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NOAA Manual NOS NGS 3

GEODETIC LEVELING

ABSTRACT: This manual furnishes instructions and background
information suitable for establishing and maintaining vertical con-
trol. It presents general specifications and detailed instructions for
(1) reconnaissance and bench mark setting, (2) geodetic leveling, (3)
water and valley crossings, and (4) data processing in the field. These
instructions should be used by field surveyors engaged in collecting
elevation data for inclusion in the National Geodetic Vertical Network.

Mention of a commercial company or product does not constitute an endorsement by the National
Oceanic and Atmospheric Administration Use for publicity or advertising purposes of information
from this publication concerning proprietary products or the tests of such products is not authorized
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Chapter 1
VERTICAL CONTROL NETWORKS

1.1 Introduction

Since ancient times, the ability to locate widely sep-
arated points on the Earth's surface has been of vital
interest to public commerce and defense. Accurate
positioning has become increasingly important to con-
struction, boundary definition, navigation, and the
prediction and monitoring of changes in the topogra-
phy. To provide accurate positions over the entire globe,
a detailed knowledge about the size and shape of the
Earth is critical. The pursnit of this knowledge is the
science of geodesy.

Traditionally, points on the surface of the Earth have
been located by assigning peographic positions and eleva-
tions. Geographic position (latitude and longitude) is
determined by surveying techniques such as trian-
gulation, trilateration, and traverse, which determine
horizontal distances and directions between points. Ele-
vations are obtained by techniques that determine verti-
cal differences between points. These include differential
leveling, trigonometric leveling, and observing changes
in atmospheric pressure Modern satellite and inertial
systems determine geometric distances, in three dimen-
sions, that can be converted to both geographic positions
and elevations above an ellipsoid.

Because of the differences in surveying techniques,
separate networks of horizontal and vertical control have
evolved. However, all geodetic networks have in com-
mon the fact that measurements are made with in-
struments oriented to the Earth's gravity field.

An interconnected system of points, each of which is
assigned an elevation referred to a common surface, is
called a vertical control network. Since geodetic level-
ing has in the past provided, and continues to provide,
the most accurate means for measuring precise eleva-
tion differences, a vertical network typically consists

of lines of control points, reflecting the progression of

leveling from point to point.

Vertical control networks provide elevations for many
purposes: from localized construction projects to studies
of widespread motions of the Earth’s crust. To estab-
lish a sufficiently accurate national network, survey
techniques must be of geodetic quality: they must em-
ploy accurate equipment, maintain a high degree of
precision when extended over large areas, and adequately
define the gravity field.

1.2 Development of Geodetic Leveling

Leveling was successfully employed by the ancient
Egyptians who attempted to connect the Nile River with
the Red Sea, by the Babylonians who constructed an

extensive irrigation system in the Euphrates Valley,
and by the Romans who constructed extensive networks
of aqueducts, both in Rome and such regions as Spain
and the Middle East. In these cases, however, leveling
depended on crude instruments that had provision for
sighting along a water surface or that operated by some
mechanical application of a plumb line

The development of geodetic leveling as it is conducted
today depended on the invention of three important items:
the telescope, the reticle, and the level

The invention of the telescope in 1608 is attributed
to Lippershey, a Dutch spectacie maker It was first
used for scientific purposes by Galileo Galilei in 1609
for magnifying the image of a distant object, but it was
not very useful as a pointing device until the introduc-
tion of the reticle.

The invention of the reticle, which provides “cross
hairs” at the common focus of the objective lens and
the ocular lens, was not possible until the invention of
the “positive” ocular lens by Johann Kepler in 1611 and
the actual placement of a measuring device at the com-
mon focus by the English astronomer William Gascoigne
in 1639 In 1669, while working on a project to mea-
sure the length of a degree of latitude for the Royal
Academy of France, Jean Picard first placed a reticle
in a surveying instrument.

The invention of the level—a tube of glass with fluid
sealed inside in such a way that a bubble is formed—is
credited to Melchisedech Thevenot, who published in-
formation on instrumental details and manufacturing
methods in 1666. Nearly a hundred years later, after
procedures were perfected to manufacture level vials
with uniform curvature, the telescope, reticle, and level
were assembled in a spirit-level instrument similar to
the one still used today in construction work. It is be-
lieved that such instruments were devised independently
by Antoine de Chezy, a road and bridge engineer in
France, and by Jesse Ramsden, a mathematical in-
strument maker in England.

Further developments in leveling are evident in early
texts, such as Love's classical Geodaesia published in
1760, which recommends, under the heading “How to
know whether water may be made to run from a Spring
head to any appointed place,” that: “It is better to get
a water-level, such as you may buy at the Instrument-
Makers.” Later texts, such as the Complete Manual of
Leveling by Simms, published in England in 1836, treat
subjects such as corrections for curvature and refrac-
tion, and the calculation of earthwork from cross sec-
tions observed with a spirit-level instrument. References
are made to both the *Y" level and the dumpy level,

1-1
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instrumental designs which are familiar to twentieth-
century engineers. The “Y™ level is believed to have
been invented in 1740 by Jonathan Simmons of Lon-
don, and the dumpy level in 1845 by William Gavatt in
England

The first leveling in Europe that is considered of geo-
detic quality was conducted in France under the direc-
tion of M. Bourdaloue between 1857 and 1860 His re-
sults were published in 1864. The complex observing
procedure was designed to produce results with a high
degree of accuracy by eliminating systematic errors
and detecting and eliminating blunders. This work is
said to have required that every two measurements agree
to within 21/K millimeters, where X was the length of
the leveling line in kilometers

The French work inspired the Swiss to engage in a
similar effort. In 1864, a Swiss recommendation for
the execution of a precise leveling network over a large
part of Europe was adopted by the International Geo-
detic Conference. The methods of observation and the
use of a mean sea-level datum were prescribed in the
resolution. For the observations, a precise spirit-level
instrument was designed by Kern of Aarau, Switzer-
land These instruments were widely used in Europe
and later several were used by the U.S. Corps of
Engineers.

Although some leveling was undoubtedly conducted
locally in the United States {primarily to tidal bench
marks} prior to the Revolutionary War and by the US,
Coast Survey upon its establishment in 1807, the first
recorded effort was a geodetic leveling project by the
US. Coast Survey in 1856-57. To support detailed stud-
ies of the tides and currents in New York Bay and the
Hudson River, a series of tide gages was established
along the Hudson River which connected with a line of
leveling established by G. B. Vose. Vose states in the
1857 Report of the Superintendent of the Coast Survey:
“As you directed, a double series of levelings were
made throughout the whole route and every doubtfui
step was retraced... It appears that the probable error
for the entire distance from New York to Greenbush
does not exceed two-tenths of a foot.” A bench mark in
this line provided the sea-level datum to which subse-
quent levelings by the U.S. Lake Survey were referred
in determining elevations of the water surfaces in the
Great Lakes,

In 1871 the Coast Survey formulated plans for a trans-
continental arc of triangulation along the 39th Parallel. It
quickly became apparent that accurate elevations would
be required to reduce the triangulation data along the
route. Afte- Congress authorized the survey in 1876,
new leveling instruments were designed and fabricat-
ed by the Coast Survey. These were used on the first
transcontinental leveling in 1875. The first bench mark
was set in the courthouse at Hagerstown, Md.

The line of “gecdesic” leveling proceeded west with
interruptions, reaching St Louis, Mo, in 1882. A lne
leveled in 1881 from a tide gage at Sandy Hook, N, 1,

to Hagerstown, Md., provided a connection to mean
sea level In 1899 the transcontinental line reached
within a few miles of Cheyenne, Wyo,, and it was com-
pleted to the tide gage at Seattle, Wash, in 1905. Other
lines were leveled, in cooperation with the Corps of Engi-
neers, along portions of the Mississippi River and its
major tributaries

In 1875 the US. Lake Survey, requiring accurate ele-
vations above mean sea level for the water levels in the
Great Lakes and for bench marks in the adjacent harbor
areas, extended geodetic leveling into the Great Lakes
area. A line of control points was leveled in New York
along the Erie Canal, various wagon roads, and the New
York and Oswego Midland Raiiroad. The line extended
from bench mark GRISTMILL, at the town of Green-
bush, to bench mark A at the harbor in Oswego. During
the same year, lines were leveled between Lake Ontario
and Lake Erie, and a single line of leveling connected
Lake Erie with Lake Huron. Thus, connections were
made across the land between the Hudson River, Lake
Ontario, Lake Erie, Lake Huron, and Lake Michigan.

An important procedure introduced in 1875 was water-
level transfer in which the mean surface of each lake,
averaged from data obtained at water-level gages
during a 3- to 4-month period, was assumed to define
an equipotential surface. An elevation relative to mean
sea level, determined by leveling to a gage on a lake,
was thus transferable to other gages on the lake By
this step-by-step process an elevation relative to mean
sea level at Greenbush, N.Y ., was assigned to the gage
at Escanaba, Mich. For the first time, reasonably ac-
curate elevations were available for all of the Great
Lakes, except Lake Superior, based on the results of geo-
detic leveling and water-level transfers.

In 1877 the principle of “double-simultaneous" level-
ing was introduced along the Mississippi River by the
Corps of Engineers. Two pairs of rods were used with
one leveling instrument. The line of leveling was car-
ried forward at each instrument setup with two inde-
pendent observations of the backsight and foresight rods,
on separate turning points. Thus, two separate levelings of
the route were made, although only one observer and
one ieveling instrument were required. This provided
continuous and effective checks against blunders as the
work progressed. In 1882-83, J. B. Johnson of the Corps
of Engineers introduced the observing procedure known
as three-wire leveling.

In 1896 Congress authorized the US Geologica! Sur-
vey to determine elevations in support of topographic
mapping “above a base level located in each area under
survey.” Leveling was conducted in many States under
this authorization. The first, and very important, line
started at a tide page at Morehead City, N.C., contin-
ued inland across the State through Raleigh, Greens-
boro, and Asheville; ran across Tennessee through Knox-
ville and Cleveland; extended southward into Georgia
through Rome, Atlanta, and Macon, and ended on a
tide gage at Brunswick, Ga.
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Important contributions to the growing network of
geodetic leveling were also made by railroad compa-
nies, which relied on leveling to support the construc-
tion and maintenance of their extensive track systems.
Principal contributors were the Pennsylvania Railroad
and the Baltimore and Ohio Railroad. In addition, al-
most all of the early leveling by the Federal Govern-
memnt was performed along railroad routes because they
provided almost the only available cleared routes without
excessively steep grades.

In 1898 an ad hoc committee of the Coast and Geo-
detic Survey (C&GS) was appointed to investigate the
instruments, observational procedures, and results of
geodetic leveling. After extensive analysis, the committee
recommended a new design for the leveling instrument
that had been used since 1877 and the adoption of the
three-wire leveling procedures used by the Corps of
Engineers. In 1899 three prototypes, modifications of
the 1877 instruments, were produced in the C&GS shops
and tested in the field.

The new spirit-level instrument was first used in 1900
It became known as the Fischer level, named for E. G.
Fischer, chief of the C&GS Instrument Division, who
was responsible for its design and manufacture. The
instrument was designed to be very rigid and to change
little in adjustment during temperature variations. Its
freedom from mechanical failures and its high degree
of accuracy soon became apparent.

The Fischer level was the standard leveling instru-
ment of the Coast and Geodetic Survey until the mid-
1960’s when it was replaced by instruments equipped
with optical micrometers.

Since 1900 further improvements in accuracy have
been possible. These resulted from the introduction
of Invar scales for leveling rods in 1917, instruments
with optical micrometers in 1910, and compensator
instruments in 1950. These features are still important
today

1.3 Height Systems

Before a network of geodetic leveling may be con-
sidered a network of vertical control, the observed ele-
vation differences must be placed within a common frame
of reference. The first step is taken when the differences
are measured after leveling an instrument and a pair of
rods; all measurements are then relative to the direc-
tion of gravity. The second step is to minimize discrep-
ancies in the results obtained by leveling along differ-
ent routes between the same two points. For this process,
termed adjustment, an appropriate height system must
be selected to account for the nonspherical and irregu-
lar nature of the gravity field. The third step is to de-
fine the surface datum to which heights may be referred.

Orthometric height. The pravity field can be repre-
sented as a series of surfaces of egual potential, termed
“level” or equipotential surfaces, one of which is spec-
ified as the reference surface from which orthometric

heights are measured The orthometric height of a point is
the distance from the projection of the point on the refer-
ence surface to the point itself, along a line perpendicular
to every equipotential surface in between.

If an equipotential surface were consistently parallel to
the reference surface, the orthometric height of every
point on the surface would be the same. However, be-
cause of the Farth's rotation and anomalies in the gravity
field itself, the equipotential surfaces defined by the
gravity field are not parallel. The orthometric heights
of points on a common equipotential surface vary, in-
creasing most noticeably as a person moves towards the
equator (fig. 1-1). For example, a leve! surface 1000 m
above mean sea level at the Equator would be only
995 m above mean sea level at the poles,
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Figure 1-1,—Orthometric height, H, on a surface not
parallel to the reference surface,

As a result, even though no elevation difference is
measured when leveling between two points on an equipo-
tential surface, the orthometric heights of the points
are different if the points are at different latitudes. The
elevation computed for the second point, by adding the
observed elevation difference to the elevation of the
first point, is not the orthometric elevation of the
second point.

Furthermore, if the leveling follows a different route
between the same two points, along a series of different
equipotential surfaces, yet another elevation will be
computed for the second point (fig. 1-2).

To obtain orthometric elevations that are consistent
with respect to a single reference surface, this effect
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Figure 1-2.—Observed difterence in orthometric height,
AH, depends on the leveling route.
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must be removed, One way is to correct the elevation dif-
ference for each section of leveling, subtracting the error
predicted by using a model of the Earth’s normal gravity
field (See end of sec. 5.5.2.) The elevations obtained in
this manner are termed normal orthometric heights.

Geopotential number. A more accurate way to account
for the effect of the gravity field is to compute geopo-
tential numbers rather than orthometric heights. The
geopotential number of a point is a measure of the dif-
ference in potential from the reference surface to the
equipotential surface passing through the point. It is
numerically equivalent to the work required to raise a
mass of 1 kg apainst gravity, g, through the orthometric
height, H, to the point:

H
Geopotential number = j gdh
[

The difference in height, dh, measured during each
setup of leveling, may be converted to a difference in
potential by multiplying it by the mean value of gravity
for the setup. Te compute accurate peopotential numbers,
gravity must be determined with sufficient accuracy
and density throughout the vertical network. Only since
the development of the modern gravimeter has this
become practical.

Although geopotential numbers are useful for the
adjustment of vertical networks, for many purposes
orthometric heights above a physically defined refer-
ence surface are still necessary. A geopotential number
may be converted to an orthometric height by dividing
it by the mean value of gravity along the plumb line
between the point and the refefence surface. Since such a
value cannot be directly measured (because the refer-
ence surface lies within the Earth beneath the point), a
model must be used to derive the value as a function of
the geographic position, measured value of gravity at
the point, and other variables.

Datums. Traditionally, mean sea level has been se-
lected as the reference surface for computing heights
because a water surface conforms to the gravity field
by approximating an equipotential surface. A point on
mean sca level is determined at a tide gage, where the
fluctuations of water level are observed for many years
to assess tidal effects adequately. If the elevation at
such a gage is connected to a leveling network, and zero is
fixed as the height of mean sea level, the reference sur-
face thus defined is called a sea-level datum.

However, a variety of physical factors—changes in
volume, currents, temperature and salinity gradients,
atmospheric pressure, wind, and sea-floor topography—
affect the mean water level determined at each tide
gage. As a result, the points assigned to be on mean sea
level at different tide gapes do not necessarily lie on
the same equipotential surface.

To avoid the implication that an elevation difference of
zero will be obtained when leveling between two widely
separated tide gages, the reference surface is simply
referred to as the datum. It can be defined in many

different ways that may or may not refer to mean sea
level As described in the following paragraphs, the
datum of the National Geodetic Vertical Network has
always been defined by a mean sea level. Tt has changed
with each adjustment as additional tide gages have
been connected

1.4 National Geodetic Vertical Network

By 1900 geodetic leveling by the Coast and Geodet-
ic Survey and other agencies had become so extensive
that a general adjustment of the results became neces-
sary to obtain consistent and accurate elevations for
all control points. Data from 21,095 km of leveling were
obtained by the Coast and Geodetic Survey from the
U.S. Geological Survey, the Corps of Engineers (U.S.
Lake Survey, Mississippi River Commission, Missouri
River Commission, Deep Waterways Commission, and
others), and the Pennsylvania Railroad.

The adjustment of this, the f{irst national network,
produced elevations for about 4,200 control points that
were referred to mean sea level as determined at the
following tide gages: Boston, Mass., New York, N Y.,
Sandy Hook, IN.J., Washington, D.C,, and Biloxi, Miss. A
connection to sea level on the Pacific coast had not yet
been obtained.

Because of an expanded leveling program, more than
10,000 km of new leveling were completed by 1903,
including the releveling of some previously unsatisfactory
lines. A second adjustment was made, including approxi-
mately 6,900 control points in a network of 31,789 km.

In 1907 another 6,500 km of new work had been
completed, including the transcontinental leveling
through Wyoming, Utah, Idaho, Oregon, and Washing-
ton to connect with the tide gage at Seattle, Wash. To
utilize the new data the adjustment of 1907 was made
At that time, the network included a total of 38,359 km
of leveling and about 9,100 control points. As a matter
of expediency, the elevations of most points in the eastern
United States were not changed.

New connections to mean sea level on the Gulf coast
and the Pacific coast, totaling 9100 km, became avail-
able in 1912, including a line across the southern Unit-
ed States from Louisiana to San Diego, Calif,, and a
north-south line. For the fourth general adjustment of
the network, mean sea level was fixed at five tide gages
on the Atlantic coast, two on the Gulf coast, and two on
the Pacific coast. Orthometric corrections were applied to
leveling data in the western States. The 1912 network
included 46,462 km of leveling and 11,100 control points.

General Adjustment of 1929 After the previous period
of comparatively short intervals between adjustments,
I'T years elapsed before the network was adjusted again.
In the meantime, it had become more extensive and
complex, and included many more sea-level conmections.
The General Adjustment of 1929 incorporated 75,159
km of leveling in the United States and, for the first
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time, 31,565 km of leveling in Canada. The US and
Canadian networks were connected by 24 ties between
Calais, Me./Brunswick, New Brunswick; and Blaine,
Wash /Colebrook, British Columbia. A fixed elevation of
zero was assigned to the points on mean sea level de-
termined at the following 26 tide stations:

Father Point. Quebec
Halifax, Nova Scotia
Yarmouth. Nova Scotia
Portland. Mce

Boston, Mass

Perth Amboy, N !
Atlaniic City, N}
Baitimore, Md

St Augustine, Fla
Cedar Keys, Fla
Pensacola, Fla
Biloxi, Miss
Galvesten, Tex

San Diego, Calif
San Pedro, Calif
San Francisco, Calif

Annapolis, Md Fort Stevens, Ore.
Old Point Comfory, Va Seattle. Wash.
Norfolk, Va. Anacortes, Wash

Brunswick. Ga
Fernandina, Fla

Vancouver, British Columbia
Prince Rupert, British Columbia

""Fhere was no tide station at Perth Amboy. but the elevation of a bench
mark a1 Perth Amboy was established by leveling from the tide station a1
Sandy Hook

The 1929 adjustment provided the basis for the def-
inition of elevations throughout the national network
as it existed in 1929, and the resulting datum is still
used today. The elevations were referred to the “Sea
Level Datum of 1929 until 1973, when the more ap-
propriate name ‘“National Geodetic Vertical Datum of
1929 (NGVD29) was adopted for the same reference
surface.

The modern network. Since 1929, more than 625,000
km of leveling throughout the United States have been
added to the national network. New results have been
adjusted to fit into the network of 1929, If both old and
new levelings were of similar accuracy and if the Earth’s
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crust were perfectly stable, this procedure could have
continued indefinitely. However, instrumental and
procedural improvements make possible a higher de-
gree of accuracy in modern leveling, and, increasingly,
the national network has come to play an important
role in monitoring crustal movements.

In many regions, withdrawal of underground fluids
has led to land subsidence at the surface, which has
resulied in significant economic losses In tectonically
active areas earthquakes cause sudden changes in ele-
vation. Elevations are not fixed in time, and, therefore,
elevation differences observed at widely different times
cannot be expected to agree exactly. Leveling results
must be adjusted by epoch and then compared to as-
sess topographic change.

These considerations have led to the establishment
of local programs in which regions of known crustal
motion have been releveled periodically to assess the
rate and extent of subsidence or uplift. To relate these
surveys adeguately and to determine where additional
work is necessary, the national network itself must be
resurveyed at regular intervals.

At present, a minimum network of 100,000 km has
been targeted for releveling. This network, known as
basic net A {fig. 1-3), is designed to satisfy the stan-
dards established by the Federal Geodetic Control Com-
mittee for first-order vertical networks (table 1-1).

Vertical control surveys (projects) are conducted
continually by field parties of the National Geodetic
Survey (NGS) to maintain and update the national
network. The procedures by which such projects are
accomplished—reconnaissance and bench mark setting,
geodetic leveling, river crossing, and data proces-
sing—-are the subjects of the remaining chapters of
this manual.

Table 1-1.—Classification of vertical contrel networks

First order First order Second order Second erder
class [ class 11 class | class 1 Third order
Principle use Basic ret A Area control Local control
Line spacing,
National net 106-300 km 50-100 km 20-50 km 10-25 km As needed
(60-190 mi) (30-60 mi) {10-30 mi) {5-15 mi)
Metropolitan net ... ... ... . 2-8 km 2.8 km 0.35-1 km As needed As needed
{1-5 mi) {1-5 mi) {0 3-0 6 mi)
Mazximum length of leveling line
between junctions . .. .. .. 300 km 100 km 50 km 56 km (30 mi) 253 km (15 mi}
{190 mi) {60 mi) {30 mi) double run, double run,
25 km (15 mi) 10 km (5 mi)
single run single run

Controf point spacing . Average 1 6 km (1 0 mi),

maximum 3 km {2 mi)

Maximum 3 km (2 mi)
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Chapter 2
RECONNAISSANCE AND BENCH MARK SETTING

2.1 Introduction

Before leveling proceeds in a network of vertical con-
trol, lines of control points must be defined This is best
accomnplished by making a reconnaissance and setting
the necessary bench marks a month or more before level-
ing begins. Detailed instructions for reconnaissance
and mark setting are presented in this chapter.

The task is normally performed by personnel organized
into mark setting units. Leveling routes are planned in
detail to satisfy network requirements. Maps with written
instructions {referred to as “logs”) are prepared to il-
lustrate the routes for the leveling units. Monuments
are recovered, established, and described to mark
permanently the lines of vertical control.

Sometimes a single monument must be removed and
set elsewhere by a mark maintenance engineer or local
surveyor before it is destroyed by highway construction or
other activity. The chapter concludes with instruc-
tions for relocating such control points.

2.2 Organizing a Mark Setting Unit

At the start of a project, the mark setting personnel
should be organized into units and each unit shouid be
assigned a line to reconnoiter and prepare for leveling.
Since a typical project encompasses a large area, each
unit must be capable of working seli-sufficiently, often
several hundred kilometers from the project office.
This section presents guidelines for organizing and main-
taining such units.

2.2.1 Personnel

A foreman should be assigned 1o supervise the mark
setting units and to manage their activities, particularly
when many units are operating. Two persons are nos-
mally required on each mark setting umnit, a mark setter
and an assistant.

Mark setting foreman. The mark setting foreman co-
ordinates, supports, and monitors the mark setting units.
The foreman’s skills should include technical compe-
tence in both mark setting and leveling, as well as pro-
ficiency in organizing unit activities and maintaining
good relations with local agencies and the public. The
foreman should set an example which ensures correct,
safe, and efficient mark setting.

The foreman is responsible for coordinating the mark
setting effort on all the lines in a project. From a study
of the preliminary data, he or she shouid specify routes
for each line and determine areas requiring special

attention so that data can be organized and distributed
to the appropriate units. Efforts of a specialized unit,
such as a drilling-rig team, should be smoothly merged
with those of the unit responsible for the line.

The foreman supports the units by providing laison,
training, and supplies. He or she should establish
initial contacts with local agencies, and informs the
mark setting units if follow-up contacts are necessary.
Throughout the project, the foreman should provide
technical guidance and training, and, in addition, in-
ventory supplies regularly and place orders to mest fu-
ture needs.

The foreman should ensure that the specifications
and guidelines stated in this manual and in NOAA Man-
ual NOS NGS 1, Geodetic bench marks (Floyd 1978),
hereinafter referred to as the mark setting manual, are
strictly followed A monthly inspection should be made of
each unit. Equipment should be examined to ensure
that it is properly maintained. Mark setting techniques
should be checked to ensure that safe and correct pro-
cedures are followed by the units. After receiving de-
scriptions and logs from a unit, the foreman should rou-
tinely inspect the line, looking for poorly set marks,
plotting mistakes, and description mistakes The unit
should be made aware of any deficiencies and should
correct them immediately. Whenever there is substan-
tial confusion or doubt about a route or mark setting
procedure, the project director should be consulted.

The foreman should prepare a report of activities for
the project director each month,

Often, if a project is small or the number of available
personnel is limited, the foreman may be required to
serve as chief of a mark setting unit or leveling unit.
When this occurs, the project director should assume
most of the responsibilities of the foreman.

Mark setter. As head of a mark seiting unit, this in-
dividual is normally responsible for the correct recon-
naissance and mark setting of an entire line. In addi-
tion, he or she must properly maintain and protect a
large and varied selection of mechanical equipment
The mark setter who is in charge of a drilling rig has
additional maintenance responsibilities Training and
experience in reconnaissance and mark setting as well
as strong mechanical ability are necessary qualifications
Leveling experience is highly desirable.

The mark setter should follow the instructions stat-
ed in this manual and in the mark setting manual. The
project instructions and preliminary data provided by
the project director or foreman should be studied and
understood. The mark setter should not hesitate 1o seek
guidance when questions arise

2-1
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The mark setter should establish an organized work
routine with the assistant, incorporating safety pre-
cautions into every procedure Equipment failures should
be reported promptly to the foreman or project direc-
tor. The mark setter should submit monthly reports to
the project office.

Assistant mark setter. The assistant mark setter is
often a new employee or a member of a leveling unit
who is receiving training. The assistant helps the mark
setter in all phases of the work, in addition to being
assigned certain routine responsibilities, such as truck
maintenance and checking control point descriptions.

2.2.2 Equipment

Each unit should be assigned a truck, tools, and other
equipment (as itemized in appendix A). When the equip-
ment is issued, the mark setter should conduct an in-
veniory and repeat it at least once every year thereaf-
ter. All equipment should be secured in an organized
fashion in the assigned vehicle.

The mark setter is responsible for maintaining the
truck and tools in good condition. In addition, he or she
should study and use the equipment manuals. Equip-
ment losses, damage, or defects should be reported imme-
diately to the foreman or project director. Replacements
and repairs should be noted on the monthly report.

Driliing rigs and gasoline-powered portable driils
require especially rigorous maintenance if they are to
function properly. They should be assigned only to re-
sponsible individuals who have demonstrated compe-
tence in operating such equipment.

2.2.3 Safety

Mark setting presents numerous situations where
personal injury may occur. For this reason, a mark set-
ting unit should always include two persons. All mark
setters and assistants should be trained in basic first
aid and cardiopulmonary resuscitation. They should
know the location and telephone number of an emer-
gency treatment center in the work area, so prompt as-
sistance can be obtained if an accident occurs.

Accidents usually result from hazards created by the
environment or the equipment. Anticipate potentially
hazardous situations and be prepared to handle them.

The mark setting environment is normalily the right-
of-way of a highway or railroad. Obtain permission to
work in these zones and find out from local officials
what safety procedures are required. When working
alongside a highway, stay well off the road, wear orange
vests, and turn on the truck’s warning light. If neces-
sary, and only after consulting with local authorities,
use traffic cones, warning signs, or flagmen to divert
traffic while setting a mark. When working along a rail-
road, do not wear orange vests or use [lashing lights
because these may cause a train to stop unnecessarily.
Cross the tracks only at designated crossings; otherwise
keep clear of them.

Right-of-way zones are often used as routes for utility
pipelines and cables. Select sites for marks with this in
mind. Before using an auger or driving a rod, check
the site with a pipe and cable locator. Similarly, be
alert to the presence of wires above the work location,
especially when maneuvering a drilling rig or erecting
lengths of steel rod.

Mark setting equipment may present a hazard if used
improperly. Learn the correct techniques for handling
and operating all equipment. Use the right tools for the
job and keep them clean. To prevent back injury, lift
heavy tools and supplies from a squatting position; use
the leg muscles, not the back. Get help if an object is
too heavy to lift safely. Above all, stay alert. Do not
allow a steady routine to make you complacent.

Two itemns of equipment deserve special mention: the
gasoline-powered rock drill and the drilling rig. When
driving rods or drilling with these tools, prevent eye
injury by wearing goggles or shatter-proof glasses. Pre-
vent hearing loss by wearing ear plugs or mufflers. Wear
hard hats and steel-toed boots.

Mark setters operating a drilling rig must be thor-
oughly trained in the proper routines for starting and
stopping the drill, leveling and stabilizing the truck,
and assembling and disassembling the augers. These
instructions are outlined in the maintenance manual
accompanying the rig. Test the emergency stopping sys-
tem each day While drilling, do not wear gloves near
the turning augers.

2.2.4 Reports

The project director or foreman should visit each mark
setting unit at least once each month. At all other times
the mark setters should maintain regular communica-
tion, either in person or by telephone, with the project
director. In addition, the mark setter should submit the
reports described in the following paragraphs.

Monthly report. Mail or submit in person, a report
to the project office at the end of work each month
(See fig 2-1.) If work involved more than one State or
project, prepare a separate report for each activity.
The report is normally forwarded to the headquarters
of the National Geodetic Survey, where it provides
statistical information about the progress of mark
setting in the national network. Include the following
information:

1. Number of points recovered in good condition.

2. Number of points recovered in poor condition.

3. Number of points recovered destroyed.

4. Number of points not recovered.

5, Number of bench marks set; types of bench marks
set.

6. Notes about condition of equipment and main-
tenance needed or performed

7. Inventory of existing supplies.

3. Notes on project activities.
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Maintain the report each day, recording the number
of points searched for or set and a general statement
about the day's activities. As appropriate, include re-
marks about weather, equipment malfunction, equip-
ment repair, geological conditions, and suggestions Be
sure to list names, telephone numbers, and addresses
of officials and individuals who were contacted

At the end of the month, summarize progress along
the assigned lines by totaling the distance of line re-

connoitered and prepared for leveling, the number of

7’5 position plots prepared (a 15’ plot counts as four),
and the number of descriptions written. Do not count
plots or descriptions that are not yet finished. Also,
inventory specialized mark setting supplies, so their
usage can be assessed and future stocks can be procured.
List any supplies needed,

Truck report. Keep careful records of all expenses
incurred for fuel, oil, repair, and maintenance of mark
seiting vehicles, At the end of the month, submit a re-
port to the project office summarizing these expenses
and include the receipts.

Miscellaneous reports Be familiar with current
orgapizational procedures for submitting per diem
vouchers, acciden! reports, personnel reports, and ex-
pense receipts.

2.3 Routing a Line for Leveling

The reconnaissance and mark setting effort begins
with the detailed planning of the leveling routes. The
foreman (or project director) should organize and con-
solidate the preliminary data for a project into packages
corresponding to each line or group of lines. A general
reconnaissance of the area should be made and liaison
should be established with local agencies. The mark
setting units then proceed to route each line according
to the specifications given in this section, recovering
and establishing control points and preparing instruc-
tions for the leveling units.

2.3.1 Preliminary Data

For each line or group of lines in a project, a mark
setting unit should possess the data listed in table 2-1.

Figure 2-2 shows the areas covered by some of these
items. Most of the items are forwarded to the project
director along with project instructions. Some items
must be obtained in the field. Instructions pertaining
to their use are described in the following paragraphs.

Project instructions. Project instructions are the start-
ing point for any survey. They include information and
instructions specific to the project which supplement
the standard operating procedures given in this manu-
al Before beginning work, read the instructions thor-
oughly and consult them whenever in doubt about the
project requirements.

Table 2-1.—Preliminary data for reconnaissance
and mark setting

Requirements

Proiect instructions:

Maps for planning and organization:
NGS State index map For control leveling
NGS Geodetic Control Diagrams
USGS State index to topographic maps
State and county highway maps
Geatogical and soil maps, as available

Diescriptions of control points:
NGS vertical control data, including a sepdrate listing of archival
cross-reference numbers if necessary
MNGS horizontal controf data
NGS unpublished descriptions for points recently leveled or reset
NOS tide and water-level station reports
Descriptions of specially requested points

Maps for logs and position plots;
USGS 1opographic maps
City and county street maps, as necessary

Refer to the project instructions to obtain the following
information:

1. A rough sketch of the proposed leveling routes.

2. Line numbers and titles.

3. Accession numbers (“L-numbers™) of previous
survey lines that coincide or connect with the pro-
posed routes.

4. Specific control points to be leveled.

5. Survey-point serial numbers to be assigned to the
points in each line.

A table similar to that in figure 2-3 is normally in-
cluded in the project instructions.

Maps for planning and organization. Several types
of maps, covering large parts or all of the project area,
are useful for planning and monitoring progress along
each line. These maps are most useful if the project
lines have been highlighted and labeled in advance.

The Index Map of Control Leveling (fig. 2-4) for the
State in which the project is located is available from
NGS. It provides an overview of the project area,
showing existing first- and second-order lines of leveling.
On the index map are plotted and labeled the 30’ quad-
ranis into which vertical controf data are grouped.

(Geodetic Control Diagrams (fig. 2-5) are also avail-
able from NGS. They are plots of existing geodetic con-
trol at a scale of 1:250,000 on the 1° by 2" quadrangle
series of the U.S. Geological Survey (USGS). Control
for Alaska is plotted at a scale of 1:500,000 on section-
al aeronautical charts Diagrams are designated by name,
number, and two-letter area code. They show the loca-
tions of both vertical and horizontal control points and
the boundaries of 30’ quadrants, 15’ topographic maps,
and counties. The diagrams are particularly useful when
planning connections between leveling lines and other
types of control networks. An index of control diagrams
for the United States is given in appendix B.
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Figure 2-2.—Scale relationships of preliminary data.

USE SPSN'S

1-200
201-300
301-500
501-700
701-800
801-900

TABLE 1
LINE NO. PROJECT TITLE/LINE TITLE
HARRIS-GALVESTON COASTAL SUBSIDERCE AREA TX
1 ADDICKS VIA HOUSTON TO CROSBY
2 ADDICKS VIA BELLAIRE TO HOUSTON
3 BOUSTON VIA LEAGUE CITY TO GALVESTON -~ PIER 21 TIDE STATION
4 CROSBY VIA BAYTOWN AND TEXAS CITY TO LA MARQUE
5 3 KM W QF PASADENA TO LA PORTE
6 WEBSTER TO SEABROOK
TABLE 2
LINE NO. LENGTH KM. 01D HGZ NO.
1 80 L24406-12,-19,~25
2 60 L24406~10,-11
3 80 L24406-7 ,-2
4 100 L24406-19,-20,-4
5 30 L24406-21,~22
6 10 L.24406~6

Figure 2-3.—Example of line assignments in project instructions.



NOAA Manual NOS NGS 3, Geodetic Leveling

2-6

woeru |} i il i ! : . N # ' i i [ i i i it
LT “t
any v
A
‘
£ s L <
HNE o
Lo o
= [v]
= ] «
. o
- ¥ ﬂm &
‘o 2
2 .
b i
g .m O
= ° Al
# - gle
g B
b

Hlte MaF

STATE OF FLORIDA

. -290853
3

"

v

X

[

i

Figure 2-4,—State Index Map of Control Leveling.



‘wipidel j0HU0D) dIPoa—g-7 aundig

Chapter 2-—Reconnzissance and Bench Mark Setting

) ] < | sviealsvils iy os
- < - ) V-] ) R » . -

i

¥auva vvsoilvn s1avg
s 2 i

3l

3}

“porxan

. ,n\r..n.o

i

ol

G

J709

.

G 170

— )

sl ORI £

WYHOVIO TOMLNQD 31130039

ATAERS DXLITOID CHY LDYDR
RICRRTD 40 LOAMLHYSD

QYIS O



2-8

The Index to Topographic Maps for the State in
which the project is located is available from USGS
Although the index does not show all geographical fea-
tures, the project lines may be plotted approximately
(fig. 2-6) It is extremely useful as an index and check-
off list for logs and smooth plots.

State and county highway maps are usually available
from district offices of a State highway or State trans-
portation départment. Since topographic maps do not
always show the latest highway construction and route
numbers, current State highway maps should be the
final source for this information.

Consult geological and soil maps when selecting sites
for bench marks. Basic information about the location
and type of expansive soils throughout the United States
is provided in the mark setting manual Additional infor-
mation, especially for locating bedrock and fault zones,
can be obtained from geological maps published by the
USGS or State agencies, such as departments of mines
and patural resources. Information concerning soil types
and depths is often available from local offices of the
L1.S. Soil Conservation Service

INDEX TO YOPOGRAPHIC MAPS OF MISSISSIPPE
GRDER MAPS BY NAMES PRINTER IN BLACK AND BY SERIES DESIGHATION

ALL MAPS SHOWN ON THIS INDEX

NOAA Manual NOS NGS 3, Geodetic Leveling

Other sources that may be useful for certain projects
include aeronautical charts, storm evacuation maps,
and nautical charts. These are available from the Na-
tional Ocean Survey (NOS).

Descriptions of control points. To recover existing
vertical and other control points, published descriptions
should be consulted. Because they serve different pur-
poses, descriptions for vertical control, horizontal control,
and tide or water-level stations are prepared, stored,
and published separately.

Vertical Control Data, available from NGS, are pub-
lished in sets. Each set (“quad™ or “litho list™) includes
data for all the vertical control points in a 30’ quad-
rant. The quadrant is identified by hemisphere, latitude,
longitude, and quarter. After the hemisphere symbol,
“N"or“S", a1° by 1° area is identified by the degrees of
latitude bounding it on the south {on the north in the
southern hemisphere) and by the degrees of longitude
bounding it on the east. The quadrants are numbered
clockwise within the 1° by 1° area, beginning with the
northeast: 1" signifies the northeast quarter, *2” the
southeast, “3" the southwest, and “4” the northwest.

ARE DISTRIBUTED BY THE GEOLOGICAL SURVEY MISSISSIPPI
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For example, “N340901" signifies a 30’ quadrant which
is the northeast quarter of the I by 1° area bounded by
34°N on the south and 090" W on the east.

Each quadrant includes a plot showing the lines of

control points described within the quad (fig. 2-7a) The
line numbers given in the plot are unique only within the
quadrant; they do not necessarily correspond to those
of adjacent quadrants. Arrows indicate the order in which
control points are described along each line. The plot is
followed by two indexes that give the designations of
points in alphanumeric order {fig. 2-7b) and line order
(fig. 2-7c). Descriptions and other data (fig. 2-7d) are
then given in line order

Each control point is assigned a unique number (the
archival cross-reference number) when it is initially
included in the NGS data base. If the published descrip-
tions do not include these numbers, obtain special list-
ings of the synoptic {ile (“archive lists”) from the NGS
Vertical Network Division. Identified by two-letter area
codes, these listings are available for each Geodetic
Control Diagram (See fig. 2-8a,b))

Data for horizontal control points are also available
in 30’ quadrants from NGS. Descriptions are usually
arranged chronologically within each quadrant. An
alphanumeric index of designations is included. After
finding the designation of the desired point on a Geo-
detic Control Diagram, lock it up in the appropriate
index to find the pape number of the description.
Further information about horizontal control data is
available in NOAA Technical Memorandum NOS NGS
5, National Geodetic Survey data: availability, expla-
nation, and application (Dracup 1979).

For up-to-date information on points that have re-
cently been recovered, established, or relocated, obtain
descriptions from the NGS Vertical Network Division. It
is possible that these data may not yet be included in
the published descriptions. File the recent descriptions
with the appropriate 30’ quadrant, and remember to
use them A reset mark may be mistaken for the original
one if the mark setter is unaware of the complete histo-
ry of the control point

Descriptions for tide and water-level stations are
available from the NOS Tides and Water Levels Divi-
sion. Each station is identified by a unique seven-digit
number. The first three digits identify the State or body of
water. A list of these codes is shown in table 2-2.
Station listings are published in NOA4A4 Tide Tables:
High and Low Water Levels (National Ocean Survey,
annual publication) Request the most recent station
reports for all tide and water-level stations in a project
area. Station reports include the name, address, and
telephone number of the station observer, bench mark
descriptions, and a sketch of the station showing bench
mark locations.

Leveling to specific control points may be specially
requested either in the project instructions or by local
agencies The points may include junction points, in-
ternational boundary monuments, airport monuments,

compaction meters, deep-well casings, and monuments of
USGS, State highway departments, counties, and cit-
ies. If the necessary descriptions are not provided with
project instructions, the descriptions should be obtained
from the appropriate agency.

Maps for position plots and logs. Positions of all points
recovered or established must be plotted on the stan-
dard 7'5 series of topographic maps available from
USGS. If 75 maps are not available, the 15’ series should
be used. Because plots are difficult to see on ortho-
photographic maps, maps of this type should not be used.

The US. Geological Survey may be revising or com-
piling new 75 maps for the project area Check with
USGS and request State progress maps, available from
the USGS regional topographic division. Up-to-date
7’5 “bluelines,” which are preliminary compilations
of topographic maps, can then be ordered.

In major metropolitan areas, logs should be prepared
on up-to-date city or county street maps, available from
the Chamber of Commerce, the city government, or
local gasoline stations However, plots must still be made
on 75 maps to ensure consistent and accurate scaling
of positions

2.3.2 Liaison

While routing the leveling line, a mark setting unit
must communicate frequently with the owners, man-
agers, and users of both public and private property.
The purpose of these contacts is to obtain permission
and make detailed arrangements for both mark setters
and leveling units to work in the areas necessary for
completion of the project. In addition, a systematic liai-
son effort may bring to light unugual environmental
conditions or ongoing projects of other agencies which
affect the choice of leveling routes. Maintaining good
public relations is vital to the project.

The project director lays the groundwork for future
cooperation and coordination by notifying the appro-
priate State highway or transportation department in
advance of the project. The project director should send a
letter requesting permission to operate in the right-of-
way zones of the necessary State highways, plus a
courtesy copy of the project instructions. If routes in-
clude railroad right-of-way zones, follow a similar pro-
cedure. The project instructions may list other agen-
cies or individuals to contact.

Immediately after arrival in the project area, the mark
setting foreman should visit officials of the agencies
with which liaison is necessary. To set bench marks of
the best possible quality, visit agencies and individuals
who may provide maps or other specific information
about the geology along the proposed routes. Determine if
surveys exist that should be connected to the national
network and inform the appropriate mark setting units
In addition, make arrangments to obtain sufficient sup-
plies during the project.



NOAA Manual NOS NGS 3, Geodetic Leveling

2-10

9-5L IN  ¥HI1EH
L05.08 9L 0,08
L0 .S 0r R v

HL-Sk-uy

$9607E

"eIE(] j043u0)) [BI1IBA JO Juripenb o Jof joid xapup—e; -7 2undig

61 $ 9
A T St S S O e I s S
S3TIR
L0 adb L0608 L e0b
BE evE \0f $%E
N
L8
5l
17853%
LHYHOHHDY wu.}\
% @,
J 905
q,/
m 1da IS5 15510
gL, i T e e —
o .5z O il 8 aSE
3IESINNIL
+8 o0& +GE o8
KYHYaYId
3QnLIOK0T 62461 30 WMAYQ I¥I{iydA 11130039 IVHCILYR AZAMAS HY320 IWROLLYH
300411V A3ABAS 31136030 IVHOLLYK HGILYHISINEWEY J1HIHASOMEY GNY 1IHY330 TYHOILYE
3LVLS IHL A8 3IHARHOT 30 LNIHLHYGI0 'S N
Gvng

Yivad 10dINO3 V3{1l¥3a



2-11

Chapter 2—Receonnaissance and Bench Mark Setting

*J3YS BIR( [0.JUO)) [EINIIA ~— G -7 3301

1S0d SSINLIM VL3N Vv 40 HLNOS 1334 971 ONY '370d 3NOHdINIL ¥ 40 LSY3HIADS £334 €% '1ivy
153M 3H1 40 LS3M 1333 £2 "2/L C2¢/ "ON 370¢ 40 LSIMHI¥ON-1S3M 1334 ¢ /6 *¢ZZ "ON 3104 40 ISIMHLINGS
1334 011 "1% 1S0d3VIW 40 HIMON SQuVA SR ATILVWIXOHddY S] L1 -G3IAIE3ISI0 SY LHOIH IAL NO X¥VW 3HL 01
W SE°0 HO3 G314 v 40 3903 L53H 3L MOTI04 OGNV HINOS 1431 NEML " ¥3IVHL GYOHTIvVY 3HL 0L 31IW S2°0
Y04 Ov0Y 01314 v NO JS3M INNIINGI “LHOTY 3JHL NO 3SA0H IAVYNIL ¥V OL 3TIH 51°0 ¥04 OvOH H3HLYIH-1TV
NY NO INNIINOD OGNV (LS3M) 1437 KHNL “309v4VO 39vH0LS v ONV 3HOLS A¥3I0H9 ¥ NIIMLID ONINNDE
1437 GvOY 3015 v 01 0"t ¥G4 € AVMHOIH ND LS3MHINON INNIINOD “LHDIY 3HL NO % AYMHDIH 1ddiSSISSIH
0L SITHW 8572 HO4 £ AVMHOIH iddISSTSSIH NO HLHON B9 MYHSNIEI N1 331440 150d "S°N 3L HOH4 HIVIY 0L
-ﬁnuﬂuﬁOnﬂw-q-u-n-unnnautu-uun-A-quuu-u-«-«-o-tu-«-q-h-hﬂhuuuh--«-q-nnuu-N-
JIVAVS--J0 NMOL HO ALl JHL WOM4  HIAGS LW % | --034VIC
did LIS-MOTIWHS--DN1£135
(9661) ¥61 M--ONIdWYLS

rrxrassisassrranznssacaaas OO0B--NOEITANDT  ANN--807 996L--HA srrissarssrensas OHSH--A8 AHIACGIAH sst a4 s s ensasnas
srssansxsaaanss AS[{O NUVW HINIB--3dAl dHYW HNN--d0J 9SHL-~MA stdsssassssrrssasn SON--AH IKIWANCW sssaasssssvsnss

Z500K3--NBX 1060%EN--QVND JEVEi--AINNOY  SH--31VIS 761 M--NO1ivNDIS3D
S13 TSI ATREINAEIIRLIYI RTINS LIy A 3IADIDIH ¥ H Y W HI1 K38 P FE I E A RN EN T I IS F IR ST FCHBEC ST ALY
SNdd 2568745 S5TWS 0047646 SIvD £89°646 270 SIVOW §79-  (133J GLZ €81 ) SHIL3W $H6 LG
(H31IWTIVIOT I H=11gD) (YINHHGE £961) ALIAVHD F3VHHNRS YHIIS ATVHONY (LHOIIH J1413H0HIHO TVHEON)
HIBWNN TYIENZL0d0ID  ALIAYVHS IVWHON J3713C0kK 4319108 §371300M 6261 JABN 3ADBY
TYHHON NOLLIVAZIE - H
MLL-£8-060 NOT-~NO111S0d 9661 --HY3IA 593--A8 03HS5118VLS3 761 M--NOILVNDISIC
NDG-9f-%E  Iv1  XOUdd¥ Q--ALITYND NOILVINIWNNDW 1S1--Y30H0 AHVH HINIA
10861 T--3J8N05
JiVL--ALKA0D {861 --HYIA 5092--48 43isnroy 0861 HdY - 25207 0w 37T1ANI0Y
-Gl IN--WYHIVI] SH--31ViS 626t WNIVE TWIIL¥IA 11130039 TwNOELvh AJAMNS 31130033 TvNOLLivN - SON
10L--3NIT GOLCAOYEN--OVND Yiv0o T0HINOT vI1LlM3A VYOR - 30HIANKWOT 40 INIWiYv4ID s
2590--NG3S

TAIVYL 3015 3HL 40 TIVH 153M 3HL
40 153M 1334 27 QNV XIVHL Nivid JHL 30 v 1S3 3HL 40 LS3M 1334 2°6E S1 &1 “HIVEL 3HL 40 IS3IM H3ld
15¥i4 3R 40 38¥8 3LJUINOJ 3HL 40 33vd HINOS 3HL NI ATIWII1HIA (3S #dYW JHL ONV XIVHL GYOYTivE 3H)
H3AD 390188 IHL OL S3VIW ¢ °2 HO4 £ AVMHOIH NO ES3IMELYON 3NNTINGI “LHOIY 3HL NO % AYMHOIH 12d15S1SSiM
0L S31IH 667/ ¥Dd £ AVMHOGIH 1dd1SSISSIW NGO HLYON 09 MYWSNIYD NI 321440 1SDd S0 3HL WOM4 HIVIW 0L
VEFEERSINLFFRNIFIT RSPRS00 F 855038 58533338338 40333 K+3 50035 F5 30 1S8EREAVE
FIVAVS--d40 NMOL MO0 ALT3 3HL WOH4 a5 W £°0--031¥301
Y3id--98EL1IS
19561) %61 A--ONI1dWV.S

srsaarsrssrsenarnrnnsanssy QO09--NOTLTONDD  ANAN--402 9GhL-~HA ssi1s6veddsssnnsy QHSH««AB AHIADIIH sssssaszrarazaa
sassrassssrazss NS10 MHVH HINIB--3dA: 3HVH AN~ -0 9CHi~~HA 3ss3sssvvsusannsy 90 ~«~A8 INIWANCHK ssssssssssnszas

LSO0HI--NHX £060%EN--0¥N0 31¥1--AINNO]  SH--31viS 761 A--NOILYNDIS3Q
F I TS AT LI LSS EINNIZIFEEIINE AYIALGTIH AHY W H 3 NI sssvavsssossssssrssntzsassssrssa
S 950748 S5IYD 2047646 510 Z28G7 646 6°0 STIVOM L7z~ (1334 6907161 ) SHALIN BEZTHS
(HILIHTIVIOT I N=1dD) (VINHYHO4 £961L) ALTAVHED J0V3unS  YW3IS  ATvHONY CIHOT3H 31H13HOHLHO IVHHON)
H3GHAN IVELINILOd0ID  ALTAVHD TVHHON 313004 4309008 G31300U 6261 GAIN 3ADBY
TVYHHON NOPIvA3I3 - K
MZZ-£1-060 NO1--NOILISDd 9C61--~HVIA 593--A8 d3HS{18v153 Y61 A--NDELVYNDIS3Q
NZw-£8-98 1Y XDHddY  8--AL{TVAD NOILVINIWANCOH 1S1--¥30HO HUVW HIN3B
L0851 71--334N08
JEVE--ALNNOS 2861 --UvY3i 591-~A8 (031S0F0Y 0861 HdY - 26802 QW 3111A%I0Y
9-L1 IN--WYYIVIG SH--3iV1S 6261 HWALYD TYITLH3A 31130039 TYNDILVYN AJAHNRS 11130039 TWNCILYN ~ SON
EOL--3NIT GO1G60YEN--OYND Yivad T08INOD TVYIilH3A YYON - 33H3IWHOD 40 INIWI¥vdIQ SN

ESO--NO3S



NOAA Manual NOS NGS 3, Geodetic Leveling

2-12

SW 00L060%5N
SH 00L060YEN
SH 001060%EN
SH 001060%EN
SH 001 060%EN
SW 00L060YEN
SH 00L060%EN
5K 001L060Y5N
Hy 001060%5N
SW 001060%EN
SH 00L060%EN
SW 00L060%EN
NI 00L060YEN
SH 00L0607EN
SH 001060%9EN
yv 001060EN
uv 001060%EN
5H 0010609EN
SH 001060YN
W 001060%5N
SH 001060YEN
SH 001060%¢EN
SW 001060%EN
SM 00L060%5N
Sk 001060YEN
Sk 001060YEN
Sk 00L060%EHN
SW 001060%EN
SH 001060%EN
N1 00L06OYEN
SH 00LO60YEN
SH 00L060YEN
HY 001L0609EN
o 001060YEN
U 00LOBOYEN
S 00106075N
SH 00L0607EN
Su 00L060%EN
SH 00L060%EN
SHW 00L060YEN

"EJB( [01H0)) [B}I2A Jo JuripEnb ,f 10} saxapul sLawnueyd)y—3.-7 Sty

£047646
3697646
2997646
1897646
2897646

QL7646
1047646
8697646
S0L°646
0897646

2897646
589646
ATAN-T4:)
2047646
697646

6.7 646
9047646
9887646
0897646
897646

9897646
L8397 6L6
L9 646
Y897 h/hH
7897616

2897646
2897646
Z2897°6/6
2897646
I4 VAN .74

1897646
969626
6077646
v0L 646
£99 646

6497646
6497646
£897646
989°646
2997046

18 NSO avno TOHLNOT  ALTAVHD
H3H10  3IV4HENS

90--9d X3IONI 9-6|

IN--WVHOViId

M2 62-06 01 ML 00-06 ANvVdS NOT
N6"6G-%8 0L NI QE-%E NVdS LV]

M66-60-06
M9E-51-06
MEE-22-06
MoY7-11-06
MiL-E1-06

MLO-60-06
Miv-01-06
Kg¥-£1-06
MEZ-£2-06
Mly-11-06

MZZ-£1-06
MGE-71-06
M30-80-06
HLZ-11-06
M26-91-06

MLG-82-06
M2e-22-06
MZG-92-06
Miv-11-06
MZ0-%1-06

MIE~71-06
HSG-62-06
M50-62-06
MRO-2Z7-06
Mgo-892-06

MIO-E£L-06
MLO-EL-06
HOO-£1-06
MOO-£1-06
HOE-Z0-06

M8O-£0-06
MEZ-9L-06
My2-8¢-06
MZ2Z-12-06
MZ2Z2-92-06

MZ¥-11-06
HZ¥-11-06
MEO-%1-06
MEE-¥1-06
HOE-£L-06

IONLTINDT

NIG-66-9¢E
NLG-16-%¢
NPZ-9L-9¢
NyE-28-%¢
NOG-9E-%¢

Né&7~L6-%E
N81-SG-%¢
N9H-0G-vE
NZZ-16-%¢E
NEG-1E-%¢E

NEy-LE-9¢€
N6Z-E%-9E
NGS-6S-VE
NLYy-%5-%¢C
NG7-0G-YE

N6L-8Y%-%¢
NIE-L1&-%¢
NLZ-8E-%¢%
NeO-1£-%¢€
NO7-88-%9¢€

NEZ-4%49-%¢
N20-9%8~%¢
NZ20-9E-vE
NZ2E-ZE-¥E
NZE-ZE-%¢E

NGG-GE-7E
N9S-GE-9¢8
N9G-GE-%E
N9G-GE-9E
NEgv-65-9¢

NZG-G9-%C
N7Z-06-%¢
NiO-6%-%&
NZ9-16-%§
N8Z-8E-%E

NZL-0E-%E
NZL-08-9¢
NOZ-6E-%E
NEO-Sv-%E
NEO-8E-9%

JaNLfLVY

NOT1150d 3LVHIXOdddV

082£21
082¢£2%
082827
LGeGsLT
1oL

LO8SLT
08221
£0Lvan
£01%21
108511

£08s17
108511
L08GL
082821
082N

£0Len
£01%20
G822
108517
LOg51LT

LO8GLY
227001
227001
2240071
22%001

LQ8SLT
t08517
LogsLd
Log8SiT
082£2

082821
082821
£0ivet
£0E%2T
264511

108511
L0961
L0861
L0851
Lugsin

338N0S

089" %9
698709
6967468
£14°68
566766

226729
L9719
241729
L8149
19046

Re2° 8%
627865
GaL 1L
269719
g8y 19

92£°99
712749
20% &%
271746
298764

29 /g
Q8L /6
968" /¢
9187 9¢
LGRS

6lLE746
&lLETLS
292745
2927456
1287 %4

7507 6%
L9719
686786
Lg% /9
LLL7 48

£6L°96
£64°98
06194
90%° 86
GET LG

B 1-EFE
NOILYAZ13

VIV JOBINGD TVIILH3IA

Gl X30N1

J1138VHd WY

151
151
151
151
ist

151
1S3
15t
151
15t

151
151
151
151
151

151
151
151
151
151

151
151
151
151
151

151
1S
iSt
1St
151

151
151
151
151
151

151
151
s
151
iS1

GY0

99461

99961
99961

N%Z61
397261
999461

09961
99961

99/61

I%L61
99961
99961

99961
NI96L
NGI6L
NG96IL
N99¢el

99961
999¢1
999461
99961

99461
99761

59961

99961
99961
99661
99961L
99961

AQ23Y
15v1

6261 WNIYQ IV311¥3A 31130032 TYNOLLVN

Ini6t gvd M LYl
Ivi6t §£2 M GE1
g%261% iEZ2 M 2%
9561 S6L M 29
g9set 6L M 26
Josel E6L MG
iviel £t A 0ul
g9/61 g8 A 281
36261 gl A ELL
09446l Gl A 49
39561 ¥6L A LS
a9sal £61 A 9%
a9sest &Nl
J%i61 £yZ 1 6%l
1761 g2 1 2%
H9.61 elz N f2¢
89/61 glz N ¢2i¢
Jacel g6t 1 591
19661 6t 1 69
a9s6l 960 0 G4
a9s6l £60 0 SE
g NN 35N £%/9% W8L £RL
¢ NN £979% HEL I¥lL
3 3NN 48N S /9y WAL 9{L
G 3NN Syivy WBL %/l
Ges61 350 9%1 V1S 8 WBL §§
assot 991 ¥1S 8 WAL 5%
gesotl SN 9%1 viS ¥ WBL &
02661 9%t VIS ¥ HBL %%
Jvisl 092 L 91
1hi6l evd L 92t
%261 BEZ2 1 1kl
8 ¥NA 612 1 922
B9/6l gl L Lli¢
g9colt 961 L w91
966l 505N 6611 99
g9661 6t 1 99
g9se6l ¥6L 1 4%
49661 £60 1 it
¢ uNn I8N0 LLL 1 8%

G3HS18vVLS53
Y34

NOTIVNGIS3Q NOD3S

0861 ddV - 20802 QW 3T1TIANIOH
AJAUNMS 11130039 TYNOILYN - SON
YYON - JIH3WHOD 40 INIWLYYL3Q $N



2-13

Chapter 2—Reconnaissance and Bench Mark Setting

SH 00Ll060%EN
SH Q0OLO6OYEN
SH 00LO6OYEN
SH 2000 CELOGOYEN
SH 001060%EN
SH 001060%EN
Sk Q0LOG60%EN
Sk Q0LO&OYEN
Sk DOLOGOYEN
SH 001060%ELN
SH 00LO6OYEN
SH O00LC60YEN
SH 00L06OYEN
SH 001060%EN
SK 001060%EN
SH 00LOB0Y%EN
Sk 00LO60YEN
Sk 0O0L060Y%EN
SH 00L060%EN
SH QOLOGOYEN
SH 00L060%EN
SH GOLO6OYEN
S5H 00LO6OYEN
SH 00LOB60YEN
S O01060Y%EN
SH 00L060%LN
Sk 001060%EN
SH 001060%EN
Sk 00LO060%EN
SH O0LOL0YEN
SH 00L060%EN
Sk 001060%EN
Sh D0LO60YEN
Sk 00L060%LN
SH 0OLO60YEN
SH COLOBOYEN
SH 00L060Y%EN
SH 001 060YEN
SH 00L060%EN
SH 0010609LN

IS NSO avno 10

20--9d X3IANI 9-61 IN--HVHOVIQ
Mg 62-06 0L ME°00-06 NVdS NDD
N& 66-%E 01 NETDE-%E NV¥d4S 1V1

9897646
GB9° 646
7897646
H 9897646
9897646

£89°646
£89°646
LE897646
0897646
697 E6L6

2497646
6L9°646
6497646
697646
8497646

0897646
0897646
0897646
1897646
1897646

LB97 646
1897646
2897646
2897646
2897646

2897646
2897646
2897646
2887626
2897646

2897646
2897646
2897646
289 646
£897646

£89°646
£89°646
9897646
¥89°646
6897646

HINGD ALIAVYD
H3HIO 3IvV4ENS

‘Jueipenb ,gg 10) xapur 13pJo Uy —'pL-7 24n8 )

MLZ~£2-06
Hey-22-06
H586-£2-06
MSG6-£72-04
MESC-£2-06

MGL-¥2-06
M28-%2-06
MY6-%2-06
MEL-GZ-06
MOE-S2-06

HeG-62-06
Mi-11-06
M6E-L1~-06
MLG-L1-06
MZy-11-06

ML7-11-06
Miv-LL-06
M2¥-LL-06
Me¥-L1-06
MOL-Z1-06

MOE-21-06
MOE-Z2L-06
MeY-21-06
MIG-21-06
M6G-21-06&

MLO-£1-06
MOO~-E£1-06
MEO-£1-06
HlL-£1-06
H2Z-£L-06

Hye-£1-06
MeE-EL-06
MGL-EL-06
MRE-E£1-06
MiS-£1-06

M20-4%1-06
HBO-¥1-06
HOL-%1-06
MEL-41-06
M2L-%1-06

3ANLI9N07

NOL-ZE-%8
NBL-98-%L
NOG-GE-%E
NIG-GE-%E
NOG-GE-%¢

N&S-%E-%E
NEL-%E-9%¢E
NEL-CE-%E
N22Z-28-%¢
NEE-LE-%¢E

ROE-0E-9E
RLO-0R-%E
NOL-0E-%E
NLL-08-~%E
NZE-0%-%¢

No0-1E-¥E
NEG-LE-%E
NEO-2E-%E
NYE~28-78
NRZ-EE-%¢

N6O-%E-%E
NRO-%E-%E
NEY-%E-%E
NOQ-GE-¥E
N6E-SL-%L

NOG-CE o8
NOS-GE-%E
N6S-GE-YE
NOS-9L-%E
NL-2E-%E

NLO-BE-7E
N90-8E-%E
NEO-BE-%E
NOL-BE-%¢E
NGZ-8E-%E

NOY-§E-9E
NOZ-bE-%E
N9L-0%-%E
N9O-E%-%E
NOG-E%-%¢

FANL1iv7

NOFLISOd F1VHIX0HddY

08221
082821
082821
082821
082821

082£2Z7
082827
087821
082827
0g2e2n

082E2T
§92.00

LOBSLT
108611
LGBELT

108611
108G
92400

LOBSLT
LOBSLT

LOBSLT
LOBGLT
L0861
LORGET
92.00

LO8SLY
F0BGLT
108617
108611
108611

£OgSLT
£08SL]
1086117
L0%S1T
92200

LOgGLET
LOBGET
10857
108611
L086LT

FJuN0s

i82°46
566748
064746
£24°26
120°8¢%

£987°9%
091766
GeL798
L6065
298" %8

9677 9%
6l97 45
168796
188796
£64°956

721748
190746
908 &¢
E1L766
969796

G28°09
620719
618798
L8796
g94°6¢

6bLE L8
2927465
48695
S66°66
BEZ2° 86

¥68°9¢C
666795
968746
£6/7 88
299794

298765
091755
£95°9%
889°94
682748

(SHIL3INW)
NOI1LVAZN3

VivQ TOHINOI TvIT1H3IA
SIN3EINGD 40 1517

151
151
181
151
151

151
15t
ist
1St
151

151
151
151
151
151

151
151
151
151
is1

5%
LISt
1St
15t
151

is1
151
151
151
151

151
151
151
i85t
1313

15t
154
ISt
18t
18t

auo

9461
dvi61
HAFA
29461

NGG61
4961
99961
99961

29961t
9996t
X996t
39961
99961

99961
99961
99961
99961
N9S61L

99961
99961
99961
99961
09961

99961
39961
29961
9961
X996¢

99961
99961
99961
99961
99961

AGJ3Y
L5V

6261 WNLYO WITLHIA 31130039 TVNOTLVN

J9i61 EyZ 4 0%
J9chl ZY NOLAVID 64
J9561 Z HY NOIAV1D 8¢
34961 NOLAVTY 44
39661 1 WY NOLAVIZ 94
89261 Gy I &4
avs6t Cye 3 %4
Jvibi C¥e 4 &4
RAFA:Y 692 Q0 24
q7461 tve2 3 14
BY/61 Cve H 04
G ANTI Z NODW 3J1343N03 69
Gr061 £f Sld B89
gocel 61 S .9
a9%6l 6L 1 99
09561 el 1S9
d9s61l 56l A 49
Q ANR 2t Sid £9
a9sel 6l #1029
09gel G861 X 9
ByE6i 46t H 09
10961 El-%1-d 66
4966t G660 A 26
J95661 6L 2 £E
3 OaNf £¥L 9%
Qesél 97l V1S 8 WBL 6§
Qesel 9¥L V1S V WBL %S
Q9461 ol W L6
gosel ¥6L M 26
39561 6L A 1§
ago6tl 0t Sid 0§
89661 el 4 6%
{0 NN ZLL L 8%
0 NR gtL 1 2%
d MNA 9%l 9%
g9561 vel 0 Sy
09661 961 L %Y
assel 61 § &Y
09561 ¥6l ¥ 2%
89561 el 3 LY
(3HSIBYLES3 NOILVNDIS3O NOD3S
HY3A

0861 ¥d¥ - 26802 OW 311IANIOH
AJAHNS 31130030 TYNDILYN - SON
YYON - 33Y3WKO0DI 40 INFHLI¥Yd3Q sn



2-14

DESIGNATION

bbbbb}-}bbbbbbbbb&bbbbbbbbbbbbbbbbbb}ﬁ}hbbbbﬁb‘}}bbbbbb

10

16 AZ MK

10 BH
10 RM 1
10 RM 2
11

113

115

124

1258

136

137

138

139

140

141

156

158

le RM 1
16 RM 1
16 RM 2
16 RM 2
16 VITR
161
162
163

A

B
a

163 RESBET

165
168
169
178
179
180
181
152
182 RES
25
26
27
28
29
297
299
g2
303
380
395
409
436
437
84
85

ET

VITRO
VITRO
VITRO
VITRO

1964

1962

NOAA Manual NOS NGS 3, Geodetic Leveling

ACRN #
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Figure 2-8a.— Listing of syneptic file.
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Figure 2-8b.— Listing of syneptic file.
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Table 2-2.—Location codes for tide and water-level stations

States Codes Siates Codes
Alabama (AL) 873 Montana (MT) 93t
Alaska (AK) 945 Nebraska (NE) 924
Arizona (AZ) 438 Nevada (NV) 936
Arkansas (AR) 881 New Hampshire (NH) 842
California (CA) 341 New Jersey (NI} 853
Colorado (CO) 914 New Mexico (NM) 937
Connecticut {CT) 846 New York (NY) 851
Delaware (DE) 855 North Caroling {NC) 865
District of Columbia (DC) 859 North Dakota (ND) 922
Florida (FL) 372 Ohie {OH) 892
Georgia (GA) 867 Oklahoma (OK) 927
Hawaii (HI) 161 Oregon (OR) 943
Hahoe (ID) 932 Pennsylvania (PA) 854
Hlineis (IL) () Rhode Isiand (RD) 845
Indiana (IN) 845 South Caralina (8C) 866
lowa (IA) 912 South Dakota (SD) 923
Kansas (KS) 923s Tennessee (TN} 882
Kentucky (KY) 833 Texas (TX) 877
Louisiana (LA) 876 Lhah (UT) 935
Maine (ME) 841 Vermont {(VT) 843
Maryland (MD) 857 Virginia {VA) 863
Massachusetts (MA) 844 Washington (WA} 944
Michigan (M) 901 West Virginia (WV) 864
Minnesota {MN} 91) Wiscansin (W) 902
Mississippi (MS) 874 Wyaming (WY) 933
Missouri (MO} 884 United States 83x

Channels Codes Lakes Codes
St Lawrence River B31-lxxx Lake Champlain 843-1axx
Miagara River 906-3xxx Lake Ontario 905-2xxx
Detroit River 904-4xxx lake Erie 906-Ixxx
St Clair River 901-4xxx Lake St Clair 203-4xxx
Saginaw River 901-xxxx Lake Huron 807-3xxx
Grand River 908-xxxx Lake Michigan 908-Txxx
Chicago River 896-1111 Lake Winebago 502-02xx
Fox River 902-01xx Lake Supetior 909-Fxxx
Milwaukee River 802-03xx Rainy Lake 911-01xx
St Marys River 907-6xxx Lake of the Waods 911-09xx
Rainy River 911-05xx

A mark setting unit should also contact officials of
the local highway districts, county and city transpor-
tation departments, Indian reservations, and other public
and private agencies as required when traversing their
property. Ask district officials about current and pro-
posed highway widening projects. Enlist their assistance
to avoid the effects of such projects when routing the
line. Learn the construction details of culverts and brid-
ges, and the locations of bedrock Often, local officials
can point out or specify existing monuments that will
be destroyed, assist in recovery work, and recommend
suitable locations for new bench marks.

