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Chapter One

Operations

GEODETIC NETWORK

A geodetic reference network is a set of geodetic control points: physical monuments with known
geodetic coordinates of latitude, longitude, and elevation. Maps and surveys that contain horizontal
positions and vertical heights based on geodetic control points are related to one another, or coordi-
nated. The VAOT uses the Vermont Coordinate System, a state plane coordinate system, to coordi-
nate transportation projects. Access to the Vermont Coordinate System is limited by the number of
geodetic control points in the geodetic reference network. Improved access will be achieved by
densifying the geodetic reference network as described in the Geodetic Control Plan.

GEODETIC CONTROL PLAN

Objectives

The objective of the Geodetic Control Plan is to provide guidelines for establishing an adequate
number of geodetic control points throughout the state, such that VAOT transportation projects can
be referenced to the Vermont Coordinates System. An adequate geodetic reference network allows
surveys to be coordinated and can reduce or eliminate duplicate surveys, better locate rights-of-way,
unify mapping projects, rectify aerial photographs, and provide consistent and reliable spatial data
for digital mapping and GIS applications.

Framework for Densification

Vermont’s geodetic reference network is a subset of the National Geodetic Reference System (NGRS),
established and maintained by the National Geodetic Survey (NGS). In 1992 the VAOT and the
NGS worked cooperatively to upgrade the geodetic reference network in Vermont with a High
Accuracy Reference Network (HARN), a network of A- and B-order horizontal coordinates. Sec-
ond-order vertical coordinates for most of the HARN stations have since been determined using
geodetic leveling techniques. The intent of the Vermont HARN is to upgrade, or to improve the
quality of, the geodetic reference network to provide a framework for densifying geodetic control.
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Long-Range Strategy

Requirements for geodetic control, and the way in which geodetic control is established, continue to
change as advances occur in surveying and mapping technologies. The long-range strategy is to
exploit advancing state-of-the-art technology to meet VAOT’s geodetic control requirements as
efficiently and cost effectively as possible.

Project Strategy

Geodetic control monuments are typically set with the intent of using them for many years. Regard-
less of the type of geodetic control project, monuments are usually permanent and set along the
roadside so as to be easily accessible by vehicle. For densification projects, monuments are concen-
trated along major roads and are more widely spaced in remote areas. Geodetic control monuments
set for individual transportation projects are set near the project but also with the intent of being part
of Vermont’s control network.

TYPES OF PROJECTS

GPS Densification

The primary purpose of this type of project is to establish horizontal control in a specific geographic
area, such as greater Burlington. Typically the horizontal positions are established to first-order
specifications while GPS-derived orthometric heights usually meet third-order specifications.

Level Lines

Using different leveling techniques, level lines are run along major corridors to densify the vertical
control network. The primary purpose of these projects is to establish precise orthometric heights,
typically first or second order.

Route Survey

Upon request from the Route Survey Unit, the Geodetic Survey Unit provides geodetic control to
support VAOT transportation projects. Typically, these projects require both horizontal and vertical
control. If there is no existing control within or near the project area, the Geodetic Survey Unit
establishes control using GPS.

Orthophoto Agreement

Working cooperatively with the Vermont Mapping Program, the Geodetic Survey Unit uses GPS to
establish first-order geodetic control to support digital orthophotography. The project area usually
covers one or two counties. In addition to the monuments positioned to support the orthophotography,
other monuments are added to the project area to create an evenly distributed and dense network.

Ground Control for Aerial Photogrammetry

On very rare occasions, the Geodetic Survey Unit is requested to establish control to support pho-
togrammetry.
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GEODETIC INFORMATION

Interactive Geodetic Information Management System

The Geodetic Survey Unit maintains a database that includes all control monument descriptions and
coordinates it has established. The database also contains coordinates and descriptions for control
monuments included in the National Geodetic Reference System (NGRS). The database resides on
a GIS platform and can be accessed with a graphical interface. The Geodetic Survey Unit uses the
Interactive Geodetic Information Management System to store and access information.

Continuously Operating Reference System

The Geodetic Survey Unit maintains a continuously operating GPS reference station (CORS) at 133
State Street in Montpelier. The data collected is available to the public through an electronic bulle-
tin board or over the Internet. GPS users download data and typically use it to “correct” the GPS
data that they have collected in the field in order to generate more accurate coordinates. The CORS
is included in the federal CORS network.

Vermont Calibration Base Lines

In 1994 the Geodetic Survey Unit worked cooperatively with the National Geodetic Survey to
establish five calibration base lines in Vermont. The base lines are located in South Hero, Berlin,
Lyndonville, Springfield, and North Dorset and are used to calibrate electronic distance measuring
instruments. The Geodetic Survey Unit maintains the base lines.

Technical Information

The Geodetic Survey Unit provides control information as requested. The information consists of
monument descriptions, coordinates, and elevations; CORS data and instructions; and calibration
base-line measurements and procedures. Requestors include surveyors, mappers, and engineers from
the VAOT, other state and federal agencies, and the private sector.

FEDERAL INVOLVEMENT

The VAOT continues to support the NGS State Advisor Program. Through a cooperative agreement
with the NGS, the State Advisor provides on-site expertise and training regarding geodetic survey-
ing activities. The Advisor coordinates cooperative geodetic surveying projects between the VAOT
and the NGS, other state and federal agencies, and the private sector. In addition, the Advisor works
with the VAOT to submit geodetic control monument data to the NGS to be included in the National
Geodetic Reference System.
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PUBLIC RELATIONS

Gaining Access to Private Property

Before entering private land for survey work, it is the party chief’s responsibility to attempt to
contact each property owner and request permission for entry. Any special information, such as
contacting property owners by phone before working, is given in the request for survey.

