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1. Purpose. This manual establishes criteria and presents guidance on monumentation
installation and documentation for all types of surveys required during the various stages of US
Army Corps of Engineers (USACE) civil and military projects. The manual is intended to be a
guide; however, when the standard Corps monuments are used, they shall be selected and
constructed as defined in this manual.

2. Applicability. This manual applies to all USACE commands having responsibility for the
planning, engineering and design, construction, operation, maintenance, and related real estate
and regulatory functions of civil works, military construction, and environmental restoration
projects. It applies to survey performance by both hired-labor forces and contracted survey
forces. It is also applicable to surveys performed or procured by local interest groups under
various cooperative or cost-sharing agreements.

3. Distribution. This publication is approved for public release; distribution is unlimited.

4. Discussion. Stable monuments are required for both horizontal and vertical control.
Monuments and their stability are integral parts of the accuracy of each survey project.
Inaccurate survey control monumentation can contribute to costly errors in all phases of project
design and development. It is important to have stable monumentation throughout design,
construction, and subsequent maintenance of each Corps project.

FOR THE COMMANDER:
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(See Table of Contents)

Chief of Staff

This manual supersedes previous version dated 14 September 1990.
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CHAPTER 1
Introduction

1-1. Purpose. This manual establishes criteria and presents guidance on monumentation
installation and documentation for all types of surveys required during the various stages of US
Army Corps of Engineers (USACE) civil and military projects. The manual is intended to be a
guide; however, when the standard USACE monuments are used, they shall be selected and
constructed as defined in this manual.

1-2. Applicability. This manual applies to all USACE commands having responsibility for the
planning, engineering and design, construction, operation, maintenance, and related real estate
and regulatory functions of civil works, military construction, and environmental restoration
projects. It applies to survey performance by both hired-labor forces and contracted survey
forces. 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 bibliographic information are listed in
Appendix A. Specifications on naming criteria, standard installation procedures, and accuracy
classifications were adopted in part from NOAA Manual NOS NGS 1, “Geodetic Bench Marks”,
September 1978.

1-5. Scope of Manual. This manual provides naming criteria, standard installation procedures,
and associated surveying accuracies for horizontal and vertical control and boundary survey
markers and monumentation for standard USACE monuments. It should be used as a guide in
planning surveys and marker and/or monument installation and identification. The type of
marker and/or monument selected for each survey should be tailored to meet the minimum
accuracy requirements for the individual project. However, selection should be done within the
stated criteria where feasible and practicable, using the guidance provided herein. The accuracy
classification of each survey monument is dependent upon the site foundation conditions and the
type of monument installation used. All standard Corps monuments as defined herein shall be
installed in accordance with this manual. The term "marks" and “control points” shall be used
throughout this manual when referring to both permanent monuments and temporary markers
used as vertical and horizontal control. The term "bench mark™" refers to a mark used solely for
vertical control. The term "bench mark" refers to a mark whose elevation is known. Monuments
and markers are further defined in paragraphs 1-8 and 1-9.

1-6. Background. Stable monuments are required for both horizontal and vertical control.
Monuments and their stability are integral parts of the accuracy of each survey project.
Erroneous survey control monumentation can contribute to costly errors in all phases of project
design and development. Therefore, the purpose of this manual is to establish criteria and present
guidance that will insure stable monumentation throughout design, construction, and subsequent
maintenance of each USACE project.

1-1
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1-7. Development of a Survey Monumentation Comprehensive Plan.

a. In the earliest phase of project development a survey monumentation plan shall be
developed. This plan shall consider monuments required for the life of each project, i.e.,
planning, acquisition, design, construction, operation, and maintenance. This plan will eliminate
surveys performed using different survey control accuracies and provide a common base for all
surveys for each project.

b. It is the policy of the USACE that the designed, constructed, and maintained elevation
grades of projects shall be reliably and accurately referenced to a consistent nationwide
framework, or vertical datum—i.e., the National Spatial Reference System (NSRS) or the
National Water Level Observation Network (NWLON) maintained by the U.S. Department of
Commerce, National Oceanic and Atmospheric Administration (NOAA). Ref 1110-2-8160,
“Policies For Referencing Project Elevation Grades To Nationwide Vertical Datums”

c. All projects shall have an minimum of 3 permanent control points one or more of which
are directly connected to and published in the NOAA/NGS National Spatial Reference System
(NSRS) network. Additional guidance is available in EM 1110-2-6056, “Standards and
Procedures for Referencing Project Elevation Grades to Nationwide Vertical Datums”. These
monuments are referred to as the Primary Project Control Points (PPCP).

d. The supplemental project control points are referred to as the Local Project Control Points
(LPCP) and are directly tied to the project’s PPCP.

1-8. Permanent Monuments. Permanent monuments shall be defined as monuments that are set
in relatively stable material or in a structure for the purpose of preserving the location of either a
horizontal control station, the elevation of a point above an adopted datum (bench mark), or the
location and/or elevation of any point of special significance when its preservation is required
permanently or for longer than 2 years. All monument types shown in the tables in this
engineering manual are considered to be permanent.

1-9. Temporary Markers. Temporary markers shall be defined in the same manner as permanent
monuments except that preservation is only required for a period of 2 years or less. Some
examples of temporary markers are:

-Rebar
-Copper nail and washer
-P-K nail

or other temporary spike set in relatively stable in situ material. Markers established on
structures less than 5 years old shall also be considered temporary.

1-10. Use of the Project Control Database. It is critical that the relationship between the National
Spatial Reference System, the local water surface, and the legacy construction datum be
established and documented. In effect, project control monuments may have several sets of
coordinates relative to various reference frames. The USACE Survey Monument Archival and
Retrieval Tool (U-SMART) may be used to document those relationships along with the

1-2
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monument’s meta-data. The monument’s description, references, pictures, etc are kept in the
system’s database thereby making the information available to everyone. Additional information
on U-SMART is available in Chapter 6 and at http://www.agc.army.mil/ndsp.

1-11. Public Relations. The purpose of the Federal government and its contractors is to serve the
public. To fulfill this charge, it is imperative to gain the understanding and maintain the goodwill
of the public. With these considerations in mind, always obtain the permission of the landowner
when setting marks on private property. Responsible officials must also be consulted when a
prospective site is located on public or corporate land. If approached in a polite and tactful
manner, a hesitant individual may often be persuaded to allow installation of a mark at the
desired site. Most citizens may be influenced to take personal interest in having a monument
carrying the U.S. Army Corps of Engineers (USACE) designation on their property. To help
encourage an individual to cooperate, explain the purpose of these marks, the need for the
stability and durability of marks, and the expense involved in replacing them. Under no
circumstances shall a mark be installed on an unwilling property owner’s land that could provoke
hostility toward the Federal government and its contractors.

1-12. Metrics. Both English and metric (SI) units are used in this manual. Metric units are
commonly used in precise surveying applications, including the horizontal and vertical survey
work covered in this manual. Structural movements are usually recorded and reported in SI
units. Some measurement instruments (e.g., micrometers) use English units. In all cases, the use
of either metric or non-SI units shall follow local engineering and construction practices.
Accuracy standards and tolerances specified in this manual are generally stated at the 95%
confidence level.

1-13. Trade Name Exclusions. The citation or illustration in this manual of trade names of
commercially available survey products, including other auxiliary surveying equipment,
instrumentation, and adjustment software, does not constitute official endorsement or approval of
the use of such products.

1-14. Abbreviations and Terms. Engineering surveying terms and abbreviations used in this
manual are explained in the Glossary.

1-15. Mandatory Requirements. ER 1110-2-1150 (Engineering and Design for Civil Works
Projects) prescribes that mandatory requirements be identified in engineer manuals. Mandatory
requirements in this manual are summarized at the end of each chapter. Mandatory accuracy
standards, quality control, and quality assurance criteria are normally summarized in tables within
each chapter. The mandatory criteria contained in this manual are based on the following
considerations: (1) dam safety assurance, (2) overall project function, (3) previous Corps
experience and practice has demonstrated the criteria are critical, (4) Corps-wide geospatial data
standardization requirements, (5) adverse economic impacts if criteria are not followed, and (6)
HQUSACE commitments to industry standards.

1-16. Proponency and Waivers. The HQUSACE proponent for this manual is the Engineering and
Construction Division, Directorate of Civil Works. Technical development and compilation of the
manual was coordinated by the US Army Corps of Engineers Army Geospatial Center (CEAGC-
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GSA). Comments, recommended changes, or waivers to this manual should be forwarded
through MSC to HQUSACE (ATTN: CECW-EE).

1-4
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CHAPTER 2
Site Selection

2-1. General. The most effective precaution that can be taken to assure a mark’s stability and
survival is to choose an appropriate location so it is imperative that good judgment be exercised.
Since there are a wide variety of possible situations that may be encountered when setting a
mark, it is virtually impossible to address them all in this manual. Therefore, the ultimate
selection of a site is necessarily left to the discretion of the mark setter. The resultant accuracy of
any survey will be determined in part by the stability of the marks. A mark setter exercising good
judgment is defined as an individual who thoroughly evaluates the security, utility, stability,
environment, and safety of the mark and its site before establishing the marks. With the
increased use of Global Navigation Satellite Systems (GNSS), a location that is both protected
and that provides a clear view of the sky is desired but may be difficult to find. The most
important site selection parameters are discussed in the following sections.

2-2. Security.

a. Foremost on the list of evaluation considerations is the mark’s susceptibility to damage
or destruction. In view of the great expense involved in establishing a mark and the data
associated with it, time spent in preservation is worthwhile. It is necessary to anticipate any
construction that might occur at the proposed mark location. Is the site selected for marks in the
path of a future highway, waterway, ditch, or pipeline? Will an adjacent shopping center or
parking lot be expanded in the foreseeable future? Is the prospective mark site near a potentially
active mine or quarry? Highway maintenance often involves the widening of the road surface
and the straightening of curves. Marks set near the edge of the right-of-way and on the outside of
a curve increase their chances for survival. Conversely, the outside of a river bend is not an
appropriate site for marks because the effects of erosion may lead to undercuts in the bank. The
effects of undercutting may also occur on shoreline scarps where stormy waters slowly erode the
embankment.

b. Floodplains should be avoided when otherwise comparable sites are available. Marks
located in floodplains may be buried in sediment or washed out due to erosion. Often, sites may
be located in areas that provide natural protection for the mark. Locations near the edge of the
right-of-way, well away from a highway surface, provide protection for marks. Property fence
lines and utility poles usually remain in place for many years and afford good protection for
marks. Structures often prevent vehicles and equipment from damaging marks that are set
adjacent to them. In addition, from a standpoint of survival, Federal, state and local public areas,
as well as private property and cemeteries provide excellent sites for marks.

2-3. Utility. Accessibility of the marks by users should be evaluated in selecting the mark’s site.
If the mark cannot be found or if the site cannot be conveniently occupied, its worth is
questionable. Are there nearby objects that can be used to reference the mark? Are these objects
fairly permanent? Can suitable measurements define a precise point where a hidden mark can be
found? To enable the mark setter to establish a mark where its position can be accurately
described, familiarity with referencing techniques is required. Marks are usually described in the
following manner: Directions are given to the general area in which the mark is located.
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Normally, this puts the individual within 100 meters (328 feet) of the mark. Then the mark is
located by distances and directions from prominent reference objects. These distances and
directions establish lines of position (LOP). The prominent objects are referred to here as
"origins." At least two LOPs are required to define a point, but additional LOPs are desired in
case some reference objects are destroyed. Also, the more nearly perpendicular the angle at
which LOPs intersect, the more accurately a position may be determined and the easier it will be
to locate the mark. Consideration should be given to the ease with which the location of a mark
may be established from reference measurements. It is important that this information be
included on the mark documentation as discussed in paragraph 6-4. Today, with the inexpensive
hand-held GPS receiver, the driving directions are no longer a critical part of the description. An
effort should be made to ensure at least 3 of the marks are intervisible so they may be used as
azimuth marks or backsights for each other.

