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LEARNING OBJECTIVES

1. To discuss the purpose and scope of control and topographic surveying
and its importance in engineering, mapping, and construction projects.

2. To understand the basic principles of surveying, including
measurement concepts, reference systems, and the relationship
between horizontal and vertical control.

3. To explore the fundamental components of survey control networks
and how they are established to support accurate positioning and
mapping.

4. To familiarize with coordinate systems, datums, and reference surfaces
used in geodetic and engineering surveys.

5. To learn about the differences between plane surveying and geodetic
surveying and the situations in which each method is applied.

6. To gain insights into the role of control surveys in supporting
topographic mapping, infrastructure design, and construction layout.
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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.
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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.
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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
1inch = 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.
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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.
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Figure 1: PROSPECT topographic survey training course “Surveying
III” USACE Professional Development Support Center, Huntsville, AL
(2003).

(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)

o~

© Gilbert Gedeon 2026 www.cedengineering.com

INTRODUCTION Control and Topographic Surveying — Part 1
CEQ (CONT’D) Loj-PSDoi

engineering»com

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.
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OVERVIEW OF TOPOGRAPHIC SURVEYING
TECHNIQUES AND METHODS

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.
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Figure 2: Topographic survey at Prompton Dam, PA.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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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 illustrates how
topographic and control surveying falls under the overall “surveying and mapping”
field:

o “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.”

© Gilbert Gedeon 2026 www.cedengineering.com

OVERVIEW OF i .
TOPOGRAPHIC SURVEYING Control and Topographic SurveymgLO:aargi
7 n TECHNIQUES AND METHODS )
er?gmeer_l_ng-com (CONT’D) 4 PDH

o “Topographic Survey: a survey of selected natural and artificial features of a
part of the earth’s surface to determine horizontal and vertical spatial
relations.”

o “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:

o “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.

o The distinguishing characteristic of a topographic map, as compared with
other maps, is the representation of the terrain relief.”
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» 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:
o "Maps are tools that provide the commanders with timely, complete, and
accurate information about our installation.

o 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.

o A map is a representation of reality comprised of selected features needed to
meet the maps intended purpose.”
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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 illustrates this distinction:

Scale Typical Uses

1"=11t01"=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

Table 1: Map Scales Used for Various Engineering Drawings.

(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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* 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:

o 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.

© Gilbert Gedeon 2026 www.cedengineering.com

—Partl
L04-301
4 PDH

OVERVIEW OF i .
TOPOGRAPHIC SURVEYING Control and Topographic SurveymgLO:aargi
7 n TECHNIQUES AND METHODS )
er?gmeer_l_ng-com (CONT’D) 4 PDH

o 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.

o 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.

» 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.
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o 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. .

o 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.

o 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.

» This is of particular importance in detailed layout plans of building areas
drawn at the larger scales of 1 inch = 100 ft or 1 inch = 50 ft.

» The data are vital to speed and accuracy in subsequent location survey
work.
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Click each level, starting from the top, to see how a single survey point connects all the
way back to the national reference system.

@ genially
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SECTION I. 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”:
O Reconnaissance Topographic Surveys
O Detailed Topographic Surveys and Maps
O Utility Surveys and Maps
O As-built Drawings
O Boundary Surveys and Reservation Maps
O Reservoir Clearing Surveys
O Upland Disposal Area Surveys
O Channel Improvement and Cutoff Surveys
O Post-Flood High Water Mark Surveys
O Bridge Surveys
O Atrtillery Surveys
O Airport Obstruction and NAVAID Surveys
O Site Plans (Hydrographic, Beach, Levee, Route, Quantity, Structure, etc.)
O 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.
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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:
O 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.
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o 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) 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.
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o 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.

o 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.
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Detailed Topographic Surveys
» Following are the important considerations in connection with detailed topographic
surveys.
o a. Purpose of detailed topographic survey.

» 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.
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o 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 1inch = 50 ft is also used on small projects.
o 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.
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o 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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o 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.
o 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.
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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.

e A great portion of utility surveying involves the location of existing utilities for
construction planning, facility alteration, road relocations, and other similar projects.

e This is a very important part of the preliminary surveys necessary for most of these
projects.
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o 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.
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o 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.
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» (2) Proper identification of utiliies 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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o c. General utility maps.

» At a 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 or as attributes in a CADD facilities database.

>
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» General Utility Maps will normally include the following:
% Water Distribution System.
Sewers: Sanitary and Storm Water Collection Systems
Electric Distribution System, including Fire Alarm System.

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

Gas System.
Gasoline Storage and Fuel System.

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

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)

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

*,
g

*,
g
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Figure 3: Utilities near a Vehicle Maintenance

Patrick Air Force Base, Florida.
(Source: US Army Corps of Engineers, “Control and Topographic
EM 1110-1-1005)
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o 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 lar

e or complicated

projects are %enerally prepared showing the details of aﬁ 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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As-Built Surveys
e a. Purpose.

o

o

o]

O O O O

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).
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* b. Methodology.

o

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 streams to require modification of culvert
design.
Therefore, culvert and pipe checks are critical.
Iltems 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.
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o (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.

o (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.
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Reservation Boundary Surveys and Maps

¢ a. Purpose.

o 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.

o Corps of Engineers boundary survey requirements and procedures are detailed in
Chapter 3 (Mapping) of ER 405- 1-12 (Real Estate Handbook).

o 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.

o 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.

o 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.

o The following are the important considerations regarding boundary surveys.
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* b. Method and accuracy.

o 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.

o 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.

o 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.
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» c. Reconciliation of conflicting data.

o 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.

o 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.
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» d. Boundary monuments.

o
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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 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).
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* e. Scales and other details.

o

© Gilbert Gedeon 2026

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.
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» f. Metes and bounds description.

o 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.
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* g. Reservation maps.

o 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.
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o The following data will be clearly set forth on the reservation map:
» 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.

» 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.

» 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.

» The State and County or Counties within which the reservation is located.
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Reservoir Clearing Surveys

* a. Purpose.

o 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.

o 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.

o 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.
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o The following are typical examples:
» Areas for the enhancement of game and fish habitat.

» 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.

» 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.