Be courteous at all times. If the property owner presses you for more information regarding future
construction, provide the name and phone number of the contact shown on the request for survey. If
you are refused entry, leave. Then notify your supervisor.

Requests for Technical Information

Always respond to requests made by the public in a courteous and timely manner but avoid giving
out preliminary information. If you do not know the answer to a question, refer the request to
another individual or agency.

Dealings with the Media

Follow the same conduct with the media as with a property owner. Never speculate about the pos-
sible location of future construction.

Respect for Private Property

Always treat private property in the way you want others to treat your property. To that end, use
roads if they are available. If off-road travel is necessary, avoid driving through wet areas to pre-
vent ruts.

Cut and trim as few trees as possible. Stack cut brush neatly but not in an area where livestock
graze—cut brush can cause injury or death to livestock if consumed. Also, be sure to close gates
behind you to prevent livestock from escaping.

Avoid cutting, trimming, or harming ornamental or shade trees, hedges, and other plants near a resi-
dence. Report the extent of any damage caused by the survey crew, in writing, to your supervisor.

To prevent damage to vehicle tires, countersink hubs and iron pins in and along roadways. And
always check the area before leaving to be sure nothing is inadvertently left behind. Hubs, iron pins,
nails, and the like can cause damage to vehicles and farm equipment and can cause injury or death
to livestock.

Accessing Railroads and Airports

Always notify the appropriate railroad company or airport manager before arriving and when leav-
ing. Make a list of the phone numbers of all railroad companies and airports and keep it up to date.
Contact RAPT (Rail, Air, and Public Transportation) for more information.
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VEHICLE RULES AND REGULATIONS

Refer to Administrative Bulletin No. 2.3 for rules and regulations concerning the use of state-owned
and privately owned vehicles. The Agency’s Policies and Procedures Manual and Safety Manual
also contain important information regarding vehicle use.

The State may not be required to reimburse you for personal injury, property damage, and liability
when you are involved in an accident while using a privately owned vehicle for State business.

SAFETY

All employees, and consultants working on State projects, should be familiar with the Safety Manual.
In addition, there are a number of safety issues of particular interest to survey crews that are ad-
dressed here and referenced in other documents.

Personal and Protective Equipment

Always stow a fully stocked first-aid kit in the survey vehicle.

If working near a roadway, wear a safety vest or VAOT-approved brightly colored clothing. Always
park the survey vehicle off the traveled way and use the vehicle’s strobe lights. If a lane closure is
required, contact the district maintenance office for assistance.

Dig Safe

Contact Dig Safe, 1-888-DIG-SAFE (344-7233), at least 48 hours before you need to drive any
items longer than 300 millimeters into the ground. You may also have to contact utilities that are not
part of Dig Safe.

If you are unsure of the presence of utilities, use wooden hubs or reinforcing bars less than 300
millimeters long.

Electrical Hazards

Always be aware of your surroundings. Power lines can be overhead, underground, and attached to
buildings. Regard all power lines as dangerous and high-voltage lines as extremely dangerous.
Electricity can arc from high-voltage lines at a ratio of 25 millimeters for every 1000 volts. Even
using wooden rods is dangerous.

If you have to survey near power lines, keep all equipment at least three meters away from the
nearest line. Never make direct measurements of the height of a power line. Use triangulation or a
range finder.

If you get caught in an electrical storm, discontinue working and:

n Avoid touching metallic objects.

n Keep away from wire fences, telephone lines, metal tools, rivers, and lakes.

n Avoid tops of ridges, hilltops, wide-open spaces, ledges, and outcrops of rocks.
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n Sit or lie down if you are in open country.

n Don’t group together.

n Avoid large or isolated trees.

n Get away from horses and livestock.

n Get into the cab of a rubber-tired vehicle, if possible.

n Choose building shelters if available, but avoid small sheds in exposed locations.

n Seek shelter in dense woods, a cave, a depression in the ground, a deep valley, or the base of a
steep cliff.

If you are outside on a humid day when a thunderstorm threatens and you notice a sensation that
your hair is beginning to stand on end, lie down quickly in a ditch or depression; there is a high
potential for a lightning strike.

Wooded Areas

There are a number of safety hazards in wooded areas: barbed wire fences; bee, hornet, and wasp
nests; snakes; spiders; and poisonous plants. To avoid these hazards, expect the unexpected and
avoid sitting on the ground or on logs. Additionally, avoid moving or disturbing rocks, stumps, and
leaves. All of these can hide yellow jacket nests and poisonous snakes and spiders. You should also
inspect your clothing and hair from time to time for chiggers and ticks. These are especially abun-
dant in trees, grass, weeds, and pastures.

Avoid strange-acting animals because of the potential for rabies.

Railroads

Keep metallic objects away from railroad tracks because they may activate the signals.

Always be alert for oncoming trains. Never crawl under stopped cars and do not cross tracks be-
tween cars—they may move at any time.

Do not leave stakes protruding above ground within 3.5 meters of the track centerline, and do not
park vehicles within 3.5 meters of the tracks.

Also keep in mind that different colors mean different things to different railroad companies. Or-
ange, for example, may mean “remove rail.” If you are unsure of the colors to use, discuss the matter
with the company before you begin work.

Airports

Always notify the airport manager before arriving. Find out where you should and should not drive
and whether to use the strobe lights on the vehicle. The procedures vary from one airport to another.

Accident and Injury Reporting

Refer to the Safety Manual for details concerning accident and injury reporting. All accidents and
injuries must be reported within 72 hours.
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Chapter Two

GPS Control

RELATIVE POSITIONING

Relative positioning with GPS is a technique used to establish precise horizontal coordinates. The
position of a monument is determined “relative” to the position of a known monument.

For VAOT projects, position new monuments relative to the High Accuracy Reference Network
(HARN) monuments, the continuously operating reference station (CORS), or other monuments
previously referenced to the HARN.

STANDARDS AND SPECIFICATIONS

For projects to be submitted to the National Geodetic Survey (NGS), use the standards and specifi-
cations published by the Federal Geodetic Control Committee (FGCC). See the FGCC publication,
“Geometric Geodetic Accuracy Standards and Specifications for Using GPS Relative Positioning
Techniques.” Accuracy specifications can be obtained through the NGS Information Branch or the
Geodetic Survey Unit.

For route survey projects, meet first-order horizontal control accuracies and tie to a minimum of
two first-order or higher horizontal control points. For vertical control, it is desirable to tie to a
minimum of three benchmarks.

PROJECT DEVELOPMENT

Scope

The scope of a geodetic control project depends on the type of project. For route survey projects, the
number of control points required depends on the size and nature of the route survey project.
Typically, two to four control monuments are required to tie the route survey to the Vermont Coor-
dinate System. Densification projects and control for orthophoto projects are usually done on a
county-wide basis.
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If the request for control is generated from outside the Geodetic Survey Unit—for example, the
Route Survey Unit or the Vermont Mapping Program—the requestor usually provides one or more
full-size USGS quadrangle sheets with the project area clearly identified on the maps.

Research

The objective of research is to determine whether any monuments exist in a particular geographic
area. The monuments may have been set by NGS, USGS, VAOT, or various other agencies or
organizations. The researcher extracts survey monument descriptions from various databases and
files and gives the descriptions to the field crew to field check. See the section, “Retrieving Infor-
mation,” in Chapter Five.

Reconnaissance

The field crew reviews the survey monument descriptions and searches for those monuments that
appear to support the project. Some monuments identified during research are not fully investigated
by the crew because of conditions found in the field—for example, if the monument appears to be
buried under meters of fill or is clearly too far from the project to be useful.

The field crew revises the descriptions to reflect the current condition of the monument; for ex-
ample, the crew reports the monument “not found,” or modifies ties or the “to reach” statement.

Setting Monuments

Based on the outcome of the reconnaissance, the survey crew may set monuments to support the
project. The monuments are set as close to the project as possible but still within the Geodetic
Control Plan guidelines. Monuments may be either permanent or temporary, depending on the loca-
tion of the project. Temporary monuments are set in remote areas where there is little chance the
monument will ever be used again. For each monument set, whether permanent or temporary, the
person who sets the monument writes a survey monument description. Refer to “Writing Descrip-
tions” in Chapter Four.

Network Design

Figure 2-1, on the next page, shows a sketch of a project network.

The objective of network design is to have good network geometry. Distribute control points around
a project, rather than placing them all on one side of a project, for example.

Follow federal guidelines for network design on densification projects. On route survey projects, tie
to a minimum of two first-order control points. If computing orthometric heights, tie to at least three
benchmarks, preferably within 10 kilometers of the project and evenly distributed. The minimum
base-line length is 400 meters. Each vector must be able to be checked in a closed loop consisting of
independent vectors.

Observation Schedule

Figure 2-2 is an example observation schedule for the network shown in Figure 2-1. For an intervisible
pair of monuments, each monument should be occupied twice, at least once simultaneously.
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Figure 2-2

Observation Schedule
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EQUIPMENT

Electronic Distance Measurement (EDM)

EDM equipment is occasionally used for short base lines as a check of GPS measurements. Refer to
the EDM equipment manual for operating instructions.

GPS Receiver System

Figure 2-3 shows the components of a GPS receiver system.

The GPS receiver system is delicate and must be treated with care to ensure reliable measurements
and long life. Use the following guidelines for handling and transporting the equipment:

n Be sure that each piece of equipment is secure in its carrying case and that the case is secure in
the vehicle.

n Take care when loading and unloading equipment.

n During the winter, fixed-height pole legs have a tendency to freeze if they are transported in the
back of a pickup truck. Dry off the legs before storing. Try to transport the pole in warm condi-
tions.

n Roll cables for storage so that they are not crimped or twisted.

FIELD OPERATIONS

Preparation

Be sure that the following documents and equipment are on hand for field operations:

n Documents

§ Observation schedule
§ Station descriptions
§ Log sheets
§ GPS data collection procedure

n Equipment

§ Cellular phone
§ Receiver
§ Antenna and 10-meter cable (30-meter cable optional)
§ Four charged camcorder batteries (6-amp battery optional)
§ Fixed-height pole and adaptor
§ Receiver manual

Use meteorological instruments if specified by the FGCC document. Follow the instructions
provided with the instruments.
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Setup

Periodically check the fixed-height poles to make sure the pole points have not rounded and that the
points are screwed tightly into the poles.

Before setting the fixed-height pole over the monument, check the stamping on the monument to
make sure it is the correct one. For projects to be submitted to the NGS, make a rubbing or draw a
sketch of the monument and attach it to the log sheet.

Level the pole over the datum point and secure the legs firmly in the ground. If your best efforts at
leveling the pole leave one of the bull’s-eye bubbles completely outside of the bull’s-eye, report it
and get the bubble adjusted.

Attach the antenna to the fixed-height pole and orient the antenna to north. Attach the antenna cable
to the antenna and the receiver. Check to make sure that the adapter is screwed tightly into the
antenna and set firmly onto the pole.

Under thawing conditions, consider placing wooden blocks under the legs. Under windy conditions
consider adding weights to the legs. In precarious setups, consider tying the pole to a fixed object,
such as a guardrail.

Operating Procedures

The GPS equipment can be operated in the static mode or the fast-static mode. See Figures 2-4
(static mode) and 2-5 (fast-static mode) for detailed procedures.

Log Sheet

For each session, all observers complete a log sheet. Figure 2-6 shows the front of a GPS log sheet.
The log sheets are designed for up to two sessions. Use the back side of the log sheet to record any
pertinent comments, such as strong wind gusts or unhealthy satellites.

BASE LINE PROCESSING

GPS observations are downloaded from the receivers to a laptop or office PC. The base line pro-
cessing procedure is summarized below:

n Check height and start and end times.

n Enter complete station names and control point coordinates.

n Select files for processing.

n Choose vectors to process.

n Process vectors.

n Review results.

n Check loop closures.
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ADJUSTMENT AND ANALYSIS

After the base lines have been processed, they are analyzed using the least-squares method. The
usual process for horizontal control is to run a minimally constrained adjustment and a fully con-
strained adjustment.

A minimally constrained adjustment, holding one control station fixed in X (latitude), Y (longi-
tude), and H (ellipsoid height), checks the internal consistency of the network vectors. A fully
constrained adjustment, holding all control stations fixed in X, Y, H, fits the project network into the
control network.

If computing orthometric heights, compute geoid heights and run a minimally constrained adjust-
ment holding X, Y, h (orthometric height) fixed, followed by a fully constrained adjustment holding
X, Y, h fixed.

Final coordinates are typically either geographic (latitude, longitude) or state plane. The coordi-
nates can be automatically converted to another system.

PROJECT FINALIZATION

The final step for all projects is project archival and data management. See Figure 2-7 for a check-
list of items to be completed.

PROJECT SUBMISSION

Projects that are submitted to the National Geodetic Survey (NGS) are included in the National
Geodetic Reference System. NGS publishes the final coordinates and station descriptions and dis-
tributes the data. Refer to Annex L of the NGS Blue Book, “Guidelines for Submitting GPS Rela-
tive Positioning Data.”
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Figure 2-4

Static Mode Procedures
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Figure 2-5

Fast-Static Mode Procedures
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Figure 2-6

Log Sheet
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Figure 2-7

Data Management Checklist
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Chapter Three

Differential Leveling

DESCRIPTION

The Geodetic Survey Unit uses differential leveling to determine the heights of geodetic control
monuments. Monuments with known heights are called benchmarks. Differential leveling involves
measuring the height differences between monuments. The heights of new monuments are deter-
mined relative to the heights of benchmarks. The height reference is NAVD88 (North American
Vertical Datum of 1988).

The Geodetic Survey Unit provides the Route Survey Unit with benchmark descriptions and eleva-
tions for use in referencing route survey projects to NAVD88. If there are no existing benchmarks in
or near the project area, the Geodetic Survey Unit establishes vertical control with GPS. The Geo-
detic Survey Unit does not typically do differential leveling for individual route survey projects,
although route survey projects are sometimes located along corridors where benchmarks are estab-
lished.

STANDARDS AND SPECIFICATIONS

For geodetic control projects to be submitted to the NGS, use the most current standards and speci-
fications published by the Federal Geodetic Control Subcommittee (FGCS). Accuracy specifica-
tions can be obtained through the NGS Information Branch or the Geodetic Survey Unit.

PROJECT DEVELOPMENT

Scope

Differential leveling projects are usually large in scope and are performed in accordance with the
Geodetic Control Plan. The Geodetic Survey Unit selects stretches of major transportation corri-
dors that have sparse vertical control. For example, the Geodetic Survey Unit leveled from Bennington
to Brattleboro along Vermont Route 9. Although the vertical control network was fairly dense at
both ends of the project, few benchmarks existed in between.
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Research

The objective of research is to determine whether any monuments exist in a particular geographic
area or along a particular route. The monuments may have been set by NGS, USGS, VAOT, or other
agencies or organizations. The researcher extracts survey monument descriptions from various
databases and files and gives the descriptions to the field crew to check. See the section “Retrieving
Information,” in Chapter Five.

Reconnaissance

The field crew reviews the survey monument descriptions and searches for those monuments that
appear to support the project. Some monuments identified during research are not fully investigated
by the crew because of conditions found in the field—for example, if the monument appears to be
buried under meters of fill or is clearly too far from the project to be useful.

The field crew revises the description to reflect the current condition of the monument. For ex-
ample, the crew reports whether the monument was found or not and modifies ties and the “to
reach” statement, if necessary.

Setting Monuments

Based on the outcome of the reconnaissance, the survey crew usually sets monuments to support the
project. The monuments are set within the guidelines established by the Geodetic Control Plan. For
each monument set, the person who sets the monument writes a survey monument description.
Refer to “Writing Descriptions” in Chapter Four for details on the automated description writing
procedure.

EQUIPMENT

Electronic Digital/Bar-Code
Leveling Instrument

Description

The Geodetic Survey Unit uses a digital/bar-co
level. This instrument uses image technology
automatically “read” the height on the rod. S
Figure 3-1.

Transportation

Normally, the instrument has to be upright in 
case during transport; check the manufacture
instructions to be sure. Also, be sure that the
strument is secure in its carrying case and t
the case is secure in the vehicle. When tra
porting the level between setups, keep the le
on the tripod and the tripod near upright.
Figure 3-1

Digital/Bar-Code Level
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Setup

Attach the instrument securely to the tripod. For each setup, level the instrument over the tripod. Be
sure the tripod setup is stable.

Data Collection

Level data is stored on an electronic data card. Be sure the data card is secure in the instrument
before beginning to collect data. Prior to beginning leveling, delete any old data from the data card.
Before deleting any data, make sure the data has been downloaded and checked.

Downloading and Checking Data

Download data at the end of each day. See Figure 3-2 for downloading procedures.

Weather Package

The weather package is affixed to the tripod. There are upper and lower temperature probes. Be
careful when taking the tripod in and out of the vehicle and carrying the tripod, not to damage the
probes. Replace the batteries in the weather package as needed. Always measure the temperature in
Celsius and turn the fans on prior to taking the measurements.

Bar-Code Leveling Rods

Description

Rods

The Invar level rods are three meters long. Metal struts are attached to a rod and are used to hold the
rod vertical throughout the setup. See Figure 3-3.

Turning Pins and Plates

Turning pins and plates are used to ensure that the rod is set up over the same point. In general,
turning pins are used on soft ground, while turning plates are used on hard surfaces. See Figure 3-4.
It is critical that the pin or plate remains stable throughout the entire setup.

Spacers and Centering Shoes

Spacers are solid metal cylinders, either 2 cm or 10 cm long, used to set the rod over the monument
under difficult circumstances—for example, if the monument is set just below the ground surface
and the rod cannot set on the datum point.

Centering shoes or “flippers” are removable metal clips that are attached to the bottom of the rods.
The flippers ensure that the rods are always centered over the turning pin or plate. Be sure to remove
the flipper when setting the rod over a monument.

Calibration

The level rods are calibrated every three years or sooner as needed.

Transportation

The level rods are transported in wooden cases. The cases are usually carried on the roof of the state
truck inside a metal box. However, if the truck is not available, the rods may be transported in their
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Figure 3-2

Downloading and Checking Data
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Figure 3-3

Bar-Code Leveling Rod
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Figure 3-4

Turning Plate and Pin

Turning Pin

Hammer

Turning Plate

cases in the back of a pickup truck or other large vehicle. In all cases, be sure the rod boxes are
secure before traveling. The rods are very fragile and should be handled with care.

When carrying the rod, it is important to be aware of where the end of the rod is at all times. Make
sure it does not stick out into traffic, and watch out for pedestrians or objects in your path. Be
especially careful of overhead power lines. When handling the rod, do not touch the face of the rod
and do not allow the foot plate of the rod to touch the ground. Do not set the rod down hard on the
turning pins. When laying the rod down, be sure to do so with the Invar strip facing up.

Use

Be sure the centering shoe is attached to the base of the rod. Stand the rod up and center it over the
turning pin or plate with the centering shoe. Secure the legs of the struts into the ground. Level the
rod. Signal the instrument operator after the rod is level so that he or she can proceed with the
observations. Stand by the rod to ensure that it does not fall.

FIELD OPERATIONS

Collimation Correction

At the beginning of the day, do a collimation error determination (peg test). See Figure 3-5.

Leveling Procedure

After satisfactorily completing the peg test, begin data collection. Follow the leveling procedure
shown in Figure 3-6, and use the codes shown in Figure 3-7. Download data at the end of the day. If
double-run sections are required, the forward and backward runs should be run under different
atmospheric conditions, preferably on different days. If unsuitable weather or other conditions pro-
hibit completing a section, abandon the section and run it again.
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Do not level if it is raining or snowing steadily or if there is a threat of lightning striking the area.

Turning Points

Each rod is set up on a turning point. Be sure the turning pin or plate is firmly in the ground. It is
critical that the rod is on the same point for the entire setup. If the turning point moves, i.e., the
turning plate sinks into soft ground, then the sections must be started over.

ABSTRACTING AND ADJUSTMENT

After the data is downloaded, run the NGS abstract program and review the output file. This file
shows the forward and backward measurements for each section and the resulting misclosure. Look
for sections that do not close within the specified tolerances.

After the leveling data is collected for a project, adjust it using Cadastral Measurement Manage-
ment (CMM) software. When satisfactory results are achieved, save the resultant output file for a
record of the preliminary elevations.

PROJECT SUBMISSION

Leveling projects are submitted to the NGS to be included in the NGRS. NGS publishes the final
coordinates and station descriptions and distributes the data. Follow NGS Blue-Booking proce-
dures (Figure 3-8) for submitting data. Refer to Figure 3-9 for a level project checklist.

BENCHMARKS SET BY CONSTRUCTION

The VAOT Construction Division sets benchmarks on new or reconstructed bridges and determines
the elevations of the benchmarks. The resident engineer completes a benchmark information form
for each benchmark set and returns the form to the Geodetic Survey Unit. The form includes the
location and elevation of the benchmark. See Figure 3-10.

Construction notifies Geodetic Survey if an existing benchmark on the bridge is in danger of being
destroyed. If Geodetic Survey determines that the benchmark should be saved, Geodetic Survey
transfers the benchmark.
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Figure 3-5

Peg Test
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Figure 3-6

Leveling Procedure
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Figure 3-7

Codes
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Figure 3-8

Blue-Booking Procedures
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Figure 3-9

Project Checklist
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Figure 3-10

Benchmark Information
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Chapter Four

Monumentation and Descriptions

SELECTING MONUMENT SITES

Use the following guidance for either permanent or temporary monuments.

If practicable, select a monument site for GPS control or leveling so that the monument has these
characteristics:

n Easily accessible, preferably by using a vehicle

n On public land

n Out of harm’s way

If you must set a monument on private property, always obtain permission from the property owner
prior to setting the monument. If possible, avoid setting monuments on railroad rights-of-way.

GPS

For GPS control, try to select a site so that the monument has the characteristics mentioned above,
and:

n It provides an open window to the sky.

n It provides for easy setup of existing GPS and conventional equipment.

Leveling

For leveling, try to select a monument site so that the monument has sufficient clearance for the
leveling rod (and rod struts), as well as the general characteristics mentioned earlier.

It’s desirable that a monument site for leveling can also be used as a site for a GPS control point.



Geodetic Survey 39

Vermont Agency of Transportation

MONUMENT SPECIFICATIONS

Permanent Monuments

Construct permanent monuments as shown in Figure 4-1, on the next page. Preferably, set perma-
nent monuments in ledge, massive structures, or concrete.

Temporary Monuments

For temporary monuments, use reinforcing bars in the ground or PK nails in pavement.

WRITING DESCRIPTIONS

Use the following guidelines so that descriptions entered into the Descriptive Data Processing Sys-
tem (DDPROC) software conform to a standard format. See Figures 4-3 through 4-6 for examples
of DDPROC output. You can find additional help for writing descriptions in Annex N of the NGS
Blue Book.

Fields

Fill in all fields that apply to the station that you’re describing or recovering. If you cannot deter-
mine the information for a field, leave it blank. If the desired code is not listed under the Choices
menu, select the command Other—See Descriptive Text and provide a full explanation in the
descriptive-text portion of the form.

Generally, the form fields, with the aid of the Choices and Help menus, are self-explanatory. Guid-
ance on selected fields is provided below.

Designation

If you’re entering a station into the NGS database for the first time, don’t include a date or elevation.
This rule holds true even if there is a date or elevation stamped on the mark. For example, a station
stamped “Peru 1994” would be designated “Peru.” If you’re recovering a station that resides in the
NGS database and the designation contains a date or elevation, the designation remains unchanged.

Underground Mark Type

Don’t use this field as if it applied to any station set below ground level. Use it only if you’re
recovering an old Coast and Geodetic triangulation station and information for the underground
mark type already is included in the station’s description. Some of the old Coast and Geodetic
triangulation stations had a mark set directly beneath a primary station mark. The underground
mark could be used if the primary station mark was destroyed.

TR Code and Pack Time

If the pack time required to reach a station is less than 30 minutes by car, type “C” in the TR Code
field and the pack time in the Pack Time field. Add a special note to the first paragraph of the
descriptive text portion if the station can be directly accessed with a four-wheel drive vehicle.

If you must use a four-wheel drive vehicle to access the station directly and the pack time is more
than 30 minutes if using a car, type “×” in the TR Code and “00:00” in the Pack Time field. Add a
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special note to the first paragraph of the descriptive text portion to indicate the pack time if a four-
wheel drive vehicle is not used. A good guideline for pack time under normal conditions is two
minutes per 0.1 kilometer.

If the distance from the end of vehicle travel is greater than 100 meters, type a minimum pack time
of “00:01” to indicate that GPS observations cannot be directly made from the vehicle.

Agency Inscription

Take care to accurately report the agency inscription shown on the survey mark. In some cases, the
inscription is the only factor that differentiates one mark from another.

Figure 4-2 is a list of agencies and inscriptions frequently found in Vermont. There is a complete list
in Annex C of the NGS Blue Book.

If there is no agency inscription, report “UNK,” for “unknown.”

Stamping

Enter only that information on the mark that has been stamped by the surveyor. Don’t include
information that has been cast into the mark. If the mark has no stamping, leave the Stamping field
blank and add a special note to the fourth paragraph of the descriptive text indicating that the mark
is unstamped.

Descriptive Text Format

Divide the information in the descriptive text portion into five distinct paragraphs:

n Paragraph 1. General location.

n Paragraph 2. Ownership.

n Paragraph 3. To reach.

n Paragraph 4. Special setting conditions.

n Paragraph 5. Ties.

First Paragraph—General Location

The “general location” is the town in which the station is located. In addition, include three airline
distances and directions from major towns or cities, if the station is located in a remote area or a
small town that is not easily identified on a state highway map. If the station is located within the
boundaries of a town or city that is easily located on a state highway map, include one airline
distance from the center of town. If three airline distances are used, locate the station from three
different directions to create a good intersection.

Second Paragraph—Ownership

Show the ownership of the property on which the station is located, unless the station is within the
highway right-of-way. Include the owner’s name (person, company, or agency), contact person, and
phone number of the contact person. Get this information when consent is given to set the mark.
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Figure 4-2

Common Agency Inscriptions

Agency Inscription

National Geodetic Survey NGS
US Coast and State Survey CGS
United States Geological Survey USGS
US Coast and State Survey CGS AND STATE
US Forest Service USFS

US Army Map Service AMS
Defense Map Agency DMA
Vermont Forest Service VFS
Vermont Agency of Transportation VTAT
Vermont Geodetic Survey VTGS

Vermont Highway Department VTDH
US Lake Survey USLS
US Supreme Court USSC
VT-NH Boundary Commission VTNHBC
National Ocean Service NOS

NH Department of Public Works and Highways NHDPWH
NH Highway Department NHHD
US Army Corps of Engineers USE
Massachusetts Geodetic Survey MAGS
Massachusetts Department of Public Works MADPW

New York State Survey NYSS
New York Geodetic Survey NYGS
New York Department of Transportation NYDT
New York Department of Highways NYDH
Geodetic Survey of Canada GSC

International Boundary Commission IBC
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Add “special notes concerning the station’s use,” if applicable. Include any information that dic-
tates a special procedure or condition under which the mark is to be accessed or used. Examples are
that a station cannot be accessed by vehicle during mud season or that the property owner must be
notified prior to using the mark.

Third Paragraph—To Reach

Use “to reach” for describing how to find the station from a well-known or easily located landmark.
In general, describe the station from a major highway intersection that is easily located on a high-
way map. If the station is located at a landmark, such as a major highway intersection or a municipal
building that is easily located, describe the station as being located at the landmark.

A “to reach” description from two directions may be helpful for stations that commonly would be
accessed from either direction. For example, a station located on U.S. Route 2 between Montpelier
and East Montpelier would be described from the intersection of Routes 2 and 302 in Montpelier
and from the most westerly intersection of Routes 2 and 14 in East Montpelier.

Fourth Paragraph—Special Setting Conditions

Use “special setting conditions” only if the information in the descriptive code fields is not ad-
equate to describe the mark type, setting code, or setting conditions. For example, the mark may be
set vertically or set below ground.

Fifth Paragraph—Ties

Use “ties” for all stations, including marks set on bridges. Try to include at least three good ties, as
well as a highway centerline tie. For the centerline tie, try to include a distance and direction from
the centerline, as well as a reference to the elevation difference between the centerline and the
station. For example, a centerline tie might read, “17.5 m north of and 2 m higher than the centerline
of U.S. Route 7.”

You can use more than three ties if they are necessary to locate the station under different conditions
or if the station is in a remote location and no “good” ties are available. Examples are very old
telephone poles that may be replaced soon or drop inlets that are covered in winter.

Take care to make ties properly. Make a tie from the tie object to the station, with a distance and a
general compass direction (north, northeast, north-northeast, etc.). Spell out compass directions—
don’t abbreviate. Tie all new stations to witness posts unless it wasn’t possible to set a witness post.
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Figure 4-3

DDPROC Output—Example 1
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Figure 4-4

DDPROC Output—Example 2



Geodetic Survey 46

Vermont Agency of Transportation

Figure 4-5

DDPROC Output—Example 3
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Figure 4-6

DDPROC Output—Example 4
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Chapter Five

Geodetic Information

OVERVIEW

One of the functions of the Geodetic Survey Unit is to manage, store, and retrieve geodetic informa-
tion. In this context, geodetic information refers to the coordinates and descriptions of control monu-
ments and related support information. Support information refers to the documentation, technical
reports, and software necessary to work with geodetic information.

GEODETIC INFORMATION MANAGEMENT

Introduction

The Interactive Geodetic Information Management System facilitates the storage, management,
and retrieval of geodetic control point information. The two major components are the Access
database and the Arcview GIS. Access is used to compile, organize, and format geodetic informa-
tion. Arcview is used to view and retrieve geodetic information.

Updating Information

Agency Data

Coordinate and description information that is collected from Agency projects (including prelimi-
nary information for projects submitted to NGS) is added to the Interactive Geodetic Information
Management System after project finalization. See the following figures for the procedures:

n Leveling projects—Figure 5-1

n Horizontal projects—Figure 5-2

n Route survey projects—Figure 5-3



Geodetic Survey 49

Vermont Agency of Transportation

Figure 5-1

Adding Information to the Interactive Geodetic Information Management System

Leveling Projects

Procedures are being developed.
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Figure 5-2

Adding Information to the Interactive Geodetic Information Management System

Horizontal Projects

1. Create .SPC and .GEO files from GPSurvey.

2. Import .SPC and .GEO files into Access database.

3. Add pid, horz code , vert code , and fips  information to .SPC table.

(See BB2DS documentation for explanation of these fields before proceeding.)

4. Add town to .GEO table

5. Run a table query to combine the .GEO and .SPC tables into a new table.

6. Export the new table in a dBase III format to the appropriate Arcview directory.

7. Export the new table as a fixed-width text file (.POS) to a project working directory.

8. Copy the .HA file to the project working directory and run Readfile  to create a .LST file.

9. Add pid’s to . LST file.

10. Run BB2DS to create a .DAT file.

11. Copy the .DAT file to the DSData directory.

12. In Arcview

a. Create the Event Theme from the new dBase III table.

b. Modify the Arcview script to include the new theme and .DAT file.
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Figure 5-3

Adding Information to the Interactive Geodetic Information Management System

Route Survey Projects

1. Add pid, horz code , vert code , and fips  information to .SPC table

2. Add town to .GEO table

3. Run the IGY query to create the IGY table.

4. Export the IGY table in dBase III format to the appropriate Arcview directory.

5. Export the IGY table as a fixed-width text file (.POS) to a project working directory.

6. Make a copy of the .POS file named BB2DS.POS.

7. Run Readfile  on project .HA file to create project .LST file

8. Use Megaedit to join VT98000.LST and the project .LST

9. Add pid’s to . LST file.

10. Run BB2DS to create VT98000.DAT

11. Copy VT98000.DAT to the DSData directory.
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NGS Data

As new control point information becomes available, it is added to Arcview. This is typically done
once a year. The NGS program DSX is used to extract the necessary control point information. The
information is imported into Access, where it is organized and combined with additional informa-
tion, such as the fips code. The information is exported in dBase III format to Arcview. The descrip-
tion information is then loaded to the Arcview working directory.

Retrieving Information

Coordinate and description data for both AOT and NGS are retrieved through Arcview by town
graphically or by a database query for a particular mark. Figures 5-4 and 5-5 are examples of the
output.

CONTINUOUSLY OPERATING REFERENCE STATION

Introduction

The Geodetic Survey Unit maintains a continuously operating GPS reference station (CORS) at 133
State Street in Montpelier. The data collected is available to the public via an electronic bulletin
board and also via FTP (file transfer protocol) through the Internet. GPS users download data and
typically use it to “correct” the GPS data that they have collected in the field in order to generate
more accurate coordinates.

In June 1996 the CORS was included in the federal CORS Network. It is officially designated
“Vermont Capital CORS” or “VCAP.”

Configuration

VCAP consists of a Trimble 4000SSE dual frequency receiver tracking at a 5-second epoch inter-
val, with an elevation mask of 7 degrees. The data is logged in hourly files and is available in DAT,
SSF, RINEX, and RAW formats. At the end of each hour, a file rollover occurs that formats, names,
compresses, and stores the files in the appropriate file area. All data files are stored in a compressed
format with the .ZIP extension.

File Naming

A file is named according to the date and time it was opened. The date and time is in Universal
Coordinated Time (UTC). UTC = Eastern Daylight Savings Time (EDT) + 4 hours or Eastern
Standard Time (EST) + 5 hours. For example, a file containing data for 12:00 PM to 1:00 PM EDT on
May 10, 1996, would be named 96051016.ZIP (12 EDT + 4 hours = 16 UTC).

Data Storage

Data files are normally available on line for at least 30 days, after which they are deleted. Data is
not archived prior to deletion and is therefore unrecoverable. Users are encouraged to download
data as soon as practicable.
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Arcview Output—Example 1
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Figure 5-5

Arcview Output—Example 2
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Figure 5-5 (continued)

Arcview Output—Example 2
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Positional Information

Latitude: 44-15-43.10497 N

Longitude: 72-34-56.55651 W

Height above ellipsoid: 160.654 m

Elevation: 188.28 m

The latitude, longitude, and height above ellipsoid are expressed in terms of NAD83(92). The
elevation (orthometric height) is expressed in terms of NAVD88.

The latitude, longitude, and height above ellipsoid were determined by a high accuracy GPS survey
in 1994 that connected VCAP to surrounding High Accuracy Reference Network (HARN) stations.

The orthometric height was determined by trigonometric leveling in 1994.

Maintenance

On the 1st and 15th of every month, run program Delfiles to delete the oldest 15 days’ data. For
example, on October 15, 1996, the following command would be executed in each file area: Delfiles
96091423.ZIP. This would delete all files in that directory prior to and including 96091423. Running
this program also removes the filename from FILES.BBS.

The Geodetic Survey Unit upgrades software and performs additional maintenance as needed.

External Access

The Geodetic Survey Unit monitors messages on the bulletin board and responds to any requests for
personal log-ons. The bulletin board telephone number is 802-828-3785. If the request does not
contain all the necessary information, contact the requestor by phone to get the needed information.

GPS correction files can also be downloaded via FTP over the Internet. Personal accounts are not
necessary at this time. The FTP address is vcap.aot.state.vt.us. All users can log on as “anony-
mous,” with no password. The only exception to this is a special FTP account that has been set up
for NGS. NGS downloads data every hour and includes it with other federal CORS data on its web
site at www.ngs.noaa.gov.

VERMONT CALIBRATION BASE LINES

In 1994 the Geodetic Survey Unit worked cooperatively with the NGS to establish five calibration
base lines in Vermont. The base lines are located in South Hero, Berlin, Lyndonville, Springfield,
and North Dorset and are used to calibrate electronic distance measuring instruments. The Geodetic
Survey Unit maintains the base lines.

Refer to the publication, “Vermont Calibration Base Lines,” for details on instrument calibration
and base-line location. The publication is available through the Geodetic Survey Unit.
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TECHNICAL INFORMATION

The Geodetic Survey Unit keeps on hand pertinent technical information relative to topics such as
geodesy, coordinate systems, survey procedures, and survey equipment. Geodetic Survey Unit per-
sonnel and the NGS Advisor respond to requests for technical information from both the private
sector and state organizations.
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