Since highway right-of-way zones are often occupied
by gas, water, or sewer pipelines, and electric or tele-
phone cables, determine the location of such utilities
before installing a monument. Look for signs marking

pipelines or cables and obtain the assistance of a
representative from the local servicing office if a rod
must be driven near a pipe or cable,

Although most vertical control points are located on
public land, occasional points may require that a pri-
vate property owner or manager be approached as well.
Sometimes, in addition to the owner’s permission, spe-
cial information must be obtained, such as the age and
construction details of a building or the presence of
active irrigation wells adjacent to a proposed monument
site. When ownership cannot be readily determined,
consuit the county Recorder of Deeds. Never search
for or establish a control point without first obtaining
the property owner's permission.

When requesting permission from property owners
to use their property, give them a fact sheet that de-

{
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scribes the purpose of the survey. The fact sheet should behave in a respectful and tactful manner and obey the
also explain how the monument will be constructed and homeowners’ wishes concerning the use of their property.

the importance of the monument to the vertical control Maintain a record of each contact made, including
network. An example is shown in figure 2-9. Always the designations of the relevant control points and the

UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL DCEAN SURVEY

Rackville. Md 20852

NATICONAL GEODETIC SURVEY - INFORMATION NOTICE

The National Geodetic Survey (NGS), an office of the National Ocean
Survey, NOAA, Department of Commerce, will be conducting a Geodetic

Survey in your area in the near future. In preparation for this

work, NGE field units are now installing survey peints, known as bench
marks, at intervals of approximately one mile along major highways and
other thoroughfares. These bench marks will be tied to the national
network of thousands of similar points throughout the United States

which form the framework for a precise network of vertical econtrol stations
(points of precisely known elevations). This survey work is undertaken at
the request of Federal, state, and local agencies for use in such projects
as mapping, resource management, f£lood control, crustal motion studies
{geodynamics), space exploration and large-scale engineering projects.

At selected locations throughout the country, special high guality bench
marks are being established as part of a seven.year program to redefine
the entire national geodetic vertical control network. These

marks often take the form of brass disks cemented inte bedrock outcrops
or large buildings. Where this kind of mark is not feasible, a special
truck-mounted drill is used to install a sleeved rod bench mark (as
described in Figure 1.} Due to the stringent accuracy reguirements
placed on the elevations of these bench marks, particular care is taken
when they are established. The mark must be well constructed, unlikely
to be disturbed, and accessible to the general public.

Because of the above considerations, selection of an acceptable site is
crucial. Thus, it is often necessary to rely on the public spirit of land
owners for permission to establish survey stations on private property.

It is the policy of the National Geodetic Survey to install bench marks
only upon the informed consent of the property owners. An NGS bench mark
can provide a valuable public service, and enhance property values by
serving as a reference for any surveying done in the immediate area.

Once it is installed the elevation is precisely determined by a Rational
Geodetic Survey vertical control party. This elevation is then published
along with the description of the physical location of the bench mark

and its position (latitude and longitude). The bench mark then takes

its place in the national network as a basic reference point for a
variety of surveying, mapping, planning, engineering and scientific
applications,

Enclesure

Figure 2-9a.—Form letter distributed to property owners,
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NATIONAL GEODETIC SURVEY
VERTICAL CONTROL MARKER

In 1978 the National Geodetic Survey
(NGS) introduced a new, improved bench
mark into the National Vertical Control
Network. The reference point for the eleva-
tion is the top of a stainless steel rod. The
rod is located inside a protective aluminum
casement that bears the NGS logo and the
stamped bench mark designation. Users can
obtain access to the rod by lifting a hinged
access cover.

The bench mark is designed to prevent
near-surface soil movements, eg. frost
heave, shrinkage, swelling, from disturbing
the mark. This is accomplished by encasing
the rod in a lubricated sleeve to the depth of
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expected soil movement and by anchoring
the rod in the soil below.

Top and side views of the bench mark are
depicted below. Additional information
about this mark can be obtained by writing
to the Director, National Geodetic Survey,
Naticna! Ocean Survey, NOAA, Rockville,
Md. 20852.
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Figure 2-9b.—Form letter distributed to property owners.

private owners and public managers as a courtesy. Re-
quests for survey results and elevation data should be
referred to the National Geodetic Information Center.

name, address, and telephone number of the individual
coniacted. Upon completion of the project, this record
is used to send published descriptions of the points to
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2.3.3 Routing Specifications

The actual routes to be foliowed by the lines of a
geodetic leveling project depend primarily on the pur-
pose of the project, as do the types and spacing of con-
trol points along each route. Given in this section are
routing specifications appropriate to lines of the Na-
tional Geodetic Vertical Network.

Junctions. Lines in a netwaork begin and end at clus-
ters of control points called junctions. In a large net-
work, considerable time (sometimes several years) may
elapse between the completion of one line and the start
of another; therefore, the monuments at junctions must be
permanent and stable The most desirable locations for
junctions are areas without significant subsidence or
uplift relative to a majority of the area covered by the
network. Though cities often serve as the logical inter-
sections for lines routed along highways, cities may not
be the best jocations for junctions. Locate a junction in
the most stable zone possible, even if it is necessary to
detour as much as 10 km (6 mi) from the logical inter-
section of the lines. (See the examples in fig. 2-10.)

To establish the junction, recover or set three con-
trol points of the best possible quality. Locate them at
intervals of at least 0.5 km {0.3 mi) This Hmits the
possibility that they might all be affected by the same
local disturbance. At an international boundary, locate
the points along the border, if possible, so they are ac-
cessible to surveyors from either country. All three points
must be leveled in every line beginning or ending at the
junciion.

At the end of the field season or project, if the leveling
along a line must stop at some location short of the ending
junction, the location should be chosen carefully and
monmented with three control points of the best possible
quality, as described in the previous paragraph. These are
not strictly considered to be junction points, but they
should be releveled for a tie when the line is resumed.
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Figure 2-10.—Network junctiens.

Routes. The mark setter must weigh many factors
when routing the line. Paramount among these are the
permanence, stability, and accessibility of the control
points. Choose a route which permits the greatest pro-
portion of control points to meet these standards. Since
the lines of the national network are, for the most part,
already in place, routing typically involves recovering
or relocating an existing line.

In the past, lines of leveling usually followed ratlroad
right-of-way zones, which often provided the only ne-
gotiable path through undeveloped areas. Today, these
zones are not always accessible or convenient o the
person who will be using local vertical control. The im-
provements in mark setting and leveling efficiency made
possible by the use of vehicles depend on greater accessi-
bility. Therefore, whenever a railroad does not have a
continuous access road available to both public and pri-
vate surveyors within five leveling setups (at the most
0.5 km or 0.3 mi), relocate the line to the edge of a
highway right-of-way zone which parallels the railroad.
Special connections should be made to the existing line.
{(See sec. 2.3 4, “Previous surveys.”)

In the vicinity of an interstate highway or other con-
trolled access roads, whenever possible, route the line
80 it is accessible from parallel roads outside the right-
of-way fence. Avoid routing the line along the proposed
route of a new highway, but if this is unavoidable, route
the line as close as possible to the edges of the proposed
right-of-way zones

Leveling experience is helpful when selecting a route
across rough terrain or through congested urban areas.
Unlike a control point for triangulation, a control point
for leveling must be readily accessible by land from the
points that exist before and after it in the line. Avoid
routing the line through short, extreme changes in ele-
vation, such as down gullies or up and over embank-
ments. When a monument must be set in such an in-
convenient location to ensure permanence and stability,
note the most efficient leveling route on the log.

If an obstacle is encountered that cannot be crossed
by ordinary leveling~-such as a river, bay, mud{lat,
marsh, or deep ravine—a “‘river crossing” technigue
may be required. This procedure may also be required if a
bridge cannot be leveled across, either because it is sub-
ject to intense vibration or because traffic cannot be
stopped for the length of time necessary. See sec. 4.2.1
for selecting and preparing river crossing sites.

Spurs. Portions of line that branch to control points
not in the main line are called spurs. Spurs end on points
not otherwise connected to the network, unless they are
routed to make connections with previous surveys. Avoid
creating spurs of less than 1.0 km (0.6 mi). Control
points located closer than 1.0 km should be leveled as
part of the line.

If routing a new line along an existing line that includes
spurs, the spurs may be excluded unless ihey provide
access to contro} points of unusually high quality or they
are specified for inclusion by the project instructions.
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Control points. The spacing between control points
in the national network should average 1.6 km (1.0 mi).
In dense networks, designed to measure such phenomena
as movement near faults or local subsidence, spacing
should average 1.0 km (0.6 mi) or less

The distance between any pair of control points may
normally range between 1.0 and 30 km (0.6 and 19
mi). In municipalities, housing or commercial zones,
and other areas of intensive development, shorten the
spacing to 1.0 km. In rural areas, with gentle terrain
and only infrequent periods of windy or stormy weath-
er, spacing may be increased.

If a portion of the line must follow a steep grade,
space the control points to limit the number of leveling
setups required 1o 40 or less. If the steep grade extends
over several kilometers or the entire line, adopt an av-
erage spacing which corresponds to the slope. Estimate
the slope (elevation difference divided by distance) from a
topographic map and consult table 2-3 for a suitable
spacing.

Control points should be marked with monuments of
the best expected quality. However, new monuments
of the best quality may be the most expensive and time-
consuming to set Furthermore, existing monuments of
lower expected quality historically have often performed
well and should not be removed from the line unless
they are in unsatisfactory condition. Consequently, best-
quality monuments need not be installed at every con-
trol point. Unless project instructions specify otherwise,
recover or set a monument of the best possible guality
at the following locations (fig 2-11):

I. At network junctions, including international
boundaries (set three monuments).

2. At one or both ends of a portion of line not to be
leveled to both junctions during one field season
(sct three)

3. At the base of a spur or spurs connecting a previ-
ous survey that intersects the line (set one).
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Figure 2-11.—Locations for monuments
of the best possible quality.

4. At the base of a spur connecting a primary tide
station (set one)

5. At a primary tide station (set one).

6. At least every 16 km (10 mi) along the line (set one).

2.3.4 Connections

To provide a common frame of reference in which
elevations may be computed, two or more ties should
be established between the line or lines of every level-

Table 2-3,-Spacing control points along slopes

This table is based on a change in elevation of 2 m (6 f1) during each setup,
the normal maximum when follewing the specifications for geodetic leveling given in chapter 3.

Slope Maximum leveling sighting distance Maximum distance between control peints Recommended average spacing
{percent) m (ft) km (mi) km (mi)
1 Maximum tolerance JO(LY) 161 0)
2 50 (164) 301 9) HEXARY)]
3 33{108) 27(¢7) LN
4 25(82) 20(12) (0 8{05)
5 20 {66) 16(1.0) 06¢04)
6 16 {52) 13(0.8) 0503
B i2(39) 10(0.6) 04(0.25)
10 10 (33) 08(05) 0.3¢0.2)
t3 6 (20) 0501 0z2é01)
30 31010 03(02) 010 03)
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ing project and the National Geodetic Vertical Network
A tie consists of two or more control points that, after
they have been ieveled and checked, connect a line to
a previous survey

When routing the lines of a project, connecting points
must be recovered to permit ties to be made that span
the area of the project. To the extent that they serve the
purpose of the project, connections should also be routed
to other types of control networks Given next are specifi-
cations for connections to be made when routing lines
of the national network. The requirements are summa-
rized in table 2-4.

Previous surveys When lines of a previous survey
are releveled or intersected as part of a project, the ties
established permit the previous survey to be readjust-
ed and brought up-to-date with the current work

If all or part of an existing line is to be releveled,
route it by recovering the control points as they are
described in the vertical control data. 1f the existing
route is no longer accessible (as is the case with many
lines following railroads) and the line must be relocat-
ed, recover the points of the best quality and include
them in the new, parallel route. If possible, include such
points at the following intervals along the line: 5 km
(3 mi) if the distance separating the new and old routes
is less than 0.5 km (0.3 mi), 10 km (6 mi) if the separa-
tion is between 0.5 and 2.0 km (0.3 and 1.2 mi), and
20 km (12 mi) if the separation is greater than 2.0 km
(1.2 mi). (See [ig. 2-12)

Make a connection whenever the route intersects a
line of a previous survey. If both current and previous
surveys are of first-order precision, recover at least
three control points that were leveled during the previ-
ous survey. Connect them with a spur (or spurs), recover-

ing or setting a monument of the best possible quality
al or near the point where the spur joins the main line
(fig. 2-13) All three points must be leveled to estab-
lish & tie If either or both of the surveys are of less than
first-order precision, recover at least two control points
for the connection.

Often “area surveys” are encountered, where 1wo or
more lines of a previous survey are intersected. In this
case, make connections by recovering at least one con-
trol point from the previous survey at each intersection
(fig. 2-14) At least three such points, spanning the
area of the survey, must be leveled to establish a tie.

A local survey of good quality that has not previously
been included in the national network may be connected
by following these procedures. Consult the appropriate
local officials to obtain descriptions of monuments that
might serve as connecting points.

Do not extend a spur more than 8 km (5 mi) to make a
connection to a previous survey, unless special project
instructions apply.

Tide and water-level stations. Connections between
the national network and primary tide stations are es-
sential to compare and relate elevations to the sea-level
surface at various points along the coasts of the United
States. Similiarly, connections to water-level stations
permit elevations to be obtained for the mean lake level at
various points along the shores of the Great Lakes Proj-
ect instructions should provide a list of tide and water-
level stations to be connected.

Numerous secondary and tertiary tide and water-level
stations may be located near a line routed along a shore.
Unless project instructions specify otherwise, connect
these only if they are no more than 4 km (2.5 mi) from
the line.

Table 2-4.—Requirements for connections

Connection

Miniminn number of
Spacin, connecting points
B

Previous surveys:
Parallel, 0.5 km (0.3 mi) or less away
Parallel, 0 5t0 20 km (0 3 10 1 2 mi) away
Paraltel, more than 2 0 km (1.2 mi) away
Intersected, first-order line
intersected, second-order iine
Intersecied, area survey

Tide ard water-level stations:
Primary
Secondary
Tertiary

Active airports

Gravity stations
Horizontal controf and three-dimensional stations

Every 5 km (3 mi}
Every 10 ki (6 mi)
Every 20 km {12 mi)

W B L em ot e

At every intersection

At every intersection

At two intersections that span the area

At every station 5
At stations less than 4 km (2.5 mi) away 3
At stations Jess than 4 km (2.5 mi) away k!

At airports not leveled
before and less than 4 km (2 5 mi) away 1

At every station 1
Al stations not leveled
before and less than 4 km (2 5 mi) away |
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Figure 2-12.—Connections to parallel surveys.

Each primary or secondary station should have a clus-
ter of at least five control points, a staff or electric-tape
gage for measuring the height of the surface of the water
relative to the points, and a water-leve] recorder that
operates continuously. Obtain descriptions from the most
recent station report. Contiact the station observer to
make arrangerments for the leveling unit to level to the
staff or gage. If no monument of quality A (sec 24.4) is
present at a primary station, set one. Connect the points to
the main line with one spur, recovering or setting an-
other mark of quality A at the point where the spur
joins the line

Airports. Connections to control points at airports
provide elevations for aeronautical charting. If such
points have already been leveled as part of the national
network, they need not be releveled. Connect an active
airport not previously leveled only if it is within 4 km
(2.5 mi) of the main line, unless the connection is spe-
cifically requested in project instructions. Recover or
establish only one control point, near the terminal build-
ing, if possible, or at the entrance to the airport. To
locate an existing control point or to establish a new
one, check with a responsible official at the airport.

Other control. Leveling connections to control points
for gravity, three-dimensional, and horizontal networks

are important for monitoring crustal motion and for
continual development of a unified, precise, global
positioning system

Relative measurements of gravity are made at many
control points of the vertical network, so special con-
nections to gravity stations are usually not necessary.
However, connect stations where repeated measurements
of absolute gravity are made, when they are listed in
project instructions.

Instructions should also list any three-dimensional
(“satellite™) and horizontal stations that are to be con-
nected Otherwise, connect these stations only if they
have not previously been leveled, are within 4 km (2.5 mi)
of the line, and are readily accessible to the leveling
unit. Consult the appropriate Geodetic Control Diagrams
to determine if such stations are near the line.

At these types of stations, more than one monument
may have been established. Consult the horizontal control
data or other descriptions that have been provided and,
if practicable, include all the monuments in the line.
For example, horizontal control stations normally in-
clude a station mark, two or more nearby reference
marks, and an azimuth mark a few tenths of a kilome-
ter away If a spur is necessary, route it over all the
monuments; avoid creating a “spur-on-a-spur.”
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Figure 2-13.—Connections to intersected surveys.

2.3.5 Records

While routing a line, the mark setter must prepare
numerous plots, descriptions, and logs, alt critical to
the future recovery and leveling of the control points.
Plots and descriptions identify and provide permanent
instructions for reaching the individual points; these are
discussed in sections 2.4.3 and 2.4 4. Logs provide specif-
ic instructions to the leveling unit for leveling the line.

Logs. The logs must include clear and concise instruc-
tions that enable a unit to level efficiently to the con-
trol points along the route. Sometimes simple handwrit-
ten lists are sufficient, which briefly describe the loca-
tions of the points by providing driving instructions and
measurements from the most obvious reference objects,
Working position plots should be supplied with such
logs. More convenient as logs are the working plots them-
selves, on which the plotted points and routes between
them are briefly described (fig. 2-15). Prepare logs on
working plots as explained here.

As each control point is recovered or established along
the route, plot the control point on the appropriate to-
pographic map. Provide a brief description by giving
measurements {0 a witness post and other landmarks,
the height of the point relative to the ground, any spe-
cial leveling procedures required (such as for a verti-
cally mounted disk or one requiring the use of spacers)
and any special permission or contacts needed. If the
monument site is cleared and marked with flagging, only
a few of the most useful reference objects and distances
supplied in the description need be noted on the log

Use a broad, light-colored pen to connect the points
in leveling order on the topopraphic map. Note the dis-
tances and the most efficient routes between them. Label
a spur intended to tie a previous survey with the acces-
sion number of the survey. Whenever points are grouped
in clusters that may cause confusion, attach a large-
scale sketch. Tide and water-level stations nearly al-
ways require such a sketch; attach the station reports if
possible. In an urban area, a large-scale city map
may provide better information than a topographic
map; however, a city map should not be used to scale
positions.

After each map is completed, scale the positions of
the points and assign survey-point serial numbers, taking
care to match them with the correct designations.
(See sec. 2.4.4, “Survey-point serial number.”) Label
the lower right-hand corner with the line number and
a number corresponding to the location of the map
in the hine. Fold the map, printed side out, to a con-
venient size.

Submitting records to the project office. Keep all
mark setting records up to date as work proceeds along
a line. Use the Index to Topographic Maps as a check-
off list of the maps completed (fig. 2-6).

Collect and bind, in line order, descriptions of all
points to be leveled, and label the binder with the line
number. Bind descriptions of points not to be leveled as
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Figure 2-14.—Connections te an area survey.



NOAA Manual NOS NGS 3, Geodetic Leveling

o e

Carlron
o HighSeh

PEN
! S

CORPORA
RGAD - 582 G
us’ N ¢ wooppu.
/ : ]
Y95 sw FIRE HYyORF

N
5: £ W.PoST, . } _
RoD 1N H" METHL -EL 8 g *
- R " ""'-____M\ l N
i

C Fol \1\ o
- [ . [N B \
HURON . I RIVER EML% FM i ﬁ’_Sturgeon Bar - AN
Wesar WK ELARPOLE ) . N

L

B R el

Figure 2-15.—Map prepared on a working plot.



Chapter 2—Reconnaissance and Bench Mark Setting 2-25

each 30" quadrant of vertical control data is complet-
ed. Label these binders with the quadrant numbers. Sub-
mit the binders to the project office together with logs
and smoaoth plots covering the same area

2.4 Vertical Control Points

More than 500,000 points define the lines of the
National Geodetic Vertical Network. To mark these
points, monuments of many types have been set. Most
of these are bench marks—monuments designed to pro-
vide permancnt and stable points within the vertical
frame of reference. The remaining points are marked
by monuments originally designed to provide other types
of control.

When routing a line of a leveling project, after exist-
ing control points are recovered, bench marks must be
set to complete the routing requirements described in
the previous pages. Properly recovered and set control
points are the most important product of the mark set-
ting unit. They must be permanent, stable, accessible,
and properly described.

2.4.1 Control Point Recovery

An efficient recovery effort depends on adequate prep-
aration and organization, as well as skill and experi-
ence at interpreting previous descriptions and prepar-
ing new ones. In addition to recovering or setting con-
trol points for the lines assigned by project instructions,
NGS mark setting units are sometimes expected to re-
cover and prepare descriptions for all points listed in
the NGS data base and located in the area covered by
the 7°5 maps that include the lines.

Preparation. First, collect and organize the data for
existing control points along the line to be routed. Deter-
mine the topographic maps to be used and, if possible, plot
the positions of the points to be recovered. As reminders,
note on the maps the locations of line junctions and con-
nections to be made with previous surveys, tide and water-
level stations, active airports, and other control. Make
arrangements lo meet with appropriate officials to obtain
permission and assistance. While recovering the points,
keep track of their spacing, condition, and quality, noting
where new bench marks should be set.

Recovering a control point. Follow the instructions
given in the description for reaching each control point.
Often a witness post and sometimes the monument can
be seen from the vehicle after driving to the described
location. However, this type of sighting is not an ade-
quate recovery.

Before reporting a point recovered as described, be
sure that the monument found is in fact the one pre-
viously described. Observe the stamping on the mark
and check that it agrees exactly with that given in the
description. Check the measurements and directions
from nearby reference objects. If necessary, install a
new witness post and make measurements to additional
reference objects.

If the point is to be leveled, clear away brush or
obstructions, install footholds for the rodman, and do
whatever else may be necessary to make it accessible
to the leveling unit. A disk recessed in concrete may
not have sufficient clearance to permit a standard lev-
eling rod to be set on the highest point. Note in the log
that spacers will be required to level to such a point.

To assist the unit in finding the point, tie a single
piece of brightly colored flagging at eye level around a
nearby witness post, utility pole, tree, fence, or guard-
rail. Chalk may be used to draw attention to a mark set
in stone or concrete, but only with the property owner’s
permission.

Before leaving the site, plot and identify the exact
location of the control point and prepare a description.
The type of description prepared depends on the type of
control which will be provided by the point. For example,
a point that is to provide both vertical and horizental con-
trol must have two descriptions, one for each part of the
data base. Vertical control descriptions are discussed in
sec. 2.4.4. Horizontal control descriptions are discussed in
the Federal Geodetic Control Committee publication,
Input Formats and Specifications of the National Geo-
detic Survey Data Base (Pleifer 1980: vol. I), the Na-
tional Geodetic Survey Operations Manual (Greenawalt
and Floyd 1980), and C&GS Special Publication 247,
Manual of geodetic triangulation (Gossett 1959).

When recovering a relocated point {“reset”), confirm
that the original monument has been destroyed Search
for both monuments if both descriptions are available.
Since the two are likely to be close together, take care
that they are not confused. Prepare a separate descrip-
tion for each monument.

If a control point apparently cannot be recovered,
recheck the description, especially the starting location,
distances, turns, landmarks, and supplemental notes.
Compare distances to those given for points located
immediately before and after it in the line. To find a
likely site, compare elevations from map contours to
the published elevation for the point. Look for remnants
of flagging, signal cloth, wood, witness posts, or con-
crete. Pinpoint the likely location of the mark by measur-
ing from the reference objects, then clear away any brush
and dig. A metal detector may be helpful. Never report
a monument destroyed unless enough of the meta! sur-
face is recovered for positive identification. If no iden-
tifiable part of a monument can be found, report in the
station description that the monument was not recov-
ered and note the amount of time spent searching.

Destroyed bench marks. If a destroyed or severely
damaged NGS bench mark is recovered, NGS employees
or other agents designated by the agency may remove
what remains of the monument from the site. Report
that it is destroyed in the description and return marks
bearing a stamped designation to the project office for
disposal. Report destroyed or damaged monuments of
other apencies, but do not remove such monuments unless
the agency specilically requests it.
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Occasionally a monument that is scheduled to be de-
stroyed (e g., during highway widening), or one that is
unlikely to prove reliable in the future because of low-
quality construction (guality D} or poor condition, is
recovered. Set a new bench mark of better quality in
the immediate vicinity and route a2 spur from the new
mark to the old. After the spur has been leveled and
checked, destroy the old monument if the responsible
agency so requests, and prepare a new description ac-
cordingly. If an unreliable monument is not destroyed,
be sure 1o note in the original recovery description that
it is not recommended for future geodetic leveling.

The cap-and-bolt is an example of a type of monu-
ment likely to prove unreliable because of its con-
struction. The monument includes two control points,
a bolt set in concrete 1 to 2 m beneath the ground sur-
face and a cap on a pipe extending to the surface from
the bolt. In the past, both points were leveled from a
temporary bench mark set nearby and three elevations
were published (cap, bolt, and reset cap) This practice
was very costly and has been discontinued. Because the
monument is of quality D, replace it as described in the
preceding paragraph Since standard leveling rods are
too wide to fit inio the pipe, instruct the leveling unit to
level only to the cap.

2.4.2 Bench Mark Setting

Only bench marks of the best possible quality (A or
B) should be set to complete routing requirements for a
line. The mark sefting manual provides instructions for
selecting sites and constructing such monuments. In-
formation presented here is intended to supplement and
update the manual.

NOAA Manual NOS NGS 3, Geodetic Leveling

Designations for bench marks. Only NGS employees
and agents may set brass disks and aluminum flanges
precast with the NGS logo. Such marks must be stamped
with designations supplied by the agency in project in-
structions or via computer. Each designation includes
a letter of the alphabet and a number, up to four digits.
It should be unique among all the designations in the
State where the control point is located.

Designations are normally assigned to an individual
mark setter in a quantity sufficient for the line to be
routed Several series are normally assigned; each in-
cludes one number and 24 letters of the alphabet. {("I”
and “O" are omitted because they may be confused
with 1" and “0".) For example: A 200-km leveling
line, with the space between control points averaging
1.6 km and the recovery rate expected to average 50
percent, requires approximately 63 designations or three
series, such as A 123 through Z 123, A 124 through Z
124, and A 125 through Z 125,

To avoid duplicate designations, keep a record of all
designations that have been used (fig. 2-16). If a mark
is set that bears a stamping duplicating that of another
mark in the same State, stamp it with the letter “X”
following the number if it has not been leveled. For
example, “C 124" becomes “C 124 X.”" Be sure to cor-
rect the plots, the description, and the log. If the dupli-
cation is discovered after the mark has been leveled,
do not stamp the mark but notify the project office.
(See sec. 3.3.3, “Synoptic file comparison.”)

Site selection. Set bench marks in bedrock whenever
possible. In a region where expansive soil or local sub-
sidence is prevalent, extend a spur as much as 4 km
(2.5 mi) to set a high-quality bedrock mark.

RECORD OF BENCH MARK DESIGNATIONS
ASSIGNED BY MARK SETTER

STATE_C PLIFOR N (A
PROJECT NGVD REGION 6

MARK SETTER JOHN SMATH

YEAR_19§0

Number |A|B|CIDE|F|GH|J KIL MINIPIQIR|S|T|U|VIWIX]Y]Z
193  IX I I I I BCIX I e ICICTX XWX I XXM [ X
BETP

Figure 2-16.—Example of bench mark designations assigned by mark setter.
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Do not set disk

On abutment
on wingwaIE) V/

/On pier

N —

Avoid setting
disk vartically

AW : Qn pile cap .

Do not set disk

/en deck

":L_

END-BEARING PILES
Figure 2-17.—Foundation types of massive bridges,

When selecting sites for monuments, remember the
length (3 m or 10 f1) and width (7.6 cm or 3 in) of the
standard leveling rod. Avoid setting marks that are awk-
ward to level, such as those skeiched in figure 3-78
{chapter 3). When setting a disk in bedrock, chip away
the surrounding rock and level the disk so the highest
point corresponds to the center of the disk. Hold a car-
penter's level vertically, as though it were a miniature
leveling rod, to test this. If a disk must be set vertically
in a structure, place it about 1.0 m (3 f1) above ground
and make sure the long line at the center is horizontal.

Massive bridges. A massive bridge across a wide river
or valley or an overpass of an interstate highway may
provide a high-quality site for a disk. Such a bridge
normally has five structural members. The deck is the

surface on which vehicles are driven. It is made up of

several sections, separated by expansion joints, and is
designed to yield to various forces. The abutments provide
support 10 the ends of the deck. The piers provide sup-
port between the ends of the deck. Abutments and piers
are in turn supported by foundations. At the ends of a
bridge may be wingwalls, which are retaining walls built
to hold back earthen materials.

Three types of foundations are commonly used (fig.
2-17). A spread foundation is essentially a slab that
provides support by transferring the load over a large
area of the soil. A [riction pile transfers the load to the
soil through [riction al the interface of the pile and the

T

FRICTION PILES

No plies

"

SPREAD FOUNDATION

soil. An end-bearing pile transfers the load to a resis-
tant subsurface formation or bedrock. Piles are usually
placed in groups and topped with a pile cap. Abutments
and piers rest on the pile caps. A pile cap cannot be
visually distinguished from a spread foundation. Check
with the local highway engineer to learn the types and
depths of the foundations of bridges you might use.

To be suitable for a monument of quality A, the
foundation of the bridge should rest directly on bed-
rock or should be made up of end-bearing piles. Where
soil is nonexpansive and maximum frost depth is less
than 0.5 m (1.6 {1}, the foundation may be made up of
friction piles. The disk must be set on an abutment,
pier, or pile cap.

Rod marks. Since the publication of the mark set-
ting manual, various driving points (fig. 2-18) have
been devised. When driving a string of stainless steel
rods that have been screwed together, the wings of the
driving point prevent the rods from unscrewing as a
result of vibration and rotation induced by the hammer-
ing of the rock drill. Use these points when setting class
A or B rod marks as described in the manual.

A rod string must be driven deeply enough to resist
movement caused by hammering or pulling the rod at
the surface. Initial experience in driving rods with a
gasoline-powered rock drill indicates that, to ensure
sufficient stability, a driving rate slower than 30 cm/min
(1 ft/min) must be attained at or below the minimum
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\Threaded stud

\Rod end
\Driving point

L____H_J.H,J

R

<z

—

L~

Figure 2-18.—Driving point for a rod mark.

depth required for the site. (See table 3 in the mark
setting manual.) If driving through clay, do not drive
more than 10 m (30 {t) when trying to attain this rate;
after the rod has been in place for a few days, the clay
should “set up™ around it, anchoring the mark in place.
If possible, return to such a mark to check that it has
become anchored.

Twa changes have been made to the instructions for
a class B rod mark. First, instead of using a plastic clean-
out fitting, protect and identify the control point with a
casement exactly like the one used for a class A rod
mark. (The 4-inch fitting used in the past is too narrow
to permit a standard leveling rod to be placed with cer-
tainty on the highest point of every such mark.) Sec-
ond, instead of crimping a brass disk to the top of the
rod, round off the top end with a file or crimp a stain-
less steel cap onto the rod, as for a class A rod mark.

Before crimping on a stainless steel cap for either a
class A or B rod mark, stamp the designation around
the top of the cap, just below the edge of the rounded
portion (fig 2-19). This permits backup identification
in the event that the flange of the casement is later
mutilated or destroyed.

To crimp the cap, use a small hydraulic pump with a
cutting attachment After slipping the cap over the end of
the rod, crimp it into the rod about halfway down from
the top. Be sure that the cap cannot be raised, lowered,
or twisted after crimping, Construct the casemnent so a
leveling rod may be set and rotated on the control point
without restriction.

2.4.3 Assigning Geographic Positions

The geographic positions of a small number of points
in the national network of vertical control have been
precisely determined by horizontal surveys. However,
a position, even if approximate, should be assigned to
every point for the following reasons: to permit auto-
matic plotting and filing of vertical control data in the
appropriate 30" quadrants, to permit interpolation of
gravity values for correcting the leveling data, and to
assist recovery without relying solely on a description
of the route to the point.

Working plot. To obtain approximate positions for
control points, maintain a working plot (*rough plot™).
This is a 7'5 topographic map (or 15’ map if the larger
scale is not available) on which latitude and longitude
lines have been penciled. On the map, plot and verify
the location of each point as it is recovered or set. If
precise positions are available for some of the points,
such as triangulation stations, these should be plotted
in advance to assist in recovery. Plot points found de-
stroyed, but do not plot those not recovered unless praject
instructions request estimated positions for them.

The accuracy of the plot depends on the mark set-
ter's good judgment and experience. Use all the infor-
mation available on the map to estimate the location of
each point in relation to the surrounding topography.
Consider the following elements: distance along the
route from the last point; distance from one or more
landmarks along the route, such as overpasses, road or
highway intersections, prominent buildings, towers,
powerline crossings, railroad crossings, bridges, marked

Control point

Stamp "1
designation —3 || I I
and date f :
|
i |
Crimp ' |
into rod % ?
i i
! I
I |

Lz L

Figure 2-19.—Stainless steel cap for a rod mark.

-
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boundaries, gullies, and hills; and distance of the point
from the centerline of a highway or a rail of a railroad
When working across country, use the contour inter-
vals to aid in locating points. After leveling, elevation
differences and leveling distances should be used to
check such plots. (See sec 5.3.3, “Positions.”)

Use only the most recent editions of topographic maps.
If the map does not show a new highway, obtain local
maps that show both the highway and section divisions
{e.p., maps of the U S. Forest Service, U. S. Bureau
of Land Management, and route plans of State high-
way departments). Then, transfer the highway route to
the topographic map by comparing section divisions.
Use “bluelines” if they are available from the USGS
(see sec. 2.3.1, “Maps for position plots..”), since they
often show control points labeled with designations as
well as new highways

With waterproof black ink, indicate each control point
with a dot, neatly surrounded by a 3-mm (1/8-in} cir-
cle Label it with the designation. Indicate points that
are not to be leveled with red ink. Indicate points that
are destroyed with the note “DEST™ and those that are
not recovered with the note “NR." Well-maintained
working plots may be used subsequently as logs for the
line. (See sec. 2.3.5, “Records.™)

Scaling positions. The position of each control point
without a previously published position must be scaled
from the working plot and recorded in the description
To ensure accuracy and consistency, scale positions only
from 7'5 or 15 USGS topographic maps. The position
of a single point may be scaled while preparing the de-
scription, or the positions for all the points may be scaled
after work on the area is completed. In the latter case,
ensure that the positions are matched correctly with
the descriptions.

The scales illustrated in figure 2-20 are used to obtain
both latitude and longitude. The following instruc-
tions apply to a 7.5 map. The same procedure should be
used for a 15° map; however, use the single scale marked
in increments of 2 from 0°00" to 5°00".

1. Place the map on a flat surface. If latitude and
longitude lines have not been previously drawn, draw
them on the map using a straight edge and a sharp pencil
Draw latitude lines across the map at intervals of 2'30"
Draw longitude lines at the same interval The inter-
vals are marked on the edges and, with small crosslines, on
the face of the map (On a 15 map draw the lines at
intervals of 5)

2. From the edge of the map, read the degrees, min-
utes, and seconds of the nearest latitude line below the
point. If the seconds read “00,” use the scale marked
from 000" to 2730 If the seconds read “30,” use the
scale marked from 0'30" to 3'00".

3. Place the scale, oriented vertically, near the con-
trol point. Adjust the lower end (0°00” or 0°30") until
it rests over the nearest latitude line below the point.
Adjust the upper end (230" or 3'00") until it rests over
the nearest latitude line above the point.

4. The scale is now slightly tilted. Maintaining the
same angle of tilt, move it sideways until it intersects
the point, as shown in figure 2-21. Ensure that the lower
and upper ends rest over the lower and upper latitude
lines, as before.

5. At the control point, read from the scale the min-
utes and seconds to the nearest second. Add this to the
reading of the lower latitude line to obtain the latitude
of the point.

6. Proceed similarly to obtain the longitude. From
the bottom of the map, read the degrees, minutes, and
seconds of the nearest longitude line to the right of the
point. If the seconds read “00," use the scale marked
from 0'00” to 2'30" If the seconds read “30,” use the
scale marked from 0'30" to 300"

7. Place the scale, oriented horizontally, near the con-
trol point. Adjust the right end (000" or 0'30") until it
rests over the nearest longitude line to the right of the
point. Adjust the left end (230" or 3") until it rests
over the nearest longitude line to the left of the point.

8. Again, the scale is slightly tilted. Maintaining the
same angle of tilt, move i{ up or down until it intersects
the point, as shown in figure 2-22. Ensure that the right
and left ends rest over the right and left longitude lines, as
before.

9 At the control point, read from the scale the min-
utes and seconds to the nearest second. Add this to the
reading of the right longitude line to obtain the longi-
tude of the point.

When scaling positions, pay particular attention to
the direction in which the scale is read. In the northern
hemisphere, latitude always increases as you read up
(north) from the bottom edge of the map. In the west-
ern hemisphere, longitude always increases as you move
left (west) from the right edge of the map. Also, watch
for consistent errors of 30" caused by reading the wrong
scale, errors caused by aligning one end of the scale
with a latitude line and the other with a longitude line,
and errors caused by reading the wrong latitude or lon-
gitude line

To prevent such blunders, positions should be scaled
by two persons independently before they are submit-
ted to the project office. A recommended routine is for
one member of the mark setting unit to plot, scale, and
record the position while at the site of the contral point.
Then, the other member rescales and checks all the
positions at the time survey-point serial numbers are
assigned and lops are completed.

Smooth plor. The smooth plot is a clean version of
the working plot, prepared on a copy of the same map
(fig. 2-23). It is the permanent record illustrating the
precise locations of the control points recovered. Label
each point to be leveled with the survey-point serial
number. Label the lower, right-hand corner with the
line pumber and a sequence number corresponding to
the location of the map in the line.
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2.4.4 Descriptions

To be useful, control points must not only be permanent
and stable, but recoverable. Descriptions of points in
the National Geodetic Vertical Network are the index for
referring geodetic leveling data to actual points on the
Earth’s surface. Each description must independently
previde, in a concise and consistent manner, all the
information necessary to locate, positively identify,
and level to a control point.

The degree of care with which a mark setter prepares
descriptions is immediately evident to the other surveyors
who use them. Do not repeat approximations, assump-
tions, and mistakes which may be present in previous
descriptions. A description should contain only clear
and accurate statements of facts that have been veri-
fied by the mark setter

The National Geodetic Survey uses a form for cod-
ing much of this information, thus reducing the repeti-
tive writing required when preparing numerous descrip-
tions of similar points. It serves as a reminder, prompt-
ing the mark setter for detailed information about the
location and the construction of the monument. It is
designed to satisfy the requirements for vertical descrip-
tive data presented in Imput Formats and Specifications
of the National Geodetic Survey Data Base (Pfeifer
and Morrison 1980: volume II, ch. 7), hercinafter re-
ferred to as the input formats and specifications manual

Prepare a description on NOAA Form 76-186, “Bench
Mark Description,” for each point searched for or set.
Complete it at the site Never write a description from
notes or from memory; a vital piece of information may
be missed or be remembered incorrectly, Only two items

may be completed after leaving the site: the survey-point
serial number and the position. These may be respec-
tively assigned and scaled while compiling logs for a
completely routed segment of line.

Descriptions are original records that are referred to
repeatedly during the course of a project and are filed
for further use afterwards. Protect them while in the
field by attaching them to a clipboard with a waterproof
cover. Write neatly, printing if necessary, in waterproof
black ink. Do not use abbreviations or codes except those
specifically permitted in the input formats and speci-
fications manual,

Specific items of information required for the com-
plete description of a vertical contrel point are explained
here in the order in which they appear on the descrip-
tion form. If the point is already included in the na-
tional network and only slight changes must be made
to the previous description, a recovery note may be pre-
pared on the same form. It must provide information
that verifies the identity and construction of the mon-
ument; instructions to reach the point are not neces-
sary unless the previous description is inadequate or
incorrect. If the point is not recovered, do not enter
information that cannot be verified. Table 2-5 sum-
marizes the standard entries for different types of
descriptions.

To begin, in the upper right-hand corner write the
project line number and the name of the topographic
map on which the point is plotted. (See examples in
figs. 2-24 and 2-25))

Survey-point serial number. The survey-point seri-
al number (SPSN) is an identifier used to match level-
ing data with the correct control points. Assign a unique

Table 2-5—Standard entries for descriptions

Survey Point  Description Archival Other
Type of Serial number? recovery  cross-reference condition Condition’
Action description (*10%) code' number? (*22%) (*25")
Set new bench mark Compleie Yes D No Appropriate code not reguired
Recovered, no change or slight change Recovery? Yes R Yes Nat required GorP
in description
Recovered, major change in description Complete Yes Yes Appropriate code GorP
Recovered, first cannection to the Complete Yes No Appropriate cade G
Nationai Geodetic Vertical plus X
Contral Neiwork
Staff, gage mark, or other temporary Temporary' Yes None No Not required Not required
control point
Recovered, not leveled by this survey Recovery? No R Yes Appropriate code GorP
ar complete
Recovered destroyed Recovery? No Yes Not required X
Not recovered Recovery? No Yes Mot required N

' Refer to Input Formaits and Specifications of the National Geodetic Survey Dara Base (Pieifer and Morrison 1980: vel 1)
P A recovery note requires the following entrics: *10% "E3®, *15* {if any} *23%, *24* *253% *26% *27* *28* and *30*

* A temporary description requizes the follawing eniries: EQ®, *13*
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serial number to every point that is to be leveled in the
line. A series of numbers for each line is normally
assigned in the project instructions. Assign the number
“0000" to a point that is not to be leveled, such as one
that is destroyed, unsuitable, or not recovered.

To prevent duplications, serial numbers may be as-
sigried to all the points on a completed map at the same
time that positions are scaled. They may be assigned in
a sequence correspending to the order i+ which the points
should be leveled. However, they need not always ap-
pear in sequence. if points are added to the line after
most serial numbers have been assigned, do not change
the original numbers merely to correct the sequence.

Junction code. Write “JUNCTION" at the top of
the description form whenever the control point is one
of the following:

1. One of the three points at network junctions

{including international boundaries).

2. A point at the base of a spur connecting a primary

tide station.

A junction point leveled repeatedly within the same
project must be described for each line in which it is
leveled. If it is newly set, prepare a complete descrip-
tion for the first line leveled; prepare a recovery note
for each subsequent line. For convenience, assign the
same survey-point serial number to the point whenever
it is described.

Descriptionfrecovery code (DRC). Enter a single letter
on line *10* to indicate whether the control point was
searched for, “R,” or is newly set, “D.” The code “R”
indicates a recovery note or a complete description, writ-
ten for a point that existed prior to the arrival of the
mark setter. The code “D" indicates a complete descrip-
tion, written at the time the mark is set.

Position Scale the latitude and longitude of the plotted
position of the control point from the topographic map.
Record ecach to the nearest second, latitude followed
by the direction, “N” or “S”, from the equator and
longitude followed by the direction, “W" or “E”, from
the Greenwich meridian. The position is used by NGS
to compute automatically the 30" quadrant and the
number of the quadrant line in which data for the point
are filed.

If a point is not recovered, enter on line *11%* the
number of the quadrant and on line *12* the number of
the quadrant line in which the previous description was
published Do not enter a position.

Archival cross-reference number. The archival cross-
reference number (XRN or ACRN) is a unique identi-
fier that is assigned to each control peint in the nation-
al network. It permits the comparison of data collected
during different epochs for the same point. It consists
of two parts, a two-letter area code, indicating the Geo-
detic Control Diagram in which the point is positioned,
and a four-digit number that is unique within the area.
An index of twoletter area codes appears in appenadix B.

Obtain the cross-reference number from either the
published description or from a special listing of the

synoptic file provided by NGS, Copy the number on
line *11* of the description form. If a point has not
previously been connected to the network, leave the space
blank; a cross-reference number is automatically as-
signed after the project is completed

Designation. To identify the control point, a desig-
nation is normally stamped on the mark by the agency
which sets it. The designation is a unique name by which
the point can be conveniently recognized and referenced.
In general, the designation given in the description should
be identical to that stamped on the mark. It should not,
however, include redundant or nonspecific information
that may appear in the stamping.

When the point is recovered, assign the designation
given in the published description {or listing of the synop-
tic file) If necessary, correct mistakes such as misspell-
ings or transposition of numbers, and record the previ-
ous, incorrect designation as an alias. Use the follow-
ing guidelines to standardize the designations. (Exam-
ples appear in table 2-6.)

Do not include information that is normally precast
on a mark, such as warnings or type of control.

Do not include a stamped elevation unless it is the
only means of distinguishing the point.

Do not include a stamped date, unless the point has
been relocated or the date is the only means of distin-
guishing between otherwise duplicate designations.

Limit the designation to 25 characters or less, including
imbedded blanks. Abbreviate the designation if necessary
to conform to this limit. Separate groups of alphabetic
and numeric characters with one blank. Do not retain
any punctuation that is stamped, except the following:
A plus (+); a minus (—), only if it indicates a negative
elevation; a period (), only if it is embedded in a group
of numerals; an equal sign (=); or a slash (/). Do not
separate such symbols from the adiacent characters with
blanks. Note: If a minus (—) is included, it can only be
the first character of the designation.

If the mark is stamped with two designations, total-
ing 24 characters or less, concatenate the designations
with an equal sign. If the characters total 25 or meore,
enter one of the designations as an alias.

If the mark belongs to an agency other than the NGS
(or its predecessor, the Coast and Geodetic Survey),
include at the end of the designation the acronym for
the apency’s name that is precast on the mark. H no
name is precast, include the same acronym that is en-
tered for the agency that set the mark. (See “Setting
information,” this section )

If the mark provides control for a tide or water-level
station, but was set primarily to provide control for the
national network, include the station number as an alias.
If the mark was set solely to provide control at the sta-
tion, include the seven-digit number in the designation.
Enier the first three digits, a space, and the last four
digits. Add the word “TIDAL” if the station is a tide
station. Fhen, enter the designation stamped on the mark,
observing the guidelines given in this section. Newer
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Table 2-6.—Examples of bench mark designations

Stamping
as it appears on mark

Symbol for agency name
as it appears on mark

Designation to appear
on description

General:

C 124 1980

2903

H 325 1945230 695 FT
140B ELEV 953 FT
TT17B 1965

TF-178 1965

595 +001952

M1 14.2

4419

530129 FT

CHI1174, 2974 00A
STA NO 3, M1 1825
No stamping

Tide station 872 8912:
TIDAL 11937

BASIC 1937

H 14, TIDAL 3 1963
8912 A 1977

A 307 1974

No siamping

Staff, rod held at 6 It stop

Water-level station 906 3600
21934

BM 3 1934

POOL. 1934

M 104 1973

3000 B 1977

Mo stamping

Electric tape-gage reading mark

COther control:

BOULDER 1935
BOULDER NO 2 1935
BOULDER 1935
BOULDER NO 2 1935
CHARLOTTE
CHARLOTTE NO |
CHARLOTTE

PALMER N E BASE 1940
N WASH AZI]

Relocated points:

Z 201 RESET 1980

3000 USGS RESET 1976
CHICO 1948 1971
CHICO 1948 NO 3 1971
CHICO 1948 1971
CHICO 1948 NO. 2 1971
LIGHT 1950 RESET 1955
WINSLOW 2 1962

LAKE WASHINGTON 1950 1970

NGS
USGS
LUSCGS
MORC
USGS
USGS
AHD
None
USGS
USGS
USGS
None
Naone

USCGS
USCGS
USCGS
NOS
NGS
USCGS

USCGS
USCGS
USCGS
NGS
NOS
USCGS

USCGS

LISCGS (Reference disk)
USCGS {Azimuth disk)
USCGS (Azimuth disk)
USsGs

USGS (Reference disk)
LSGS {Azimuth disk)
USCGS

USGS

NGS

NGS

NGS

NGS (Reference disk)
NGS (Azimuth disk)

NGS (Azimuth disk)

USCGS

USCGS

LUSCGS

Cl124

2903 USGS

H 325

140 B MORC

TT17 B USGS

TT 17 B USGS
595400 AHD

M1 142

4419 USGS

5301 29 USGS

CH 1174=297+00 A USGS
STANO 3=MI1825
Previous designation

872 8512 TIDAL 1

872 8912 TIDAL BASIC

H 14=872 8912 TIDAL 3

872 8912 A TIDAL

A 307 Alias 872 8912 TIDAL

872 8912 TIDAL Previous designarion
TBM 872 8912 STAFF 6 FT

906 30006 2

906 3000 BM 3

906 3000 POOL

M 104 Alias 906-3000

906 3000 B

906 3000 Previous designation
TBM 906 3000 ETG READ MK

BOULDER

BOULDER RM 2

BOULDER AZ MK
BOULDER AZ MK 2
CHARLOTTE USGS
CHARLOTTE RM | USGS
CHARLOTTE AZ MK USGS
PALMER NE BASE

N WASH AZ MK USGS

Z 201 RESET 1980

3000 USGS REBET 1976
CHICO 1948 1971

CHICO RM 31948 1971
CHICO AZ MK 1948 1971
CHICO AZ MK 2 1948 1971
LIGHT RESET 19855
WINSLOW 2

LAKE WASHINGTON 1%70

tide and water-level marks are stamped with the last
four digits of the station number and a letter; in this
case, enter the three-digit state code followed by a space,
the stamping, and the word “TIDAL.”

If a point at a tide or water-level station has no stamp-
ing, append the designation given in the previous de-
scription to the station number. Because a staff or the

reading mark of an electric tape gage is not a permanent
monument, enter the letters “TBM™ at the beginning of the
designation, to indicate a temporary bench mark. Desig-
nate a staf{ by the station number, the word “STAFF,”
and the height of the stop on which the leveling rod is to be
held. Designate the reading mark of an eleciric tape gage
by the station number and the words “ETG READ MK.”
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If the mark was set to provide control for a horizon-
tal network or other types of networks, assign the des-
ignation as it appears in the published description, again
observing the guidelines given here Designate a refer-
ence mark with the horizontal station name, the letters
“RM,” and the number stamped on the mark Desig-
naie an azimuth mark with the horizontal station name,
the letters “AZ MK,” and the number, if any, stamped
on the mark.

The mark for a vertical control peint that has been
relocated is normally stamped with the original desig-
nation, the word “RESET,” and the year of relocation
Include all of this information in the designation Other
types of relocated control points may be stamped dif-
ferentlyr For example, to reestablish a horizontal con-
trol point, a new surface mark may have been reset di-
rectly over an underground mark. The reset mark is
usually stamped with two dates, the year the point was
established and the year it was reestablished The geo-
graphic position has not changed, but the elevation has.
Indicate this in the designation by including both dates. If
the designation exceeds 25 characters in length, include
only the most recent dates

A horizontal control point that has been entirely re-
located and designated with the number *2” should
not be confused with a reestablished point. Do not des-
ignate such a point with a date unless it, too, has been
reestablished

Alias. 1f the control point is known by more than one
designation, enter the designation that is stamped on
the mark on line *13* and enter all other designations
as aliases. If the point has been designated incorrectly
in a previously published description (or in the listing
of the synoptic file}, the incorrect designation should
be shown as an alias in the corrected description.

General focation. For control points in the United
States enter a two-letter postal code indicating the State,
commonwealth, province, or territory on line *14* Unit-
ed States postal codes are given in table 2-2. Then enter
the county, parish, census division, or independent city
in which the point is located. Indicate a city with the
phrase “C OF." For example, “C OF ST L.OUIS” for
St. Louis, Missouri.

For control points in other countries, enter the ap-
propriate two-letter code and then the primary political
division, such as a State, province, or district. The codes
are published in annex A of the input formats and specifi-
cations manual.

If the point is part of a local network, such as a net-
work for monitoring subsidence, an area title may be
entered on fine *16¥ to indicate this. The entry is optional
and can be autornatically added to all appropriate points
after completion of the survey.

On line *17* enter the nearest city or town. It must
have a post office, railroad station, or well-defined high-
way crossroads from which to begin distance mea-
surements and it must appear on the official State high-
way map. If it is in a different State from the point,

append the postal code for the state whenever the city
or town is named, Also, append the code when neces-
sary to avoid confusion For example, “KANSAS CITY
KS™ as opposed to “KANSAS CITY MO.”

The distance from the nearest city or town, which is
to be entered on line *18%, is not a straight-line mea-
surement. Instead, it is the total of the distances given
in the instructions to reach the point, by following the
most direct highway routes Enter it to the nearest tenth
of a kilometer, followed by the mileage in parentheses
and the direction traveled Abbreviate kilometer, “KM,"
and miie, “MI" Use the eight-point compass, spelling
out the four cardinal directions and abbreviating the
four intercardinal points For example, “3.4 KM (2.1
MI) EAST,” “10.2 KM (6.3 MI) NW,” and “1.0 KM
(0.6 MI} SE™

If the control point is located within city or town corpo-
rate limits, enter the word “IN before the name of the
city or town and do not give & distance and direction.

Setting information. Whenever the control point re-
quires a complete description, enter information about
the agency which set the monument and its purpose
This includes a code indicating the agency classifica-
tion, the agency’s name, the date (year) the mark was
set, and the initials of the project director of the party
which set it, Agency codes are listed on the back of the
description form and in table 2-7 Acronyms for agen-
¢y names, as standardized for the use of the National
Geodetic Survey, are given in annex C of the input for-
mats and specifications manual H the date the mark
was set and the initials are not available from a previ-
ous description, enter the date stamped on the mark
and leave the initials blank If the date is not known,
enter “UNK" in its place.

When the point serves another geodetic or geophysi-
cal purpose enter the appropriate code on line *22*
The purpose should be evident from the project instruc-
tions for mewly established points and from the previ-
ous description or type of disk for recovered points Spe-

Table 2-7.—Agency classification codes designated
by NGS for preparing NOAA Form 76-186

Agency Code'

National Geodetic Survey . 1/NGS

National Ccean Survey B/NGS
US Coast and Geodetic Survey (prmr to %970) 1/CGS
US. Gealogical Survay. . 2/USGS
U 8. Department of Dc{cnse . 3/DOD
Other Federal or interstate agency 4

State agency . 5
County, city, or public regmnal agcncy . e 6
Commercial organization or private firm ... .. ... ... 7
Fareign government agency ... ... .. ... ...... .. %
Unknown 0

' Refer to Input Fermats and Specifications of the National Geoderic
Survey Data Base (Pleifer and Marrison 1980: vol [
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cific horizontal, astronomic, or gravity data must be
available in the NGS data base if the point is to be
coded as providing such control. Control classifications
appear on the back of the form and in table 2-8.

If a recovered point has not been previously connected
to the national network, but it is connected by the cur-
rent survey, enter “X" in addition o any other codes.
If a point is described that has not been connected to
the network in the past and is not connected by the
current survey, enter “N” (A description is only re-
quired for such a point if it is marked by a disk or {lange
belonging to NGS)

Recovery information. In each recovery description,
enter information about the agency which searched for
the point. This includes a code indicating the type of
agency, a standard abbreviation for the agency's name,
the year the point is searched for, and the initials of the
project director of the party conducting the search. Use
the same codes and abbreviations that appear in tables
2-6 and 2-7 to denote the setting agency.

Enter a code for the condition of the monument on
line *25% If the monument appears to be undisturbed
and is suitable for leveling, in good or fair condition,
enter “G.” If it has been disturbed, or if it cannot be
positively identified because of mutilation, enter “P”,
If the monument is found destroyed enter “X". (See
sec. 2.4.1, “Destroyed bench marks™) If it is not re-
covered, enter “N", even if it is presumed to have been
destroyed. Explain any condition other than good in the
descriptive text.

Construction details. Describe the construction of
the monument by entering the two-digit code that de-
notes the setting classification. Table 2-9 summarizes
setting classifications. If the monument is a mark in-
stalled in a preexisting structure (codes 40 through 55),
describe the setting specifically with a short phrase on
line *26*. For example, “51/ VERTICAL IN OVER-
PASS HEADWALL,” “42/CULVERT,” and 44/
VERTICAL IN BUILDING FOUNDATION.”

Table 2-8.—Control classification codes designated
by NGS for preparing NOAA Form 76-186

Other control Code!
Fault monitoring. . ... .. o F
Tide or waterdevel . ... .. .. . ... T
Horizontal .. ... H
Astronomic A
Gravity . G
Magnetic . . M
Other {explain in text) o 0
Not previousty connected to the Naucnal Gendcnc

Vertical Network:
Connected by the current survey ... ... .. . . ... X
Not connected by the current survey TR N

'Refer ko Input Formats and Specifications of the National Geodetic
Survey Data Base {Picifer and Morrison 1980: vol H)

Table 2-9.—Monument classification codes desipnated
by NGS for preparing NOAA Form 76-186

Code Setting clussification Quality!
) Unspecified D
Shallow settings (less than 3 mor 10 1)

10 Unspeeified shallow . D
i Metal rod with base plate c
12 Concrete post . ... . . ... . C
13 Shallow pipe ‘ S . D
14 Shallow metai rod w;thoul basc p!ale‘ e . D
Unsleeved deep settings:

20 Unspecified deep e . C
21 Copper-clad steet rod. . B
22 Galvanized steel pipe B
23 Galvanized steel rod B
24 Stainjess steeirod . B
25 Aleminum alley rod B

Recks and boulders:
30 Unspecified rock ... - ... B
31 Rack outcrops, such as a rock leégc.

rock cut, or bedrock . A
32 Boulder. . ... . C
L.ight structures:
40 Unspecified light structure .. .. . .. - D
41 Pavements, such as streets, s:écwalks aprons, curbs.

and so forth .. . .. D
42 Retaining walls :snd bulkhcads mcludlng hcaéwalls and

wingwalls of culverts and small bridges .. C
43 Piles and poles, such as a spike in vtility pole . D
44 Footings, foundation walls, and abutments of small

or medium size structures . ‘ e C
45 Mat foundations, such as laﬁdmgs platforms slcps

floors, tower foundations, semaphore bases, and other

bearing surfaces of the same size as the structure . . C

Muassive structures:
50 Unspecified massive structure ... .. . . B
5t Massive retaining walls, including headwni!s and

wingwalls of very farge bridges . © e e B
52 Abutments and piers of very large bridges ... ... .......... B
53 Tunnels R B
54 Massive concrete, masonry, or stccl struclures

with deep foundations . .. ‘ e A
55 Large concrete, masonry, or sscc! structures
with foundations on bedrock - TR A

Sleeved deep settings:

60 Unspecified rod or pipe in sleeve

61 Copper-clad steel red in sleeve .

62  Galvanized steel pipe in steeve ...
63 Galvanized steel rod in sleeve

64 Stainless steel rod in sleeve . .

65 Aluminum ailoy rod in sleeve .

> rrow

'Refer to fnput Formars and Specifications of the National Geodetic
Survey Data Base (Pleifer and Morrison 1980: vol 1)

If the monument is a concrete post {code 12), describe
the height of the post with respect to the ground sur-
face in metric units on line *40* Similarly, if the monu-
ment is a rod or pipe which has been driven into the
ground (codes 11, I3, 14, 20-25, or 60-65), give the
depth, the sleeve depth (if any), and the height of the
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casement with respect to the ground surface in maetric
units on line *41%*,

Describe the type of device marking the control point
by entering the appropriate one-letter code on line *27*
If the mark is a survey disk, enter a two-digit code to
indicate the type A list of marks and corresponding
codes is given on the back of the form and in table 2-10
Figures 2-26 and 2-27 show the bench mark disks used
by the former Coast and Geodetic Survey and the Na-
tional Geodetic Survey.

Quality classification. In addition to the variety of
monuments set by NGS, monuments of even greater
diversity, set by other Federal, State, and local agenciss,
have been and continue to be included in the national
network. See appendix D of the mark setting manual
To assist the user of vertical control data in selecting
the most reliable control points for the purpose of the
intended survey. monuments have been classified ac-
cording to their expected ability to remain stable in
relation to the local topography. One of four quality
codes is automatically assigned to each control point
on the basis of the construction details provided in the
description. The codes are defined as follows:

1. Quality A describes a monument of the most reli-
able construction, likely to be affecied only by
movement of the geological feature in which it is
installed.

Table 2-10.—Bench mark classification codes designated
by NGS for preparing NOAA Form 76-186

Type of mark Code!