» Flowage easements.
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* b. Contour establishment and mapping.

o The clearing limit may frequently be located in low, flat terrain with numerous
branchings, "finger" sloughs, swales, and may lie in no pattern whatsoever.

o The prime objective of this type survey is to locate, paint, and map the
clearing line contour.

o In running the levels to locate the contour, the rodmen will be the key to
progress.

o The instrumentman will maintain a hand or electronic notebook, recording all
readings for turns.

o The contour will be temporarily marked when located until a closure has been
made and the notes verified.

o Mapping will be accomplished at a target scale of usually 1 inch = 500 ft.
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» c. Coverage.

o It is most probable that long traverses will be required in the lower reaches of
the reservoir.

o In the large heavily wooded areas there will be numerous "finger" sloughs,
islands, and peninsulas formed by the contour.

o 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.

o In running these lines, all points where the contour is crossed should be
flagged and control points left for continuance of surveys.

o 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.

o 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.

o In large cleared areas the contour can be shot directly on aerial photos, if
desired.
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« d. Markings.

o Trees standing on or very near the clearing line will be marked in accordance
with specifications.

o These markings shall be placed at intervals such that they are readily
intervisible at distances commensurate with the woods cover.

o All abrupt changes in direction shall be well marked at the point of turn and
other prominent trees nearby in both directions.

o 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.

o 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.

o 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.

o

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.
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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.
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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.
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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.
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« Criteria for selecting high water marks are as follows:

o 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.

o 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.
o 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.
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* Poorly defined high water marks:

o 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.

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

Wash lines are usually poor.

Information from residents after passage of time and destruction of evidence,
especially when remote from place of residence.
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» 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:
o Number, river or basin, bank of river.
Month and year of flood.
State, county, nearest town.
Section, Township, Range, if possible.
Specific location by description from nearest town, etc.
Specific description of mark, e.g., "nail in post."
Source of information.
Type of mark.
Sketch on right hand page of notebook.

[¢]
o
[¢]
o
[¢]
[¢]
o
[¢]
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 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.
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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:

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

o Establishing the linear or curvilinear alignment of the route.
o 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.
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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.
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» 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.
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* In general, survey data to be included on bridge survey field notes should include:
o Direction facing bridge, whether upstream or downstream.

Length of bridge, or stationing if established.

Distances from center to center of piers or bents.

Dimensions of piers or pilings including batter.

Low chord (or steel) elevation over channel.

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.

Sketch of wingwall, when required.

Digital photographs from various aspects.

Material of which constructed (wood, steel, concrete, prestressed concrete, etc.).
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.
Composition of bents may be indicated on sketch.

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

O O 0O O 0 O

O O O O O O O

O O O
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Artillery Surveys

» 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:

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

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

o Augment FA survey sections when appropriate.
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» 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.

o Providing a survey planning and coordination element (SPCE) in support of
the EAC.

o Providing mapping-survey control where required.
o Advising on topographic matters.
o Assisting in lower-level surveys to augment FA surveys.
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Airport Obstruction and NAVAID Surveys

« 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:

o Runways and stopways.

NAVAIDs.

Federal Aviation Regulation defined obstructions.

Aircraft-movement aprons.

Prominent airport buildings.

Selected roads and other traverse ways.

Cultural and natural features of landmark value.

Miscellaneous and special-request items.

[¢]
[¢]
(e]
[¢]
o
[¢]
o
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* a. NSRS connection requirements.

o AOC surveys also establish or verify geodetic control in the airport vicinity is
accurately connected to the NSRS.

o 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.

o AOC data is used to:
» Develop instrument approach and departure procedures.
Determine maximum takeoff weights.
Certify airports for certain types of operations.
Update official aeronautical publications.

Provide geodetic control for engineering projects related to
runway/taxiway construction, NAVAID positioning, obstruction clearing,
and other airport improvements.

Assist in airport planning and land-use studies.

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

>
>
»
>

A\
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* b. Survey standards.

o 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.

o Various areas, surfaces, reference points, dimensions, and specifications
used in airfield surveys are described in these references.
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* c. Runway surveys.

o 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.

o Determine the coordinates (latitude and longitude) of the runway’s threshold
and stop end at the runway’s centerline.

o 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.

o In addition, prepare runway profiles that show the elevations listed above, the
runway'’s high and low points, grade changes, and gradients.

o 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.
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« d. NAVAID surveys.

o Airports requiring airfield-obstruction and NAVAID surveys are instrumented
runways.

o 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.

o The requirement to verify the existing ILS/MLS, their proper description, and
all components on or near the runway are mandatory.

o Obtain information for locating and describing all airfield features with help
from airfield operation and maintenance section, and control tower personnel.
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» e. Obstruction surveys.

o 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.

o Navigational imaginary surfaces or obstruction identification surfaces are
defined in Federal Aviation Regulation 77.

« f. Reference.

o 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 4: Airfield NAVAID positioning using Fast-Static GPS
methods.

(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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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:

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

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

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

o Route Surveys, surveys of proposed or existing transportation routes.
o Quantity Surveys, surveys for construction measurement and payment.
o Structure Surveys, surveys of facilities, utilities, or structures.
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* 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 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.
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* a. Preliminary Site Plans (Pre-engineering surveys).

o 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.

o 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.

o 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.

o This approved site plan will show:
» Grid System.
Buildings (indicate types).
Wooded Areas
Roads and Fences (indicate roadway widths and types of base and surface).
Service and Parking Areas.
Rail Facilities, including access to serving railroad.
Use Areas of all kinds (runways, aprons, firebreaks, parade grounds, etc.)

>
>
>
>
»
>
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» c. Detailed Site Plans.

o 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.

o 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.

o The detailed site plans serve as a basis for detailed utility plans.
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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.
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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
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* 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

Ullites = WeterSystem | SDTS (FIPS 173) Data Model

Natural Gas
Wastewater —+» Drain Sump
Grease Trap
Septic Tank=—" Capacity
Age
Composition—= Concrete
Fiberglass

Steel

Figure 5: Spatial data feature and attribute breakdown for a septic

tank.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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* 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.

* This section provides an overview of the past and present instruments and
methods used to perform topographic surveys of sites, facilities, or infrastructure.
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Click any bubble to see why that survey
type exists and how it's different from the
others.

Explore Map
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SECTION II. 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.

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.
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¢ a. Transit-Tape (Chain).

o Transit tape topographic surveys can be used to locate points from which a map
may be drawn.

o The method generally requires that all observed data be recorded in a field book
and the map plotted in the office.

o 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.

o Transit-tape surveys typically set a baseline along which cross-section hubs were
occupied and topographic features were shot in on each cross-section.

o The elevation of an offset point on a section is determined by vertical angle
observations from the transit.

o The slope or horizontal distance to the offset point is obtained by chaining.

o The accuracy may be slightly better than the plane table-alidade method or very
high (0.1 ft or Iessg, depending upon the equipment combinations used.

o Transits are still used by some surveying and engineering firms, although on a
declining basis if electronic total station equipment is available.

o 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.

o 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.
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* b. Chaining.
o 100, 200, 300, or 500-foot steel tapes are used for manual distance
measurement methods.
o Woven, cloth, and other types of tapes may also be used for lower accuracy
measurements.

o 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.

o Tapes must be accurately aligned over the points (using plumb bobs), held at
a constant, measured tension, and held horizontally (using hand levels).

o Subsequent corrections for tape sag/tension, temperature, and slope may be
necessary if a higher accuracy is required.
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¢ .. Transit-Stadia.