2-4. Stability. All marks are subject to the effects of geologic and soil activity. Vertical control
marks (bench marks) are particularly vulnerable because this activity results in vertical movements
much more so than horizontal motion. Therefore, the following environmental effects should be
evaluated when considering a mark site. Some examples of marks showing various stability
settings is available at http://www.geodesy.noaa.gov//marks/descriptors.shtml#stability.

a. Advantageous Topographic Features. Crests of hills are good places to set control points
for three reasons. First, the problem of slope instability is eliminated. Even though the neighboring
hillside might be sliding, the summit will generally remain stable. Second, frost heave is less likely
with the increased separation from the water table. And third, the consistency of the soil will tend
to be more firm.

b. Effects of Soil Grain Size. Whenever soil types can be ascertained, it is preferable to
choose a site with coarse-grained soils rather than one with fine-grained soils. Most of the
problems associated with soil movements are attributable to the fine particles it contains. The
fraction of grain sizes less than 0.02 millimeter governs whether or not a soil is frost susceptible.
Soils susceptible to high volume change due to variation in moisture content are normally clays,
which are very fine-grained. In addition, poorly drained clays provide environments conducive to
corrosion. If an alternative is available, avoid sites with fine-grained soils, especially clays.

c. Effects of Vegetation. The presence of vegetation, particularly trees, has marked influence
on the stability of the upper layers of a soil mass. Trees, underbrush, grass, and moss act as
insulation, reducing the depth of the active frost zone and thus reducing frost heave. However, the
problems associated with expansive soils (clays) are aggravated by vegetation. In seasons of
abundant rainfall, vegetation exerts very little influence on soil volume change. However, when the
weather is dry and there is little free water available in the soil, trees and other plants will draw
more water out of the soil than is normally lost through evaporation. The result is a lowering of the
water table and even greater soil shrinkage. With trees, this effect occurs within a radial distance
from the trees roughly equal to their heights. Areas covered with thick vegetation should be
avoided even where expansive soils do not exist. Dense vegetation may conceal a monument,
making it of much less value than one that is open to view. Marks should not be located near lone
trees due to potential disturbances from growing roots.
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d. Geological Effects. It is generally not feasible to determine the nature and extent of
subsurface geological activity. Nevertheless, it is an important consideration that should never be
overlooked when the information or a means of obtaining the information is available. Detailed
geological data are very important in locating pockets of unstable ground within a generally stable
area. Caverns and underground mines, as well as water and oil-bearing strata subject to pumping,
are especially prone to cause significant subsidence. Marks established strictly for geodetic control
should not be set in these areas. Whenever possible, sound bedrock should be used for a mark
setting. However, it is often difficult to determine whether or not an outcrop is indeed sound
bedrock, especially when the decision is based mainly on visual evidence obtained from an
exposed portion of the formation. Where a large portion of the outcrop is exposed, try to insure that
the section of rock in which the mark will be set is essentially intact with the rest of the outcrop.
Carefully examine the surface of the bedrock to insure that it is solid and not in a state of
deterioration. For example, rock containing iron will flake due to oxidation. The margin of
weathered rock can be surprisingly thick. If its surface has begun to crumble or contains deep
fissures in close proximity, the outcrop is probably unsound and should not be used as a mark site.
In this case, another type of mark or another location may improve stability. Some sedimentary
rock, such as those formed from montmorillonite clays, contains detrimental clay minerals.
Geological maps or expert advice may help determine if a sedimentary outcrop is expansive and
therefore unsuitable as a mark setting. In this case, a site should be located in a structure or another
rock outcrop. If this situation is not practical, a rod-type mark should be used. The effects of
expansive bedrock due to variations in moisture content is not a problem if there is a sufficient
overburden.

e. Man-made Structures. Since structures are subject to movements, fixing a mark on a
structure does not assure that it will be a good geodetic control point. Before setting a mark it
should be determined whether or not the structure will be as stable as a Type A rod mark (see
Table 3-1). If not, use a Type B (see Table 3-1) or any other suitable rod mark. The stability of a
large structure may be related to a Type B rod mark by comparing the depth of the structure’s
foundation to the required depth of the rod mark sleeve. In addition, the structure should be a
multistory design constructed of concrete, masonry, or steel. The Type B rod mark sleeve is set to a
depth below that affected by expansive soils and frost heave. For a structure to be of comparable
stability, the foundation need not be as deep as the rod mark sleeve. This is attributed to the weight
of the structure, which can resist some of the expansive forces exerted by the soil. Also, the
structure itself will have a shielding effect on the soil below, making conditions such as
temperature and moisture content less variable. If the foundation of a structure is at least a quarter
of the specified sleeve depth of a Type B rod mark, the structure is considered stable. Small
structures, such as concrete culverts, platforms, retaining walls, small bridges, etc., shall never be
used for permanent monumentation. Very large bridges can be used if the structural member in
which the monument will be set rests directly on bedrock, deep piles, or piers. Most structures are
expected to settle both during and after construction. A structure less than 5 years old shall not be
considered for vertical control marks unless its foundation is on bedrock. In general, a structure
with a long life expectancy should be selected. Modern buildings will probably remain undisturbed
for a long time. Older buildings of historical significance may provide a good site for a permanent
monument. Caution should be taken to assure that the monument is placed in a location that is an
integral part of the structure’s foundation or fixed rigidly to it. Placing a permanent monument on
an appendage, such as steps entering a building, is unacceptable unless the appendage has its own
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foundation of sufficient depth. Avoid sites that might be damaged or covered during any additional
construction on or near the structure.

f. Miscellaneous Areas to Avoid. Sites near water reservoirs and large rivers, where the water
level is variable, can rise and fall due to rebound and compression of the soil. This type of
movement can have a significant effect on the precision of geodetic measurements. If possible,
marks should be established a few hundred meters from the boundaries of these sources of ground
activity. Permafrost has a stabilizing effect on marks anchored to a sufficient depth. Significant
expansion and contraction of frozen ground due to temperature variation can occur to a depth of
about 10 meters (33 feet). A permanent monument anchored below this depth can be expected to
be quite stable. In regions where permafrost normally exists near the surface, sources of thawing
can keep the ground in an unfrozen condition to a greater depth than expected. Any body of water,
such as a pond, lake, or river, will have this effect. Other influential thawing sources include
buildings, roads, and pipelines; in short, any mark of civilization.

2-5. Corrosive Environment. The rate at which a material will corrode or deteriorate is affected
by its environment. There are two conditions necessary for corrosion to occur. First, the metal
being corroded must be in contact with an electrolyte or a liquid capable of conducting electric
current. Electrolyte composition may vary widely, ranging from a minute amount of nearly pure
water formed by condensation to seawater. Secondly, there must be a dissimilarity in two areas
of the surfaces being corroded. This could result from the presence of strains or inclusions in an
alloy, the contact of dissimilar metals, or a variety of possibilities between these two extremes.
The most important environmental factors governing the corrosive character of a soil are the
degree of aeration and the presence of any water-soluble salts. Aeration is an important soil
characteristic because many metals need exposure to oxygen in order to form a dense, tough
layer of metallic oxide on their surfaces. The oxide coating prevents further corrosion by
isolating the remaining metal from any electrolytes. Aluminum and steel protect themselves in
this manner. Water-soluble salts have an influence on corrosion in two ways. First, the ions that
form when salts dissolve improve the capability of the electrolyte to carry current. The greater
the ability of the electrolyte to carry current, the faster corrosion will occur. Water with dissolved
salts is a better electrolyte than pure water. A second effect of water-soluble salts is the influence
they have on the formation of the dense, tough protective oxide layer that forms on the surface of
certain metals. Rod marks will at times unavoidably be placed in corrosive soils. As a protective
measure, rod marks placed in corrosive soils should be Type B made of Type 316 stainless steel.
This material is more resistant to corrosion than other affordable alloys in nearly all
environments. Nonetheless, steps may be taken to increase its life span. Stainless steel is most
susceptible to corrosion in poorly aerated environments and those in which chlorides are present.
Well-aerated soils are generally recognized by their red, yellow, or brown colors resulting from
the oxidation of iron compounds commonly found in soils. Sites with this type of soil
characteristic provide a good location for permanent monument setting. Poorly aerated soils are
usually gray in color due to the lack of sufficient oxygen to oxidize the iron compounds. Soils of
this type may also be identified by their poor drainage characteristics. Avoid areas where there is
a high concentration of chlorides. Rod marks set along highways, where heavy salting might be
done in winter, should be located at least 10 meters (33 feet) from the road surface. In general,
setting marks along the edge of the right-of-way is a good practice. Although it will sometimes
be impossible, due to project requirements, try to avoid saltwater shorelines. When the purpose
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of a project is to provide shoreline control, stay off the beach when possible. Another good
indication of the corrosive character of a soil may be obtained if one has the capability to
measure soil resistivity. The more resistant a soil, the poorer the electrolyte and, consequently,
the less corrosive it will be.

2-6. Safety. If a mark extends below ground level, there is a chance of encountering
underground cables or pipes during installation. This is especially a concern when drilling a hole
for marks requiring sleeves or casings. This situation is more critical in urban areas than in rural
areas. Evidence of underground utility lines often can be observed at the surface. Water lines are
marked by valve boxes at most street intersections. Avoiding the area between valve boxes will
decrease the chances of hitting a pipe. Fire hydrants are a good indicator of the location of water
mains. Hydrants usually are placed within a meter (40 inches) of the line and to the side away
from the street centerline. Most water and sewer lines lie under the road surface, but some are
placed adjacent to it. Therefore, avoid the area between the street and the sidewalk. Telephone
and electrical cables are normally laid from 0.5 to 1 meter (1.6 to 3.3 feet) below the surface.
Housing developments built in the 1960s and later are much more likely to have underground
cables than those built before that time. The absence of telephone and power poles is conclusive
evidence that there are underground cables in the area. However, the presence of utility poles
does not necessarily indicate the lack of underground cables. Buried telephone lines usually run
directly between junction box pedestals or between telephone poles. Electrical cables may run
adjacent to telephone lines. When an electric appliance, such as an air conditioning unit or
floodlight, is located apart from other structures, an underground cable to it would probably run
directly from a metering device. Gas lines are generally harder to detect. Meters and valves are
helpful in locating buried gas lines if they are not situated too far apart. As with telephone cable
pedestals, do not drill or drive monuments in an area between visible gas devices. If
circumstances permit, the best way to avoid problems is to contact the local metropolitan utilities
commission. A utility locator service will locate underground utilities by painting the ground. Do
not drill or drive monuments within 60 centimeters (2 feet) of either side of the painted line. In
addition, it is wise to develop a habit of looking for "Buried Cable" signs. In conclusion, if other
considerations in the site selection will allow, monuments may be set near utility poles, for
greater security, avoiding the areas between adjacent poles. A utility locating service such as One
Call (dial 811) to locate utilities should be used prior to breaking ground.

2-7. Satellite Visibility. In addition to permanence, utility, and stability, satellite visibility must
also be considered when selecting sites for monumentation for Global Navigation Satellite
System (GNSS) type surveying. The proximity of existing control points should also be
considered when performing dynamic surveying. Sites that provide maximum visibility above
the horizon, plus 15 degrees, should be selected. Any obstructions above 15 degrees will
potentially block satellite signals. The site ideally should have visibility in all directions above
15 degrees; however, in some locations at specific times, an obstruction in one or possibly two
directions may not affect the ability to use the site for GNSS surveying. Existing control points
should be utilized as often as possible as GNSS monuments, or new marks should be located as
close as possible to known vertical control. For maximum utility and economical use, maximum
effort should be made to locate all GNSS type monuments within 100 feet of easy access to
vehicular ground transportation. Additional information on GNSS requirements is available in
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EM1110-1-1003 and on the NGS website
http://www.geodesy.noaa.gov//marks/descriptors.shtml#visibility.