Survey disk:

Unspecified ... ... ... . ... .. .. Doo
Bench mark {vertical control) .. . . .. Dol
Tide or water-level bench mark L D62
Triangulation station (horizontal control). ... . . . D03
Traverse station . ... D04
Topographic station D o3
Refesence mark ... ... ... D o7
Azimuth mark ... . D08
Gravity station . ... ... D09
Gravitly reference mark D0
Magnetic station .. ... ... 1
Other type (explain in text) D 06
Flanpge-encasedrod....... . . ... F
Metal rod I
Pipecap ... . ... p
Cap-and-balt ... .. ... C
Boit .. .. .. P B
Rivel........... ..., R
Nail . N
Spike ... )
Chiseled cross . X
Chiseled civele ... . T 0O
Chiseled square S Q
Chiseled triangle. .. ... ... .. T
Drill hole .. ‘ H
Stone monument . \'
Other {explain in text) Z

*Refer to Input Formats and Specifications of the Nalional Geodetic
Survey Data Base (Pleifer and Morrison 1980: vol D
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Figure 2-26.—Survey disks of the former
U.S. Coast and Geodetic Survey.

2. Quality B describes a monument of construction
likely to prove reliable.

3 Quality C describes a monument that may be af-
fected by surface movement, such as frost heave
or the shrinking and swelling of certain clays.

4. Quality D describes a monument not likely to prove
reliable, or a2 monument of unknown construction,

Of course, generalizations have been necessary to im-
plement this system. However, the experienced mark
setter may greatly improve the value of the quality es-
timate by assigning the code in the field. A monument
of low expected quality in one location might require a
higher classification in another. For example, an un-
sleeved stainless steel rod (quality B) is subject to moave-
ment due to soil shrinkage or expansion in regions where
the soil readily absorbs and retains water. In regions
with Jow humidity, rare frost, and nonexpansive soil,
the same monument may be upgraded to quality A,

Similarly, 2 monument of high expected quality might,
when construction details are examined, require a lower
classification. For example, a disk set in the wingwall
of a very large bridge (quality B) is less likely to prove
refiable if the wall is cracked and undercut by erosion
(quality C).

More details on placement and const:uction of monu-
ments are presented in section 2.4.2 and in the mark set-
ting manual. Using table 29 as a guideline, apply your
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judgment in specific cases to assign a more realistic
estimate of quality when It is appropriate. Enter the
guality code after the setting classification

Stamping. A control point marked with a disk flange-
encased rod, pipe cap, or cap-and-bolt is normally
stamped with the designation and year it was set. Some-
times an elevation may be stamped as well. A precast
inscription is not considered part of the stamping.

The stamping serves as final verification of the identity
of the control point. Enter it exactly as it appears on the
mark. If no stamping appears, make note of it in the
descriptive text

From the precast inscription {(if any), determine the
originating agency for the mark In the space following
the stamping, enter the acronym for the agency as it
appears on the mark.

Text. The text (“body™) of the description must provide
thorough and accurate instructions for reaching the con-
trol point. It should also describe features affecting
the utility of the point for vertical control, clarifying
information coded elsewhere in the description when
necessary.

The fact that a control point is recovered by follow-
ing instructions from the previous description does not, in
itself, imply that the instructions are correct in every
detail or that they will apply in the future Verify all
itemns in the previous instructions and assess their fu-
tere usefulness. If no changes are necessary, the recovery
note need not include a text entry. If brief corrections
or additions are necessary, enter them. Here are two
examples: “The 1935 description is adequate except

4y Hnnl"‘"us.‘
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Figure 2-27,—Survey disks of the National Ocean
Survey and National Geedetic Survey,

that the sign ‘JONES FARM' no longer exists”; and
“The 1952 description is adequate. The point is 0.5 meter
(1.6 ft) south of a witness post.”

When a point is found destroyed or cannot be recov-
ered, describe the situation. Here are three examples:
“The concrete post was found broken off at the base
and the disk was removed at this time.” “After a
30-minute search by two persons, the point was not
recovered. Reference objects given in the 1948 descrip-
tion were not found.” “The bridge mentioned in the
1952 description has been rebuilt and the mark appears to
have been destroyed.”

If a point is particularly difficult to recover, the pre-
vious instructions are probably not adequate even though
they may be correct. In such cases, and whenever major
corrections are necessary, prepare a complete new de-
scription, including in the text a new set of instructions
to reach the point.

Present instructions in a consistent, clear, and con-
cise format. Start from a major highway intersection
or a prominent, permanent Jandmark in the nearest city or
town. Mention landmarks and reference objects in the
order in which they will be used. Lead the surveyor first
to the general vicinity of the monument and then to the
exact point. For convenience, treat these two portions of
the description separately, as shown in figure 2-24.

The instructions to reach the general vicinity should
follow the most direct driving route (not necessarily
the leveling route). Identify highways by Federal, State,
or county number. To ensure that the measured distances
between landmarks and turns are accurate, calibrate
your vehicle’s odometer. Enter distances to the nearest
tenth of a kilometer, followed in parentheses by miles
to the nearest half-tenth. Enter compass directions to
the nearest cardinal or intercardinal point; north, north-
east, east, southeast, and so forth. When describing a
turn or the location of a landmark, enter a compass
direction, followed by “right” or “left” in parentheses.

Since vehicle odometers differ, if driving distances
are long, give distances to intermediate landmarks that
can serve as check points. In addition to noting turns,
mention a prominent landmark visible from the high-
way as near to the control point as possible, at least
within the final kilometer. Within city or town corpo-
rate limits, include the address (if any) of the property
on which the point is situated.

For a control peint Jocated about halfway along the
line between two cities or towns, include driving instruc-
tions from each town, prefacing the second set of in-
structions with the word “also.”

Once in the general vicinity, direct the surveyor to
the point by listing measured distances and directions
from nearby reference objects in an order convenient
to the recovery of the mark Begin with the most con-
spicuous object or the longest distance. A good prac-
tice is to enter first the distance and direction from the
centerline of the highway, so the surveyor can search
on the appropriate side.
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Select and describe reference objects carefully.
Consider the available objects when selecting the site
for a new mark. (See page 6 i 1e mark setting manu-
al) Keep in mind that a mor. . .ent may have become
obscured by brush or may be buried under dirt and
gravel. The lines of position for at least two of the objects
should intersect at nearly a right angle Select objects
that are well defined, permitting such precise mea-
surements that extensive digging or clearing of brush
is not required to recover the point. Avoid objects to
which the distance must be estimated. A total of three
objects, plus a witness post, are sufficient for most control
points. When describing reference objects, indicate
whether sizes are standard, approximate, or measured
by observing the following conventions: A standard size is
given in standard vnits, with a hyphen between the
numeral and the unit; for example, “1-inch pipe” or
“2- by 4inch timber.” An approximate size is given in
metric units, prefaced by the word “about”; for exam-
ple, “a walnut tree about 15 cm in diameter” or “a
timber about 15 by 25 cm.” A measured size is given in
metric units; for example, “a post 10 ¢m in diameter.”

Measure distances horizontally (not along the slope)
to the nearest hundredth of a meter. After the metric
distance, enter the distance to the nearest tenth of a
foot in parentheses. If an object is more than 305 m
(100 ft) from the point or is not definitive (such as the
centerline of 2 highway), measure to the nearest tenth
of a meter (integral foot). Precede estimated distances
with the word “about ”

Measure from the center of objects such as trees and
telephone poles and perpendiculary to objects such as
fences and walls. Otherwise state the point from which
the measurement was made. For example: “6.31 m
(20.7 ft) north of the northeast corner of a semaphore
base.”

Be sure to describe the height of the mark relative to
the ground or highway surface. A standard entry for
this is available on line *42% of the description form, A
similar standard entry for the measurement from a wit-
ness post is available on line *43*,

Enter additional notes as necessary to describe the
monument or to explain unusual leveling procedures
that may be required. Do not confuse culverts with brid-
ges, piers with abutments, and retaining walls with foun-
dations, Clarify information that may be somewhat mis-
leading as presented in codes elsewhere in the descrip-
tion. For example, note the following: a mark which
might be expected to bear a stamping but does not; a
mark stamnped with a designation duplicating that of
another; a mark mounted vertically; the precise loca-
tion of the control point on a large structure or an un-
usual monument; the presence of ferrous material in or
adjacent to a monument; and the name of the owner on
whose property the monument is set. Include your ini-
tials at the end of the text.

Throughout the text the following standard abbrevia-
tions may be entered for units of measurement: “m”

for meter, “mm” for millimeter, “cm” for centimeter,
“km™ for kilometer, “ft” for foot, and “mi” for mile
Unless undue confusion would result, avoid entering
quarter-quadrant compass directions, such as east-
southeast or north-northwest. Use the accepted term-
inology found in a dictionary or engineering textbook;
avoid the use of jargon.

2.5 Relocating Vertical Control Points

Each vertical control point represents a large in-
vestment of resources. Since it is intended to provide a
continuwous record of elevation change, as well as con-
trol for many local surveyors, its preservation is vital
to the maintenance of the national network. Although
monuments are constructed in locations where they are
unlikely to be disturbed, many are destroyed or dam-
aged by highway widening and maintenance, bridge re-
building, railroad maintenance, and building demoli-
tion and construction. Such deterioration of the network
must be minimized.

Although regional mark maintenance engineers moni-
tor the condition of the network, the areas they cover
include many States. To preserve specific points, the
cooperation of local engineers and surveyors is impor-
tant. When recovering a mark, prepare a brief report of
its condition (fig. 2-28). If a monument is about to be de-
stroyed, notify NGS at once. Before it is destroyed, a ver-
tical control point should be relocated as described here.

First, a new monument is constructed in the vicinity.
Then the elevation difference is measured by leveling
from the old to the new control point. Finally, the old
monument is destroyed. Data are normally recorded
on NOAA Form 76-60, “Report on relocation of bench
mark.” (See fig. 2-29.)

Setting a new monument. After NGS is given the
designation and location of the monaument about to be
destroyed, the agency will send to the reporter a brass
disk, which is prestamped with the designation and year
of relocation. For example, the disk for M 346 is stamped
“M 346 RESET 1980."

Select a site for the new control point, if possible
within one leveling setup from the monument to be re-
placed. Construct a monument of the best possible quality
in which the disk may be set. {See the instructions in
2.4.2 and in the mark setting manual.) Recommended
settings for this purpose are a class B rod mark (with
the disk crimped to the top), bedrock, or a large and
stable structure, If a witness post is near the old mon-
ument, relocate it to the site of the new one,

Prepare a complete description of the new point, ei-
ther on the report form or on a standard description
form (NOAA Form 76-186). On the report form, be
sure to include instructions to reach the point from the
nearest city or town, construction details, and a position,
If the position cannot be plotted and scaled as explained
in section 2.4.3, note the 30" quadrant of Vertical Control
Data and the number of the quadrant line in which the
original point was described.
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REPORT ON CONDITION OF SURVEY MARK

U 150

Name or Desipnation:

U 5 GOVIRKMENT PRINTING OFFICE: 1974-665-074/1047 Region &

Form Approved
sudget Bureau No. 41-R1923

1941

State: PA

County: __HUntingdon

Year Established:

Organization Established by: C&GS

Distance and direction from nearest town: B20UE 4.6 miles north along PA RR from station at

Huntingdon
Description published in: (Line, boek, or quadrangle number)

Quad 400781

Mark searched for or recovered by: Name -

Roger C. Poe

Organization -

Michael Baker, Jr., Inc.

Date of report June 17 L 1975 Address -

P. 0. Box 280, Beaver, PA 15009

Conditien of marks: List letters and numbers found stamped in {(not cast in) each mark.

Mark stamped: Condition:
U 150 1941 Good
Marks accessible? X} Yes T INe Property owner contacted? ™ Yes K Ne

Please report on the thoroughness of the search in case a mark was not recovered, suggested changes in description, need for

tepairing or moving the mark, or other pertinemt facts:

i odditional forms are nesded, indicale number required.

NQAA FORM 76.91
(1172}

Witness Post? Yes No X
Witness Post set ___ feet ... of mark.
Witness Post set ___ feet of mark.

V.S DEPARTMENT OF COMMERCE - NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTHATION - NATIONAL OCEAN SURVEY

Figure 2-28.—Report on the condition of a survey point,

Leveling to the new control point. Leveling should
satisfy standards for second-order, class II accuracy
or better. If the distance between the old and new points is
greater than 140 m (460 ft), or if more than one setup is
necessary, comply with the specifications for geodetic
leveling given in chapter 3 of this manual In most cases,
however, leveling may be conducted as follows, with an
engineer’s level and a single rod. Be sure to record the
type of instrument and the units of the rod scale (me-
ters or feet). (See the example in fig. 2-29.)

1. Set up the instrument halfway between the old
and new points, but no more than 70 m (230 ft) away
from either point.

2 Plumb the leveling rod on the highest point of the
old bench mark. Record the designation of the point.
On the same line enter the published elevation.

3. Observe the intercept of the middle reticle line
against the rod scale. Record the reading to the third
decimal place. This completes the backsight, BS.

4 Compute the height of instrument, HI, which is
the sum of the backsight and the elevation of the point.
Record it on the same line.

5. Do not move the instrument. Plumb the rod on the
highest point of the new bench mark. Record the des-
ignation of the point on the next line.

6. Again, observe the rod intercept. Record the reading
on the same line as for step 5 This completes the fore-
sight, FS&.

7. Compute the elevation of the new point, which is
the height of the instrument from the previous line minus
the foresight. This completes the forward run.

8. Reset and relevel the instrumenmt Level backward,
from the new point to the old, in the same manner as in
steps 2 to 7. The elevation computed for the old point
as the result of the backward leveling may differ from
the published elevation by no more than %0.003 m
{£0.010 ft).

9 To compute the elevation difference from the old
point to the new, subtract the mean of the two eleva-
tions for the old point from the elevation for the new
point.

Destroying the old control point Do not destroy the
old point until the leveling data have been checked.
Remove the old disk and any other parts of the monu-
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HOAA FORM 76.60 U. 5. DEPARTHENT OF COMMERCE T DESIGNATION BF MARR
{7 HATIONAL OCEAHIC AND ATMOS PHERIC ADMINISTRATION /( /33
REPORT ON RELOCATION OF BENCH MARK TIT P
{See inafructions on reverse side) MEW MEXICO Ll

A DESCRIPTION OF CRIGINAL MARK
FROM THE SoUTMHERAN FACIFIC CoMPANY R4/RoBD S 74 710a) AS QocoarBeus
NeRTH ALONG STATE HISHWAY I/ foe £ 6 far (29 MY 1 & arErses f)
(38 FEET) EAST IF THE CENTECLINE OF 7#lF HIGHIAE, 19.5 mEreRs (of FLELET
WEST 0F A4 Row OF PocES, aa40 o 34 ALE T EA (/;}de}j EGST oF g n;wfm
PROVECT NG O30 METER (/.0 FO07) 4BOVE GROUNLD. DESIEOVED 7805 e,

AN IZr082 L:NE 0/ stamping_ A /33 /954

FUBLISHED ON

B. WAS ORIGINAL BENCH MARK DESTROYEQT B3 ves [ -]
REMARKS

IVESITRUAMEA T AT Z 50132
KRoD.: PHLADELPHIA, foor UNrrs
(Feat or dbetersl®

HORIZONT AL CONTROL POINTY L] YES (32 nao

BATE OF LEVELING. 23 _AMECCH /977

FOINT 8.5, H.t F.5. ELEVATION REMARKS
K 1331 399/ |4/92.759 4178 968 | CLEAR, O LA, LA
< /33

esseriggn| O 4TT WIRZ2.745| S5191 (477 5EF

\
3.789 4175 956 — o2 = 009 RE/ECTED
K133 3801 | 4/92969 78 968
/33
ésmgﬁ $.250 | 4/582820| 5/99 |77 570 /77 570

F.858 |42 178 %67 -—-—\_ 006 MEAM= FL1TF. P65
EL& adrions _
DIEFERENCE. = /325 .,

C. DESCRIPTION OF NEW MARK

sTanpinG on new mank A /33 CEIET /977

FROM THE SOUTHERN FACIFIC (opPany RA/LROAD STATION 47 CoL Uy 845 |
NoRTH ALoNG STATE HIGHWAY /I FoR 2.4 KM (2.9 M) 30/ Merses
(99 FEET) EAST OF 7HE CENTERLINE OF 7HE HIGHWAY, 12./9 METERS
(40.0 FEET) SOUTH 9F MILEFOSr & /3, N LINE Wit 4 Row JF
OTILITY TOLES, AND O0.30 METEL (/0 Foor) WEST 9F TE AEHRGY
RIGHT-OF-WAY FENCE. A STAMDARD DISK SE7 /A Tob gF 4 coVECErE
FBS7 FPROSECTMN/G O.30 METER (/0 for) AB0VE GROCAD .

SIGNED A/AMg pIZ/OMé
*Strike out unit NOT ysed. acency AU E st ADACFESS

Figure 2-29.—Report of a relocated bench mark.
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ment that bear a stamping (such as a logo flange or
stainless steel cap on a rod) and return them to NGS.

Prepare a recovery note on the report form or a stan-
dard description form (NOAA Form 76-186), identi-
fying and explaining the disposition of the old monument.

Submitting relocation records To include reloca-
tion data in the national network, the following records
must be forwarded to NGS:

1. Complete description of the new control point

2. Recovery note for the old control point.

3 Field records for at least two runs of leveling, one
forward and one backward, including the computed ele-
vation difference from the old to the new point.

4. Name, address, and telephone number of the in-
dividual who performed the relocation.
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Chapter 3
GEODETIC LEVELING

3.1 Introduction

In a widespread network of vertical control, geodetic
leveling is the technigue that provides the most reliable
elevation differences between control points. It is a form
of precise leveling where the observing team limits the
magnitude of error by using calibrated instruments in
combination with a rigorous, symmetrical observing pro-
cedure. In the following pages leveling procedures are
described, the principal sources of error are discussed,
and error tolerances are presented to provide a found-
ation for the instructions that comprise the rest of the
chapter.

3.1.1 General Procedures

Along each line of a vertical control network, level-
ing is conducted in increments called sections. Each
section is an unbroken series of setups, made between
two permanent control points. A setup consists of a point
supporting a backsight rod, a point supporting a fore-
sight rod, and a leveling instrument positioned between
them (fig. 3-1). Two heights are measured by sighting
through the instrument toward a scale on each rod and
recording the values intercepted by a line on the reti-
cle. The height difference, backsight minus foresight,
corresponds to the elevation difference between the two
points. The foresight point of one setup becomes the
backsight point of the next; thus, the sum of the eleva-
tion differences of the series of setups is the elevation
difference for the section (fig. 3-2).

Three conditions must be satisfied for this technique
to provide reliable elevation differences between points.
First, the lines of sight from the instrument to the rods
must be level; in other words, the lines of sight must be

Figure 3-1.-—Setup of ]tm:ﬁiling, A=B—F and s=55-+5p

parallel at all times to the reference surface Second,
the values observed on the scales must accurately indicate
heights above the points on which the rods rest, and
third, the points in turn must be stable with respect to
the topography.

These conditions cannot be perfectly satisfied in the
“real world"'; however, they may be approximated
by limiting the known sources of error. Leveling is
classified by the degree with which error magnitudes
are limited. (See sec. 3.1.3, “Tolerances for geodetic
leveling.”)

3.1.2 Sources of Error

Error may be characterized as random or systemat-
ic. Random error in leveling results represent the ef-
fect of unpredictable variations in the instruments, the
environment, and the procedure of leveling. Random
error cannot be completely eliminated, although it can
be kept small. Therefore, it represents the “noise level,”
the limit on the precision with which leveling may mea-
sure elevation differences.

Systematic error represents the effect of consistent
inaccuracies in the instruments or in the leveling pro-
cedure. It also results from consistent, though not al-
ways predictable, environmental effects. Although
systematic error may be small in a single measurement, it
accumulates when measurements made under similar
circumstances are totaled. Thus, it can result in a sig-
nificant discrepancy in the elevation differences mea-
sured between two control points by different leveling
systems and/or routes. For leveling to provide accurate
elevation differences, systematic error must be elimi-
nated, either by procedure or by applying corrections
to the data.

The sources of error in leveling can be classified into
three groups: those affecting the line of sight, those
affecting the heights observed, and blunders. The line
of sight cannot be exactly level because of the effects
of imperfections in the instrument and variations in
the human eye, refraction, curvature, and tidal accel-
erations. The heights observed are not exact because of
imperfections in the rod scales and the turning points;
furthermore, a perfectly stable relationship cannot be
maintained between the equipment and the topography
because of environmental effects on the equipment.
Blunders may occur while attempting to limit any of
these errors.

Leveling instrument. The instrument used for geo-
detic leveling should consistently provide a horizontal
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Figure 3-2.—Section of leveling, AH =Ah -+ Al + Ak and S=5,+8,+ ... +5,.

line of sight. The extent to which it achieves this de-
termines its suitability for various orders and classes
of leveling.

To be horizontal, the line of sight should be perpen-
dicular to the direction of gravity, at the vertical axis
of the instrument. If the line of sight is not horizontal,
the angle by which it deviates from being horizontal
causes an error in every observation (fig. 3-3). This
angle is referred to as collimation error.

Collimation error can be limited by using a well-
designed, properly maintained instrument. The angle
should be measured and adjusted to specifications The
effect of collimation error on each observation can be
reduced by limiting the sighting distance. Furthermore, if
the sighting distances in each setup are balanced, the
errors resulting from collimation error become equal.
They cancel when the foresight is subtracted from
the backsight to compute the elevation difference
(fig. 3-4).

Although it is impractical to balance every setup ex-
actly, the total contribution of collimation error can be
limited very effectively while leveling by keeping the
imbalance small and random in sign. Any systematic
contribution that accumnulates with distance may be

Ling
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Figure 3-3.-—Effect of collimation error, a.

eliminated by later applying corrections computed from
the imbalance and a precisely determined value for the
collimation error.

Collimation error should not change as the instru-
ment is refocused or rotated about its vertical axis. A
consistent difference between the collimation errors of
the backsight and foresight causes a systematic accum-
ulation of error (fig. 3-5). The precautions described
here will limit this effect, but, because it is unpredict-
able, it cannot be eliminated. Additional precautions
should be taken to ensure that a consistent difference
does not exist,

Figure 3-4.—Consistent collimation error cancels in a
balanced setup since sp=sp.

In a compensator-type leveling instrument such a
difference can occur if the compensator is not suspended
properly in each direction. To prevent gross error the
spherical level on the instrument should be properly
adjusted, and compensation checks should be performed
routinely. To eliminate smaller systematic effects, the
compensator should be repositioned during each setup.

In a spirit-level type of leveling instrument, the error
caused by imprecision in centering can become systemat-
ic if the bubble is consistently affected by a heat source in
one direction. Shading the instrument should reduce
this effect.
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Figure 3-5,—Inconsistent collimation error does not
cancel in a balanced setup since oy # ap, even if sy=5p.

Pointing. Another effect on the line of sight results
from the human inability to repeatl a pointing exactly
Both imperfections in the instrument and atmospheric
refraction may contribute to this effect, combining with
the imperfection of the human eye, to create pointing
Error.

The magnitude of pointing error is reduced by the
use of & precise instrument with a2 micrometer and wedge
reticle that has been adjusted to remove parallax. Limit-
ing the sighting distance and instrument movement can
also reduce the magnitude of the error.

Refraction. Variations in atmospheric density cause
the line of sight to refract or bend in the direction of
increasing air density These variations seem to be
primarily a function of air temperature.

Refraction is most noticeable when the line of sight
passes through air of fluctuating density, as when “heat
waves” are observed. The graduations on the scales ap-
pear to move up and down rapidly. This phenomenon,
called shimmer (fig. 3-6), makes it difficult to inter-
cept the scales precisely, thus increasing the magnitude of
pointing error. It can be reduced by shortening the sight-
ing distances or, in some cases, raising the height of the
line of sight

Whether or not shimmer is observed, the line of sight
may be refracted. Since the error caused by refraction
increases proportionately with the square of the sight-
ing distance, refraction error may be reduced by limit-
ing the sighting distance. As long as atmospheric
conditions are similar along both the foresight and
backsight, the error may be nearly eliminated by bal-
ancing setups.

Figure 3-6.—Shimmer.

However, conditions are often not the same along both
lines of sight. Air close to the ground changes in densi-
ty more rapidly than air situated | m or more above
ground. This can be visualized by imagining air layers,
of equal density, conforming io the topography On a
slope, even if setups are exactly balanced, the condi-
tions along the foresight differ from those along the
backsight (fig. 3-7). Because the sight uphill passes
through a greater change in air density, it is refracted
more. Refraction error, then, accumulates with change in
clevation.

Figure 3-7.—Refraction error, r, does not cancel on
sloping terrain since rp#rp, even if s;=5,.

Leveling results may be corrected at least partially
for refraction if atmospheric conditions are determined
and recorded with the observations. Of the many mathe-
matical models that attempt to predict refraction
error, the most successful require that air-temper-
ature differences be precisely measured during every
setup

Two types of refraction error cannot be corrected.
Therefore, the situations which cause them should be
avoided when leveling. H the line of sight passes very
close to the ground or to an intervening object, changes in
air density cause the line of sight 1o be refracted in an
unpredictable way. Similarly, when the air near the
ground is cooler than the air above it, the relatively
stable air layers may move slowly across the line of
sight, causing long-period shimmer. The graduations
on the scales appear to move up and down, but so slow-
ly that an entire setup may be observed and checked
before the movement is noticed. The observations may
be significantly and unpredictably affected by the un-
noticed shimmer. This effect usually occurs at night
when the air is calm.

Curvature. Both the leveling instrument and the rods
are oriented to the direction of gravity, to measure ele-
vation differences with respect to the same reference
surface. When the instrument is level and is rotated so



3-4 NOAA Manual NOS NGS 3, Geodetic Leveling

that the line of sight intercepts each scale, the line of
sight should sweep ouf a horizontal plane. It would be
parailel to the equipotential surface if the gravity field, at
each setup, also defined a planc. This is not the case,
however, since the gravity field defines a curved sur-
face. Thus, a small amount of curvature error is intro-
duced into each observation (fig. 3-8).

Curvature error is proportional to the square of the
sighting distance. Assuming the eguipotential surface
is evenly curved, curvature error can be reduced by
making the backsight and foresight distances in each
setup nearly equal. If setups are thus balanced, within
a tolerance, correction for curvature need not normal-
ly be made while leveling.

|

Direcilon of gravity

Figure 3-8.—Curvature error, c, where the line of sight
is not parallel to an equipotential surface,
cancels if sp=s

Because the surfaces defined by the gravity field are
not evenly curved, minute differences in curvature error
in every setup accumulate systematically in leveling
conducted over large changes of elevation, particularly in
a northerly or southerly direction. Even so, the magni-
tude of this error is so small that it may be neglected if
the backsight and foresight distances are nearly equal.

Tidal accelerations. Because leveling instruments and
rods are oriented to the direction of gravity, after cur-
vature has been taken into account, the elevation dif-
ference of each section is computed along a route that
approximately parallels an equipotential surface. How-
ever, the Sun and Moon create tidal accelerations that
periodically distort this surface, generally more toward
the equator than the poles {fig. 3-9).

The distortion is termed a deflection and is described
by two component vectors. The vertical component af-
fects only the magnitude of gravity along the route,
resulting in a negligible effect on the elevation differ-
ence. The horizontal component, however, acts at 90°
to the equipotential surface, resulting in a small error,
especially if the section is oriented in a line with the
Sun, Moon, and the north or south pole. The error ac-
cumulates significantly in leveling lines oriented
norih-south, particularly in the middle iatitudes. To
remove it, a correction must be applied.

Levellng roytg

Figure 3-9.—Effect, a, of tidal deflection, ¢,
on a section of length and direction, 5.

Leveling rods. To observe accurate heights above the
points on which the leveling rods rest, precise relation-
ships must be maintained between the rods and the equi-
potential surface, and between the rods and the scales
mounted on or withip them.

The first relationship is ensured by plumbing, or
aligning the rods with the direction of gravity, a task
which is analogous to leveling the instrument. If they
are not so aligned, an error is introduced into each
observation. Although the error may be small, it
accumulates systematically with change of elevation,
especially on steep slopes where cbservations are made
alternately iow and high on the scale (See figs. 3-10,
3-11, 3-12)) It can be limited only by plumbing the
scales properly.

Beosp B

4
Direction of gravity

Figure 3-10.—Effect of rod plumbing error, p,

on a height observation, B,

The second relationship depends upon the accuracy
with which the scales are manufactured and mounted
in or on the rods. If the graduations are not accurately
marked above the scale zero or if the scale changes in
length during leveling, error may accumulate in the
observations. To limit the error, leveling rods should
be well-designed, routinely calibrated, and properly
handled and maintained.

The index error, which is the difference in height
from the scale zero to the base plate of the rod, repre-
sents a constant portion of the error in the scale values
Index error can be eliminated by making an even number
of setups for every section, thus using the same rod on
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Figure 3-11.—Systematic effect of plumbing error
(and scale errors) is small on flat terrain,
since B,=F, and F,=B,.

every bench mark during the leveling. (It can also be
eliminated if only' one rod is used if accurate calibra-
tion corrections are applied.)

In much the same way as an error in plumbing, error
in the scale values causes systematic error to accumu-
late with change of elevation. For the most accurate
results, observed scale values should be corrected to
standardize them with respect to the National Standard
of Length. To do this the rods must be accurately tali-
brated. Since the scales are subject to thermal expan-
sion, the coefficient of thermal expansion must also be
measured, and scale temperatures should be recorded
during the leveling.

Turning points. The leveling rods must be set on
clearly defined, stable points. Rather than using natural
objects, which may or may not prove to be adequate,
portable, standardized turning points should be used.
They should provide definite points on which to rest
the rods. Both the base plate of a rod and the top of
a turning point should be cleaned before placing the
rod on the point.

To prevent error when leveling to and from control
points, they too should provide definite points. Since
this is not always possible, special procedures may be
necessary for leveling to awkward points.

Stability. During each setup, the leveling instrument
and the rods may change elevation because of settle-
ment or rebound caused by the type of ground cover.
To minimize error from such movement, the backsight
and foresight should be observed nearly simultaneous-

ly. This requires two rods and an efficient instrument
and leveling unit.

Instrument movement can be reduced by proper use
and maintenance of the tripod. Systematic error resulting
from consistent movement of the instrument can be elim-
inated by using one of two observing procedures. In one
procedure, known as micrometer leveling, two elevation
differences are measured in two directions during each
setup. If the instrument setties significantly during ei-
ther or both measurements, the observations will not
lie within a limit imposed on the difference between
the results. Averaging the results practically eliminates
any remaining systematic error.

In the other procedure, three-wire leveling, the first
reading of the setup is made on the backsight of odd-
numbered setups, and on the foresight of even-numbered
setups. Consistent settlement of the leveling instrument
will cause the results of odd setups to be too large and
the results of even setups to be too small by a similar
amount. Thus, over a section with an even number of
setups, the errors nearly cancel.

Rod movement is minimized by placing the turning
points so they provide sufficient stability. Systematic
error caused by consistent movement during each setup
can be limited somewhat by the procedures described
previously. If the rods are allowed to rest on the points
for 20 seconds before making an observation, any re-
maining movement should be negligible

When proceeding from one setup to the next, the for-
ward turning point must not move. This can only be
assured by the rodman’s diligence and by comparing
repeated levelings of the section. Averaging the results
of two runnings, made in opposite directions, nearly
eliminates any systematic accumulation of error resulting
from consistent movement.

Blunders. Errors that result from failure to follow
the specified procedures are termed blunders. In leveling,
no unit is so experienced that the work performed by
the group can be automatically considered free of blun-
ders. Only conscientious attention to detail, combined
with scrupulous checks and cross-checks, can ensure
accuracy.

Rod i

Figure 3-12.—Effect of plumbing error (and scale errors) accumulates
on sloping terrain, since B,=F, and F,* B,
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Random blunders are usually large and occur at sin-
gle setups. They include (1) mistakes in reading or re-
cording scale values, (2) observing the rods in the wrong
order, (3) improper placement or leveling of the instru-
ment, (4) gross movement of the instrument or turning
points during the setups, (5) improper placement or
plumbing of the rods, and (6} gross movement of the
forward point between setups. The first four of these
blunders may be detected and eliminated with confi-
dence by using double-scale rods, computer-recording
equipment, and the micrometer-leveling procedure given
in section 3.7.2. In this system, observations are made
in such a way that checks for internal consistency can
be computed. The last two blunders, if unreported by
the responsible rodman, may be detected only by com-
paring repeated levelings of the section.

Systematic blunders are more difficult to detect. They
are primarily caused by failure to follow the procedures
necessary for precise leveling, particularly maintenance
of the instrument and the rods. If the collimation check
and the compensation check are not performed correctly,
the use of an improperly adjusted instrument may in-
troduce error, undetectable in each setup, but accumu-
lating over the line, Similarly, if the spherical levels on
the rods are not properly adjusted, error may accumu-
late. If a rod is dropped, or otherwise damaged, previ-
ous calibration values may no longer apply and the data
cannot be corrected with confidence.

3.1.3 Tolerances for Geodetic Leveling

To produce reliable elevations, the results of geodetic
leveling must satisfy the appropriate standard of accura-
cy for the order and class of a survey. This standard is
attained in three ways while leveling: first, by operating a
well-organized and well-trained leveling unit; second,
by selecting sufficiently precise equipment and calibrat-
ing it properly; and third, by adopting observing and
recording routines that limit accumulation of error. Spe-
cific instructions for satisfying these requirements are
presented in the remaining sections of this chapter. Toler-
ances, suitable for attaining each standard of accura-
cy, are presented in table 3-1.

Two types of tolerances must be applied. The first
type is a set of practical limits on the dimensional
factors within the leveling system that are known to
increase the magnitude of error in the results. The
second type is a set of limits on the precision of the
results obtained from two or more levelings between
the same two points. The tolerances should reflect the
probable magnitude of random error that cannot be
corrected or eliminated. Then, blunders and most
systematic error can be detected and removed from the
leveling data.

The second set of tolerances is defined with the ex-

pectation that the tolerances will be exceeded 5 percent of

the time (95 percent test level). This permits a check

on the validity of the limits imposed. If leveling results
exceed the limits more than 5 percent of the time, ei-
ther the first set of tolerances is not being satisfied or
the second set has been made too restrictive (forcing
observations that may not be accurate to appear pre-
cise). If leveling results exceed the limits less than S
percent of the time, the second set of tolerances may
not be restrictive enough.

Tolerances, revised periodically by the Federal Geo-
detic Control Committee, are published in Classifica-
tion, Standards of Accuracy, and General Specifica-
tions of Geodetic Control Surveys (Federal Geodetic
Control Committee 1974) and Specifications to Sup-
port Classification, Standards of Accuracy, and Gen-
eral Specifications of Geodetic Control Surveys (Fed-
eral Geodetic Control Committee 1980).

3.2 Organizing a Leveling Unit

During a leveling project one or more units operate
under the supervision of a project director who supports
and monitors the activities, Like mark setting units,
each leveling unit must be capable of working self-
sufficiently several hundred kilometers from the proj-
ect office. Guidelines are presented here for organizing
and maintaining such units.

3.2.1 Personael

A leveling unit normally requires five persons: the
observer, the recorder, two rodmen, and a pacer. Cer-
tain equipment or conditions may require that additional
personnel be assigned. An experienced unit, equipped
with a compensator-type leveling instrument and
special vehicles, can operate efficiently with four
persons.

The leveling unit is exactly what the name implies, a
unit, and each person in the group, whatever the position,
must be constantly on the alert to ensure that all duties
are performed promptly and carefully. Complete and
continuous attention to the details of the work is
required of all members of a unit if it is to operate
smoothly and efficiently. Any member of the unit who
is slow, careless, or indifferent can ruin the work of
the whole unit.

Unit chief. The unit chief, who usually serves as the
observer, is responsible for managing the unit in the
field. The quality and quantity of leveling produced
depends on the experience and good judgment of the
chief. Practical proficiency in each of the leveling duties
is a prerequisite for the job. This individual should set
an example which ensures correct, safe, and efficient
leveling.

The chief should ensure that the specifications and
guidelines contained in this chapter are strictly followed
by all unit members. New employees, in particular,
should be thoroughly instructed in their duties. The
chief should ensure that project instructions are read
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Table 3-1.—Tolerances for geodetic teveling

First order First order Second order Second order
class { ciass IE ciass | class IF Third order

Lines of sight
Maximum sighting distance 500 m 600 m 60 0 m 700 m 90 0 m
Muximum imbalance.

per setup +2 0 m =50 m x50 m +10 0 m £i0 0 m

per section 40 m ®i0 0 m #1600 m +10 0 m =00 m
Leveling instrument
Maximum collimation error.

single line of sight - 21070 (C = =0 05 mm/m) '~ e
Maximum collimation error.

mean of two lines of sight - 40 (C < %0 02 mm/m} FS —_——
Maximum zngalar difference

in two lines of sight o +40"0 (Q =< %0 20 mm/m} . —_—
Setting precision +07"25 £0 325 +07'50 =050 S
Minimuwimn reading 0.1 mm +0.1 mm 0 5 mm =0 5 mm o s

Micrometer Micrometer
required required

Leveling rod
Plumbing accuracy +10'0 100 1070 +i0'0
Maximum scale unit 10 em i 0 om 1 0 cm 1.0 em
Calibration accuracy +0 05 mm +=0¢ 05 mm +0 05 mm 0 05 mm
Agreement of observed elevation differences before correction, ebserved backward and forward during
One-selup section +0 40 mm +1 G0 mm o —_—— e
Twe runnings of a section

less than 0.10 km in length +0 95 mm +1.26 mm +1 90 mm +2.53 mm +3 79 mm
Two runnings of a section of onc-

way length K: 7X /K mm, 7= +3 00 +4 00 +0 00 +8 00 &2 00

Three or more sunnings of a section: Each accepted running must differ from the mean of all accepted runnings by no mere than 1 ¥ /K mm.

t given below For a sectior less than 0 10 km in length. let K=0 10

Number of levelings:

k! 2.0 2
4 333 3
5 3 48 3
6 2.59 3
7 2 68 3
8 275 3
One leveling of 4 loop of one-way
length K. beginning and ending
at the same point;
TX VEkmm. T= +4 00 +5

81
10
33
46
58
67

00

4 1 563 g 44
4 66 6 23 9 M
4 .96 6 64 g 95
5.19 6 94 10 4
536 718 10 7
5 51 737 11 0
+6 00 +8 00 +12 00

and understood by unit personnel, resolving any tech-
nical questions before work begins. When substantial
confusion or doubt about a field procedure exists, the
chief should seek immediate guidance from the project
director.

In addition to technical concerns, the chief is responsi-
ble for the safety of personnel, and for the security and
maintenance of all equipment assigned to the unit Any
deficiencies in these areas must be reported immedi-
ately to the project office The chief submits weekly
and monthly status reports, and is also charged with
the safekeeping of the leveling data until they are proper-
ly transmitted to the project office.

The chief can improve the unit’s efficiency by planning
each day's activity in advance. By reviewing the logs in
advance of the surveying date, sections which require
unusual survey procedures can be pinpointed and the
project director notified if any additional personnel or
equipment are needed. It is helpful each morning to
explain the day’s goals to the unit. Whenever possible,
duties should be rotated to provide opportunities for
unit members to develop and upgrade their skills. When
weather conditions or other factors prevent leveling,
the chief should assign unit members other duties such
as maintaining equipment or augmenting their skills
and knowledge.
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Observer. The unit chief or another individual who
serves as the observer should have a thorough under-
standing of the leveling instrument, as well as the ex-
perience to operate it correctly and efficiently The
observer is responsible for maintaining the instrument
and the tripod, and should follow the precautions outlined
in subchapters 3 3, “Leveling instruments,” and 3.6,
“Atmospheric conditions " He or she should be con-
stantly alert, to ensure that the route for the line is
followed correctly, to plan ahead to avoid problematical
setups, and to monitor the activities of the rodmen. The
observer should check the recorder’s work periodically
and check and initial all records at the conclusion of
each day's work

Recorder. The recorder enters observation data on
recording forms or inte a portable computer. He or she
should write legibly and be able to follow exactly the
recording procedures outlined in subchapters 3.7,
“QObserving routine,” and 3.8, “Field records™ A clear
understanding of the mathematical computations and
checks is important, whether recording on a form or a
computer, and the ability to compute these checks rapidly
is essential when using recording forms When using a
computer-recording system, the recorder should be
familiar with the various recording programs and skilled
in operating and maintaining the equipment

The recorder should be an alert and conscientious
driver, since the truck that transports the redmen and
observer from setup to setup can be used as a recording
station. In addition, the recorder should support the
observer by checking constantly for blunders or over-
sights, which would lower the quality of the leveling,
and by serving as acting observer in the absence of the
unit chief

Rodman. Although the position is often filled by an
individual with little surveying experience, the rodman’s
duties are critical to precise leveling. With a computer-
recording system, observing and recording blunders
may be discovered and corrected before leaving each
setup; however, no check can be made as to whether
or not a turning point or leveling rod has moved between
setups unless the entire section is releveled. The turning
point and the leveling rod are the responsibility of the
rodman.

He or she should be unquestionably reliable and con-
scientious, able to pace precisely, adept at handling
the rod, and meticulous in setting turning points, fol-
lowing the precautions described im subchapters 3 4,
“Leveling rods,” and 3.5, *“Turning points.” The rod-
man is charged with the responsibility of maintaining
the equipment properly and reporting deficiences
promptly. When a mistake is made (eg, pulling a turning
pin too soon or accidently bumping a turning plate),
the rodman should report it immediately. For motor-
ized leveling, the rodman must be able to operate skill-
fully a specially equipped motorcycle or small vehicle,
and perform minor maintenance.

v
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Pacer The pacer, an optional position which is usu-
ally rotated with the position of the rodman, marks out
precisely balanced setups and sets the turning points
ahead of the unit. He or she should be able to select 2
satisfactory leveling route, based on the information
provided in the logs. The pacer also sets up warning
signs and returns for the leveling truck after sections
have been walked In motorized leveling, this position
is not necessary if the vehicles are equipped with accu-
rate odometers

Other personnel. A spirit-level instrument must be
shaded during leveling, thus creating the need for a
person to hold an umbrella. In three-wire leveling, this
person assists the recorder by making the back check
(See sec 3.7.4) He or she may also be needed to shield
the instrument in extremely windy conditions.

If a traffic lane must be closed, two flagmen are re-
quired to divert traffic These are usually the pacer
and a sixth person who is temporarily assigned to the
unit

3.2.2 Equipment

Survey equipment, itemized in appendix B, should
be readily available and routinely maintained by the
persannel in the unit. An inventory should be conduct-
ed when the equipment is issued to the unit chief and at
least once a year thereafter. All equipment should be
stored securely, in an organized fashion, in the leveling
truck or other assigned vehicles

[tems of survey equipment have been classified and
coded according to type. The codes must be recorded
together with the serial numbers of equipment used to
collect data that are to be included in the national net-
work. The codes are listed in fnput Formats and Speci-

fication of the National Geodetic Survey Data Base

{Pfeifer and Morrison 1980: vol II, annex F)

In general, the individual who uses a piece of equip-
ment should be responsible for its maintenance. Any
defective or damaged equipment should be reported
immediately to the project director. When the unit is
working at a substantial distance from the project office,
a spare leveling instrument should be available, espe-
cially if the instrument’s collimation error cannot be
adjusted in the field,

When equipment requires maintenance that cannot
be performed by the leveling unit, the equipment should
be returned to the project office. If the equipment can-
not be delivered in person, it should be packaged prop-
erly to prevent damage in shipment. Instruments and
computer-recording equipment are particularly vulnera-
ble to such damage.

Motorized leveling. The term “motorized leveling”
refers to using vehicles to transport all members of the
leveling unit from one setup to the next. When personnel
proceed between setups, they must usually wait for the
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backsight rodman, who has twice the distance to trav-
el. Traditionally, the leveling truck, driven by the re-
corder, transports the rodmen half this distance to re-
duce the cycling time of each setup. When the rodmen
are equipped with vehicles, the cycling time can be fur-
ther reduced, especiaily if each vehicle is provided with a
mechanism for setting the turning point and raising
and lowering the rod without leaving the vehicle

A specialized observing vehicle driven by the recorder
may allow the observer to set up and level the in-
strument more efficiently, perhaps at a height suf-
ficient to reduce the effect of refraction. A built-in
intercom can prevent misunderstandings between the
observer and the recorder. In addition, both the instru-
ment and personnel are protected from the weather,
permitting leveling to continue under a wider variety
of conditions.

In the traditional, partially motorized routine, the
backsipht rodman proceeds to the leveling truck and
rides to the instrument position of the next setup. From
there the rodman proceeds to the foresight position, at
which the pacer should already have placed a turning
point. When only four persons are available, the rodmen
must pace to and set their own points.

Vehicles, equipped with precise odometers, may im-
prove the rodmen's efficiency. In the absence of a pacer,
however, the rodmen must still set their own turning
points,

3.2.3 Safety

Because lines of leveling typically follow highway
and railroad right-of-ways, personnel must be alert at
all times to the hazards of working close to traffic.

When operating along a road, each member of the
unit must wear a highly visible, orange vest. Work should
be conducted as far from the road itself as possible,
avoiding setups which unnecessarily expose personnel
to the traffic. For added protection, warning signs should
be placed within 1.6 km of the unit, in each direction.
Any other safety requirements should be identified at
the time liaison with the State highway district office
is established.

Any vehicles used to transport the rodmen and the
observer during a section of leveling should be driven
on the right shoulder of the road, oriented with the flow
of traffic. Vehicles should never be backed against traffic.
A warning light should be flashing and the vehicle’s
hazard lights should be turned on. If the road shoulder
is too narrow or if the highway is too heavily traveled
to accommodate the leveling truck or other vehicles,
the section should be walked If there is insufficient
room for the unit to pass safely on foot, the procedures
cited under “Controlling traffic” (next subheading)
should be used.

When working along a railroad, do not wear orange
vests or use flashing lights, since these may cause a
train to stop unnecessarily. Each person should be alert to

the presence of approaching trains and be ready to
warn other unit members. Each person shouid also
have an escape route planned, especially when working
on terrain where a train is not visible until the last
instant,

All personnel in the unit should be trained in basic
first aid and cardiopulmonary resuscitation. At each
work area they must be aware of the location and tele-
phone number of the nearest emergency medical-
treatment center, 50 prompt assistance can be obtained if
an accident occurs. Any persanal injury must be reported
to the project director immediately. More detailed guide-
lines for safety are given in the National Geodetic Survey
Operations Manual (Greenawalt and Floyd 1980).

Controlling traffic. When a traffic lane must be closed,
as when leveling across a bridge with no sidewalks or
leveling through a tunnel, permission to control the traffic
must be obtained from local authorities A suitable con-
figuration for controlling traffic is shown in figure 3-13.
Six personnel are necessary: two flagmen and a four-
person leveling unit. The flagmen must be equipped
with portable radios to coordinate their efforts. The
recorder should drive the truck as for routine leveling.
When added protection is necessary, two extra vehicles,
each driven by an additional person, should precede
and follow the unit.

After setting up warning signs, the unit proceeds down
the right lane, as shown in figure 3-13. The forward
flagman moves about one setup ahead of the unit, stop-
ping traffic in the left lane (example 1). The rear flag-
man stops traffic behind the unit. After notification by
radio that traffic in the left lane is stopped, the rear
flagman begins directing traffic around the unit. When
the setup is complete, the unit waits until the rear flagman
has stopped traffic in the right lane (example 2). After
notification of this, the forward flagman allows traffic
to proceed in the left lane, and advances one setup ahead
of the next setup. The unit advances at the same time to
establish the next setup {example 3).

3.2.4 Reports

The project director should visit each unit at least
once each month to inspect technical and safety proce-
dures, and to provide personnel with updated informa-
tion on project accomplishments. At all other times the
unit chief should maintain regular communication with
the project director. This can be accomplished in person
when the unit is operating near the project office and
by telephone when the unit is at a distant location In
addition, the reports described in the following para-
graphs are required of the level unit.

Weekly leveling report. The weekly status report is
submitted in person or mailed to the field office at the
end of work each week Any certified or registered-mail
receipts for leveling data sent to the project office dur-
ing the week should accompany the report. The report
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Figure 3-13,—Controlling traffic.

includes notes on progress, weather, activities, equip-
ment condition and maintenance, suggestions, and re-
quests for supplies. Figure 3-14 shows a properly exe-
cuted NOAA Form 76-159.

When completing the form, enter distance in kilo-
meters to one decimal place, Of primary interest is
progress-—the amount of the assigned line which has
been completed. Report progress in two categories: dou-
ble run and single run. Double-run progress is the total
one-way distance of all sections that have been leveled
in both the forward and backward directions. Single-
run progress is the total one-way distance of all sec-
tions that have been leveled in only one direction.

When a section is releveled in the same direction as an
earlier leveling, total the distance as rerun, For example,
if a double-run section fails to close, count the distance

for the third leveling of the section as the first rerun. If

still more levelings are required to obtain closure, count
the distances in the column for additional reruns.

The total distance represents the amount of work
performed by the unit each day. It is the total of ali the
leveling distances, including both directions of double-
run sections and all reruns. Check the statistic totals
each day by this formula:

(2 X double-run progress} + single-run progress
<+ rerun = total

The formula may be used to calculate double-run prog-
ress each day when an entire line is double run. Total
the distance for the day, subtract all reruns, and divide
what remains by two.

Report the number of setups of leveling completed
each day. Do not count setups from the collimation check
and setups from incomplete sections. Also report the
number of section runnings completed

The time at which the first setup began and the time
when the last setup ended should correspond with the
beginning and ending times recorded in the leveling
data. Any delays of 15 minutes or more during the work-
day should be noted and explained in the remarks.

Note the number of collimation and compensation
checks made. Also note the number of persons working
with the unit for the day. Columns for weather condi-
tions and remarks should be completed. Note such items
as: cloud cover, wind speed, temperature, unusnal cli-
matic conditions, change of lines, change of observer,
change of unit personnel, plumbing of rods, other ad-
justment and maintenance activities, equipment break-
downs, accidents, training activities, and any inci-
dents which have a bearing on the quality of the level-
ing or condition of personnel and equipment.

Monthly leveling report. The monthly leveling report is
submitted, either by mail or in person, to the project
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office at the end of work on the last day of each month.
The report contains the same information as that given
in the weekly report. Unlike the weekly report, howev-
er, the monthly report is forwarded to the headquar-
ters of the National Geodetic Survey, where it serves
as a source of statistical information and sugpgestions
concerning the progress of leveling in the national
network.

Figure 3-15 shows a properly executed monthly
releveling report. At the end of each work day, the unit
chief should fill out the line on the report correspond-
ing to that day’s activities. Then it is a simple matter to
complete the totals at the end of the month.

Vehicle report. Careful records should be kept of all
expenses incurred for the repair and maintenance of
the leveling truck and other vehicles. A report summa-
rizing these expenses should be submitted, topether with
all pertinent receipts, to the project office at the end of
each month.

Miscellaneous reports. The unit chief should be
familiar with current organizational procedures for sub-
mitling per diem vouchers, accident reports, personnel
reports, and expense receipts.

3.3 Leveling Instruments

The instrument used for geodetic leveling must be
precisely manufactured to ensure both sensitivity and
ruggedness. This subchapter describes the mechanisms
that are important in an optical instrument that is suitable
for geodetic leveling. Specifications are included for
proper maintenance and use of the instrument.

3.3.1 Classification

Optical leveling instruments are classified in two ways.
The first is by the mechanistn with which they provide
a horizontal line of sight. Spirit-level instruments de-
pend on a sensitive tubular level attached to the tele-
scope. A [ine-pitch tilting screw is turned manually to
center the bubble in the vial of the spirit level. Com-
pensator instruments depend on a pendulous reflecting
component, the compensator, within the optical system of
the telescope. Responding to the attraction of gravity
automatically renders the line of sight horizontal.

Since the line of sight provided by either type of in-
strument cannot be exactly horizontal, the resulting
collimation error must be regularly measured and ad-
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Figure 3-15.-—Leveling unit monthly report.
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justed within tolerance. Once the instrument is properly
adjusted and the collimation error is known, the preci-
sion of the observations made depends in part on the
consistency with which the spirit level or the compen-
sator maintains the given line of sight. In a spirit-level
instrument, this consistency is primarily determined
by the degree of precision with which the bubble may
be centered in the level vial A coincidence prism or
similar device enhances the precision of centering. How-
ever, since the bubble tends to “run” toward a point
source of heat, the instrument must be shaded to en-
sure centering precision while leveling.

Compensator instruments maintain the consistency
of the line of sight in various ways, some of which are
described in this subchapter. In general, the automatic
compensator mechanisms provide a setting precision
superior to that attainable by centering a bubble. Thus,
compensator instruments permit both greater produc-
tivity and improved leveling precision.

The second way in which leveling instruments are
classified is according to whether or not they are equipped
with micrometers. Without a micrometer, observation
values may be estimated to, at best, 0.5 mm. The mi-
crometer permits observations to be made with better
precision. It permits values to be read directly to the
equivalent of 0 05 mm or better.

For productive geodetic leveling, optical instruments
should have the following features:

i. A telescope equipped with a large objective lens
(50 to 70 mm diameter of the free aperture) to ensure
brightness and good image definition.

2 A magnification power of 30 to 50 diameters.

3. A reticle etched between glass plates to ensure 2
consistent, dust-free image. It should include one ver-
tical line, three horizontal lines (a middle line and two
stadia lines) and, for use with scales with line graduations,
a wedge. (See sec. 3.3.5, “Making an observation.™)

4. Resistance to the effects of temperature change
and vibration.

5. Units of the micrometer compatible with the
graduations on the leveling rods. (See sec. 3.3.4, “Optical
micrometer.”)

Only instruments that are equipped with microme-
ters and that meet the appropriate standard of setting
precision with respect to collimation error (table 3-1)
can provide results considered to be of first-order ac-
curacy. Although instruments with micrometers are pre-
ferred, instruments without micrometers can be used
in combination with the three-wire leveling procedure
to provide results considered to be of second-order
accuracy.

Several different kinds of leveling instruments have
been satisfactorily used for geodetic leveling in the Unit-
ed States. The Fischer level (fig. 3-16), designed by
the Coast and Geodetic Survey, was the sole instrument
used by that organization from 1900 to the early 1960's.
Since then, commercial instruments that have been

Figure 3-16.—Fischer level,

extensively used by the Nationa!l Geodetic Survey in-
clude: Breithaupt NABON, Jenoptik Ni004, Zeiss Ni2,
Zeiss Nil, MOM NiA31, and Jenoptik NI 002 (figs.
3-17 through 3-21). Some features of these instruments
are given in table 3-2

Figure 3-17.—Jenoptik Ni004,

3.3.2 Telescopic System

In a simple telescope, such as that used in older spirit-
level instruments, the straight line between the optical
center of the objective lens and the center of the reticle
is called the line of collimation. A ray of light, passing
through the optical center of a simple lens, continues
to travel in its original direction as it proceeds beyond
the lens. Thus, when the telescope is horizontal, the
image of the center of the reticle, projected along the
line of collimation to the center of the objective, de-
fines a horizontal line of sight.

The ocular, or eyepiece, is a magnifying lens which
permits the observer’s eye to focus on the reticle lines and
to see simultaneously on the reticle a magnified image of
the scale of the leveling rod. The ocular and the observer's
eye function jointly as a single lens. The ocular must be
set at a fixed distance from the reticle, to enable the
observer to see, without eyestrain or parallax, a sharper
view of the reticle lines and the scale image This setting
must be adjusted to the eye of the individual observer.
(See sec. 3.3.5, “Parallax adjustments.™)
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Figure 3-18.—Zeiss Ni2,
with micrometer attachment.

To focus an instrument, the distance from the objective
to the reticle, D, in figure 3-22, must be adjusted rela-
tive to the sighting distance {rom the objective to the
rod scale, D, In older, external-focusing telescopes,
the reticle and ocular are moved together in a combined
mounting; the ocular is adjusted separately to focus
distinctly on the reticle lines. In more recent versions,
the reticle is in a fixed mount and only the objective
lens is moved, usually by means of an external sleeve,
to set the image distance as required.

Figure 3-19,—Zeiss Nil.

In internal-focusing telescopes, both the objective
and the reticle are mounted in fixed positions (fig. 3-23).
This system requires the introduction of a third, focus-
ing lens between the objective and the reticle. The spacing
between the objective and the focusing lens determines
the focal length of the system Focusing is accomplished
by moving the focusing lens back and forth until the
focal length is that required to make a sharp image at
the reticle for the particular sighting distance. An in-
verted image of the rod scale is formed.

The internal-focusing system is much less likely to
admit dust and moisture and is widely used in leveling
instruments of high precision. In some instruments,
the inverted image is made erect by a complex ocular
system

The presence of a focusing lens in the telescope re-
quires a more general definition for the line of collima-
tion. Because of imperfections in manufacturing, the
center of the focusing lens cannot be set exactly on the
line between the center of the reticle and the center of
the objective Neither can the shiding motion of the fo-
cusing lens be adjusted to coincide exactly with the
line of collimation. Thus, the line of collimation deflects
slightly as it passes through the focusing lens The line
of collimation can be redefined as the path followed by
a ray passing through the center of the objective and
deflected by intervening optical elements, finaily inter-
secting the center of the reticle.

The line of sight provided by the instrument is the
forward extension of the line of collimation, through
the center of the objective to the siphted object. In the
case of a deflected line of collimation, the line of sight
is the extension of the segment immediately behind the
objective.

Figure 3-20.—MOM NiA31,

3.3.3 Compensator System

The presence of a compensator in an instrument
eliminates the time-consuming operation of carefully
centering the bubble in a level vial immediately before
each observation. Instead, the instrument need only
be roughly leveled with the tribrach screws, referring
to a circular level rigidly attached to the instrument
body.

Compensators can be grouped in two general classes:
nonreversible and reversible. This manual explains two
examples of nonreversible compensators: the Ni2 and
Nil instruments. The NI 002 instrument is also described
to provide an example of a reversible compensator.
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Figure 3-21.—Jenoptik NI 602,

General description. The compensator consists of one
or more reflecting elements, usually prisms, set in the
line of collimation of the telescope. One of the reflec-
tors is suspended within the instrument by fine flexible
links (usually Invar bands). The orientation of this mov-
able element is changed within the telescope system by
the action of gravity, whenever the alignment of the
instrument body is changed with respect to the local
gravity vector. The lengths and geometrical arrange-
ment of the suspension links, the position of the center

of gravity of the suspension links, and the position of

the center of gravity of the movable element are care-
{ully designed to tilt the reflecting surface. The tiit as-
sures that the path followed by a ray of light, entering
at the center of the objective, is deflected to intersect
the center of the reticle

Since the housing of the instrument is made only ap-
proximately at each horizontal setup {within a range
depending on the sensitivity of the circular level), the
movable element within the compensator must assume
an attitude such that the segment of the line of colli-
mation immediately behind the objective is consistently

horizontal. The angle by which it deviates from the hori-
zontal is the collimation error. The consistency with
which the movable element repeats a given collimation
error when the instrument is releveled, without otherwise
being disturbed (e.g., in a laboratory), is termed the
setting precision. It can be limited to less than +025 in
a precise instrument It compares with the centering
error of about =05 for the tubular level of a precise
spirit-level instrument.

Zeiss Ni2 The first commercial compensator in-
strument was the model Ni2, produced in 1950 by Carl
Zeiss in the Federal Republic of Germany. It has a rel-
atively simple compensator system which contains three
elements. Two are prisms rigidly attached to the tele-
scope body. The third is an inverted pendulum, suspended
by two pairs of fine Invar tapes on which the element
can swing into a stable position with respect to the gravity
vector. A reflecting prism is attached at the lowest part of
the element. The telescope system, into which the com-
pensator is inserted, is of the internal-focusing type A
micrometer attachment is available for the Ni2.

The basic configuration of the compensator system,
with the telescope axis horizontal, is shown in figure
3-24. The fixed reflector prism and the movable prism
serve, in effect, as plane mirrors. By simple reflection,
the prisms cause large deflections in the line of colli-
mation along its path from the objective to the reticle.
Because of the “floating™ action of the movable prism,
the deflection varies in magnitude as the vertical axis
of the instrument changes slightly from setup to setup
The fixed roof prism picks up the reflected line of col-
limation from the movable prism and redirects it to the
reticle, where the image of the rod scale is formed. The
roof prism not only deflects the line of collimation, but,
by double lateral reflection, also reverses the image of
the rod, left to right and vice versa

The focusing system in front of the compensator gener-
ates an inverted image of the rod scale, but the prism

Table 3-2,—Features of some geodetic leveling instruments

Stadia Stadin Setting

Instrument Micremeter Image factor constant precision
Compensator instruments
Jenoptik NI 002

(reversible) integral Erect 100 +04 m + 005
MOM Niall Integrai Erect 100 +03Tm +0]
Zeiss Nil Integral Erect 100 00 =01
Zeiss Ni2 Optional Erect 100/333 Qo £072
Wild NA2 Optional Erect i00/333 0o £0U3
Spirit-level instruments
Wild N3 Imegral Inverted 100/333 -0 m =02
Jenoptik Nig04 Integral [nverted 106 g0 0023
Breithaupt NABON Optional Inveried 106 0o £072
USC&GS Fischer Nene Inverted 300/333 +06 m +0U's
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Figure 3-22.—External-focusing telescope.

system erects the image {rom top to bottom and reverses it
left to right. Thus, the observer sees an erect, direct
image.

With the telescope axis horizontal, the line of colli-
mation is horizontal before reflection by the fixed re-
fiector prism. The line which connects pivot points A
and B in the body of the instrument and the line which
connects pivot points ¢ and D by which the compensa-
tor is suspended are also horizontal. Points € and D are
placed symmetrically with respect to A4 and B, by vir-
tue of their suspension on either side of the movable
prism. This requires four suspension ribbons in all, of
nearly equal length. The line of collimation is deflect-
ed 45° by reflection from the first fixed prism, by 90" in
the opposite direction from the horizontal surface of

RETICLE

lI_Ocular Focusing

the movable prism, and again by 457 1o coincide with
the telescope axis. Thus, the image directed by the
objective along the line of collimation is viewed at the
ocular as if no deflection had occurred.

When the instrument is roughly leveled (fig. 3-25),
the telescope axis is tilted within 4’ from a horizontal

‘position and the line of the pivots, A8, is tilted by the

same amount, . Because of the flexible suspension
ribbons, the supports C and D shift to a new position,
The lengths, AC, BD, and CD, remain unchanged and the
suspension ribbons bend slightly at 4, B, C, and D,
as if the supports were frictionless pivots, (Actually, the
ribbons assume complex curved alignments, but if the
axis is tilted only slightly, this causes no significant
error.)
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Figure 3-24.—Ni2 compensator system, telescope axis horizontal.

Because of the shift of the support, CD, the lower
reflecting surface of the movable prism is tilted in the
same direction as the line of pivots, 48, but through a
larger angle, 8, by the relationship:

f=n¥ea.

The factor, , is a function of the dimensions of AB
and CD, the perpendicular distance from 48 to CD
when AB is untilted, and the height of the center of
gravity of the suspended system above the axis CD. The
magnpitude of the factor in a particular instrument de-
pends on the location of the compensator in the telescope.

In essence, the compensator must deflect a ray of
light, entering a telescope whose axis is tilted by a small
angle from horizontal, through the angle necessary to
redirect the ray to the center of the reticle, as shown
schematically in figure 3-26. In the Ni2 compensator
the ray is deflected three times, but the net effect is
that of a single deflection of the correct magnitude.

The position assumed by the movable element for
any tilt within its functioning range depends on the
dimensions of the suspension system and the position
of the center of gravity. Figure 3-27 shows the condi-
tion that must be met for stability of the movable ele-
ment during a setup. 4, B, C, and D are the pivot points
shown with the same notation as in figure 3-24. G is the
center of gravity at a height, &, above the line of pivots,
CD Stability (no oscillation) occurs automatically when

the gravity vector, acting downward from G, passes
through the point of intersection, /, of the extensions of
the suspension links AC and BD.

When the axis is tilted at a small angle, motion occurs
at all four pivots. Since they are essentially the equivalent
of frictionless pins, the system swings past the stable
position, swings back, and then continues to oscillate
about the stable position until the motion is damped.
To damp it quickly, a loose-fitting, air piston-and-
cylinder damper is attached between the dynamic el-
ement and the instrument frame. Without mechanical
contact between the piston and the cylinder, the device
utilizes the resistance of the air pressure generated by
the compression stroke to damp the oscillation in less
than a second. Such a damper is vital to the productive
use of a compensator instrument.

When stability is attained, the line of collimation is
horizontal. Any small residual tilt resulting from im-
perfections in the instrument is adjusted by rotating a
wedge-shaped optical element at the front of the
objective. (See sec. 4.3.1, “Rotary-wedge attachment.”)

This discussion of the basic configuration of the com-
pensator system has been developed around the Ni2
instrument because the details of application are rela-
tively straightforward. Application to other compensator
instruments would follow the same general theory, but
might vary considerably in detail.