o Tlr)ansit-stadia topographic surveys are performed similarly to transit-tape surveys described
above.

o 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.

o 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.

o This distance measurement technique has been used for decades, and is also the basis of
plane table survey distance measurement.

o The three horizontal crosshairs in the transit are spaced such that the upper and lower
crosshair will read 1.0 ft on 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).

o The accuracy of a stadia-derived distance is not good, probably about 1 : 500 at best.
o Thus, a 500 ft shot could have an error of + 1 ft.

o Additional errors (and corrections) result from inclined stadia measurements, i.e., when the
shot is not horizontal.

o Reduction of the stadia intercept values to a nominal slope distance, then reduction to
horizontal, requires significant computation or use of tables.

o 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.

o All observed data was recorded in a field book, and occasionally optionally plotted in the field.
o Transit-stadia techniques are likewise rarely performed today if a total station is available.
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» d. Transit/Theodolite-EDM.

o Electronic Distance Measurement (EDM) instruments were first developed in
the 1950s, primarily for geodetic operations.

o In the 1970s, more compact EDM units were mounted atop or alongside
transits and theodolites, thus replacing manual chaining or optical stadia
distance measurement.

o 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.

o 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.

© Gilbert Gedeon 2026 www.cedengineering.com

OVERVIEW OF

TOPOGRAPHIC SURVEYING Control and Topographic Surveying — Part 1
C_E‘Q TECHNIQUES AND METHODS o
engineeringcom (CONT’D) 4 PDH

Figure 6: Plane table and alidade, Wild T-2 theodolite at right.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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* e. Plane table surveying.

o The plane table and alidade were once the most common tools used to
produce detailed site plan maps in the field.

o 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.

o 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.

o Plane table surveys were performed in the Corps well into the 1980s, and
perhaps into the 1990s in some districts.

o 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.

o The table is mounted on a low tripod with a specially made head.

o 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.

o 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.
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Figure 7: Leica TCR 705 Reflectorless Total Station.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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Total Stations

* Total stations were first developed in the 1980s by Hewlett-Packard.

* 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 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.

© Gilbert Gedeon 2026 www.cedengineering.com




CEQ TOPOGORVAEPR|'|\{I(I:E¥VU?Q'\:/EY|NG Control and Topographic Surveying — Part 1

A1 TECHNIQUES AND METHODS oo
engineering* com (CONT'D) 4 PDH

» Total stations perform the following basic functions:
o Types of measurements:
» Slope distance
» Horizontal angle
» Vertical angle
o Operator input to total station data collector:
» Text (date, job number, crew, etc.)
» Atmospheric corrections (PPM)
» Geodetic/grid definitions
» HI&HR
>

Descriptor/attribute of setup point, backsight point, sideshot point,
stakeout point, etc
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» 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.
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Figure 8: RTK base station and radio link transmitter, and rover with

backpack.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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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.
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* 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.
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Figure 9: Optech LIDAR scanner and resultant image of underside of

Kennedy Bridge.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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Terrestrial LIDAR (Laser) Scanning

» Laser scanning instruments have been developed that will provide topographic
detail of structures and facilities at an extremely high density.

» 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.
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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.
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 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.

o

o Primary control is usually brought into the site from established NSRS
monuments/benchmarks using static or kinematic GPS survey methods
and/or differential leveling.

o Supplemental traverses between radial setup points can be conducted with a
total station as the radial survey is being performed.

o A RTK system may require only one setup base; however, supplemental
checkpoints may be required for site calibration.

o Elevations are established for the radial traverse points and/or RTK
calibration points using conventional leveling techniques.

o Total station trigonometric elevations or RTK elevations may be used if

vertical accuracy is not critical, i.e., + 0.1 ft.
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* 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.

o

© Gilbert Gedeon 2026

www.cedengineering.com

—Partl
L04-301
4 PDH




OVERVIEW OF

TOPOGRAPHIC SURVEYING Control and Topographic Surveying — Part 1
C_E‘Q TECHNIQUES AND METHODS ot
engineering* com (CONT'D) 4 PDH

» c. Collect topographic feature data in a specific sequence.
o Collect planimetric features (roads, buildings, etc.) first.

o Enter ground elevation data points needed to fully define the topography.

o Observe and define break lines.

o Use the break lines in the process of interpolating the contours to establish
regions for each interpolation set.

o Contour interpolation will not cross break lines.

o Assume that features such as road edges or streams are break lines.

o They do not need to be redefined.

o Enter any additional definition of ridges, vertical, fault lines, and other

features.
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« d. Draw a sketch of planimetric features.

o A field book sketch or video of planimetric features is an essential ingredient
to proper deciphering of field data.

o The sketch may also be made on a pen tablet PC.

o The sketch does not need to be drawn to scale and may be crude, but must
be complete.

o Numbers listed on the sketch show point locations.

o 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.
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» e. Obtain points in sequence.

o 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.

o For example, the surveyor should define an edge of a road by giving shots at
intervals on one setup.

o 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.
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« f. Use proper collection techniques.

o Using proper techniques to collect planimetric features can give automatic
definition of many of these features in the CADD design file.

o This basic picture helps in operation orientation and results in easier
completion of the features on the map.

o Improper techniques can create problems for office personnel during analysis
of the collected data.

o 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.
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o (1) Most crews will make and record 250 to over 1,000 measurements per
day, depending on the shot point detail required.

o This includes any notes that must be put into the system to define what was
measured.

o Alearning curve is involved in the establishment of productivity standards.

o 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.
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o (2) A one or two-person survey crew is most efficient when the spacing of the
measurements is less than 50 feet.

o 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.

o The instrument operator usually spends about 20 seconds sighting a target
and recording a measurement and another 5-10 seconds coding the
measurement.

o The same time sequences are applicable for a one-man topographic survey
using a robotic total station or RTK.
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o (3) When the general spacing of the measurements exceeds 50 feet, having
a second rod person may increase productivity.

o 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.

o 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.

o If the distance of that move is 50 feet or greater, the instrument will be idle if
you have only one rod person.
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o (4) Communication between rod person and instrument person is commonly
done via radio or cell phone.

o 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.

o When more than one rod person is used, crew members should switch jobs
throughout the day.

o This helps to eliminate fatigue in the person operating the instrument.
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Automated Field Data Collection

« Since the 1990s, survey data collection has progressed from hand recording to field-
finish data processing.

e 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.

e 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 CADD/GIS software packages can directly download field data from the
collector without going through interim software (e.g., CVTPC).
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 a. Field survey book.

o Even with fully automated data collection, field survey books are not
obsolete.

o They must be used as a legal record of the survey, even though most of the
observational data is referenced in a data file.

o Field books are used to certify work performed on a project (personnel, date,
time, etc.).

o 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.

o 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.
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* b. Field Coordinate Geometry (COGO) computations.