2-8. Inclusion into the National Spatial Reference System. All survey control to be used as
Primary Project Control Points (PPCP) must be published in the National Spatial Reference
System as directed by ER 1110-2-8160. Additionally, all Local Project Control Points (LPCP)
shall be connected to the NSRS indirectly through a PPCP. Ref 1110-2-6056, Standards and
Procedures for Referencing Project Elevation Grades to Nationwide Vertical Datums for
additional guidance on publishing control points in the NSRS. Newly established control points
should be stable, permanent, unique, recoverable, and safe-to-use. See Chapter 6-5 for additional
information.

2-9. Cost Comparison. Experience has shown that the earth’s crustal movement is dynamic in
both the vertical and horizontal directions to various degrees at different sites. This is caused by
a combination of several factors such as regional crustal plate movements, removal of subsurface
fluids, soil shrinking and swelling, soil freezing and thawing, growth of vegetation, construction
of new structures, and settlement of old structures. When developing a monumentation plan, a
comparison should be made between the cost of additional monument installation and additional
leveling to more stable areas that require less costly monuments. The average cost of second-
order and third-order leveling per mile is presently $800 and $480, respectively. The average
cost to install a Type A rod monument to 50 feet of depth is presently $280. Additional depth
beyond 50 feet will average $5 per foot. In developing the cost comparison, future uses of the
mark must be considered; e.g., if marks will be used frequently, there will be an additional future
cost of leveling in locations where marks are constructed away from the immediate site where
they are needed. In most cases, the cost of repeated or additional leveling will far exceed the
extra cost required to install the most stable monument at the site where needed.

2-10. Mandatory Requirements. None
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CHAPTER 3
Horizontal and Vertical Control Monuments

3-1. General. To function as good references for positions and/or elevations, survey control
marks must be relatively stable, permanent, unique, recoverable, and safe-to-use”. Give the
typical lifecycle of our civil works projects can exceed 50 years, stability is a critical component
of our survey control. Site selection and construction techniques are important factors in
establishing a monument appropriate for our projects. The following sections discuss the items to
consider when establishing quality control points.

3-2. Selection and Installation Procedures of Monument Type Based on Local Site Conditions.
Types and positional accuracy of marks to be used for vertical control are a function of the order
of accuracy of the survey, the intended use of the data collected, and the site conditions. The
types of monuments (i.e. A, B, C,...) that can be used for vertical control, depending on local site
conditions, are identified in Tables 3-1 and 3-2. Standard Corps Disk (Bronze or Brass) should
NOT be used with aluminum rod. A Standard aluminum Corps Disk should be used. Bronze or
Brass cap should only be used with stainless steel rod. The standard disk diameter is either 8.25
cm (3.25 inches) or 8.9 cm (3.5 inches) in diameter. Construction and installation details for
each monument type, identified in Tables 3-1 and 3-2, are discussed in the following paragraphs.
See Chapter 4 for structural deformation monumentation.

Table 3-1. Site Conditions and Monument Types for Vertical Control
Positional Accuracy

Site Conditions High 1lcm 2cm  5cm

Rock outcrops, large boulders, bedrock concrete structures C C C C
(more than 5 years old)

Granular soils (sand and gravel) B AB A F.G
Glaciated soils (till) B AB A F.G
Fine-grained soils (silts and clays with high bearing strengths) B AB A F.G
Fine-grained soils (silts and clays with low bearing strengths) B AB A A
Construction fill (disturbed earth) B AB A A
Permafrost E E DE D
Marsh B B B A
Subsidence area B B B A
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Table 3-2. Site Conditions and Monument Types for Horizontal Control

Positional Accuracy

Site Conditions

High 1cm

Im

Rock outcrops, large boulders, bedrock concrete structures
(more than 5 years old)

Granular soils (sand and gravel)

Glaciated soils (till)

Fine-grained soils (silts and clays with high bearing strengths)
Fine-grained soils (silts and clays with low bearing strengths)
Construction fill (disturbed earth)

Permafrost

Marsh

Subsidence area

O O 6 O O

v9)

> » U O O O O O

v9)

F.G
F.G

F.G

AB

AB

a. Type A - Deep Rod - Aluminum with Finned or Fluted Section. Type A rod marks

(Figure 3-1) should be used when sound bedrock or substantially stable structures are not

available. A finned rod (similar to Berntsen Top Security™ rod) or fluted rod (similar to the
Mark-It Tri-Fluted™ or Surv-Kap Triple-Fluted™ rod) can be used as the last section of the
Type A Monument Deep Rod Assembly to provide additional horizontal stability. This makes
the mark a suitable GNSS mark and is required for three dimensional surveys, This mark should
not be used in highly corrosive environments. Table 3-1 indicates the recommended usage for

the Type A monument.
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Figure 3-1. Type A Monument - Deep Rod - 3-foot finned section

The construction details are shown in Figure 3-1. The mark is assembled from 3- and/or 4-foot
sections of 3/4-inch aluminum alloy rod. The casement is constructed of a 15.2-centimeter (6-
inch) PVC pipe 0.6 meter (24 inches) long, fitted with an aluminum access cover at the top. The
access cover is imprinted with the information shown in Figure 3-2. The mark name shall be
stamped on the access cover at "Mark Designation.” The cover and pipe are placed around the
top of the mark. Approximately 20 liters (2/3 cubic foot) of concrete is poured around the PVC
pipe and access cover to hold them in place and to aid in recovery. The top 4-foot rod section is
finned to provide horizontal stability. This type of monument is designed to prevent near-surface
soil movements from disturbing the monuments. The rod assembly is driven or pressed to refusal
into the soil so that it is anchored below the layers of disturbance. Refusal is defined as the depth
at which the rod refuses to drive further or until a driving rate of 60 seconds or less per foot is
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achieved with a power reciprocating rod driver such as a Pionjar Model 120 or similar device
with equivalent driving force of 26.9 foot-pounds/blow and an average of 2,500 blows per
minute. See Figure 3-3. The procedure for setting a Type A rod mark is as follows:

| 5% " |

© SECTION A-A
_._|I/4|._

} 6/ " I

Figure 3-2. Standard access cover

(1) Using an appropriate solvent for PVVC, glue the aluminum flange to one end of a 0.6-
meter (24-inch) section of 15.2-centimeter (6-inch) PVC pipe.

(2) Dig a hole 30 centimeters (12 inches) in diameter to a depth of 0.6 meter (2 feet).

(3) Drive the first section of rod in the center of the hole. Make sure it remains plumb while
driving. Couple another section of rod tightly to the first and continue to drive the assembly. To
obtain tight joints, hand tighten the sections and then apply another one-quarter turn with a
wrench or wrenches. Repeat this procedure until the driving rate is near refusal. The last rod
section shall be a 3-foot finned rod section driven such that its top is 3 inches below the surface.
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Figure 3-3. Driving a stainless steel rod with the Cobra Combi driving jackhammer
Wilmington District (2010)

(4) Stamp the name and year on the USACE disk (Figure 3-4) and drive the disk onto the
rod. The disk should be driven on the rod about 1 inch.

Figure 3-4. Standard aluminum survey disk
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(5) Center the PVC pipe and access cover assembly over the rod. Backfill inside the pipe
with sand to about 5 centimeters (2 inches) below the top of the rod.

(6) Mix about 20 liters (2/3 cubic foot) of concrete and place around the outside of the PVC
pipe. Finish the top surface of the concrete so that it slopes slightly away from the top of the
access cover.

b. Type B - Deep Rod - Stainless Steel with Sleeve. Type B rod marks (Figure 3-5) should
also be used when sound bedrock or substantially stable structures are not available. Type B rod
marks shall always be used in highly corrosive environments. Since this mark is also provided
with horizontal stability, it may also be used as a three-dimensional monument.

The construction details are shown in Figure 3-5. The rod is assembled from 3- and/or 4-foot
sections of 1.43-centimeter (9/16-inch) Type 304 stainless steel coupled with threaded studs of
the same material. The rod itself anchors the datum point to a stable stratum of soil. For the most
stable mark, the sleeve is required to isolate the rod from soil movements occurring above the
stable stratum. The sleeve may be omitted if no soil movements are expected; however, stability
will be reduced. To avoid movements caused by frost heave and soil shrinking and swelling,
extend the sleeve to the maximum depth to where these types of soil movements are expected to
occur. The procedure for setting a Type B rod mark is identical to that of the Type A rod mark
with the exception of the sleeve and the finned section. It is critically important that there is
sufficient distance between the bottom of the survey cap attached to the stainless steel rod and
the top of the 1” diameter PVVC sleeve to allow for any ancillary vertical movement of the sleeve.
6 to 9 inches is recommend.
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Figure 3-5. Type B Monument - Deep Rod - stainless steel with sleeve.

(1) Using an appropriate solvent cement for PVC, glue the aluminum flange to one end of a
0.6-meter (24-inch) section of 15.2-centimeter (6-inch) PVC pipe.

(2) Construct the sleeve by gluing a PVC cap, with a drill hole of adequate diameter to
accommodate the rod, on each end of a 1-meter (3-foot) or longer section of 2.54-centimeter (1-
inch) schedule 40 PVC pipe. Fill the sleeve with an insoluble, noncorrosive, cold weather type
grease.

(3) Dig a hole 30 centimeters (12 inches) in diameter to a depth slightly greater than 1 meter
(3 feet) or the depth required to place the sleeve pipe base 30 centimeters (1 foot) below the frost
line.

(4) Taking care not to deform its end, by using a drive adapter, drive the first section of
1.43-centimeter (9/16-inch) stainless steel rod down to just above ground level. Make sure it
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remains plumb while driving. Couple another section of rod tightly to the first and continue to
drive the assembly as noted in paragraph 3-2a.

(5) Insert the capped 1-meter (3-foot) or longer grease-filled section of 2.54-centimeter (1-
inch) PVC pipe over the 1.43-centimeter (9/16-inch) rod. The PVC sleeve should extend at least
30 centimeters (1 foot) below the local frost line if the frost line is deeper than 90 centimeters (3
feet). The rod should protrude approximately 5 centimeters (2 inches) above the sleeve.

(6) Stamp the name and year on the survey mark disk (Figure 3-4) and drive the disk onto
the rod.

(7) Backfill around the outside of the sleeve with sand to about 60 centimeters (24 inches)
below ground. Install the 0.6-meter (24-inch) section of 15.2-centimeter (6-inch) PVC pipe with
aluminum access cover over and around the sleeve and rod.

(8) Backfill the inside of the 15.2-centimeter (6-inch) PVC pipe with sand around the
outside of the sleeve and rod to about 2.54 centimeters (1 inch) below the top of the sleeve. (9)
Pour concrete around the outside of the pipe and finish as outlined in paragraph 3-2a.

c. Type C - Disk in Bedrock or Concrete Structures. Sound bedrock is the most desirable
location for a bench mark as illustrated by Type C monument (Figure 3-7); it provides the most
stable setting in terms of both underground activity and potential disturbances. Always use
bedrock when a suitable outcrop exists. As a rule of thumb, a bedrock outcrop is considered
acceptable if the distance between adjacent joints and fissures is greater than 1 meter (40 inches).

