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Chapter 1
Introduction

1-1. Purpose

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

1-2. Applicability

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

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

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

1-5. Discussion

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

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

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

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

1-7. Scope of Manual

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

1-2
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a. Technical references. Technical or procedural guidance is in more general terms where
methodologies are described in readily available references or in survey instrumentation and data
collector operation manuals. This manual does not duplicate elementary surveying topics that are
adequately covered in a number of academic texts, such as those recommended in paragraph A-2 at
Appendix A. References to these publications will be provided to avoid unnecessary redundant coverage
of elementary topics. It is strongly recommended that a user performing control or topographic surveys
acquire one of these textbooks. Topics that will be referenced include instrument set-up and operation,
taping and chaining, instrument calibrations, basic surveying theory and accuracy estimates, traditional
survey distance, curve and area computations, traverse adjustments, etc. Reference is also made to
various survey and CADD manuals published by State Departments of Transportation (DOT). An
excellent example is the California Department of Transportation Surveys Manual (CALTRANS Surveys
Manual 2001-2004), a 14 chapter publication that can be downloaded at the CALTRANS web site
www.dot.ca.gov/hg/esc/geometronics. Chapters in the CALTRANS Surveys Manual are periodically
updated as new equipment or techniques are developed. Since design and construction surveys performed
by many State DOTSs are nearly identical to Corps of Engineers applications, these DOT manuals
represent an excellent up-to-date resource on procedures, instrumentation, standards, and specifications.

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

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

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

1-8. Life Cycle Project Management Applicability

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

1-9. Metrics and Accuracy Definitions

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

1-10. Trade Name Exclusions

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

1-11. Abbreviations and Terms

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

1-12. Mandatory Requirements

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

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

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

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

2-1. Purpose

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

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

2-2. General Definitions

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

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

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

Anderson and Mikhail 1998 define topographic surveys as follows:

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

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

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

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

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

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

Scale Typical Uses

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

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

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

maps, NOAA charts

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

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

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

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

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

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

2-3



EM 1110-1-1005
1 Jan 07

SECTION |
Types of Surveys

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

¢ Reconnaissance Topographic Surveys

e Detailed Topographic Surveys and Maps

o Utility Surveys and Maps

e As-built Drawings

e Boundary Surveys and Reservation Maps
¢ Reservoir Clearing Surveys

¢ Upland Disposal Area Surveys

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

¢ Bridge Surveys

e Artillery Surveys

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

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

2-4. Reconnaissance Topographic Surveys

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

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

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

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

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

2-5. Detailed Topographic Surveys

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

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

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

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

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

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

2-6. Utility Surveys

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

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

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

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

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

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

o Water Distribution System.

¢ Sewers: Sanitary and Storm Water Collection Systems

e Electric Distribution System, including Fire Alarm System.

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

e Gas System.

e Gasoline Storage and Fuel System.

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

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

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

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

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