o Most data collectors now have a full field capability to perform any surveying
computation required.

o Some of the main field computational capabilities that are found on state-of-the-art
data collectors include:

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

Offset object correction (horizontal or vertical)

EDM meteorological, slope, and sea level reductions
Horizontal grid and datum transformations

Vertical datum transformations

GPS baseline reductions (static, kinematic)
Traverse adjustments (various methods)

Inverse and forward position computations
Resections (2, 3 or more point adjustments)

Level net adjustments (trig or differential

RTK site calibration adjustments (regression fits)

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

VVVVVYVYVVVYVYYYVYYVY
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» c. Feature coding and attributing.

o Data collectors are designed to encode observed topographic features with a
systematic identification.

o Similar features will have the same descriptor code, e.g., "BS" for "backsight"
and "EP" for "edge of pavement."

o Features that are recorded in the data collector can have additional attributes
added.

o Attributes might include details about the feature being located (e.g., the
number of lamps and height of a light pole).
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 d. Field graphic and symbology displays.

o Many field data collectors have symbology libraries which can be assigned to
standard features, e.g., manholes, culverts, curb lines, etc.

o 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.

o 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.

o This capability is, in effect, a modern day form of a plane table.
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» e. Data transfer.

o 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).

o Both original and processed data observations are transferred.

o Original (raw) data includes the unreduced slope distances, Hls, HRs,
backsight and foresight directions, etc.

o Field processed data includes items such as reduced horizontal distances,
adjusted coordinates, features, attributes, symbology, etc.

o Many field-finish software packages can generate level/layer assignments
that will be compatible with CADD packages.
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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.
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* a. Cross-section survey methods.
o Most site plan topographic surveys are performed relative to project baselines.
o This is often called the “right-angle offset technique”.

o A baseline is established along a planned or existing project axis (e.g., road
centerline) using standard traverse control survey methods.

o 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).

o The intermediate points are marked with 2x2 inch wooden hubs, PK nails, or
temporary pins with flagging.

o Station hubs are occupied with a transit or total station and cross-sections are
taken normal to the baseline alignment.

o Points along the cross-section offsets are shot for feature and/or elevation.

o Offset alignment is done either visually, with a right-angle glass, or transit,
depending on the accuracy required.

o Distan(;es along offsets are measured by chaining, stadia, or EDM (i.e., total
station).

o Detailed notes and sketches of ground shots and planimetric features are
recorded in a standard field book, electronic data collector, or both.

o Notekeeping formats will vary with the type of project and data being collected.
o General industry standard notekeeping formats should be used.
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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
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 10: lllustration of cross-sections alignments run normal to

established baselines.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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o A grid pattern of cross-sections is also used for topographic survey of large
areas, such as wetlands, orchards, swamps, etc.

o This is also illustrated in the previous figure above where the cross-sections
southeast of the PT extend a considerable distance from the baseline.

o In general, the maximum distance to extend the baseline is a function of the
feature accuracy requirements and the precision of the survey instrument.

o For total stations, ground shots on a prism rod out to 1,000 ft and greater are
usually acceptable.

o Transit stadia distances should not extend out beyond 500 ft.

o 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.

o (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 11: Sketch of profile line and cross-section.

(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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Figure 12: Example of field book notes showing location relative to
centerline and elevation data from two cross-sections spaced 50-ft

C/C.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,

EM 1110-1-1005)
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¢ b. Radial survey methods.

o

o

Plane tables were especially suited to radial survey methods; thus, most surveys
using total stations or RTK now utilize this technique.

Radial observation 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 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 adequate 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 13: Topographic detail densification using radial survey
methods, instrument set at point “MON A” and radial shot points

(planimetric features or elevations) are observed.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,

EM 1110-1-1005)
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* c. Planimetric features.

o Planimetric features are tied in using either cross-section or radial survey
methods.

o 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.

o 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.

o An example would be a 3 ft x 5 ft catch basin: on a 1inch = 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 1inch = 30 ft site plan.
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« d. Topographic elevations and contours.
o A variety of survey methods are used to develop the terrain model for a given
project area.
o The technique employed is a function of the type of survey equipment, the
detail required, and specified elevation accuracy.
o In addition, the technique may depend on whether traditional contours or a
digital terrain model (DTM) is required.
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» e. Contours from cross-sections.

o 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.

© Gilbert Gedeon 2026

www.cedengineering.com

Control and Topographic Surveying — Part 1

L04-301
4 PDH

OVERVIEW OF

TOPOGRAPHIC SURVEYING

TECHNIQUES AND METHODS
(CONT'D)

Control and Topographic Surveying

CER

engineering»com

« f. Contours from radial surveys, spot elevation matrices.

o It is often more efficient to generate contours from a DTM based on spot
elevations taken over a project area.

o 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.

o The density of spot elevations is based on the desired contour interval and
terrain gradient.

o In some instances, an evenly spaced grid of spot elevations may be specified
(so-called "post" spacing).

o 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.
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» g. DTM generation from breakline survey technique.

o The following guidance is excerpted from the California Department of
Transportation (CALTRANS) Surveys Manual.

o 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.
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» 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.
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» Method: When creating field-generated DTMSs, 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:

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

% Observations at specific intervals (stations) are not required.

% 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.

«» Use proper topo codes, point numbering, and line numbers.

% 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.

% Make a sketch of the area to be surveyed identifying breaklines by

number.

Do not change breakline codes without creating a new line.

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.

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

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

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

RS
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» 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:

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

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

» CAICE DTM surface files. (CAICE project subdirectory)

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

% Hard copy topographic map with border, title block, labeled contours,
and planimetry.

% File of all surveyed points with coordinates and descriptions. (CTMED,

.rpt, format)
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« h. Utility survey detail methods.
o ltis important to locate all significant utility facilities.
o Utilities are surveyed using either total station or RTK techniques.

o 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.

o Data points on original ground should be located within #£30 mm horizontally
and vertically.

o The following are lists of facilities and critical points to be located for various
utilities, as recommended in the CALTRANS Surveys Manual.