The Standard USACE disk (Figure 3-6) is made of brass or bronze. Depending on purpose, local
conditions, etc, other materials may be suitable such as aluminum and can be substantially less
expensive. It is 8.9 centimeters (3.5 inches) in diameter with a spherical surface to support the
foot of a leveling rod. Information is printed on this surface to identify the monument and to aid
the user in obtaining important data. So as not to interfere with placement of the leveling rod,
logo information is recessed in the surface of the disk. A deformed shank, about 7.5 centimeters
(3 inches) long, is attached to the bottom surface of the disk to help prevent the disk from being
dislodged from the monument. In addition, disks with tubular shanks are used when driven on
rod marks. The step-by-step procedure for setting the disk in bedrock is as follows:

]
\ aks

Figure 3-6. Standard brass survey disk
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Figure 3-7. Type C monument - disk in rock or precast concrete

(1) Stamp the designation and year on the top surface using 3.17-millimeter (1/8-inch) steel
dies.

(2) Pick a fairly level and accessible spot on the outcrop that is intact with the bulk of the
rock.

(3) Drill a hole 2.5 centimeters (1 inch) in diameter about 10 centimeters (4 inches) deep
into the bedrock. Recess the area around the top of the hole to a diameter slightly larger than that
of the disk. When the installation is completed, the top surface of the disk should set level and
flush with the surrounding rock. Caution: Safety goggles should be worn when drilling into
bedrock or masonry.

(4) Remove any rock powder from the hole and recessed area. Fill the drilled hole with
clean water and then pour in the epoxy or non-shrink grout. Mixing of the ingredients may be
done in the hole. Premixed grout may be used if desired. By adding more water and grout, mix
enough grout so that an extra amount is available for the underside of the disk and, if applicable,
the inside of the shank. A properly mixed grout should be thick but still workable.
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(5) Fill the depression on the underside of the disk with the additional grout. If the disk has a
tubular shank, fill the shank with grout. This step is very important; it will prevent highly
undesirable voids under the disk once it is in place.

(6) Place the shank of the disk into the drilled hole and press the mark firmly into place.
Work the excess grout completely around the outer edge of the disk, making sure that it is
smooth and flush with the top surface. An exposed edge of the disk would provide an area that
could be used by someone to dislodge the disk. Excess fresh grout on the upper surface of the
disk can easily be cleaned off.

(7) Sprinkle some dry cement on the exposed surface of the disk; then rub it with a clean rag
using circular strokes. This will clean the disk very nicely, removing all excess grout from its
surface and recessed letters. Rubbing the wet grout around the edge of the disk in the same
manner will do no harm. In fact, this is often done intentionally to finish its surface and prevent
cracking. Brush away loose cement and make sure that the finished product has a very neat
appearance.

(8) To prevent heavy rains from ruining its surface and/or to prevent the disk from being
tampered with, the grout must be covered until it is set and dry. A piece of wood, cardboard,
heavy paper, or any other similar biodegradable material will suffice.

(9) The installation is not complete until all accumulated trash has been picked up. Leave
the monument location in a neat and orderly appearance. When setting a disk in a massive
concrete or masonry structure, first make sure the structure is stable. The required foundation
depth is at least equal to a quarter of the specific sleeve depth of a Type B mark (Figure 3-5).
The disk may be mounted vertically in a wall of a structure but should be set horizontally if
possible. The procedure for setting a disk horizontally in a structure is identical to that for setting
one in bedrock. Again, make sure safety goggles are worn when drilling into masonry or
concrete. For a vertical setting, the hole for the disk’s shank must be drilled horizontally;
therefore, the mortar must be mixed separately. When drilling into brick or other soft material, a
hammer and star drill should be used rather than heavy power equipment. This prevents the
possibility of extensive damage to the exterior. The inside of the drilled hole should be wetted
before any mortar is applied. After placing the shank of the disk into the mortar-filled hole, the
disk should be worked to the bottom edge of the hole. This will prevent the possibility that the
disk will settle askew while the mortar is curing.

d. Type D - Deep Rod - Frost Resistant (Anchored in Permafrost). Changes in bench mark
position caused by frost heave can occur where soil freezes and thaws annually. This problem is
most severe where annual frost penetrates deeply. Figure 3-8 illustrates the maximum depth of
frost in meters for the United States. Significant subsurface movement of soil in permafrost areas
can occur to depths of up to 9 meters (30 feet), and conventional bench marks can be moved
several inches due to frost heave in winter and subsequent settlement during summer thaws.
Type D monuments are frost-resistant bench marks designed to be anchored in permafrost
(Figure 3-9).
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Construction of this type of monument should be accomplished when the ground is frozen.
Plywood should be used in the work area to minimize surface disturbances that destroy the
organic mat around the bench mark leading to deepening of the active frost layer and possible
instability of the monument. The installation of this bench mark design is outlined below.
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Figure 3-9. Type D Monument - Deep Rod — frost resistant in permafrost

(1) Carefully position the drill rig so that disturbance of the moss cover will be kept to a
minimum. Place a suitable length of NX (4-inch) casing through the active layer into the
perennially frozen ground to prevent thawed material and surface water from entering the hole.
Drill a hole to a depth of 39 feet with AX (2-inch) size drill equipment, using an AX core barrel
if samples are desired; otherwise, use an AX non-coring bit. If caving occurs, AX drill casing
should be placed to the bottom of the hole. When the hole is completed, bail out all the water.
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(2) Connect the drive point to a section of 9/16-inch stainless steel or aluminum rod and
lower it into the hole to a depth of 8 feet. String a 10-foot length of 1-inch pipe over an 11-foot
length of the rod. With vice grips or another device securely clamped to the top of the inner pipe
to prevent it from sliding out of the 1-inch casing, raise the two pipes vertically above the hole
and connect the rods. Retaining a hold on the outside pipe, lower the assembly into the hole,
adding successive sections of rod and 1-inch pipe until the drive point rests on the bottom.
Secure the 1-inch pipe so that it projects about 6 inches above the ground. The inner pipe should
protrude above the outer pipe.

(3) Holding the pipes in this position, carefully backfill the hole with a sand-slurry mix so
that it just pours easily. If drill casing has been used, withdraw it carefully so that the relative
positions of the bench mark rod and pipe are maintained as the hole caves in around them. To
ensure that the lower portion of the datum pipe is adequately surrounded by soil, it may be
necessary to fill the lower part of the hole with the slurry before removing the drill casing. If this
is the case, even greater care is required to maintain the relative positions of the bench mark rod
and pipe as the drill casing is removed.

(4) Remove the NX casing from the active layer and backfill the hole to the ground surface,
carefully replacing the moss cover around the pipes.

(5) Fill the annular space between the inner and outer pipes with an SAE 80 gear oil or a
special wax-oil mixture. This mixture can be made up of 70 percent oil (such as Mentor 29) and
30 percent wax (such as Socony Mobil Cerise AA) by weight, mixed after heating to about
2000F. The mixture is poured into the assembled sections of pipe and allowed to congeal before
the pipes are placed in the drill hole.

(6) Install the "spring bushing™ inside the top of the 1-inch pipe casing. The top of the rod
shall be rounded to provide a single point of contact. Center punch the datum point for a three-
dimensional monument.

(7) A 4-foot length of 4-inch pipe with pipe cap shall be driven into the ground over the
bench mark assembly to provide protection.

e. Type E - Deep Rod - Frost Resistant (Anchored Below Permafrost). The primary
difference between the Type E rod and the Type D rod is that the Type E will be anchored below
permafrost as illustrated in Figure 3-10. Type E monuments shall be selected when the greatest
monument stability is required in a permafrost area.
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Construction of this type of monument should be accomplished when the ground is frozen.
Plywood should be used in the work area to minimize surface disturbances that destroy the
organic mat around the bench mark leading to deepening of the active frost layer and possible
instability of the monument. The installation of this bench mark design is outlined below.

(1) Following the same procedures given above, drill an AX hole to a depth 5 feet below the
perennially frozen layer.

(2) If the unfrozen soil underlying the permafrost is relatively soft, complete the installation
by driving the 2.54-centimeter (1-inch) pipe and the rod to refusal; then retracting the 2.54-
centimeter (1-inch) pipe 0.6 meter (2 feet) above the refusal point.

(3) If the unfrozen soil is stony or very stiff, it may be necessary to extend the borehole to
bedrock or other resistant material. In this case, the installation may then be completed by
following the procedures used for anchoring bench marks in permafrost previously discussed.

f. Type F - Shallow Rod - Finned, No Casing. The Type F shallow rod mark may be used in
granular soils such as sands and gravels, glaciated soils or fine-grained soils such as silts and
clays with high bearing strengths. The Type F rod mark is suitable for marks of a lower
accuracy. If higher positional accuracy is needed, then the Type A or Type B rod mark should be
selected. The Type F rod mark is illustrated in Figure 3-11. Type F monuments shall also be used
for reference and azimuth marks.

STANDARD CORPS DISK
(BRONZE OR BRASS)

;‘IW

ERENCE

(3.8° MIN. FOR REF
AND AZTIMUTH MARKS)

FINNED ROD SECTION — ™

MIN.

¥ ALUMINUM
RO

6!

DRIVING POINT ——————=

USE FOR HORIZONTAL. BOUNDARY. REFERENCE AND AZIMUTH CONTROL

Figure 3-11. Type F Monument - disk on shallow rod
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The construction details are illustrated in Figure 3-11. The Type F mark is constructed of two 90-
centimeter (3-foot) aluminum alloy finned or fluted rod sections with a USACE disk driven on
the top section. The rods are driven or pressed into the soil such that the USACE disk is flush
with the ground surface.

g. Type G - Disk in 3/4-inch Pipe or on Rebar. The Type G rod mark is selected for the
same sites as the Type F mark; the primary difference is construction and installation details. The
Type G rod mark is illustrated in Figure 3-12. Type G monuments shall be selected in lieu of
Type F monuments when circumstances will allow the construction of the Type G monument.
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: ‘
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il LY
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i
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Figure 3-12. Type G Monument - disk in cast-in-place concrete

The construction details are illustrated in Figure 3-12. The Type G mark is constructed by
excavating a 15-centimeter (6-inch)-diameter by 60-centimeter (2-foot)-deep hole. In areas
where the maximum frost depth is greater than 2 feet, the excavated depth should be 1 foot
below the maximum frost depth. The USACE disk may be driven into a 4-foot by 3/4-inch
diameter pipe or on a 4-foot by No. 5 reinforcement steel bar (rebar). The pipe or bar assembly is
then driven into the center of the hole until the disk is slightly above the surface. The hole is then
filled with concrete to the disk. The use of a pipe or rebar is optional. The disk may be pushed
directly into the fresh concrete; however, a magnet shall be placed in the concrete if pipe or rebar
is omitted. The reactive nature of non-common materials may cause problems when placing
aluminum caps on rebar. The use of a plastic insert serves as a barrier for the reaction and may
prolong the life of the monument. The plastic insert is not necessary when using a standard brass
disk.
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h. Deep Bench Marks in Clay. When the site geology is known to consist of sensitive clays,
the Type B rod mark should be used. The PVC sleeve should extend through the sensitive clay
layer. The anchored section should be driven to refusal. When the site geology is known to
consist of lacustrine clays, the Type B rod mark should be used. The PVC sleeve should extend
through the highly desiccated soil.

I. Natural or Ready-Made Bench Marks. Occasionally, a natural or ready-made bench mark
setting, which cannot accommodate a brass disk, will exist that would be more stable than a rod
mark. An example is a deep well casing. It would resist not only near surface movements but
also, to a degree, movements originating in the subsurface, such as subsidence from pumping. A
good illustration of this can be seen in Santa Clara Valley, California, where well casings project
prominently because of ground subsidence. These settings should not be ignored simply because
a disk cannot be mounted on them. Settings of this type may furnish excellent references for
elevations, provided they extend at least three times as deep as the required sleeve depth for a
Type B rod mark in that area. It is important to select a good point of reference for the elevation
of this type of bench mark. A prominent protrusion can be used if it is definite and has a good
high point on which to rest a rod. Alternatively, a cross may be etched with deep, fine lines on a
spot accessible to a leveling rod or tape. If possible, stamp or etch the bench mark designation
and year nearby.

