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Chapter 3 — Preliminary Surveying Section 4 — Photogrammetry

The following table gives the horizontal limiting RMSE for some common maps scales:

The limiting vertical RMSE for large scale (1:20,000 or larger) Class 1 map elevation data is 1/3 of 
the indicated contour interval. Spot elevations are restricted to an RMSE of 1/6 of the contour inter-
val. A map compiled for a one foot contour interval would therefore have a limiting RMSE for 
elevation data of 0.33'. The limiting RMSE for spot elevations would be 0.17'.

Limiting RMS Error

Limiting RMS error places a limit on the statistical value for a sampling of differences in X, Y, and 
Z coordinate values between features on the photogrammetrically compiled map and those identi-
cal features surveyed in the field using equipment with a higher level of positional accuracy.

 Limiting RMS error should not be confused with the maximum allowable error for any individual 
coordinate component. It is possible for individual differences to exceed the limiting RMS error 
while the overall RMSE meets specification. Mathematically, the limiting RMSE is determined 
using the following equation:

Table 3.6 Horizontal Limiting RMSE

Limiting RMSE Feet Map Scale - Imperial Map Scale Ratio Practical Uses

0.05 1'' = 5' 1:60

0.1 1'' = 10' 1:120 Typical Ground Methods

0.2 1'' = 20' 1:240

0.3 1'' = 30' 1:360

0.4 1'' = 40' 1:480

0.5 1'' = 50' 1:600 Typical Photogrammetric 
Methods

1.0 1'' = 100' 1:1,200

2.0 1'' = 200' 1:2,400
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vey should be designed to produce RMSE in elevation differences at check point locations no larger 
than 1/10th of the indicated contour interval.

A minimum of 20 check points shall be used for field checking in order to produce acceptable sta-
tistical results. Check points should be evenly distributed throughout the entire map area. 
Discrepancies between X, Y, or Z coordinates of the ground point, as determined from the map and 
by the check survey that exceed three times the limiting RMSE shall be interpreted as blunders and 
will be corrected before the map is considered to meet this standard. All points determined to be 
blunders either on the map or as part of the field check survey shall be documented in the map 
check summary.

The following figure shows typical statistical check sheets for horizontal and vertical accuracy of 
an aerial derived map.

Figure 3-6. Example of Horizontal and Vertical Map Check Statistical Computations. 
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Statement of Map Accuracy

For maps that are not field checked but have been compiled to meet TxDOT’s accuracy specifica-
tion, the following statement shall be included on the delivered hardcopy and digital versions of the 
map:

“THIS MAP WAS COMPILED TO MEET THE ASPRS 
STANDARD FOR CLASS 1 MAP ACCURACY”

If the map was checked and found to conform to this spatial accuracy standard, both the statement 
above and the following statement shall be included on the delivered hardcopy and digital versions 
of the map, as well as in the field check summary:

“THIS MAP WAS CHECKED AND FOUND TO CONFORM 
TO THE ASPRS STANDARD FOR CLASS 1 MAP 

ACCURACY”

Step-by-Step Accuracy Testing
1. Select the check points. Select a minimum of 20 well-defined points in the map dataset. A 

well-defined point represents a feature for which the horizontal position is known to a high 
level of accuracy. For the purpose of accuracy testing, well-defined points must be clearly 
defined on the map product and easily recoverable on the ground. Check points shall be evenly 
distributed throughout the area covered by the map.

2. Field survey the check points. Using a survey method of higher accuracy (typical optical or 
GPS surveying equipment) occupy the selected check points and record the X, Y, and/or Z 
value for each point. Note that a single point can be used to check both planimetric and eleva-
tion accuracy. The survey method should be capable of measuring with a horizontal accuracy 
one-third the selected limiting RMSE value for the map. The survey should also be capable of 
a vertical measurement 1/10th of the indicated contour interval of the map.

3. Document the horizontal test. Produce a table listing: Point number, description, X coordi-
nate determined from the source of higher accuracy, X coordinate determined from the map, 
the difference between the two coordinates, the squared difference, Y from the source, Y from 
the map, the difference, the squared difference. This table will be included in the field check 
summary documentation.
a. Sum the squared differences and compute the average. From the table column contain-

ing the X squared difference, sum the values and compute the average difference. Do the 
same for the column containing the Y squared difference values.

b. Calculate the root mean squared error. Use the root-mean-square error (RMSE) to 
determine the positional accuracy in both the X and Y coordinate direction. RMSE is the 
square root of the average of the set of squared differences between dataset coordinate val-
ues and coordinate values from an independent source of higher accuracy for the identical 
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points. Take the square root of the average computed in the previous step for both the X 
and Y columns. This value is the limiting RMSE for the map. This value should not 
exceed the limiting RMSE specification for the map scale being checked. If the computed 
RMSE exceeds the limiting RMSE value for the map scale, the map fails its accuracy 
specification. The equation for the RMSE test is as follows:

where:

D2 = d1
2 + d2

2 + d3
2 + ….. + dn

 2 

d = discrepancy in the X or Y coordinate direction = Xmap - Xcheck

n = total number of points checked on the map in the X or Y coordinate direction

4. Document the vertical test. Produce a table listing the: Point number, description, Z coordi-
nate determined from the source of higher accuracy, Z coordinate determined from the map, 
the difference between the two coordinates, and the squared difference. This table will be 
included in the field check summary documentation.
a. Sum the squared differences and compute the average. From the table column contain-

ing the Z squared difference, sum the values and compute the average difference.
b.  Calculate the root mean squared error. Use the root-mean-square error (RMSE) to 

determine the positional accuracy in Z coordinate direction. RMSE is the square root of 
the average of the set of squared differences between dataset coordinate values and coordi-
nate values from an independent source of higher accuracy for the identical points. Take 
the square root of the average computed in the previous step for the Z column. This value 
is the limiting RMSE for the map. This value should not exceed the limiting RMSE speci-
fication for the map scale being checked. If the computed RMSE exceeds the limiting 
RMSE value for the map scale, the map fails its accuracy specification. The equation for 
the RMSE test follows:

where:

D2 = d1
2 + d2

2 + d3
2 + ….. + dn

 2 

d = discrepancy in the Z coordinate direction = Zmap - Zcheck

n = total number of points checked on the map in the Z coordinate direction
TxDOT Survey Manual 3-29  TxDOT 01/2008



Chapter 3 — Preliminary Surveying Section 4 — Photogrammetry
5. Prepare the summary. The written summary will include the project SRN number, the name of 
the roadway being mapped, the county that the project is in, and the date that the field check 
was performed. A brief summary of the field procedures and equipment used should be 
included. The tables prepared from the data listed above shall be included in the summary. The 
table will include the point number and description of the check point, the X map coordinate, 
the X field coordinate, the difference between the two points, and the difference squared. The 
same data should be included for the Y coordinate. The table prepared from the data listed 
above for the Z coordinate check shall also be included in the summary. At the bottom of the 
difference squared column, the average of the squares and the square root of the average 
should be shown and labeled. The square root of the average of the squared differences is the 
RMSE value.
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Section 5

GPS Surveying

General Information

In general, GPS applications can be categorized as follows:

1. Autonomous—Immediate positions determined without the aid of post processing or differen-
tial corrections. Low-end handheld GPS receivers acquiring only this type of position may be 
used for finding monuments or rough positions within about 30 feet.

2. Static—Long observations establishing long baselines for the purpose of determining survey-
grade coordinates for control of projects or intermediate points for extending the National Spa-
tial Reference System. The data from these observations are post-processed in a network 
which is adjusted using a least squares method.

3. Fast Static—Similar to Static with the exception of the length of time of observation – the 
receivers have the capability of determining (from user set parameters) the time necessary to 
acquire sufficient data for post processing a position. Time usually ranges from 8 to 20 minutes 
for an observation. When done with single frequency equipment, this type of survey is usually 
limited to about 12 kilometers. Even with dual frequency equipment, it should be limited to 
about 20 kilometers for design grade surveys. Accuracy degrades quickly, but predictably, at 
longer distances. In a VRS Network, this accuracy will increase.

4. Post Processed Kinematic—Used for higher production – occupation times of well under a 
minute yet closed loop accuracy when two or more base stations are used. Single frequency 
data is collected using distances of less than about 10 kilometers.

5. Real Time Kinematic (RTK)—Used for topographic surveys, staking out, and other applica-
tions, where radial baselines are acceptable. Accuracies of about 2 cm horizontal and 3 cm 
vertical are attainable at distances of up to about 10 kilometers. Accuracy drops off quickly at 
longer distances because of atmospheric errors. Many times the communication link between 
the base station and rover unit will prevent working at these distances. Observation times can 
be as short as 5 seconds.

6. Continuous Kinematic—Used for rapid collection of topo data over large areas not requiring 
a high degree of accuracy. The rover antenna, usually attached to a vehicle, navigates the road-
way or terrain to create trails of points collected at regular intervals without operator 
intervention. Most often, the driver will follow breaklines or survey chains (top of banks, 
fences, edge of pavement, etc.).

7. Airborne GPS—Used for control for photogrammetry – this reduces the amount of paneling 
necessary. The system includes receivers at reference stations and rover equipment in the air-
craft. The receiver in the aircraft is synchronized with the camera shutter for the geo-
positioning of the photos.
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8. Networked RTK (VRS)—This variation of the standard base-and-rover RTK surveying 
makes use of a sophisticated network of permanent base stations over a large area at a spacing 
of approximately 70 kilometers. The stations are connected to a central computer which is 
accessed by the rover unit (via cellular phone) to communicate a correction to the rover from a 
“virtual” position within a short distance of the rover. This provides accuracy at the rover that 
rivals the results of working within a couple of miles of an actual base station.

9. Code based data collection—This method of acquiring positions rapidly and with additional 
attribute information is used for GIS mapping applications where accuracy is not a factor; deci-
meter to several meters may be considered sufficient. This type of work utilizes code based 
GPS receivers. The methods of GIS data collection are not addressed in this guide.

TxDOT Levels of Survey Accuracy for GPS

Seven levels of Global Positioning System (GPS) surveying have been established by TxDOT to 
aid in maintaining standards of accuracy for different types of GPS surveys. The first four of these 
levels apply to design grade surveying. The most accurate stations in the state are the Continuously 
Operating Reference Stations (CORS) of the National Spatial Reference System (NSRS). These 
stations are overseen by the NGS and their placements are not included in the TxDOT Levels of 
Surveys. A number of these are maintained by TxDOT and are referred to as regional reference 
points (see “Datum and Project Control” below).

Level 1 Surveys

The basic purpose of this highest level of GPS surveys is for setting auxiliary points to densify a 
network of A and B order points that augment the above mentioned CORS stations. This will allow 
shorter observation times for performing static surveys in placing all lower quality control points. A 
typical data sheet for one of these points will show the amount of detail and documentation 
involved. In the usual seven digit station name, the first three digits represent the county number 
and the last four digits denote the discreet point number assigned by the district. This level of sur-
veys requires the direct supervision of an Registered Professional Land Surveyor (RPLS) and these 
points are usually set only on an as needed basis for very large projects.

Level 2 Surveys

Intended mainly for project control, these points usually include an azimuth mark for use with con-
ventional surveying equipment. The high degree of accuracy is needed not just in relation to each 
other (local) but also on the High Accuracy Reference Network (HARN) network so that the same 
points can be used in subsequent adjoining projects years later. A standard naming convention and 
data sheets are also commonly used at this level. These surveys require direct RPLS supervision.
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Level 3 Surveys

Still sometimes held tightly but can be relaxed enough to use faststatic or kinematic methods with 
two, or more, higher level reference stations. Appropriate for use mostly for surveying photogram-
metric center line panels, property corners and base stations for topographic surveys. RTK will 
require the use of two or more base stations.

Level 4 Surveys

Least stringent design level allowing radial baselines for kinematic surveying. Mainly for topo 
work, registering data and for continuous kinematic. This level requires use of a temporary base 
station.

Level 5 Surveys

Level 5a - Includes mapping-grade (GIS) work that is held to 30 cm accuracy. Generally, this 
level requires a real time correction or post-processing from a base station. Surveys of this 
level are limited to horizontal accuracy, with vertical positions 
used for informational purposes only due to their poor accuracy.

Level 5b - Includes mapping-grade (GIS) sub-meter network accu-
racy. This is probably the most used level of accuracy for GIS work 
and can be accomplished with the largest variety of equipment. Sur-
veys of this level are limited to horizontal accuracy, with 
vertical positions used for informational purposes only due to 
their poor accuracy.

Level 6 Surveys

This level includes mapping-grade (GIS) work that is held to within a 5 meter 
accuracy. A Satellite Based Augmentation System (SBAS) is commonly 
used for this level of accuracy. Surveys of this level are limited 
to horizontal accuracy. The vertical component is generally of 
very poor accuracy.

Level 7 Surveys

This category includes locative work for rough positioning using autonomous positions. 
An accuracy of 10 meters is required, which is achievable with most 
consumer grade handheld units. This data is limited to horizontal 
accuracy with vertical positions seldom included.
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Requirements and Specifications

Only general procedures for performing GPS static and real time kinematic surveying are outlined 
in this chapter. The specific requirements and specifications are outlined in the TxDOT GPS 
User’s Manual, located on the Internet at www.dot.state.tx.us under the 
“Business” heading, select “Online Manuals.”

Equipment and Software

TxDOT offers support to its surveyors for Trimble receivers and Trimble processing and adjust-
ment software. Technology Services Division (TSD) maintains a list of recommended equipment 
and software, in the Procurement and Justification System (PJS), which 
includes GPS items.

A request for additions can be made on GPS equipment available for 
TxDOT procurement using the Request for PJS Catalogue Addition Record Form 2157. 
This catalogue is accessible to the district information resources administrators. Procedures for use 
of the equipment are outlined in Chapter 4 of the TxDOT GPS User’s Manual and procedures for 
processing and adjustment of GPS data are included in Chapter 6 of the same manual.

Datum and Project Control

The reference system for horizontal control in the United States is the North American Datum of 
1983 (NAD 83). The reference system for vertical control is the North American Vertical Datum of 
1988 (NAVD 88). Surveys are referenced to these datums through measurements to control points 
of the National Spatial Reference System (NSRS). The NSRS is referenced to a nationwide net-
work of Continuously Operating Reference Stations (CORS). There are approximately 70 of these 
NSRS stations in Texas. A densification network of A and B order points supplement the network.

Primary project control points should be surveyed in from the CORS stations with ties to additional 
A and B order points as needed to provide shorter distances and proper geometric network configu-
ration (see the section on “Level 2” surveys in the TxDOT GPS User’s Manual, Chapter 6, Section 
6 “Field Survey Operations and Procedures”). It should be noted that HARN coordinates are com-
puted as of the date of the HARN survey (1993). On the other hand, CORS coordinates are 
computed as of the observation date. As a practical matter, there is not enough movement over time 
for points in the eastern US to be significant at magnitudes of less than one centimeter accuracy. 
However, users should examine differences between HARN and CORS coordinates to determine if 
there has been significant local or regional movement over time.

Primary project control points should be positioned and spaced so that they can be used for both 
conventional and GPS work. An azimuth mark should be visible from the station for surveys with 
conventional equipment. A data sheet form (see Chapter 6, Section 3 of the TxDOT GPS User’s 
Manual) to record new control point metadata should be documented for use with new GPS control 
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points. Generally, more reference stations and ties are given than for conventional surveys and an 
ellipsoid height is added.

Figure 3-7. TxDOT Regional Reference Points (RRP). 
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Section 6

GPS Static Surveying

Overview

Static GPS surveying typically uses a network or multiple baseline approach for positioning. It may 
consist of multiple receivers, multiple baselines, multiple observational redundancies and multiple 
sessions. A least squares adjustment of the observations is required. This method provides the high-
est accuracy achievable and requires the longest observation times – from less than an hour to five 
hours or longer.

Static positioning is primarily used for ties to the National Spatial Reference System (NSRS) when 
observing for TxDOT Level 1 and 2 surveys. Project control points are nearly always set using this 
type of survey.

A variation of the static survey is the faststatic method (also called rapid-static by some manufac-
turers of GPS equipment). This will allow shorter occupation times (i.e., 8 to 20+ minutes) than 
static positioning and may use a radial baseline technique, network technique, or a combination of 
the two. Baseline lengths may not exceed 10 kilometers for L1 only receivers and 20 kilometers for 
L1/L2 receivers.

Typically, the occupation time is a minimum of 8 minutes for baseline up to 20 km and a minimum 
of 12 minutes for baselines up to 30 km. Please refer to manufacturers’ specifications for minimum 
occupation times, number of satellites observed, and minimum amount of cycle slip free data col-
lected for this type of data collection method. FastStatic requires a least squares adjustment or other 
multiple baseline statistical analysis capable of producing a weighted mean average of the observa-
tions. More than one base station will be used to provide redundancy for each vector. FastStatic 
techniques may be used for observing Levels 3 & 4.

Planning

Planning is one of the most important parts of the performance of a control survey utilizing GPS 
survey measurement techniques.
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The following steps will help to ensure the creation of a baseline network, which will produce accu-
rate coordinates on newly placed project points:

NOTE: All of the control stations selected for reference points must have positions known on the 
NAD 83 datum. The particular adjustment recommended is the 2003 CORS Adjustment 
denoted as NAD 83 (CORS).

Fieldwork

The normal collection rate (epoch) is 5 seconds for static observations but for long observation 
times of more than 3 hours, a collection rate 30 seconds is acceptable.

Longer baselines will require longer total observation times on end points. Typical observation 
times are listed in the table below. Allowances should be made for difficult situations where there 

Table 3.7 GPS Static Observation Planning

Step Task

1 Roughly locate both new points and existing control on a map showing roads to use in moving the 
observers around the project.

2 During field reconnaissance flag and mark points for easy identification by all personnel.

3 For each session draw independent baselines you want to observe on a map. Move through the 
project until all points have been included.

4 From an almanac of satellite orbits choose appropriate times for observations to avoid consider 
space weather – unusually poor conditions caused by solar storms and magnetic disturbances can 
cause many hours of unusable data. One measure of this activity is the Kp index. An explanation 
of this scale and daily predictions can be found at http://www.sec.noaa.gov/index.html.

5 When possible, separate redundant observations by 24 hours to consider different atmospheric 
conditions and then a several hour shift to take advantage of a slightly different satellite 
constellation.

6 Observing the above suggestions, plan your repeated occupations and observations. Make a 
schedule understandable to all personnel doing the fieldwork.

The field reconnaissance survey of the site mentioned above should accomplish the following:

Determine the location and sky visibility of existing and new control stations
Pick the locations for new stations making sure satellites can be recorded in a minimum of 
three quadrants
Look at logistics of project and determine transportation required
Gain permission to access station(s) on private land
If applicable, notify law enforcement of your activities
Record sky visibility chart data and access requirements for all stations
Look for any objects that could be sources for radio interference
Look for any multi-path conditions that may affect data collection.
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may be less satellite visibility, high PDOP, chance of reflected signal or even solar flares and 
sunspots.

Minimum observation times for surveys Level 2 and lower.

* Assuming at least 5 satellites and PDOP of less than 6.0.

If adjustable height tripods are used, the height of the antenna above the mark should be measured. 
It is recommended that this be at a minimum of three locations around the ground plane in two sep-
arate units at the beginning of the observing session and again at the end of the observing session.

There are certain newer types of antenna where this is not possible; therefore, the manufacturer’s 
recommended measurement should be followed. The H.I. must be recorded in a field book or on 
log sheets for every occupation. The log sheets may contain other information but their main pur-
pose is to pass on to the processor the H.I. of the setup and match the location to the particular data 
file.

Some antenna setups will require a diagonal (slope) distance to be measured from the edge of the 
ground plane to the monument. Follow the equipment manufacturer’s instructions and include the 
type of measurement on the data sheet. For Trimble antennas (with ground plane), the diagonal 
measurement is made from a notch on the outer perimeter of the antenna and must be noted as such 
on the log sheet.

There should be one log sheet per observation. At the end of the day or the end of the project, the 
party chief, knowing the number of observations, must collect all of the completed data sheets. One 
missing data sheet may require the repeat of an entire session because it is not possible to redo a 
single missing point since simultaneous occupations must be made.

The elevation mask should not be set at less than 13 degrees – 15 degrees is normally used. Data 
from satellites lower than that is just about useless for surveying; it is too noisy going through the 
atmosphere. Anything over 15 degrees may be denying the processor access to useful data that he 
or she may need in some situations. Usually the processing is done at a cut-off elevation of 15 or 17 
degrees.

Table 3.8 Typical Static Observation Times

Length of Baseline Minimum Observation Time *

less than 10 km 45 minutes

10 to 40 km 1 hour

40 to 100 km 2 hour 

100 to 200 km 3 hour

more than 200 km 4 hour or more
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All observers should be well aware of the scheduled start and stop times for each session and 
should allow plenty of time to find the monument (which should be well marked and flagged before 
the day of the observation) and allow enough time to set up the antenna accurately.

In some situations, time can best be utilized by observing the station’s azimuth mark (which is usu-
ally about a half mile away and visible from the newly placed station) during the long observation 
time. The azimuth mark generally only requires about 20 to 30 minutes. However, you probably 
will not be able to safely leave the station setup unattended unless perhaps it is in a fenced in main-
tenance yard where you feel it is secure.

Downloading the Data

The Trimble program for transferring the raw data files from the receivers to the laptop or PC is 
called Data Transfer. Microsoft ActiveSync can also be used. One should never leave a project 
where considerable travel is required before downloading the files and matching the log sheets.

Processing

Trimble software for this purpose is called Trimble Geomatics Office and includes the basic pro-
gram, plus two additional individually licensed add-ons called “Wave Baseline Processor” and 
“Trimble Adjustment.” When loading the observations into the Processor of TGO care should be 
taken that each file includes the correct antenna type, antenna height and type of measurement. 
Remember that on CORS and Cooperative CORS stations, the measurement is from the antenna 
reference point (ARP) – this is also the point of reference for all RINEX files.

The processing will produce a “fixed” or a “float” solution and it could be determined using L1 
only or L1/L2. The fixed solution is considered best but for extremely long baselines the float solu-
tion may be the only solution available. For very short (5 km and less) baselines an “L1 Only” 
solution will probably be the final solution but you should hope for L1/L2 (also called iono-free) on 
baselines longer than about 5 or 10 km. The table below show the base

Table 3.9 Baseline Solution Types

Up to 5 km 5 – 10 km 10 – 30 km 30 – 200 km
more than 200 
km

Desirable L1 fixed L1 fixed or 
L1/L2 fixed

L1/L2 fixed L1/L2 fixed L1/L2 fixed 

Acceptable L1 only L1 only L1 fixed L1/L2 float
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The processing will generate several other quality indicators. The RMS error estimate of the vector 
is a good indicator - usually not more than 15 millimeters. A high ratio of difference between the 
two closest solutions of a baseline length indicates that the integer was easily established and so the 
result is more assured. Finally, the reference variance should be close to 1.00 – this is the ratio of 
the actual amount of error to the amount of error expected (given the accuracy in centering the 
antenna over the point and measuring the H.I.).

Performing loop closures on selected vectors will make blunders apparent. It may take a few tries to 
determine which vector is at fault. Just as with a conventional traverse, a ratio of precision or parts 
per million is the method of checking the closures.

Adjustment

Once vectors have been processed, a least squares adjustment of the network will produce the best 
possible solution of final coordinates. The first adjustment should hold only one point to known 
coordinates. The results will indicate how well the GPS derived baselines fit together. If there had 
been a bad observation, it would show up here as an anomalous vector.

Then after ensuring that only good quality GPS baselines have been produced, the user can proceed 
holding each known reference station in subsequent iterations of the least squares process. By 
watching how remaining known points compare, the user will get an idea of how well the control 
points fit together. At this point, it can be seen how important it is to have additional control points 
as checks. The user may find that what was thought was a good control point might have to be 
thrown out.

The user should be aware of standard least squares quality indicators, which are beyond the scope 
of this manual, but outlined step-by-step in the software package. As a guide, however, the final 
network should pass the chi-square test; the network reference factor should be about 1.00 (plus or 
minus .10) and the scalar will usually fall between about 5 and 10.

Determining Elevations

After the fully constrained adjustment, the user will still only have heights measured from the ellip-
soid (sometimes called GPS heights). It is necessary to determine orthometric elevations for use in 
the field. The use of a geoid model, such as GEOID03, will usually yield orthometric elevations 
accurate to within a few centimeters in many places but for design survey accuracy it will be neces-
sary to hold known elevations surrounding the project to get results within millimeters in relation to 
the surrounding marks.

From those ties, the geoid model is interpolated throughout the network to produce elevations on 
the newly surveyed points. Again it can be seen why it is important to have more than just a couple 
of control points – vertical control points should be well spaced and surround the project whenever 
possible.
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Deliverables

The final list of coordinates from the survey should include all metadata necessary to make the 
coordinates usable. This would include datum (and adjustment such as HARN), units, state plane or 
surface adjusted, and if surface adjusted – the adjustment factor used. Do not truncate coordinates 
and coordinates shall include standard TxDOT feature codes. Most often the format desired is: 
point name, northing, easting, elevation, feature code. Occasionally, designers request LandXML.

As an indicator of the survey quality, a project summary should be printed as supplied by the soft-
ware. It will indicate the above information about the baseline processing and the adjustment 
routine. Such things as histograms and bell curves, ratios of precision for each point, etc. are gener-
ally available for review. The raw data in RINEX or DAT file format and log sheets must also be 
preserved for future retrieval.
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Section 7

GPS RTK Surveying

Overview

Real-time kinematic (RTK) positioning is similar to a total station radial survey. RTK does not 
require post processing of the data to obtain a position solution. This allows for real-time surveying 
in the field and allows the surveyor to check the quality of measurements without having to process 
the data.

RTK positioning may be used for Level 3 and 4 surveys as mentioned in Section 5 of this chapter. 
Level 3 surveys require that a second base station be set up for the purpose of creating a second 
baseline. Trimble units (and most others) will allow the averaging or adjustment of the two or more 
baselines while still standing at the point. