can operate a transit or level, read stadia, or use a steel tape. Thus, these methods would be effective for a
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small topographic survey or stake out if a total station crew is unavailable. ("Small" means less than one
day).

The following tables provide rough guidance for determining the density of shots needed to delineate
planimetric features and terrain topography.

Table 6-3. Nominal Data Density Shot Intervals for Various Planimetric Features

Recommended Spacing of Shots along Feature
Target Scale
Planimetric Feature 1"=301t 1" =50 ft 1" =100 ft

Linear features (curbs, roads, buildings, utilities) 30 ft 50 ft 100 ft

Irregular features
(breaklines, contours, shoreline, walkways, etc.) 10 ft 15 ft 30 ft

Rectangular or circular utility features
(junction boxes, manholes, catch basins, etc.)
detail corners or perimeter limits if objects
maximum dimension is larger than 51t 10 ft 20 ft

Circular curves (roads, curbs, etc.)
Delineate curve with 3 points 3 points 3 points

Table 6-4. Nominal Post Spacing Intervals and Density (Shots per Acre) for Topographic Ground Detail

Recommended Post Spacing (Density) of Shots on Ground
Contour Interval

Terrain Gradient (% slope) 1ft 2 ft 5ft
<1% 50 ft (25 pts/acre) 100 ft (10 pts/acre) 250 ft (4 pts/acre)
<5% 10 ft (440 pts/acre) 20 ft (120 pts/acre) 50 ft (25 pts/acre)
<10 % 5 ft (1,600 pts/acre) 10 ft (440 pts/acre) 25 ft (80 pts/acre)
>10 % [as required to delineate feature]

Given the large number of variables listed above, estimating topographic survey productivity is difficult--
especially if underground utility location is required. Past experience on similar sites is probably the most
reliable estimate. Use of estimating ratios, such as "acres/day" and "$/acre" may be of some value;
however, these ratios are only representative to a particular site. For example, the 30-acre site in
Appendix G (Topographic Survey of Hannibal Lock & Dam, Proposed Nationwide DGPS Antenna Site
(Pittsburgh District)) was surveyed at a cost of $425/acre at a productivity rate of 5 acres/day. Thisis a
relatively flat, clear site (mowed grass with isolated trees), with few utilities. If this site had been heavily
vegetated and treed, requiring extensive line clearing, the cost/acre could easily have doubled or tripled.
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Table 6-5. Matrix of Estimated Productivity Rates (Acres/Day) for Various Site Conditions

Nominal Site Condition Estimated rate (acres/day)
Topography

Flat, clear ground (no vegetation) 5to 10 acres/day

Flat, isolated trees 4 to 8 acres/day

Flat, heavily treed (traverse reqd) 3 to 6 acres/day

Flat, heavily treed & vegetated (traverse & line cutting) 1to 2 acres/day

Rolling terrain, clear ground (no vegetation) 3to 5 acres/day

Rolling terrain, isolated trees 1 to 2 acres/day

Rolling terrain, heavily treed 0.5 to 1 acres/day

Rolling terrain, heavily treed & vegetated 0.2 to 0.5 acres/day
Planimetry

Rural, isolated buildings & roads 10 acres/day

Urban, subdivision 1 acre/day

Installation, military 2 acres/day

Lock and Dam area 2 acres/day
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Chapter 7
Field Data Collectors and Coordinate Geometry Functions

7-1. Purpose

This chapter provides guidance on data collectors that are used to record topographic field data observed
with total stations and RTK systems. Data collector features are described along with standard coordinate
geometry (COGO) options. Some traditional route surveying parameters are also outlined at the end of
the chapter.