Zeiss Nil The Nil instrument, like the Ni2, is pro-
duced by Carl Zeiss in the Federal Republic of Ger-
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Figure 3-25.—Ni2 compensator system, telescope axis tilted.

many. Designed some years after the Ni2, it is larger,
more precise, and intended specifically to produce level
ing results of better accuracy. It is equipped with a
high-powered telescope and a built-in, plane-parallel
plate micrometer. The compensator (fig. 3-28) of the
Nil is generally similar to that of the Ni2. The mow-
able element is an inverted pendulum suspended on four
Invar ribbons. The line of collimation is deflected three
times by reflection from prisms. Figure 3-29 shows the
schematic arrangement of the compensator systemn when
the telescope axis is tilted.

The compensator varies from that of the Ni2 in the
following particulars. First, the Invar suspension rib-
bons cross at a point above the base of the movable

element. This *“X-suspension” responds to tilting and
to the pravity vector in a manner similar to that of the
Ni2 (a "V-suspension”). However, the axis of the mov-
able element tilts in the direction opposite to the tilt of
the telescope axis

Second, the three deflections of the line of collima-
tion are accomplished by only two prisms The roof prism
reflects once; the movable prism reflects twice, internally.

Third, the movable element is not symmetrical about
the support system. The roof prism is mounted fairly
high above the base pivots and to the rear of the sup-
port system, near the ocular. The resulting eccentrici-
ty is balanced by the placement of a large damping
system at a position on the objective side of the sup-
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Figure 3-26.~Deflection of the line of collimation by the compensator.
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Figure 3-29.—Nil compenstor system, telescope axis tilted.

ports. This does not affect the response of the movable
element to gravity, The condition for stability still re-
quires that the gravity vector from the center of gravi-
ty of the movable element pass through the point of
intersection of the supporting ribbons, as projected on
a vertical plane. A major attribute of the Nil is that
the mass of the clement is greater than that in the Ni2,
which reduces its natural vibration frequency. This makes
the system more stable in the presence of external
vibrations.

Fourth, the Nil has a larger objective aperture and a
higher-powered telescope than the Ni2. These features
provide a sharper and more distinct view of the rod
scale, a factor that improves the precision possible when
intercepting the graduations.

Jenoptik NI 002 A major innevation in compensa-
tor instruments is the Jenoptik NI 002, manufactured
in Jena, German Democratic Republic. Although its
optical system is complex, the compensator operates
on a simple principie by adapting a vertically suspend-
ed, plane mirror.

Figure 3-30 shows that the optical system defining
the line of collimation has been reduced to only a few
components. The objective lens, 2, transmits rays of
light to the optically flat, compensator mirror, 3, which is
supported in an essentially vertical position by links,
I5, in an “X-suspension” array, similar to that of the
Zeiss Nil. The instrument is focused by moving the

mirror backward or forward. The reticle, 4, is engraved at
the front of the objective lens. Therefore, the focusing
distance is the total distance from the objective to the
mirror and back to the objective.

The line of collimation, then, consists of two super-
imposed segments, both of which are horizontal if the
compensator mirror is aligned with the direction of gravi-
ty. The important task of providing a horizontal line of
sight is accomplished by the simple arrangement of di-
recting rays from the objective to a suspended mirror,
then reflecting them back to the reticle on the front
surface of the objective. The only adjustment required
is to distribute small counterweights so the compensa-
tor rmirror hangs precisely in line with the direction of
gravity.

The compensator mirror is manufactured to be a pre-
cise optical plane; both “front” and “back™ surfaces
are precisely flat and parallel within the fine tolerances of
optical technology. The use of the double mirror as a
reversible compensator is made possible by the provi-
sion of the rotary motion, A, with which, by the simple
shift of a knob, the mirror and its suspension system
can be rotated 180°. After rotation, the line of collima-
tion is reflected from the reverse side of the mirror.

Since the line of collimation is tilted from horizontal
by an angle, &, in one position, it is tilted by a nearly
equal and opposite angle, a,, after the mirror is rotated
180" (Fg. 3-31). If the rod scale is observed twice, once
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in position one () and once in position two (2), the mean
of the readings is essentially free from the effect of the
collimation errors. Any small residual tilt in the mean
line of collimation (“quasi-absolute horizon”} may be
adjusted within 17’0 of horizontal by rotation of a wedge-
shaped optical element {item I in fig. 3-30).

Note that the difference between the readings is pro-
portional to the angular difference, o —a,, between the
collimation errors. This angle is normally kept within
2070 by adjusting the counterweights on the compen-
sator assembly.

During a setup of micrometer leveling with an imbal-
ance, As (backsight distance minus foresight distance),
the angular difference causes a difference between the
elevation difference observed in compensator position
one, Ah,, and that observed in compensator position
two, Ahy:

Ah,—Ahy=0XAs.

This must be considered when checking observations
for blunders. Since the angular difference fluctnates
somewhat as the air temperature changes, its maximum
magnitude should be vsed to compute the tolerance for
the reading check. {(See sec. 3.7.2, “Instructions; reading
check.™)

The precision of the NI 002 depends primarily on
the relationship between the obiective, the compensa-
tor mirror, and the reticle. The remainder of the optical
sysiem, which merely serves to transmit the scale image
from the compensator to the ocular, is essentially de-
scribed in the explanatory key to figure 3-30.

3.3.4 Optical Micrometer

Around 1910, Heinrich Wild made possible a signif-
icant improvement in the precision of leveling obser-

O

a4

Mean line f sight

vations when he invented the plane-parallel plate mi-
crometer. This optical device eliminates the need to
estimate the intercept of the middle line of the reticle
as it appears against the image of a rod scale The mi-
crometer permits the image of the scale to be shifted
vertically until an integral graduation is precisely in-
tercepted by the middle line. The amount af vertical
shift may then be measured.

The function of the parallel-plate micrometer depends
on Snell’s law. A ray of light, incident on a plane air-
glass surface at an angle, /, is refracted toward the
perpendicular to the plane surface (fig. 3-32). After
traversing a finite thickness of glass, t, and on passing
through a glass-air surface parallel to the first, it is
refracted through an equal and opposite angle. It thus
emerges parallel to the original ray, but offset from it
by a small distance, 4. The distance may be computed
from the index of refraction, n, for glass relative to air,
as follows:

d=t{{n-—1)/n]tan |

On a leveling instrument, the plane-parallel glass
plate is normally mounted at the front of the objective.
The plate may be partially rotated about an axis per-
pendicular to the vertical axis of the instrument, by
means of a knob. With the plate unrotated, the line of
sight usually intercepts the rod scale at some point be-
tween two graduations, as shown in figure 3-33. Rotating
the plate at an angle to the incident ray produces an
apparent vertical shift of the field of view.

To measure the interval between the intercept of the
line of sight and the first graduation below it, the plate
is rotated until a graduation is shifted into coincidence
with the middle line of the reticle {fig. 3-34). Since the
interval depends on the tangent of the angle of rotation
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Figure 3-31.—Lines of sight provided by the NI002.
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Figure 3-32.—Snell’s law applied to a plane-parallel
plate micrometer.

of the plate, uniform rotation of the knob generates a
tangent function of the angle of rotation of the plate. A
drum scale, attached to the knob, permits the values of
the function to be read, in units that measure the verti-
cal shift of the line of sight

The rotating range of the micrometer plate is 10 mi-
crometer units (fig. 3-35). To avoid exceeding the lim-
its imposed by the approximations involved in the equa-
tion, the range provides equal displacement on each
side of the unroiated position of the plate. Rotating the
upper edge of the plate toward the eyepiece causes an
apparent lowering of the field of view, or raising of the
line of sight. Rotating the upper edge of the plate away
from the eyepiece causes an apparent raising of the field
of view, or lowering of the line of sight For convenience,
the micrometer units are usually numbered from 0, with
the line of sight at its maximum upward displacement,
te 10, at its maximum downward displacement. Thus,
when the plate is unrotated, the reading is 5 units.

As a result of this system of numbering, a microme-
ter reading is positive and must be added to the value
of the intercepted graduation. Since the readings are
referred to its maximum upper displacement {not to
the undisplaced line of sight) the readings are 5 microme-
ter units too large. However, since they are too large by
a constant amount, the difference of elevation obtained
from the difference of the foresight and the backsight
is mathematically correct.

The maximum vertical range of shift of the line of
sight is set equal to the interval between two adjacent
graduations on the rod scale, i.¢., one rod unit. Because
of this, only one graduation may be intercepted for any
fixed position of the instrument and the rod.

The foregoing details apply to the most commonly
used micrometer system Some instruments (e.g., the
Jenoptik NI 002) achieve the same effect by shifting
the objective lens itsell vertically. The amount of shift
is measured directly against an attached linear scale,

Optical micrometers are available for use with rods
graduated in any of a variety of units. One micrometer
unit is normally equivalent to one-tenth of a rod unit.
Readings are made to the nearest one-hundredth of a rod
unit {equivalent to 005 mm with half-centimeter rods),
as indicated by subdivisions, or can be readily estimated.
Always use a micrometer compatible with the units of the
rod scale; otherwise confusion and blunders wili result.

3.3.5 Use and Maintenance

During field use the leveling instrument is subject to
continual physical stress, including shock, vibration, wind-
blown dust and dirt, moisture, and temperature change.
Even the most rugged instrument cannot withstand this
assault indefinitely The observer should take every pos-
sible precaution to protect it from these conditions.

Tripod. To ensure a stable platform for the instru-
ment, the tripod on which it is mounted must be strong
and rigid It should be constructed of a material that is
affected very little by temperature change To provide
stability in various types of soil, the feet of the tripod
should have tapered metal shoes with projections that
permit them to be pushed into the ground.

The leps should be of sufficient length to allow the
observer to stand erect. For a given observer this means
that the length necessary depends upon the location of the
instrument eyepiece, which can vary considerably from
instrument to instrument. The Jenoptik NI 002(fig. 3-21)
requires a shorter tripod than the MOM NiA3l (fig. 3-20)
or the Zeiss Nil (fig. 3-19). For routine leveling, tripods
with adjustable legs are not recommended

e Line of Coltimation .

CCULAR
RETICLE
OBJECTIVE

PLAKE - PARALLEL
PLATE MICROMETER

Level Line of Raticle

Not
Colncidant with Graduation

Figure 3-313,—Plane-paraliel plate unrotated.

The observer sheuld check the condition of the tri-
pod head each day. A loose head makes it very difficult
to maintain the instrument in a level position through-
out the backsight and foresight of cach setup. The hinge
assembly should cover the legs snugly. Hinge tension is
properly adjusted when each leg, raised to a horizontal
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Level Line of Reticle

Set
Coincident with Graduation

Figure 3-34.-Plane-parailel plate rotated to intercept a graduation.

position, slowly drops of its own accord.

Bolts, located between each pair of legs, should be
tightened as necessary to reduce any play between the
platform and the legs. Many modern tripods are con-
structed with plastic bushings that may crack or shat-
ter if the bolts are overtightened, so care should be ex-
ercised when making this adjustment The bushings may
be replaced by taking the hinge assembly apart. The
tripod hinge assembly should not be stressed by lifting
a leg too high or by forcibly jamming the legs simulta-
neously into the ground. Shock from the latter activity
may severely damage the leveling instrument.

The tripod should be placed firmly on the ground
and each leg should be pushed in individuaily, to en-
sure a stable setup. Setups on bituminous pavement
(such as asphalt) must be avoided, since significant tripod
settlement may occur. The same precaution applies to
frozen ground, where, if possible, the frozen layer should
be broken through or shoveled away before setting up
the tripod.

Set the tripod to afford as high a line of sight as
possible. When leveling along a road shoulder that slopes
down away from the road, if the instrument is used at
the side (as is the NI 002), point one triped leg away
from the road and stand between the other two legs

Tribrach. The tribrach, which supports the instrument,
is ancther factor in maintaining instrument stability
The tribrach should be mounted on the tripod head so

the foot screws are aligned with the tripod legs. Then,
the bell-shaped bolt below the tripod head is screwed
up through the two plates forming the bottom of the
tribrach. It should be just tight enough to prevent the
tribrach from shifting when transporting the instrument-
tripod assembly. If overtightened, the plate may even-
tually loosen enough to wobble. When this occurs, tighten
the screws that hold the upper plate against the footscrew
pedestals. These screws should never be so tight that
the downward pressure causes wear on the pedestals.

On many leveling instruments the tribrach is an in-
tegral part of the instrument, not removable in the field
Some instruments (e.g., the NI 002) may be detached
from the tribrach by loosening a seiscrew on the tri-
brach. The function of this screw should not be con-
fused with that of the tangent screws immediately above
it. Check periodically to ensure that the setscrew is tight.

Foot screws. Each of the three foot screws used for
leveling the instrument should be adjusted to the ten-
sion that the observer finds is practical First, turn each
foot screw until the small hole on the inside is aligned
with a similar hole on the outside. Then, insert an ad-
justing pin and turn the entire screw assembly to loos-
en or tighten the tension (the direction depends on the
particular instrument). One-quarter to one-half turn
in either direction is usually sufficient. The tension should
not be so great that it is difficult to feel when a stop has
been reached. Do not force the fool screws past their
upper or fower stops because this damages the threads,
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Figure 3-35.—Plane-parallel plate micrometer scale.

Carrying the instrument. After the instrument is
mounted on the tripod, carry the entire assembly vertical-
ly, resting it against a shoulder and supporting it by
gripping the tripod rungs with one or both hands (fig.
3-36). The tripod should not be balanced across the
shoulder, since this puts the instrument in a more vul-
nerable position and subjects it to greater stress from
shock or vibration. Use your body to cushion shocks to
the instrument. When it is carried on the side step of a
truck, rest the tripod feet not on the metal step, but on
the toe of a boot or a thick elastic cushion (such as a
section of tire) mounted expressly for this purpose.

Figure 3-36.—Carrying the Instrument-tripod assembly.

Leveling the instrument. At every setup the instru-
ment must be roughly leveled. (See sec. 3.3.3, “Com-
pensator system.”) A circular level (known also as a spot
or bull's eye) is attached to the body of the instrument
for this purpose. The bubble in the level is centered
to ensure that the compensator {or the bubble in the
tubular level of a spirit-level instrument) is freely
suspended.

To rough-level the instrument, first, turn it so the
circular level and one foot screw form a line per-
pendicular to the line formed by the other two foot screws
(fig. 3-37). Turn the two foot screws simultaneously,
either toward or away from each other, to effect side-
to-side movement of the bubble. Then, turn the first
foot screw to move the bubble forward and backward,
until it is centered.

Figure 3-37.—Centering the bubble in a circular level.

Many instruments are equipped with mirrors or other
optical mechanisms for observing the circular level.
These mechanisms may invert or rotate the hubble image.
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For example, the bubble on the NI 002 may be ohserved
either in a mirror or through the eyepiece. In the mir-
ror image, side-to-side movement is the same as, and
forward-backward movement is opposite to, what the
observer would expect when looking directly down on
the bubble The relationship of the eyepiece image to
the direct view of the bubble is more complex, depend-
ing on the orientation of the eyepiece If the eyepiece is
turned to the side of the instrument, side-to-side move-
ment appears forward-backward, and vice versa, With
practice, the observer can learn to level the instrument
efficiently while observing the bubble through the
eyepiece.

Circular-level adjustment At the start of work each
day, and after any scvere shock to the instrument, the
observer should check that the circular level is prop-
erly adjusted. A circle is inscribed on the vial glass to
provide a reference for assessing the bubbile’s movement.
When the instrument is sufficiently level, the bubble
should remain precisely centered as the instrument is
slowly turned through a full circle about the vertical
axis. If this is not the case, the level should be adjusted
as follows:

I. Turn the instrument until the bubble displacement
from center is at a maximum.

2. Using the tribrach foot screws, bring the bubble
halfway back to center

3. Using the three or four small screws supporting
the circalar level, adjust the bubble until it is centered
Each screw is adjusted by slipping an adjusting pin
through the screw hole and turning it so as to maintain
downward pressure on the base washer. Do not adjust
by depressing one screw and retracting another. If the
Hmit of downward motion is reached on the screw being
turned, retract all the screws and start adjusting them
again. Do not force the level vial against its base.

4. Rotate the instrument slowly through a full circle
If the center of the bubble does not stay within 0.2 mm
(0.01 in) of the center of the level vial, repeat the entire
adjustment procedure.

Parallax adjustment. Before observing with the in-
strument, the observer should check for parallax.
Parallax results when the focused {mage of an object
does not lie on the same focal plane as the focused image
of the reticle lines. To test for this, point the instru-
ment at the sky or at a distant light-colored surface.
Focus the ocular so the lines appear sharp and black,
without straining the eye. Then, focus the objective on
the scale of a leveling rod about 40 m (130 ft) away,
and move the eye up and down, slowly, across the ocular.
1f the lines appear to move over the rod graduations,
parallax is present. To eliminate the parallax, refocus
the objective until no parallax is evident. If the image
of the graduations is not distinct, focus the ocular by
the small amount necessary to make it appear distinct.

Making an observation After setting up and level-
ing the instrument, the observer should point it quickly
at the appropriate leveling rod. With most instruments

this is done by sighting along the top of the telescope.
Since the observer stands at"the side of the NI 002, in
this case the system of prisms on the front of the in-
strument is used to line it up with the rod. Once the
instrument is roughly pointed, the rod is observed through
the telescope and the tangent screw is turned to align
the image of the rod scale with the reticle lines

The reticle normally includes a single vertical line
with three horizontal lines crossing it. The top and bottom
stadia lines are used to measure sighting distance The
longer, middle line defines the horizontal line of sight,
When leveling with scales having block graduations, a
straight line is sufficient. However, with scales having
line praduations, the reticle should include a pair of
divergent lines, the wedge, marked to one side in lieu of
the middle line. The wedge (fig. 3-38) is a more sensi-
tive tool for precisely intercepting a graduation. There
are two ways to use it.

Figure 3-38.—Waedge reticle, graduation not centered.

In one method, set the wedge so the intersections of
the upper and lower wedge-lines with the upper and
lower edges of the graduation appear in vertical align-
ment (fig. 3-39a). In the second method, set the wedge so
the interior edges of the wedge lines appear to just touch
the corners of the end of the graduation (fig. 3-39b)
Always make the final setting by turning the micrometer
knob in the same direction.

In wind or on a vibrating surface, such as a bridge, it
may be difficult to intercept a graduation precisely. If the
vibration of the instrument is short in period, set the
wedge so it appears to vibrate an even amount above and
below the graduation. If the vibration is long in period or
includes more than one graduation interval, mean the
readings from a series of pointings to make each obser-
vation. If satisfactory results cannot be obtained, return
to the section under better observing conditions,
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(a)

(b)

Figures 3-39a. & 3-39b.—Wedge reticle,
graduation centered,

Instrument maintenance Before putting the instru-
ment away each day gently wipe it with a clean soft
cloth to remove dust and moisture. If the instrument
has been exposed to rain or mist, it should also be al-
lowed to stand at room temperature overnight. If the
instrument is dirty or greasy, or if it has been exposed
to salt water, clean all nonglass surfaces with a cloth
dampened in denatured alcohol. Dust the objective and
ocular lightly with a lens brush. Then, if necessary, wipe
the lenses with lens paper that has been moistened with
a small amount of lens cleaning solution. Care must be
taken not to scratch the glass surfaces.

The instrument, with the lens cap attached, should
be stored securely in a specially designed padded case.
To protect the instrument from jolts and vibrations while
the truck is in transit, the instrument should either be
(1) carried in a foam-lined box bolted to the truck bed,
(2) stored in its case and held on the lap of a passenger

in the truck, or (3) strapped onto an empty seat in the
truck. If the instrument is to be shipped to another lo-
cation, it should be packed in its case and placed inside
a well-padded carton, with an appropriate warning label
affixed on the outside of the package.

At least once every 18 months, the instrument should
be cleaned and adjusted on a collimator by a qualified
technician,

Shipment of the NI 002. The National Geodetic Sur-
vey has found the objective assembly of the NI 002 to
be particularly vulnerable to vibration during shipment
Damage to the stop at the base of the assembly can be
recognized by the inability of the user to read a full
scale on the micrometer when the instrument is leveled. If
the stop has been damaged, the instrument should not
be used until it is repaired.

To prevent damage to the stop, screw a small, hard-
rubber plug into the instrument to limit movement of
the assembly during shipment (fig. 3-21). The plug
should be screwed in whenever the NI 002 is transported
for long distances in a leveling truck or shipped via
commercial carrier.

3.3.6 Sighting Distance

The sighting distance between the instrument and a
leveling rod is normally computed by the stadia meth-
od. To use the method, a full or half stadia interval
must be computed from stadia readings made while
observing To balance the sighting distances of awkward
setups quickly, before any observations are recorded,
the stadia interval may also be determined by counting
the number of rod units observed between the stadia
lines (full interval) or between the middie line and one
stadia line (half interval).

Derivation aof the stadia merhod. By the stadia
methed, short distances may be measured with a precision
of £02 m (£0.7 ft). The stadiza method has been
widely used for topographic surveys and is routinely
used in geodetic leveling to measure sighting distances
and control the imbalance between backsights and
foresights.

Figure 3-40 illustrates the relationships which exist
between the leveling rod, the objective, and the reticle
when a stadia measurement is made with a leveled in-
strument, For the focused instrument, the distance, D,
from the objective to the reticle, and the distance, D,
from the objective to the rod, are governed by the Law
of Conjugate Foci, where the focal length, f, of the
objective, f, is a constant:

(1/DY+(1/D)=1/[f.
The sighting distance, s, is equal to D, plus the fixed

distance, ¢, between the objective and the vertical axis
of the instrument. By solving for D, and adding ¢

s=fX{D,/D)+f+c
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Figure 3-40.—Relationship of stadia interval to sighting distance.

To a sufficient approximation, the line connecting
points @ and &’ is a straight line through point o; there-
fore, triangles abo and a’bo are similar. Thus, all cor-
responding dimensions are in the ration DD, includ-
ing the full stadia interval, J, and the distance, {, between
the upper and lower stadia lines in the reticle:

D, [D=1]i.
By substituting the known ratio for the unknown:
s=(f/)xXI+f+c.

The ration, fi, is unique for the instrument and is
called the stadia factor (“multiplication constant™).
The constant, f+¢, is also unique for the instrument
and is called the stadia constant (“addition constant™). In
most instruments with internal-focusing telescopes, the
optical system is so designed that the stadia constant is
essentially zero for the sighting distances used in leveling.
Table 3-2 shows stadia factors and constants for some
typical instruments.

Computing sight distance. From the full stadai in-
terval, /, the sighting distance, s, is computed by the
formula just derived:

s==(fxstadia factor)+stadia constant.

For practical use in the field, the stadia constant is
usually neglected. However, it should not be neglected
when determining the stadia factor. During these
operations sighting distance must be determined as accu-
rately as possible. However, during routine leveling the
error resulting from neglecting the stadia constant is
insignificant when compared to the overall error of the
stadia method.

To obtain the sighting distance in meters, a conver-
sion factor must be included in the formula. Since the
stadia factor is a unitless quantity and the stadia interval
is measured in rod units (ru), the conversion factor re-
quired is the number of meters per rod unit. Thus:

8, =1, X conversion factor, , X stadia factor.

mfru

In the past, the product of the stadia factor and the
rod-unit conversion factor has been referred to as the
“stadia constant.” Do not confuse such usage of the
term with the definition given here.

This formula applies in three-wire leveling and when-
ever the full interval between the stadia lines is com-
puted. For example, if the instrument has a stadia fac-
tor of 100 and the rod units are centimeters,

Sp=1,,, %001 X 100==1.

om mfem
Thus a convenient relationship is derived: the number
of rod units in the full stadia interval equals the sight-
ing distance in meters,

However, if the rod units are in half-centimeters
(hcm), the formula becomes

S X lhc m X O‘OOSmﬂmm X100 m1/2

In micrometer leveling, this result is employed to re-
duce the number of readings necessary. Instead of read-
ing the intercepts of all three lines, only those of the
wedge and one stadia line (usually the lower) are read.
The difference of the readings is half of the stadia in-
terval. As long as the rod units are half-centimeters,
the difference of the readings is equal to the sighting
distance. When using the micrometer-leveling proce-
dure with centimeter rods, the half stadia interval
must be multiplied by two to obtain the correct sighting
distance.

Determining the stadia factor. The stadia factor is
set by the instrument manufacturer for converting the
stadia—interval to sighting distance. In modern instru-
ments used for geodetic leveling the stadia factor is
typically 100. The reticle is etched in glass to ensure
that the factor does not change. The stadia factor need
not be determined in the field when using such an
instrument.

Some older instruments may have a reticle consist-
ing of fine strands of spider web, sandwiched between
glass plates. The stadia factor for this type of instru-
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ment should be determined in the field whenever it is
put to use and whenever the reticle is changed To de-
termine the stadia factor:

1. Lay out a course in a straight line along a level
track, roadway, or sidewalk, marking the distances at
0, 25, 35, 45, 55, 65, and 75 m.

2. Position the instrument to allow for its stadia con-
stant. For example, the Wild N3 has a stadia constant
of —0.2 my therefore, it should be set forward of the
zero stake by 0.2 m. An instrument with a positive sta-
dia constant should be set back from the zero stake by
the corresponding amount.

3. Level the instrument. Read the low scale of a lev-
eling rod at each of the six distances. Read all three
reticle lines, top to bottom, at each distance.

4. Record the readings and identifying information
as shown in figures 3-41 and 3-42, using the recording
form appropriate to the type of leveling to be done. Com-
pute each half-stadia interval.

5. Total the half-stadia intervals (in rod units). Total
the measured distances (in meters) and divide by the
total of the half-stadia intervals. The value obtained is
the stadia factor, expressed in meters per rod unit, for
the instrument-rod combination used

6. The result of step 5 should be checked by comput-
ing a similar value for each distance. Divide each mea-
sured distance by the sum of the two half-stadia inter-
vals at that distance. The mean of these six values should
agree with the value computed in step 5.

7. To obtain the stadia factor of the instrument, in-
dependent of rod units, the value expressed in meters
per rod unit must be multiplied by a conversion factor.
This factor is the number of rod units per meter.

8. Submit data for the stadia factor measurement to the
project office, along with other leveling data for the day.

3.3.7 Collimation Check

Under field conditions the collimation error of a
leveling instrument (sec. 3.1.2, “Leveling instrument™)
is measured by obtaining a set of observations called the
collimation check (“C-shot” or “peg test”). Collimation
error is limited by adjustment of the instrument. Because
the adjustment can change easily under field conditions,
thus changing the collimation error, make the collim-
ation check at least once a day with most instruments.
In addition, make the check any time that an instrument
sustains a severe shock or seems to function abnormally.

The collimation check has two purposes: to prove that

the instrument is properly adjusted within the standard of

accuracy required for the survey and to provide a col-
limation factor with which to correct data from unbal-
anced setups

Collimation factor. During the collimation check the
angular value of collimation error is not measured di-
rectly Instead, the tangent of the angle, called the colli-
mation factor {C-factor or C) is computed. A deriva-
tion of the formula follows.

Two elevation differences are observed in the same
direction, but with different setups, between the same
two turning points Each setup has an imbalance of sight-
ing distances. Since the elevation differences measured
between the same two points should be equal, any dif-
ference between them is the result of the effects of col-
limation error, pointing error, refraction, and curvature

The collimation error, « , causes an error that is pro-
portional to the imbalance, As, in each setup:

tan a X As= (X As.

The pointing error is limited by a reading check The
sum, e, of refraction and curvature error is mathemat-
ically predicted for the appropriate sighting distances
in each setup. Hence, if each observed elevation dif-
ference, Ah, is corrected for these errors,

Al (CX A5,) —e;= Al — (CX As)) —e,.
Solving for the collimation factor,
C= [(Ahl—31)“(Ahz“ez)]/(asz‘“ﬂsz)‘

If the first setup is balanced and the second unbal-
anced (as for “Kukkamaki's method,” given later in this
subchapter, As,=0 and e, =0,

C=[ah, “‘(Ahz“ez)]/( — 5;)

If both setups are unbalanced by the same amount, and
they are leveled in opposite directions (as for the “10-40
method,” given later in this subchapter), the corrected
elevation differences are opposite in sign. Thus,

C=[(ah, —E,)-i—(Ah;—é‘;)}/(AS.--—AS;),

Since As;=As, and e e, the formula is simplified
to the following:

C=[(Ah,+ Al — 2e] /2As.

The elevation differences, the refraction and curva-
ture errors, and the imbalances are measured in the
same units; the resulting collimation factor is dimen~
sionless. However, for convenience, it is usually expressed
in millimeters per meter:

C

mm/m

=tan o X 1000, ..

For an instrument with a reversible compensator, a
separate collimation factor may be computed for each
position of the compensator. The collimation factor for
the instrument is the mean,

C=(Ci+G)/2.

If the collimation factor is not within the tolerance
for the survey, the instrument must be adjusted. When
the adjustment can be made in the field, the amount of
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error to be removed is computed from the following
formula. It is referred to the rod at the farthest sight-
ing distance, §z, and computed in rod units:

errorp==5.X C, . X conversion factor

mmim rufrim

The error is subtracted from the last reading made
on the far rod. Then the instrument is adjusted in such
a way that the correcled reading is observed. After
performing the adjustment, the entire procedure is re-
peated to compute and check the new collimation factor

Note that the collimation-correction factor, “C”,
commonly used to correct data from three-wire level-
ing, is not equal to the collimation factor defined here.
In the past, "C" has been defined as the product of the
stadia factor and the tangent of the collimation error
The imbalance—expressed in rod units as a stadia in-
terval, not as a distance——could be multiplied directly
by "C" to obtain the correction for collimation error in
rod units, Modern instruments and rods make this prac-
tice unnecessary, since they usually provide a one-to-
one correspondence between stadia interval and distance.

General instructions. Two methods, sufficiently precise
to satisfy the purposes of the collimation check, are
presented here. The accuracy of the result with either
of these metheds depends on the assumption that the
error observed is entirely a function of collimation error.
Other effects that alter the line of sight, such as refrac-
tion, must be controlled. To achieve this, perform the
following:

1. Make the collimation check on uniformly flat
ground. The slope should be no more than 2 percent.

2. Allow the instrument and leveling rods to accli-
matize for 5 minutes or more, if they have just been
removed from their cases.

3. Make sure that the circular levels on the instru-
ment and the rods are properly adjusted. (See secs. 3.3.5,
“Circular-level adjustment™ and 3 4.3, “Checking the
circular level ™)

4. Correct for refraction and curvature at each sighting
distance. To use the values for refraction and curva-
ture given in table 3-3, the collimation check should
be made, if possible, when the air-temperature differ-
ential is less than 1°C (2°F) in magnitude and negative in
sign (sec. 3.6.1). However, make a check immediately
following an accident to determine if the instrument
has been damaged, regardless of the atmospheric con-
ditions. Then, make another check as soon as the con-
ditions are suitable.

Kukkamaki's method. T. J. Kukkamaki of the Finnish
Geodetic Institute developed this method for making a
collimation check. The following instructions apply to
any combination of instrument and rods If the instru-
ment does not have a reversible compensator, ignore
references to compensator’s position. Record the data
either on a standard recording form for leveling or into a
comphuter.

Table 3-3.—Refraction and curvature errors
in a single sight

Sighting distance, 5 Error in a rod reading, ¢

{m) (i) {mm) (ft)

0 to 28 0 o 92 0o 0.000
28 48 92 157 0 0.000
48 61 157 200 02 0 001
61 73 200 240 03 6001
73 82 240 269 04 0.001
82 93 269 299 053 6002
9} 99 299 325 06 0002
99 106 325 348 07 0002
106 113 348 371 08 0003
13 119 k¥H 390 09 0003
119 125 390 410 10 0003
125 13t 410 430 11 0004
131 137 430 449 12 0004
137 142 449 466 13 0004
142 147 466 482 14 0005
147 150 482 492 15 0005
160 525 1.8 0006

170 558 21 0 007

180 59] 23 0008

190 623 26 0.009

200 656 28 0.009

210 689 30 0.010

220 722 33 001}

230 755 37 om2

240 787 40 0.013

250 820 413 0014

260 853 47 0.015

270 886 5.0 0016

280 919 54 008

299 951 58 0.0i9

300 984 62 0020

1. On the flattest possible ground, lay out a setup
with precisely 20 m between the turning points. Position
the instrument in line between them, precisely 10 m
from each turning point. (Use a tape to measure these
distances.) (See fig. 3-43)

2 As indicated on the recording form (line *40%),
enter the date, instrument code and serial number, rod
codes and serial numbers, time and time zone, type of
temperature units, beginning air temperature, wind and
sun codes, and the initials of the observer, recorder,
and rodmen. Check all serial numbers against the equip-
ment actually used. Label the recording form “Colli-
mation Check.” (See figs. 3-44 through 3-46 for
examples.)

3. FIRST SETUP: Level the instrument. Check that
the circular levels cn the instrument and the rods are
properly adjusted. Observe and record a set of readings by
either the micrometer or three-wire procedure Use rod |
as the backsight, and be sure to change the compensa-
tor’s positions between the low- and high-scale read-
ings. Check that the imbalance is no more than =04 m.
The reading check for the micrometer procedure
should be £0.25 mm (+0.05 hcem for half-centimeter
rods),
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Rod 2 Rod 1
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Figure 3-43,—Collimation check, Kukkamaki’s method.

4. SECOND SETUP: Position the instrument in line 5. Convert the elevation differences, Ah, and Ah,,
with the turning points, 20 m from rod 1. Put the compen- from rod units to millimeters. Compute or obtain from
sator in position one. With rod 1 as the backsight, observe table 3-3 the values, e, for refraction and curvature
and record another set of readings; however, leave the error at the sighting distances of the second setup, 20
compensator in position one throughout the setup. Check and 40 m. Compute C, in millimeters per meter, by the
that the magnitude of the imbalance is between 19.6 and formula:

204 m. Enter the ending temperature. Remain in position
until the collimation factor has been checked. C=[(Al,— Al 4+ (e —en}] [/ — A5,
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If the instrument has a reversible compensator, label
the value *“C,” and skip to step 11.

6. Compare C with the tolerance (table 3-1). If the
tolerance is exceeded, then adjust the instrument as
follows.

7. ADJUSTMENT: Compute the error, in rod units,
resulting from collimation error in the reading made at
40 m:

error,, =40X C X conversion factor

mminm Fufram

For half-centimeter rods, the error is 8 X C. For cen-
timeter rods, it is 4 X C. Subtract this from the {ore-
sight reading, obtained on rod 2 (high scale) during the
second setup. The result is the correct reading after
adjusting the instrument.

8. Refer to the instrument manual for the mechanics
of adjusting the instrument. Many compensator in-
struments have a setscrew on the front of the telescope
that is loosened, after which a wedge-shaped lens is
rotated to correct the angle of the line of sight.

9. Still in position for the second setup, point toward
rod 2 (high scale) and adjust the instrument until the
line of sight intercepts the corrected reading.

10 Return to the first setup (step 3) and repeat the
entire collimation check to compute and check the new
collimation factor.

3-33

11, THIRD SETUP {reversible compensator only}:
Put the compensator in position two and follow the same
procedure as for the second setup (step 4). Compute C,
by the same formula as C,.

13 Compute the mean collimation factor and record
it:

C=(C,+C)/2.

Check this against the tolerance for instruments with
reversible compensators (table 3-1).
14. Compute the Q-factor and record it:

0=C,—C,

Check this against the tolerance (table 3-1).

15. If the tolerances in step 13 is exceeded, the
collimation check should be repeated to verify the
original observations. If the tolerances are still exceeded,
return the instrument to the repair shop or factory for
adjustment.

10-4G method. Another procedure for the collima-
tion check is called the 10-40 method because each
setup is unbalanced, with one rod positioned 10 m away
from the instrument and the other 40 m away. The fol-
lowing instructions apply to any combination of in-
strument and rods. Record the data either on a stan-
dard recording form for leveling, or into a computer.
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Figure 3-44,—Collimation check, Kukkamaki's method, micrometer procedure,
half-centimeter rods, reversible compensator,
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Figure 3-45.—Collimation check, Kukkamaki’s method, micrometer procedure,
centimeter rods, nonreversible compensator.

1. On the flattest possible ground, lay out a setup
with precisely 50 m between the turning points Position
the instrament in line between them, precisely 10 m, as
measured with a tape, from the turning point support-
ing rod 1. (See fig. 3-47)

2. As indicated on the recording form (line *40%)
enter the date, instrument code and serial number, rod
codes and serial numbers, time and time zone, type of
temperature units, beginning temperature, wind and
sun codes, and the initials of the observer, recorder,
and rodmen, Check all serial numbers against the equip-
ment actually used. Label the form “Collimation Check ™
{See figs. 3-48 through 3-50 for examples.)

3. FIRST SETUP: Level the instrument. Check that
the circular levels on the instrument and the rods are
properly adjusted. Make a set of readings by the mi-
crometer or three-wire procedure. Use rod 1 as the
backsight. Check that the magnitude of the imbalance
is between 29.6 and 30.4 m. The reading check for the
micrometer procedure should be +0.25 mm (£0.05 hem
for half-centimeter rods). Do not make the reading check
if using a reversible compensator.

4. SECOND SETUP; Position the instrument in line
between the turning points, precisely 10 m from rod 2.
Make a set of readings as in step 3, using rod 2 as the
backsight. Check the imbalance as in step 3 If using
an instrument with a reversible compensator, check that

(Ahy Ak )+ (AR~ AR <2035 mm.

4

The tolerance corresponds to +0.07 hem for half-
centimeter rods. (If this reading check is not satisfied,
begin again at step 1.) Remain in position until the col-
limation factor has been checked.

5. Convert the elevation differences, Ak, and Ah,,
from rod units to millimeters. Compute or obtain from
table 3-3 the values, e, for refraction and curvature at
10 and 40 m. Compute the collimation factor, in mil-
limeters per meter, by the following formula. Note that
the imbalances are both negative.

C=[(Ah + Ahy) — 2{en—en)] /(As,+As,)

6. Check the collimation factor against the tolerance
{(table 3-1). If the tolerance is exceeded, then adjust
the instrument as described in steps 7 through 10 of
Kukkamaki’s method.

7. If the tolerances in step 6 are exceeded, the col-
limation check should be repeated to verify the original
observations. If the tolerances are still exceeded,
return the instrument to the repair shop or factory for
adjustment.

3.3.8 Compensation Check

When a compensator instrument is roughly leveled,
the compensator should be freely suspended, unaffected
by its suspension and damping mechanisms The range
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Rod 2
Rod 1 9
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C> a 40xC
10xC =
I \J r—AH
<—10.0 m->< 40.0m g
First setup
Rod 2
Rod | (
40xC a <
——31310xC
“AH#
i-t 40.0m 3emtai—10.0 M ~5~4
Second setup
Figure 3-47.—Collimation check, 10-40 methed.
of arc in which the compensator is expected to suspend level is properly adjusted the compensator should pro-
freely should be somewhat greater than the arc described vide a line of sight having a consistent collimation error, |
by a 2-mm movement of the bubble in the circular level within 10 (0.00485 mm/m) of that measured during
{Table 3-3 contains the sensitivities of the circular levels the collimation check, no matter in which direction the

mounted on various instruments.) When the circular instrument is pointed.
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Figure 3-49.—Collimation check, 10-40 method, micrometer procedure, centimeter rods, nonreversible compensator,
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Systematic change in the collimation error, result-
ing from consistent variation in the response of the com-
pensator to gravity, is limited by strictly following the
micrometer leveling procedure. The instrument is lev-
eled while peinting in one direction, and then releveled
while pointing in the opposite direction. The releveling
is omitted if the compensator can be mechanically re-
positioned, as is the case with an instrument having a
reversible compensator.

However, a compensator may ‘“hang” or ‘“stick” in
such a way that releveling or repositioning may not
remove all of the compensation error that is introduced
(fig. 3-5). With a nonreversible compensator, the
observer should lightly tap the side of the instrument
or tripod leg during each pointing to make sure that the
image oscillates. This indicates that the compensator
is freely suspended. In addition, a compensation check
should be performed weekly.

With a reversible compensator, whenever the com-
pensator is repositioned the observer should check that
the image oscillates. Compensation error in such an
instrument results in a lack of symmetry in the two

NOAA Manual NOS NGS 3, Geodetic Leveling

lines of sight The error is revealed if the mean colli-
mation factor exceeds the tolerance during the colli-
mation check; therefore, a separate compensation check
is not necessary.

Instructions The form commonly used for this test
is NOAA Form 77-81, “Geodetic Leveling Compen-
sation Check.” The form is designed for use with the
Nil leveling instrument and half-centimeter rods. An
example is given in figure 3-51 The following instruc-
tions apply to any compensator instrument with a mi-
crometer, used with double-scale rods. If a computer
program is not used, prepare a standard recording form as
illustrated in figures 3-52 and 3-53

1. Make sure that the circular levels on the instru-
ment and the rods are properly adjusted before begin-
ning this test. (See sec. 3.3.5, “Circular-level adjust-
ment " and 3.4.3, “Checking the circular level.™)

2. Set up a leveling rod 40 m from the instrument.
For convenience, use rod 2 from the last setup of the
collimation check.

3. Point the instrument at the rod Bring the bubble
in the circular level to position “a,"” where the left
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Figure 3-50.—Collimation check, 10-40 method, three-wire procedure, centimeter rods.
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Figure 3-81.—Ceompensation check for the Nil and half-centimeter rods.

edge of the bubble is just under the black line of the
left edge of the circle.

4. Read the low scale of the rod. Estimate to one-
thousandth of a rod unit (the third decimal place) on
this and all subseguent scale readings during the test.
Record the reading in column C. Record the integer
portion in column A,

5 Read a stadia intercept. Record it in column A and
compute the half stadia interval, HSI, in column B.

6. Read the high scale of the rod twice {two pointings}.
Record the readings in column E. Compute the mean
in column F.

7. Read the low scale again, record the reading in
column C, and compute the mean of the two low scale
readings in column D.

8. Bring the bubble in the spherical level to position
“c,” where the right edge of the bubble is just under
the black line of the right edge of the circle. Repeat the
rod readings in the same order (steps 4, 6, and 7), omitting
stadia readings.

9. Convert rod units to millimeters Compute the sight-
ing distance, s, in meters. Compute tan « in millime-
ters per meter by the formula

tan a=[{a—c), +{a—c)yl/2s.

Tan o is the maximum change that may be introduced
into the collimation error when the compensator is

suspended within the maximum left-right range of arc
permitted by the circular level

10. Tan B is observed and computed in the same way,
Substitute bubble position “5" for “a” and bubble postion
“d" for “c,”" and follow steps 3 through 9. Tan § is an
expression for the maximum change thal may be intro-
duced into the collimation error when the compensator
is suspended within the maximum forward-backward
range of arc permitted by the circular level.

11. Both tan « and tan 8 must be less than +0.0097
mm/m (£ 0.0000097). If this is not the case, the instru-
ment should be adjusted at the repair shop or factory.

12, Submit data from the compensation check to the proj-
ect office along with the leveling data acquired that day.

3.4 Leveling Rods

Leveling rods must be carefully designed, precisely
manufactured, regularly calibrated, and properly used
if they are to provide accurate heights above turning
points and control points. In the following pages level-
ing rods are described, and the requirements for their
use, calibration, and maintenance are presented.

3.4.1 Description

Leveling rods have often been made of seasoned hard-
wood, with a scale printed or stamped directly on the
wood. Typically, such a rod is constructed of two or
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Figure 3-53.—Compensation check, micrometer leveling, centimeter rods.
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more telescoping sections. The overall length of the scale
on a wooden rod changes significantly with normal varia-
tions in atmospheric humidity. Furthermore, when as-
sembling two or more telescoping sections, mismatch-
es at the junctions introduce further errors in the seale.
Therefore, for geodetic leveling, a much more precise
rod is required. The elements essential to such a rod
are described next.

Scale. The scale should be a continuous (not collapsible
or folding) metal strip with a small coefficient of thermal
expansion. Steel-nickel alloy (Invar) is a suitable, com-
monly used metal for this purpose. A scale length of 3
m (10 f1) is efficient when the height of the line of sight
is expected to average from 1.5 t0 2.0 m (4.9-6.6 ft). A
3.5 m (11.5 ft) rod may be preferable if the line of sight
averages 2.0 to 2.5 m {6.6-8.2 ft), as in the case when
observations are made from a vehicle in motorized lev-
eling. The length of the scale sets an upper limit on the
amount of scale-related error that may be accumulat-
ed in a setup.

Graduations must be accurately marked on the scale
during its manufacture, and the scale must be calibrated
regularly thereafter. The intervals indicated by the grad-
uations, termed rod units, should be no larger than |
cm (003 ft). Half-centimeter or centimeter units are
preferred for geodetic leveling, although “centifeet”
(0.01 ft) and “centiyards™ (0.0] yd) have been used.
The units must be compatible with the units of the mi-
crometer in the leveling instrument. (See sec. 3.3 4,
“Optical micrometer.”)

The scale or its housing is usually labeled with numbers
corresponding to tens of rod units. To obtain a reading,
the observer must count the rod units between the paint
where the line of sight intercepts the scale and the first
labeled number below that point. The reading is the
sum of the labeled number and the number of rod units
counted. To prevent blunders as a result of miscount-
ing, every graduation could be labeled. This is possible
with centimeter rods, but not with half-centimeter rods
since the numbers are too small to be read at the usual
sighting distances. The orientation of the labeled numbers
must be compatible with the instrument, depending on
whether the image provided by the instrument is up-
right or inverted. An inverted scale, for use with an
inverting instrument, is pictured in fig. 3-54).

The type of scale must be compatible with the level-
ing procedure For micrometer leveling, two paraliel
scales with line graduations are necessary on each rod.
Line graduations are lines of finite height (0.8 to 1.6
mm), the centerlines of which define their actual positions
on the scale. When intercepted with the wedge reticle
(sec. 3.1.5, “Circular level adjustment™), precise readings
can be made without estimation. The paraliel scales
are marked on the same metal strip, one offset slightly
from the other, so a constant relationship exists between
them even though the overall length of the scale may
change. The graduations are labeled so the base of the
low scale is zero, and the corresponding point on the

the high scale is about 300 cm (600 hem) The resulting
offset, in rod units, is termed the rod constant. (See
fig. 3-55.)

The pair of double-scale rods must be unmatched;
each rod must have a different rod constant. This permits
a check to detect observations that are transposed dur-
ing a setup. The rod with the smaller constant is always
labeled rod 1. It should be marked with a piece of flag-
ging or reflective tape so it can be easily recognized.
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Figure 3-54.—Inverted scale for a leveling red.

Because the scales are independent of the rod hous-
ing on which the graduation values are Jabeled, the rod
constant may be changed if necessary. If this is done, a
record must be included in the observation data speci-
fying the date of change and the new constant. For ex-
ample, if both rods of a pair have identical rod constants
of 592.50, one constant can be changed to 602.50 by
affixing a metal strip over the high-scale graduation
values marked on the housing. The strip should be en-
graved with values increased by one (*60” becomes
“61,” etc.),_to obtain the desired 10 unit change in the
constant.

For three-wire leveling, rods must have single scales
and block graduations. In addition, each rod should
have a check scale in different units on the back. Block
graduations are the borders between rectangular spaces,
which usually alternate black and white in color. Fach
block is of a height equal to one rod unit. This type of
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Figure 3-55.-~Double scale with half-centimeter
line graduations.

graduation permits the intercept of the line of sight to
be estimated to one-tenth of a rod unit Black blocks
must not be thought of as black graduations on a white
background.

Figure 3-56a shows a type of block graduation (known
as the Philadelphia graduation) commonly used in en-
gineering surveys, with a rod unit of 0.01 ft At short
sighting distances, readings may be estimated to 0.001
ft. Figure 3-56¢ shows a similar type of graduation, in
which the unit is 0.01 yd.

Figure 3-56b shows the block graduation devised and
used by the U S. Coast and Geodetic Survey from 1916
to 1962. The unit is 1 cm, but the rod appears to have
two adjacent, parallel scales. In each centimeter, there
are a black block and a white block side by side, caus-
ing a checkerboard appearance. The purpose of this
scale is to make a white block available, in every cen-
timeter, against which the black reticle line shows dis-
tinctly, thus facilitating estimation of tenths of units.
This scale must not be confused with the offset parallel
scales used for the micrometer-leveling procedure.

Housing. The housing of a precise leveling rod is made
of durable metal or seasoned hardwood. It provides a
frame in which the scale may be suspended under con-
stant tension, independent of expansion or contraction
of the housing. Padding between the edges of the scale
and the housing prevents wind-induced vibration and
the resulting wear on the scale and decrease in reading
precision.

A base plate (“footpiece™) made of noncorrosive metal
should be an integral part of the housing It should be
designed so that the rod may be placed easily on the
various types of control points. The bottom surface of

the base plate should correspond to the zero of the scale

Typically, the scale is attached rigidly at the foot of

the rod and attached flexibly at the top, by a spring-
loaded clamp.

Circular level A circular level should be mounted
on the back of the housing, where it can be readily
observed by the rodman, It should have a sensitivity of
100 or less per 2 mm displacement of the bubble Thus,
the rod may be plumbed within 10/0 (equivalent to 1.0 cm
at the tdp of a 3-m rod) of the direction of gravity.
A mirror or reflecting prism placed above the level
facilitates centering,

Brace poles. The rod should be equipped with a pair
of adjustable length poles, attached by swivel joints to
the center of the top of the rod (fig. 3-57) The pole
assembly should be lightweight, but it must be suffi-
ciently strong to withstand the stresses of bracing the
rod against the wind Mounting the assembly at the top
center permits the rod to be pivoted on the turning point
between setups, without moving the poles. (If the cir-
cular level is not properly adjusted, the fact should be-
come evident while pivoting the rod.) The use of brace
poles minimizes swaying and unsteadiness of the rod,
allowing it to be plumbed more precisely
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Figure 3-56,—Leveling rods with block graduations.
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Figure 3-57.—Brace poles for a leveling rod.

3.4.2 Calibration

The rods used for geodetic leveling must be calibrated
routinely by a reputable laboratory against a standard
that has been compared to the National Standard of
Length. A complete set of calibration data should be
obtained for each rod before the rod is first used, every
3 years during its use, and just before the rod or scale is
retired. The data should include the index error, length
excess, and coefficient of thermal expansion. In addi-
tion, during each year of use, at least one calibration
should be made to determine the index error and length
excess. If a rod is dropped, or otherwise handled in a
way that may have damaged it, it should not be used
again until it has been recalibrated.

Each calibration consists of the precise measurement
of at least four overlapping intervals on the scale (usu-
ally between the base plate and the bisecied pradua-
tions at 0.2, 1.0, 20, and 3.0 m). The measurements,
with respect to the National Standard of Length, should
be accurate to £0.05 mm.

From one calibration a value for the index error and
a factor for the length excess can be computed. The
differences between the calibrated and assigned lengths
of the graduations are plotted versus the assigned lengths

(fig 3-58). The intercept of the plotted line with the
axis of the differences is the index correction which is
equal and opposite in sign to the index error. The slope
of the line is the length excess.

To obtain a complete set of calibration data, at least
four calibrations must be made, each at a different tem-
perature between 15" and 35°C. The variations in grad-
uation values due to changes in temperature are described
by the coefficient of thermal expansion, computed from
these data. To verify the amount of scale offset, at least
one additional calibration of the high scale of a double-
scale rod is required.

Calibration with- a laser interferometer. A very ac-
curate method for calibrating the rod scale is employed by
the National Bureau of Standards, using a laser inter-
ferometer. All leveling rods used by the National Geo-
detic Survey should be calibrated by this method at
least once during each year of use. Instead of values for
four intervals, a calibrated value is obtained for every
graduation on the scale. With this information, observed
heights may be converted directly to “‘calibrated”
heights.

Submitting calibration data. The complete set of cali-
bration data must accompany any leveling data submit-
ted to the National Geodetic Survey for inclusion in
the national network. Formats for the NGS “Leveling
Instrument and Rod File" are presented in Impur For-
mats and Specifications of the National Geodetic Sur-
vey Data Base (Pfeifer and Morrison 1980:; vol. 11, ch. 6).
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Figure 3-58.—Rod calibration data,
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Calibration data should include the actual measure-
ments and the temperatures at which they were made
for each rod used, All data should be identified by the
serial number of the rod If a rod housing is reused with
a new scale, the rod should be assigned a new serial
number and recalibrated The same applies if a scale is
reused in a new rod housing.

3.4.3 Use and Maintenance

The leveling rod, like the leveling instrument, must
be properly maintained if good quality data are to be
collected. The rodman should guard the rod against
physical damage and protect it from the effects of ex-
posure to the outdoor environment. The guidelines and
adjustment procedures given in this section should be
strictly followed.

General handling Because of its length, the leveling
rod is so easily struck against objects that great care
must be exercised when handling it. Paint does not stick
easily to the special materials used for rod scales. As a
result, striking the rod against any hard object {such as
poles, trees, signs, rocks, vehicles, or the ground) may
chip paint off the scale, making it difficult to continue
observing precisely and efficiently. Such shocks may
also damage the inner spring assembly or the housing,
causing unpredictable change in the length of the scale.

Carry the rod by holding it with one hand at the mid-
dle and balancing it face up across your shoulder (fig.
3-59). Do not touch the painted scale. Use your arm as
a spring to absorb shocks. When riding on the rear step
of a truck, hold the rod parallel to the side of the truck,
taking care that it does not hit the truck or any obstacles
along the leveling route.

During a halt in the leveling operation, hold the rod
vertically on the toe of your boot Otherwise, place the
rod in a protected location where it can be easily seen.
Do not place it near the path of a vehicle. Lay it gently
on the ground, with the scale facing up and the circular
tevel protected from stress, See that no dirt or rocks
are kicked on the rod while it is on the ground.

Figure 3-59.—Carrying the leveling rod.

At the end of work each day, gently wipe the rod to
remove moisture and dirt. Store it, supported firmly by
padding, in a box large enough to accommodate a pair
of rods with brace poles and turning point guides at-
tached Protect the circular levels and any attached
mirrors with padding or the rod handles (which may
fold over the attachments).

Setting up the rod Since the base plate corresponds to
the zero point of the scale, it must be kept perfectly clean
and free from corrosion if precise heights are to be ob-
served. Before setting the rod on a point, carefully wipe
away any dust or dirt on the base plate and the point. Do
not allow the base plate to rest directly on the ground,
since scratches may result. A rod with a defective or
damaged base plate should be repaired and ealibrated.

Set the rod gently onto the point; never drop it. Drop-
ping a rod on a turning point or control point is compa-
rable to hitting the point with a 7-kg sledgehammer.
Even the best quality bench mark may suffer from such
treatment

Place the rod so that the exact center of the base
plate rests on the highest point of the turning point or
control marker. (See fig. 3-76 for the locations of con-
trol points on various types of monuments.) The Na-
tional Geodetic Survey uses a turning-point guide (“flip-
per’), attached to the bottom of the rod, to assist with this
centering (fig. 3-60). The guide is designed to fit around
the standard turning point. If the rod is set against a flat-
ter, broad surface, such as a bench mark disk, the guide
flips back out of the way, exposing the entire base plate.

Figure 3-60.~—Turning-point guide.

Be alert to the possibility that the rod can be set down in
such a way that some part of the turning-point guide,
instead of the base plate, is the contact point. Prevent
this by turning and jigeling the rod after placing it on
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the turning point. A visual examination of the point of
contact may be necessary. The guide can also “hang
up” inside the protective 4- or 5-inch pipe which en-
circles many bench marks. When setting the rod on a
mark of this type, remove the turning-point guide by
loosening the two finger screws.

Always place the brace poles downwind from the rod,
and arrange them so they do not interfere with the
observer's line of sight Face the rod toward the instru-
ment and plumb it by adjusting the lenpths of the poles
until the bubble in the circular level is centered pre-
cisely. After completing one setup, without moving the
poles, rotate the rod to face the instrument at the next
setup. Do not remove the rod from the turning point at
any time during this cycle of two setups. If necessary,
replumb it by adjusting the poles again.

Lightly hold both poles throughout each setup. Stand
where the circular level can be seen to ensure that the
rod is plumb, and always be ready to prevent the rod
from falling (fig. 3-61). Do not press down on the poles
or lean against them, since this can cause movement of
the turning point.

Figure 3-61.—Setup of leveling rod.

The top assembly of the brace poles must withstand
a great deal of stress during leveling. Examine it regu-
larly for loose, bent, or broken parts. The large screw,
which secures the assembly to the top of the rod, may
joosen and its shaft may bend if it is subjected to strain.
Prevent this by checking at least once a day to see that

the screw is tight. Do not twist the poles, since this may
bend the fittings which connect the poles to the top
assembly. The grips lock the poles at the desired length
by means of {riction. They may become smooth with
use and should occasionally be taken apart and rough-
ened with sandpaper.

Checking rod plumb. During a setup each leveling
rod must be plumb, in other words, vertically aligned
with the direction of gravity. Achieve this by centering
the bubble in the vial of the circular level attached to
the rod housing. To center the bubble precisely, use a
mirror or reflecting prism mounted on the rod to observe
the level from as nearly overhead as possible, not from
the side.

Each day, while leveling, the observer should check
the plumbing of each rod by comparing the alignment
of each rod to the vertical line in the reticle of the leveling
instrument. Check the rod while it faces the instrument;
then, after the rodman turns the rod 90° (at a right angle
to the imstrument), check it again. This procedure guick-
ly reveals gross errors in the plumbing of the rod.

If the circular level is not properly adjusted, center-
ing the bubble does not ensure that the rod is plumb,
Check the level by one of the following methods at least
once a week and immediately after any shock to the
rod. Include a note in each weekly report, stating the
time and date that the check was performed, and ex-
plaining the adjustments required.

If the level cannot be adjusted within tolerance, the
rod housing may be warped or the level may be defec-
tive. In this case, check the housing by stretching a
string from one end of the rod to the other and looking
for bends or twists. 1f the rod has such defects, replace
it immediately. If not, replace the circular level.

Checking the circular level The simplest method for
checking the adjustment of the circular level is the brace-
pole method. To use this method, the rod must be
equipped with a turning-point guide and the brace poles
must be in pood condition. In particular, the shaft of
the large screw which centers and secures the poles to
the top of the rod must be straight. If this is not the
case, three guy wires, attached to the top center of the
rod, may be used in lieu of the brace poles.

Set the rod on a turning point and precisely center
the bubble by adjusting the length of each pole or guy
wire. Lock the poles and slowly rotate the rod 360°. The
bubble should not move more than 2 mm (0.08 in) from
the center, a distance which represents an angular de-
viation from vertical of 10'0 or less. If the bubble moves
more than this distance, adjust it in the same way as
the one on the leveling instrument. Follow the instruc-
tions in section 3.3.5, “Circular-level adjustment,”
and adjust the poles or guy wires as though they were
the tribrach foot screws of the instrument.

Another method for checking the circular level is the
suspension method. Begin this method by suspending
the rod from an eave or other similar structure with a
short piece of strong line fixed at the top center of the
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rod. Anchor a piece of paper under the rod (The back
of the weekly report form is suitahle) The check and
adjusiment follow:

1. Plumb the rod, with the base plate resting against
the paper. Trace around the front and sides of the base
plate.

2. Without moving the paper, rotate the rod to face
the opposite direction. Plumb it again and retrace
the front and sides of the base plate. The two tracings
should be parallel If not, the rod has not been rotated
completely.

3. Measure the distance between the corners of the
tracings (fig. 3-62) For a 3-meter rod, if the distance
is more than 2 ¢cm (0.8 in), the circular level should be
adjusted.
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Figure 3-62.—Tracings for checking the adjustment
of the circular level.

4. Before adjusting the level, move the base plate of
the rod halfway back toward the first tracing and hold
it there.

5. Center the bubbie in the level by adjusting the
small screws supporting the vial with an adjusting pin,
Always turn the screws downward, to maintain pres-
sure on the base washer. Do not retract one screw and
depress another If more adjustment play is needed,
retract all the screws and begin adjusting them down-
ward again. Do not force the vial tight against its base.

6. Turn the rod back to the original direction and
perform the test again.

7. Submit the tracings and measurements to the project
office with the day’s leveling data or with the weekly
report

3.5 Turning Points

A turning point is the temporary support on which a
leveling rod is placed during a setup. The foresight point
for one setup becomes the backsight point for the next,
“holding™ the elevation while the leveling instrumnent

is moved between setups. Therefore, turning points must
be stable, well defined, and properly spaced to measure
accurately elevation differences from one setup to the
next, The degree of care taken by the pacer and rodmen
in setting and using turning points greatly affects the
quality of the leveling. This is especially true in single-
run leveling, since movement of the turning points be-
tween setups is not easily detected

3.5.1 Selection and Use

A turning point should not settle or rebound. It should
have a definite high point on which to hold the rod and
should be easy to set and remove. Do not use objects
such as stones, fire hydrants, railroad spikes and ties,
or marks on the pavement. Instead, use a pair of stan-
dardized points, suitable for the terrain likely to be en-
countered Any of the three types described in this sec-
tion is accepiable. The most satisfactory of these for
routine use, under a variety of conditions, is the turn-
ing pin. On concrete sidewalks and gravel, the turning
plate is suitable If the route crosses sandy or marshy
ground (and the line cannot be relocated to avoid this),
a wooden stake with a double-headed nail provides the
most reliable turning point.

General instructions. When setting a turning point
of any type, avoid loose soil, sand, or unpacked gravel
If necessary, dig away the loose layer with a shovel
Avoid frozen ground, but if it cannot be avoided, dig
through the shallow frozen layer to unfrozen ground in
which a turning point may be placed

Once set, any turning point can settle, rebound, or be
displaced surprisingly easily. Often these changes are
not detectable. Be alert to the possibility of such move-
ment by observing the following precautions: Do not
drop the leveling rod onto the turning point. Do not
remove the rod once it has been placed, since removing
and replacing the rod can cause a significant change in
the elevation of the point. Maintain a constant weight
on the point by aliowing the rod to stand free from down-
ward pressure as much as possible. Do not walk around
the point unnecessarily.

Turning pin. A turning pin and hammer for driving it
are illustrated in figures 3-63 and 3-64.

To set a turning pin, place the driving cap over the
high point and use a 2-kg (4 1b) hammer to drive the
pin into the ground. The faces of the hammer shouid be
made of replaceable soft plastic, to prevent damage to
the driving cap. Do not hold the hammer with its head
crossways when hammering, since this may damage the
metal part of the head and make replacement of the
faces difficult. Drive the pin straight, not at an angle,
until the driving shoulder is within 5 cm (2 in} of the
ground. If the pin is set at an angle, or not driven deep-
ly enough, it is more likely to rebound or settle.

After setting the pin, remove the driving cap and care-
fully place the rod on the high point. After the setup
has been checked, gently strike the side of the pin from
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Figure 3-63.—Turning pin (a) and hammer (b).

two directions. This should loosen the pin in the ground
so it can be pulled *“by hand.” Avoid pulling the pin by
tugging on its cap or chain.

Turning plate. When a turning pin cannot be driven
efficiently, such as in the hard-packed gravel of a road
shoulder, in very [irm clay, or on a concrete sidewalk,
use a turning plate (tuitle}. A turning plate should have
(1) a definite high point, (2) three flat feet, and (3)
weigh at least 7 kg {15 Ib). Figure 3-65 shows a rec-
ommended design.

Exercise caution when setting the turning plate. Simply
dropping it onto the ground will not provide enough
stability. Stamp the turning plate firmly in place, even
on concrete, Do not set it over small clumps of grass.
Instead, use a shovel to clear a space, then tamp the
plate down. When rotating the rod, maintain a constant
weight on the plate, so it is not disturbed. Do not place
your {eet near the handle of the plate.

Wooden stake. In sandy or marshy ground or the
loosely packed soil sometimes encountered on highway
and railroad embankments, use a wooden stake. The
stake is made from a piece of 2- by 2-inch wood cut
60-90 cm (2-3 ft) long. To use the stake as a turning
point, hammer it into the ground to a firm depth, leav-
ing about 5 em (2 in) exposed. Then, drive a double-
headed nail into the top, until the bottom head rests
apainst the wood The top of the nail serves as the turn-
ing point,

Figure 3-64.—Turning pin dimensions.

3.5.2 Pacing Balanced Setups

Many errors in leveling are reduced in magnitude by
balancing setups. The distance from the leveling instru-
ment to the foresight point must equal the distance from
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the instrument to the backsight point within the toler-
ance for the survey. When a pacer is a member of the
leveling unit, he or she should lay out a balanced setup
and set the foresight point before the rodman arrives
from the previous setup. This permits leveling to pro-
ceed more efficiently than when rodmen set the turn-
ing points.

To lay out a balanced setup, count paces from the
backsight point to the next position for the instrument
and make a mark. Then, take an equal number of paces
to the spot where the foresight point is to be set.

Paces need not be of any specific length; rather, they
must be consistent. A beginning pacer (or rodman) should
mark a 50-meter course on level ground and pace it
several times, striving to develop consistency in the
number of paces taken. Most individuals take paces
about a meter in length; therefore, to make a change of
less than 5 m in the length of a setup, .take the number
of paces equivalent to the change.