© Gilbert Gedeon 2026 www.cedengineering.com




OVERVIEW OF

TOPOGRAPHIC SURVEYING Control and Topographic Surveying — Part 1
C_E‘Q TECHNIQUES AND METHODS ot
engineering* com (CONT'D) 4 PDH

» Oil and Gas Pipelines
» Intersection point with centerlines and/or right of way lines

» For lines parallel to right of way , location ties necessary to show
relationship to the right of way lines

» Vents
% Angle points
» Meter vaults, valve pits, etc.

o

0’0

K3

2

K3

o
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» Water and Sewer Lines

*,

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

*,

¢ For lines parallel to right of way , location ties necessary to show
relationship to the right of way lines

0’0

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

oo

» Elevation on waterlines, sewer inverts, and manhole rings
» Fire hydrants

» Curb stops

» Overhead Lines

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

0’0

oo

0’0

2
o3

% On lines parallel to roadway, supporting structures that may require
relocation, including overhead guys, stubs, and anchors
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» Underground Lines
«+ Cables/lines (denote direct burial or conduit, if known), etc.
<+ Manholes, pull boxes, and transformer pads

K3

% Crossing at centerline or right of way lines

% 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

< Switch points, signal, railroad facilites, communication line

locations, etc.
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» Checking: Utility data should be checked by the following means:

% Compare field collected data with existing utility maps

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

% Review profiles of field collected data

% Include field collected data, which have elevations, in project DTM
% Locate some data points from more than one setup
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* i. Archaeological Site/Environmentally Sensitive Area Surveys (CALTRANS).
o Archaeological and environmental site surveys are performed for planning
and engineering studies.
o Surveys staff must work closely with the appropriate specialists and the
survey requestor to correctly identify archeological and environmentally
sensitive data points.
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» 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.

» 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)

“ File of all surveyed points with coordinates and descriptions
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* j. Spot Location or Monitoring Surveys (CALTRANS).

o 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
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* k. Vertical Clearance Surveys (CALTRANS).

o 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:
% File of all surveyed points with coordinates and descriptions
% Sketch or map showing vertical clearances
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General QC and QA Guidance on Topographic Data Collection and
Drawings
» The following guidance is excerpted from the Woolpert, Inc. "Survey Manual."

« |t 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.
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o INTRODUCTION: Topographic surveys are the basis for the engineering,
planning, and development plans. It is 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.
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o ITEMS INCLUDED ON SURVEYS
» Topography (General)

% 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.

% Topography (Location)

% Natural

% 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

« 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.
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% 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.

% 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.
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» Ditches and Drainage Features

© Gilbert Gedeon 2026

2
o3

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

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.

Locate any concrete or asphalt: flumes, V-ditches, UD , drains or
channels.

Locate all yard drop inlets and curb drop inlets.

Locate all headwalls and wing walls.

Measure the diameter and note the type of all pipes.
Provide location and elevation on invert (flow line) of pipe.
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» Storm and Gravity Sanitary Sewers

© Gilbert Gedeon 2026

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

Measure readings (downs) from rim of manhole to inverts

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

Locate and describe sanitary sewer pump stations (lift stations).
Locate approximate areas of septic fields and tanks.
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» Roads

% 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.
% Obtain and locate all entrances.

% 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.
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» Railroads

*,

% Provide location of tracks with elevations at specified intervals,
typically 20 meters or 50 ft in 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.
% Secure a copy of the railroad right-of-way map.
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» Fences
«+ Provide location, type, and height of fence.

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

» Cemeteries
¢ Location of cemetery boundary must be shown.

“ Locate graves coincident with the Right-of-way and survey
centerline.

¢+ Provide an approximate count of the number of graves.
» Automobile Graveyards
% Locate outside limits and note approximate number of automobiles.
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» Signs

*,

% Locate and describe all overhead truss signs.

*,

% Locate and describe all overhead cantilever signs.

2

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

*,

% Locate and describe all traffic signals.

2

¢ Locate and describe all historical markers , recording identity
numbers.

*,

% Locate, measure, and describe in detail all advertising signs or
commercial billboards. It is imperative to note the owner and the
license number.
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» House & Building Location

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

Describe as dwellings, buildings, restaurants, etc.
Identify structure address: example) house or box number.

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

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

Locate and describe all porches, decks, carports, utility buildings,
and driveways.
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» Utility Items, Above Ground Utility Location

« Utility poles and guy wire anchors , recording number and owner.

Light poles, recording number and owner.

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).
Water meters, valves, vaults, manholes, blow off valves, fire hydrants
and witness posts.
Gas meters, valves, test stations, and witness posts.
Force main air vents and witness posts along line as well as valves and
emergency pump connections at pump station facility (note: do not
enter facility).
Steam pipes and steam manholes.
Petroleum pipes, witness posts, and pumping stations (note: do not
enter facility).
Communication or telephone manholes, pedestals, hand holes, and
witness posts, recording number and owner.

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

*,
g

*,
g

*,
g
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» 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.

% Locate all street name signs and route number identifiers.
» Government Survey Control
% Locate all government benchmarks.

% Locate all government triangulation, trilateration, and traverse
stations.

% Locate all government reference marks and azimuth marks.
% Locate all state Right-of-way monuments.

© Gilbert Gedeon 2026 www.cedengineering.com

OVERVIEW OF ; .
TOPOGRAPHIC SURVEYING Control and Topographic SurveymgLO:aargi
TECHNIQUES AND METHODS )

engineeringscom (CONT’D) 4 PDH

» Property Data, (If required)

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

«+ 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.
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» 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 NAVD88.

% A minimum of two temporary benchmarks will be set on private
topographic surveys.

s TBMs will be set an interval of 1000 ft. to 1500 ft. on typical
corridor surveys.
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o DRAWING ANNOTATION CHECKLIST

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

» Automobile Graveyards: Locate the outside limits and annotate.

» Brush, shrubbery, woods: Annotate as dense, light, mixed, etc., and
type.
s 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.
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» Buildings: Locate at the overhangs and annotate type brick, frame, efc.,
the height (one story, two story, etc.), and name if commercial.
« Carports, porches, steps, walks, etc., will also be shown.
s 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.
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» Bridges: Annotate type, with deck.
» Curbs and Gutters: Annotate type and size.

» Cemeteries: Locate the extremities, the closest grave to the centerline
and annotate the approximate number of graves.

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

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

Curbs: Annotate type and size.

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

Dams: Annotate type.

Entrances: Annotate type (soil, gravel, asphalt, etc.).
Electric Manholes and junction boxes: Annotate.
Endwalls and Headwalls: Annotate type.

v Vv

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

Fire Hydrants: Annotate.
Guardrails: Annotate type.

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

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.

www.cedengineering.com
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Mile Markers: Annotate

Names of all cities, towns, and villages must be annotated and all
corporate limits, county and state lines located and annotated.

QOutlet Ditches: Annotate with directions of flow.

Pavements: Annotate type and if concrete covered with asphalt, make
notations.

Pipes: Annotate type, size, invert elevations, and direction flow.
Property Data: Corners will be located and annotated.

s 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.

Ponds and Lakes: Annotate and collect DTM data inside the edge of
water line styles.
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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.

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.

» Special Signs: Annotate overhead truss, signal traffic lights, railroad
protective devices, etc. (No street signs or speed limit signs are needed).

2

« 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.

YV VYVV

© Gilbert Gedeon 2026 www.cedengineering.com

OVERVIEW OF

TOPOGRAPHIC SURVEYING Control and Topographic Surveying — Part 1
C_E‘Q TECHNIQUES AND METHODS o
engineeringcom (CONT’D) 4 PDH

» Storm and Sanitary Sewers: Annotate type.

s 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.

» Telephone M.H.’s, pedestals, handholes: Annotate.
» Trees: Annotate type and size with the diameter measured three feet
above the ground.

% If unsure of type, hardwood or pine will do.

» 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).
» Walls: Annotate type, height, and width.
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» Witness posts: annotate type.

» Identify gas station filler caps, monitoring wells and locate concrete
pads around them.

» Identifying 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.

» 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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PRIMARY CONTROL SURVEYS FOR
PROJECT MAPPING

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.
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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.

e 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.

* GPS control survey densification methods are more thoroughly covered in EM 1110-1-
1003 (NAVSTAR GPS Surveying).

e 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.
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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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Site Control
Process Flow

Follow each path: horizontal control on
top, vertical control below, to see how
they both feed into one final project
control network

Select a step in the process to begin
exploration.
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SECTION I. Traditional Horizontal Control Survey Techniques

General Overview

* a. Purpose.

o 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.

o 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.

o A calibrated 100-ft steel tape may also be used for measuring short

distances.
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* ¢. Monumentation.

o 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.g., 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.
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» (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.

< 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.
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» d. Redundancy.
o A minimum of two repeated angle measurements (i.e. positions or sets)
should be made for establishing project control points.
o 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).
o The leveled height of the instrument and the height of the reflector should be
measured carefully to within 0.01 ft and recorded.

o 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.

o Duplicate distances should be observed over each line by remeasuring
backsight lines at each traverse point set up.

o Depending on the accuracy requirements, additional sets of angle
measurements or EDM distances may be specified, see FGCS 1984.
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Figure 14: DA Form 1959 , "Description or Recovery of Horizontal

Control Station".
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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Figure 15: Blank DA Form 1959 , "Description or Recovery of

Horizontal Control Station".
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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* e. Repeating theodolite.
o 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.

o All angles should then be turned to the right, and the first angle recorded in a field
book.

o 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.

o 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.

o Multiples of 360 degrees may need to be added to the last angle before
averaging.

o The horizon should be closed by repeating this process for all of the sights to be
observed from that location.

o The foresight for the last observation should be the same as the backsight for the
first observation.

o 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.
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¢ f. Directional theodolite.

o 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.

O The scales should be brought into coincidence and the angle read and recorded in the field
book.

o The angles (directions) should then be turned to each foresight in a clockwise direction, and
the angles read and recorded in a field book.

o This process will continue in a clockwise direction and should include all sights to be observed
from that station.

o 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.

o The angles between stations may then be computed by differencing the direct and reverse
readings.

o This process of observing a "set" should be repeated two or more times, depending on the
survey specification.

o ltis difficult to set the angle values precisely on the plates of an optical theodolite.

O Angles are determined by reading the initial and the final directions, and then determining the
angular difference between the two directions.

o Optical theodolites are generally very precise, a Wild T2 optical theodolite reads directly to 1".

o 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.
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* g. Horizontal distances.
o To reduce EDM slope distances to horizontal, a vertical angle observation
must be obtained from each end of each line being measured.
o The vertical angles should be read in both the direct and inverted scope
positions and adjusted.

o 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.
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* h. Targets.

o All targets established for backsights and foresights should be fixed and
centered directly over the measured point.

o 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.

o Atrtificial 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.
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« i. Calibration.

o All theodolites, total stations, EDM, and prisms used for horizontal control
work should be serviced regularly and checked frequently.

o 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.

o 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.

o 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.

o Forced centering type tribrachs should be periodically (monthly) checked to
ensure the optical plumb line is correct.

o Circular or "bulls eye" bubbles on tribrachs, total stations, rods, etc. should
be periodically checked and adjusted.

o Tribrach or total station optical plummets (visual or laser) must be periodically
checked.
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* j. Horizontal direction recording.

o Procedures for recording horizontal directions are the same for all orders of
accuracy.

o Record horizontal directions in a bound field survey book, on DA Form 4253,
or any equivalent electronic recording form.

o 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.
v' Temperature.
v" General atmospheric condition.
v' Wind.
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» Entry Page:
+ Designation of the occupied station.
v Full station name.
v Year established.
v" Name of the agency on the disk.
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o The field book or recording form should include the above information for
each station observed.

o 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.

o The sketch should include the distance and the directions that the eccentric
item is from the station.

o When intersection stations are observed, the exact part of the point observed
must be recorded and shown on the sketch.
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» k. Horizontal abstracts of directions.
o An abstract of horizontal directions should be compiled for every station at
which horizontal directions have been observed.
o DA Form 1916 or equivalent field book abstracts should be completed before
leaving the point.

o 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.

o If DA Form 1916 is used, readings will be entered opposite the proper circle
position, as indicated in the field notes.

o 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 16: Sample horizontal field book recording, Directional

Theodolite.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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Secondary or Temporary Horizontal Control

* a. General.

o 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.

o These points are often temporary in nature and can easily be reset from the
permanent primary control points.
* b. Requirements.

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

o (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.
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o (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.

o (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.

o (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.
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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:
o 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.

o Deflection angles.

» In an open ftraverse, 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.
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o Vertical angles.

>
>

>

Vertical angles can be referenced to a horizontal or vertical line.

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.
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Figure 17: Interior angles on a closed traverse (top) and deflection

angles on an open traverse (bottom).
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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Zenith angle

Theodolite

direction

Nadir angle

\

Nadir direction

Figure 18: Reference directions for vertical angles, Horizontal, Zenith,

and Nadir.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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* 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.

o An assumed bearing is a bearing whose prime meridian is assumed.
o The relationship between an assumed bearing and the true meridian should

be defined, as is the case with most SPCS grids.
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* b. Bearing determination guidelines.

O All bearings used for engineering applications should be described by degrees, minutes, and seconds
in the direction in which the line is progressing.

O Bearings are recorded with respect to its primary direction, north or south, and next the angle east or
west.

O For example, a line can be described as heading north and deflected so many degrees east or west.

O Alternatively, a line also can be described as heading south and deflected so many degrees east or
west.

O 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.

O Bearing angles are computed from a given azimuth depending on the quadrant in which the azimuth
lies.

O When the azimuth is in the first quadrant (0° to 90°), the bearing is equal to the azimuth.

O  When the azimuth is in the second quadrant (90° to 180°), the bearing is equal to 180° minus the
azimuth.

O When the azimuth is in the third quadrant (180° to 270°), the bearing is equal to the azimuth minus
180°.

O When the azimuth is in the fourth quadrant (270° to 360°), the bearing is equal to 360° minus the
azimuth.

O Since the numerical values of the bearings repeat in each quadrant, the bearings must be labeled to
indicate which quadrant they are in.

O 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.

O For 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.
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e c. Azimuth types.

o The azimuth of a line is its direction as given by the angle between the
meridian and the line, measured in a clockwise direction.

o Azimuths can be referenced from either the south point or the north point of a
meridian.

o (Geodetic azimuths traditionally have been referenced to the south meridian
whereas grid azimuths are referenced to the north meridian).

o Assumed azimuths are often used for making maps and performing
traverses, and are determined in a clockwise direction from an assumed
meridian.

o 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.
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» d. Azimuth determination guidelines.

o Azimuths will be determined as a line with a clockwise angle from the north
or south end of a true or assumed meridian.
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* e. Astronomic azimuth.

o 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.

o Astronomic azimuth observations can be made by the well-known hour angle
or altitude methods.

o 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.

o Then using forward station, turn clockwise to rear station then to star, reverse
telescope on star, then rear station and back to forward station.

o The number of position repetitions will depend upon the order of accuracy
required.

o Since GPS has effectively eliminated the need for lengthy traverse networks,
astronomic azimuth observations are rarely ever required.

o Exceptions may involve boundary surveys originally referenced from solar
azimuth observations.
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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).
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» The figure 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

EOM "\ H(S cos ) i

Prism —‘L

HT (measured)

HI {measured)

Station A
Ground

LEGEND:

V = vertical distance

H = horizontal distance
S = slope distance

Station B

Figure 19: Geometry of an EDM measurement.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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¢ Alternatively, the elevations of the occupied hubs 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 the
figure on the following slide.

¢ 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.
* No sea level correction was applied since this project was set on an arbitrary datum (PICES).

* Note that the figure illustrates the internal computations now automatically performed in a total
station/data collector system.
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Figure 20: Horizontal distance observations and reductions, manual
computations in field book.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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» a. Errors.

o Distances measured using an EDM are subject to the same errors as
direction measuring equipment.

o The errors also include instrumental component errors.

o Instrumental errors are usually described as a number of millimeters plus a
number of ppm.

o The accuracy of the infrared EDM is typically + (5 millimeters + 5 ppm).

o 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.

o An error of 3 millimeters of mercury causes an error of 0.9 ppm in distance.
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¢ b. Instrument constants.

o Although manufacturers provide instrument and prism constants, it is essential
that instrument constants be verified under actual operating conditions, especially
for precise surveys.

o The following factors must be considered:

» 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.
» 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.
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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 the figure below, the azimuth and distance from Station A to Station B are
determined by measuring the horizontal angle ( B ) from the azimuth mark to
Station B and the distance from Station A to Station B.

Northing (N , ) = Nosthing (N , ) 5  cos o
Esating (E, ) = Easting (E,) +8-sina

Figure 21: Forward Position Computation.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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* The azimuth (or bearing) from A to B ( a ) is determined by reducing the observed
azimuth to the relative quadrant.

* For example, if the azimuth from Point A to the Azimuth Mark is 320°, and
observed angle "B" 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 "a" is computed
from:

o Azimuth (a)from A — B = 105° - (360° - 320°) = 65° [or bearing N 65° E |
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» 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 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:
o dN=s"-cos (a)
o dE=s"sin(a) (Eq 1)
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« 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.

* 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.
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* The following are examples of how to compute the dN and the dE for different
quadrants:

o 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 -

o 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
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o 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.
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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.

© Gilbert Gedeon 2026 www.cedengineering.com

PRIMARY CONTROL

SURVEYS FOR PROJECT Control and Topographic Surveying — Part 1
C.E'Q MAPPING L04-301
engineeringcom (CONT'D) 4 PDH

« a. Traverse types.

o 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.
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Station B

Station A

Zy'e9

Station C

Station E

Station D

Figure 22: Closed Traverse, Looped (Station A fixed) or Connecting

(Stations A and B fixed).
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)

© Gilbert Gedeon 2026 www.cedengineering.com

PRIMARY CONTROL

SURVEYS FOR PROJECT Control and Topographic Surveying — Part 1
C.E'Q MAPPING L04-301
engineering:com (CONT'D) 4 PDH

o (a) Loop traverse.

v" A loop traverse starts on a station of known position and
terminates on the same station.

v" An examination of the position misclosure in a loop traverse
will reveal measurement blunders and internal loop errors, but
will not disclose systematic errors or external inaccuracies in
the control point coordinates.

v In a loop traverse, the measured angular closure is the
summation of the interior or exterior horizontal angles in the
traverse.

v If there are "n" sides in a loop traverse, and interior angles
were measured, the true angular closure should equal (n-2) -
180°.

v If exterior angles were measured when performing a loop
traverse, the true angular closure should equal (n+2) - 180°.

v In the previous figure, the starting azimuth from Station "A" is
not shown.

v' This initial azimuth might have been taken from a GPS,
magnetic, or astronomic observation, or even an arbitrary
(assumed) value might have been used.
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o (b) Connecting traverse.

v" A connecting traverse starts on a station of known position
and terminates on a different station of known position.

v" An example would be Stations "A" and "B" in the previous
figure- -if these two points have fixed coordinates (and
azimuth A-B between them).

v" When using this type of traverse, the systematic errors and
position inaccuracies can be detected and eliminated along
with blunders and accidental errors.

v' 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.
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» (2) Open traverse.

“ 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.
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Figure 23: Open traverse.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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* b. Right-of-way traverse.

o Aright-of-way traverse normally starts and ends on known points.

o This type of traverse can be run with a transit and steel tape, EDM, or total
station.

o The style of notes is similar to most traverses with the only difference being
the type of detail shown.

o Fences can be of particular importance in determining right-of-way limits,
especially when working in an area not monumented.

o 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.

o If a search for a corner is made and nothing is found, a statement should be
written in the field book to this effect.
o 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.

o 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.

o Stadia traverses are rarely performed given the availability of total stations
today.
» d. Compass traverse.

o A compass traverse is made to establish the direction of a line by magnetic
compass measurements (i.e. no angles are turned).

o Distances are usually measured by stadia or paced.
o These types of surveys are rarely performed.
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Traverse Survey Guidelines

» Several basic steps are required to plan and execute a traverse survey:
o research existing control in the project area

design survey to meet specifications

determine types of measurements

determine types of instruments

determine field procedures

site reconnaissance and approximate surveys

install monuments and traverse stations

data collection

data reduction

data adjustment

prepare survey report

(e]
(e]
o
o
(e]
o
(e]
o
(e]
o
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» The following general guidelines are recommended in performing traverse surveys:
o 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.

» 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.
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o 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.
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o 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 the initial
point.

» Extreme care should be taken not to mix up astronomic, geodetic, GPS,
magnetic, and grid azimuths, they are all different.

© Gilbert Gedeon 2026 www.cedengineering.com

PRIMARY CONTROL

SURVEYS FOR PROJECT Control and Topographic Surveying — Part 1
C.E'Q MAPPING L04-301
engineeringcom (CONT'D) 4 PDH

o 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.
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o e. Temporary hubs.

>

>

© Gilbert Gedeon 2026

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.
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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.
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o 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.

» Temporary monuments need only be briefly described in the field notes
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Traverse Computations and Adjustments
» There are a number of methods available for adjusting traverses.

» The most common are listed below.
o 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 measurements with roughly equal
precision.

» Also, a standard Least Squares adjustment can be performed with the
same amount of effort.
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o 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.
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o 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.

% vtw v — minimum (Eq 2)
» where

% v = observation residual

“ w = weight of observation
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» The residuals (v) are the corrections to the observations.

» The final adjusted observations equal the observation plus the post-
adjustment residual.

o h=l+v (Eq 2)
» where

% I* = adjusted observation

% | = observation

2

% v = observation residual
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» (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.
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» (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.
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» (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).
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» (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.
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Traverse Adjustment (Compass Rule)

e 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.
» a. General.
o Traverse computations and adjustments require the following steps:

» 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

» Distribute the misclosure latitudes and departures over the traverse
» Compute adjusted coordinates of the traverse stations
» Calculate final adjusted lengths and azimuths between traverse points
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* b. Angle computations and adjustments.

o The azimuth of a line is the horizontal angle (measured clockwise) from a
base direction to the line in question.

o To compute a traverse, surveyors determine the azimuth for each traverse
leg, starting with the fixed azimuth at the known starting point.

o This fixed azimuth is typically that computed between the fixed starting
station and some azimuth reference point (another monument, a known
object, or astronomical).

o 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.

o 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).

o 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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o (1) Azimuth correction.

» The azimuth closure error is obtained by subtracting the known closing
azimuth from the computed closing azimuth.

» 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, 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 -V n (Eq 4)
» where,

% K = fraction of the least count of the instrument, dependent on the
number of repetitions and accuracy desired

« n =number of traverse stations
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o (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.
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» c. Traverse position computations.

o 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.

o Verify the computed closing azimuth agrees with the computed fixed closing
azimuth.

o 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.

o The linear misclosure at the closing station is determined in both X
(departure or easting) and Y (latitude or northing) coordinates, AX and AY.

o The overall position misclosure (V[ AX 2 + AY 2]) is then used to determine
the relative accuracy (or precision) of the traverse, and conformance with the
minimum closure standards in the table on the following slide.

o The relative accuracy is obtained by dividing the misclosure (as computed
after adjusting the angles) by the sum of the overall traverse length.

o This value is then inversed to obtain a ratio for comparison with the table on
the next slide, as shown in Equation 5.

© Gilbert Gedeon 2026 www.cedengineering.com

SUPRT/IEI?SREOCROQA-(R)\?ECT Control and Topographic Surveying — Part 1
C.E_Q MAPPING 104-301
engineering»com (CONT’D) 4 PDH
USACE Classification Closure Standard
Engr & Const Distance Angle
Control (Ratio) (Secs)
First-Order 1:100,000 24N’
Second Order, Class | 1:50,000 34N
Second Order, Class Il 1:20,000 54N
Third Order, Class | 1:10,000 10-VN
Third Order, Class Il 1: 5,000 20N
Engineering Construction 1: 2,500 60-VN
(Fourth-Order)
" N = Number of angle stations
Table 2: Minimum Closure Accuracy Standards for Engineering and
Construction Surveys.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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» Relative accuracy (or precision) =

[ Misclosure (after angular adjustment) + X of the traverse course
distances | ! (Eq 5)
o The sample traverse shown in the figure on the following slide resulted in a
misclosure of 0.036 ft over full 603.1ft traverse length.
o The relative accuracy is then:

> 0.036 + 603.1=1/17,000 (i.e., "1 part in 17,000" or 1:17,000)
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Compass Ruie Adjusiment
Moasured Baianced Heriz. Unadusted Adsied Adpted
Suaton Azimuth Owwnce Lattude Labiude Coordinates. Drection
12 103°-03 14" 11084
1" 85.05.33" 85°05-34" 188°03'48" 25851 2119 3111 2173 3117
v L L 66°.57-28° 13008 5090 1967 5080 119.66°
1w 12062-28" 120°-52-30° e 2 e a7 1945 L 1944
12 91315 %1316 28000314 1084 504 107.98° 2804 -107.98
T30
Xo, = 3505056
%= L
% +
D« b AN, IAE, N e
SUM 80310 0.0z 0.0¥ [ ]
(p) Line of closure « 0.036" Area = 20,081 Square Feat
(P) Precision « 1/16,728 Arsa « 048 Acres
Adjustment by BAF Rule COMPASS RULE
{9) Liow of osure ["'E'“"E'EE"?J
4
(P) Traverse pracision l”,
Figure 24: Tabular computation format for a Compass Rule traverse
adjustment.
(Source: US Army Corps of Engineers, “Control and Topographic Surveying,” 1 January 2007,
EM 1110-1-1005)
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o The position misclosure (after azimuth adjustment) can then be distributed
among the intermediate traverse station based on the adjustment rule being
applied.

o 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.

o 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:

- (Misclosure AX or AY) ' (Length of Traverse Course)
Correction in dX or dY = (Eq 6)
(Overall Traverse Length)

o Once the 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.
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« d. Adjustment techniques.

o 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.

o Today, COGO software packages can perform this adjustment in the field or
office and these tabular computation forms are not necessarily needed.
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The Compass Rule Challenge

The Compass Rule is the most commonly used traverse adjustment method for engineering, construction, and
boundary surveys. Drag the five steps below into the correct order. You have 3 trials,

@ genially
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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, dam, or
hydropower project.
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» a. General.

o A triangulation network consists of a series of angle measurements that form
joined or overlapping triangles in which an occasional baseline distance is
measured.

o The sides of the network are calculated from angles measured at the vertices
of the triangle.

o A ftrilateration 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.
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* b. Networks.

o 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.

o 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.

o Triangulation and trilateration surveys should have adequate redundancy and
are usually adjusted using least squares methods.
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» c. Accuracy.

o Point closure standards must be met for the appropriate accuracy
classification to be achieved.

o If project requirements are higher-order, refer also to the FGCS "Standards
and Specifications for Geodetic Control Networks".

» d. Resection.
o Three-point resection is a form of triangulation.

o 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.

o 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.
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o 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).

2
o3
2
o3
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THANK YOU FOR LISTENING!

This concludes our presentation, and we hope
that you enjoyed it.

For instructions on how to receive PDH credits,
please continue till the end of the presentation.
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HOW TO RECEIVE PDH CREDIT?

To receive PDH credit, you will be redirected to your
account to take the online quiz.

Upon successful completion of the quiz, we will email you
the certificate of completion instantly. You can also
download it from your account at anytime.

Thank you for earning your PDH credits with
CEDengineering.com.

We look forward to seeing you again!
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