7-2. Field Survey Notes--Manual and Electronic

Field survey notes can be collected either manually or electronically. Manual methods include field
books or plane table sheets. Electronic methods include both internal and external data collectors
interfaced with various survey instruments (total station, GPS receiver, or LIDAR). Electronic data
collectors record, store, and transfer field data without the need to key in individual measurements,
providing significant time savings in gathering and processing field data and eliminating reading and
recording errors. However, not all supplemental feature data or detail sketches are easily encoded in a
data collector. It is often better to draw detailed sketches of critical features in a traditional field survey
book; or optionally on a digital notebook tablet. Sketches of features can also be supplemented with
digital photos--video and digital cameras can be used to supplement the field sketch and provide a very
good record of the site conditions for the CADD operator, design engineer, and user of the topographic
map. Each District will have their own policy regarding how field notes are to be kept--manually and/or
electronically. An important distinction is made when written field notes are not required, and the data
collector is used exclusively as an “electronic field book.” These electronic files are usually sufficient for
submittal without identical hand entries from a field book. However, some Districts may require that a
duplicate written field book be kept for electronically recorded data--for data safeguarding and legal
issues. When duplicate field books are kept of electronically recorded data, the entries are compared to
the files generated by the data collection processing. All field book data are written in the format set by
each District. There is no Corps standard for field book data formats. Sample field book indexing and
recording formats are shown in Chapter 12,

a. Four types of manual field book notes are kept in practice:

e sketches,

e tabulations,

e descriptions, and

e combinations of these.

The most common type is a combination form, but an experienced recorder selects the version best fitted
to the job at hand. The location of a reference point may be difficult to identify without a sketch, but
often a few lines of description are enough. Benchmarks are also described. In note keeping this axiom
is always pertinent: when in doubt about the need for any information, include it and make a sketch. Itis
better to have too much data than not enough.

b. Topographic locations are numbered according to data record numbers (or feature codes), be
they manually or electronically recorded. These feature codes depict what type of location and where
locations were measured. This helps office personnel import digital field drawings into final design
drawings. More important, blunders and mislabeled feature codes may be caught before costly design
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errors are made. The finished map and the sketch should be similar. Sketches are not required to be at
any scale. The suggestions listed below will help eliminate some common mistakes in manually
recording field notes in a survey book (or optionally on an equivalent digital tablet device):

o Letter the notebook owner’s name and address on the cover and first inside page.

o Title, index, and cross-reference each new job or continuation of a previous one.

e Sign surname and initials in the lower right-hand corner of the right page on all original notes.

e Use a hard pencil or pen, legible and dark enough to copy.

e Begin a new day’s work on a new page.

o Immediately after a measurement, always record it directly in the field book rather than on a sheet
of scrap paper for copying it.

¢ Do not erase recorded data.

o Use sketches instead of tabulations when in doubt.

¢ Avoid crowding.

c. Some features are often too complex to be fully detailed in a data collector; thus, a field book
sketch is required. Figure 7-1 is such an example of a sketch that depicts details for a steam utility system
that would be impractical to input in a digital data collector. The general orientation of the object would
be captured in the data collector, and the points referenced on the sketch. A note should be entered into
the data collector referencing additional attribute data is provided in the field book (including page
number).
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Figure 7-1. Sample from field book depicting utility details
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7-3. Functional Requirements of a Generic Data Collector

A well-functioning and efficient data collector is vital to performing detail surveys using a total station or
RTK system. Assumptions or oversights made at the time of equipment purchase can force a survey
operation into equipment problems on the job for the economic life of the equipment. Listed below are
some options to consider when purchasing a field data collector:

o Weatherproof, designed for rugged/durable field use.

¢ Nonvolatile memory ensures data safety.

o Allow the storage of at least 5,000 or more points, including full descriptor and attribute
information.

o Full search and edit routines immediately on the spot.

o Optional screen view of mapped data points.

o Compatibility with a variety of electronic total stations, digital levels, and/or GPS systems.

e Formatting must be very flexible for manual entry, even for various CADD leveling tasks.

o Capability to use two files in the collector: one file for collection, the other file for processed data
for stakeout tasks.

¢ Data collector must communicate with and remotely operate the total station.

o All the features of the total station should be usable with the data collector purchased.

¢ The data collector must be compatible with the software.

¢ The data collector must be compatible with the data dictionary.