Some individuals find that they routinely pace “long”
(foresight distance longer than backsight distance) or
“short” (foresight distance shorter than backsight
distance). Learn to compensate for such tendencies, to
prevent accumulating a large total of imbalances dur-
ing a section of leveling. For this reason, do not move
more than one setup ahead of the rest of the unit. If the
observer or recorder alerts the pacer as soon as the total
imbalance for the section exceeds the tolerance for one
setup (see table 3-1), the pacer can reduce the total
gradually instead of making one or two extremely un-
balanced setups.

There are several ways to mark positions for the in-
strument and the turning points. If using lumber crayon
(*keel”), draw a “A" to show where the instrument
should be placed and draw a line, circle, or “X" for the
turning point. Do not use the crayon on buildings or

" Figure 3-65.—Turning plate.

private property without explicit permission from the
owner, Flagging may be useful for marking setups in
brushy areas. In dirt or gravel, use a shovel or the heel
of your boot to scrape a line marking the instrument
setup and to clear a spot for the turning point. Do not
use spray paint for marking setups. In general, the lev-
eling unit should leave little or no evidence of its passing.

In addition to marking setups and setting turning
points, use the instructions provided by the mark set-
ting unit in the log to route the unit to the next control
point. Consider both the observer's line of sight and
terrain irregularities, such as slope and brush, when
laying out the route. Slopes may require shorter sight-
ing lengths than usual; a hand level is helpful when
determining just how short to make them. To level to
some points, it may be necessary to clear brush or hold
branches away from the observer’s line of sight. When
an even number of setups are required between control
points, the pacer must plan the final setups of a section
carefully.

Four-person unit. When a leveling unit operates with
four persons instead of five, the rodmen assume the
tasks of pacing and setting their turning points. First,
the observer paces to a position for the leveling in-
strument. Then the backsight rodman (from a previous
setup) counts the number of paces from the last fore-
sight point to the instrument. He or she takes the same
number of paces to the next foresight point.

Specialized vehicles for motorized leveling have
precise odometers with which to balance setups. Used
carefully, the odometers can prevent the troublesome
task of correcting a poorly paced, unbalanced setup.
When advancing to the next setup, set the odometer at
zero upon passing the backsight point, to count up the
backsight distance Upon passing the instrument, switch
the odometer to reverse, to count down the distance to
the foresight position.

When on foot or using a single truck, count regularly
spaced objects such as railroad rails or highway mark-
ers to establish balanced setups,

Hand level. The hand level (fig. 3-66) is a small tele-
scope in which a spirit level is mounted in such a way
that, by means of a prism, the level may be viewed at
the same time that an object is viewed through the tele-
scope. When the bubble is centered in the spirit level, a
reticle line indicates the horizontal line of sight.

When leveling up or down 2 slope, use the hand level
to select the positions for the foresight rod and the
instrument at the next setup. The following instruc-
tions apply to standard, 3-meter leveling rods. (See
fig. 3-67.)

1. Begin at the foresight rod of the previous setup.
When leveling uphill, point and level the hand level
toward the next foresight position. Select a reference
object intersected by the horizontal reticle line. Pro-
ceed to the object, counting paces. (When leveling down-
hill, pace a conservative distance to an estimated position
for the next foresight.) This procedure limits the elevation
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Figure 3-66.— Hand level.

difference for the setup to the height of eye of the pacer
(1.6-1.8 m). With experience, the pacer can take a few
extra paces to increase the elevation difference to a
maximum of 2.0 m.

2. Check the foresight position by pointing and leveling
the hand level toward the previous foresight rod. Looking
downhill, the line of sight should pass no more than 0.5
m (1.6 ft) above the top of the rod. (Looking uphill, it
should be just above the base of the rod ) Set the turn-
ing point.

3. Pace halfway back to a position for the instrument.
Check it by pointing and leveling the hand level toward
the previous foresight rod. Looking downhill, the line
of sight should be below the top of the rod. (Looking
uphill, it should be at least 0.5 m (1.6 {t) above the
ground level at the rod.) Mark the position for the
instrument. The pacer can omit this step and simply
call out the necessary number of paces to the observer

Forenight
turning
polat

On 10d foe — — — = e o

Figure 3-67.—Pacing a balanced setup on a slope.

3.6 Atmospheric Conditions

During geodetic leveling, atmospheric conditions must
be determined for two purposes: to correct for the ef-
fects of atmospheric refraction on the line of sight and
to correct for the effects of thermal expansion of the
scales in the rods. Three measurements, recorded at
the beginning and end of each section, can provide sat-
isfactory corrections. These are air temperature, intensity
of solar radiation, and wind speed To cosrect more ac-
curately for refraction, special equipment must be used to
determine conditions at every setup. A method for meas-
uring temperature differences, essential to many mathe-
matical models of refraction, is presented here. Certain
extreme atmospheric conditions may require special
precautions or procedures when leveling These are also
discussed

3.6.1 Air Temperature, Sun, and Wind

Measure the air temperature at the beginning and
end of every section, as required for the observing pro-
cedure. To measure the air temperature, use a mercury
thermometer with a range of at least —10° 1o 45°C
(14° to 113"F), accurate to £0.1°C (£0.2°F). Mount
it rigidly in a shaded, protected place on the tripod
(fig.3-68). If a pair of special sensors are avaiiable for
measuring temperature differences, use the top sensor.
Read and record the temperature to the nearest tenth

of a degree.
I7'f
o

o

Figure 3-68.— Thermometer, mounted on tripod.

Record the intensity of solar radiation, as a single-
digit sun code, at the beginning and end of every sec-
tion. The sun code is defined as follows:

1. *07, if less than 25 percent of the setups are
performed in sunny conditions.

2. %1 if 25 percent to 75 percent of the setups are
performed in sunny conditions.
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3 %27, if more than 75 percent of the setups are
performed in sunny canditions.

If the day is clear and sunny, but all the setups of a
section are made in the shade (in other words, the en-
tire line of sight is shaded), the code is “0"" If the sky is
half covered with clouds, but all the setups are made in
the sun, the code is 2"

Record the wind speed, as a single-digit wind code,
at the beginning and end of every section. The wind
code is defined as follows:

1. 0", if wind speed averaged less than 10 km/hr
(6 mi/hr).

2, 1", if wind speed averaged 10 to 25 km/hr
{6 to 15 mi/hr).

3. %2, if wind speed averaged greater than 25 km/hr
(15 mi/hr).

Measuring air-temperature differences. The best
mathematical models for computing refraction cor-
rections depend upon measuring at least one air-
temperature difference during every setup. Tempera-
tures are measured at {wo different heights above the
ground The difference is computed by subtracting the
temperature at the bottom from that at the top It is
usually negative during daylight hours when the Sun
heats the ground, warming the lower air layers It is
positive when the air near the ground is cooler than
that above it.

Use aspirated thermometers, accurate to £01°C
{+0.2°F), to measure the temperature difference. A
typical measuring system includes two thermistors, each
shaded by a metal tube and aspirated by a small, battery-
powered fan (fig. 3-69) A digital display permits read-
ings to be made from either thermistor.

Air movement across the thermistors should be equal at
all times. Check for air movement by placing your hand in
front of each thermistor. A small voltmeter should in-
dicate when batteries must be replaced to poewer the
fans adequately. In addition, the display should indi-
cate when its batteries must be replaced. A display bat-
tery having fow voltage can cause the observed tempera-
tures to be in error by several degrees.

Once a week, and whenever a problem is suspected,
check the thermistors for consistency. Place them next
to each other at the same height and pointed in the
same direction After allowing them to stabilize for 3
minutes, the temperatures should agree within £0.1°C
(£0.2°F) Note the result of this check on the recording
form If the thermistors {ail 1o check and replacements
are not available, continue leveling, but do not measure
temperatures with them.

Locate the thermistors 1.3 m and 0.3 m above the
ground unless specified otherwise in project instructions.
These heights have been selected so the thermistors can
be mounted on a tripod leg If the tripod is used by
different observers, relocate the thermistors as neces-
sary for each observer. The thermistors must be at the
correct heights above the ground when temperatures
are measured

Figure 3-69.—Aspirated thermistors for measuring
air-temperature differences.

Keep the thermisters inside their shields and pointed
into the wind and out of sunlight at all times. Allow
them to stabilize for at least | minute during each setup,
then read the display after the leveling observations
are checked Record the temperatures to the nearest
tenth of a degree, top one first. Stand away from the
thermistors while reading the temperature; body heat
can falsify the results.

If the tripod must be positioned temporarily in a way
that lowers or raises the thermistors from the required
heights, reset the tripod after the observations are com-
plete and allow the thermistors to stabilize for 1 min-
ute. Then, read and record the temperatures.

3.6.2 Leveling in Extreme Conditions

Do not level if the weather becomes so severe that
the health or safety of personnel is threatened. Adverse
weather may also affect the correct operation of equip-
ment and result in unreliable observations. Safe working
conditions are discussed in the National Geodetic Sur-
vey Operations Manual (Greenawalt and Floyd 1980).

Leveling equipment is designed to operate correctly
within a broad range of temperature. However, precipita-
tion and wind may interfere with normal operations. If
precipitation is light (less than 0.5 mm/hr) continue
leveling by using an umbrella to protect the instrument.
Afterwards, be sure to dry each piece of equipment
thoroughly before storing it. Do not level in heavy
precipitation.
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Wind often causes vibrations in the leveling instru-
ment which makes observing difficult. At wind speeds in
excess of 30 km/hr (19 mi/hr), leveling may be impos-
sible. In windy conditions, use the leveling truck or an
umbrella as a shield. Each rodman must be particularly
attentive to maintain the rods plumb. If possible, find a
less windy section of line on which to continue work
until conditions improve

Ohbservations are not reliable if made when long-period
shimmer is present. It occurs most frequently when the
air is calm and the air near the ground is cooler than
the air above it. It is unlikely to occur during daylight
hours between 1% hours after sunrise and % hour before
sunset, when the air near the ground is warmer than
the air above it. For this reason, restrict leveling to
these daylight hours whenever possible.

Sometimes the unit must level when long-period
shimmer may be present, such as in calm air over fro-
zen ground or snow, over water, or at night. In these
circumstances, double run every section

3.7 Observing Routine

This subchapter describes the routine to be followed
when leveling a line of the National Geodetic Vertical
Control Network. First, general instructions are given.
Second, two procedures are described: micrometer level-
ing and three-wire leveling Third, precautions and spe-
cial instructions are given for control points. Finally,
instructions are provided for releveling and closing
sections.

3.7.1 General Instructions

The leveling unit is normally assigned a line or portion
of a line within a vertical control project. The line should
be leveled by sections, each section beginning and ending
on described, permanent control points. Each section
is an unbroken series of setups, observed by a proce-
dure that meets specifications for the order and class
of survey given in the project instructions. Micrometer
leveling is preferred by the National Geodetic Survey
for all first- and second-order surveys. Three-wire level
ing produces results of lesser precision; therefore, it is
included here only as a second-order technique The
following instructions apply to either procedure.

Leveling the line. Plan the leveling route by examin-
ing the logs (instructions) prepared by the mark setters
for the assigned line. Chapter 2 contains detailed re-
quirements for routing lines of control points.

Establish the direction of leveling by giving the line
a title corresponding to the intended beginning and end-
ing points. Normally, a line begins and ends at junc-
tions with previous or concurrent leveling. Sections lev-
eled away from the beginning point and toward the ending
point are termed forward runnings Sections leveled in
the opposite direction are termed backward runnings.

Check the project instructions and the National Geo-
detic Survey Operations Manual (Greenawalt and Floyd
1980) to determine the order and class of the survey,
special requirements, and changes to standard proce-
dures. Determine if the line is to be double run or single
run. Review the tolerances given in table 3-1.

When a line is to be double run, level each section
once forward and once backward, under different en-
vironmental conditions if possible. A pood practice is
to level in one direction in the morning and return in
the afternoon, leveling in the other direction Alternate
the starting direction each day. The two runnings of
each section must close as described in section 3.7.6,
“Rejection procedure.” This procedure minimizes
blunders and the accumulation of most types of syste-
matic error.

When a line is to be single run, level each section
once. Alternate the direction of the runnings from one
section to the next. An alternative procedure is to al-
ternate the direction of leveling from one day to the
next, maintaining an equal distance of forward and back-
ward runnings along the line. This procedure prevents
the accumulation of most types of systematic error for
more than one section or day. Single-run leveling must
form loops with other leveling, preferably during the
same field season, to enable the detection of blunders.

Double run all spurs. A spur is a portion of line that
branches off the main line of leveling, usually ending
al one or more points not otherwise connected to the
network. The second running provides the only check
on the leveling. If a spur requires only one setup, change
the height of the instrument by several centimeters
between the forward and backward runnings. If the pur-
pose of a spur is to tie a previous line of leveling, a
single running is sufficient, provided it closes with the
previous work

Make single-run ties at each connection with a pre-
vious or concurrent line of leveling. Connections are
normally noted in the logs. To tie to a first-order line,
level to three points in the line {two sections). To tie to
a second-order line, level to two points in the line (one
section). To tie to an area survey, with several lines
crossing the new work, level to three points from the
survey that span its area.

At each connection, check the new leveling for clo-
sure with the previous, unadjusted leveling, using tol-
erances for whichever survey has the lower order and
class Elevation differences for the previous survey may
be obtained from an unadjusted abstract for the survey.
(See sec. 5.2.3, “Preliminary data.”) If the sections
do not close after one running, relevel them until they
close to verify the new work and contact the project
office immediately to find out if additional points must
be leveled to complete the tie.

If the leveting of a line is interrupted for 2 weeks or
more, establish a tie, as just described, before resuming
work on the line. If the leveling is resumed within the
same field season, a two-mark tie at least 1 km (0.6 mi)
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in length is sufficient, regardiess of the order and
class of survey The tie ensures that no significant move-
ment of the control points has occurred since the level-
ing was interrupted

Leveling the section The entire leveling unit must
exercise the greatest possible attention to detail while
leveling each section of the line. Each day check and
maintain the instruments and equipment as described
in this chapter. A checklist appears in tabie 3-4.

Explain specifically any deviation {rom the leveling
routine. Record the following: (1) date, (2) time at
which the leveling of each running began and ended,
(3) personnel, and (4) equipment involved Describe
any symptoms of potential equipment failure at the time
they occur.

Keep sighting distances within the prescribed toler-
ance for the order and class of the survey. If shimmer
presents a challenge, shorten the sighting distance until
acceptahle 'readings can be made In addition, do not
allow the line of sight to pass closer than 05 m (1.6 ft)
to the ground or to any intervening object. These pre-
cautions should reduce the error caused by refraction.

Balance the sighting distances as closely as possible
on every setup, at least within the prescribed tolerance.

NOAA Manual NOS NGS 3, Geodetic Leveling

This reduces the effects of collimation error, refraction,

and curvature.

Keep the total of the setup imbalances as small as
possibie, at least within the prescribed tolerance If the
accumulated imbalance becomes large during the lev-
elings of the section, adjust the remaining setups to
diminish it gradually Do not try to correct for it with a
few extremely unbalanced setups.

Complete the section as efficiently as possible, with
no breaks during the series of setups. Only properly
described, permanent monuments may serve as begin-
ning and ending points. 1f the section cannot be com-
pleted or if a blunder occurs, reject the data collected
so far. Enter on the recording form “999” for the next
setup number and write a note explaining the rejection.

Except in the case of an incompleted section, do not
reject any data in the field. If a blunder is found to
have occurred after the fact, document it as clearly as
possible on the recording form or by letter to the proj-
ect office

After completing one section, advance without a break
to the first setup of the next section whenever pessible
The recorder may complete the ending and beginning
running records from the new setup.

Table 3-4.—Checklist for leveling

Equipment Check Section reference
Leveling instrument
Tripod condition Daily 335
Tribrach condition Daily 338
Footscrew tension Daily 335
Circular-level adjustment Daily 3335
Collimation check,
Nanreversible compensator Daily 337
Reversible compensator Weekly 3137
Compensation check Weekly 338
Clean Weekly 335
Stadia-Tactor determination As necessary 336
Leveling rads
Condition (base plale, brace poles, housing) Daily 341
Circular-level adjustment
Check with instrument Daily 343
Check precisely Weekly 343
Clean Weekly 143
Calibrate Annually 343
Condition of turaing points Daily s
Temperature sensors
Battery condition Daily 362
Calibrate Weekly 362
Camputer-vecording equipment
Charge batteries Daily 182
Precondition data tapes or disks Daily 3g2
Clean recording head Weekly 382
“Cycle" batteries Monthly 382
Clean Monthly 382
Check programs At start of project 3g2

Check all of the above whenever equipment is changed
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3.7.2 Micrometer Leveling

Micrometer leveling is the most precise procedure
currently available for geodetic leveling. Readings are
made directly from the instrument’s micrometer, which
provides more precise results than those provided by
estimation in the three-wire jeveling procedure.

The primary feature of the procedure described here
is the measurement of two elevation differences during
every setup The first difference is measured from
backsight to foresight, the second from foresight to
backsight. Since two runnings are completed in opposite
directions during every setup, each section is leveled
twice, simultaneously. When this procedure is used for
a single leveling of a line, it is sometimes called double-
simultaneous leveling. It can be used for any order and
class of survey by varying the tolerances specified in
table 3-1.

To provide two different lines of sight, an instrument
with a reversible compensator is preferred. An instru-
ment without a reversible compensator can be used to
pravide two lines of sight if, between the two sets of
observations, it is disleveled, adjusted to a slightly dif-
ferent height, and releveled.

To provide two different readings at each turning
point, double-scale rods are used Two rods are neces-
sary, not only to improve efficiency, but to permit nearly
simultaneous observation of the backsight and foresight,
The constants of the two rods must differ, to permit a
mathematical check ensuring that rods are observed in
the correct order The rod-constant difference, rod 2
minus rod 1, is labeled “d" on the recording form.

During each setup, six readings are made. First, wedge
and stadia intercepts are read, backsight then foresight,
from the low scale of each rod. From the two half stadia
intervals the sighting distances, s, and s, and the im-
balance, sg—sp are computed and checked From the
wedge intercepts the elevation difference of the low
scales, Ak, , is also computed.

Second, after changing the line of sight, wedge in-
tercepts are read, foresight then backsight, from the
high scales of each rod From these two readings a value,
Ahy,d, is computed. To obtain the elevation difference
of the high scales, Ahy, the rod-constant difference, d,
must be added or subtracted, depending on which rod
is observed as the backsight. Then Ak, and Ahy are
compared.

Balancing the sighting distances shouid reduce the
effects of collimation error, moderate refraction, and
curvature to immeasurable amounts during the set-
up. However, error in the pointings may still cause a
slight difference between Ak, and Ahy. The difference,
Ah,—Ohy, is compared to a tolerance to check for a
value greater than might be expected as a result of ran-
dom pointing error. This comparison is called the reading
check:

Ah, — Ak, =tolerance.

To determine a suitable tolerance for the reading
check, the other tolerances for the leveling procedure
must be considered. If the collimation error does not
change between the low- and high-scale observations,
the tolerance may be derived from the standard devia-
tion of a single pointing, which, in turn, depends on the
sighting distance and the optics of the instrument. With a
sufficiently powerful computer-recording system, a for-
mula might be used to compute the tolerance appro-
priate to the actual sighting distances of each setup.
Usually, however, a single tolerance is derived, appro-
priate to the maximum sighting distance permitted for
the order and class of the survey. The tolerances given
in table 3-1 are of this type.

If the collimation error is different for the low- and
high-scale observations, as is the case with a revers-
ible compensator, the setup imbalance affects the tol-
erance for the reading check. For example, the differ-
ence in the collimation errors for position one and position
two of the Jenoptik NI 002 affects Ak, ~Ah, by an
amount that depends on the setup imbalance and C,—C,.
Since the angular difference, C,—C,, changes somewhat
unpredictably both in magnitude and sign, the toler-
ance for the reading check must be derived from the
maximum setup imbalance permitted for the order and
class of the survey and the maximum magnitude of
C,—C, in addition to the standard deviation of each
pointing,

After satisfying the reading check, temperatures are
recorded so a refraction correction can be computed
and applied to the data before adjustment. Then, the
two elevation differences are averaged to obtain the
elevation difference for the setup:

Ah=0.5X (A, +Ahy).

As each setup is completed, the new difference is
added to the sum of the previous differences. Thus, at
the end of the section, the total elevation difference
between the marks is obtained For convenience when
setup data are recorded on paper, Ak, and Ah,xd are
summed separately. The elevation difference is then
computed at the end of the section.

Though this leveling procedure is designed to prevent
blunders and the accumulation of systematic error, both
may still occur without warning. Note, for example,
that there is no check for movement of the turning points
between setups. As with any procedure, strict attention
must be paid to the precautions and guidelines presented
in the rest of this chapter.

Instructions. The following instructions apply to a
properly adjusted leveling instrument with a micrometer,
used with a pair of calibrated, double-scale rods. If the
instrument does not have a reversible compensator, sub-
stitute the following procedure whenever instructed to
change the position of the compensator: Dislevel the
instrument using the footscrew closest to the foresight
rod, then relevel it using the other two footscrews.
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If possible, record the observations in a computer
and, if required, prepare a backup recording form
(NOAA Form 77-82, “Geodetic lLeveling”) The in-
structions presented here include the procedure for using
NOAA Form 76-191, “Geodetic Leveling Microm-
eter Observations.” Use a separate recording form for
each running. (See figs. 3-70 through 3-72 for* sample
records.)
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Figure 3-70.—Micrometer leveling, backup form
for a computer-recording system.

1. EQUIPMENT RECORD: At the start of each day,
or at any change of the observer, equipment, or colli-
mation factor, prepare the survey-equipment record
(line *40%). Inctude the date, the instrument code and
serial number, the rod codes and serial numbers, the
local time zone and time, the type of temperature units,
the collimation factor at the last check, and the initials
of the observer, recorder, and rodmen. CAUTION: Each
work day check all serial numbers against the actual
equipment used. Also, check that the record of the col-
limation factor is correct.

2. Establish a balanced setup with the backsight rod
plumbed on the beginning control point of the section,
the foresight rod plumbed on a turning point, and the
instrument set in line between them. Check for parallax
Using the instrument, check that the rods are plumb.

3 BEGINNING RUNNING RECORD: Immediate-
ly before leveling begins, prepare the beginning run-
ning record (line *41%*). Include the following items of
information: The survey-point serial number of the
beginning control point, the stamping on the point (or
designation if no stamping exists), the local time, the
air temperature, the wind code, the sun code, and the
number of the rod on the control point. CAUTION:
Check that the rod identified is, in fact, on the point
identified The recorded stamping must correspond to
that on the mark leveled. Check and initial the survey-
point serial number entered on the form,

4. BACKSIGHT, LOW SCALE: Level the instrument
while pointing at the backsight rod. In compensator
position one (odd-numbered setup) or two (even-
numbered setup), read the wedge intercept on the low
scale. Pause slightly between the three- or four-digit
rod-unit reading and the two-digit micrometer read-
ing, so the recorder can enter the decimal correctly.
The recorder should call out any uncertain numbers
for the observer to verify Record the entire reading in
column F, backsight Record the rod-unit reading only
in column B.

5. Read the intercept of the lower stadia line, esti-
mating to tenths of rod units, on the low scale Again,
pause during the reading to indicate the decimal. Re-
cord it in column B Compute the half-stadia interval
by subtracting the stadia reading from the rod units of
the first reading With half-centimeter rods this value
is the backsight distance, s, With centimeter rods, multi-
ply the interval by 2 to compute the distance.

6. FORESIGHT, LOW SCALE: Paint toward the
foresight rod Make sure the rod has rested on the point
for 20 seconds or more. Still in the same compensator
position, read the low scale as before. Record the read-
ings in column F, foresight, and column D. Compute
the foresight distance, s, Check that the imbalance,
Sy Sg is within tolerance for the survey. If it is not,
relocate either the foresight rod or the instrument and
begin again at step 4. Compute the low-scale elevation
difference, Ah,, by subtracting the foresight from the
backsight

7. FORESIGHT, HIGH SCALE: Still pointing to-
ward the foresight rod, change the compensator position
{or dislevel and relevel the instrument). Read the high
scale. Record the reading in column H, foresight.

8. BACKSIGHT, HIGH SCALE: Point toward the
backsight rod, in the same compensator position, and
read the high scale. Record the reading in column H,
backsight Compute Ak, +d by subtracting the foresight
from the backsight
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9. READING CHECK: Compute Ah,—Ah,, To do
this, if rod [ is the backsight rod, add d to Ahyxd If
rod 2 is the backsight rod, subtract ¢ from Ahyxd
Then subtract Ahy, from AH,. Compare the result to
the tolerance for the survey. CAUTION: Do not move
the backsight turning point until the reading check is
complete. If the point is moved, even only slightly, the
data collected so far must be rejected and the running
of the section must be begun again at step 2.

10 If the readings fail to check, begin the setup again
at step 4 If they repeatedly fail to check, try one or
more of the following procedures:

(1) Check for parallax and remove it if present

(2} Check the plumb of the rods and the leveling of
the instrument, including the adjustment of the circular
level.

(3) Check that the reversible compensator is correctly
positioned

(4) Reposition the instrument to balance the setup
exactly.

(5) Shorten the sighting distances by repositioning
the instrument and the foresight rod.

(6) Check that the rods are being observed in the
correct order (backsight firs).

(7) Check that the rod-constant difference, d, is en-
tered with the correct magnitude and sign,

(8) Check that the starting rod for the section was
identified correctly and that the current setup number
is correct.

(9) Make a collimation check (sec. 3.3.7)

(10) Make a compensation check (sec. 3.3.8).

(11) Consider the possible presence of unusual envi-
ronmental conditions (sec. 3.6.3), such as long-period
shimmer Return to the section when conditions improve

I1. After obtaining a reading check, record the air
temperatures for the refraction correction if the appro-
priate equipment is available (sec. 3.6.2). Similarly,
record temperatures of the rod scales if the appropriate
equipment is available. With a computer-recording
system, check that the temperatures are reasonable.

12 Check the accurnulated imbalance for the section
If it is more than the tolerance for one setup, alert the
pacer or rodmen to adjust the next setup or setups accord-
ingly. When recording on paper, sum the backsight and
foresight distances separately; then compare the overall
imbalance. Also, sum the low-scale and high-scale ele-
vation differences separately; at the end of each even-
numbered setup the differences should agree closely
(though not necessarily within the tolerance for the
reading check).

13. NEXT SETUP: Leaving the compensator in the
same position, advance to the next setup. Leave the
foresight rod (and turning point) in place to become
the next backsight rod. Move the former backsight rod
and turning point to the next foresight position. Set the
instrument on a line halfway between the two rods. CAU-
TION: Do not remove the former foresight rod from its
turning point. Keeping it centered on the point, pivot it
to face the instrument.

4. Repeat steps 4 through 13 at the next setup Re-
member that the backsight, low scale is observed first
on every setup, but the rods, the compensator positions,
and the sign of d alternate on every setup. (See table
3-5 for a summary of the procedure. )

15. As the unit approaches the end of the sectiomn, if
required, adjust the sighting distances to make an even
number of setups for the section. The final setup should
have rod 1 on the control point and rod 2 on the last
turaing point. An even number of setups is not required
if all graduations of both rods have been calibrated by
laser interferometry (See sec 3.42, “Calibration with
a laser interferometer ™)

16. ENDING RUNNING RECORD: After complet-
ing the last setup of the section, prepare the ending
running record (line *41*). Include the following items of
information: the survey-point serial number of the end-
ing control point, the stamping on the point {or desig-
nation if no stamping exists), the local time, the air
temperature, the wind code, and the sun code. Compute
and record in meters the elevation difference of the
section. Compute and record in kilometers the lenpth
of the section. Record the number of setups. If the lev-
eling is the second running of a section, check for clo-
sure (sec 3.7.7). CAUTION: Make sure the stamping
entered for the ending point corresponds exactly to that
on the mark on which the rod is resting.

Table 3-5.—Summary of the micrometer
leveling procedure

During each setup

I Balance setup

2 Point instrument at backsight,

3 Level instrument and plumb rods

4 Read backsight, low scale: wedge and stadia

5 Point to and read foresight, low scale: wedge and stadia

6 Check sighting distances and imbalance against tolerances

7. Change compensator position or dislevel-relevel

8 Read foresight, high scale: wedge

% Point to and read backsight, high scale: wedpe

10. Check low- and high-seale elevation differences against
tolerance

11 Read temperatures.

12 Check accumulated imbalance apsinst tolerance

13 Move to next setup

During the section

Scale Compensator
Number setup obhserved pasition
I low .
high .
2 low ..
3 low .
high [

. 4

S~
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3.7.3 Three-Wire Leveling

Until the advent of leveling instruments equipped
with micrometers, three-wire leveling was the most pre-
cise methed for measuring elevation differences. Howev-
er, without & micrometer, scale readings must be esti-
mated and only one elevation difference can be mea-
sured efficiently during each setup The method de-
scribed here can provide differences with a precision
sufficient for second- or lower-order surveys.

The instrument need only provide a single, consistent
line of sight during each setup. Two nearly identical
rods are used to permit nearly simultaneous observation
of the backsight and foresight. Only one calibrated scale
is necessary on each rod; however, a second uncalibrated
scale on the back of the rod should be read as a check
for blunders. To estimate readings with the greatest
precision, the calibrated scale is graduated with blocks,
preferably in a checkerboard pattern. (See sec. 3.4.1,
“Scale.”).

During each setup, eight readings are made. First,
the intercepts of the upper, middle, and lower reticle
lines (“wires™) are read from the calibrated scale of
rod 1. Then, the intercept of the middie line with the
back scale is read. The four readings are estimated to
the nearest tenth of a rod unit.

Two checks are made. To check the internal consis-
tency of the three precise readings, the half stadia in-
tervals, 5;, and s,, are computed and their difference is
compared to a tolerance, To detect gross blunders of
decimeters or meters, the reading of the middle reticie
line is compared 10 the back-scale reading. Since the
precise readings are made nearly simulaneously, a con-
sistent error in the first or second digit might otherwise
go undetected. This is particularly likely when leveling
moves from flat {o sloping terrain and the readings in-
crease abruptly by a full meter.

Second, four more intercepts are read and checked
from rod 2. The sighting distances are computed by
summing the half stadia intervals for each rod. Then,
the imbalance is computed and checked against the
tolerance

Rod 1 is observed first during each setup. Thus, the
backsights and foresights are observed in alternate order
on alternate setups, to reduce systematic error. This is
especially important when using a compensator in-
strument, 1o prevent the accumulation of systematic
error due to consistent variation in the collimation error.
(See sec. 3.3.8, “Compensation check.”)

The elevation difference for each setup is the differ-
ence between the mean of the three backsight readings
and the mean of the three foresight readings. It is not
usually computed until the entire section is completed.

With three-wire leveling certain blunders cannot be
detected. For example, a mathematical check to detect
transposition of the foresight and backsight observations
is not possible. Neither is a mathematical check to de-
tect disturbance of the instrument between the backsight
and foresight observations

Instructions. The following instructions apply to a
properly adjusted instrument without a micrometer {(or
with the micrometer locked in position), used with a
pair of calibrated rods, each having one calibrated scale
and a check scale. A spirit-level instrument must be
shaded with an umbrella

Record observations on NOAA Form 76-189, “Geo-
detic Leveling Three-Wire Observations.” {See figs
3-73 and 3-74 for sample records )} If observations are
recorded in a computer, maintain a backup recording
form as required by project instructions.

1. EQUIPMENT RECORD: At the start of each day
or at any change of the observer, equipment, or colli-
mation factor, prepare the survey-equipment record
(line *40*). Include the date, the instrument code and
serial number, the rod codes and serial numbers, the
local time zone and time, whether temperature is
measured in Fahrenheit or centigrade units, the col-
limation factor at the last check, and the initials of the
observer, recorder, and rodmen. CAUTION: Each work
day check all serial numbers against the actual equip-
ment used.

2. Establish a balanced setup with the backsight rod
plumbed on the beginning control point of the section,
the foresight rod plumbed on a turning point, and the
instrumnent set in line between them. Check for paraliax
Using the instrument, check that the rods are plumb.

3. BEGINNING RUNNING RECORD: Immediate-
ly before the leveling begins, prepare the beginning run-
ning record (line *41%). Include the following items of
information: The survey-point serial number of the
beginning control point, the stamping on the point (or
designation if no stamping exists), the local time, the
air temperature, the wind code, the sun code, and the
number of the rod on the control point. CAUTION:
Check that the backsight rod is, in fact, on the point
identified. The recorded stamping must correspond to
that on the mark leveled. Check the survey-point seri-
al number entered for the point.

4. ROD 1: Level the circular level on the instrument
while pointing at rod 1. With a spirit-level instrument,
use the tilting screw to center the bubble precisely in
the tubular level. Read the intercepts of the three reti-
cle lines with the precise scale, top to bottom. Estimate
each reading to tenths of a rod unit.

5. When rod 1 is the backsight rod, record the read-
ings in the backsight column, column B in the example.
When rod 1 is the foresight rod, record the readings in
the foresight column, column G. CAUTION: The re-
corder should watch 1o ensure that rod 1 is observed at
the beginning of the setup. Be sure the readings are
recorded in the correct column because there is no math-
ematical check for this type of error.
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Figure 3-74.—Three-wire leveling, centimeter rods.
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6. READING CHECK: Compute and record in col-
umn E (or K) the half stadia intervals. The upper in-
terval, 5., is the difference between the upper and middle
readings, and the lower interval, s5,, is the differ-
ence between the middle and lower readings. Check
that s,—s$, i5 no more than 0.3 rod unit. If it exceeds
this tolerance, reobserve rod 1, beginning at step 4.

7. If the tolerance is satisfied, compute the full sta-
dia interval, 5,,+5,, and record it in column F {or L)
Compute the sighting distance and check that it is
within the tolerance for the survey. For convenience, if
recording on paper, converi the tolerance to a permis-
sible stadia interval in rod units, and use this value
to make the check For example, if the rod units are
centimeters, the stadia factor is 333, and the tolerance
for sighting distance is 60 m, then the tolerance for
the stadin ininterval is 180 cm [(60 m X100 em/m)
-+333==18.0 cm]

8. Compute the mean of the three readings. The mean
may be computed guickly by examining the last digits
of 5, and 5,. If 5, is three tenths larger than s,, add 1.0
to the middle reading. If 5, is two tenths larger, add
0.7. If 5, is one tenth larger, add 0.3. If 5, equals 5, the
middle reading is the mean. Similarly, if s, is three
tenths smaller than s5;, subtract 1.0 from the middle
reading. I 5, is two tenths smalier, subtract 0.7. If 5, is
one tenth smaller, subtract 0.3, The mean always ends
with the numeral “0", 3", or 7"

9. BACK CHECK: Read the intercept of the middle ret-
icle line with the back scale. Record the reading in col-
umn D). The recorder or the person holding the umbrella
must convert the reading to the units of the precise scale,
then compare the result to the reading of the middle ret-
icle line made in step 4. If no blunders have been made,
sutn the three readings together with the sum from the pre-
vious setup. Also, sum the means computed so far. CAL-
TION: Do not move the backsight rod and turning point
until the data for the entire setup have been checked.

10. ROD 2: Point the instrument toward rod 2. Do
not relevel the circular level. With a spirit-level instru-
ment, recenter the bubble in the tubular level Make
three readings as before.

11. When rod 2 is the foresight rod, record the read-
ings in the foresight column, column G. When rod 2 is
the backsight rod, record the readings in the backsight
column, column B. CAUTION: Again, check that the
readings are recorded in the correct column.

12. Perform the reading check and back check as in
steps 6 through 9.

13. Compute and check the imbalance (backsight dis-
tance minus foresight distance.) If it exceeds the
tolerance for the survey, reobserve the setup, changing
the position of the foresight rod or the instrument.

i4. Check the accumulated imbalance for the sec-
tion. If it is more than the {olerance {or one setup, alert
the pacer or rodmen so the next setup or setups can be
adjusted accordingly.

15 NEXT SETUP: Advance to the next setup Leave
the former foresight rod {and turning point) in place to
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become the next backsight rod. Move the former back-
sight rod and turning point to the next foresight position
Set the instrument on a line halfway between the two
rods. CAUTION: Do not remove the former foresight
rod from its turning point Keeping it centered on the
point, pivot it to face the instrument.

16 Repeat steps 4 through 15. Remember to read
rod 1 first on every setup, regardless of whether it is in
the backsight or the foresight position

17 As the unit approaches the end of the section, if
required, adjust the sighting distances to make an even
number of setups for the section. The final setup should
have rod I on the control point and rod 2 on the last
turning point. An even number of setups is not required
if alt graduations of both rods have been calibrated by
laser interferometry (sec. 3.4.2), which permits suffi-
ciently accurate correction for index error.

18. After the last setup, compute and record the ele-
vation difference for the section. Total the backsight
readings and the foresight readings separately. Subtract
the foresight total from the backsight total, and divide
by 3. Similarly, total and subtract the backsight and
foresight means. The two elevation differences should
agree within 1.0 mm (0.003 ft).

19. Compute and record the length of the section.
Total the backsight and foresight stadia intervals, multi-
ply the result by the stadia factor, and convert it into
meters. A swmmary of the three-wire procedure is given
in table 3-6.

20. ENDING RUNNING RECORD: After complet-
ing the last setup of the section, prepare the ending
running record (line *41%). This includes the survey-
point serial number of the ending control point, the
stamping on the point {or designation if no stamping
exists), the local time, the air temperature, the wind
code, and the sun code. Compute and record in meters
the elevation difference of the section. Compute and
record in kilometers the length of the section. Record
the number of setups. If the leveling is the second run-
ning of a section, check for closure. (See sec. 3.7.7,
“Releveling and closing sections.”). CAUTION: Make
sure the stamping entered for the ending point corre-
sponds exactly to that on the mark on which the rod
is resting,

3.7.4 Precautions to Take at Control Points

The beginning and ending control points of a section
are critical in three ways. First, the marks must be
positively identified. Second, the control points must
be clearly defined and properly used. Third, the stabil-
ity of a mark that represents the end of a previous day's
or week's leveling must be proved,

ldentify the mark. Because of the proliferation of
survey marks of all types and the possibility that con-
trol points may have been relocated without the knowl-

edge of the leveling unit, each mark must be identified
carefully. At the start of a section, identify only the
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Table 3-6.—Summary of three-wire leveling procedure

During each setup
i Balance setup
Point instrement at rod |
Level instrument and plumb rods
Read three reticle lires, top to bottom
. Check half-stadia intervals and sighting distance
Read back scale: middie reticle line
. Check mean of three readings against back-scale reading
Point instrument at rod 2
9 Read three reticle lines, top to bottam
10 Check half-stadia intervals and sighting distance
11 Read back scale: middie reticle line
12 Check mean of three readings against back-scale reading
13 Check imbalance and accumulated imbalance
14 Move to next setup

(=T B~ (S G A VY S )

beginning mark; identify the ending mark when the sec-
tion is completed. When the rodman prepares the con-
trol point for the leveling rod, he or she should call out
the stamping to the recorder. The recorder enters the
stamping, as it is called out, and the corresponding
survey-point serial number as it is given in the log

Locations where marks may be easily misidentified
include triangulation stations and tide or water-level
stations, At these locations, marks are set in clusters,
often only a few meters apart. To further complicate
matters, many marks may be stamped with similar desig-
nations, perhaps bearing only one or two inconspicuous
symbols to distinguish them. Level through such clus-
ters with care. Avoid unnecessary spurs. For example,
at a triangulation station, do not level separate spurs to
the reference marks. Instead, level from one reference
mark to the station, to the next reference mark, and
then to the next control point in the line (fig, 3-75).

If an apparent mistake or duplication is found in the
log, investigate and correct it, adding a thorough ex-
planation on the recording form for leveling. Some ex-
amples follow: If a control point is not found where it
was plotted on a map, explain the situation and plot the
point correctly. [f a survey-point serial number has not
been assigned in the log, use “0000” and note the fact. If
a mark does not exactly match the description given in
the log, check for a similar mark in the vicinity, and be
sure to record the stamping that appears on the mark
actually leveled.

Sometimes the unit may find a control point that is
not indicated in the log. In general, do not level to such
a point unless it is already included in the national net-
work. All control points in the national network should
have been accounted for by the reconnaissance team.
If, in fact, the point represents an accidental omission
by the mark setter or an amendment to the original
leveling route, it should be leveled. Prepare a complete
description in the standard format (sec. 2.4.4) and sub-
mit it with the leveling data.

Am 2
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bigure 3-75.—Leveling routes through a cluster of
control points at a friangalation station (a)
and a tide station (b).

Identify the control point. The leveling rod must rest
on a clearly defined point. On a horizontal surface, the
control point is the highest point of the mark. On a
vertical surface, it is at the intersection of a pair of
crossed lines (the exact center of a bench mark disk,
fig. 3-76). The one exception to these rules occurs if
some other point is specifically defined in the descrip-
tion of the control point. If any other point is used, de-
scribe it clearly in the leveling records.

Center the base plate of the rod precisely on the con-
trol point. If the point is in a location that does not
permit this, use the center of the back or front edge
before resorting to a corner of the base plate. If a mark
is very flat, use a spacer placed exactly at the center.
Sometimes the concrete around a disk may prevent cen-
tering or rotating the rod. Use a spacer in this situation
as well.

A spacer (“plug”) is a calibrated cylinder of solid
metal, often magnetized (If observations are recorded
on a magnetic tape or disk, keep the spaces away from
the recording media.) The spacer is used to elevate the
rod above the control point in a restricted setting, thus
permitting the rod to be centered and rotated. When a
spacer is used, either the same spacer or another one
identical in height must be used on the turning point of
the same setup. Make a note on the recording form when-
ever a spacer is used.

To use a single spacer, place it under the backsight
rod of the setup. After reading the backsight, low scale,
place the spacer under the foresight rod. After the fore-
sight readings, return it to the backsight rod for the
final reading. The height of the spacer is included in

e




Chapter 3—Geodetic Leveling 3.61

Class A rod mark

Concrete post

@)

Disks
mounted vertically

{b)

Disk in bedrock

Class B rod mark with disk

Reading mark of
electric tape gage

Figure 3-76.—Control points on horizontal surfaces {a) and vertical surfaces (b).

the observed heights of both the backsight and the fore-
sight; therefore, the extra height is canceled when the
elevation difference is computed (fig. 3-77).

A pair of spacers, manufactured and calibrated to
agree in height within 0.05 mm (0.0015 ft), can be used
simultaneously for a more efficient operation.

Set a check point. The elevation of the control point
at the end of a line segment leveled during one day must
remain unchanged until leveling resumes the next day.
To ensure this, set a check point wherever a day’s leveling
is not connected to previous leveling. The check point
should be a solid point, clearly defined, and not on the
same structure as the control point. Locate it no more
than one setup away. Examples of check points include
a marked point on a building foundatior, a double-
headed nail driven into a telephone pole, or 2 marked
point on a rock outcrop.

From a balanced setup between the control point and
the check point, read the low scales of each rod Write
the readings in the “remarks™ column of the recording
form and compute the elevation difference, control point

to check point. Also, write the difference on the field
abstract for future reference.

When resuming work, observe a new difference be-
tween the control point and the check point, recording
the difference as before. It should not differ from the
first difference by more than 10 mm (G.0030 ). If
this check indicates movement has occurred (or that
the rod was incorrectly placed on the control point),
the original section leveled to the questionable point
should be releveled in the opposite direction and
closed.

If leveling is single run, set check points as follows:
When leveling forward on the line, set one check point at
the end of work each day; when leveling backward, set one
check point at the start of work and set another at the end
of work only if the previous day’s leveling is not connected

If leveling is double run, a check point need only be
set at the end of a completed segment of line. It is prac-
tical to level the last section of the day in only one di-
rection, setling no check point. The next day, level the
section in the opposite direction, thus checking the stabil-
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Figure 3-77.—When using spacers the height, ¢, of each
spacer cancels when the elevation difference, Ak,
is computed: Ak=(B+¢)—(F+e)==B—F.

ity of the end mark, as well as satisfying the double-
run requirement,

3.7.5 Leveling to Awkward Control Points

In the National network many existing control points
are located where they cannot be easily leveled. These
awkward points fall into two categories: (1) those mount-
ed or etched on vertical surfaces, and (2) those mounted
or etched on horizontal surfaces in positions requiring
unusual equipment or procedures,

Locations where a control point may be found on a
vertical surface include foundations and footings of large
buildings and headwalls, and abutments of highway
overpasses. The best way to level to a point in such a
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1 2 3
Level directly to the tJse a shart HBrace a short
control point. scale. scale with a
carpenter's
fevel,

location is to intercept it directly. Another way is to
use a short scale in lieu of the standard leveling rod,

Awkward locations for points on horizontal surfaces
include the following: the top of a post or pedestal (too
high to plumb the leveling rod properly and not large
enough to support a rodman}; a point less than 3 m {the
length of a leveling rod) below an overhang or ceiling;
and the underside of an overhang or eave The best way
to level to a point in the first location is to set the line of
sight tangent to the highest point of the mark At the
second location, use a short rod. The third location re-
quires that a rod be read while placed upside down against
the point. Figure 3-78 illustrates each of these cases.

The following instructions explain how to level to awk-
ward points.

Level directly to the point Follow the micrometer
leveling procedure. (See fig. 3-79 for an example.)

1. During the setup, which includes the contral point,
adjust the instrument height so that when the instrument
is leveled the line of sight is within one full turn of
the micrometer (one rod unit) of the control point

2. To make the low-scale reading on the point, intercept
it with the middle reticle line. Read the micrometer. Record
the observation as “000." plus the micrometer reading

3. To make the stadiz reading, hold a short scale at
the point. Read a stadia intercept on the low scale

4. To make the high-scale reading on the point, in-
tercept it with the middle reticle line again. Read the
micrometer. Record the reading in the remarks column,
and add the appropriate rod constant to the reading
Enter the sum as the high-scale reading,

N
N
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|

NNNNNANAN

short rod.

4 5 6
Level directly to the Use a short Use a
cantrol point or use a rod. standard rod,

or short rad,
upside-down.

Figure 3-78.—Leveling to awkward centrol points.
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Figure 3-79.—Leveling directly to a control paint.

5. Note in the remarks column that the point was
intercepted directly.

Use a short scale. A short scale is shown in figure
3-80. For micrometer leveling use a double scale with
a consiant identical to that of rod 1.

I. During the setup, which includes the contral point,
adjust the instrument height so that when the instrument
is leveled the line of sight is as close to the control point
ag possible.

2. Two people should hold the scale, one at the top
and the other at the bottom. Center the index line of
the scale on the point as illustrated in figure 3-81.

3. Plumb the scale by observing it through the instru-
ment and aligning the scale with the vertical reticle
line. When necessary, as in case 3 of figure 3-78, sup-
port and plumb the scale with a carpenter’s level.

4. Observe the scale exactly as though it were rod 1 in a
routine setup. Make a note that the short scale was used.

Note that the short scale must not be used with the
weighted end placed on the control point. In such a
position the scale is upside down. If it is used on both
the backsight and foresight of the setup including the
control point, the resulting elevation difference will have
the wrong sign.

Use a short rod. A short rod should be identical to
rod 1, except in length. The auxiliary scale included
with Zeiss River Crossing Equipment is suitable. Use
it as explained in section 4.3.1, “Auxiliary scale.”

Read down {rom the point. If the rod or short scale
cannot be plumbed in an upright position, it may be
observed upside down. However, a special computation is
necessary. (See fig. 3-82 for an example.)

1. Align the index line of the scale or place the base plate
of the rod on the control point. Use a hand level to plumb
the rod. If an upside-down, circular level is already
mounted on the rod, be certain it is properly adjusted.

2. Follow the usual leveling routine, but on the upside-
down scale count graduations down. If a micrometer is
used, read it as usual. Record each upside-down read-
ing with a negative sign.

3. If a micrometer is used, correct the upside-down
readings. (With a computer this should be done auto-
matically.) The micrometer effectively counts up, but
the negative sign implies that it counted down; there-
fore, add twice the micrometer value to each reading.
For example, if the reading is —313.61, add 2X0.61
(=1.22) to the value. The corrected reading becomes
—312.35.

4. Compute the stadia distances and checks as usual.

5. Compute the elevation differences and reading
checks as usual, remembering that the upside-down
readings are negative. With the micrometer leveling pro-
cedure, the difference between the high-scale readings
must be converted to Ah,+d as follows: If the upside-
down scale is the backsight, add twice the rod constant. If
the scale is the foresight, subtract twice the rod constant.
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3.7.6 Tide and Water-Level Stations

Leveling connections from the national network to
tide and water-level gages are important in two ways:
The connections make it possible to refer elevations to
the surface of a local body of water, and they provide a
means to monitor relative changes in the levels of riv-
ers, lakes, and oceans. Leveling to connect the national
network to a gage is distinguished from leveling to moni-
tor movement of the gage relative to the control points
at the station. The latter type of work, conducted by
the National Ocean Survey, is discussed in Publication
30-1, Manual of tide observations (Coast and Geodet-
ic Survey 1963) and User's Guide for the Eviablishment
of Tidal Bench Marks and Leveling Requirements for
Tide Stations (Bodnar 1977).

A description and sketch of each station ¢ 2 lev-
eied should be attached to the log, showing the cxact
location of the points to be leveled and a recommended
route through them. (See sec. 2.3.4, “Tide and voter
level stations.”) Since the points are numerous and
the stampings sometimes duplicated, identify the points
with extreme caution. Level to the staff or gage and
make a water-level measurement according to the fol-
lowing instructions.

Before leveling to a tide or water-level station, make
an appointment to meet the station observer at the sta-
tion. The station observer should be present to calibrate
the water-level recorder.

Staff Level to a staff by using a weli-defined point
on the staff to support the leveling rod, or level to the
staff directly. The first method is preferred, but the
second may be used if the staff is inaccessible.

Mounted on most tide staffs is a rod stop, a galva-
nized metal angle with a round-head bolt through the
top. The highest part of the bolt is the point on which to
place the rod. If possible, confirm the location of this
point with the station observer. Include the height of
the point, above or below the zero of the staff, in the
designation,

Figure 3-80.—Short scale.
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Figure 3-81.—Centering the index line of a short scale
on a control point.

If no rod stop is available, or the staff is inaccessibie,
level directly to the staff Follow the procedure described
in the previous subchapter, using a convenient graduation
as the control point. Include the graduation value in
the designation (not in the readings). To make a stadia
reading, count the number of staff graduations in the
half stadia interval, estimating to tenths. Record this
in the remarks column and convert it to rod units, then
enter it as the stadia reading. For example, if the staff
is graduated in tenths of feet and the rod units are half-
centimeters, then 2.3 staff graduations are counted in
the half stadia interval, corresponding to 0.23 ft. Mul-
tiply this by a conversion factor, 60.96 hem/ft, to com-
pute the stadia reading, 014.0 hem.

Immediately after leveling to the staff, record on the
recording form the water-level height in staff units, If
possible, record the staff’s identification date, which
should be stamped on an attached brass tag.

Electric-tape gage. The electric-tape gage is usual-
ly located in a small house along with the water-level
recorder. Level to the reading mark, directly if possible. 1t
is usually a horizontal line, etched on the vertical edge
of a metal plate supporting the electric-tape reel (fig.
3-76). Perform the accompaning water-level mea-
surement as follows:

1. With one hand, hold the crank handle of the tape
reel. With the other hand, release the ratchet pawl and
hold it clear.
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Figure 3-82.— Leveling to an upside-down scale.

2. Slowly lower the weighted tape until the voltme-
ter moves. This indicates that contact has been made
with the water surface.

3. Read the tape value at the reading mark. Record in
the “remarks” column tht value (usually in feet), the
time, and the gage identification date (which should
be stamped on an attached brass tag).

4 Reel the tape back up to about 0.5 ft below the
reading mark, and secure it.

3.7.7 Releveling and Closing Sections

Often in single-run leveling, and always in double-
run leveling, two or more runnings of a section are re-
quired. Just as two elevation differences observed on a
single setup must be checked for agreement, the eleva-
tion differences obtained from multiple runnings of a
section must be checked for agreement. The check is
analagous to closing a loop (sec. 5.4.3, “Checking loops”)
by summing the differences of a series of setups begin-
ning and ending on the same point and comparing the
result to a tolerance. Thus, the check for agreement is
called “closing the section.”

If all leveling errors were eliminated, section runnings
would agree exactly. However, since small amounts of ran-
dom error are always present, tolerances have been set to
ensure that runnings retained in the uncorrected leveling
data disagree by no more than an amount consistent with
the precision of the prescribed leveling procedure.

When multiple runnings of a section disagree by more
than the tolerance, one or more blunders may have
occurred Blunders occur when prescribed procedures
are not followed The section must be releveled to obtain a
sample of data, excliding blunders, that more accurately
provides the elevation difference.

Reqguirements for releveling and procedures for closing
sections are discussed next.

Releveling. I any of the following situations occurs
during single-run leveling, relevel the section in the
opposite direction and close the section. Releveling may
be required by the project office for other reasons as
well, after the data have been checked and analyzed.

1. A procedural mistake is reported or suspected

2. A tie check with previous leveling is not within
tolerance.

3. One or more readings are missing or unclear, ei-
ther in the computer or on a recording form.

4. The stamping recorded for a control point is miss-
ing or apparently incorrect, either in the computer or
on a recording form.

5. One or more observations that do not meet speci-
fications have been accepted because reading checks
were computed improperly.

Closing the section. Alter a section is double rum,
check that the elevation differences from the two run-
nings agree within the tolerance for the order and class
of the survey.
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First, compute the difference, the misclosure, between
the two elevation differences. Because they are opposite
in sign, the misclosure is the sum of the backward run-
ning plus the forward running.

Then, compute the tolerance by the formula 7% VK,
where T is the factor from table 3-1 for the order and
class of the survey and K is the length of the section in
kilometers. The length of the section is computed by
totaling the distance leveled and dividing by the number
of section runnings. For example, if the distance lev-
eled in each running is 1.60 km and the survey is first
order, class 1, the tolerance is 3.00X \/1.60=+3.79 mm.

If the misclosure:is within the tolerance, additional
runnings are not required. If it exceeds the tolerance,
relevel and recheck the section to satisfy two criteria:
(1) All runnings likely to contain blunders {as deter-
mined by the rejection procedure) are rejected, and (2)
at least onc forward running and one backward running
are accepted. A standard rejection procedure is used to
reject statistically unreliable runnings.

When releveling to close the section, alternate the
direction of leveling on each running, to maintain an
equal number of forward and backward runnings. If
systematic error persists in the leveling, the mean of
the elevation differences may be biased in favor of the
running direction that is in the majority. Equalizing
the number of runnings in each direction prevents this
bias,

Notify the project office if more than four runnings
are required to close the section. To prevent excessive
releveling, check that the leveling rods are being placed
on the control points correctly and check that the points
themselves are stable. Record any unusual features of
the points in the leveling data. Check and adjust the
rods and the instrument, especially the circular levels,
On subsequent runnings, try shortening the sighting
distances, balancing setups more precisely, varying
the routes, and changing the duties of the unit mem-
bers. Try to make subsequent runnings when the air-
temperature difference is negative and less than 1°C
(2°F). (See sec. 3.6.1, “*Measuring air-temperature
differences.”)

Rejection procedure. After three or more runnings
of a section, check for agreement and reject blunders
as follows. (See example in table 3-7)

I. Compute the mean of all the runnings (disregard
the signs), including those that have been rejected before.

2. Compute the differences between the mean and
each running, the mean value minus each running valee.

3. Compute the allowable difference from the mean.
It is based on the order and class of the survey, the
number of runnings that were meaned, and the length
of the section. The formula is £X \/K, where 7 is the
appropriate factor from table 3-1 for the order and class
of the survey, and K is the section length in kilometers. For
example, if' the survey is first order, class I, four runnings
were meaned, and the section length is 151 km, and the
allowable difference is 2.33 X \/1.5.#= = 2.85 mm.,

4. Compare the differences from step 2 to the allow-
able difference. If any runnings exceed it, reject only
the running that exceeds the allowable difference by
the {argest amount.

5. Check the runnings to see if there are at least one
forward and one backward running remaining. If this
is the case, and no running was rejected in step 4, the
section is closed If a running was rejected in step 4,
compute a new mean with the remaining runnings and
return to step 2. If only runnings made in one direction
remain, relevel the section and begin again at step [.

Notice that certain runnings, rejected when the
number of runnings is three or four, may be accepted
when the number increases. This is acceptable because
the accuracy of the mean improves with a larger sam-
ple of data; it becomes easier to recognize if a running
is different enough to be considered a blunder,

3.8 Field Records

Original records of field observations are the prima-
ry source of information for all future analysis and ad-
justment of a survey. As such field records must accu-
rately and completely present the results and conditions
of leveling. The records may include both data record-
ed on forms and printouts of data recorded in compiter
memory. To be incorporated into the National Geodetic
Vertical Control Network, they must provide data suffi-
cient to meet the requirements of the Federal Geodetic
Control Committee, which are published in Input
Formats and Specifications of the National Geodetic
Survey Data Base (Pfeifer and Morrison 1980; vol. II,
ch. 6). Whatever form is used, the records must be care-
fully preserved by the leveling unit until they are sub-
mitted to the project office. Their preparation and sub-
mittal are the subjects of this subchapter.

3.8.1 Recording Observations

Leveling observations can be collected by using one
of two methods. Observations may be either (1) written
on a recording form, or (2) keyed into computer memo-
ry and recorded on a magnetic tape or disk, supplemented
with a backup form if required, The computer-recording
method is preferred to reduce errors and to simplify
checking and archiving the data. Nevertheless, both
methods require that the recorder prepare clear, cor-
rect, and complete records.

When observations are written, the recording form
serves both as a record and as a reminder of the checks
and computations to be made. When observations are
keyed, the backup recording form serves as a record to
verify information that cannot be checked by the com-
puter. Use standard recording forms, as illustrated in
the figures in this manual.

Be sure to record correct identifying information. This
cannot be overemphasized. Mistakes in any of the fol-
lowing entries will cause false elevation differences to
be computed when leveling data are processed.
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Table 3-7.—Example of rejection procedure for first-order, ciass Il leveling

Elevation Difference
Date Direction Distance difference from mean Explanation
{tkm) {(m} (mm}
10/1% F 082 -2 43152 Two runnings of a section are made
i0/12 B 083 2 43752 Their difference is B+ F=6 00 mm
The tolerance is 3X /0 82=%272 mm
Since the difference exceeds the tolerance.
the section is releveled
10/11 F 082 —243152 +167 The mean of the three runnings and the differences
10/12 B 083 243752 R —433 from the mean are computed. The alfowable
10/12 F 082 —243052 +2.67 difference is 2 10 1/0.82==190 mm The second
Mean==2 43319 and third runnings are both outside the allowable
Rejecting the worst teaves only two forward
runnings, 50 the section is refeveled.
10/11 F 082 -2.43152 +29) The mean and differences are computed for all four
10/12 B 083 243752 -3 10 runnings The allowable i5233X/082=x+21imm
10/12 F 082 —2.43052 R +390 All are outside the allowable. Rejecting only the
10/13 B 082 243810 —368 worst, tie third running, 2 new mean is computed
Mean==2 43442 The allowable for three runnings is, as before
F 082 ~243152 R +4.19 + 1.0 mm. Rejecting the worst, (the first)
B 083 243752 w1 81 leaves only two backward runnings, so the secticn
B 082 243810 -~ 239 is releveled.
Mean=2 43571
10/11 F 082 —243152 +3.64 The mean and differences are
10/12 B 033 243752 -2 36 computed for the {ive runnings. The allowable
10/12 F 082 —243052 R +4 64 i5 248 /0.82=225mm Rejecting the
10/13 B 082 243810 -2 94 worst, a new mean is compuied.
10/13 F 0383 ~2.43812 296
Mean=2 43516
F 0382 —243152R +4.80 The allowabie for four runnings is, as before,
B 083 2 43752 - 1.20 +2.11 mm The first running is rejected, and
B 082 243810 w178 then a new mean computed The allowable
F 0.83 —243812 - 1.80 for three runnings, is as before, & [ 90 mm.
Mean=12 4632 Since all differences are within the allowable,
B 083 243752 +039 and at least one forward running and one
B 082 243810 —019 backward running are sccepted,
F 0383 —243812 —~0.21 the section is closed!
Mean=2 43791

The recorded stamping, or designation of each con-
trol point, and its corresponding survey-point serial
number determine the order in which the line is abstract-
ed. This order must correspond to the way the line was
actually leveled.

The recorded date, time zone, and time must be ac-
curate because observations are stored and sorted
chronologically. Corrections for collimation error, re-
fraction, tidal accelerations, and scale error are applied
accordingly. Time zones should be coded according to
the alphabetical system of the U.S. Navy. {See table
3-8 for the codes applying to North America.)

Finally, recorded descriptions of the equipment
and the corresponding serial numbers determine
which collimation and calibration corrections are to
be applied. The make and model of rods and instruments
should be specified by code if possiblg. (See sec. 3.2.2,
“Equipment.’™)

Write observations and remarks neatly in ink. Never
recopy original records. If a mistake is made when com-
puting, draw a straight line through the error and write
the correct value above it. {See fig. 3-71.) If a mistake
is made when recording a rod reading, reobserve the

Table 3-8.-—U.S. Navy time zone designations

Standard Daylight
time time

Time Time Zone U.S. Navy
meridian description designation

Atlantic  AST Eastern EDT  60W + 4 Q(Quebec)
Eastern EST Central CDT 715W + 5 R{Romeo)
Central CST Mountain MDT %W + 6 8 (Sierra)
Mountain MST Pacific PDT 105W + 7 T{Tango)
Pacific PST Yukon YDT 120W + 8  U(Uniform)
Yukon YST AK/HI HDT 135W + 9 V{Victor)
AK/HI  HST Bering BDT 150W +10  W({Whiskey)
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setup and record the new readings on a new line. Crossed-
out or illegible readings in written data are like read-
ings missing from a computer-recorded tape: the en-
tire section must be rejected.

When computing, round results to the appropriate
number of decimal places FElevation differences should
usually be expressed in meters to five decimal places
(four decimal places in three-wire leveling) Distances
should be expressed in meters to one decimal place or
in kilometers to two decimal places. Some calculators
do not automatically round the result when displaying
fewer decimal places than were computed. If using such a
calculator, look at one extra decimal place and then
round the result. If the number to be rounded ends with
the numeral “5”, round to the nearest even number.
For example, the collimation factor +0.0135 mm/m
rounds to +0.014 mm/m, and the elevation difference
~2.148145 m rounds to ~2.14814 m.

Compute reading checks carefully. If they are com-
puted incorrectly and one or more setups are accepted
which do not meet the tolerance, the section must be
releveled. This type of blunder can occur anytime that
observations are written; it can also occur when pre-
liminary information is stored incorrectly in a computer.
The observer should check for such blunders as work
progresses.

Use the “remarks” column (or computer comment
lines) freely. Record any activity or event which may
affect the quality of leveling, such as frequent failure
of reading checks, unusual atmospheric conditions, or
difficulties with the computer-recording equipment.
Give a complete description of the situation: time at
which the activity occurred, the setup number, what
happened, and the way it was handled. Be specific. In-
clude the names of personnel involved and the serial
numbers of the affected equipment.

At the end of the day, the unit chief should check
and initial the recorder’s work. Be sure to check that
the designations and survey-point serial numbers are
correct, as well as the other identifying information. If
mistakes are found that may require editing of a data
tape or disk, do not attempt to correct them. Instead,
note and explain the correction required on a comment
record in the computer or on the appropriate backup
form.

3.8.2 Computer-Recording Equipment

Portable computers have revolutionized record-
ing procedures. Specially designed computer-record-
ing equipment permits observations to be checked
at the time they are made, nearly eliminating reading
and recording blunders from accepted data. The equip-
ment also permits all field observations to be stored
in data packages that can be easily transferred to
more powerful computers, simplifying the subsequent
checks, correction, analysis, and adjustment of the
data.

To obtain the greatest benefit from a computer, the
equipment selected should meet the general requirements
given in this section. To collect data reliably, the com-
puter and its power supply must be maintained proper-
ly To collect data accurately, the computer must be
programed and operated correctly.

General requirements. Computer-recording equip-
ment for leveling should be manufactured for the field
environment, The equipment must withstand frequent
exposure to dust, water, and vibration. It shouid be
portable, weighing no more than 10 kg It should be
capable of operating continuously from an internal power
supply for at least 6 hours and from both 115 V AC
and 12 V DC external power supplies. It should not
lose stored data if the power supply is interrupted or
exhausted.

Data may be recorded and stored on a tape or disk, or
in the computer memory. If recorded in memory, data
must be easily retrieved for rapid transfer onto a tape
or disk or by telephone into a central computer. The
output format should be compatible with the computer
facilities of the project office.

The computer should be programmable and should
have an alphanumeric keyboard with a numeric clus-
ter, The keyboard permits the stampings on control points
to be entered in addition to survey-point serial numbers.
It also permits direct entry of remarks and simplifies
the coding of other information. The display should be
easy to read and should have at least 32 characters. At
least 20,000 bytes of memory should be available for
storing both programs and data.

Maintenance. One person in the leveling unit (usually
the recorder) should be responsible for maintaining the
computer-recording equipment. Carefully follow the
instructions provided with the equipment. Protect it
from exposure to dust, water, and vibration. The more
self-contained and rugged the equipment is, the bet-
ter; however, it must stili be kept clean and be handled
with care.

Sticky or dirty keys on a computer keyboard make
recording difficult. Protect the keyboard by taping a
thin sheet of plastic over it. When leveling data are
recorded on magnetic tapes or disks, the data are high-
ly valnerable to alteration or erasure caused by dirty
recording apparatus. Therefore, learn the proper method
for cleaning the equipment, and clean it at least weekly.

Data may also be altered or erased if the equipment
is exposed to shock or excessive vibration during the
recording process. As a result, do not transport the
equipment while data are being recorded. When data
are stored in the computer memory, dropping the equip-
ment or striking it against objects may erase or render
inaccessible the results of an entire day’s work. For the
same reason, keep magnetic material away from the
computer and data packages.

Battery care. For computer-recording equipment to
operate reliably, the batteries must be properly charged
and maintained. The nickel-cadmium batteries used
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in most portable computers should be recharged at regu-
lar intervals, either nightly or as instructed. They should
be protected {rom overcharging by a voltage regulator
They should also be “cycled,” or discharged compietely
and recharged, at least once a month and after a period
of storage. They should be stored in a cool, dry place.

Built-in batteries, if properly charged, should pro-
vide enough power for a day’s work. However, to pre-
vent loss of time if they fail, keep two alternate power
supplies available: a spare battery pack and a hookup
to the battery of the leveling vehicle Maintain the spare
pack in the same way as the built-in batteries

Data packages. For submittal to the project office,
leveling data are normally stored on a tape or disk. Use
a separate tape or disk to record each day’s data, If
data are recorded directly onto a tape, precondition
the tape before work begins, Keep a supply of clean
tapes in the leveling vehicle, in case a tape is defective.
If data are stored in computer memory, print out or
record the data onto a tape or disk immediately after
the day's leveling is completed. Instructions for sub-
mitting data packages appear in section 3.8.4.

Programs. When recording observations into a com-
puter, use only the standard programs specified in the
project instructions, The recorder should become
thoroughly familiar with the programs by studying ac-
companying documentation and instructions. Although
knowledge of programing techniques is not essential, it
is helpful when troubleshooting in the field.

Recording programs should prompt the recorder for
the necessary data ail the appropriate time in the
observing routine. They should incorporate as many
checks for blunders as possible. They should record
observations twice on tapes or disks, to increase the
chance of retrieving at least one complete set of ob-
servations if some data are destroyed or made inacces-
sible by imperfections in the system. For leveling data
to be included in the National Geodetic Vertical Con-
trol Network, the programs should format the data as
described in Input Formats and Specifications of the
National Geodetic Survey Data Base (Pfeifer and Morri-
son 1980: vol. 11, ch. 6).

Depending on the capabilities of the equipment, a
system of programs can control the observing routine
at one of three levels: the setup, the section, or the day.

The most basic system prompts the recorder for the
observations, checks them for blunders, and records
them at each setup. Using a backup form as a guide,
the recorder must enter the running records for each
section and the survey-equipment records for each day.
Separate programs are used for cach order and class of
survey, and to observe and compute the collimation and
compensation checks. Although this system nearly elimi-
nates blunders at each setup, it allows blunders in sec-
tion and equipment information to remain undetected
in the field. Therefore, a backup recording form, such
as shown in figure 3-70, must be maintained to permit
verification of the data.

More blunders can be eliminated if the system includes
prompts and checks for running records and survey-
equipment records. In such a system the recorder must
again select the appropriate program to use, but pro-
gramed control of the observing routine is extended to
include the entire section.

The most sophisticated system should prompt for and
check all the data collected by the leveling unit each
day. Prompts should include the following: date, line
number, survey-equipment record, daily equipment
checks (such as the collimation check), weekly checks
(such as the compensation test), running records, and
observations. Subroutines, such as the collimation check,
should be accessed by the master program when required.
Constants, such as the collimation factor, should be
computed and retained in computer memory from day
to day. Separate options should be available for each
order and class of survey. The results of multiple run-
nings of a section should be checked automatically

Precautions. When using computer programs, the
recorder must observe the following precautions.

Learn to glance at each displayed rod reading immedi-
ately after keying it and before entering it. Gross mis-
takes (such as misplaced decimal points and double-
keyed numbers) may then be deleted and corrected be-
forc the entire setup is rejected.

Never write over or erase the data for a setup. Enter
a remark if necessary. If a section must be terminated,
enter a rejection record. Learn how to avoid erasing
data accidentally. Learn how to reprogram the computer
if the program or data are lost because of a battery
change or other power failure.

Avoid using computer-recording equipment near a
source of high-energy radio-frequency emissions
Depending on their frequency, such sources as air-
navigation, television, and radio transmitters may in-
terfere with normal computer operation.

3.8.3 Field Abstract

The field abstract is a complete summary of the ele-
vation differences measured between the control points in
a line. On the abstract, points are listed in the order in
which they are connected by leveling. For every pair of
points, the elevation differences from one or more run-
nings are recorded. These are added to the elevation
assigned to the beginning point, to obtain the field ele-
vation for each point on the line.

If all observations are written on recording forms, a
ficld abstract must be prepared and submitted to the
project office. If observations are recorded with a com-
puter, the abstract, although not required, should still
be prepared. Since observations must be submitted daily,
the abstract provides the leveling unit with the only
record of which sections require additional leveling and
which portions of the line have been completed. Multi-
ple runnings, check points, and ties can be recorded
and checked on the abstract.



370

The abstract, by itself, is not an acceptable substi-
tute for the actual observations, no matter how they
are recorded. It must always be accompanied by the
original recording forms or printouts of the original
observations recorded on a computer.

Instructions For leveling to be included in the na-
tional network, use NOAA Form 76-188, “Geodetic
Leveling Line Identification™ (fig. 3-83), and NOAA
Form 76-187, “Geodetic Leveling Field Abstract.” A
single-run portion of line (fig. 3-84) is abstracted in
figure 3-85. A double-run portion of line (fig. 3-86) is
abstracted in figure 3-87. Prepare and compute the
abstract as follows:

1. Prepare a cover sheet for the abstract. Only the
portions of the form that are circled in the example
need be filled out by the leveling unit. When observers,
recorders, rods, or instruments change, add the initials
or serial numbers and dates of change to the form. Submit
the abstract form to the project office when the level-
ing line has been completed.

2. On the abstract, enter the accession number for
the line, if known. If the accession number is not avail-
able, enter the line number, job code, and project title.
Enter the line title, corresponding to the direction of
leveling. Be sure to circle the appropriate units of dis-
tance and elevation difference. Include this informa-
tion on every sheet of the abstract.

NOAA Manual NOS NGS 3, Geodetic Leveling

3. On the first sheet, skip the first line. Enter the
survey-point serial number and designation of the be-
pinning point on the second line, Enter the beginning
distance, 0.00, in column D. In column H, enter the
adjusted elevation from the most recently published
description of the point. If the point is new to the na-
tional network, do not enter a beginning distance or
elevation until a point with a published elevation is lev-
eled The beginning point and elevation are narmally
assigned by the project office, as described in sec-
tion 5.4.2.

4. Enter the results for each section on subsequent
records. The ending point of one section must correspond
to the beginning point of the next. Write the designa-
tion of the beginning point for a forward running on
line *30*. Write the survey-point serial number and
designation of the ending point on the line labeled “TO.”
As shown in columns C, D, E, and F, write the date,
direction, distance, and elevation difference for each
running. Always write the results of the first forward
running on line *30* If more than two runnings are
made, write the designation of the ending point on the
next available line labeled “TO."”

5. Check that sections with more than one running
are closed. Indicate rejected runnings with the letter
“R™ in red ink.
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Figure 3.83.—Leveling line identification.
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Figure 3-84,—Sketch of single-run leveling.
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Figure 3-86.—Sketch of double-run leveling.
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Figure 3-85,—Ahstract of single-run leveling.
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6. Compute the mean of the accepted elevation dif-
ferences for each section. Write the mean in column H,
on the same line as the first forward running. Assign to
the mean the sign of the forward running,

7. If there are two runnings, compute the difference
in millimeters between the forward and backward run-
nings. Enter the difference in column G, with the sign
of whichever number is smaller If there are more than
two runnings, compute the difference between the means
of the forward and backward runnings.

8. Draw a box in red ink around every spur of the
line, as shown in the example. For a spur-on-a-spur,
draw an additional, nested box. If any sections connect
to form a loop, show the longer route as a spur and the
shorter route as part of the main line.

9. To the beginning distance, add the shortest dis-
tance for each of the sections leveled so far Write the
total in column E, on the dark line across from the des-
ignation of the point leveled to. When the end of a spur
is reached, be sure to return to the point at the base of
the spur to continue computing the distance along the
main line.

10, Similarly, to the beginning elevation add the el-
evation differences of the sections leveled so far. Write
the total in column H, on the same line as the distance,
When the end of a spur is reached, return to the point
at the base of the spur to continue computing the eleva-
tions of points on the main line. Total column G in the
same manner.

11 Start subsequent sheets of the abstract on the
first line, beginning with the point from the last line of
the previous sheet.

3.8.4 Submitting Records to the Project Office

The unit chief is responsible for field records until
they have been submitted to the project office. Submit
records of observations daily. Submit completed abstract
sheets weekly, together with the weekly status reports

Package each day's records separately Thus, if a
package is lost or damaged, only one day's work at most
need be repeated. Label the package with the follow-
ing information: accession number or line number, date,
initials of the unit chief, and, if data are recorded on 2
tape or disk, the serial number of the recording equip-
ment. If many units are operating from the same proj-
ect office, each unit should use labels of a unique color,
so the data packages can be easily distinguished

When working near the project office, submit records
in person at the end of work each day. When working at
some distance from the office, transmit observations
recorded in a computer directly over a telephone line

Send other types of records, including backup material
{duplicates of transmitted data) by certified mail. Retain
the receipts and send them with the weekly status re-
port Arrange the work schedule to allow visits to the
post office when the facility is open. If this is not prac-
tical, send records by first class mail When records
are needed immediately, as at the end of a project, make
special arrangements to send them to the office by courier
or express mail.

Magnetic tapes and disks Data recorded on magnetic
tapes or disks are particularly vulnerable to alteration or
loss This may occur especially if they are stored for long
periods under field conditions or exposed to X-rays or
strong magnetic fields while enroute to the project office.

If data packages must be collected and stored in the
field for any length of time, keep them in a rigid, non-
magnetic container. When they are sent through the
mail, enclose them in an appropriate mailer Magnetic
tapes may be sent in aluminum boxes and placed with the
accompanying backup forms inside preaddressed. padded
envelopes Magnetic disks should be similarly packaged.
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Chapter 4
RIVER OR VALLEY CROSSING

4.1 Introduction

In geodetic leveling, when the sighting distance and
setup imbalance cannot be confined to the maximum
specified for the order and class of the survey, a special
procedure must be foliowed. Because it is most com-
monly required when a line of leveling crosses a river,
the procedure is termed a river crossing. However, the
procedure may be required over any type of terrain. In
the following paragraphs, general procedures and re-
quirements for a river crossing are explained Detailed
instructions for two river-crossing routines are presented
in the remainder of the chapter.

Leveling errors that are a function of sighting dis-
tance are greatly magnified when an unusually long
sight is observed, as shown in figure 4-1. The gradua-
tions on a geodetic leveling rod either cannot be seen or
do not provide a sufficiently definite image, especially
when shimmer is present. As a result, pointing error is
greatly increased. Since the sighting distances of such
a setup usually cannot be balanced, the effects of col-
limation error and curvature cannot be lmited in the
usual manner. (See sec. 3.1.2, “Leveling instrument.”)
Furthermore, even if the setup can be balanced, refraction
may be large and unpredictable because of variations
in the atmospheric conditions along the lines of sight,
particularly if the line of sight passes over water

Intercepting targets. To reduce pointing error when
the sighting distance exceeds the limits for the order
and class of the survey, a series of repeated scale read-
ings should be made for each required observaiion
Pointing error may be further reduced by observing the
crossing under favorable environmental conditions. Even
50, a scale with line graduations does not provide an
image which can be intercepted with sufficient precision
at sighting distances greater than about 80 m (260 ft).
Similarly, a scale with 1-cm block graduations does
not provide a sufficiently precise image at distances
over about 160 m (530 fi).

A better image is provided by a target or directional
light, attached to the rod or other vertical support. A
target should provide an image similar in size to that of
a scale graduation viewed at about 50 m (165 ft) through
the instrument. It should have a sharply defined shape
and be symmetrical about the horizontal axis. An isos-
celes triangle is practical because the slopes of the sides
define the center of the target throughout a wide range
of sighting distances

A precise method for making scale readings employs
two targets One target is placed above and the other
below the point where the horizontal line of sight is
estimated to intercept the support. The line of sight is
then tilted by the amounts necessary to intercept each
target and to return to a horizontal position. The inter-

Refracted line of sight

Horizontal surface

“"L.QA/

[+]

f.eval surfa{:e

Figure 4-1.—Curvature, c, refraction, r, and the effect, C'Xs, of colimation error, o,
are magnified by a long sighting distance.

4-1
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cept of the horizontal line of cight is computed from
the proportional relationship between the distance in-
tercepted on the support and the vertical angle of tilt,
as illustrated in figure 4-2,

Three tilt measurements are made; (1) when the line
of sight intercepts the upper target, a; {(2) when it is
horizontal, r; and (3) when il intercepts the lower tar-
get, b The distance, F— T, between the unknown fore-
sipht intercept and the lower target is related to the
angle, b—r, from lower tilt to horizontal in approximately
the same ratio as the distance, D, between the targets is
related to the angle, b—a, from lower to upper tilt (pro-
vided both angles are measured in radians):

(F—T)/(b—r)=D/(b—a).
Solving for the foresight intercept,
F=T+[Dx{b—r}/(b—a)].

The sighting distance, s, is computed without stadia
observations by the following equation:

s==D/ltan (b—r)+tan (r—a)}.
Since the angles of tilt are very small,

tan (b~r)+ tan (r—a)=(b—r)+(r~a)=(b—a)

radiany

Thus, to a sufficient approximation,
§s=Df(b—a)

This method for making scale readings is suitable
for the Jongest sighting distances and is employed by
the river crossing routines outlined in subchapters 4.3
and 4.4, For the most precise results, the angular dif-
ference b--a should be between 100" and 250", and
D should be no more than 1.0 m (3.3 ft). This is possible
at sighting distances of 2.0 km (1.2 mi) or less.

radians”

Reciprocal setups To limit the effects of curvature,
two setups should be observed in opposite directions,
ane from each side of the crossing (fig. 4-3) Each setup
should be unbalanced by the same amount, As=s,—5,.
Such reciprocal setups are like those used in the 10-40
methed for making a collimation check.

To compute the mean elevation difference. AH, the
observed difference from the backward setup, Ahy, must
be subtracted {rom the observed difference for the
forward setup, Ah, The effects of curvature then can-
cel. If the adjustment of the instrument does not change
between the setups, the effects of collimation error can-
cel The effects of refraction might be expected to can-
cel as well, but atmospheric conditions may change
significantly, particularly over water, during the time
required to move the instrument from one setup to the
other. Another technique must be employed.

Simultaneous observations To reduce the effects of
refraction, the two reciprocal setups should be observed
simultaneously through the same atmosphere. This con-
dition can be approximated by employing two instru-
ments, one on each side of the crossing, in positions
that permit the lines of sight to be equal in length,
parallel, adjacent, and at the same height above the
water or ground. In addition, to ensure that the lines of
sight pass over similar terrain, the bench mark and the
instrument on one side should be positioned at distances
from the edge of the water that are equal to the corres-
ponding distances on the opposite side.

Such a set of simultaneous reciprocal observations is
not enough, however, to limit the effect of any differ-
ence in the respective collimation errors of the instru-
ments (o, and «, in fig. 4-4). The mean AH becomes

AH=[Ah 4y —Ahg, —(C,—C) X As}/2.

Figure 4-2.—Intercepting two targets to reduce pointing error.



Chapter 4—River or Valley Crossing 4-3

Horizontsl UNE of aight

o

Level surtacn

Slda A

ah,=B~F

|

{ orktonisat iine of slghy
[

" Lovel surfoce

et AR oo
—————

shy=B-F

Figure 4-3.—The effects of curvture, ¢, cancel if a pair
of reciprocal setups are observed and the results, Ak,
and Ak, are meaned.

Carefully determined values for collimation factors C
and C, might be used to correct the result, but at long
sighting distances the magnitude of the correction is
very large, as is the corresponding uncertainty.

Reciprocal collimation. To limit the effect of differ-
ent collimation errors more effectively, four instruments
with special attachments should be employed, two on
each side of the crossing. During one set of simultaneous
observations, each instrument pair should be repeatedly
placed in reciprocal collimation; that is, the collima-
tion error of one instrument should be adjusted to be
equal and opposite to that of the other (The lines
of sight thus obtained are analogous to those provided
by the two compensator positions of the NI 002, sec-
tion 3.3.3. In this way, the mean collimation error
of the instruments is minimized, and, as shown in
figure 4-5,

AH=(Ah ,—Ahg)/2.

This principle is applied in the observing procedure used
with Zeiss River Crossing Equipment. (See sec. 4.3.)

Another technique for reducing the eifect of dif-
ferent collimation errors, requiring only two ordinary
instruments, is to interchange the instruments between
two sets of simultaneous observations, each set includ-
ing the setups illustrated in figure 4-4. The mean of
the results of the sets is the elevation difference for
the section:

AH=[(Ah ,,— Ak g ) +(Bh ,—Ahy)] /4.

The collimation errors of the instruments can and do
change somewhat when they are transported from one
side to the other {as a result of temperature changes,
vibrationt, and shocks during transport). increasing the
uncertainty of the results, However, when less than first-
order precision is required, a procedure employing this
technique may be used (See 4.4))

Multiple runnings. One complete running of a river
crossing, then, must include the cquivalent of four set-
ups: two sets of simultancous reciprocal observations,
with the instruments for one set providing lines of sight
reciprocally collimated to those provided by the in-
struments for the other set. To permit a check of the
results, a second complete running must be made. Al
though both runnings are computed as though they were
observed in the forward direction, they constitute a
double-run section because forward and backward level-
ings (the two reciprocal setups) are incorporated within
each running. The results of the two runnings should
close within the tolerance for the order and class of the
survey, as described in subchapter 3.7.7.

4.2 Preparations

In most vertical control projects, river crossings occur
infrequently. As a result, when 4 river crossing is nec-
essary it requires special preparations. To ensure that
it is conducted correctly and efficiently, the project
director should first review the procedures outlined in

L) 6 -

ahgo= B~F

Figure 4-4.—The effects of refraction, r, cancel when
the results of a set of simultaneous, reciprocal obser-
vations are meaned; however, the collimation error of
one instrument, o, is only partly effset by the colli-
mation error of the other instrument, «,.
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Figure 4-5.—Simultaneous reciprocal observations
with four leveling instruments, the two instruments
on each side having reciprocal collimation errors.

this chapter when planning the crossing. Then, the site
must be selected and prepared, the necessary personnel
and equipment must be assigned, and the work must be
scheduled under suitable environmental conditions.

4.2.1 Reconnaissance and Mark Setting

An unusually long line of sight may be necessary when
a leveling route crosses a river, the mouth of a bay, a
deep ravine or valley, or a passage between two islands,
When possible, the route should bypass such obstacles,
taking advantage of bridges, dams, breakwaters, or even
land exposed at low tide. However, if a river crossing is
unavoidable, select a location to satisfy the following
conditions:

1. The crossing is readily accessible to the leveling
lines to be connected. Any connecting spurs or lines
should be as short as possible.

2. The lines of sight, from one side to the other, are as
short as possible.

3. The lines of sight are as high as possibie, clearing
water by at least 3 m (10 ft) and clearing Iand or objects
{such as trees, buildings, or bridges) by at least 0.5 m
(1.5 ft). Consider the possibility of difficulties result-
ing from wave action, vessel traffic, or extreme refrac-
tion. For crossings of 1.0 km (0.6 mi) or more, the lines
of sight should be at least 4.5 m (15 ft) above the high-
water line to ensure sufficient clearance.

4. The lines of sight pass over similar terrain. For

example, avoid a site with a steep bank on one side and
a gentle beach on the other.

Additional requirements for ordinary instruments.
In most cases, special instruments are necessary for
river crossings: however, ordinary leveling instru-
ments may be used if all of the following conditions are
satisfied:

5. The instrument has a mechanism for tilting and
measuring the tilt of the line of sight. (Compensator
instruments, such as the NI 002 and Nil, generally do
not have such a mechanism ) Two such instruments and
four targets must be available for this type of crossing.

6. Less than first-order precision is required for the
survey.

7. The instruments can be quickly transported (prefer-
ably within an hour) from one side of the crossing to
the other.

8. On each side, a bench mark can be set in such a
position that a 3-meter leveling rod placed on the control
point is entirely visible from the instrument station on
the opposite side.

Setup specifications. On each side of the crossing,
mark a location for the instrument station and set a
permanent bench mark (sec. 2.4.2) to satisfy the follow-
ing specifications. The setups for Zeiss River Valley
Crossing Equipment are shown in section 4.3.2, “Setups,”
and the setups for ordinary equipment are shown in
section 4.4.1, “Equipment and setups.”

1. The lines of sight between each instrument station
and the opposite bench mark should be equal in length,
parallel, and at the same elevation.

2. The instrument stations should be at equal distances
from the edge of the water or obstacle.

3. The bench mark should be 5 to 50 m (16-160 ft)
from the instrument station. This backsight distance
should be the same on each side of the crossing.

4. The bench mark should be no more than 1.0 m (3.3 f1)
above or below the instrument station, to permit obser-
vation of a standard leveling rod. Furthermore, conven-
tional geodetic leveling must be possible between the
bench mark and the target station (which will be located
next to the instrument station).

4.,2.2 Personnel

Six individuals are normally required to conduct a
river crossing: two observers, two recorders, and two
rodmen. If an extra truck and equipment are available,
a leveling unit assisted by one or two additional persons
may perform the crossing. The unit chief coordinates
the overall operation and serves as observer or recorder
for one side. If two leveling units perform the cross-
ing, one unit chief should be designated as the coordi-
nator, and advantage should be taken of the opportunity
to train the extra individuals present.

Observers. The observers must follow the appropriate
crossing procedures, paying particular attention to the
details of intercepting the targets. They must ensure that
observations on each side are made simultaneously. Be-
fore leaving the site, the observers must verify that all
required measurements have been accurately recorded.
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Recorders. Recorders should ensure that all steps in
the crossing routine are completed in the correct se-
quence. They must be thoroughly familiar with proce-
dures for recording and computing the data, either on
paper or with a computer-recording system. Accuracy
and efficiency are especially important, since many read-
ings must be entered during a short period of time.

Rodmen. At each side of the crossing a rodman is
responsible for one leveling rod. The rod is guyed in
place over the bench mark for the duration of the crossing,
the rodman ensures that it is plumb and secure at all
times. If more than one setup is required between the
target station and the control point, the rodman holds a
second rod on a turning point. The rodman may be re-
sponsible for setting the target(s), and measuring and
reporting the target heights, as required.

4.2.3 Equipment

Each side of a river crossing should have a leveling
truck and a complete set of geodetic leveling equipment
(appendix A). Equipment appropriate to the crossing
routine must be available. (See subchapter 4.3 or 4.4)
Even if Zeiss River Crossing Equipment is used, an
ordinary leveling instrument and rods should be used
to level between the bench mark and the target station.

In addition, two-way radios should be available to
permit commupnication between the two stations. Sig-
nal flags may be used if radios are not available. The
observers raise the flags to indicate when foresight
observations are being made.

When instruments must be interchanged between
stations, as for the method employing ordinary instru-
ments, a boat and operator may provide the most
efficient service. Other means of transport, which
may have to be obtained by contract, include a ferry
or helicopter

4.2.4 Environmental Conditions

Refraction effects are most unpredictable when a large
vertical air-temperature difference exists, as is usual-
ly the case over water on a sunny, windless day. Shim-
mer can be extreme, making observations difficult A
crossing should be conducted when refraction effects
are apt to be small and uniform-—when the sky is overcast
and the wind is moderate Air-temperature differences
(sec. 3.6.1, “Measuring air-temperature differences™)
may be measured to assist in determining whether
conditions are favorable.

Other environmental conditions may interfere with
visibility, such as vessel traffic, large swells, wind waves,
fog, or having to observe directly into the Sun. When-
ever possible, plan the location and time of the crossing
to avoid these difficulties.

The leveling unit{s) assigned to a crossing should check
each morning to see if conditions are suitable; if not,
the units should resume routine leveling To permit this,
the necessary equipment should be available in the level-
ing trucks when a crossing is assigned.

4.3 Instructions for Zeiss River
Crossing Equipment

Because the compensator instruments employed by the
National Geodetic Survey have no mechanism for pre-
cisely tilting and measuring the tilt of the line of sight,
Zeiss River Crossing Equipment is normally used to
perform a river crossing. The equipment includes in-
struments with rotary-wedge attachments that enable
the observers to tilt the line of sight by a precisely mea-
sured amount.

The eguipment has two other versatile features. First,
so instruments need not be transported {rom one side of
the crossing to the other, four instruments are employed.
Each pair of instruments is placed in reciprocal colli-
mation, enhancing accuracy by limiting the mean col-
limatien error on each side to 02

Second, to permit more flexibility when selecting sites
for bench marks, target stations are used. The stations
are located close to the shoreline, where in methods
using ordinary equipment the marks must be set. As a
result, the marks may be set farther away from the shore-
line, improving their quality and potential for survival

4.3.1 Description of Equipment

‘Two complete sets of Zeiss River Crossing Equipment
are necessary, one for each side of the crossing Each
set, labeled “A” or “B,” includes the following:

1. Two Zeiss Ni2 leveling instruments, marked 1"
and “2."

2. Two rotary-wedge attachments f{or the Ni2
instruments.

3. One base plate for the Ni2 instruments.

4. Two targets.

5. One target column.

6. One tribrach.

7. One tripod, with adjustable legs, for the instrument
station.

8. One tripod, for the target station.

9. One auxiliary scale, 0.6 m in length, graduated
in units compatible with the ordinary leveling
equipment.

Ni2 instrument. The Ni2 is illustrated in figure 3-18
and described in section 3.3.3. Before the river crossing
begins, the collimation error of each instrument should
be checked. I one of the instruments is to be used for
leveling from the nearby target station to the nearby
bench mark, a micrometer attachment may be required.
If so, the micrometer units should be compatible with
the units of the leveling rod used. (See sec. 3.3.4,
“Optical micrometer.”)

Rotary-wedge attachment. Each rotary-wedge
attachment slips over the objective end of an Ni2. The
attachment includes a rotatable optical element, the
wedge, to which is attached a graduated scale. To be
sufficiently precise, the attachment must be of the best
optical quality.
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The wedge is a slightly deviating prism, cut in the
shape of a circle and mounted to permit rotation about
an axis paralle! to the line of collimation of the instru-
ment. It functions in the same way as the prism that is
used 1o adjust the collimation error of such instruments as
the Zeiss Nil.

The wedge deflects the line of sight by a small angle
(257") in a plane perpendicular to the line of intersec-
tion, or “edge,” of the two main faces. (The “edpe”
does not physically exist because it is cut away when
the prism is cut to a circular shape.) When the wedge is
rotated so the “edge” is parallel to the vertical axis of
the instrument (fig. 4-6a), the deflection is entirely in
the Horizontal plane of the instrument, causing no “tilt” in
the line of sight.

However, when the wedge is rotated to some other
position (fig. 4-6b}), the line of sight is deflected verti-
cally as well as horizontally. The vertical deflection, &,
is observed as a tilt of the line of sight and is propor-
tional to the sine of the rotation angle, w:

sin d=sin 257" ¥ sin w.

The attachment is designed to permit a maximum rota-
tion angle of £51°6". Thus, the line of sight can be
smoothly tilted as much as 200" above or below the
horizontal plane of the instrument.

Units representing equal increments of sine of the
rotation angle are graduated on the attached scale (fig
4-7), that rotates with the wedge. To avoid difficulty
with algebraic signs, the unrotated position (no vertical
tilt) is numbered *107, the position of maximum up-
ward tilt is numbered “0”, and the position of maxi-
mum downward tilt is numbered “20". Each wedge unit is
graduated into ten subunits, and each subunit is large
enough to permit estimation of tenths of a subunit. There-
fore, the angle of tilt can be measured to one hundredih
of a unit. Since each unit represents 20" (0.0001 radian),
the smallest angle that can be measured is +0!'2
(0.000001 radian).

The wedge is rotated by turning a knob that is pro-
vided with both coarse and fine modes of motion, sim-
ilar to the focusing knob on the instrument itself. In the
coarse mode, which is available for the entire range of
rotation, the knob is slightly difficult to turn Revers-
ing the knob shifts the mode from coarse to fine. The
knob remains in the fine mode, where it is much easier
to turn, for only 0.5 to 1.0 wedge unit (depending on
which part of the scale is in use), after which it reverts
to the coarse mode. The line of sight can be directed
most precisely with the knob in the fine mode. There-
fore, make all final pointings in this manner.

Base plate. The base plate is an elongated metal casting
designed to support the pair of instruments. It screws onto
the head of an ordinary tripod. On the plate, positions
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Figure 4-6.—Rotary wedge, unrotated (a) and rotated (b}
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Figure 4-7.—Rotary wedge scale,

for each instrument are labeled and marked with red
lines. The attached clamping screws, similar to those
found on tripods, are used to secure the instruments.

Tribrach. The tribrach is an ordinary, separate, three-
screw, leveling base intended for use with any survey-
ing instrument provided with a matching stub. In this
application, it provides the means for mounting and
plumbing the target column on a tripod.

Target column. The target column (fig. 4-8) is a piece
of channel section, with a stub suitable for mounting it
in the tribrach. A circular level at the foot of the col-
umn provides a reference for precisely aligning the col-
umn with the direction of gravity. On the column are
four pairs of precisely spaced studs on which the tar-
pets can be mounted.

The height stud is attached horizontally near the base
of the column and terminates in a circular knob. The
top of the knob is at precisely the same height as the
target center defined by the lowest pair of studs. It serves
as the control point {rom which leveling is conducted
to the nearby bench mark.

Targets. Two metal targets, each 20 by 30 cm, are
provided with each set of equipment Each target is
black, with a while isosceles triangie painted on it. Each
target is equipped with a mounting bracket that fits
over a pair of studs on the target column The horizon-
tal centerline of each target can be mounted 0.00, 40.00,
80.00, or 12000 half-centimeters (hcm) above the height
stud (fig. 4-9). .

Auxiliary scale The auxiliary scale is a short, wood-
en leveling rod, 6.6 m in length. It is used to level from
the height stud on the target column to the nearby bench

mark. When in use, it is held vertically against the tar-
get column, with the base resting on the top of the knob
of the height stud (fig. 4-10)

The scale is graduated in half-centimeter units. The
graduations are grouped and numbered in sets of ten
blocks, which alternate black and white, forming a
checkerboard pattern. The first ten sets of blocks are
numbered from 0 through 9, to be read as tens of rod
units (010, 020, 030, etc.). The second four sets of
blocks are numbered from 0 through 3, with a large dot
over each number to indicate that the readings should
be preceded by 1" (100, 110., 120., and 130).

4.3.2 Setups

On each side of the crossing, position an instrument
station opposite a target station located on the other
side. A correct pair of setups is illustrated in figure
4-11. The foresights, from each instrument to the
opposite target station, must be as similar in length as
possible, within 1 m in height and adjacent within
im

Instrument station. Set up the instrument station as
follows:

1. Set the adjustable-leg triped firmly in the ground. It
must not move during the entire running.

2. Orient the base plate on the tripod so the long axis is
perpendicular to the line of sight to the opposite target
station, with the indicated position for instrument | on
the left,

Figure 4-8.—Target column.
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3. Level the base plate roughly by centering the bubble
in the circular level. There are no foot screws or similar
devices on the base plate; therefore, level it by varying
the lengths of the tripod legs or by changing the positions
of the tripod feet in the ground. This ensures that the
lines of sight of the two instruments will be at nearly
the same elevation.

4. Secure the rotary-wedge attachments to the
instruments.

5. Attach the instruments to the base plate in the
indicated positions, aligning the red marks on the in-
strument tribrachs with the numbered, red marks on
the base plate (fig 4-12) In this way, one foot screw of
gach instrument is positioned in line with the long axis
of the base plate and the other two are aligned perpen-
dicularly to it

6. Set the three footl screws on each instrument to the
middle position of their range of movement. The top
edge of each screw should be even with the indexing
ring marked on the dust skirt. This procedure limits
the elevation difference between the two instruments
Make all subsequent leveling adjustments by using only

the screws aligned perpendicularly to the long axis of

the base plate. Do not use the screws that are aligned
with the long axis again during the entire running.

Figure 4-9,—T'argets mounted on target column.

Target station. Set up the tarpet station as follows:

1. Attach the target column to the tribrach and mount
it on the tripod (fig. 4-9). It must not move during the
entire running.

2. Secure {wo targets to the target column Position
them at the same heights on each side of the crossing,
placing the lower target at zero, if possible.
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Figure 4-10.-—Using the auxiliary scale,

3. One target must be above, and one below, the
mean line of sight from the opposite instrument pair.
The angle of tilt from the lower target to the upper
target should be five wedge units or more. Consult with
the observer on the opposite side to ensure that these
conditions are satisfied. Adjust the height of the tripod
or targets as necessary.

4. Plumb the target column by centering the bubble
in the circular level, using the three leveling screws on
the tribrach,

Leveling rod. Set a geodetic leveling rod on the
nearby bench mark, To preserve the usual value for the
rod constant difference when leveling from the nearby
target station to the mark with only one setup, use
rod 2 of the standard pair. If two setups are necessary,
use rod 1. During the series of observations from the
bench mark to the opposite target station, the rod
constant is not important because only the low scale
is observed.

Plumb and guy the rod in place with three wires at-
tached at the top center. Rotate the rod to face the nearby
instrument station.
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Figure 4-11.~-Setups for Zeiss River Crossing Equipment, top view (a) and side view (b).
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Figure 4-12.—Instruments mounted on base plate.

4.3.3 Observing Routine

One running of the observing routine includes, on
each side, the measurement of two elevation differences.
The first is obtained by conventional leveling from the
nearby target station to the nearby bench mark. The
second is obtained by a series of observations from the
nearby bench mark to the opposite target station. The
first is then measured again to ensure that the nearby
target station has not moved. To compute the total ele-
vation difference from the nearby bench mark to the
opposite bench mark, the result of the series of obses-
vations from one side is added to the result of the con-
ventional leveling from the opposite side. The total com-
puted at one side is meaned with the total computed at
the other side to obtain the elevation difference for the
running. {See fig. 4-11.)

For a complete river crossing, two runnings are re-
quired that close as described in section 3.7.7. If both
runnings cannot be completed in one day, the second
running may be conducted another day. (See table 4-1
for a summary of the observing routine.)

If possible, record the observations on a computer,
using backup forms if necessary. The instructions that
follow include procedures for using the standard record-
ing forms.

Collimation checks. On each side of the crossing, check
the collimation errors of the pair of Ni2 instruments,
following a procedure described in section 3.3.7. Since
the instruments are to be set in reciprocal collimation,
adjustment is not necessary unless the difference in
collimation errors exceeds 40" (C,— C,>0.20 mm/m).

Perform a collimation check with the instrument to
be used for the nearby leveling. One Ni2 may be re-
moved from the base plate of the instrument station
and used for this purpose. Adjust the instrument if it
does not satisfy the tolerance for the order and class of
the survey (table 3-1).

Leveling, nearby target station to nearby bench mark
On each side of the crossing, double run a section of
leveling from the height stud of the nearby target sta-
tion to the nearby bench mark. Follow the usual observing
routine, satisfying specifications for the order and class of
the survey and preparing a survey equipment record
(ie, line *40*) and beginning and ending running re-
cords (i.e, line *41%) (Pfeifer and Morrison 1980; vol. I1)

The auxiliary scale must be used on the height stud
Make sure the units of the scale are compatible with
the leveling equipment; convert the scale readings to
appropriate rod units, if necessary. If employing the
micrometer leveling procedure, described in section
3.7.2, a special computation is necessary 1o obtain a
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high-scale reading Read the scale in the same manner
as for the low-scale reading. Then, add the rod constant
of rod I to the reading before recording it. (See fig.
4-13 for an example.)

Series, nearby bench mark to opposite target station.
On each side of the crossing, make a series of observations
to determine the elevation difference from the nearby
bench mark to the height stud of the opposite target
station. This series follows the pattern backsight-
foresight-backsight. The backsights each include one
set of observations to “lower” and “upper” graduations on
the leveling rod placed on the bench mark. The fore-
sight includes four sets of observations to the lower and
upper targets on the opposite side. Every set includes
observations from both instruments at the station. Do
not interrupt a series once it has started.

1. Prepare the beginning series record {line *42%).
Include the following information: date, the instrument
codes and serial numbers, the rod code and serial number,
the survey-point serial number and stamping of the
bench mark {or designation if no stamping), the survey-

Table 4-1.—Summary of crossing routine
fTor Zeiss River Crossing Equipment

During each running. on both side A and side B:
Set up instrument station. target station, and leveling rod
Make COLLIMATION CHECKS with the leveling instruments

Double run a section of LEVELING from the nearby targe! station
to the nearby bench mark

Cbserve a SERIES, simultancously with the opposite side:
Point away from the opposite target station
and level the instruments
Observe and record reciprocal collimation.
Observe and record backsiphts to nearby leveling rod
Point toward the opposite target station
and Jevel the instruments.
Observe and record reciprocal collimation.
Observe and record foresights to epposite target station
Point away - recipracal collimation - foresight observations
. Point toward - reciprocal collimation - foresight observations
Point away - reciprocal collimation - foresight observations
Point toward - reciprocal collimation - backsight observations

FO SO VY

Lo Bt I~ SIS I R W )

Double run a section of LEVELING from the nearby target station
to the nearby bench mark

During one day: UR  During two days:

COLLIMATION COLLIMATION
CHECKS CHECKS

LEVELING RUNNING i LEVELING RUNNING |
SERIES SERIES

LEVELING

COLLIMATION
LEVELING CHECKS
SERIES RUNMING 2 LEVELING RUNNING 2
LEVELING SERIES

LEVELING

point serial number and designation of the opposite height
stud, the running number, the local time zone and time,
the temperature units and temperature, the wind code,
the sun code, and the initials of the observer, recorder,
and rodman (Refer to the annotated recording form
shown in fig. 4-14. An example is given in fig. 4-15.)

2. Record the positions of the nearby targets as indi-
cated on the form. Communicate this information to
the recorder on the opposite side.

3. Obtain the positions, T and ¢, of the targets on the
opposite side. Enter the positions as indicated on the
recording form, in units identical to those of the level-
ing rod. For example, with a half-centimeter rod, enter
0, 40, 80, or 120 hem for each target. Compute the dif-
ference, D, between the target positions.

4. At the instrument station, turn both instruments
to point away from the target station on the opposite
side. This procedure is indicated on the recording form
as “|"” Carefully center the bubble in each circular
level, using only the foot screws aligned perpendicularly
to the long axis of the base plate.

5. RECIPROCAL COLLIMATION: Perform a re-
ciprocal collimation immediately before every set of
observations in the series, as foliows:

a. Looking through instrument 1, focus precisely on
a distant, sharply defined object. Then, turn the instru-
ments toward each other Looking through instrument
2, focus instrument 2 until the reticle lines of instru-
ment 1 are sharply defined (fig. 4-16a). This procedure
focuses both instruments at infinity.

b. Rotate the wedge knob on instrument 1 until
the scale is set at 10.00. Make the {inal setting with
the knob in fine mode. {(See sec. 4.3.1, “Rotary-wedge
attachment.”)

c. Locking through instrument 2, rotate the wedge
knob to bring the middle reticle line into coincidence
with the imapge of the middie line of instrument I (fig
4-16b). Make the final setting by turning the knob clock-
wise, in fine mode. Record the reading of the wedge
scale.

d. With the knob still in fine mode, move the middie
line of imstrument 2 out of coincidence by a small
amount and set it again. This time make the final
setting by turning the knob counterclockwise. Record
the second scale reading. Compute the mean, r, of the
two readings

6. BACKSIGHT: Turn the instruments to point at
the leveling rod placed on the nearby bench mark. First,
with instrument | and then with instrument 2 obtain a
set of observations by carefully following the instruc-
tions here. With each instrument, intercept the same
lower and upper graduations on the low scale. Make all
final settings with the wedge knob in fine mode,

a. Refocus the instrument to obtain a sharp image of
the rod scale.

b. Set the wedge scale to 200 by turning the wedge
knob clockwise (the scale moves counterclockwise). The
setting need not be precise.
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c. Observe the lower graduation: turn the knob
counterterclockwise until the middle reticle line, moving
upward on the low scale of the rod, appears at a position
slightly above the first graduation encountered, The
knob is probably in coarse mode. (If the line already
intercepts graduation when the wedge scale is set at
20.0, go to the next graduation.)

d. Reverse the knob and, in fine mode, intercept the
lower graduation. Record the graduation value, G, and
the reading of the wedpe scale.

e. Continue turning the knob (clockwise) until the
middle line is slightly below the same graduation. The
knob should remain in fine mode. Release your fingers
and grasp the knob in another place. Then, reversing it,
intercept the graduation. Record the scale reading Com-
pute the mean, /, of this reading and the reading obtained
in the previous step, 6d.

f. Set the scale to 0.0, turning the knob counterclack-
wise. The setting need not be exact.

g. Observe the upper graduation: Turn the knob clock-
wise until the middle reticle line, moving downward on
the low scale of the rod, appeard at a position slightly
below the first graduation encountered. The knob is
probably in coarse mode. (As before, if the line inter-
cepts a graduation when the wedge scale is set at 0.0,
continue on to the next graduation.)

h. Reverse the knob and, in fine mode, intercept the
graduation. Record the graduation value, g, and the
reading of the wedge scale.
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i. Continue turning the knob (counterclockwise) until
the middle line is slightly above the same graduation
The knob should remain in fine mode Release your fin-
gers and grasp the knob in another place. Then, revers-
ing it, intercept the graduation. Record the scale read-
ing. Compute the mean, u, of this reading and the one
obtained in the previous step, 6h

7. This step may be performed after all crossing
observations are completed. Compute the mean backsight
interval, I, and the sighting distance, s, as follows (fig.
4-17)

a Compute the distance, d, between the upper and
lower graduations, in rod units:

d=pg—G

b. Compute the angles of tilt from the settings on the
lower graduation to the collimated lines of sight: /,-10
for instrument 1, and /,—r for instrument 2.

¢. For each instrument, compute the angle of tilt from
the lower graduation to the upper graduation: /,—u,
and /,—u,.

d. For each instrument, compute the interval, i, from
the lower graduation to the intercept of the collimated
line of sight, in rod units;

iy [d)(([,— 10)}/(11_'“1)
[y de(ll_")]/(fz"”:)
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Figure 4-13.—Leveling from the nearby target station to the nearby bench mark, forward (a) and backward (b).
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Figure 4-14.—Annotated recording form for the series of observations
from the nearby bench mark to the opposite target station.

e. Compute the mean backsight interval, I'
T==(i,+1,)/2.

f Compute the backsight distance, 5 in meters. First
compute the mean of /,—u, and f,—u,. Then,

$5=14,04 unirs X cORVETSiON fACtor,, /104 yoir)/

[U- u)mcan x0.0001 radian/wedge um'!3 ’

For 4 in half-centimeter units:

Sgp== (50><d)/ [(1_ u)mcan}'

For d in centimeter units:
sp=(100Xd)/[({—- 1) ean]

8. Turn both instruments toward (") or away from
(I"") the opposite target station, as indicated on the
recording form. On each instrument, displace the bub-
ble in the circular level toward the station Then,
carefully recenter it.

9. Repeat the reciprocal collimation, step 5.

10. FORESIGHT: Before beginning each set of tar-
get observations, coordinate the activites with the
observing team on the opposite side, using radios or
visual signals. The two observing teams must begin each
set simultaneously. For each set, carefully follow the
instructions given here, first with instrument 1. Then,
repeat the procedure with instrument 2. Make all final
settings with the wedge knob in fine mode.

a. Point the instrument at the opposite target station
and observe the lower target. Turn the wedge knob clock-
wise until the middle reticle line appears slightly below
the lower target. If the middie line is already below the
lower target, move it to a position substantially above
the target before starting,

b. Reverse the knob and, in fine mode, intercept the
target. Record the scale reading.

c. Continue turning the knob (counterclockwise)
until the middle line appears slightly above the target.
The knob should remain in fine mode. Release your
fingers and grasp the knob in another place. Reverse
it and, in fine mode, intercept the target. Record the
scale reading.

d Repeat steps 10a through 10c until ten settings
(five counterclockwise and five clockwise) have been
made on the lower target. Compute the mean, b.



4-14

e. Observe the upper target Turn the wedge knob
counterclockwise until the middie reticle line appears
slightly above the upper target,

f. Reverse the knob and, in fine mode, intercept the
upper target. Record the scale reading.

g Continue turning the knob (clockwise) until the
middle line appears slightly below the target Release
your fingers and grasp the knob in another place. Re-
verse it and, in fine mode, intercept the target. Record
the scale reading.

h. Repeat steps 10e through 10g until ten settings
(five clockwise and five counterclockwise) have been
made on the upper target. Compute the mean, a.

1. Repeat steps 8 through 10 to obtain a total of
four sets of target observations. Ia step 8, prior to
successive sets, point the instruments alternately
toward (“I"") and away (“|”) from the opposite target
station. The correct positions are indicated, as a re-
minder, on the recording form {(fig. 4-14). Regardless
of the direction in which the instruments are pointed,
always displace the bubbles toward the opposite target
station.

12. This step may be performed after all the cross-
ing observations are completed. Compute the mean
foresight interval, H, for each set as follows (fig.
4-18):
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a. Compute the mean value for the reciprocal colli-
mation of Instrument 2 from the values observed be-
fore and after each set:

(rbcforc+ra[:cr)/2

mc:m

b Compute the angles of tilt from the settings on the
lower target to the collimated lines of sight: ,— 10, for
instrument 1; and b,—r, for instrument 2

¢ For each instrument, compute the angle of tilt from
the lower target to the upper target:

b, —a, and b,—a,.

d. For each instrument, compute the distance, k, from
the lower target to the intercept of the mean line of
sight, in rod units, Recall that D is the difference in the
position of the opposite targets, t— T

hy={DX{b;— 101/ (b;—a,),
hy=[DX(b;—r)}/(b—ay).

¢. Compute the mean foresight interval, H:

He(h+hy)/2.
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Figure 4-15.—Series from the nearby bench mark to the opposite target.
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g L b
\B inst. 2

Inst. 1
Lines of sight not parallel,
reticie lines not coincident,
(a)
a
a
inst. 1 Inst. 2
Lines of sight parallel,
reticle lines coincident,
(b)
Figure 4-16.—Reciprocal collimation, before (a) and after (b).
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Figure 4-17.—Backsight, wedge settings on rod graduations.
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Figure 4-18.—Foresight, wedge settings on targets.

f. Compute the foresight distance, s, in meters. First
compute the mean of b;,—a, and b,—a, Then,

3p=(d 44 yoiis X CONVersion factor,, Jrod unin)/

[(b—a),,.,, X 0.0001 radian/wedge unit]
For D in half-centimeter units:
sp=050X D}/ ({(b—a) 000l
For D in centimeter units:
5p= (100X D)/ [{b—a) 0]

13. Repeat step 4, with the instruments pointed to-
ward (“]”) the target station. Follow this with a recip-
rocal collimation, step 3.

14. BACKSIGHT: Conclude the observations of the
series by repeating a set of observations to the leveling
rod, steps 6 and 7. Intercept the same graduations used
for the first set. If this is not possible, the instrument
station has moved and the series must be started over.

15. Prepare the ending series record (line *42*) In-
clude the time, temperature, wind code, and sun code.

16. This step can be performed after all the crossing
observations are completed. Compute the elevation
difference for the series, as follows:

a. Compute the backsight intercept, in rod units:

Backsight =G+ (1, + 1.4/ 2-
b. Compute the foresight intercept, in rod units:
Foresight=T+(H,+ H,+ H,+ H.}/4

c. Compute the elevation difference, Ah, for the se-
ries, in meters. For half-centimeter rod units:

Ah=(Backsight — Foresight)/200.

For centimeter rod units:

Ah=(Backsight — Foresight)/100.

d. Compute the backsight distance, sp, in meters:

Sg= (Sslarl+Send)/2-'
e. Compute the foresight distance, s, in meters:

SF=(S|+SJ+S3+S4)/4-

f. Compute the total distance for the series: sg+5,.

Leveling, nearby target station to nearby bench mark.
As before (sec. 4.4.3), double run the section from the
height stud of the nearby target station to the nearby
bench mark Check for closure with the previous leveling,

4.3.4 Final Cemputations

If time permits and if data are recorded on a com-
puter, make the final computations for each running
while at the crossing site. In any case, all observation
records should be submitted to the project office at the
end of the day’s work.

Each completed crossing should include the records
listed in table 4-2. Compute the elevation difference
an a cover sheet for each running, as follows (fig 4-19):

1. From the leveling data for side B, enter the eleva-
tion differences, Ah, and distances, .5, observed from
the height stud of the nearby target station to the near-
by bench mark Use the data from the two sections lev-
eled before and the two sections leveled after the se-
ries. Mean the elevation differences.

2. From the series data for side A, enter the elevation
difference, Ak, and distance, S, observed from the nearby
bench mark to the height stud on the opposite target
station.

3. Add the leveling results from side B to the series
results from side A. The values obtained are the observed
elevation difference, Ak, and the distance, S from
bench mark A to bench mark B.

4. Repeat steps 1 through 3 with the leveling results
from side A and the series results from side B. The val-
ues obtained are the observed elevation difference, Ahy,
and the distance, S, from bench mark B to bench mark
A. Do not expect Ahy to agree with Ah, since neither
has been corrected for curvature or refraction.

o
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Table 4-2.—Data set for a complete crossing with Zeiss River Crossing Equipment

Running record

Section

Form

i

River crossing record

Side A

Survey equipment record {line *40*)

Beginning and ending running records (fine *41%)
Bepinning and ending running records (line *41*)
Series records {line *42%)

Beginning and ending running records (line *41*)
Beginning and ending running records (line *41%)

Side B

Survey equipment record (Jine *40*)

Beginning and ending running records (line *41%)
Bepinning and ending running records (line *41%)
Series records (line *42*)

Beginning and ending running records {ling *41%)
Beginning and ending rurning records (line *41%)

River crossing record

Side A

Series records (line *42%)

Beginning and ending running records (line *41*)
Beginning and ending running records (line *41%)

Side B

Series records (line *42%)

Bepinning and ending running records {line *41%)
Bepinning and ending running records (line *41*)

BM A 10 BM B. forward

Collimation checks

Height stud A 1o BM A, lorward
Height stud A to BM A, backward
BM A to height stud B

Height stud A 10 BM A, forward
Height stud A 10 BM A, backward

Collimation checks

Height stud B to BM B, forward
Height stud B to BM B, backward
BM B 1o height stud A

Height stud B 10 BM B, forward
Height stud B 10 BM B, backward

BM A 10 BM B, forward

BM A toheightstud B
Height stud A 10 BM A, forward
Height stud A 10 BM A, backward

BM B to height stud A
Height stud B to BM B, forward
Height stud B to BM B, backward

Cover sheet

NOAA 76-19% or 76-189
NOAA 76-19t or 76-189
NOAA 76-191 or 76-189
River crossing series

NOAA 76-191 or 76-189
NOAA 76-191 or 76-189

NOAA 76-19] or 76-189
NOAA 76-191 or 76-189
NOAA 76-191 or 76-189
River crossing series

NOAA 76-191 or 76-189
NOAA 76-191 or 76-189

Cover sheet

River crossing series
NOAA 76-191 or 76-185
NOAA 76-191 or 76-189

River crossing series
NOAA 76-191 or 76-189
NOAA 76-19) or 76-189

If suns are conducted on separate days, the data set for each day should be as presented for running | above

5. Compute the mean elevation difference for the run-
ning, in the forward direction along the line:

AH=(Ah,—Ahy)/2.

As explained in subchapter 4.1, curvature and refraction
error are largely eliminated from this result.

Also compute the mean sighting distance for the
running:

S=(5,+5,)/2.

Closing the crossing. Check the runnings for closure,
as described in section 3.7.7. Make additional runnings
until the section is closed within the tolerance for the
order and class of the survey (table 3-1). All records
should be filed with the other observation records for
the line of leveling.

4.4 Instructions for Ordinary
Leveling Instruments

In 1929 the Coast and Geodetic Survey published an
observing routine suitable for performing river cross-
ings with the Fischer level, the leveling instrument in

use at the time. The routine employs the basic proce-
dures necessary for a precise crossing: multiple obser-
vations of targets, simultaneous reciprocal observations
from two instruments, and reciprocal collimation by
interchanging the instruments from one side to the other.
Since the instruments must be interchanged and since
the targets are mounted on leveling rods directly over
the bench marks, the routine requires that the site meet
criteria (sec. 4.2.1) which are somewhat less flexible than
those for the Zeiss River Crossing Equipment. The rou-
tine is presented here for use (with suitable leveling
equipment) when less than first-order precision is re-
quired and the Zeiss equipment is not available.

4.4.1 Equipment and Setups

At each side of the crossing, one leveling instrument,
one leveling rod, and two targets should be available.
Position each instrument across from the rod on the bench
mark at the opposite side. A correct pair of setups is
illustrated in figure 4-20. The foresights from each in-
strument to the opposite rod must be as equal in length
as possible and within 1 m (3.3 ft) in height.

Instrument. After performing a collimation check
{sec 3.3.7), set up the instrument as usual, placing the
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RIVER CROSSING
Zeiss Valley Crossing Equipment
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Figure 4-19.—Computation of river crossing with Zeiss River Crossing Equipment.

tripod firmly in the ground to ensure that it does not move
throughout the crossing routine. The instrument must
be equipped with a mechanism for precisely measuring
the tilt of the line of sight, The mechanism of the Fi-
scher level is an example of the type required.

The Fischer level (fig. 4-21) is equipped with a precise
tilting screw, normally used to center the bubble in the
level vial. The screw is graduated to serve as a micro-
meter, one unit representing one hundredth of a rotation
The position of rotation can be estimated to one tenth of a
unit, which in the 1934 model corresponds to a tilt in the
line of sight of approximately 0!'5. This precision is com-
patible with the precision with which the bubble may be
centered. Thus, the tilting screw may be read to measure a
tilt of the line of sight as small as +0"5,

A compensator instrument does not usually possess
such a mechanism. The compensator cannot be “tilt-
ed” by any means analogous to the tilting screw. An
alternative mechanism is the rotary wedge (sec. 4.3.1)
but this attachment is not available for most instruments.

Rod. Set a leveling rod on the nearby bench mark
Fither rod 1 or rod 2 of the standard pair may be used,
since only the low scale is required. Plumb and guy the
rod in place with three wires attached at the top center.
Rotate it to face the instrument on the opposite side.

Targets. Use two targets that satisfy the require-
ments given in subchapter 4.1, “Intercepting targets.”
To permit precise measurement of the target’s height
against the rod scale, an index line should be clearly
marked at the centerline of each target.

Mount the targets securely on the leveling rod Position
one target above and one below the estimated intercept
of the horizontal line of sight from the instrument on
the opposite side. The distance between the targets should
be no more than 1.0 m (3.3 ft) and should be similar to
the corresponding distance on the opposite side of the
crossing. The angle of tilt from horizontal to each tar-
get should be at least £ 100" (20 units on the tifting screw
of the Fischer level). Consult with the observer on the
opposite side to ensure that these conditions are satisfied.

Enter the positions of the targets in rod units at the top
top of the recording form for the first series. If possible,
communicate these heights to the recorder on the opposite
side.

4.4.2 Observing Routine for Two Targets
(Three-Wire Leveling)

One running of this crossing routine includes two sets of
simultaneous reciprocal observations. The locations of
the instruments for the first set are reversed for the
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second set. The results of each set are meaned to com-
pute the elevation difference for the running.

Two runnings are required for a complete crossing.
They can usually be completed in one day (See table
4-3 for a summary of the routine.) Conduct the following
procedure simuitancouslty at each side of the crossing,
recording the data on the standard forms for three-wire
leveling (fig. 4-22)

1 Prepare the beginning series record {(line *42*).
Include the following: The survey-point serial numbers

SIDE A

and stampings of the bench marks (designations if no
stampings), running number, set number, local time
zone and lime, temperature units and temperature, wind
code, and sun code.

2. BACKSIGHT: Level the instrument and point it
toward the nearby rod. Observe and record the inter-
cepts of the three reticle lines with the scale, as for

three-wire leveling. Compute the backsight intercept
and distance.

Inst. 2, then 1.

Inst. 1, then 2.

Direction of leveling SIDE B
(a) - \

SET 1

SET 2

Figure 4-20.—Setups for simultaneous reciprocal observations with ordinary leveling instruments,
top view (a) and side view (b). AH="%(Ahg,, ,+Ahg,, ;).
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Figure 4-21.—Fischer level, with micrometer tilting screw,

3. FORESIGHT: Check with the observer on the
opposite side to begin the foresight observations simulta-
neously. Point and focus toward the rod on the other
side of the crossing. Make 25 sets of three tilt measure-
ments, as follows:

a. Tilt the line of sight to intercept the center of the
upper target with the middle reticle line. Read the tilt-
ing screw (or equivalent scale) and record the value to
the nearest tenth of a unit.

b. Center the bubble in the level vial, bringing the
line of sight to horizontal. Read and record the tilt mea-
surement as before.

c¢. Tilt the line of sight to intercept the center of the
lower target with the middle reticle line. Read and re-
cord the tilt measurement as before.

4 Compute the foresight intercept and distance:

a Compute the mean tilts to the upper and lower tar-
gets and to horizontal (fig. 4-2): a, b, and r, respectively.

b. Obtain the heights of the opposite targets and
compute the difference between them, D.

c. Compute the distance, h, from the lower target to
the intercept of the horizontal line of sight:

h=Dx(b—r)/(b—a).

d. To h, add the height of the lower target to obtain
the faresight intercept in rod units,
€. Compute the foresight distance by the formula:

Sp= {(b - a)lih units X conversion facmrmdian/titt unh}‘

For example, with the 1934 Fischer level! (0.000025
radian/tilt unit) and centimeter rod units:

5,=(400x D)/(b—a).
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Table 4-3.—Summary of the crossing routine for ordinary leveling instruments
During each ruaning, on each side of the crossing
t Collimation check
2 Set up instrument station and leveling rod
3. Position targets above and below level line of sight from epposite instrument
4 Observe backsight to nearby red ([ set of readings)
5 Observe foresight series to apposite rod (25 sets of readings)
6 Move instrument to opposite side. Do not change locus
7. Observe foresight series to oppasite rod (25 sets of readings)
8 Observe backsight 1o nearby rod (! set of readings).
During one day
Side A Side B
COLLIMATION CHECK COLLIMATION CHECK
INSTRUMENT | INSTRUMENT 2 SET | RUN |
INSTRUMENT 2 INSTRUMENT 1 SET 2
INSTRUMENT 2 INSTRUMENT ) SET | RUN 2
INSTRUMENT INSTRUMENT 2 SET 2
HOAA FORY 76-129 TRARGLTS 7A/5 SIDE(A) A M43.0 4t quD 193.0 0Af. Ur. §. DEPARTMENT OF coMdEReE J Pace
7T} NATICHAL DCEAKIC AHD ATHMOSPHERIC ADMINISTRATION
RUA/ / GEDDETIC LEVELING Second order, Class T
ecana oraer, axs
SET/ turee-wire osservaTions £ XAMPLE svex thadsaie ZLorS
#|ajo|a] va. fun, Mav] cove JnstaumcatseriaLno] | cope WD SERIAL WO, cope RDE SERIAL HO. £Frscher Instroment 1] &5
<l \¥|s|slojolzlele el /7] | 11 11 [7l#] {alAz] | [T T T3l Tzl 11 | [ [8[8]7] Roo owi7= centimeser [Tl
FrROM | OM DESIGHATION 10 bH BESIGHATION 2 b TP B L TEMRERATURE L [ f ] oie
olola|s] A /33 dojolzj & /83 @] lof2]z]slolal#lc] T/]alo] [/ls]slo|7] Ielwim
BACKSIGHT FORESIGHT COMMENTS
UPPER UPBER
SEY MIBOLE MEAN sacKk CENTER | Sy MEDDLE MEAN BACK CENTER | 5y
LOWERA 3% (1 E S N LOWER LT B+ DPPASITE
b : P b3 I uPPER I LEvEL LOwER b3 TARGErS
AN EERRENE RN AN NN 2dzigl | [ [dalo] [ TT 72l [T [e]e[Fleia]- 2700
Bl¢.4 zlzig 29.% 72.9 £ 9.7
¢ §[sts| T Tslslalo] 1] JzloTs| [0y zlz9| | | lalelol | [ [ T7[zg [ T le= z23¢
i gizlz Y] 22 2|2le 499 72 8 | ! .
z|¢ 9'.r9 [T 15[318]0 zlz zlzl7] 11 Jafpla] 72.5 zlelvlele
- 3T ' X 33z zl2.s 484 7.4 £ &F
i glaslol [ [[ITLTTTT! 2 7304 zlzs| | TTaele] | [T 1A2ls] 11 br= #r27
-~ loip.0l2 Lol | zizly 499 CrTA NN [
Helzizt TTT1 1] Sgle 713 zjzlst | 1 Toleli] 7.3 clolwlelel= 7500
= Aolo, 4L I6.5 zizls 28,0 2./ F T.%10= sz00
[1dal=] | [otelrlel Wl T TTTT T ISl 223, 9w ziziz) | [ 1@ 1T [#[zlo] [T jé= 72.30
! ! : 2|2l 480 72.2) | ! !
T TTT] [ zz}f T T T4glo] 72/ Bl |3l
. z2l2.1 4./ 72.8 Z¥.03
I HEENAREENERAN zl2le| [T Talela[ [ T Tolels] [T1 #7.94/% 5°°
i ! zlzls £ B/ 7z.4 | Tlg=lalfl |- 2502
s LIITTE] ! zizizl 11 ]4i5ld] 72./ T i+ 7500
: 2zl 47.0 72.0 700,02
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Figure 4-22.—One side of a set of simultancous reciprocal observations, three-wire leveling.
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S Prepare the ending series record (line *42%), which
includes time, temperature, wind code, and sun code
Compute the elevation difference and the total distance in
the same way as for a setup of three-wire leveling.

6. Leaving the tripod and the leveling rod in place,
transport the instrument to the opposite side of the cross-
ing. Do not change the focus on the instrument during
this operation.

7. Observe and record a second series, this time
observing the foresight (steps 3 and 4) and then the
backsight (step 2). The leveling instrument should not
have to be refocused to observe the foresight. In con-
junction with the series from the opposite side, this set
completes the first running

8. Begin the first set of the second running from the
same setup. After completing steps 1 through 5, trans-
port the instrument back to the original side and observe a
second set. Again, do not refocus the instrument between
sets and begin the second set with the foresight.

NOAA Manual NOS NGS 3, Geodetic Leveling

9 Compule the results for each running on a cover
sheet {fig. 4-23) First, mean the results from the
two sides in each set. Then mean the results of the
two sets to obtain the elevation difference for the
running,

10. Check the runnings for closure, as explained
in section 3.7.7. Obtain at least two runnings which
close within the tolerance for the order and class of
the survey.

REFERENCE

Pfeifer, L and Morrison, N. L., 198C: Input Formais
and Specifications of the National Geodetic Survey
Data Base, vol. 11: Vertical control data. Federal
Geodetic Control Committee National Geodetic
Information Center, NOAA/NOS, Rockville, Md.
20852, 136 pp

RIVER CROSSING
Simultaneous Reciprocal Observations
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Figure 4-23.—Cover sheet for a running with ordinary equipment.



Chapter 5
PROJECT DATA PROCESSING

5.1 Introduction

Vertical control data should be compiled, checked, and
edited as soon as possible after collection. To be included
in the National Geodetic Vertical Network, the data
should be formatted according to Imput Formats and
Specifications of the National Geodetic Survey Data
Base {(Pfeifer and Morrison, 1980: vol. IT). These tasks,
collectively termed “processing,” must be performed
so thoroughly that, after the project is complete and
survey personnel have left the area, data may be veri-
fied and adjusted and elevations may be published with-
out additional field work.

5.2 Organizing a Project Office

To correct mistakes, resolve discrepancies, and en-
sure compliance with project instructions, processing
should take place in a locale that permits immediate
communication with and monitoring of both mark set-
ting and leveling units. A project office, centrally lo-
cated within the project area, serves this purpose. It
includes the personnel and equipment necessary to sup-
port and monitor mark setting and leveling units while
processing their data. The mobile field offices of the
National Geodetic Survey must perform many admin-
istrative and processing services in addition to those
described here. [See National Geodetic Survey Opera-
tions Manual (Greenawalt and Floyd 1980) for further
details ]

5.2.1 Personnel

The project office normally requires a project direc-
tor, an assistant project director, and, if many units are
operating, an assistant computer.

Project director. The project director is responsible
for ensuring that project goals are achieved. The proj-
ect director’s duties include planning and coordinating
the activities of the mark setting personnel and level-
ing units, establishing liaison with local officials,
directing the processing effort, assigning reruns as
necessary, reporting monthly accomplishments, and pre-
paring a final project report. The director should visit
each unit during a workday at least once a month, not
only to check for compliance with procedural specifi-
cations, but to provide feedback concerning the quali-
ty and progress of the unit’s work and to provide train-
ing as appropriate.

Assistant project director. The assistant project di-
rector (*computer”) is primarily responsible for com-
piling, checking, and editing the data submitted by the

mark setting and leveling units. This individual must
be well-organized, attentive to detail, and adept at
operating the necessary computers. A thorough un-
derstanding of mark setting and leveling practices is
vital to successful and efficient troubleshooting when
discrepancies are found in the data. A computer-
processing system cannot substitute for this type of un-
derstanding, which is gained best from experience in
the field

Assistant computer. In a large project requiring many
leveling units for its timely completion, an assistant
computer contributes the added staffing necessary to
keep the processing up-to-date. This position is suit-
able for rotational training of senior mark setting and
leveling personnel, permitting them better to understand
the significance of their work and the purposes behind
many field specifications. An individual who has served
as an assistant computer is better prepared to super-
vise a unit conducting a special project at a location
remote from the project office.

5.2.2 Equipment for Data Processing

In addition to standard items of office equipment,
the project office should be equipped with the special-
ized desk calculators, computer system, and telephones
necessary to process data efficiently. If leveling data
are recorded with a computer in the field, at least one
matching system should be available in the office for
troubleshooting purposes.

If all data are handwritten on forms or in books and
are not to be keyed into a computer data base, a pro-
grammable desk calculator is sufficient for processing It
should have a large keyboard and display, as well as an
option for printing. Such a calculator is also useful for
preliminary analysis of computer-recorded data

For processing computer-recorded data the following
components are essential: A terminal with a keyboard and
a CRT display, which is preferable to a printer for on-line
editing; a data retrieval and storage unit, such as a
reader for magnetic tape or disks; a high-speed printer
capable of producing permanent copy; and the computer
itself. The high-speed printer and the computer, if not
physically located at the office, may be accessed by tele-
phone. This requires either a “dataphone” or a standard
telephone used in combination with an acoustic interface.
Arrangements must be made for printouts to be for-
warded to the project office when they are needed.

Study the maintenance and operating instructions
that accompany the computer system. Learn how to
connect various components together and how to set

5-1
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the switches correctly for different modes of operation. In
particular, learn the symbols or “error flags” penerat-
ed when the hook-up or switch configuration is incor-
rect. Do not confuse these with flags generated as a
result of errors in data. Much frustration and loss
of time can be prevented if mistakes in maintenance
and operating procedure are quickly recognized and
corrected.

Computer equipment may operate erratically or fail
when exposed to dust, extreme heat, power fluctuations,
static electricity, and vibration. Keep the project office
clean, the temperature moderate, and electrical cables
and outlets in good condition. Clean keyboards and re-
cording heads weekly. Ground all computer components.
Check cables and outlets on office trailers frequently,
since they may suffer {rom exposure to weather during
moves. Have available a list of local servicing agents
and their phone numbers so repairs may be obtained
quickly.

The computer itself must be protected from power
fluctuations, especially if a temporary loss or reduction of
power results in loss of memory or circuit damage. For
a computer instalied in the project office, an uninter-
ruptable power source with a backup battery bank may
be necessary. Voltage regulators are sufficient for most
other components.

If a telephone line is used to transmit data to a com-
puter at another location, interference occasionally caus-
es Joss of data. At the project office, have available
backup on paper, tapes, or other media so lost items of
data may be restored after transmittal

Magnetic tapes and disks Before the project begins,
prepare a sufficient supply of the magnetic tapes or
disks on which data are to be recorded and stored. Label
each with the job code plus a unique number. This identi-
fier should be written on the backup form for any data
recorded directly on a tape or disk by the leveling unit
Similarly, the identifier for a tape or disk on which
data are stored in the project office should be noted on
the status sheet for each file of data. Such a cross-
referencing system is especially helpful when process-
ing data for numerous leveling units or lines.

Most tapes or disks may be reused. Indicate each use
by placing a small check next to the identifier. After a
day’s set of observations has been printed, checked, and
recomputed, the tape or disk may be erased. Tapes or
disks containing backup files of data for the project
should be not be erased and reused until notice is re-
ceived that the data have been stored in the data base
Depending on the quality of the media, the chances of
acquiring errors due to dirt or strain on a tape or disk
increase each time they are reused. Do not use a tape
more than five times.

5.2.3 Organizing the Data

Organize preliminary data for the project as well as
original records received from the field A logical and
well-maintained filing and labeling system permits pro-

cessing to proceed systematically and efficiently, especi-
ally when the project office supporis numerous units
operating on many different lines

Preliminary data. One copy of each of the items listed
and discussed in section 231 should be available at the
project office. In addition, obtain from the National
Geodetic Survey abstracts of unadjusted, corrected ob-
served elevations for all previous leveling surveys in the
project area. These are called “phase one abstracts” or
“summary sheets” They are identified chronologically
by accession number (“L-number”). Consult the indexes
of the appropriate 30’ quadrants of Vertical Control
Data to determine the accession numbers to order.

File quadrants of vertical control data, horizontal
controf data, and summary sheets separately in num-
erical order. Label each cover sheet with the numbers
of the project lines or loops covered File miscellaneous
data, such as tide station reports and unpublished de-
scriptions, by line.

Maintain a notebook or file in which project instruc-
tions, correspondence, processing status sheets, statis-
tics, notes, and miscellaneous preliminary data may be
stored for quick reference. This is very valuable when
preparing the project report.

Index Maps of Control Leveling or Geodetic Control
Diagrams are suitable maps to display for an overview
of the project area. Highlight and label the project lines
and note other useful cross-referencing information,
such as accession numbers of past surveys,

Original records. Prior to leveling each line, obtain
from the mark setting unit bound volume of descrip-
tions for all control points to be leveled, a set of smooth
plots, and a set of logs, prepared as described in sub-
chapters 2.3 and 2.4. On a daily basis, obtain from the
leveling unit observations and computed elevation dif-
ferences for each section, recorded as described in sub-
chapters 3.7 and 3.8 If the unit transmits data over a
telephone line directly into the computer, obtain a backup
tape, disk, or printout daily. The unit should also sub-
mit pages of the handwritten field abstract as they are
completed.

Store original records in a fireproof safe or file as
soon as they are received. The storage container should
protect computer-recorded data from magnetic inter-
ference as well. Store daily data packages in chrono-
logical order. Store backup tapes or disks in numerical
order and maintain an index of their contents. Store
master program tapes or disks in the same protective
location.

Original recording forms and printouts of original
gbservation records are repeatedly referred to during
processing in the project office and, later, during veri-
fication and adjustment. To protect the records and
make them readily accessible, bind large quantities of
forms and printouts chronologically into volumes of man-
ageable size that correspond, if possible, to the files of
data stored on the computer. File small quantities (such
as records for a river crossing) in {abeled envelopes.
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Editing original records. Make notes and corrections on
original records with ink of a different color from that
used in the field. Each individual who performs editing
should adopt a color, such as red or blue, and use it
throughout the project. Do not repeatedly mark changes
when trying to resolve a discrepancy Show the final
correction and affix your initials.

Once records are stored in computer memory, they
may be inadvertently altered. Whenever a record is edited
in the computer file, note the change on the original re-
cording form or on a printout of the original computer-
recorded data. The note must explain the change For
example, if a distance is remeasured to resolve a dis-
crepancy in a description, state this fact. If a survey-
point serial number is changed, explain why the original
number was wrong and why the new number was cho-
sen. I there is no backup record or other means to vali-
date a change, do not alter the record.

Identifying the data. Key items of identifying informa-
tion must be given in the heading or on the cover sheet
for each file of data. Heading requirements for data
stored in computer files are explained in Input Formats
and Specifications of the National Geodetic Survey Data
Base (Pfeifer and Morrison 1980: vol. I1).

For adjustment purposes, each project is assigned a
job code in the project instructions, Use the code to
identify the beginning and ending of each file of data
stored on magnetic tape or other media.

Every survey included in the national vertical net-
work is assigned a unique accession number. Normally,
each line of leveling is assigned a separate accession
number. However, if a survey covers a small area and
includes multiple lines, the entire project may be as-
signed a single accession number, in which case each
line is assigned a “‘part number.”

An accession number includes the letter “L” and five
numerals. A part number is indicated by appending the
letter “L” and the line number to the accession number.
For example, “1.20815.L1" or “L1302-1.5".

If the project instructions include accession numbers,
use them to identify the data for each line. If they are
not assigned, use line numbers until accession numbers
become available.

A group of lines is normally assigned an area title in
the project instructions. {See fig. 2-3.) The area title
must be included in the heading of each file of data for
the group. Likewise, the line title, also assigned in the
project instructions, must be included in the heading
of each file of data for a line. Change the line title as
appropriate to indicate the actual direction and route
of leveling, but do not change the area title.

Neatly label each binder of original or supporting
records for a line with the job code and line number (or
accession number if available), name of the correspond-
ing computer file, project title including the state, be-
ginning and ending dates of leveling on the line, account-
ing task number, agency acronym and field party name,
and the initials of the project director. (See fig. 5-1.)

*(C2%L23021.L2 .HGF1
BASIC NET A, REGION 1, GEORGIA
8/2/78 - 10/5/78
NGS5 Field Party G-37 DCF
Task 8362241V

Figure 5-1.—Sample label for project records.

5.2.4 Submitting Data to the National Geodetic Survey

Project data for inclusion in the National Geodetic
Vertical Network should be submitted to the National
Geodetic Survey in the formats specified. This permits
efficient verification and adjustment.

Data should be recorded on the standard forms illus-
trated in the examples throughout this manual. Blank
forms are included at the end of the manual. Such re-
cords may then be keyed onto magnetic tape or other
media for entry into the data base. Data recorded in a
computer may be formatted either during leveling or
during processing. If computer-recorded data are
submitted, include all supporting documents, such as
backup forms and printouts, showing the changes made
during processing.

Records for submission. Submit the following original
records for each line:

1. Descriptions, bound in line order. For points not
leveled, submit descriptions bound by areas correspond-
ing to the Geodetic Control Diagrams,

2. Rough piots or map-type logs, numbered in line
order.

3. Smooth plots, numbered in line order.

4. Leveling observations, bound chronologically, in-
chuding a cover sheet for the line, collimation and com-
pensation checks for the instruments, and calibration

“records for the rods. If observations are recorded with

a computer, submit bound sets of both the original print-
outs of the data and any backup forms that have been
prepared. If calibrations are performed at the National
Bureau of Standards, the records should be forwarded
directly to the National Geodetic Survey.

5. River crossing observations, as in item 4.

6. Field abstract sheets, bound in line order. If the
abstract is computed directly from computer-recorded
observations, submit the final printout; in this case a
hand-written abstract need not be submitted.

7. Comparison of new and old elevation differences
along the line, showing ties.

8. Project report.

If data have been formatted according to NGS, in
addition to the original records for each line, submit
two complete data sets for the project on magnetic tape
or other media. One set should include files of descrip-
tive data and the other files of leveling results.

If the files are entered directly into the National Geo-
detic Survey computer system during the project, pre-
pare and transmit a release letter, identifying the files
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that may be accessed for verification at headquarters,
immediately after processing each line as described in
this chapter. Release computer-recorded observations
(HG files), a description file (HAFF), and a file of lev-
eling results (HGZAB). Arrange for obtaining print-
outs of these records from headquarters. An example is
shown in figure 5-2,

Forward all records to the Quality Control Branch
{C174) of the National Geodetic Survey. Prepare
and forward a memorandum of transmittal {fig. 5-3)
itemizing the records sent and the files released. In-
clude & copy of the letter in each package. Send records
by registered mail, requesting a return receipt. At the
project office retain backup tapes or printouts sufficient
to reconstruct lost records, until notification is received
that the records have been archived.

Project report. The project report is a permanent re-
cord that summarizes project accomplishments. It de-
scribes the specific equipment and procedures employed
to meet project conditions and requirements. The re-
port provides information useful for verification and
adjustment, including detailed explanations of unusu-
al or special features of the project lines. If a project
extends over more than one season, prepare a separate
report for each season’s work. The report should spe-
cifically cover the following items:

1. Title page. List the type of report {season or project),
project title including the State, accounting task number
or numbers, beginning and ending dates of field work, agency
name, all HGZ L numbers that are included in the report,
field party name, and the name of the project director.

2. Authority and purpose. State the date and title of
the project instructions and the date project instructions
were received. State the purpose of the survey.

3. Location. Briefly describe the project area, including
the State or States in which it is located. Note the number
of lines, their general configuration, and their total dis-
tance. Also indicate where the project office was located.

4. Scope. State the beginning and ending dates of the
survey and the extent to which the project requirements
were satisfied.

5. Personnel. List all personnel who participated,
including their major duties, and dates of departure or
arrival if they did not participate in the entire project.

6. Statistics. Present progress statistics for mark
setting, including the following: total distance of lines
routed, total number of contro! points searched for and
set, and totals of recovered control points that will be
leveled, bench marks set in bedrock, bench marks set in
structures, sleeved rod marks set, and unsleeved rod
marks set Also list the totals of recovered points that will
not be leveled, points destroyed, points not recovered, and
staff days devoted to reconnaissance and mark setting,

UNITED STATES DEPARTMENT OF COMMERCE

Mational Oceanic and Atmospheric Administration
NATIONAL OCEAN SURVEY
Rockville, Md 20852

22 March 1982

TO: Cl74 -

FROM: Level Party G-35 ﬁ%//g/

SUBJ: Release of files for South Region 4, SAN ANTIOIA-DEL RIQ-JUNCTION-BRADY-
FREDERICKSBURG TX AREA, L24551.L2—-DEL RIO VIA ROCK SPRINGS AND JUNCTION
TO BRADY TX, Task Number 83624100

The following files and jobs are completed at the field party processing level and
are released for further processing.

JOB CODE LINE NO. FILE JOB NO. DATE PRINTED
*D4* 337 1.24551.L2 .HGF1 9314 - 3/22/82
1.24551,L2 ,HGF2 9309 v~ "
L24551.L2 .HGF3 9307 "
1.24551.L2 .BGZFFAB 731 v~ "
*D4* 337 1.24551.L2 .HAF1 9332 3/22/82

CKSPSN of the HA file of Job Code *Dé* is Job Number 9317.

Note: All above files are on W3M NGSO01 DSN
cc: C171, Cl42

Figure 5-2.—Sample memorandum releasing data.
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HOAA FORM 5129
[ig-711

U. 5. DEPARTMENT OF COMMERCE
NATIONAL OCEAMNIC AHD ATMOSPHERIC ADMINIST RATION

REFERENCE NOQ,

NGSG36:1981 No o7 sheetl/?

LETTER TRANSMITTING DATA

TO:

7
Director, National Gegdetic Survey
ATTN: Cl74
National Ocean Survey, NOAA
Rockville, MD 20852

-

DATA AS LISTED BELOW WERE FORWARDED TO YOU
BY (Check):

£ ar matn
7l exrress

[ oroimary maiL
[1 recisTRRED MaiL

D G &l (Give mumbot)

CERTIFIED MATL

DATE FORWARDED

MAY 14, 1981

NUMBER OF PACKAGES

2 (1 roll & 1 pkg.)

NOTE: A separate transmiceal letter is to be used for each type of data, as tidal data, seismology, geomagnetism,
erc. State the number of packages and include an executed copy of the transmittal lecter in each package. In addi-
tion the original and one copy of the letter should be sent under separate cover. The copy will be returned as a
receipt, This form should not be used for correspondence or transmitting accounting documents.

pkg 1
{rocl)

. e g ey S e P ke s

27 MNaps
GILA BEND, ARIZ.
SMURR, ARIZ.
THEBA, ARIZ. (15°%)
SENTINEL, ARIZ.(15"
AZTEC 8SE, ARIZ,
AZTEC HILLS, ARIZ.
DATELAND, ARIZ.
TEXAS HILL, ARIZ.

MOHAWK MTS. NW, ARIZ.

MOBAYY, ARIZ.
TACRA, ARIZ.
WELLTON MESA, ARIZ.
WELLTON, ARIZ.
LIGURTA, ARIZ.

T — T T S ok oy il Ly o S i ot e T S AR A i A S W e me

USGS topo meps (smooth plotted)

FORTUNA, ARIZ.

YUMA EAST, ARIZ .-CALIF.
YUMA WEST, ARIZ.-CALIF.
ABAZ, CALIF.

GRAYS WELL NE, CALIF.-ARIZ
GRAYS WELL, CALIF,.

OGILBY, CALIF. (15")
MIDWAY WELL, CALIE-
MIDWAY WELL NW. CALIF.
GLAMIS SW,CALIF.
HOLTVILLE EAST, CALIF.
HOLTVILLE WEST, CALIF.
EL CENTRO, CALIF.

)

 * All topo maps are 7-1/2 minute guads unlescs otherwise noted.

pkg 2

2 Books
{book 2«295 sheets)
3 Books
HGF1 (1174 lines) HGF3

NOAA form 76-186 BM Descriptions(book 1,115 sheets)
Tel. XO0FF sheets for HGC files

(812 lines) HGFS (776 1lines)

HGF2 (742 lines) HGFY (718 1ines) HGFE {544 lines)
FROM: ¢Signature) RECEIVED THE ABCVE
‘// {Name, Divialon, Date)
Reatum rlgr:/iplud capy to: o
r “
Bob W, Martine
Natlonal Gecdetlic Survey
pekx
PoB 2141
. orofino, ID. 85344 |

NOAL FORM g1..00

SUPENSLDEL FORM TaAGS 413 WHICH MAY BE USED

Figure 5-3a.—Sample form (NOAA 61-29) accompanying transmitted data,
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HAA FORM 6] -27

f12=-71} NATIONAL DCEANIC AND ATMOSPHERIC ADMIRISTRATION

LETTER TRANSMITTING DATA

U.S. DEPARTMENT OF CORMERCEIRErERENCE NO.

NGSG361:11981 No 07 sheet 2/2

BY (Chaeck):

TO:

. ATTN: c174

[ Gat (Give numbar)

DATA AS LISTED BELOW WERE FORWARDED TO YQU

(] oroinany main [3 am mai

[ recisTeneD MaiL [T} express

CERTIFIED MATL

DATE FORWARDED

ot MAY 14, 1981

NUMBER OF PACKAGES

2 (1 roll & 1 pkg)

NOTE: A separate transmiteal lecter is to be used for each type of data, as tidal data, seismology, geomagnetism,
etc, State the aumber of packages and include an executed copy of the transmitsal letter in each package, In addi-
tion the original and one copy of the letter should be sent under separace cover. The copy will be retumed as a
receipt. This form should not be used for correspondence or wransmitting accounting documents.,

pkg 2 k0 Sheets
2 Sheets
7 Bheets
3 books

1 sheet

JL2h562-1_ (1ine 380) GILA BEND VIA SENTINEL AND YUMA AZ TO_EL_CENTRO

NOAA form 75-82A Station Descriptions
NOAA form 76-186 BM Descriptions
New - 014 Comparlsons

NOAA form 77-82 40/41 cards bhook 1 140 sheets
book 2 176 sheets
book 3 106 sheets

File releasa letter

CA

FROM: (stgnaturs}

77

RECEIVED THE ABOVE
{Nama, Diviaton, Date)

Retur recelpied copy tor

r b !
L 4
NOAA FORM 5120 SUPERSEDES FORM C G35 413 WHMICH MAY 8E USED

Figure 5-3b.—Sample form (NOAA 61-29) accompanying transmiited data.
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For leveling, present the following: total progress along
lines, double-run progress, single-run progress, total
distance leveled, distance leveled as reruns, number of
sections, number of setups, and total staff days devot-
ed to actual leveling.

Also, note the total number of personnel days spent
during the project and a breakdown of days spent in the
field, office, training, travel, holidays, sick leave, and
annual leave. Compute the leveling progress per staff
day for the entire project

7. Liaison. Note major contacts with other agencies
and individuals interested in the project. Discuss co-
operative efforts and any publicity received.

8. Mark setting. Briefly describe the procedures and
equipment used, referring to the manuals foliowed. If
unusual bench marks were set, identify and describe
them in detail.

9. Leveling. State the leveling specifications that were
in force. Describe the eguipment, including a list of
instruments, rods, and recording equipment with seri-
al numbers and the dates they were in use.

10. Line narratives. Briefly describe each line, includ-
ing line number, accession number, beginning and ending
dates of mark setting and leveling, topography and
climate, features of the routing such as control point
spacing and frequency of connections, unusual points
leveled, unusual procedures, river crossings, ties es-
tablished, and results of the comparison of new eleva-
tions with those from a previous survey along the same
line. Mention specific sections that required addition-
al work as a result of preliminary analysis

11. Loops. Discuss closures of the leveling with both
previous and concurrent surveys. Describe areas which
may require additional leveling in the future.

12. Recommendations Report suggestions for improve-
ments in instructions, equipment, and procedures and
recommendations for future work in the project area

13. Attachments. Include as an attachment to the
report a simple sketch of the project area showing com-
pleted lines, junctions, and loops A section of the State
Index Map of Control Leveling is sufficient, with progress
marked and lines clearly labeled Also attach the fol-
lowing: A copy of the release letter, a list of errors de-
tected in the synoptic file during processing, sketches
showing loop closure computations, and the original
copy of the project instructions together with any
amendments.

5.3 Processing Descriptions

For each line, the mark setting unit provides three
sets of records to the project office: logs, smooth plots,
and descriptions. As they are received, the logs and
smooth plots should be checked off on the Index to To-
pographic maps. (See fig.2.6) The logs are forwarded to
the leveling unit, which in the course of work checks the
information given on them. The smooth plots are used
by the project office to check, in part, the information

given in the descriptions. The descriptions themselves
are checked by the project office. Descriptions for points
not leveled should be processed separately, following
the same routine

The ultimate product of these verification procedures is
a set of complete and correct descriptions for all the
control points leveled The steps in processing are dis-
cussed next and summarized in figures 5-4 and 5-5.

5.3.1 Creating the Description File

If the project office possesses facilities for checking
descriptions with a computer, the first step in process-
ing is to create a file of descriptions for the line. The
data supplied by the mark setter on the description forms
must first be keyed onto magnetic tape or other media
through a computer interface.

The descriptions for a single line typically number
several hundred characters; thus numerous typographical
errors may be entered inadvertently during keying. To
prevent errors from entering the file, provide prompis
for each type of data entered. The prompting program
should check the responses keyed whenever possible

After a batch of descriptions is keyed, transfer
the data into a computer file Label the file with
the appropriate line number (or accession number)
and the letters “HA". For example. “L35.HAFI" or
“L.23021-L2-HAF1". To simplify processing, all the
descriptions for one line need not be put into one file at
first As each file is created, assign a file number in
line order: “L35 HAF1™, “L35 HAF2"”, and so forth.
After proofreading and editing are completed, the files
should be merged into one final file for the line:
“L35 HAFF"

The project office may be required to process verti-
cal descriptions for control points that are not leveled.
These should be keyed and transferred to a separate
file for each area that corresponds to a Geodetic Con-
trol Diagram. Label each file with the area code and
the letters “HAFF " For example, “CK.HAFF" for the
area covered by the diagram NI-11, SAVANNAH.

As each file is created, obtain a printout of its con-
tents. The printout may be generated in conjunction
with an initial run of the format-checking program,
discussed in section 5.3.2. This printout serves as the
reference for proofreading and editing the descriptians
To keep track of the status of editing, stamp the {irst
page with a checkoff list like that in figure 5-6.

5.3.2 Checking Individual Descriptions

Descriptions must be proofread and edited to ensure
that the required information is entered, that it is cor-
rect and internally consistent, and that it is properly
coded and formatted. Without a computer, these items
must be checked by systematically and thoroughly proof-
reading the descriptions, noting changes directly onto
the description forms. With a computer, many items
may be automatically checked; however, proofreading
stili plays an important role.
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VERTICAL DATA PROCESSING

Description File (HA) Observation File (HG)

Spot Check in Field. Proofread.

Proofread. Correct or Reject Records. |

Correct Records. [: Recompute,

Check Format. i

L v

Merge With Other HA Files (HAFF). Create Elevation Difference File (HGZ).

1 Compare With Data Base. Merge With Other HGZ Files (HGZFF).

Y

Cornpute the Leveling Abstract.
Check Survey-Point Serial Numbers,
Positions, and Closure of Section Runnings.

v s

Compute and Check New-Minus-Qld Values.
Compute and Check Loop Closures.

|

Correct Records in HAFF File. j
Check Format.

Compute Statistics.

DESCRIPTIVE DATA SET (HAFF) VERTICAL OBSERVATION DATA SET (HGZAB)

| vemon oot

Quality Control Review.

Compute Corrections (PHASE 1),
Adjust.

[ ] W/

VERTICAL DATA BASE

Figure 5-4.—Flow chart of project data processing.

Spot checking. As soon as possible after receipt of the choice of routes and the logic of the instructions
the descriptions from the mark setting unit, the mark given. Verify the plotting, the distances and directions,
setting foreman or project director should spotcheck and the physical descriptions of landmarks and refer-
several of the descriptions in the field. In addition to ence objects. Note corrections directly on the descrip-

examining the construction of new monuments, check tion forms so the changes are included when keying the
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data into a file. I a printout of the file is already avail-
able, take the printout to the field and note corrections
directly on the printout.

Proofreading. After obtaining a printout of the file
as described in section 5.3.1, check the heading. Then
read through every description thoroughly, looking
especially for errors that may not be detected by a check-
ing program in the compuier. Check that the designa-
tion is consistent with the stamping. Check and correct
the spelling of names of counties, cities, towns, com-
panies, agencies, and individuals. Look for and correct
typographical errors, particularly in the text.

Check the internal consistency of the data given, in-
cluding the following: That the driving distance from
the nearest city or town agrees with the total of the
driving distances given in the instructions to reach the
point; that reference obiects are sufficiently described;
that distances are given with appropriate precision; and,
that distances and directions make logical sense (for
example, a point cannot be south of the centerline of
one road, east of the centerline of another, and also
southwest of their junction). Finally, check that the
latitudes and longitudes of all points new to the data
base are correct by scaling them from the smooth plots.
Refer to the original records whenever necessary to re-
solve discrepancies. Note points which must be checked
during a visit to the field.

When the proofreading is complete and all changes
are noted, indicate this fact on the front of the print-
out. An example of a proofread description printout is
given in figure 5-7.

Editing. Next, while on-line to the computer, sys-
tematically edit the file. On the printout, check off each
change as it is made. On the front of the printout indi-
cate when this preliminary editing is complete. Further
editing may be reguired after running a format-checking
program with the computer.

The program should check for the following: all entries
are in the correct format, the required information has
been given for each type of description, as explained in
section 2.4.4, and conversions from metric to English
units are correct. After the program is run, the computer
should respond with a list of the lines in error and their
locations. Correct these systematically, looking up the
lines in the printout and noting the changes as they are
made to the computer file. Then, rerun the checking pro-
gram and continue editing until no errors are detected.
Note each running of the program on the front of the
printout and indicate whether or not a rerun is necessary.

When editing is complete, use the printout as a guide
to transcribe all changes directly onto the original
description forms. The original records are the only
source to resolve discrepancies found in the description
file in the future.

Descriptions Daily Observation Records
S T iy b el
HAF1 HAF2 HGF1 HGF2 HGF3 HGF4 HGF5
y r
HGZF1 HGZF2 HGZF3 HGZF4 HGZF5
HAFF HGZFF
PHASE 1}« HGZAB
y r
VERTICAL DATA BASE

Figure 5-5.—Flow chart of data files for a line of leveling.
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FiLe LRYSge. L HAF]

PROOFREAD: FIRST EDIT:

Ciel 3[2ef80] o f 3]ab]s0

FORMAT-CHECKING PROGRAM:

JOB 3t DATE RERUN?

133 1[0 N
2018 3/29 Y

2035 3/29 N

CORRECTED ON ORIGINALS: | Cud 3/59

Figure 5-6.—Sample check-off list
for station-description editing.

If more than one file exists for a line, merge the files
into a final file after all have been completely proof-
read and edited. At this stage the individual printouts
are no longer useful and the processing progress for the
file should be recorded on a status sheet (fig. 5-8).

5.3.3 Checking the Entire File

Once the entire file of descriptions for a line is avail-
able, it should be checked for agreement with both the
existing data base and the observation file for the line.

NEW STATION, DES~REC CODE 15 D QID-45N

A file of descriptions for points not leveled must be
checked only for agreement with the data base. One or
more computer programs may be used to make the checks
discussed here. Keep track of their completion on the
status sheet,

Synoptic file comparison. The synoptic file is an ab-
breviated version of the data base, including key items
of descriptive information for each control point such
as an archival cross-reference number, a designation,
aliases, and a position. To ensure that entries for these
items in the description file are correct, check them
against a listing of the synoptic file. After matching
the cross-reference numbers, compare the designations,
aliases, and positions. Designations and aliases must
satisfy specifications explained in section 2.4.4. Latitudes
and longitudes must agree within +00°00'06""

If the comparison is made by means of a computer
program, it should result in a list of records containing
discrepancies. Resolve these by listing the appropriate
records of the description file and comparing them to
both the original records and the published descriptions.
Lock for typographical omissions and errors (such as
transposition of letters or numerals in the designations
or cross-reference numbers), incorrect designations,
and errors in the plotting or scaling of the positions,

Correct errors found in the description file, noting
any changes directly on the original records as well.
Include with the release letter (fig. 5-2) a list of
errors found in the synoptic file. Do not consider a
position given in the synoptic file to be in error until
the plotting of the control point has been verified in
the field.

21 000210%10%]1861D294459N0DIR3IT34M LIS ] ®12% HEZVH
22 fON220w13xY 358 ®14%LA/LAFQURCHE XZVYx
23 OO00230#}7RRACELAND JUNCTION *18%5.0 KM (3.0 MI) WEST ®ZVH
24 90DZ4a0x20n1/NGS #2IN1982LHH ®22% RZIVH
25 Q00250%26%#24/5TAINLESS STEEL ROD *2THF NGS LFA'L]
26 Qu0260%284Y 358 1982 wIVE
27 000270%3G%#5.4 KILOMETERS (3.1 MILES) KEST ALONG THE SOUTHERN PACIFIC RAILROAD ®ZVH
28 000280« 308FROM THE STATION IN RACELAND JUNCTION, TO A SHELL ROAD CROSSING AND KZVw
29 000290%30%THE MARK ON THE RIGHT, 29.26 MEYTERS (96.0 FEET) NORTH OF THE NORTH HZVk
30 DOD300K3I0OHRAIL OF THE TRACK, 3.81 METERS (12.5 FEET) EAST OF THE CENTER OF THE ®ZVx
31 000310%30%SHELL ROAD, 1.76 METERS (5.8 FEET) NORTHEAST OF THE NORTHEAST CORNER #ZV#
32 000320R30%0F A RAILROAD TIE CATTLE GUARD., 0.45 METER (1.5 FEET) EAST OF A METAL HIZVH
33 D00330#30%P0LE WITR A RAILRDAD CROSSING SIGHN. KZV#
34 BEO340#491HM2623 .5 F *ZVn
35 DO0350%42H LSHELL ROAD HIVH
E13 G00360%G3INMD. 30U #IVH

Figure 5-7.—Example of a proofread station description.
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DESCRIPTION FILE STATUS SHEET
MPL E
Le L 24586, L EXA
Keyed on | Origimal printed: Synoptic file check:
File Recelved Tape # Date Job f## [Merged Date Job # | Rerun?
HAEL _ (3nlge Tx-3A |32  |637&
Harz | ylslze (TT-3B | ¢fis lorps JHAFF | ylar (042 |V
: $/01 Y
Y23 1¢i2 N

Figure 5-8.—Example of description of file status sheet.
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Survey-point serial numbers. A line of leveling can-
not be correctly abstracted if duplicate or mismatched
survey-peint serial numbers exist in the line. Run a
checking program to detect duplicate serial numbers
in the description file, preferably before the line is lev-
eled, so corrections may be made to the logs Check the
remarks in the observation records for duplicates or
possible mismatches found in the logs by the leveling
unit. Mismatches between the description file and the
observation file most often occur as a result of incor-
rect serial numbers entered in the original observation
records. Check for and resolve them as described in
section 5.4.2.

Positions. The synoptic file comparison provides a
check of the latitudes and longitudes entered for only
the control points that are already included in the data
base. To check points new to the data base and to check
the consistency of all the positions along the line, the
positions given in the description file must be compared to
the leveling results.

This check is conveniently made when computing the
field abstract, as described in section 542 Compare
the straight-line distance between each pair of control
points, as computed from their positions, to the level-
ing distance between them, as computed from stadia
observations. The position distance must not be more
than 185 m (607 f1) greater than the leveling distance
It should not be less than one third of the leveling dis-

Section
6143 6144 6145 6146 6147 6143 to
6144 to
©_.® O+ OF O+ &t
6146 to
L J .
'
Group of incorrect positions.
4034 4035 4036 4037 4038 4034 to
4035 to
C_ D _$O0 B p ser
4037 to
One incorrect position.
1003
‘ 1001 to
@/ p) 1002 to
@-....________.p@ 1603 to
1001 1002 1004 1004 ta

Positions correct, but 1002 and
1003 are identified incorrectly
in the leveling data

(* indicates flapped item.)

NOAA Manual NOS NGS 3, Geodetic Leveling

tance, unless the leveling distance is | km (0 62 mi) or
less Check the positions of both points in a pair that
fails to pass this test.

For each point, scale the latitude and longitude from
the smooth plot and compare them to the latitude and
longitude given in the description file. They should each
agree within =00°00'06”. Correct any errors, noting
changes on the original description form. After finding
one point with an incorrect position, check the positions of
all points adjacent to it. If any one of them is incorrect,
check the positions of all points adjacent to it, and so
forth, until the positions of all adjacent points prove
cortect. This procedure is necessary because, even though
an entire group of positions may be scaled incorrectly,
only the first point encountered may appear incorrect
if the same error has been included consistently in the
following positions. (See the examples in fig. 5-9).

If scaling from the smooth plot reveals no errors in the po-
sition of either point in the pair, check the plot in the field

Even if the plotted positions prove to be correct, an
error may exist in the observation file. If the survey-
point serial numbers assigned 1o control points in the
observation file do not match the serial numbers assigned
to the same points in the description file, the leveling
distance corresponds to points other than those for which
the position distance was computed. Such a case of mis-
matched serial numbers must be resolved as described
in section 5.4.2.

Position Leveled

Bistance (km) Distance (km)
6144 1.60 1.60 Check 6144, OK.
6145 2.00 1.60 % Check 6145, wrong.
6146 1.60 1.60 Check 6146, wrong.
6147 1.60 1.60 Check 6147, etc...
4035 1.60 1.60 Check 4035, OK.
4036 1.00 1.60 Check 4036, wrong.
4037 2.240 1.60 % Check 4037, OK.
4038 1.60 1.60
1002 1.25 1,60
103 1.00 1.00 Check 1003, OX.
1004 1.90 1.60 * Check 1004, OK.
1005 1.60 1. Check for

Figure 5-9.—Examples of apparent position errors.

mismatched SPSN's.
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Junction poimt positions. Check the positions of june-
tion points that begin and end a line for agreement with
the positions given in the descriptions for the same points
in other lines of the same project. Verily the scaling
and plotting of any junction points that do not agree
within +00°00'06"

Creating the descriptive data set. After all checks
and corrections are made, rerun the format-checking
program & final time to find and remove any errors that
may have been made during processing. The error-free
description file is submitted as the descriptive data set
for the line.

5.4 Processing Leveling Data

As observations are received from the leveling unit
they must be checked promptly to determine if addi-
tional leveling is necessary to improve the quality of
the results. First, to detect blunders ip the information
recorded for each section, the observation records must be
recomputed and checked. Then, to detect errors that
result from blunders not previously discovered, the field
abstract must be recomputed and checked. The closure of
the leveling line with other lines in the network must be
examined. Finally, a statistical summary should be com-
puted and checked. (See fips. 5-4 and 5-5.)

5.4.1 Checking Observation Records

The project office may receive observation records
from a leveling unit in person, by mail, or by telephone
if they are recorded in a computer. In any case, each
package of data should include a single day’s obser-
vations. Data transmitted by telephone must be followed
by a backup tape, disk, or printout sent by mail to the
project office. As data packages accumulate daily, note
those received on a status sheet maintained for each
file (fig. 5-10). Indicate the date of the observations,
the date they are received, and the status of their
processing

When observations are recorded with a computer,
they may be stored in a computer file and checked au-
tomatically with a recomputing program. Even so, proof-
read printouts of the original observations and hand-
written backup forms, if they are used, to find blunders
that may not be deteclted by the program. When records
are exclusively handwritten, check them by systematical-
ly proofreading and recomputing the observations as
they appear on the recording forms,

Creating the observation file. Chronologically collect
observations recorded with a computer into an observa-
tion file of manageable size. Collect handwritten re-
cords similarly. If more than one unit is working on the
line, collect each unit’s data in a separate file. Label
each file with the line number {or accession number),
the letters “HG™ and the file number. (For example,
“L35.HGF1” or “L24032-HGF2 ") Il only one obser-
vation file is necessary for the line, label it with the
letters “HGFF ™

If the unit has not already done so, transmit each
day's data to the observation file as soon as possible
after receipt. At the same time, obtain a printout of the
original observations from the unit or from the tape or
disk sent by the unit. The printout provides the only
visual backup for restoring items of data lost or altered
during transmission. It is also the document on which
changes to the observation file must be noted and ex-
plained. As printouts accumulate, store themn chrono-
logically in a notebook corresponding to the file.

Proofreading Proofread and compare handwritten
recording forms and printouts of original observations
as s00n as possible after they are received, looking es-
pecially for errors in the identifying information.

First, compare the survey-point serial numbers to
the stampings given for each control point. The serial
numbers in the observation records must agree with
those assigned to the corresponding points in the de-
scription file (The abstracting program may check this
automatically if stampings are included in the eleva-
tion difference file, as in section 5.4.2.) Check for in-
correct line numbers, data codes, dates, equipment se-
rial numbers and codes, codes for measurement units,
observer initials, time zones, times, and setup numbers.
Check for illogical entries of temperatures, wind codes,
and sun codes. Finally, check comments and computa-
tions entered as remarks.

Correct the records as necessary to agree with back-
up forms, recorded remarks, the description file, equip-
ment inventories, and weekly reports. Compute inter-
polated corrections for illogical or omitted times, wind
codes, and sun codes from records immediately preceding
and following the error. Unless the mistake is clearly a
format error, remove the unit code from an illogical or
omitted temperature and leave the entry blank. Do not
alter rod readings If any readings are omitted or un-
clear, reject the section.

Initial each sheet as it is checked and corrected. Ex-
plain changes made to the observation file directly on
the printout and then systematically edit the file be-
fore recomputing.

Recomputing computer-recorded observations. Check
the observation file once it is stored in the computer by
running a recomputing program. The program must read
information in chronological order to run properly. It
may terminate if any time zones, dates, times, or data
codes are illogical or out of sequence. To save time and
prevent frustration, check such sequence data carefully
during proofreading and be sure to correct erroneous
items before running the recomputing program.

Should the program terminate prior to completion,
find the error by examining the record in the observation
file at the termination point. Often, during transmis-
sion of data, erroneous characters may be inserted into
a record. Delete them to restore the correct format. If
no format or other error can be found, check to see if an
error actually occurs earlier in the file, causing subse-
quent data to appear incorrect.
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OBSERVATION FILE STATUS SHEET EXAMPLE
LN L L4958 L2 HeF L
Nt Johwson OFFICE TAPE # TI -~ 4P
Observation Date Printed 4| First Recomputed; Checked |Merged
Date | Tape # [Received |Proofread| Edit Date Job # Rerun? Heading | HGZ
L H A8 Dot | Hin[a8 [Hie[3s| )
¢is | pe-2 | Hig Eis R .
L e Db-3 | %18 ¢l 1g 4l 7[18 5703 y -
] - 220/ Y
— 2270 N _

Figure 5-10.-—Example of observation file status sheet,
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The recomputing program should check for and flag
as rejected records in which required information is
omitted, format errors exist, or recomputed results are
not within logical or acceptable limits. For example, it
should recompute setup imbalances and reading checks,
flagging those that do not satisfy the tolerances speci-
fied in the project instructions.

Possible blunders should be flagged by the program,
but not automatically rejected. Examples include a scale
reading of less than 0.5 m (1.6 ft), indicating that the
line of sight may have passed too close to the ground
surface, or a temperature change during one section
running of more than 5 Celsius (9° Fahrenheit),
indicating an entry that may be incorrect. The program
should compare collimation checks and elevation
differences recomputed from the original observations
to the field-computed results, flagging discrepancies
for further investigation by the project office. (See
fig. 5-9.)

In addition, the recomputing program may compute
the total curvature correction for the stadia distance
imbalance for each section running. When the neces-
sary observations are available, it should compute total
scale and refraction corrections as well. A scale cor-
rection may be computed for each rod reading, based
on the most recent calibration of the leveling rod. A
refraction correction may also be computed for each
reading, using a model for atmospheric refraction and
the measurement of air-temperature differential dur-
ing the sctup. If a temperature measurement is omitted, it
may be interpolated for this purpose from records im-
mediately preceding and following the omission. The
total corrections should be stored on a record in the file
of elevation differences that is created by the program.
Corrections should not be applied to the elevation dif-
ferences until a corrected abstract is computed as de-
scribed in section 5.5.2,

Fimally, the recomputing program should provide a
section-by-section listing of the observations, includ-
ing error flags. Examine the flagged lines of data to
determine corrections that must be made to the obser-
vation file. Only errors and omissions for which backup
records exist may be corrected. For example, if a single
rod reading causes a setup to fail to satisfy the reading
check, it may be changed only to match the reading
shown on the backup printout of the original observations.
If it already matches the printout, the reading may not
be altered; the record must be flagged as rejected

After correcting observation records, rerun the re-
computing program until all correctable errors are
removed and indicate this on the status sheei Be sure
the heading of the file is correct. To further check the
data, before the leveling unit advances a great deal far-
ther aiong the line, compute and check a field abstract.
{Seesec. 54.2)

Recomputing handwritten observations. When obser-
vations are handwritten, use a desk calculator with a
printer to recompute reading checks and elevation dif-

ferences directly from the recording forms. If there is dis-
agreement between a difference computed in the office and
that in the field, check the observations on the calculator
printout against those on the recording form to verify that
no blunders were made when recomputing. Explain cor-
rections directly on the recording forms. Obviously, the
observations themselves must not be “corrected.” Should
the observations in a setup fail to satisfy the tolerances
specified in project instructions, reject the record.

Rejecting section runnings. A section running must
be rejected if it contains a blunder; that is, if it includes
observations that do not satisfy either the tolerances or
the procedural requirements specified in the project
instructions. Most blunders are detected and flagged
as rejected during leveling, such as observations that
fail to satisfy the reading check, movement of a turn-
ing point that is reported to the unit chief, or a running
that is incomplete.

Setups that do not satisfy tolerances should be flagged
as rejected when observations are recomputed. If a sec-
tion running includes one or more rejected setups, or
setups that are missing or out of order, reject the entire
running. The recomputing program should do this
antomatically.

Sometimes the project office discovers a procedural
error or equipment deficiency after the leveling has been
completed. In such a case, flag the affected runnings
as rejected, explaining the circumstances on the record-
ing forms of handwritten data or on a comment record
in the observation file of computer-recorded data.

Rejected sections must be releveled until project re-
quirements are satisfied.

5.4.2 Checking the Field Abstract

The preparation of a handwritten abstract by the level-
ing unit is explained in section 3.8.3. As pages of ab-
stracts are received, store them in line order in the note-
book of recording forms or printouts for each observation
file. If observations are recorded with a computer and
automatically recomputed, the handwritten abstract
serves as a backup record that may be discarded after
processing is complete. If observations are not automati-
cally recomputed, the handwritten abstract itself must be
recomputed and checked. In either case, a field abstract
must be computed automatically from the file of eleva-
tion differences for the line. Maintain a status sheet while
computing and checking the abstract. (See fig. 5-11).

Creating the elevation difference file. To be included
in the National Geodetic Vertical Network, the resuits
for each section (records *40* through *43*} must be
entered in the required format into a computer file of
elevation differences for the entire line If an observation
file is already available in the computer, the recomputing
program should create the difference file. If observations
are handwritten or cannot automatically be formatted,
key the results from the original recording forms (not
the field abstract) onto magnetic tape or other media.
Transmit the data to a computer file.
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ABSTRACT STATUS SHEET

YAMPLE
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STARTING POINT M 4006 ELEVATION 22 24%:996€9 Enp1ng pomnt V. 342
900% 7706
Partial or Abstract program: Reason to rerun program:
Complete Date Jab # Rerun? | Relevel | Edit HGC iPositiond Edit HA | Heading | N-0O
pockial 4[18 | 230/ Y X X 1
’r o tospa | Y X i X_._| L
b 5/o2 65zl Y X X X I
Complete | §/n9 4311 b ¥ ¥ X X
' SJos | #3492 N =

Figure 5-11.-~Example of abstract status sheet,
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Label the elevation-difference file with the line
number (or accession number), the letters “HGZ”, and
the number of the observation file to which it corres-
ponds. For example, “L35HGZF1" corresponds to the
observation file L35 HGF! Before computing an ab-
stract, merge the ecievation-difference files for the en-
tire line, into one file, labeled with the letters Y“HGZFF”.
For example, files L35 HGZF1 and L35 HGZF?2 are
merged to create a file labeled “L35.HGZFF™. If only
one difference file is necessarv for the line, label it with
the letters “HGZFF™

Computing the abstract. Using the automated elevation-
difference file and the description file for the line, run
a program to automatically compute and print an ab-
stract. Enter the following preliminary information: order
and class of the survey, survey-point serial number and
elevation of the beginning control point, and survey-
point serial number of the ending control point.

The beginning point is normally one of three junc-
tion points, preferably one with a published elevation.
Assign the same beginning point and elevation to every
line that begins at the junction during the project. The
other two points may or may not appear as a spur on the
abstract, depending on the order in which they were
leveled.

For a line that connects to the National Geodetic
Vertical Network, obtain the adjusted elevation of the
beginning point from the most recently published de-
scription. If the point is new to the national network,
temporarily assign to it an elevation of 0.00000 m when
computing the abstract. As soon as 2 connection is made
to the network, compute a field elevation for the be-
ginning point by subtracting the preliminary elevation
computed for the connecting point from the adjusted
elevation published for it.

Example: A line begins at the junction point M 245,
for which no adjusted elevation has been published. After
six sections of leveling have been completed, a connec-
tion is made to the network at bench mark J 1], which
has a published, adjusted elevation of +3.5132 m. Using
0.00000 m as the elevation for M 245, the computed
elevation for J 11 is —1.26418 m. The adjusted eleva-
tion minus the computed elevation equals +4.77738
nt. This value is then assigned as the field elevation for
M 245. Should another line begin on M 245 during the
same project, assign the same field elevation to M 245,

I the control-point stampings recorded by the leveling
unit are available in the elevation difference file, the
abstracting program should compare them to the de-
scription file by matching survey-point serial numbers
and flagging any resulting discrepancies. The program
should, as described in section 3.8.3, assign designations
to the control points, sort all properly identified sec-
tion runnings, check multiple runnings of a single sec-
tion for closure, and compute 2 field elevation for each
control peint leveled. It should not compute elevations
beyond the point where a necessary running is rejected
or omitted. This occurs in single-run leveling at the

first section that has not been satisfactorily leveled In
double-run leveling it occurs at the first section that
has not been satisfactorily leveled in both the forward
and backward directions and closed. The program should,
however, continue to sort and check any remaining run-
nings in the file. Finally, it should compare leveling
distances to the positions given in the description file
for the control points, shown in figure 5-7.

The program should provide a printout of the abstract
similar in form to the handwritten abstract (fig. 5-12).
It should flag runnings that are rejected because of
misclosure with the letter “R”, and list other errors at
the end of the printout.

Checking the computer-produced abstract. Examine
the abstract printout to detect errors in the elevation-
difference and description files and to determine which
sections, if any, must be releveled to improve the quality
of the data. Check first for incorrect survey-point se-
rial numbers, as explained here. Then investigate and
resolve other errors listed on the printout. Assign
releveling as necessary to close rejected sections and
resolve discrepancies.

Incorrect survey-point serial numbers may cause inap-
propriate loops, spurs, misclosures, and running direc-
tions to appear in the abstract. Not all such errors are
noticeable (fig. 5-13). Investigate suspicious cases by
comparing the stampings entered on the original obser-
vation records, for every section involved, with the
stampings in the description file. If the stampings do
not agree, find the descriptions for the points that cor-
respond to the stampings given in the observation re-
cords. Correct the serial numbers on each record to agree
with the ones assigned in the descriptions. Then cor-
rect the observation and elevation difference files be-
fore computing a new abstract.

iIf the abstracting program makes a check between
serial numbers and stampings, investigate the discrepan-
cies listed. Each discrepancy indicates the presence of
an erroneous stamping in either the leveling or the de-
scriptive data, or an erroneous serial number in the level-
ing data. First, check for and correct format errors in
the stampings. If no such errors are found, resolve the
discrepancy as described previously, referring to the
original observation records.

If a suspected error in the serial numbers cannot be
confidently resolved by an examination of the original
records, relevel to close the sections involved, careful-
ly verifying the identity of each control point. If points
misidentified in the original records can be identified
by closure of original runnings with the check leveling,
correct the records, explain the circumstances, and
retain the original runnings in the data files.

Checking the handwritten abstract. Compare the
handwritten field abstract to the recomputed and
checked observation records. After correcting elevation
differences that were copied or computed incorrectly,
systematically proofread and recompute the abstract.
Check spurs with especial care.
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~%¥— FIELD ABSTRACT -~
19820121-19820318 ®ZVx HGZ L24680 11 4.0 MM ORDER 1 CLASS 2 PAGE
SOUTHERN LOUISIANA GEOTHERMAL DEVELOPHENT PROJECT
RACELAND TO GRAND ISLE TIDE STATION

FROM START Fs/B DIST ELEV DIFF ~{F+B) MEAN DIFF
TO TOTAL TOTAL FLD ELEV
(KM3 (M3 (MM3 (M)

1862 b 192 2.34300

1862 D 192 1291453 B 0.90 1.139065 -0.78 ~1.13866
1861 ¥ 358 1291538 F 0.90 ~1.13827

0.%0 -0.78 1.206434

1861 Y 358 1291240 ¥ 2.10 0.23885 g.18 06.23894
1860 ¥ 191 1291348 B 2.1¢0 -0.23903

3.00 -0.60 1.44328

1860 Y 191 1291036 B 1.34 0.e4082 2.26 -0.64195
1859 0 8 1291135 F 1.34 -0.64308

%.34 1.66 0.80133

1859 0 8 1290828 F 1.63 0.95712 0.36 0.95730
1803 ¥ 298 1290936 B 1.63 ~0.,95748

5.97 2.02 1.75863

1803 v 298 1290738 F .55 «1.18807 l1.02 -1.18756
1863 X 298 1290758 B 0.55 1.18705

SL 1 6.52 3.04 0.57107

1803 Y 298 1210900 F 0.10 -0.,73280 -0.27 -0.73294
igp2 J 1le6s 1211058 B 0.0 0.73307

SL 1 6.07 1.75 1.02570

1802 4 1465 1210907 F 1.79 0.72312 1.03 D.72363
1801 C 192 1211010 B 1.79 ~0.72415

SL 1 7.86 2.78 1.74933

1803 v 298 1211120 F 1.50 06.02728 1.92 0.02824
1804 A 358 1220933 B 1.50 ~0.02920

7.47 3.94 1.78687

1804 A 358 l211208 F 1.79 2.26067 0.30 2.26082
1806 TT 25 L USES 1211313 B 1.79 ~2.26097

.26 4.24 4.06769

1806 TT 25 L UseS 1221015 F 0.24 -0.08483 6.18 ~0.08474
1805 A 220 1221028 B 0.24% 0.08465

5L 1 9.50 6.42 3.96295

1806 77T 25 L USGS 1221036 F 0.05 ~-0.44957 ~0.58 -0.464982
1307 B 358 1221043 B G.058 0.45007

.31 3.74 3.59787

1807 B 358 1221048 F 1.43 =1.13747 2.25 ~1.13634
18068 B 220 1270840 B 1.42 1.13522

10.73 5.99 2.46152

Figure 5-12.—Sample of computer-produced field abstract.
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DOUBLE~RUN LEVELING

In the data: On the abstract:
6302 to 6303 appears
6301 C) 6301 to 6302 6301 C) to be single run.
6302 to 6301 l 6301 to 6303 appears
as a spur rum backward,
6302 C) 6302 to 6303 6302 C) that nearly equals 6302
6303 to 6301 \\ to 6303. A loop is formed.
6303 C) 6304 to 6303 6303 O 6303 to 6304 appears with
6303 to 6304 the wrong sign, but this
error may only be detected
6304 C) 6304 ') by checking the leveling

data for mismatched SP8N's.

SINGLE~RUN LEVELING

In the data: On the abstract:
2052 O 2052 Q) 2054 to 2055 appears with
2052 to 2053 the wrong sign, but this
2053 to 2054 error may only be detected
2053 C) 2054 to 2055 2053 C) by checking the leveling
2056 to 2055 data for mismatched SPSN's.
2058 to 2056
2054 O 2058 to 2057 2056 O 2056 to 2057 and 2057 to
2057 to 2056 2058 appear as a spur run
2058 to 2059 backward. 2057 to 2058
2055 O 2058 to 2060 2055 O nearly equals 2056 to 2057.
2060 to 2061 A loop is formed.
)
2056 O O 2056 ez 2058 to 2059 appears as a
2057 //’5057 single-run spur. 2058 to
2060 appears in the line.
2058 C) 2058 () This error may only be
detected by checking the
leveling data for mismatched
2059 O 2059 O SPSN's.
2060 O 2060 O}
2061 O 2061 QO
Figure 5-13,—Samples of incorrect survey-point serial numbers. Mismatched survey-point serial numbers are underlined,
When leveling results are keyed and transmitted stract, Refer to the original recording forms to resolve
into an elevation-difference f{ile, typographical errors any discrepancies. Correct both the difference file and
may exist in the file. To check for these errors, com- the handwritten abstract, rerunning the abstracting
pare the elevations that appear on the computer- program until no discrepancies are found between

produced abstract to those on the handwritten ab- them.
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Creating the vertical observation data set. Either by
means of the abstracting program or by keying cleva-
tions directly from the handwritten abstract, create the
field abstract records (*30* lines) in the format required
by NGS. These abstracts, merged with the elevation-
difference file, form the “vertical observation data
set” for the line. Label it with the line number (or
accession number) and the letters “HGZAB”. (For
example, “L35 HGZAB” or “1.24038-HGZAB” )

5.4.3 Preliminary Analysis

The field elevations for a line of leveling must be
checked to determine if any blunders or inconsis-
tencies remain in the data set. The new data should
be compared to data from previous surveys and to data
from other lines of the project. These tasks, termed
“preliminary analysis,” must be performed in a timely
manner, $0 any necessary releveling may be conducted
before the leveling unit has progressed to another
line.

Comparing new and old elevation differences. After
the abstract has been computed and checked, compare
the elevation differences between each pair of recov-
ered control points to the differences from the most
recent, previous survey along the same route. This check
is normally made by comparing the new field elevations to
the elevations for the same points from an unadjusted
abstract for the previous survey. It may be performed
by means of a computer program if results from the
previous survey are stored in the National Geodetic
Survey data base and may be accessed by the project
office. Otherwise it must be performed as described
next, If an unadjusted abstract is not available, use pub-
lished elevations for the points.

Prepare a table, as shown in figure 5-14, with col-
umns for control point designations, distances along
the line, new field elevations (enter the accession or
line number and year of the new survey), old elevations
(enter the accession number and year of the old sur-
vey), and new-minus-old values. If the new leveling
applies to more than one previous survey, prepare col-
umns for the old elevations and the new-minus-old values
for each additional survey. From the field abstract for
the new survey, enter the designation, distance, and
elevation for each recovered control point. Then, from
the abstract for each old survey, enter the correspond-
ing elevations.

Since the new elevation for the beginning point is
rarely the same as the old elevation for the same point,
the difference between them will be included in the
new-minus-old difference computed for every point
that follows. To remove the difference, a constant must
be added to each new-minus-old difference. Compute
the constant, C), by subtracting the new elevation for
the beginning point from the old:

C;=old beginning elevation—new beginning elevation.

Compare the new and old elevations by subtracting the
old from the new and adding the constant:

New-minus-old value=new elevation
—uold elevation+C,.

To comparé the new survey with additional previous
surveys, compuie and add to each new-minus-old dif-
ference a comstant that refers the comparison back to
the beginning point. For example, at the first point com-
mon to two previous surveys, compute the constant for
the second, C,, by subtracting the first elevation of the
point from the second and adding the first constant:

C,=second old elevation— first old elevation+¢,.

Then compute the new-minus-old values as before, add-
ing C, instead of (. If two previous surveys have no
points in common, establish a new beginning point and
compuie an entirely new constant for the second sur-
vey. In addition, prepare a column of the published el
evations for the recovered points in the new survey that
connect the two previous surveys. To make possible a
check of the leveling between these points, compute
new-minus-old values using the published elevations.

After computing the new-minus-old values, and care-
fully checking them, examine the results to find potential
blunders in the leveling. If the leveling procedures and
the environment were such that no accumulations of
systematic error occurred during the surveys and no
changes in topography occurred between them, the values
would fluctuate randomiy about zero and well within
the tolerances for geodetic leveling. A blunder in the
leveling during either survey would reveal itself between
two control points as a jump (exceeding the tolerance).
Misidentification of a point during either survey (or
significant movement of a point) would reveal itself as
a spike, which is a jump exceeding the tolerance fol-
lowed immediately by another jump, bringing the total
back within the tolerance. (See fig. 5-15.)

Since small amounts of systematic error may accu-
mulate and since topographic changes occur between
surveys in many parts of the continent, the new-minus-
old values do not usually fluctuate randomly about zero.
A difference in the accumulation of systematic error
during the surveys typically reveals itself as a gradual
trend toward or away from zero. The trend may be readily
predictable when it is solely a function of leveling dis-
tance. It may be less so when it is 2 function of both
distance and elevation change, perhaps mimicking the
topography. Actual topographic changes between the
surveys may appear as either trends or jumps and, de-
pending on their magnitude, may not be distinguisha-
ble from errors in the leveling.

Look for jumps and spikes that do not conform to the
trends. In general, the new-minus-old values should
not change from one point to the next by more than the
accepted tolerance for agreement between section
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NEW-MINUS-OLD COMPARISONS £
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Figure 5-14.—Example of comparisons between new-minus-old observed elevations.

runnings, computed for whichever survey is of lower
order and class. However, if most successive pairs of
points exhibit relative change or *noise,” this tolerance
may be unreasonably restrictive. Experience and good
indgment should be applied to spot inconsistencies. Since
a jump may herald a set of values that has been com-
puted incorrectly and a spike may represent a single
point that has been computed incorrectly, double-check
the computations before investigating further.

Do not assume that a jump, inconsistent with the trends
of the preceding or following sections, represents a to-
pographic change. If the new leveling is single run, check
it by releveling to close the section (or sections) that
comprises the jump. If the leveling is double run, check
the observation records for reversed identification of

the control points or for leveling rods observed consis-
tently in reversed order. Reversed identification is likely
if the elevation difference for a section of new leveling
is opposite in sign and nearly egqual in magnitude to
one-half of the amount of the jump. Relevel to verify
the identity of such a section. If no error is found, note
the jump in the project report.

Since a spike results if a control point moves signifi-
cantly between the surveys, check the description far
the point to see if the mark setter noted any damage to,
or apparent relocation of, the monument. If new single-
run sections comprise the spike, relevel them to close
the leveling line If the leveling is double run, check
that the point is correctly identified in the observation
records; somelimes a nearby bench mark may have been
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Figure 5-15,—Sample plot of rew-minus-old
values for observed elevations.

leveled instead of the point originally assigned In this
case, prepare a description for the newly recovered point
and level a spur to the assigned point.

Checking loops. As portions of new lines are completed
that connect to previous or concurrent surveys, check
the closure errors of the circuits or “loops” thus formed.
Compute closure error by totaling the elevation dif-
ferences around a loop, beginning and ending at the
same control point. The result should not differ from
zero by more than the loop tolerance for the leveling
methods employed in the surveys.

First, make a sketch of the loop, labeling each seg-
ment of line or “link™ with its order and class, acces-
sion number, and year. From the field abstracts and/or
summary sheets, determine the connecting points and
label them. Where a tie is established, choose the con-
necting point that appears least likely to have moved
since the previous survey. Write the unadjusted eleva-
tion for each connecting point for each survey in which
it is included. (An example is given in fig. 5-16.)

Second, compute the elevation difference for each link.
From the elevation at the end of the link, subtract the ele-
vation at the beginning. Write the result over an “arrow”
indicating the direction in which the link difference was
computed. Write the leveling distance under the arrow.

Finally, working clockwise, sum the elevation dif-
ferences. If a link was leveled counterclockwise in the
loop, change the sign of the elevation difference before
adding it to the total. Write the closure error in the
center of the loop. Compute the total distance around
the loop and write it under the closure error.

To compute the loop tolerance, total the leveling dis-
tances separately for each order and class of survey. If
the entire loop consists of leveling of the same order
and class, the tolerance is computed, as described in
fig. 3-8 {sec. 3.1.3). If more than one order and class
are included, compute a tolerance for each using the
appropriate distances. Then, square the tolerances, sum
them, and take the square root of the result:

Tolerance =
£ [(TIX VEK)+H(TIX VE)+(TiX VK )+ . |4 mm.
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Exampie: The loop in figure 5-16 includes four
tinks, two of first-order, class I leveling, one of first-
order, class II leveling, and one of second-order, class
[ leveling. The total distances are 208 km, 52 km, and
110 km, respectively. The tolerance for the closure
Error is;

Tolerance =+ [(42 1/208) +(5* % \/52)
+ (62 /110}])%=+927 mm.

Compare the misclosure error to the loop tolerance.
When a loop includes leveling from a single season or
epoch, failure to close within the tolerance is probably
the result of one or more blunders in the leveling. First,
double-check the computation of the c¢losure. Then,
check and recompute the ties at junctions. Do not use
as connecting points monuments that appear to have
moved between the levelings, Ensure that the junction
points have been identified correctly in the observation
records.

If the loop still fails to close within the tolerance,
investigate further. Try to isolate the links where blunders
might have occurred. For example, look at the closure
error of a large loop encompassing the one in question,
such as ABCD in figure 5-17. The sum of the closure
errors of ABD and BCD is equal to the closure error of
ABCD. If ABD and BCD are not within tolerance, but
ABCD is, the blunder is most probably in link BD. If
ABD closes but BCD daes not, links BC or CD should
be examined,

Reexamine the new-minus-old values to find jumps.
Check the field abstracts for an elevation difference in
one section that is opposite in sign to and about one-
half the magnitude of the closure error. If the leveling
is single run, relevel to close doubtful sections. Check
the identification of double-run sections. Consult the
project manager at headquarters before undertaking
any extensive releveling to close a loop.
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Figure 5-16.-~Sample sketch for checking a loop.

¢

i



Chapter 5—Project Data Processing 5-23

When a Joop includes leveling from more than one
epoch, failure to close within the tolerance may or may
not be the result of blunders in the new leveling If a
link of new leveling begins in an area of crustal subsi-
dence and ends in an area of relative stability, the loop
formed with leveling from a previous epoch cannot be
evaluated without knowledpe of the rate of subsidence,
even though ties are established to the previous surveys at
each end of the link. Similarly, if the connection be-
tween new and previous leveling consists only of a sin-
gle point, potential movement or damage to the point
itself may prevent confident evaluation of the loop. Nev-
ertheless, a large misclosure error should be investigated,
as described previously, particularly if it is inconsis-
tent with the geology of the area.