3-3. Naming Horizontal and Vertical Control Monuments. Intelligible names should be assigned
as primary identifiers of horizontal control points. A properly chosen station name should in itself
be descriptive and/or indicative of the general location of the respective control point. A vertical
control point, commonly referred to as a "bench mark" (BM), should be identified by a number or
by an alphanumeric symbol stamped on the respective disk marker (or otherwise inscribed on the
bench mark monument or access cover). In principle, the name that identifies a vertical control
point for publication purposes should be the same as the name that actually appears on the marker.
However, extraneous information, which is not part of the name, frequently appears on the marker.
For example, the name of a bench mark should not include the elevation. The name does not
generally include the "year mark set”. Tidal and water level stations should also be named in
accordance with these instructions.

a. Maximum Character Length. A bench mark name should not exceed 30 alphanumeric
characters (including all imbedded blanks). Abbreviate and/or edit a name as necessary to conform
to this limit.

b. Monumented Point. In addition to the "year mark set" another date is associated with every
survey point whether it is a monumented horizontal control point or an unmonumented recoverable
landmark. This additional information, referred to as the "year established," is the year in which
observations were first performed for the purpose of determining the position of the horizontal
control point. The "year established™ should also reflect the year in which the original description
of that control point was prepared. The "year established" and "year mark- set" of a monumented
horizontal control point are often identical. Additional information on network design, geometry,
and connections is located in a separate engineering manual that is currently in preparation.
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c. Unmonumented Point. Another type of horizontal control point is an unmonumented
recoverable landmark such as a flagpole or church spire. The name of a horizontal control point of
this type must be sufficiently descriptive in order to identify the respective landmark (frequently a
specific feature of the landmark). For this reason, the name of this type of control point is usually
lengthy. The length of a station name, including all imbedded blanks, should be limited to 30
characters. The same limit applies to the name or designation of a reference mark (RM) or azimuth
mark (AZ MK). Accordingly, the name of every horizontal control point, as well as the name or
designation of an RM or AZ MK, should be abbreviated so that it does not exceed 30 characters.

d. Organization Acronym. A name should always include the acronym or abbreviation of the
agency or organization that set the mark if it is not precast or stamped on the survey marker (for
example, COE for Corps of Engineers). In addition, a District or Division acronym may also be
included as part of the name if it is not precast or stamped in the marker. The agency and/or
organization acronym should not be stamped on the disk as part of the name. However, they may
be appended to the name for publication.

Example Names
2903
V 16 RIRR

e. Special Characters. The only special characters permitted in a bench mark name are the
blank (), plus (+), minus or hyphen (-), equals (=), slash (/), and decimal point (.). When used,
these special characters must not be separated from adjacent characters by any blanks. Commas
and parentheses are not allowed to appear in a bench mark name.

Example Names
CH 1174=297+00 A
H 23

f. Character Groupings. All alpha and numeric character groupings in a name must be
separated by a blank. Care should be taken that only one blank is used for this purpose. Two blanks
in a row will be interpreted as the end of the name.

Example Names
MEM 123 B
BEALE 17 B
TT17B

g. Unacceptable Names. The characters "NO" or "NO." should not be included in the name
when used as the abbreviation for the word number. A period may not appear imbedded in or
adjacent to a grouping of alpha characters. However, a decimal point may appear imbedded in, or
adjacent to, a grouping of numeric characters. Non-specific descriptive terms such as "bench
mark,"” "BM," "chiseled square,” "bolt,” "red,” "nail," or "spike" should not be used as part of the
name. The elevation should not be stamped on the disk marker or otherwise inscribed on the bench
mark monument.
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Acceptable Example Names
Ml 14.2

44109.

PALMER NE BASE

h. Multiple Names. For bench marks that carry multiple stamped names, the information
imprinted should be concatenated with the equal sign (=) used as a separator (subject to the 30-
character total length limit).

Example Names

H 13=872 2621 TIDAL USE
STA 3=MI 182.5 USE

LEE RM 1=R 13 USE

i. Reset Names. When resetting marks, always use a new unique name for each station reset.
Do not use "Reset" as part of the name.

J. Temporary Bench Marks. A temporary bench mark (TBM) must carry the letters "TBM" as
the first three characters of the name.

Example Names
TBM 1A
TBM 14

k. Abbreviating Lengthy Names. When a lengthy name of a horizontal control point is
contracted to the 30-character limit, the abbreviation and/or editing of the station name should be
accomplished with due regard to the following fact. The names of reference and azimuth marks
should be formed by appending the symbols RM 1, RM 2, ..., RM 13, etc., and AZ MK (possibly
AZ MK 2, AZ MK 3, etc.) to the station name of the control point. For this reason, the name of a
horizontal control point that has peripheral reference marks and/or azimuth marks may have to be
further contracted to 24 characters (possibly less). This contraction is necessary to allow the
reference and azimuth mark names to conform to the 30-character limit. The abbreviation "ECC."
(for eccentric) should never be stamped on a disk. Each standard disk utilized to mark a horizontal
control point should be stamped with the station name, year set, and organization (District)
designated on the marker. Each recorded station, which is re-marked, should be stamped with the
original name of the station, the original date of establishment, and the year in which it is reset. All
information imprinted on any disk used for station and reference marks should be stamped with
3.17-millimeter (1/8-inch) dies.

3-4. Reference and Azimuth Marks. Reference and azimuth marks should be constructed similar
to their respective control monuments. Type F and Type G monuments (Figures 3-11 and 3-12)
may be used as reference and azimuth monuments. However, these types of marks need only
extend a minimum of 91 centimeters (3 feet) below natural ground. In areas having permafrost,
marks should be anchored about 60 centimeters (2 feet) in the permafrost. Reference marks and
azimuth marks should be identified by standard USACE disk markers with an arrow as the
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survey point symbol created by stamping a V" on either end of the line indicating the center.
The markers are set in such a way that the arrow points toward the respective horizontal control
point. Three reference marks should be established for first- and second-order control networks
in the immediate vicinity (less than 30 meters (100 feet)) of a monumented horizontal control
point. The reference marks may be natural landmarks or manmade monuments. In addition, if a
well-defined permanent object (natural or manmade) is not available, one azimuth mark shall be
established for first- and second-order control networks not less than 0.4 kilometer (0.25 mile)
away when feasible. This will provide an azimuth reference point that is visible from ground
level at the horizontal control point. Azimuth and reference marks are not required for third-
order networks or when adjacent control points have intervisibility and are not closer than 0.4
kilometer (0.25 mile). Vertical and horizontal control type monuments may be used for reference
and azimuth marks.

a. Naming Reference Marks. The originally established reference marks of a horizontal
control point should be assigned sequential numbers (for example, NO 1, NO 2, etc). Any
subsequently established reference mark should be assigned the next unused number in the
sequence, even if one or more of the previously established reference marks may have been
destroyed. The standard practice is to stamp the name of the horizontal control point to which a
reference mark refers above the arrow (station designation) that appears in the center of the disk
marker. The number of the reference mark, NO 1, NO 2, etc., is stamped immediately below the
arrow. The year in which the reference mark was set is stamped in the block marked "year." The
name or designation of a reference mark (RM) must not exceed 30 characters in length. It should
normally consist of the name of the horizontal control point to which the respective RM belongs
with the symbol RM 1, RM 2, ..., RM 13, etc., appended for reference marks NO 1, NO 2, ...,
NO 13, etc. No additional information should be added to the name of an RM, except when the
numbering system described above has not been followed, or when two or more reference marks
associated with a horizontal control point have identical names. In this case, the "year mark set"
should be further appended to make the respective names unique (for example, KELLEY RM
1974 and KELLEY RM 1975, if the RM set in 1975 has not been stamped "NO 2"). Considering
that the total length of RM name must not exceed 30 characters, the name of the horizontal
control point must itself be limited to 24 characters to allow for any appended symbols (RM 1,
RM 2, etc.). The name of the horizontal control point must be taken as it appears on the disk,
except for possible further abbreviation and/or editing that may be required. If old reference
marks are found to be in poor condition, they should be destroyed and reset. The new reference
mark should be numbered with the next consecutive unused number, regardless of the existence
or absence of any of the reference marks.

b. Naming Azimuth Marks. The same procedures used to name reference monuments shall
be used for azimuth marks. If more than one azimuth mark is involved, a number should be
assigned and stamped on the azimuth disk marker. Symbols such as AZ MK should be appended
to the control point designation when only one azimuth mark is present. Symbols such as AZ
MK 2, AZ MK 3, etc., should be appended when two or more azimuth marks are installed. The
complete designation station name plus AZ MK 2, etc., shall not exceed the 30-character limit.

c. Other Agency Monuments. Occasionally, an existing monumented survey point of
another agency may be used for a reference mark or, more frequently, for an azimuth mark. Such
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a survey point must be treated as a control point. If it can be positioned, or if its geodetic position
is available from other sources, this data should be provided in the description; otherwise, give
its name or designation.

3-5. Three-Dimensional Monuments. With the increasing use of space system measurement
techniques, such as the Global Navigation Satellite System (GNSS), it is important that station
markers be stable in all three dimensions (Three-Dimensional Monuments). When selecting sites
for high precision primary networks or for deformation monitoring, it is recommended that soil
and geotechnical specialists be consulted. The type monument best suited for a given condition
will depend on factors previously discussed. To meet the requirements of permanent and stable
monumentation, the three-dimensional monuments should be metal disks set in rock outcrops or
large masses of concrete, Type C (Figure 3-7), and deep-driven rod monuments, Types A and B
(Figures 3-1 and 3-5). The name or designation of individual monuments used for both
horizontal and vertical control networks of third order or better should be limited to 30
characters. Neither the "year established" nor the "year mark set" should appear as a part of the
station name. Designation criteria for vertical control monuments, as outlined in paragraph 3-3,
should also be used for all three-dimensional monuments.

3-6. Marks of Other Organizations. If a satisfactory vertical control monument of another
organization is found at the project site in good condition, it may be used without alteration as
the station mark of a new USACE Survey Monument. In case the existing mark of the other
organization is not in good condition for a station mark, a new station mark should be established
in the vicinity, and the mark of the other organization should be used as an extra reference mark.
The stamping of additional marks should be done as indicated in this manual. Care should be
taken not to displace a mark of another organization in horizontal position, or even in vertical
position if there is a possibility that it could be used as a bench mark. The mark should not be
altered without permission from the organization that established it.