In evaluating a data collector system for purchase, the following questions should be asked:

e Can | view and store coordinates in the electronic data collector in the field?

o |s the data collector environmentally rugged? What are the environmental limitations of the
hardware?

e Can | upgrade the data collector to the latest software version easily and inexpensively?

e Can | create control jobs that can be accessed from any routine in the data collector?

¢ What data in the data collector will | be able to edit in the field and how will that affect my raw
data?

o Will the data collector be compatible with all of the total stations | own?

¢ Do | have a choice of output formats in the data collector?

o What level of training and support is offered at the time of purchase, and what level can | expect
after | have had the data collector long enough to know what questions to ask?

¢ What type of feature coding and attribute capability does the data collector have?

e Can | set up the parameters and configurations in the data collector to the way | like to survey?

¢ What numbers of electronic devices, total stations, etc., are supported in the basic configuration?

¢ What types of data are supported? (raw data, coordinate data point list, roadway alignment,
archive data files, and descriptions)

¢ Can | perform separate tasks for collection of traverse points vs. topographic features or side
shots?

¢ Supports State Plane Coordinate input?

e Memory capacity?

o Is the collection of raw data the same as indicated on the survey instrument? (PPM & Prism
Constant)

e |s the unit capable of utilizing data from two different coordinate files at the same time?

e Supports auto mapping?
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o Supports North and South Azimuth References?
o Supports user definable parameters? (Angle/distance tolerances, observation sequence for direct
and reverse observations)
¢ Capable of producing stakeout reports, cut/fill, relative to design elevation?
o Generate location of next stakeout point from rodman’s positions?
e Supports stakeout of a line?
¢ Downloading/uploading capability? Can it be done remotely via modem?
e Data collection software or data collector itself should output the following:
o Point number
o Coordinates
o Elevations
o Feature code

7-4. General Software Features on a Data Collector

Field data collectors are either self-contained within a total station or external units attached by cable or
wireless (Bluetooth) connection to the survey instrument. Some of the more salient software features
found on a data collector are outlined below, as taken from POB 2004b. Not all data collectors must
contain all these software features to be acceptable--many of these features may not be required for
standard Corps work. In addition, the more features that are included, the higher the cost of the data
collector.

a. Cost. The average data collector software package will cost some $1,500 to $2,000; however
software packages are available as low as $150 and over $3,000 at the high end. (These costs do not
include the actual microprocessor hardware).

b. Computer. Some software packages will operate on a variety of operating systems while others
are specific to a single system. The most common systems include CE.Net, CE, Microsoft, HP-48, and
iPAQ. The newest systems have color display screens and will provide field-finish views of collected
data. Screen displays should ideally include viewing of points, features, and associated attribute data
entered during the survey.

c. Supported instruments. Data collector software may support only a specific brand of total
station or can support (and connect with) a variety of electronic survey instruments, such as digital levels,
static GPS, kinematic GPS, laser rangefinders, robotic total stations, etc. Obviously, software that
encompasses all this versatility will cost more. The advantage of having a data collector that can perform
many functions is obvious: the same instrument can be used with either a total station or GPS/RTK
system.

d. Storage capacity. Most software can store almost an unlimited number of jobs and points,
restricted only by the storage available in the data collector device.

e. Calculations. The software should be able to calculate coordinates from raw data observations,
perform inverse computations, calculate intersections, perform traverse computations and adjustments,
perform 2-point and 3-point resections (total stations), perform site calibrations (RTK), and perform area
computations. Other desirable features would include a variety of stakeout options--to lines, curves, and
slopes (including navigation to points), least-squares adjustments or regressions, volume and cut/fill
computations, etc. Some of these COGO functions will be described later in this chapter.
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f. Background images. The software should be able to import, orient, and display background
images from a variety of file formats, such as MicroStation, AutoCAD, and ESRI, and display generic
*JPG, *.TIF, etc. type images.

7-5. Feature or Descriptor Codes for Topographic Field Data

Field codes or data collection codes are a means by which the surveyor controls the map compilation
process. Feature codes for each shot are placed on the data collector. The code designations and
sequencing will vary depending on the data collector and processing software. Typically, features are
described in the data collector by means of some numeric or alphanumeric description. Strings of like
features (e.g., curb lines, edges of roads, buildings) or polylines are identified by additional coding.
Feature coding is an integral part of the field data acquisition phase. It defines characteristics of an
object(s) and how they are represented on the final map--as points, lines, or areas. In addition, they can
define the type of annotation, line weight, layer, or cell symbol to be placed on the map. Whether data are
recorded by hand or electronically, one of the most critical survey operations is the recording of a code or
description to properly identify the point during processing. For example, in a topographic or planimetric
survey, identification of points which locate the position of curbs, gutters, centerlines, manholes, and
other similar features are essential for their correct plotting and contour interpolation. Since the field
crew can virtually produce the map from the field data, this eliminates the need for many field book
sketches.

a. Feature code library. The coding scheme is designed so the computer can interpret the recorded
data without ambiguity to create a virtually finished product. Normally a feature or descriptor code
“library” is established for a given project. This library consists of the common object features that will
be shot. During the survey, these feature/descriptor codes can be called up in the data collector after each
shot, as a quality control check. If additional attribute information is needed on a point, this can be typed
into the controller. These feature/descriptor codes associated with each topographic point shot are later
downloaded to a CADD and/or GIS system. If additional attribute detail is provided, this information
will stay with that point in the CADD/GIS system.

b. Typical descriptors used in a library. Currently, there is no established descriptor code standard
for topographic features. Either numerical point codes or alphanumeric point feature codes can be entered
into the data collector. Each District either has their own feature library standard, or accepts data in
whatever format a contractor submits it in. Some projects are unique, and new descriptor codes are
developed for that work. This variability may entail additional effort during subsequent inputs of datasets
into CADD packages. The following is a partial list of alphabetic descriptor names for common features.
These same features will have various descriptors in different Districts, as will be illustrated in subsequent
lists. Whenever districts require specialized point codes, then the attribute file may be edited to include
these changes.
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Table 7-1. Typical Descriptors used in a Feature Library

1X2 STAKE DOLPHIN MONITORING SPRINKLER
2X2 HUB/TACK DOWN GUY DEVICE CONTROL VALVE
A/G FUEL TANK DRAIN NAIL STEAM MH
A/G STEAM LINE DRAIN PIT NGS MON STEAM PIT
A/G WATER VALVE DRIVEWAY O/H COMM STEEL GUARD
AC@PCC JOINT EDGE ROAD O/H PIPE POST
AIR RELIEF VALVE EDGE ROAD O/H POWER LINE STEPS
AIRCRAFT TIE-DOWN ELECTRICAL ORNAMENTAL STORM
ALUM MON ELECTRICAL MH PAD STORM MH
ARCH CREST ELECTRICAL PAINT STRIPE SWITCH BOX
ARCH END OUTLET PBM TBM
ARCH START ELECTRICAL PHONE BOOTH TELE @ BLDG
ARCH TOE SPLICE PICTURE POINT TELE SPLICE BOX
ASPHALT ELECTRICAL VAULT PIER TOE TELEPHONE MH
ASPHALT PATCH END OF BRIDGE PIER TOP TELEPHONE POLE
B/L EXPANSION JOINT PILING TEST WELL
BARBED WIRE EXPOSED SEWER PIPE TOE
BENCHMARK PIPE PK NAIL TOE CONC DRAIN
BLDG CORNER FILED X PORCH TROUGH
BOLT FILLER PIPE U/G POWER @ BLDG TOE/RIPRAP
BRASS CAP TANK POWER POLE TOP
BREAKER BOX FIRE ALARM POWER TOP CONC DRAIN
BREAKLINE FIRE HYDRANT POLE/TRANS TROUGH
BREAKLINES FLOODWALL PVC PIEZOMETER TOP OF RAIL
BRIDGES FLOW DITCH PVC SLOPE TOP STRUCTURE
BUILDING LINE FUEL INDICATOR TOP/RIPRAP
BUOY FUEL PIT QUARTER CORNER TOPOGRAPHIC
C/L FUEL TANK VENT RAMP TOWER LEG
C/L ROAD PIPE REBAR TRAFFIC SIG
C/L ROAD GAS REBAR/CAP CONTROL BOX
C/L RR TRACK GAS LINE REFERENCE POINT TRANSFORMER
CABLE TV GAS METER RETAINING WALL TREE LINE
CATCH BASIN GAS PAINT MARK RISER U/G CABLE MARKER
CDHD GAS VALVE ROAD WORK U/G COMM
CDHU GEOTECH ROCK U/G COMM BOX
CHAIN LINK GPS MON RR SPIKE U/G CONDUIT
CHISELED X GRATED STORM MH RWY LIGHT U/G STREET
CLOSING CORNER GROUND SHOT SANITARY LIGHTING BOX
COE MON GROUNDING ROD SANITARY USGS MON
COMMUNICATION GUY POLE CLEANOUT WATER
CONC MON HAND DRILL HOLE SANITARY LINE WATER LINE
CONC. PATCH HAZARDOUS SANITARY MH WATER METER
CONIFEROUS WASTE VAULT SECTION CORNER WATER MH
CONTROL HEADWALL SHOULDER ROAD WATER STANDPIPE
CROWN HEATING SIDEWALK WATER VALVE
CULVERT HOMESTEAD SIGN WE/WS
CURB CORNER SIXTEENTH WELL HEAD
CURTAIN DRAIN HYDRO CORNER WITNESS CORNER
CUT-OFF FENCE LIGHT POLE SLOPE WOOD FENCE

POST MEANDER CORNER SLOPE BREAK WOOD GUARD
DECIDUOUS MON SOUNDING POST
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c. Project specific descriptors. Individual projects will often have unique repeating features,
necessitating additional feature codes. An example of a field feature coding scheme for a specific
hydraulic design project in Tulsa District is shown below:

B = BEGIN TB = TOP BANK

E = END FL = FLOW LINE

BK = BREAK H WALL = HEAD WALL

RIP = RR = RIP RAP FEN = FENCE

ISL = ISLAND RP = REFERENCE POINT
BEED = CHANNEL BED G PT = GUARD RAIL POST
CHBS = CHECK BACKSIGHT SC A =SCOUR AREA
CON = CONCRETE BNK = BANK

CP = CONTROL POINT

d. Creating unique descriptor codes. This is done in the software provided with or accompanying
the data collector. Alphanumeric codes may also be used for a specific feature. The following process is
excerpted from TDS 1999 and is typical of basic feature coding options that are used in most data
collectors today.

TDS-HP48GX DESCRIPTOR CODE TABLES

One of the best ways of improving the productivity of data collecting is to
speed up the process of keying in point descriptors. The Descriptor Code
Table is provided for this purpose. Basically, the Descriptor Code Table is a
text file in the TDS-48GX that contains a list of commonly-used point
descriptors.

The descriptor table is a list of codes or abbreviations that are associated with
a descriptor. These codes may be keyed into the descriptor field in place of
the full descriptor. When one of these codes is found in a descriptor field, the
TDS-48GX will replace the code with its associated descriptor. Once the
TDS-48GX user has established a Code Table of commonly used descriptors,
whenever the descriptor prompt appears in the TDS-48 program, a code may
be keyed in. The TDS-48 will insert the complete descriptor from the code
table in the place of the code in the Coordinate and Raw Data files.

The Code Table is actually a special text file in the TDS-48. It requires the
unigue name “DESCRIPT.TXT.” The Code Table itself is composed of a
series of lines of text. Each line of text consists of the code followed by a
single space and the full descriptor. An example of a Code Table would

appear as:
1 POB
02 HUB
CB CURB

T4 OAK TREE

POB PT. OF BEGINNING
F FENCE

f FENCE
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Codes may be up to seven characters in length and may consist of any
alphanumeric characters. Examples of these are: 02, CB, and T4. The code
is case sensitive, which means that the “F” and “f” codes are not the same
and could have different descriptors. If you want an upper or lower case

“F" to be interpreted as FENCE you need to enter it twice (as above). The
code and the descriptor are separated by one space, and the remainder of the
line is the descriptor that is linked to this code. The descriptor may contain
alphanumeric characters, spaces, punctuation or symbols; basically anything
that can be typed into a descriptor from the keyboard.

During a survey, when the TDS-48 requests a descriptor (usually after the

total station has taken a shot), you may key in the full descriptor such as
CURSB; or you may key in the corresponding code, such as CB, as a
“shorthand” notation to indicate the CURB. In either case, the full descriptor
CURB will be stored in the job file. If the data is being collected manually,

the code may be keyed into the descriptor line of the Traverse/Sideshot Screen
before the [TRAV] or [SIDES] softkeys are pressed. As stated above, the
TDS-48 will store the full descriptor from the table into the job file, not the

code.

Using Codes With Keyed In Descriptors And Combining Codes

Often you want to use a descriptor from the Code Table, but you would like to
add additional characters to the descriptor from the keyboard. As an example,
suppose you wanted to use the descriptors “NE 1/4 CORNER” and “SE 1/4
CORNER.” Assume that the descriptor “1/4 CORNER” has been keyed into a
Code Table under the code “15.” To combine text and codes from the Code
Table, use the “+” key in the following way: When the descriptor prompt
appears in the display and you want the descriptor to read “NE 1/4
CORNER,” key in “NE+15.” The TDS-48 will combine the keyed-in

descriptor “NE” with the descriptor associated with code 15 to create the
complete descriptor “NE 1/4 CORNER.”

Codes may also be concatenated with keyed in descriptors. For example, if
you wanted a series of points with descriptors TOP OF CURB Al, TOP OF
CURB A2, TOP OF CURB A3, etc., you would setup TOP OF CURB in a
Descriptor Code Table with code 23, for example. Then in response to the
descriptor prompt, key in 23+A1, 23+A2, 23+A3, etc.

Codes may also be concatenated with other codes. Assume you have code descriptor
pairs for: T TREE, T1 PINE, T2 OAK and T3 MAPLE. The

result of the following entries: T1+T; T2+T; T3+T; would be: PINE TREE;

OAK TREE and MAPLE TREE. This technique may be used to

concatenate up to three descriptor codes or text segments.
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7-6. Descriptor Codes and Level Assignments for Various Topographic Features

The following listing contains an example of standardized coding for various features encountered on
USACE civil and military projects. Both an alpha and numeric code are given. The four-digit “#Code”
corresponds to the level number assignment, the first two digits representing the level (or first digit when
only 3 digits are shown).

O~NO O WNBE

40

41
42

43

Description
BUILDING
HOUSE
TRAILER
GARAGE
SHED
CABIN
PORCH
STEPS

OVERHANG
CL ROAD

CL BRIDGE

CL RAILROAD

CL ABANDONED
RAILROAD
CL DITCH

CL CREEK

CENTERLINE

CL SWALE

CL BERM

CL WALL

CL STONE WALL
CL DIKE

EDGE DRIVEWAY

EDGE PAVEMENT

EDGE ROAD

EDGE SHOULDER

Alpha Code

BLDG
BUILDING
HOUSE
TRAILER
GARAGE
SHED
CABIN
PORCH
STEPS
OVERHANG
CLRD
ROADCL
CLROAD
CLBDG
BRIDGECL
CLBRIDGE
CLRR
CLRAILROAD
RAILROADCL
CLARR

DITCHCL
CLDITCH
CLCRK
CLD
CREEKCL
CLCREEK
CENTLINE
CLINE
CLSWALE
CLSWL
CLBERM
CLWALL
CLSTWALL
STWALLCL
CLDIKE
DIKECL
DRIVEWAY

EDGEDRIVEWAY
PVMTEDGE

EDGEROAD

ROADEDGE
EDGESHOULDE
R
SHOULDEREDG
E

#

Code

7-10

401
402
403
404
405
411
412
413
414
601

602

603

604

605

606

607
608
609
610
611
612

801

802

803

804

Elevation
Random
DNC
DNC
DNC
Breakline
DNC
Exterior
Breakline

DNC
Breakline

Breakline

Random

Breakline

Breakline

Breakline

Breakline
Breakline
Breakline
DNC
DNC

Breakline

Breakline

Breakline

Breakline

Breakline

Main Feature/Level Designation
Buildings

Buildings
Buildings
Buildings
Buildings
Buildings
Buildings
Buildings
Buildings
Centerline

Centerline

Centerline

Centerline

Centerline

Centerline

Centerline
Centerline

Centerline
Centerline
Centerline

Centerline

Roads, Parking Lots, Walks, Railroads, and
Trails

Roads, Parking Lots, Walks, Railroads, and
Trails
Roads, Parking Lots, Walks, Railroads, and
Trails

Roads, Parking Lots, Walks, Railroads, and
Trails



44

45
46
47
48

49
50

51
52

53
54

55
56

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
7
78
79
80
81
82

83
84
85
86
87
88
89
90
91
92
93

EDGE SIDEWALK

EDGE TRAIL

BRIDGE CORNER

PIER TOP

PIER TOE

RAILROAD SWITCH

CONCRETE EDGE

EXPANSION JOINT

CURB TOP BACK

CURB FRONT EDGE
CURB FLOW LINE
CURB/PAVEMENT
CURB-CUT
CONCRETE
HIGHWAY SIGN
SPEED SIGN
STOP SIGN

YIELD SIGN

TURN SIGN

STOP AHEAD SIGN

STREET SIGN
CURVE SIGN
BRIDGE SIGN

MILE MARKER
REFLECTOR

SIGN

WEIGHT LIMIT SIGN

RR X-ING SIGN
RR SIGN
BILLBOARD

DIST-TO-GO
PAINT STRIPE
PARKING METER
MAIL BOX U.S.

RESIDENT SIGN
MAIL BOX
RESIDENTIAL

ESW

ESWALK
EWALK

SW
EDGETRAIL

TRAILEDGE
BRIDGECOR

CORBRIDGE
PIERTOP

TOPPIER
PIERTOE

TOEPIER
RRSW

CONCEDGE
EDGECONC
CONCJOINT
EXPANJOINT
BC

LBC
CURBTB
TBCURB
CURBFE
CURBFL
CURBPVMT
CURBCUT
CONCRETE

HIGHWAYSIGN

SPEEDSIGN
STOPSIGN
YIELDSIGN
TURNSIGN

STOPAHEADSIG

N
STREETSIGN
CURVESIGN
BRIDGESIGN
MILEMARKER
REFLECTOR
SIGN

WEIGHTLIMITSIG

N
RRXINGSIGN
RRSIGN
BBOARD
BILLBRD
DISTTOGO
PAINTSTRIPE
PARK
USMAILBOX
MAILBOXUS

RESIDENTSIGN

RESMAILBOX

805

806

807

808

809

851

901

902

903

904
905
906
907
1001
1301
1302
1303
1304
1305
1306

1307
1308
1309
1310
1311
1312
1313

1317
1318
1319

1321
1322
1323
1394

1395
1398

7-11

Breakline

Breakline

Breakline

DNC

DNC

DNC

Breakline

Breakline

Breakline

Breakline
Breakline
Breakline
Random
Random
Random
Random
Random
Random
Random
Random

Random
Random
Random
Random
Random
DNC

Random

Random
Random
DNC

Random
Random
DNC
DNC

Random
Random
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Roads, Parking Lots, Walks, Railroads, and

Trails

Roads, Parking Lots, Walks, Railroads, and

Trails

Roads, Parking Lots, Walks, Railroads, and

Trails

Roads, Parking Lots, Walks, Railroads, and

Trails

Roads, Parking Lots, Walks, Railroads, and

Trails

Roads, Parking Lots, Walks, Railroads, and

Trails
Concrete Joint Layout

Concrete Joint Layout

Concrete Joint Layout

Concrete Joint Layout
Concrete Joint Layout
Concrete Joint Layout
Concrete Joint Layout
Concrete Joint Elevations
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs

Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs

Pavement Markings and Signs
Pavement Markings and Signs
Pavement Markings and Signs

Pavement Markings and Signs
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7-7. Feature and Attribute Libraries for Topographic Field Data

Most data collectors are now designed to hold detailed feature and attribute libraries. Attributes are
subsets of a feature, describing standard detail about a common feature. For example, a
CONCRETE_PIPE (Feature) may have selectable diameter attributes (24 IN, 36 IN, 48 IN, etc.). An
unlimited number of attributes can be set up for a given common feature. The data collector software can
be set up to prompt for selected attributes when a given feature (code) is shot. Unprompted attributes can
optionally be assessed. Or, uncatalogued attributes can be added for a point. Feature libraries may be
created on the data collector or on other PC software and uploaded to the data collector for use during
survey operations. The following representative examples are taken from the Trimble Geomatics Office
(TGO) Version 1.60, "Feature and Attribute Editor” default library--reference also Trimble Survey
Controller Reference Manual (Trimble 2001). The feature and attribute library is created and edited in
the TGO software and uploaded to the controller. Feature codes, point styles, line styles, etc. can be
saved directly to a Trimble Survey Controller type data collector or to a generic ASCII file that could be
uploaded to another data collector (e.g., a TDS-HP48GX). Some of the TGO default point styles are
shown in Figure 7-2 below.
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. FPower pale Paper Solid circle 0.0591 in I}
= Sign Faper Sign 01575 10n 0
O Single circle Paper Single circle 0.0787 in 0
. Salid box FPaper Salid bax 0.0597 in 0
. Solid circle Faper Solid circle 0.0757 in n
@ Solid double circle Paper Solid double circle 0.0984 in 0
@ 55 Manhole FPaper Solid double circle 0.0984 in I}
@ S Manhole Faper Solid double circle 0.0384 in 0
HE Tree 1 Paper Tree 1 0.2756 in 0
£3 Tree 2 Paper Tree 2 0.2756 in 0
,ﬂ'\, Triangle Paper Trangle 01131 in I}
,ﬂ, Triangle circle Faper Triangle circle 0.0787 in 0
[=1% alve Paper Walve 01181 in 1]

Figure 7-2 Example of Trimble Default Point Styles

Additional features are easily added to the library using a feature/attribute editor, such as that shown in
Figure 7-3 below. Attributes can be added to existing or new features using software compatible with the
data collector software. For example, the feature TREE in the TGO default library can be modified using
the TGO software, and the modifications exported to the data collector, as shown below.
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Figure 7-3. Example of Attribute Editor Options (Trimble)

The attributes for the feature TREE can be prompted for field entry, as shown in the pull down window.
Numeric entries for GIRTH and HEIGHT can have default entries, minimum and maximum range, and
decimal resolution. Any number of additional attributes can be added to this feature using this editor.
When attributes are created, they should ideally conform to current USACE directed CADD/GIS
standards.

7-8. Control Commands for Connecting Feature Line Strings

Topographic features that have the same feature code may be connected by a line string if that is the
nature of the physical object. Examples of connected line strings would be shots taken along a
CENTERLINE, BREAKLINE, CURB, EDGE OF SIDEWALK, BUILDING, etc. The individual feature
codes input for these continuous objects do not represent the fact that they may be connected by a line
string. A “Control Command” in the data collector before and after a string of individual point codes is
used to indicate that a series of shots are connected. For example, a command code “CL” may be used to
signify a series of shots along a CENTERLINE, with codes such as “CL START “and “CL END” on each
end of the string.

a. Adding Control Commands to point codes provides many advantages over single point codes.
Real-time field graphical depiction of features, utilities, and facilities is viewable on the controller screen,
as opposed to a display of unconnected points. When the control-coded data is exported to a CADD or
GIS platform, a significant amount of the mapping editing effort can be eliminated. In effect, adding
Con