5.4.4 Statistics

The final step in processing leveling data at the project
office is to obtain a statistical summary of the work
accomplished for each line. The summaries permit final
checks of the validity of the data and are the source of
statistics for the entire project.

-Some statistical information, such as the standard
error of the reading checks attributed to each observer
or instrument, may be obtained only when the observation
records are recomputed. Most information, however,
may be obtained by computing statistics from the ver-
tical observation and descriptive data sets.

When possible, run a program to compute from the
leveling file (HGZAB) such statistics as total progress,
progress along the main line, progress along spurs,
double-run progress, single-run progress, percent of
progress requiring one or more reruns, total distance
leveled, distance leveled as reruns, percent of leveling
rejected, number of sections, number of setups, number of
observing hours and days, average sighting distance
and time per setup, and average leveling distance per
hour and day. The program should provide a breakdown
of the hourly and daily statistics for each combination
of observer, instrument, and rods in the line, listing the
appropriate initials and serial numbers. Check them to
verify once more the identification records.
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Figure 5-17.—Combining loops.

From the description file (HAFF), the program should
compute the total number of control points and the to-
tals of points newly set, recovered in good condition,
recovered in poor condition, and recovered new to the
network. Also, it should provide breakdowns by type of
the numbers of newly set and recovered points, com-
puting the percentages of monuments of each quality
rating. (See sec. 2.4.4) For a file of descriptions of
points not leveled, the program should compute the
numbers of points recovered in good condition, recovered
in poor condition, destroyed, and not recovered, including
a breakdown by type and quality rating,

Check that the total number of leveling sections equals
the total number of control points, minus one. If the
number of sections is too small, one or more points may
have been skipped by the leveling. If the number is too
large, one or more loops, correct or incorrect, may exist
in the line. Investigate such discrepancies thoroughly
and correct them, if possible. Note loops that are cor-
rectly included in a line on a comment record in the
leveling file.

5.5 Verification and Adjustment

When data from a vertical survey are received by the
National Geodetic Survey, they are checked for com-
pleteness and, if acceptable, verified and stored in the
appropriate computer files of the National Geodetic
Survey data base. The data are corrected for known
systematic errors. The survey is then adjusted, and el-
evations are published as part of the National Geodetic
Vertical Network. These activities are discussed next,
to provide an overview of the process by which geodet-
ic elevations are computed.

5.5.1 Quality Control Review

Before a survey may be incorporated into the mational
network, the survey must meet strict standards of com-
pleteness, consistency, and accuracy. The quality con-
trol review is designed to detect oversights, misunder-
standings, and deviations from the specifications gov-
erning inclusion of data in the network. It is conducted
in two steps, preaccessioning and verification.

Preaccessioning. To be accepted by the National Geo-
detic Survey, a survey must be documented completely.
The required records are listed in section 5.24. As soon
as a survey is received, it is checked to ensure that all
required records are present, complete, and properly
formatted.

After all records are obtained, an accession number
is assigned (if it had not previously been assigned in
the project instructions.) (See sec. 5.2.3.) The number
permanently identifies the survey for purposes of storage
and retrieval. Then, documents are placed in archives,
and computer files are transferred to a working file for
further processing,
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Verification. The Vertical Network Division checks
each line of leveling received for compliance with the
specifications given in this manual and in the project
instructions. Data files are checked for consistency, com-
pleteness, and compliance.

During this process new control points are assigned
archival cross-reference numbers, Discrepancies are
resolved by referring to the original records; question-
able data that cannot be corrected from original records
are rejected. Occasionally, additional leveling may be
required to verify questionable data. Acceptable descrip-
tion records are transferred directly into the data base
for publication. Acceptable {eveling records are cor-
rected for systematic error and cataloged and stored in
the data base for eventual adjustment.

The verifier then prepares a report summarizing the
results of the quality control review and states the ex-
tent to which the survey has been accepted for inclu-
sion in the data base. Specific discrepancies and defi-
ciencies in the data files and the original records are
noted. A copy of the report is forwarded to the contrib-
utor to aid in the conduct of future surveys.

5.5.2 Computing Corrections

In a survey network, numerous lines are {eveled with
various instrumental systems and wnder varying envi-
ronmental conditions. Before the lines are adjusted, the
data must be *“‘normalized” or “reduced” to provide
elevation differences that refer to a standard set of condi-
tions, under which the probable magnitude of random
error may be estimated. All known instrumental and
environmental cffects, causing systematic error to ac-
cumulate in one section relative to another, must be
removed from the measured elevation differences.

Geodetic leveling, as explained in section 3.1.2, limits
systematic error with symmetrical procedures. However,
to obtain the most accurate results, particularly for sur-
veys covering large areas or areas of dramatic eleva-
tion change, certain types of systemmatic error may be
removed sufficiently only by applying corrections. These
include the effects of instrument collimation error, scale
imperfections, atmospheric refraction, curvature of the
reference surface, tidal accelerations on the gravity field,
and variations inherent in the gravity field.

A detailed explanation of the corrections applied by
NGS to precise leveling observations appears in NOAA
Technical Memorandum NOS NGS 34, Corrections
applied by the National Geodetic Survey to precise
leveling observations (Balazs and Young 1982).

Typically, the eguation describing an error effect is
derived mathematically and tested by experiment. To
make the correction worthwhile, the effect must be com-
puted with sufficient accuracy relative to its magnitude.
The parameters necessary to compute the error are mea-
sured routinely during leveling. To remove it from the
leveling results, the error is subtracted. Thus, the cor-
rection that is added to the elevation difference of a
setup or section is always equal in magnitude and opposite
in sign to the effect itself.

The corrections discussed here are applied routinely by
the National Geodetic Survey when preparing an abstract
of leveling (PHASE 1) for adjustment. Unless otherwise
specified, all corrections are computed in metric units.
Typical correction values are shown in figure 5-18.

Collimation error. If the instrument provides a line
of sight sufficiently close to the horizontal, as explained in
section 3.3.3, and if setups are balanced within tolerance,
a correction for collimation error need not be applied.
However, for the most precise results, particularly if
leveling extends over a large area and section imbal-
ances are large and consistently positive or negative,
the correction should be applied. It should also be
applied when either the collimation factor or section
imbalance exceeds tolerance (specified in fig. 3-9 of
sec. 3.1.3).

To correct for the effect of collimation error, the colli-
mation factor must be measured with sufficient accu-
racy during the collimation check. The collimation factor,
C, measured at the most recent, previous, collimation
check, is multiplied by the accumulated section im-
balance, ZAs, to compute the effect. The correction,
opposite in sign, is added to the elevation difference
for the section:

Collimation correction= — (' X TAs,

The correction could be applied to each setup, but
nothing is pained by this. Since the factor is assumed to
be constant throughout the section, the sum of the setup
corrections equals the correction given above.

Scale imperfections. Imperfections in the scales on
the leveling rods create error that is a function of ele-
vation difference and, thus, cannot be limited by restric-
tions placed on sighting distance. Two corrections must
be applied to standardize the observed elevation dif-
ferences with respect to the National Standard of Length.
One, the length-excess correction, removes the effect
of differences between the graduations observed at a
standard temperature and their calibrated values at the
same temperature. The second, the thermal-expansion
correction, removes the effect of variations in scale
temperature.

The length-excess correction is most accurately com-
puted for each setup when observations are recomputed
as described in section 5.4.1. The most recent, previous
calibrated values of the graduations at a standard tem-
perature are required. First, the graduation component of
each scale reading is converted to its corresponding cali-
brated value and added to the micrometer readings also
converted to meters. From the scale readings thus cor-
rected, the elevation differences for each setup are re-
compuied and totaled for the section. The correction in
this case, then, is the difference between the corrected
and uncorrected elevation differences.

If calibrated values for every graduation are not avail-
able, values for index error and length excess from the
most recent, four-interval calibration (see sec. 3.4.2)
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Figure 5-18.—Sample corrections applied in phase 1 of office abstract.

must be used to compute the length-excess correction for
the section. It is approximated by multiplying the
observed elevation difference, AH, by the mean length
excess of the rod pair, é. The correction for the differ-
ence between the index errors, i, of the scales observed
at the beginning and ending control points is also
included:

Length-excess correction ==& X AH — (im0 lona)

The correction for index error may be neglected if
every section includes an even number of setups; in other
wards, if the same scale is observed at the beginming
and ending control points

To compute the thermal-expansion correction, lev-
eling data must include at least a mean scale temperature
for each section. In addition, the coefficients
of thermai expansion {rom the most recent standard-
ization of the scales must be available. The correction

is approximated from mean coefficient of thermal ex-
pansion for the rod pair, k, the mean observed scale
temperature, {, the standardization temperature, ¢, and
the elevation difference, AH:

Thermal-expansion correction=/k X {f —1 )X AH.

Note that the sign of this correction formula is positive.
This is because the values read from an “expanded”
scale are smaller in magnitude than those read from
the same scale at the standardization temperature. The
magnitude of the elevation difference, obtained from
the observation of “expanded” scales, must be increased
by the correction.

Refraction. Because refraction depends on elevation
difference and atmospheric conditions as well as sighting
distance, the error due to refraction is only partially
limited by restricting setup imbalance and sighting dis-
tance. Corrections must be applied, preferably to the
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elevation difference for each setup, to reduce refraction
error. They must be applied consistently to leveling data
from different epochs, since the tolerances placed on
sighting distance have varied significantly in the past.

Corrections for refraction are best obtained by mea-
suring air-temperature differentials at each setup, as
described in section 3.6.2, The approximate refraction
correction for the setup may be computed from the
mean sighting distance (instrument to rod) for the
setup, §. the observed air-temperature differential
between 1.3 and 0.3 meters, Ar, and the observed eleva-
tion difference, Ah, for the setup. A formula such as
Kukkamaki’s is used:

Refraction correction=—0.00070 X & X (s/ 50):
X AT X Ah.

The constant, «, depends on the units of measure-
ment; for Ak and § in meters and At in degrees centi-
grade, o=200. Other medels for refraction are under
development.

Leveling data that do not include measured temper-
ature differentials may be corrected by means of a similar
formula, in which the temperature differentials are pre-
dicted from atmospheric data given in the leveling re-
cords, and historical climatological data for the time
of day, date, and geographic position of the leveling.
This correction is added to the elevation difference of
each section

Curvature. If setups are balanced and sighting dis-
tances are maintained within tolerance, the effect of
curvature is so small that a correction need not be ap-
plied to leveling extending over a small area However,
as with collimation error, for the most precise results
the correction should be applied over large areas.

The curvature correction is approximated from a
spherical model of the Earth. 1t is computed for each
setup from the imbalance, As, and the mean radius of
the Earth, r:

Curvature correction== — As*/(2 X r).

The total correction for the section is most efficiently
computed from the sum of the sight distance imbal-
ance for the setups.

Tidal accelerations. Since the effect of tidal accel-
erations on the gravity field is primarily a function of
the time and route of leveling, this effect cannot be
minimized by procedure. Although the effect is very
smali, if a survey extends over a large area, the “astro-
nomic correction” should be applied,

The astronomic correction is computed from the date,
time, and position of the section. From the date and
time are computed the azimuths of the Sun and Moon,
a, and «,, respectively, and the corresponding horizontal
deflections, ¢, and ¢, of the gravity field. From the
positions of the two contral peints are computed the
length, S, and azimuth, «a, of the section. Azimuths

are measured clockwise from south; therefore, the
correction is positive when the ending point is north
of the beginning point:

Astronomic correction=0.7 X5 X {tan ¢, Xcaos (a,—a)
+1tan € X cos (@, a)}].

The factor, 0.7, is included to reduce the correction
because the Earth's crust is somewhat elastic and the
maodels by which deflections may be computed assume
a rigid Earth. The deflections are computed by the Na-
tional Geodetic Survey from equations developed by
Longman (195%) and astronomic parameters taken from
The Astronomical Almanac (U.S. Naval Observatory/
Her Majesty’s Nautical Almanac Office).

Gravity field. Since the level surfaces defined by the
Earth’s gravity field are not parallel, as explained in sub-
chapter 1.3, the elevation difference measured between
two control points depends on the route followed by
leveling. A difference independent of the route may be
obtained by converting the observed difference in
orthometric height betweeh each pair of poinis to the
difference in potential between the level surfaces passing
through them. For a section, the potential difference is
the corrected elevation difference, AH in meters, mui-
tiplied by the mean of the measured values of gravity
at the two control points, g in kilogals. The potential
difference is expressed in kilogal-meters, called geo-
potential units (gpu):

Potential difference=gx AH.

The elevations obtained by totaling potential differ-
ences are designated geopotential numbers.

If gravity is not measured with sufficient accuracy
to compute potential differences, a model for the grav-
ity field must be used to compute a correction to be
added to the orthometric-height difference of each sec-
tion. From Helmert’s international formula for normatl
gravity, the following “orthomnetric correction” has_been
derived. It has a function of the mean elevation, H in
meters, the mean latitude, ¢, and the northward change in
latitude A¢, for the section. Two constants, a=0 002644
and 8=0.000007, are used:

Orthometric _ i
correction= —2a XH Xsin2¢ [1+[a—(28/a)]
X cos2gplAg.

The elevations obtained by totaling elevation differences
corrected in this way are called normal orthometric
heights

5.5.3 Adjustment

After correcting the leveling data, abstracts of reduced
elevations are computed for every line or link in the
survey network. The expected value of a loop closure
computed from the reduced elevation differences is zero
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Figure 5-19,—Sample profile of a leveling line.

if all systematic errors have been removed. In other
words, if one point is assigned an elevation and all other
elevations are computed from it, the same elevation
should be obtained for each point no matter which lines
are used to compute it. However, since random error
remains in the leveling data, misclosures are normally
obtained. The elevation differences of the lines must
be simultaneously “adjusted” to provide consistent values
for the most probable elevations of the points.

Adjustments normally include a combination of new
and old leveling lines which form loops with acceptable
loop closures. The lines are usually “fitted” into the
national network by holding “fixed” elevations of two
or more widely spaced points that are common to both
the points in the new adjusment and the national net-
work. To determine the most suitable points for this
purpose, comparison “profiles” are made for points com-
mon to both the new survey and previous surveys (fig.
5-19). The profiles are plots of new-minus-old values,
computed from corrected elevations From the profiles
and an analysis of the geology of the area, the fixed
points are selected.

In the adjustment, “‘most probable” corrections are
computed by the method of least squares, to eliminate
the closure errors of the loops. Misclosure are assumed
to be the result of random error; therefore, a correction
is apportioned to each line on the basis of the probable
magnitude of random error included in it.

For this purpose, the elevation difference of each line is
assigned a weight. The weight is based primarily on the
distance over which the elevation difference was mea-
sured and the techniques and equipment employed to
obtain it. Of particular importance is the degree of preci-
sion achieved when checking setups, sections, and loops.
Other factors include the extent to which the data were
reduced, the magnitude of the elevation changes along
the line, and the times and temperatures at which
observations were made. All lines of leveling are assigned
an order and class based on these factors. The toler-

ances given in figure 3-9 of chapter 3, if satisfied, should
yield results of the indicated order and class.

The correction for each line is apportioned among
the elevation differences of the sections included in the
line. Starting with one of the fixed points, the differ-
ences are totaled to obtain adjusted elevations. The ad-
justed elevations, expressed as normal orthometric
heights (see subchapter 3.1), are stored in the data base
and published in the Vertical Control Data of the Na-
tional Geodetic Survey.
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APPENDIX A—LISTS OF EQUIPMENT

RECONNAISSANCE AND MARK SETTING

Mark setting truck. For routine reconnaissance and
mark setting, a 1 ton, pickup truck with a utility bed is
suitable. It should be fitted with waterproof lockers
and boxes for storing tools, supplies, and data. In addi-
tion, it should have a cement storage box and a water
tank of at least 10-gallon capacity with a hose. The
rear should be painted with 6-inch, diagonal, black
stripes, so the truck can be easily seen by approaching
traffic.

Drilling rig. For setting class A rod marks, a truck-
mounted drilling rig is necessary. The truck should be
fitted for routine reconnaissance and mark setting, in-
cluding additional storage space for class A rod-mark
supplies and a larger, pressurized water tank. The truck
must have a sufficiently heavy-duty suspension system
to support the drilling rig and its associated augers,
specialized tools, and large quantities of supplies.

Safety equipment

12-Volt amber safety light, mounted on top of the truck
spare fuses for the safety light

tire changing tools

tow chain

15-pound ABC-rated fire extinguisher
safety flares or refiecting triangles
flashlight

first-aid kit

packet of accident forms

6 to 8 traffic cones

2 brilliant orange safety vests

extra safety vests

2 hard hats

extra hard hats

2 prs. steel-toed work boots

2 prs. ear plugs or covers

2 prs. safety goggles or glasses

2 prs. work gloves

Tools

pipe and cable locator

rock drill w/tool kit and shipping box

rock drill supplies (oil, gasoline, funnel, filters)

drill bit

9/16-inch rod driver

tip for rod driver {(make from a threaded stud and a
short piece of stainless steel rod)

hydraulic crimper/cutter device with foot pump

small shovel

standard shovel

post-hole digger

2 prs. vice prips

hacksaw and blades

wheelbarrow, for mixing cement

rivet gun and rivets, for attaching witness-post signs

post driver or sledge hammer

2-pound hammer

carpenter’s hammer

1/4-inch die set, for stamping designations

stamping block

30-meter tape measure with both English and metric
units

100-meter tape measure with both English and metric
units

compass

large clipboard for maps

clipboard for descriptions

tool kit for vehicle maintenance

Supplies

9/16-inch stainless steel rod
threaded, stainless steel studs
driving points

stainiess steel caps

5-inch PVC pipe, cut in 2-foot lengths
PVC glue

mortar and cement

aluminum logo flanges

brass bench-mark disks
flagging

yellow lumber crayon (*‘keel”)
witness posts

witness signs

notebook

black pens

strapping tape

labels

notebook covers

mailing tubes and envelopes

Additional tools and supplies for drilling rig

ball peen hammer

pipe wrenches

auger pins and hooks

grease gun

tool kit for maintenance of drilling rig
I-inch PVC pipe

3/4-inch PVC pipe and female adapters
O-rings

grease

Forms and references

project instructions
Bench Mark Description {NOAA Form 76-186)
record of designations
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administrative forms (e.g., monthly reports, truck re-
ports, travel vouchers)

NOAA Manual NOS NGS 3, Geodetic Leveling (this
publication)

NOAA Manual NOS NGS 1, Geodetic Bench Marks

Input Formats and Specifications of the National
Geodetic Survey Data Base, volume [I: Vertical
control data

operating and maintenance manuals for tools

LEVELING

Leveling truck. During conventional leveling a rug-
gedly constructed “‘carryall” truck, with standard
transmission and good all-around visibility, is suitable
for the transportation and storage of leveling equipment.
The truck should be equipped with a roof rack on which
the rod box and other storage boxes may be mounted.
Side steps (for the observer’s use) and rear steps (for
the rodmen's use} should be mounted at a height that
permits handholds on the back of the rack to be reached
comfortably. The rear should be painted with 6-inch
diagonal black stripes so the truck can be easily seen
by approaching traffic. Inside the truck, there should
be provision for storing the instrument so it will receive
a minimum of shock and vibration The unit chief should
see that the truck is kept orderly and receives routine
maintenance and repairs.

Safety equipment

1 12-volt, amber, strobe light, mounted on top of the
truck

spare fuses for the safety light

jack and tire-changing tools

tow chain

15-pound ABC-rated fire extinguisher

safety flares or reflecting triangles

2 “SURVEY CREW AHEAD"” warning signs

5 brilliant orange safety vests (one per unit member)

extra safety vests

5 hard hats

flashlight

tool kit for vehicle maintenance

first aid kit

packet of accident forms

When controlling fraffic

2 “STOP - SLOW?" signs for flagmen
2 portable, two-way radios

2 or more orange flags

additional warning signs

Technical equipment and supplies

leveling instrument, in a protective case

instrument tool kit {with adjusting pins, lens brush, small
wrench, small screwdriver, cleaning cloth, and manu-
facturer’s manual for the instrument)

tripod (height compatible with the instrument and the
observer)

thermometer, for reading air temperature

dipital temperature display and 2 shielded sensors,
mounted on tripod, for measuring air temperature
differentials

spare batteries and sensor for temperature equipment

black pen with waterproof ink

clipboard or notebook, for recording forms

lightweight collapsible, stool

2 leveling rods, in padded storage box

2 turning-pin guides (“flippers™), attached to the rods

2 pairs of top-mounted, brace poles for the rods

plumb bob

l-meter Invar scale in a protective case

pair of calibrated 20-millimeter spacers (“plugs™)

carpenter’s level

3 turning pins with driving caps

3 plastic-hecaded mallets

spare plastic replacement heads for mallets

3 heavyweight turning plates

supply of 2-foot long, 2-inch x 2-inch stakes

double-headed nails (30-40 penny)

2 carpenter’s hammers

railroad spikes, for checkpoints

yellow lumber crayon (*‘keel™)

flagging

machete, for clearing brush

30-meter steel tape, with both English and metric units

shovel

hand level

large umbrella

S-galion water cooler

large briefcase or satchel, for storing forms and small
supplies

Forms and references

Examples of forms used for geodetic leveling appear
in appendix C. NOAA personnel may obtain the forms
listed in this manual from:

NOAA Ceniral Logistics Supply Center, 619 Hardesty
St. Kansas City, MO 64124. Other users requesting
these forms should contact the NGS Vertical Network
Division NOS/NOAA, Rockville, MD 20852 (301-
443-8567)

Bench Mark Description (NOAA Form 76-186)

Geodetic Leveling Micrometer Observations (NOAA
Form 76-191)

Geodetic Leveling Three-Wire Observations (NOAA
Form 76-189)

Geodetic Leveling Compensation Check (NOAA Form
77-81)

Level Line [dentification (NOAA Form 76-188)

Geodetic Leveling Field Abstract {NOAA Form 76-187)

administrative forms (e.g., weekly and monthly reports,
trave] vouchers, leave requests)

description of the leveling line (*logs™)

project instructions




Appendix A—Lists of Equipment A-3

NOAA Manual NOS NGS 3, Geodetic Leveling (this
publication)

Input Formats and Specifications of the National
Geodetic Survey Data Base, volume II: Vertical
control data

Classification, .S‘tgndards of Accuracy, and General
Specifications of Geodetic Control Surveys, Federal
Geodetic Control Committee

Specifications to Support Classification, Standards of
Accuracy, and General Specifications of Geodetic
Contral Surveys, Federal Geodetic Committee

Other supplies

notebook
spare pens
strapping tape
paper clips

Computer-recording equipment and supplies

computer-recording system

power-supply cord and hookup

battery-charging cord and hookup

spare batieries

spare fuses

set of recording programs

tapes or disks, in @ magnetic-proof storage container

backup-recording forms: Geodetic Leveling (NOAA
Form 77-82)

instructions and program documentation for the com-
puter-recording system

colored labels, to identify data tapes and disks

aluminum mailing containers

padded envelopes

pre-addressed mailing labels

isopropyl alcohol and cotton for cleaning tape record-
ing heads






APPENDIX B.—INDEX OF GEODETIC CONTROL DIAGRAMS

Table B.1—Codes for NGS Geodetic Control Diagrams

Two-letter code  1° x 2° area designation Diagram No. Two-letter code  1° x 2° nrea designation Diagram No.
AA Key West NG-17-11 CK Savannzh Ni-17-11
AB Brownsville NG-14-6,9 CL Macon Ni-17-10
AC Miami NG-17-8 CM Phenix City NI-16-12
AD West Palm Beach NG-11-5 CN Montgomery NI-16-11
AE McAHan NG-14-5 cO Meridian NI-16-10
AF F1. Pierce NG-17.2 cp Jackson NI-15-12
AG Tampa NG-17-i 4 cQ Shreveport NI-15-11
AH Corpus Christi NG-14-3 CR Tyler Ni-15-10
Al Laredo NG-14-2 CS Dallas Ni-14-12
AK Orlando NH-17-11 cT Abilene Ni-14-11
AL Plamt City NH-17-1¢ cu Big Spring Ni-14-10
AM Bay City NH-15-10 cv Hobbs Ni-13-12
AN Beeville NH-14-12 Cw Carlsbad Ni-13-11
AQ Crystal City NH-14-11 CX Las Cruces NI-13-10
AP Eaple Pass NH-14-10 CYy Silver City NI-12-F2
AQ Daytona Beach NH-17-8 cz Tucson NI-12-H1
AR Gainesville NH-17-7 DA Ajo NI-t2-10
AS Apalachicola NH-16-9 DB El Centro NI-t1-12
AT Brenton Sound NH-16-7 DC San Diego NI-11-11
AU New Orleans NH-15-9 DD Georpetown NI1-17-9
AY Port Arthur NH-15-8 DE Augusta Ni-17.8
AW Houston NH-15.7 DF Athens NI-17.7
AX Sepun NH-14-9 DG Atlanta NI-16-9
AY San Antonio NH-14.8 DH Birmingharm N1-16-8
AZ Del Rio NH-14-7 D} West Point NI-16-7
BA Emory Peak NH-13-9 DK Greenwood NI-15-9
BB Presidio NH-13-8 DI. Ei Dorado MNI-15-8
BC Jacksonville NH-17.5 DM Texarkansas NI-15-7
BD Valdosta NH-17-4 DN Sherman Ni-14-9
BE Tallahassee NH-16-6 DO Wichita Falls NI-14-8
BG Pensacola NH-16-5 Dp Lubbock Ni-14-7
BH Mobile NH-16-4 DQ Brownfieid NI-3.9
BJ Baton Rouge NH-15-6 DR BosweH NI-13-8
BK Lake Charles NH-15-5 DS Tularosa NI-13-7
BL. Beaumont NH-15-4 DT Chifion NI-12-9
BM Austin NH-14-6 DU Mesa Ni-12-B
BN llano NH-14-5 DV Phoenix NI-12-7
BO Sonora NH-14-4 DW Salton Sen NI-11-9
BP Ft. Stockton NH-13-6 pX Santa Ana NI-11-8
BQ Marfa NH-13-5 DY Long Beach Ni-11-7
BR Brunswick NH-17-2 DZ Santa Maria Ni-10-6,9
BS Waycross NH-17-1 EA Beaufort NI-15-4
BT Dothan NH-16-3 EB Florence NI-17-6
BU Andalusia NH-16-2 EC Spartanburg NI-17-5
BY Hattiesburg NH-16-1 ED Greenville NI-17-4
BW Natchez NH-15-3 EE Rome NI-16-6
BX Alexandria NH-15-2 EF Gadsden NI-16-5
BY Palestine NH-15-1 EG Tupelo NI-164
BZ Waco NH-14-3 EH Helena NiI-15-6
CA Brownwood NH-14-2 EJ Little Rock Ni-15-5
CB San Angelo NH-14-1 EK McAlester Ni-15-4
CC Pecos NH-13.3 EL Aramore Ni-14-6
Cb VYan Horn NH-13-2 EM Lawton Ni-14-5
CE El Paso NH-13-1 EN Plainview Ni-14-4
CF Douglas NH-12-3 EO Clovis NI-13-6
CG Nogales NH-12-2 EP Ft. Sumner NI-13-5
CH Lukeville NH-12-1 EQ Socorro NI-134
Cl James Island NI-17-12 ER St. Johns NI-12-6



Table B.I-—Codes for NGS Geodetic Control Diagrams——Continued

Appendix B—Index of Geodetic Control Diagrams

Two-letter code  1° x 2° aren designation Diagram Neo. T'wo-letter code  1° x 2° area designation Diagram No.
ES Halbreck MNI-12.5 HJ La Junta N}-13-9
ET Prescott NI-12-4 HK TFrinidad NI-13-8
EU Meedles NI-i1-6 HL Durango NI-13-7
EV San Bernadino NI-11-5 HM Cortez NI-12.¢
EW Los Angeles Ni-11-4 HN Escalante NI-12-8
EX Maateo NI-i8-2 HO Cedar City NI-12-7
EY Rocky Mount NI-18-1 HP Caliente NIJ-11-9
EZ Raleigh NI.17-3 HQ Goldfield NI-11-8
FA Charlotte NI-17-2 HR Maripasa NI-11-7
[§:] Knoxville NE-17-1 HS San Jose NI-10-9
FC Chattanoga NI-16-3 HT San Francisce NJ-10-8
FD Columbia NI-16-2 HU Salisbury NI-18-3
FE Biytheville NE-16-1 HV Washington NI-18-4
FF Memphis NI-15.3 HW Charloettesville NI-17-6
FG Russebville NI-15-2 HX Charleston NI-17-5
FH Ft. Smith NI-15-t HY Huntington NJ-17-4
FJ Oklahoma City NI-14-3 HZ Louisville N}-16-6
FK Clinton Ni-14-2 JA Vincennes NJ-16-5
FL Amarillo NI-14-1 B Belleville NI-16-4
M Tucumeari NI-13-3 I St Louis NI-15-6
FN Santa Fe N1-13-2 ID Jefferson City NJ-F5-5
FO Albuquerque NE-13-t IE Lawrence NI-15-4
FP Gallup NI-12-3 JF Hutchinson NI-14-6
FQ Flagstaff Ni-12-2 G Great Bead NI-14-5
FR Wiiliams NI-12-1 IK Puebio NI-13-5
ES Kingman NI-11-3 H. Montrose NJ-13-4
FT Trona Ni-11-2 M Moab Ni-12-6
FU Bakersfield Ni-1i-d N Salina NI-12-5
FV Sar Luis Obispo NI-10-3 1o Richfield Ni}-i2-4
FW Eastville NJ-18-8,11 Ip Eund NEi1-6
FX Norfalk NI}-18-10 j10) Tonapah NI-11-5
FY Greensbaro NI-17-12 IR Walker Lane NE-bl-4
FZ Winsten-Salem NI17-11 15 Sacramento NJ-10-6
GA Johnson City NI-i7-10 JT Santa Rosa NI-10-5
GB Corbin NF16-12 JuU Wilmington NI-18-2
GC Mashville N}i6-11 v Baltimore NJ-18-1
Gb Dyersburg Ni-16-10 iw Cumberland N}-17-3
GE Poplar Bluff NI-15.12 X Clarksburg NEi7-2
GF Harrison NI-15-14 Iy Colombus NJ-17-1
GG Tulsa NJ-15-10 Iz Cincinpati NI-16-3
GH Enid NJ-14-12 KA Indianapolis NIJ-16-2
Gl Woodward NJ-14-11 KB Decatur NJ-16-1
GK Perryton NJi-14-10 KC Quincy NI-15-3
GL Dalhart Ni-13-12 KD Moberly NJ-15-2
GM Raton Ni-13-11 KE Kansas City NJ-15-1
GN Aztec NI-13-10 KF Manhattan NJ-14-3
GO Shiprock Ni-12-12 KG Beloit NJ-14-2
GP Marble Canyon Ni12-11 KH Goodiand NI-14-}
GQ Grand Canyen Ni-12-10 KJ Limon NI-13-3
GR Las Vegas Ni-11-12 KK Denver NJ-13-2
GS Death Valley Ni-1-11 KL Leadvilie NJ-13-1
GT Fresno N1-11-10 KM Grand Jusction NI-12-3
GY Richmond NIJ-18-7 KN Price Ni-12-2
GwW Roanoke NJ)-17-9 KO Delta NJ-12-1
GX Blueficld NI-17-8 KP Ely NJ-11-3
GY Jenkins NI-17-7 KQ Milleut NI-11-2
GZ Winchester NI-16-9 KR Reno NI-11-1
HA Evansville NI-16-8 KS Chico NJ-10-3
HB Paducah NI-16-7 KT Ukiah NIJ-10-2
HC Rolia NI-15-9 KU New York NK-18-t2
HD Springfield NJ-15-8 KV Newark NK-18-11
HE Joplin NI1-15-7 KW Harrisburg NK-18-10
HF Wichita NJ-14-9 KX Pittsburgh NK-17-12
HG Pratt NIJ-14-8 KY Canton NK-17-H1
HH Dodge City MNI-14.7 KZ Muarion NK-17-10

——




Table B.1—Codes for NGS Geodetic Control Diagrams—Continued

Appendix B-—Index of Geodetic Control Diagrams

Two-letter code

1" x 27 area designation

Diagram No,

Two-letter code

1° x 2° area desigaation

Diagram No,

LA
LB
LC
LD
LE
LF
LG
LH
LI

Muncie
Danville
Peoria
Burlington
Centervilie
Nebraska City
Lincoin
Grand Island
MceCook
Sterling
Greeley
Craig
Vernal

Salt Lake City
Tooele

Elko
Winnemucea
Lovelock
Susanville
Redding
Eureka
Providence
Hartford
Scranton
Williamsport
Warren
Cleveland
Toledo

Ft. Waync
Chicago
Aurord
Davenport
Des Moines
Omaha
Fremont
Broken Bow
North Platte
Scottsbluff
Cheyenne
Rawlins
Rock Springs
Ogden
Brigham City
Wells
McDermitt
Vya

Alturos
Weed
Boston
Albany
Binghamton
Elmira
Buffalo

Erie

Detroit
Grand Rapids
Racine
Rockford
Dubuque
Waterloo
Fort Dodge
Sioux City
O'Neili
Vaientine
Alliance

NK-16-12
NK-16-11
NK-16-10
NK-15-12
NK-15-11
NK-15-10
NK-14.12
NK-14-11
NK-14-10
NK-13.12
NK-13-11
NK-§3-10
NK-12-12
NK-12-11
NK-12-10
NK-11-12
NK-11-11
NK-11-10
NK-10-12
NK-10-11
NK-10-7,10
NK-19-7
NK-18-9
NK-18-8
NK-18-7
NK-17-9
NK-17-8
NK-17-7
NK-16-9
NK-16-8
NK-16-7
NK-15-9
NK-15.8
NK-15-7
NK-14-3
NK-14-8
NK-14-7
NK-13-9
NK-13-8
NK-13-7
NK-12-9
NK-12-8
NK-12-7
NK-11-¢
NK-11-8
NK-11-7
NK-10-9
NK-10-8
NK-15-4
NK-18-6
NK-I8-5
NK-18-4
NK-17-6
NK-17-5
NK-17-4
NK-16-6
NK-16-5
NK-16-4
NK-5-6
NK-15-5
NK-15-4
NK-14-6
NK-14-5
NK-i4-4
NK-[3-6

NQ
NR
NS
NT
NU
NV
NW
NX
NY
Nz
OA
0B
ocC
oD
OE
OF
oG
COH

Torsrington
Casper
Lander
Preston
Pocatelio
Twin Falis
Jordan Valley
Adel
Klamath Falls
Medford
Coos Bay
Bath
Portland
Glen Falls
Utica
Rochester
Toronto
Boise

Flint
Midiand
Milwaukee
Madison

La Crosse
Mason City
Fairmont
Sioux Falls
Mitchell
Martin

Hot Springs
Newcastle
Arminlo
Thermopolis
Driges
Idsho Falls
Hatley
Burns
Crescent
Roseburg
Eastport
Bangor
Lewiston
Lake Champlain
Ogdensburg
Kingston
Tawas City
Traverse City
Manitowoe
Green Bay
Eau Claire
St. Paul
New Ulm
Watertown
Huron
Pierre
Rapid City
Giletie
Sheridan
Cody
Ashton
Dubois
Challis
Baker
Canyon Clty
Bend

Salem

NK-13-5
NK-13-4
NK-12-6
NK-12-5
NK-12-4
NK-11-6
NK-11-5
NK-11-4
NK-10-6
NK-10-5
NK-10-1,4
NK-19-2
NK-19-1
NK-18-3
NK-18-2
NK-18-1
NEK-17-3
NK-11-2
NK-17-1
NEK-16-3
NK-16-2
NEK-16-1
NK-15-3
NK-15-2
NK-15-1
NK-14-3
NK-14-2
MNK-14-1
NK-13-3
NK-13-2
NK-13-1
NK-12-3
NK-12-2
NK-12-1
NK-11-3
NK-11-1
NE-13-3
NEK-10-2
NL-19-12
NL-19-F1
NL-19-10
NL-18-12
NL-18-11
NL-18-50
NL-17-10
NL-16-2
NL-16-11
NL-16-10
NL-15-12
NE-15-11
NLE-15-10
NL-14-12
NLE-14-11
NL-14-10
NL-13-12
NL-13-11
NL-13-10
NE-12-12
NL-12-it
NL-12-10
NE-11-12
NE-11-11
NEL-11-10
NL-10-12
NE-10-11
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Table B.1—Codes for NGS Geodetic Contro! Diagrams~— Cantinued

Two-letter code 1% x 2° area designation Diagram No. Two-letter cade  1° x 2° area designation Diagram No.
QF Fredericton NL-13-9 RZ Pullman NL-11-5
QG Millinocket NL-19-8 SA Walla Walla NL-11-4
QH Sherbrooke NL-19.7 SB Yakima NL-10-6
QI Alpenaa NL-17-7 5C Hoquiam NL-10-5
QK Cheboygan NIL-16-9 3D Copalis Beach NL-10-1,4
QL Escanaba NL-16-8 SE Campbellton NL-19-3
QM iron Mountain NL-16-7 SF Edmundsten NL-19-2
QN Rice Lake NL-15-9 SG Hancock NL-16-1,2
Qo Stillwater NL-15-8 SH Two Harbors NL-15-3
QP St. Cloud NL-15-7 5J Hibbing NL-15-2
QQ Milbank NL-14-9 SK Bemidji NL-15-1
QR Aberdeen NL-14-8 SL Grand Forks NL-4-3
Qs Mclntosh NL-14-7 SM New Rockford NL-14-2
QT Lemmon MNL-13-9 SN McClusky NL-14-1
Qu Ekalaka MNL-13-8 S0 Watford City NL-13-3
Qv Hardin NL-13.7 sp Glendive NiL-13-2
QW Billings NL-12-9 5Q Jordan NI-13-]
QX Bozeman NL-12-8 SR [ewistown NL-12-3
QY Dilion NL-12-7 S8 Great Falls NL-12-2
QZ Elk City NL-11-9 ST Choteau NL-12-1
RA Grangeville NE-11-8 Su Wallace NL-11-3
RB Pendleton NL-11-7 sv Spokane NL-11-2
RC The Dalles NL-10-9 5w Ritzville NL-11-1
RD Yancouver NL-10-8 sX Wenatchee NL-10-3
RE Woodstock NL-19-6 SY Seattle NL-10-2
RF Presque isle NL-19-5 SZ Fi. William NM-16-10
RG Quebec NL-19-4 TA Quaetico NM-15-12
RH Blind River NL-174 1B International NM-15-11
RI Sault Sainte NL-16-6 TC Roseau NM-13-10
RK Marguette NL-16-5 TD Thiel River Falls NM-14-12
RL Iron River NL-16-4 T1E Devils Lake NM-14-11
RM Ashland NL-15-6 TF Minaot NM-14-10
RN Duluth NL-15-5 TG Willisten NM-13-12
RO Brainerd NL-15-4 TH Wolf Paint NM-13-11
RP Fargo NL-14-6 T Glasgow NM-13-10
RQ Jamestown NL-14-5 TK Havre NM-12-12
RR Bismarck N1-14-4 TL Shelby NM-12-1t
RS Dickinson NL-13-6 ™ Cut Bank NM-12-10
RT Miles City NL-13-5 TN Kalispell NM-11-12
RU Forsyth NL-13-4 TO Sandpeint NM-1i-11
RV Roundup NL-12-6 i Okanogan NM-11-10
RW White Sulphur NL-12-5 TQ Concrete NM-10-12
RX Butie NL-12-4 TR Victaria NM-10-i1
RY Hamilton NL-11-6 8 Cape Flattery NM-10-10




APPENDIX C.—STANDARD LEVELING FORMS
OF THE NATIONAL GEODETIC SURVEY

This section contains the geodetic leveling forms used by the National Geodetic Survey. Reproductions may be
made for training purposes or for field use in the event that the supply is temporarily exhausted.
Forms appear in the following order :

NOAA Form 76-60, Report on relocation of bench mark.

NOAA Form 76-186, Bench mark description .

NOAA Form 76-%1, Report on condition of survey mark.

NOAA Form 76-159, Weekly report—leveling unit,

NOAA Form 76-187, Geodetic leveling field abstract

NOAA Form 76-188, Geodetic leveling line identification.
NOAA Form 76-189, Geodetic leveling three-wire observations.
NOAA Form 76-191, Geodetic leveling micrometer cbservations.
NOAA Form 76-198, Monthly report—bench mark and reconnaissance teams.
NOAA Form 76-104, Monthly report—Ileveling unit

NOAA Form 77-82, Geodetic leveling.

NOAA Form 77-81, Geodetic leveling compensation check
Record of bench mark designations assigned by mark setter.
Check-of{ list for descriptive ediling.

River crossing, simultaneous reciprocal observations

River crossing, Zeiss River Crossing Equipment.

River crossing series.

C-1



C-2 NOAA Manual NOS NGS 3, Geodetic Leveling

NOAA FORM 76-60 0. 5. DEEARTMENT OF COMMERCE T CESIGNATION OF MARK
-7 NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
REPORT ON RELOCATION OF BENCH MARK TRTE T
(See instructions on reverse side)
A BESCRIPTION OF DRIGINAL MARK
PUBLISHED ON STAMPING
B. WAS ORIGINAL BENCH MARK DESTROYED? [ ves [CIN®  HORIZONTAL CONTROL POINT? ] YES [Ina
REMARKS

DATE OF LEVELING

{(Feet or Meters)®

PGINT B.s. M. F 5. ELEVATION REMARKS

C. DESCRIPTION OF NEW MARK

STAMPING ON NEW MARK

SIGNED
AGENCY

*Strike out unit NOT used.
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Appendix C—Standard Leveling Forms of the National Geodetic Survey
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Name or Designation:

Sate;

NOAA Manuzl NOS NGS 3, Geodetic Leveling

REPORT OM CONDITION OF SURVEY MARK

Year Establishe

Distance and direction from nearest town:
Description pubiishad in:

Mark searched lor o recovered by:

Date of repuort

(Lwe

Caumy:

Organization Established by:

Form Approved: oMAa “Rivss
Approval Expirea: Aprit M} 1983

d:

biok. or guadrangle numboz)

Organization -

Name -

Address -

Condition of marks: Eist letters and numbers {ound stamped in (not cast in) cach mark.

Mark stamped:

Condition:

Marks accessible?

T Yes

T No

This report is guthorized by law {Title 33 USC Section 883e).

While you are not required ta respond, your cooperation is
needed to moke the results of this survey comprehensive,
aceyrate, and timely,

If additional forms ore needed, indicote number required

NOAA FORM 76-.91

15-78)

Propenty owner contacted? } Yes M Ne

Please report on the thoroughness of the search in case a mark was not recovered, suggested changes in description, need for
tepaicing or moving the mark, or acher pertinent facts:

Witness Pose? Yes No
Vitness Post ser . feer __ of . mark,
Witness Post ser . feet . of . mark

US DEPARTMENT OF COMMERCE NATIONAL QCEANIC AND ATMOSPHERIC ADMINISTRATION MATIONAL OCEAN SURVEY

HOAA FORM 76159

U.5. DEPARTHENT OF COMMERCE

13~82) NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
WEEKLY REPORT ~ LEVELING UNIT
OBSERVER RECORDER MONTH/YEAR
19
RODMEN, PACER PARTY
LOCATICHIS) PROIECT
LENE{S) SURVEY ORDER CLASS
DiSTANCE {km) NUMBER TIME
coLt
DAY | ©BL | sGL ST JABLITOTE . 18T LAST AND  [STAFF WEATHER HEMARKS
rRun | run |re- [Re ALl PERTNRECCE sev | sET | ocomp | DAY CONBITIONS
PROG [ PROG | RUN]AUN|RUN | Y ur ur kS
Sun
Mon
Tue
¥ed
Thu
Fri
Sat
Total km /Staff-Days =

U S GOVEANMENT PRINTING OFFIE 19E2--564.008/ 1149
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C-5

NOAA FORM 76-187

A —————————— A
U.5 DEPARTMENT OF COMMERCE

{876 NATIONAL GCEANIC AND ATMOSPHERIC ADMINISTRATION
GEODETIC LEVELING FIELD ABSTRACT
HGZ L SHEET | sHEETS
or
TITLE
DISTANCE UNITS: KM SM O/F.E. UNITS: MT FT Moy IF, | IS TANCE ik B
A H H o O/F.E.
irl’sl A/T A’z ’
130+ FROM 1 O 5 O I O O
Lt TO 2 [N OO O T T TN I OO e O O B
130* FROM ! N U 5O O O O O T N O N S Y S
it To i SN T O O T N T O O
30" FROM 1 1N T W SO OO O O O A
P4 o I OO N S T S T T O S I
30+ FROM ! IS OO T S5 O O OO O T 0 T T O
W To | S0 T TN O N U T S5 O O
30" FROM ; I T N N S T T N O
LA 1L To 1 00 0 U Y VU U O Y T T N N O O
+30~ FROM 1 T O N N S O 0 0 T T Y
£l L o 1 IO DU T OO O T Y 2 Y 0 O

c3ge Faow  hedwdededododidade b ot b e T E L L0 B g

I | o Ll LB b EEEELPLL L b i L b))
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H L. PSSR U S O O Y A S S5 e U 2

w30 FROM bkl Ll b L L VTV LB B BT

11 S O T O N N T 00T O 5 S S N S 0

N S NN A U UOW 0 YO0 N T 5 0 O O T O O 00 O

L L+ T I O

O 0000 O O 0 0 O I O

SUPERSEMES NOAA FORM 76~948 |E3~73) WHICH 15 OBSOLETE AND
EXISTIRG STOCK SHOULD SE 9ESTROYED UPON RECEIPT OF REVISION

w U S Government Printing Oftice: 197 7-—755-005/3144 Region No &
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HOAA FORM 76198 U5, DEPARTMENT OF COM
13 —82} NATIONAL GCEANIC AND ATMOSFHERIC ADM|N|STF?AAETRig§

MONTHLY REPORT - BENCH MARK AND RECONNAISSANCE TEAMS

TEAM LEARER PRQJECT DIRECTOR

TEAM ASSISTANT FARTY MONTH/YEAR

|1/ ——

MARKS SEARCHED FOR TASK NUMBER:
MARKS ESTABLISHED

VERTICAL CONTROL HORIZONT AL CONTHOL STATE:

Date Remarks

Recovered
Poor Cend.
NOT
Recovered
Destroyed
or
Hnusahble
insliceved
Quality B
Rods
Structure
Kilometers
Staf{-Days

Quality A
Marks

Recovered
Good Cond.
Stotions
Reference
Marks

AZ Marks
Other
NOT
Recovered
Rock
Morks
Quality A
Rods

Line
Number

P o o

10

11

12

13
4

15
16

17
18

9

20

yal

22
3

24

25

24
27

28

29

36

3t

Total

MOAA FORM 76-158 382
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INVENTORY OF MARK SUPPLIES

PARTY

TARUCK NUMBER

MONTH/YEAR

INVENTORIED BY

CONDITION OF TRUCK

BEGINNING
INVENTORY

SUPPLIES
ATDED

ENDING
INVENTORY

SUPPLIES SUPPLIES
WEED NEZEDED

Rods

Studs

Rod Entry
pts. {fivted)

Rod Entry
pts. (smooth)

Datum pts.

Logo Caps

5" PYC

1" PVC

Disk (stem)

Disk {red)

Withess Post

Witness Sign

Grease

I:On Ring

PVYC Reducer

PVC Cement

PVC Schedule

Pop Rivets

BM Description

Flagging

Crayon

NOAA #ORM 76198 13~621

U S GOVERNMENT PRINTING OFFICE 1982 564.008- 1146
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C-13

NOAA FORM 76104
(3-821

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

MONTHLY REPORT ~ LEVELING UNIT

U.5, DEPARTMENT OF COMMERCE|

OBSERVER

RECORDER

MONTH/YEAR

RODOMEN. PACER

PARTY

COCTATIONIS)

FROJECT

LINE (S}

SURVEY QRDER

C1.ASS

DISTANCE (km}

NEMBER

TIME

DBL
RUR
PROG

SGi.
RUN
PROG

ST
RE-
RUN

ADL
RE-
RUN

DAY

TOT
ALL
RUN

SET
uPs

SEC-
TiON

LAST
SET
up

18T
SET
upP

coLL
AND

COMP
CKS

STAFFIDOWN
DAY (TIME

WEATHER
CONDITIONS

REMARKS

.20

23

22

23

24

25

26

27

8

2%

a0

31

Tatal

km /Staff-Doys =

NQOAA FORM 70104 3021

U S GOVERNMENT PRINTING OF£1CE 1982554 008 1148
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GEODETIC LEVELING

LINE TAPE NO.
PROJ. NO. PAGE OF
ST O 5T 1 ST 2§ 5T 3
DATA YR, MO. Dy. { ZONE ] INST. NO. coDng
eladof=f | I T T TTPTTITTITITTILTI
5T 4 5T S ‘
ROD NO. § CoDE ROD NO, 2 CODRE
L PP T T I Y T T T T T T I
ST 6 ST 7 ST 8 57T 9 c
OBSERVER TIME LEVEL CONST C/F JUNITS] STAD ¢
HENEEEEEEREENENE 5
0~ WRITE ON TAPE =~ 8 BLOCK - R
ST 0 5T 1 DESIGNATION
DATA FROM:
sfafrfsf | [ 1
5T 2 DESIGNATION
TO:
[ 1 |
8T 3 ST 4 ST 5 ST 6157 7 BLOCK
TIME TEMP wiND | sun fpaTE -
L1 HEEE
0 - WRITE ON TAPE = 7 4. cu q= .
ST ''q" IN CHG S5IGN '(NOTE SIGN oF ''g') 1.5.5
ELEV. DIFF. RCL 7 KM. RCL  |%O. RCL.O
HEREERNER HEEENA [ ]
ST O 5T 1 5T 2 ST 3 15T 4 BLOCK
DATA TIME TEMP WIND { 5UN OBS. REC, -
sla = VT T T THETETTITTI1T
0~ WRITE ON TAPE - 4
REMARKS HEMARKS
Rod 1 (initials) ) Red 2 (initials)
NOAA FORM 7782 (11.78) U.5. DEPARTMENT OF COMMERCE - NOAA

SURERSEDES NOAA FORM 77«82 {8-70) WHICH SHOUWLD RE DESYROYED.
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RECORD OF BENCH MARK DESIGNATIONS
ASSIGNED BY MARK SETTER

STATE MARK SETTER

PROJECT YEAR

Number |A |B|C|D [E|F |GH]J K|L MIN|P|QIRIS|TIUVIW

FILE

PROOFREAD: FIRST EDIT:

FORMAT-CHECKING PROGRAM:
JOB#: DATE RERUN?

CORRECTED ON ORIGINALS®
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abstract, field:
adjustments, 5-26
computing, 5-17
description, 3-69, 3-70, 3-71, 3-72, 515
double-run leveling, 3-71
example, computer produced, 5-18
office, 5-25
proofing, 5-15, 5-17
accuracy, criteria for;
surveys and maps, 1-5, 2-21, 3-11
Federal Geodetic Control Commitiee, 2-25, 2-34,
2-45, 3-11
accessioning, 5-23
adjustment:
data, 5-23, 5-26
geodetic level:
circular level, 3-26, 3-46
collimation, 3-25
computing corrections, 3-29, 3-31
main bubble, 3-25
parallax, 3-26
quality control, 5-23
wedge reticle, 3-27
rod levels, 3-42
airports, leveling to, 2-22
archival cross-reference number, 2-38
area leveling, 2-22, 2-23
atmosphere, effect on leveling, 3-3
air temperature differences, measurement, 3-49, 3-30

B+ F: also, see divergence of runnings, allowable
accumulation, 3-6, 3-7, 3-65
control, 3-52
computation, 3-63, 3-66
backsights and foresights:
length, 3-7
difference, 3-7
equalization, 3-7
maximum, 3-7
battery care, 3-68
bench mark form:
description, 2-34, 2-35, 2-36, 2-38, 2-46
illustrations, 2-35, 2-36, 2-37, 2-40, 2-41, 2-46,
appendix C
-bench marks:
airport, 2-21, 2-22
concrete post:
construction, 2-41
specifications, 2-26
designations, 2-26, 2-39
destroyed, 2-25
locations, 2-20, 2-26, 2-27, 2-45
National Ocean Survey, 2-43

INDEX

I-1

other organizations:
connection, 2-21
description, 2-39, 2-40
designation, 2-39
permanent:
description, 2-26, 2-27, 2-28, 2-34, 2-35, 2-36,
5-10, 5-11
checking, 5-7
data files, 5-9
data processing, 5-7, 5-8
designation, 2-26
establishment, 2-26, 2-27, 2-28
horizontal control and three dimensional stations,
2-21, 2-22, 2-40
junctions, 2-38
spacing, 2-20
stamping, 2-39, 2-43
designations, 2-39
recovery, 2-25
recovery notes, 2-36, 2-37, 2-38, 2-47
quality classification, 2-42
tidal:
connections, 2-21
designation, 2-16, 2-38, 2-39
traverse stations, 2-21, 2-22
bench mark setting unit:
assistant mark setter, 2-1
equipment, 2-2
foreman, 2-1
mark setter, 2-1
organization, 2-1
blunders: also, see errors
guarding against, 3-5, 3-6
mistakes, 3-5, 3-6
brace poles, 3-42
bridges, 2-27, 2-41

b Sl
computation, 3-24
determination, 3-29, 3-30, 3-31, 3-32, 3-33
record, 3-32
calibration with laser interferometer, 3-43
check: see B+ F and divergence of runnings, allowable
check abstract:3-69, 3-70
computerized, 5-15, 5-16, 5-17, 5-18, 5-19
handwritten, 3-69, 3-70
check loops, 5-22
check points, 3-60
circular level, adjustment: 3-26
closing the section, 3-65
rejection procedure, 3-66
collimation, 3-3, 3-4, 3-29, 3-30, 3-31
error factor, 3-22, 5-24



Kukkamaki's method, 3-32, 3-33, 3-34, 3-35

10-40 method, 3-33, 3-36, 3-37
compensation check, 3-34, 3-319, 3-40
computiation:

B--F, 3-65, 3-66

7, 3-29, 3-30, 3-31, 3-32, 3-32

stadia constant, 3-27, 3.28, 3-29

river-crossing observations, 4-16, 4-17
computation check, 3-34, 3-39, 3-40
computer:

equipment, 3-68
connections, 2-21, 2-22, 2.23
control points, 2-8, 2-20, 2-40

descriptions, 2-8, 2-40, 2-41

destroyed, 2-23, 2-45

geographic positions, 2-25, 2-40

new, 2-45

recovery, 2-25

setting new monument, 2-44, 2-45
corrections:

curvature, 5-26

refraction, 5-26

data processing;
adjustment, 5-23
equipment, 5-1
project report, 5-4
proofreading, 5-7, 3-8, 5-9, 5-10, 5-13, 5-15
records, 5-2
submission, 5-2, 5-3, 5-23
sets, 5-13
verification, 5-23, 5-24
datums, 1-4
descriptions, 2-34, 2-38, 2-39, 240, 241, 2-42, 243,
2-44
other organizations, 2-39, 2-40
processing, 2-23, 5-7, 5-8, 5.9, 5-10, 5-11,
5-12, 5-13 :

divergence of runnings, allowable: also, see B+F, 3-6,

37
not to be exceeded, 3-7
tables, 3.7

editing records: 5-9

elevations:
computing, 5-20, 5-21
differences, 5-20

equipment;
bench mark setting unit, 2-1, appendix A
computer-recording, 3-68
leveling, 3-8, appendix A
supplies, appendix A
truck, appendix A

errors; also, see blunders
collimation, 3-2, 3-3, 5-24
curvature, 3-4
leveling, 3-1, 3-2, 3-3, 3.4, 3-5, 3-6
refraction, 3-3
rod plumb, 3-4

E-2

scale imperfections, 5-24
shimmer, 3-4

steep grades, 2-20

tidal deflection, 3-4

field records, 3-66
flagman, 3-8
foresights and backsights: see backsights and foresights
forms, blank, appendix C
mark setting, appendix A, appendix C
leveling, appendix A, appendix C
formula:
“C", 329, 3-31
stadia constant, 3-27, 3-28

General Adjustment of 1929, 1-4
Geodetic Control Diagram, 2.7
codes, appendix B
geopotential number, 1-4
graduations:
rods:
feet, 3-41
meters, 3-41
scarred, 3-44
gravity field, 2-22

kand level, 3-48
height systems, 1-3, 1-4
highways:
leveling along, 2-2, 2-9
history of geodetic leveling, I-1, 1-2, 1-3, I-4

Index, arez lines, 2-7
Index to Topographic Maps, 2-8
instructions:
general, 3-51
project, 2-4
recovery and stamping, 2-25
river crossings, 4-1
instruments:
carrying the jevel, 3-25, 3-44
classification, 3-11
compensator type:
general description, 3-15, 3-18
Jenoptik NI 002, 3-15, 3-20, 3-21
MOM NiA3l, 3-14, 3-15
Zeiss Nil, 3-14, 3-15, 3-19, 3-20, 3-39
Zeiss Ni2, 3-14, 3-15, 3-17, 3-18, 3-19, 4-5
Wild NA2, 3-15
maintenance, 3-27
micrometer, 3-22, 3.23
spirit level:
Breithaupt NABON, 3-15
Fischer, 3-13, 3-15, 420
Jenoptik Ni-G04, 3-13, 3-15
Wild N3, 3-15
telescopic system, 3-13, 3-16
Zeiss River Crossing Equipment, 4-5, 4-6, 4-9, 4-10,
4-11, 4-12, 4-28

e



Jjunction point positions, 2-19
junctions:
beginning of lines, 2-19
code, 2-38
ending of lines, 2-19, 2-20

Kukkamaki’s collimation method, 3-31

length of sections, 2-20
length of sights: see backsights and forsights,
length of
level: also, see instruments
bubble, 3-25
geodetic:
adjustment, 1-4
description, 1-4
shading, 3-2
shipment, NI 002, 3-27
leveling:
aleng highways, 2-2, 2-9
along railroads, 2-2
area, 2-21
records, 2-23
classification, 2-26, 2-27, 2-42
micrometer, 3-53, 3-54, 3-55, 3-56, 3-57
procedure, 3-1, 3-2
party:
organization, 3-6, 3-7
personnel, 3-6, 3-7, 3-8
rod: see rod
safety, 3-9
three-wire leveling, 3-56, 3-57, 3-58, 3-59
tolerances, 3-7
logs: see maps for organizing surveys
loops, 5-22

magnetic disks, 5-2
magnetic tape, 5-2
maps:
for organizing surveys, 2-4, 2-23
for position plots, 2-9, 2-29
mark setting unit, 2-1
equipment, 2-2
personnel, 2-1
reports, 2-2, 2-3
safety, 2-2
micrometer, 3-22, 3-23, 3-53
foot screws, 3-24
reversing point, 3-53, 3-54, 3.55
tribrach, 3-24
use, 3-23
river crossings, 4-20
mistakes: see errors
motorized leveling, 3-8

National Geodetic Vertical Network, 1-4
network classifications, 1-5
notes:

for use in studying errors, 3-59

in remarks column, 3-59

observation file, 5-3, 5-4
vertical observational data set, 5-3, 5-4
observations:
creating file, 5-13, 5-14
recomputing computer recorded data, 5-13
recording, 3-66
rejection, 3-66, 3-67

Zeiss River Crossing Equipment, 4-10, 4-11, 4-12

4-13, 4-14, 4-15, 4-16
observer:
duties, 3-8
qualifications, 3-8
observing:
routine, 3-51, 3-52
routine for three-wire leveling, 4-18
program: see program, observing
unit:
discipline, 3-6, 3-7
management, 3-6, 3-7
organization, 3-6, 3-7, 3-48
organization,
bench mark setting unit, 2-1
observing unit, 3-6, 3.7, 3-48
orthometric height, 1-3
outfit: see equipment

parallax, 3-3
party: see:
bench mark setting unit,
leveling, party,
observing unit,
river crossing,
personnel: also, se¢ party
computer, 5-1
assistant computer, 5-1
flagman, 3-8
foreman, 2-1
mark setter, 2-1
assistant mark setter, 2-1
observer, 3-6, 3-8
pacer, 3-6
project director, 2-1, 5-1
assistant project director, 5-1
recorder, 3-6, 3-8, 3-9
redman, 3-6, 3-8, 3-9
umbrella, person holding, 3-8
unit chief, 3.7
plate turning, 5-47
plots, smooth, 2-29, 2-33
plots, working, 2-24, 2-38
plug: see spacer, 3-60
points, control:
awkward, 3-62
check, 2-25
description, 2-8
identifying, 3-60
leveling to, 3-61, 3-62, 3-63
precautions ta leveling, 3-59



short scale, 3-63, 3-64
upside down scale, 3-65
program:
observing, 3-51
river crossings, 4-10
proofreading: see data processing

reconnaissance, 2-1, 2-4

recorder:
duties, 3-8
qualifications, 3-8
training, 3-7

records, 2-23, 3-66
editing, 5-9
file status sheet, 5-11
recording observations, 3-66
transmittal, 2-23
submission, 3-72
synoptic file, 5-12

recovery and stamping of bench marks:
bench marks, recovery, 2-25
control points, 2-25
code, 2-41

refraction: also, see curvature and refraction
effect on leveling, 3-3
effect on river crossings, 4-2
elimination of effect, 3.3

rejections, 3-66, 3-67

releveling, 3-65, 3-67

relocating vertical control points, 2-44

reports:
condition of bench mark, 2-42
leveling, weekly, 3-9, 3-10, 3-11
leveling, miscellaneous, 2-4, 3-11
leveling, monthly, 3-9, 3-10, 3-11, 3-12
leveling, vehicle, 3-11
mark setting, miscellaneous, 2-4
mark setting, monthly, 2-2, 2-3, 2-4
mark setting, truck, 2-4
river or valley crossing
auxiliary scale, 4-7, 4-8
computation, 4-16, 4-17
environmental conditions, 4-5
equipment, 4-5
Fischer level, 4-20
instructions, 4-1, 4-2, 4-3, 4-7
instrument station, 4-7
leveling rod, 4-8
observations, 4-10, 4-11, 4-13
ordinary leveling instruments, 4-17, 4-18, 4-19,
4-21, 4-22
personnel, 4-4
reconnaissance and mark setting, 4-4
records of observations, 4-2
target stations, 4-8
Zeiss River Crossing Equipment, 4-5, 49, 4-10, 4-11,
4-12, 4-13, 4-14, 4-15, 4-16, 4-18
rod:

I-4

double run, 3-71
leveling, 3-4, 3-5
marks, 2-27
plumb, 3.45
pole, 3-43
scale, 3-41, 3-42
setup, 3-45
single run, 3-71
routes, 2-19
routing level line, 2-4
junctions, 2-19
data, 2-4
liaison, 2-1, 2-9
logs, 2-23
specifications, 2-19
runnings: also, see B4-F
safety, 2-2
scale auxiliary, 4-7, 4-8
scaling positions, 2-30, 2-31, 2-32
shimmer, 3-3
sights: see
backsights and foresights
site selection, 2-26, 2-27
spurs, 2-19
spacer (plug), 3-60, 3-62
stability, 2-26, 2.27
stadia:
constant, 3-27, 3-28
interval, 3-7
method, determination, 3-28
stamping of bench marks, 2-26
Sun:
direction, 3-50
sunshade, 3-2
supplies: appendix A
survey point serial number, 2-34, 5-12, 5-19
synoptic file comparison, 2-14, 2-15, 5-10, 5-12

tahles:
allowable divergence between runnings, 3-7
curvature and refraction, 3-31
target for river crossings, 4-7
column, 4-7
temperatures:
reading, 3-49, 3-50
recording, 3-49
leveling in extreme conditions, 3-50
thermometer, on rod, 3-49
three-wire leveling, 3-56, 4-18
tide stations, 2-9, 2-16, 2-21, 2-38, 2-39
tidal accelerations, 3-4, 5-26 '
time zone, U.S. Navy, 3-68
tolerances, 3-7
tools:
leveling, 3-8
mark setting, 2-2
traffic, 3-10
tribrach, 3-24, 4.7



tripod, 3-23 valley crossing: see river crossing

turning pin, 3-46 verification data, 5-24
turning plate, 3-47, 3-48 vertical control data, 2-10, 2-11, 2-12, 2-13, 2-14,
turning point, 3-46 2135
umbrella, duties of person holding umbrella, 3-8 \\:?:? level station, 2-21, 2-39
unit: eliminating effect of, 3-50
four-person, 3-48 strength, 3-50, 3-51
chief, 3-7, 3-8 witness post:
U.S. Geolgical Survey, 1-2, 2-40 establishment, 2-25

I-3









National Geodetic Survey
motorized leveling system.
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