3-7. Witness Posts and Signs. In order to aid in the preservation and to serve as a means of easy
recovery of monuments being established, a witness post should be set adjacent to the monument
or near one of the reference marks at each station. This post should be 1.8 meters (6 feet) in
length and be set to a minimum of 1 meter (3 feet) above the ground surface. The post should
have the standard witness post sign attached (Figure 3-13). Witness posts shall be set for
monuments with a positional accuracy of 2 cm (0.077) and better, established along public
highways, in rural districts, along the rights-of-way of railroads, and along the shorelines of
rivers and lakes. They need not be set for monuments established along business streets, in
residential sections of cities, on the grounds of a school or a church, in cemeteries, in cultivated
farmlands, or on bare mountain tops. For survey monuments established below grade or in
cultivated fields and marked with an underground mark, the post shall be set at a reference mark.
Additional information available in EP 310-1-6a, “Sign Standards Manual”, 01 Jun 06.
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BLM-01  .3437 3.5"%3.5" 4'%4" SCP-7 36" MIN. WH/BK
BLM-02 .887% B"x6" 4'x4" SCP-7 36" MIN. WH/BK
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Figure 3-13. Standard property markers

3-8. Mandatory Requirements. None
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CHAPTER 4
Structural Deformation Monitoring Targets and Control Monuments

4-1. General. Secure targets and stable monuments are essential when monitoring structural
deformation. Placing targets on the structure will allow for direct measurements of specific
locations during monitoring surveys. Fixed reference points located within the vicinity of the
structure but outside the range of its impact will isolate movement to the structure thereby
making the control monuments more stable. Site selection and the construction and installation
procedures of the project monitoring targets and control monuments are major factors in the
accuracy and precision of any deformation monitoring. Additional information on structural
deformation surveying is available from EM 1110-1-1009

4-2. Selection of Target or Monument Type Based on Local Site Conditions. Types of targets
and monuments to be used for deformation studies are a function of the order of accuracy of the
survey, of the intended use of the data collected, and of the location provided. The site selection
criteria have previously been discussed in paragraph 3-2. High precision engineering and
deformation studies require extremely stable monuments, (i.e, instrument pedestals and force-
centering devices).

4-3. Construction and Installation Procedures. Instrument pedestals shall be constructed as
shown in Figure 4-1. The centering device should be constructed as outlined in Figures 4-2 and
4-3 and should have a protective cover. It is recommended that soil and/or geotechnical
specialists be consulted prior to construction of instrument pedestals. See Figure 4-5 for a typical
pedestal monument. Monitoring targets should be secured to the structure using appropriate
measures to meet both the monitoring study requirements and any environmental requirements
(i.e. extreme temperature swings).

a. Pedestal in Soil. For a monument pedestal in soil (Figure 4-1a), a 1.2-meter (4-foot)
square concrete footing shall be constructed below the frost line. The thickness of the footing
will be 0.6 meter (2 feet). A 25.4-centimeter (10-inch)-diameter steel pipe pedestal filled with
concrete will be attached to the footing with five #4 ribbed rebar placed on 10-centimeter (4-
inch) centers embedded in the footing and pedestal for a minimum of 50 centimeters (20 inches).
A centering device as shown in Figures 4-2 and 4-3 shall be placed in the center of the pedestal.
A protective cover and casing of 45.7-centimeter (18-inch)-diameter steel pipe shall be placed
over the pedestal and extended from the top of the footing to approximately 1.22 meters (4 feet)
above the ground surface.

b. Pedestal on Rock. For a control monument on rock, the construction is similar to the
construction for a control monument in soil as illustrated in Figure 4-1b. All fractured and
weathered material shall be removed from the rock. Then the rebar shall be epoxy grouted into
the top of sound rock with five #4 ribbed rebar on 10-centimeter (4-inch) centers. The rebar shall
be epoxy grouted into the rock for a minimum distance of 50 centimeters (20 inches) and should
extend into the bottom of the pedestal at least 25 centimeters (10 inches). The protective
covering, casing, pedestal, and centering device will be constructed in the same manner as a
control monument in soil.
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c. Centering Devices. The forced centering device shown in Figure 4-2 shall be installed in
the top center of the instrument pedestal. The bottom of the centering device shall be embedded
5.7 centimeters (2.25 inches) in the concrete. The forced centering device shown in Figure 4-3
attaches to the base of the instrument and forces the instrument to center on the pedestal device.

d. Structure Insert. A structure insert is grouted in the existing concrete structure at selected
locations (Figure 4-4). The top surface is rounded to provide a point for precise leveling. The
center is tapped and threaded to fit a standard prism 5/8-inch by 11-inch thread. A 5/8-inch brass
plug or bolt should be screwed into the threads when not in use. The insert shall be made from 1-
1/4-inch hex stainless steel stock. The structure insert is illustrated in Figure 4-4.

e. Monitoring Targets. A target can be anchored and/or adhered to the surface of the
existing structure for the purposes of obtaining direct measurements over an unspecified period
of time. The type and material of the target shall be appropriate for the requirements of the
monitoring study (i.e. long-range measurements require large highly reflective targets). The
anchors and adhesives shall be appropriate for the type and material of the structure where the
targets will be placed. Sample targets made by Rothbucher Systems (Germany) are available in
the USA from Berntsen International (www.berntsen.com) or Landmark USA
(www.landmarkgeo.com) are shown in Figure 4-6.

CONTROL MONUMENT IN SOIL
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Figure 4-1a. Monument pedestal in soil.
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CONTROL MONUMENT ON ROCK
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Figure 4-1b. Monument pedestal in rock

Figure 4-1c. Monument pedestal in soil (Savannah Bluff Lock and Dam — photo by Joyner
Keeny, PLLC)
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Figure 4-2. Instrument Pedestal forced centering device
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Figure 4-5. Pedestal monument at the Thurmond Dam used for structural deformation
(Savannah District)

Figure 4-6. Monitoring Targets (Bernsten International Inc.)

4-4. Mandatory Requirements. None
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CHAPTER 5
Boundary Monuments

5-1. General. Property boundary identification should be easily visible and perpetually
recoverable. These considerations are paramount when placing boundary monuments that define
legal rights of ownership. The following chapter defines specific criteria for monument
selection, construction and installation guidelines, and establishing accessories.

5-2. Jurisdictional Requirements. All property boundary identification activities prior to
acquisition shall follow the local jurisdictional requirements, if any. If there are no jurisdictional
requirements, temporary identification of the property boundary shall consist of a monument and
sign appropriate for the site conditions and shall be easily recoverable. Once acquisition is
completed, final property boundary identification must be done according to this chapter. It is
imperative to delay final monumentation until after acquisition because ownership is not
guaranteed until the acquisition process, as defined by ER 405-1-12 Real Estate Handbook, is
complete.

5-3. Installation of Boundary Monuments. The installation and the types of monuments used for
boundary monumentation should be under the control of the Real Estate Division. The estate
owned by the government, site conditions, the value of the property, the legal description of the
property, encroachment possibilities, and local laws and customs are some factors that dictate the
economics and practicality of where and what type of monument should be installed. In the
absence of specific instructions from the Real Estate Division, the criteria presented in this
chapter are offered as guidance. Where feasible and practicable an effort should be made to
adhere to the local state surveying regulations.

5-4. Selection of Monument Type Based on Local Site Conditions. The type of monument to be
used for boundaries is a function of the site conditions. The different monuments that may be
used to mark boundaries are identified in Table 5-1. Construction details are illustrated in
Figures 3-1, 3-3, 3-7, and 3-8. All boundary monuments shall be constructed with the standard
USACE survey disk.

5-5. Construction and Installation Procedures. The standard USACE survey boundary disk shall
be used as boundary monuments constructed as Type C, Type F, or Type G. All USACE survey
disks shall be stamped using 3.17-millimeter (1/8-inch) steel dies. All stampings shall deform the
disk by a minimum of 1 millimeter (0.0394 inch).

a. Monuments in Concrete or Rock. Refer to Type C monument installation in paragraph 3-
3c.

b. Drive-in Aluminum Rod Monuments. The Type F monument is illustrated in Figure 3-7
and constructed as outlined in paragraph 3-3f.

c. Poured-in-Place Concrete. Monuments that are poured in place should be constructed as
illustrated in Figure 3-8 for a Type G monument.
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Table 5-1. Site Conditions and Monument Types for Boundary Control

Site Conditions Monument Types

Rock outcrops, large boulders, bedrock concrete structures C
(more than 5 years old)

Granular soils (sand and gravel) F.G
Glaciated soils (till) F.G
Fine-grained soils (silts and clays with high bearing strengths) F.G
Fine-grained soils (silts and clays with low bearing strengths) G
Construction fill (disturbed earth) G
Permafrost G
Marsh A
A

Subsidence area

5-6. Naming Boundary Monuments. Monuments may be identified by code numbers or
alphanumeric symbols as outlined in paragraph 3-4. Monuments may be identified by a name or
a designation of a specific corner. All monuments shall be constructed with a USACE survey
disk (Figure 3-10) and shall have the right of way (R/W) or boundary stamped thereon.

5-7. Reference Monuments. A reference monument is an accessory and is employed in
situations where a regular permanent monument locating the site of a corner cannot be
established. Also, reference monuments are required in areas where the corner monument would
be prone to destruction and/or bearing trees or nearby bearing objects are not available. When the
true point for a corner lies within an unimproved roadway, in such a place as to interfere with
travel, an iron rod, pin, or Type F monument shall be buried in the ground at the true corner
point. If bearing trees or nearby bearing objects are not available, at least two reference
monuments should be established at suitable places outside of the roadway. Allowance should be
made for grading, cuts, fills, or other road improvement when placing the reference monuments.
If the surface of the roadway is gravel, macadam, or bituminous-topped, approval from the
proper authorities should be obtained before placing the point. In the case of a hard surface, a
survey disk or "P-K" nail should be placed at the true point. Two reference monuments
ordinarily suffice in public survey practice, but four may be employed if desirable. When two
monuments are used, they are usually placed equidistant and in opposite directions from the true
point. An acceptable alternative is the placement of the monuments so that the lines connecting
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them with the corner point are approximately perpendicular to each other. If four monuments are
used, they should be placed in opposite directions in each of the four quadrants. When the true
point is in an engineered road with established right-of-way lines, it is desirable to locate the
reference monument on the intersection of those right-of-way lines and the true property lines
that establish the corner point. Appropriate identification, as outlined in paragraph 4-4, shall be
utilized.

5-8. Witness Trees and Corners. Each property corner, reference monument and witness corner
shall be witnessed by at least three healthy witness (sometimes called "tie" or "reference") trees a
minimum of 15 centimeters (6 inches) in diameter measured at 4’ above ground level. When
possible, all witness trees shall be blazed, facing the corner set they reference. Witness trees must
also be marked with an x facing the corner at an elevation height of 120 to 150 centimeters (4 to
5 feet) above the ground. Care should be taken to cut the cross to a sufficient depth to leave a set
of permanent narrow marks forming a cross with lines about 25 centimeters (10 inches) long.
Witness trees to witness corners should be scribed with the symbols W.C. (witness corner).

Tree blazing and marking should not be done without the specific permission of the landowner.

a. Witness/Reference/Tie Distance Measurement. All distance measurements shall be
horizontal and taken to the center of the tree.

b. Witness/Reference/Tie Directions. The bearing of each distance measurement shall be
observed and recorded. A compass is sufficiently precise for this measurement.

c. Witness Corner Monuments. Where physically impossible to set a monument, a witness
corner(s) should be set on each converging boundary line, no closer than 150 centimeters (5 feet)
from the corner point. All witness corners, identified as W.C., shall be marked with a USACE
disk. The distance to the true corner shall be stamped on the disk, along with an arrow indicating
the direction.

d. Natural or Physical Monuments. Natural monuments are permanent objects that are
works of nature, such as streams, rivers, ponds, lakes, bays, trees, ledges, rock outcrops, and
other definitive terrestrial features. A tree standing at a corner may be marked only when
permissible. Care should be taken to cause only superficial damage to the tree. Blazing should
penetrate the bark and leave an open cut no wider than 8 centimeters (3 inches) and no longer
than 25 centimeters (10 inches). Corner trees should be marked with four-way blazes (blazed on
all four sides). Trees on a boundary line (line trees) should be face blazed with one hack above
and one hack below, on opposite sides of the tree, along a line 120 to 150 centimeters (4 to 5
feet) above the ground. Permission should be obtained before marking any trees. Selected trees
within 90 centimeters (3 feet) of the line should be marked with three hacks facing the line and
face blazed on opposite sides of the marks 120 to 150 centimeters (4 to 5 feet) above the ground.

5-9. Boundary Marker Sign. In order to aid in the preservation and to serve as a means of easy
recovery of newly established monuments, a 4- by 4-inch wooden post or equivalent marker
shall be set adjacent to the station monument or near one of the reference marks of each station
(preferably at the station mark). This post should be a minimum of 170 centimeters (5.5 feet) in
length and should be set to project a minimum of 90 centimeters (3 feet) above the ground
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surface. The post should be painted white with a marker having a legend of black letters attached
as indicated by the boundary line or easement line markers shown in

Figure 3-12. There shall be signs placed at a specified interval in between property boundary
corners in order to give notice to the public of the location of the property boundary line. Sign
specifications are available on pages 10-1 through 10-5 in EP 310-1-6a.

5-10. Mandatory Requirements. Section 5-2.
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CHAPTER 6
Documentation

6-1. General. Useful survey monuments are both unique and recoverable. These characteristics
must be documented to facilitate the monument’s future recovery and use. Each monument
constructed or recovered should be documented with the latest release USACE Survey Monument
Archival and Retrieval Tool (U-SMART), illustrated in Figure 6-1. Documentation should include
a description of the mark, the general location of the mark, local reference marks, its current
coordinates, setting, environment, etc. The following sections describe recommended descriptions,
photographs, etc. Some examples of mark descriptions, photographs, accuracy statements and
other control point meta-data is available at http://www.geodesy.noaa.gov/marks/descriptors.shtml.

USACE Survev Marker Archive & Retrieval Tool Datasheet ™ [Resom
Designation: Reggio 2
Project: MRGO %
A
Stamping: Reggio 2 L
PID NGS: ATOB04 COE: CB8104 e
— e ¥ A
State:  Louisiana L
County: 51 Benard
District WewOrlewns e L \‘
Nearest Town: Hegglo My
USGS Quad:
TRS:
Nearest Hwy/Mi:
Date Recovered: = Hori: I- - Vertical -
By: Chustz Datum: NADS3 20020 ) | Datum: NAVDSS (200485 )
Lat: 2950 40.71876 N Elevation It 4.9
Condition/Stability: Good n - R
_ ] Lon: 89453243138 W Elip Ht: -79.163
Setting/Monument Type: 55 Rod
Local Accuracy:  1-cm Local Accuracy:  2-cm
Owner:
NSHS Acouracy:  Zeem NSHS Accuracy:  Seom
GPS Sultable: (@ Yes (" No
y . . ; Survey/Computation Method: Survey/ Computation Method:
) N [JE 8 [ W Surveyomputabion et
Obstructions: [~ Statlc GPS Network Static GPS Network
Magnetic: CYes (T No Date Observed: Sep 1, 2009 Date Observed: Sep 16, 2007 Geold03
e
[YITTTEa— - Tidal/Hydraulic Gage Relationships -
Owner: Gage [D: - Elevation - - Datum - Epoch:
USACE 6123 0.51 LMEL 83-01
12 MLLW
Description/Comments: System War, on 907 2 NGS Long = 05945 3243138 and 1 ang = B9 45 IZABIIE NGS Fev = 150 and

USACE Elev = 14% NGS Ellip = -24.12 and USACE Ellip = -24.13; The staton s 25.0 fi. northeast af . & of north bound lanes of hwy, 3.6 ft. Nosth fram
north end of a bridge concrete rail, 2.1 0t a conarete carb and 1.5 11 northwest of a coner nent wing, Station is a stainkss sted rod accessed

through a logo cap stamped- reggio2 1967, flush with top of logo sleeve cover missing otherwise in good condition.

- State Plane Coordinates -

Zone: 1702 Northing: 492424.539  USFT Easting: X779.917.791 USFT Convergence: CSF:

- Horizon/Setup View - - Close-Up View-

R g e

Required Fields In Red [ - I System Fields in Green U-SMART ver 2.2
Reset Form Submit b
1 H 7/23/2010

Figure 6-1 U-SMART Survey Control Description and Submittal Form version 2.2 (July 2010)
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6-2. Boundary Monument/Marker Documentation. Documenting boundary monuments/markers
is equally as important as documenting control monuments because they need to be
recovered/perpetuated for future use by both USACE and the public. In addition to the required
fields on the U-SMART Form, it is important to include a comprehensive description that
identifies the location, monument/marker type and material, and the witness objects (i.e. trees,
posts, other permanent objects) supplementing the boundary monument/marker.

6-3. Control Monument/Marker Documentation. It is critical that the relationship between the
National Spatial Reference System, the local water surface, and the legacy construction datum be
established and documented. In effect, project control monuments may have several sets of
coordinates relative to various reference frames.

6-4. Picture/Photos. Photographs are an important part of the survey monument’s metadata.
Photos add a unique and unambiguous view of the mark's location, condition, or utility for future
surveys. With the availability of low cost compact digital cameras, providing pictures of both the
monument and the environment is commonplace.

a. Close-Up Photo. The close-up photograph is meant to take the place of the old monument
rubbings and serves to document that the correct monument was recovered/utilized. The
photographer should insure that the stamping is readable by rubbing the mark with chalk and
taking the photo at an oblique angle. See Figure 6-2.

Figure 6-2 Typical Close-Up Picture of a Survey Monument (COE 1 — GPS PROSPECT Class)
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b. Horizon/Setup Photo. The horizon or setup photograph is . The photographer should
insure that the photograph is aligned to show the witness post, reference marks, or obstructions
as available. When available, include the instrument setup to document the equipment used as
well as showing the location of the mark. This can also help to document the antenna height. See
Figure 6-3.

Figure 6-3 Sample Picture of Horizon Showing a Typical GPS Equipment Setup (COE 1 — GPS
PROSPECT Class)

6-5. Monument Descriptions.

Example monument descriptions:

New Marks:

Describe new marks by noting distances and directions to local witnesses (posts, trees, curbs,
etc.) along with any other relevant features (recommended approach, hazards, etc.). This will
help future surveyors recover and assess the suitability of your mark.

Example: The mark is a USACE disk set in the top of the abutment of the control tower service
bridge at Cowanesque Dam, 8.3 feet northwest of the centerline of the bridge, and 73.3 feet
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southwest of the centerline of the dam, 120.7 feet southwest of flagpole. The mark is 1150.50
feet above USGS gauge 01519995 datum.

Recovered Marks:
Describe recovered marks by briefly updating the last description.

Example: Flagpole is now gone.
Example: Recovered as described

The U-SMART system described in section 6-7 will forward recovery notes on NSRS points to
the NGS database for publication.

When describing an existing mark it is important to describe the mark’s condition. The following
definitions should be used when describing the condition of a survey monument.

GOOD: No evidence of tampering or movement (subsidence, frost heave, etc.).

POOR: Damage or movement excessive for the designated stability &/or accuracy.

NOT FOUND: Description insufficient or existence doubtful. Recovery unlikely without
extraordinary effort.

DESTROYED: Irrefutable evidence of destruction (See Figure 6-4). Absent such first-hand
evidence, report as "not found"

Figure 6-4 Destroyed Monument (irrefutable evidence)

6-6. Inclusion into National Spatial Reference System.

a. Itis the policy of the USACE that the designed, constructed, and maintained elevation
grades of projects shall be reliably and accurately referenced to a consistent nationwide
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framework, or vertical datum—i.e., the National Spatial Reference System (NSRS) or the
National Water Level Observation Network (NWLON) maintained by the U.S. Department of
Commerce, National Oceanic and Atmospheric Administration (NOAA). Ref ER 1110-2-8160 ,
“Policies For Referencing Project Elevation Grades To Nationwide Vertical Datums”

b. All projects shall have an minimum of 3 permanent bench marks, one or more of which
are directly connected to and published in the NOAA/NGS National Spatial Reference System
(NSRS) network. Additional guidance is available in EM 1110-2-6056, “Standards and
Procedures for Referencing Project Elevation Grades to Nationwide Vertical Datums”. These
monuments are referred to as the Primary Project Control Point (PPCP).

c. The NGS On-Line Positioning User Service is the easiest method to submit and publish a
control monument to the NSRS. Additional information is available at
http://lwww.ngs.noaa.gov/OPUS/. Typically, a Published OPUS Solution provides vertical
accuracy to 0.25” (8cm), the nominal vertical accuracy requirement specified in EM1110-2-6056.
Figure 6-5 shows a typical datasheet of a Published OPUS Solution.

d. The traditional BlueBooking methods may be used in cases where a higher level of
accuracy is required. i.e. less than 0.25’.
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SURVEY DATASHEET ( Version 1.0 Pagelof 1

PID: BEEE 23
Designation: COW 1
Stamping: COW 1 2009
Stability: IMonuraent will probably hold position well
Setting: Lbutraent or pier of large bridges

Description: The raark is a USACE disk set in the top of the abutraent of the
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of the centerline of the bridge, and 73.3 feet southwrest of the

centerling of the dam. The mark is 1150.50 feet above USGS gange
01519995 datorn.
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Z: 4244401 142 £0012 m
ORTHOHT: 350474 + 0040 m

UTM 12 SPC 3T0L(PA N )
NORTHING: 4650220 501 201993 907m
EASTING: 321888 356m 649718 300m
CONVERGENCE: -1 43859639° (309683763
POINT SCALE: 099999037 1.00000569
COMBINED FACTOR: 099994049 [.99995550

CONTRIBUTED BY J

Justin callahan
B IS dsaray Co:

15007

of

ingers

(£577
Al

;! Cowanesgue

/’ Lake \

{

The muraerical values for this position solution have satisfied the quality control criteria of the National Geodetic Survey. The contrbutor has
werified that the infonmation submitted is accurate and complete.

http s ngs noaa gov /OPUS/ getDatashedt. |sp "FID=BBEBE.23 &stvle=modern 892010

Figure 6-5 Sample Datasheet for Published OPUS Solution from the National Geodetic Survey
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6-7. USACE Survey Monumentation Archive and Retrieval Tool.

a. The USACE Survey Monument Archival and Retrieval Tool (U-SMART) may be used
to document those relationships along with the monument’s meta-data. The monument’s
description, references, pictures, etc. are kept in the system’s database thereby making the
information available to everyone.

= PCDB - Windows Internst Explorer
p - B amy.mi v 4y K|S i

[ Edt Yew Favortes Took Hep
Favcrites g B\ NDsF 2 Mak W, Huber - Home

8 oo % - B A e - Bager Salty v Took v (@

Home Map W Searh Y Admin MARK HUBER
e —

R FORT HUENER WOLC 1A 5
e Pt v -
i g Cernie i . = W
PHANAR HARROR X JETXY LT Manid Conasucnon T |~ Pt Vley fld T o
OUTEDE §76 Sovel, SHIPBO RESGHT 5 o “POIRFIRIENEME RANGE REARLT ||
Cvatih £ Bt Humrame

1 ]
SURTHO AT 1 |71 FORT HUENEME UUNICIRAL TANK
Sam

Drmond

FALL

ORMOND BEACH SCE EAST STACK

s . | Ot e =
Search &k . - —— - TARGET Mr
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Figure 6-6 USACE Web Map Interface showing Project Control Networks, NSRS Control,
CORS, and gages

b. U-SMART can display both USACE and NSRS control as well as gages from NOAA,
USACE, and USGS. U-SMART is particularly useful when performing reconnaissance in that it
displays all available control on the map. PPCPs are plotted in blue, LPCPs are plotted in red,
and the NSRS marks are plotted in yellow. See Figure 6-6

c. The monument’s physical characteristics (i.e. setting, monument type, stability,
condition) are documented in the system along with estimated accuracy, coordinate
computation/measurement methods, recovery dates, etc. the system also allows for the tabulation
of water level references as well. This feature allows the project control’s reference to both the
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NSRS and the local water surface (i.e. MLLW, LWRP, Normal Pool) to be documented. This is
necessary for the project to comply with the regulation Ref ER 1110-2-8160, “Policies For
Referencing Project Elevation Grades To Nationwide Vertical Datums”.

d. Additional information on U-SMART is available at http://www.agc.army.mil/ndsp.

6-8. Mandatory Requirements. All projects shall have an minimum of 3 permanent bench
marks, one or more of which are directly connected to and published in the NOAA/NGS
National Spatial Reference System (NSRS) network. See Section 6-5.
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APPENDIX A
Reference Documents
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APPENDIX B
Monument Cap Drawings

B-1. Drawings of Monument Caps.
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GLOSSARY

Abbreviations and Acronyms

ID One Dimensional

2D Two-dimensional

3D Three-dimensional

A-E. Architect-Engineer

ACSM ....ccccooveveien American Congress on Surveying and Mapping
ADCIRC .....ccccoevvens ADvanced CIRCulation model
AGC....ooovevieiie Army Geospatial Center

ARP....ccoiii Antenna Reference Point

ASCE ..o American Society of Civil Engineers

ASPRS ... American Society for Photogrammetry and Remote Sensing
BFE ..o Base Flood Elevation

BIH ..o Bureau International Heure

ClC it Center to Center

CADD.....ccovvvee Computer Aided Drafting and Design

CELW ....coov e, Corps of Engineers Low Water

CEPD ..o Comprehensive Evaluation of Project Datums
DFIRM.....c.cccevvvnne Digital Flood Insurance Rate Map
DFO...cooiiiiieiee Department of Fisheries and Oceans

(01 = Code of Federal Regulations
CHL.....ooveiee Coastal and Hydraulics Laboratory

CHS....ccooov e, Canadian Hydrographic Service

(01 1 [URRRRR Centimeter

CMAS ... Circular Map Accuracy Standard
COEMLW.......cc.cc.... Corps Of Engineers Mean Low Water

COGO ..o, Coordinate Geometry

CONUS.......ccevirre CONtinental United States
CO-OPS....ccovviene Center for Operational Oceanographic Products and Services
CORPSCON .............. CORPS CONvert

CORS ..ot Continuously Operating Reference Stations
COTS .o, Commercial Off-The-Shelf

CSDL ovveveieieene, Coast Survey Development Laboratory

C&SF ..o, Central and Southern Florida [Flood Control Project]
CPT e, Cone Penetration Test

CTP e, Conventional Terrestrial Pole
CUBE.....ccccovriiennnn. Combined Uncertainty and Bathymetry Estimator
DA Department of the Army

DEP ... Department of Environmental Protection
DGPS ..o Differential Global Positioning System
DOD....ccoovririeien Department of Defense

DOT . Department of Transportation

EC Engineer Circular
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ECEF....oos Earth Centered Earth Fixed

ECL oo Erosion Control Line
EDM....ccoiiiiiie, Electronic Distance Measurement

EEZ oo Exclusive Economic Zone

EM. s Engineer Manual

EPA ..o Environmental Protection Agency

ER .o Engineer Regulation
ERDC.....covvvveve Engineer Research and Development Center
ETL oo, Engineer Technical Letter

=] N R Federal Base Network

FEMA ..o Federal Emergency Management Agency
FGCC ..o Federal Geodetic Control Committee
FGCS..oooiir Federal Geodetic Control Subcommittee
FGDC...ooeevevveeee Federal Geographic Data Committee
FIRM. ..o Flood Insurance Rate Map
T Foot

GEOREF.........ccee. Geographic Reference

GIS e, Geographic Information System
GLONASS.......cccee. GLObal Navigation Satellite System
GNSS ... Global Navigation Satellite System

GPS .. Global Positioning System
GRS80......ccveverirene, Geodetic Reference System of 1980
GUVDO04..........cceee. GUam Vertical Datum 2004

(Y4 D I Grid Zone Designation

HAT .o Highest Astronomical Tide

[ [ Hydraulic Corrector
H&H.......oovvivee Hydraulics and Hydrology

HARN ... High Accuracy Reference Network
HEC......ooeivee Hydrologic Engineering Center

HI Height of Instrument
HPGN......ccoovee High Precision Geodetic Network
HQUSACE................. Headquarters, US Army Corps of Engineers
HSPP ..o Hurricane and Shore Protection Project
HTL oo High Tide Line

HWI....oooiiiire Greenwich High Water Interval

HWM ..o High Water Mark

IERS. ..o International Earth Rotation Service
IGLD55.....cce e International Great Lakes Datum of 1955
IGLDS85 .....cocvvve International Great Lakes Datum of 1985
IHNC....cooiiiii Inner Harbor Navigation Canal

IHO ..o International Hydrographic Organization
C e International Joint Commission

IMSL ..o Instantaneous Meal Seal Level

IMU ..o, Inertial Measurement Unit

IPET oo Interagency Performance Evaluation Taskforce
ITRF...coo International Terrestrial Reference Frame
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ITRS. ..o International Terrestrial Reference System
IWW ..o Intracoastal WaterWay

KTD oo, Kinematic Tidal Datum
LCC..oviiieeeee Lambert Conformal Conic

LIDAR ..o, LIght Detection And Ranging

LMSL .o Local Mean Sea Level

LPCP ..o, Local Project Control Point

LST oo Local Standard Time

LWD ..o Low Water Datum
LW (Greenwich) Low Water Interval

LWRP ..o Low Water Reference Plane

M e Meter

MACOM......cccccoveeen, Major Army Command
MDEQ......c.cccvevvrrene. Michigan Department of Environmental Quality
MGL.....oooieiiiieeiiee Mean Gulf Level

MGRS.....ccooveeree Military Grid-Reference System
MLG......ooeei Mean Low Gulf

MHHW .......ccoovv Mean Higher High Water

MHHWL. ... Mean Higher High Water Line

MHT ..o, Mean High Tide

MHW ..o, Mean High Water

MHWL ......ccoveeee Mean High Water Line

MHWS ... Mean High Water Springs

MLLW. ... Mean Lower Low Water

MLT .o Mean Low Tide

MLW ..o Mean Low Water

MLWL ...ccoveviieinee. Mean Low Water Line

MLWS ... Mean Low Water Springs

MN .o, Mean Tide Range

MSC .. Major Subordinate Command

MSL. oo Mean Sea Level

MTL .o, Mean Tide Level

MVD ...coooovviireree Mississippi Valley Division

MVN ..o Mississippi Valley Division, New Orleans District
MVS...oiieeee Mississippi Valley Division, St. Louis District
MWL......oooviiieiieeien, Mean Water Level

NAD27 .....ccccovevverene. North American Datum of 1927
NADS83........ccevvene North American Datum of 1983
NADCON ................. North American Datum CONversion
NAVDSS.........cceen... North American Vertical Datum of 1988
NAVOCEANO.......... US NAVal OCEANographic Office
NCD ..o New Cairo Datum

NFIP ..o National Flood Insurance Program
NGRS......ccviieivee National Geodetic Reference System
NGS ..o National Geodetic Survey
NGVD29........ccoeennee. National Geodetic Vertical Datum 1929
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NLD .o National Levee Database
NMAS......cccoovereee National Map Accuracy Standard

NOAA ... National Oceanic and Atmospheric Administration
NOS ..o National Ocean Service

NRC ..o National Research Council

N1 5] National Spatial Data Infrastructure
NSRS, National Spatial Reference System

NSSDA ... National Standard for Spatial Data Accuracy
NTDE.....ccoviiiriinnn National Tidal Datum Epoch

NTE ..o Not To Exceed

NWLON.......ccooieenns National Water Level Observation Network
NWLP ..o National Water Level Program

OCONUS ..o Outside the Continental United States
OHWM .....cccovevre Ordinary High Water Mark
OHWP......ccoei Ordinary High Water Profile
O&M.....cccovvviern, Operations and Maintenance

OPUS ..o On-Line Positioning User Service

ORD ...oovvivriiiiieinns Ohio River Datum

PAGES.........ccoovi Program for the Adjustment of GPS Ephemeredes
PASPCS......ccooveeee PennsylvaniA State Plane Coordinate System
PBM ..o Permanent Bench Mark

PCoee e, Point of Curve

PDF ..o Portable Document Format

PED ..o Preconstruction Engineering and Design
Pl Point of Intersection

PID oo, Position Identification

POB.....cooveviecree Point of Beginning

POS/MV ......cccvvnnnne. Positioning and Orientation System—Marine Vessels (Applanix Corp.)
PPCP ..o Primary Project Control Point

PPK .o Post-Processed Kinematic

[0]0] (ISP Parts per Million

PRVDO2.......c.covennnnne. Puerto Rico Vertical Datum 2002
P&S...ccooviiiieiiee Plans and Specifications

PT Point of Tangent

QA ..o, Quality Assurance

QC. e, Quality Control

RMS ... Root mean Square

RMSE......ccooii Root Mean Square Error

RTK oo Real Time Kinematic

RTN o, Real Time Network

SEMMS........coovne. Survey Engineering Monumentation Management System
SHWT ., Spring High Water Tide
SLD29....ccoiviiiieienn, Sea Level Datum of 1929

SPCS .o, State Plane Coordinate System

TBM ..cooiveeceiie Temporary Bench Mark
TCARL....cooviiiis Tidal Constituent And Residual Interpolation
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TEC ..o Topographic Engineering Center
TGO .o Trimble Geomatics Office
TIN . Triangular Irregular Network
TM. Transverse Mercator
TPU .o Total Propagated Uncertainty
US e United States
USACE ..o US Army Corps of Engineers
USCiiii United States Code
USC&GS ......ccveeeee US Coast & Geodetic Survey
USCG....covviiriine US Coast Guard
USED ..., US Engineer Datum
USGS...cccoeveeee US Geological Survey
U-SMART ..o USACE Survey Monumentation Archival and Retrieval Tool
USNG......cooviririne US National Grid
UT s Universal Time
UTM i Universal Transverse Mercator
VDatum........cccoeeeueeee (National) Vertical Datum
VDOP.....cooviniiirinnn Vertical Dilution of Position
VERTCON ................ VERTical CONversion
VIVDOO.......ccovvvene Virgin Islands Vertical Datum 2009
VLBI ..o Very-Long-Baseline-Interferometry
VMAS.....ccoooveeiies Vertical Map Accuracy Standard
VRN ..o Virtual Reference Network
VRS ..o Virtual Reference Station
VTDP ..o Vertical Time Dependent Positioning
WAVE.......cccoiviinnnnn Weighted Ambiguity and Vector Estimator
WGS 84 .....cocovve World Geodetic System of 1984
WRDA ... Water Resources Development Act
WS, Water Surface (elevation)
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	2-7. Satellite Visibility.  In addition to permanence, utility, and stability, satellite visibility must also be considered when selecting sites for monumentation for Global Navigation Satellite System (GNSS) type surveying. The proximity of existing ...
	2-8. Inclusion into the National Spatial Reference System.  All survey control to be used as Primary Project Control Points (PPCP) must be published in the National Spatial Reference System as directed by ER 1110-2-8160. Additionally, all Local Projec...
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	3-3. Naming Horizontal and Vertical Control Monuments.  Intelligible names should be assigned as primary identifiers of horizontal control points. A properly chosen station name should in itself be descriptive and/or indicative of the general location...
	3-4. Reference and Azimuth Marks.  Reference and azimuth marks should be constructed similar to their respective control monuments.  Type F and Type G monuments (Figures 3-11 and 3-12) may be used as reference and azimuth monuments. However, these typ...
	3-5. Three-Dimensional Monuments.  With the increasing use of space system measurement techniques, such as the Global Navigation Satellite System (GNSS), it is important that station markers be stable in all three dimensions (Three-Dimensional Monumen...
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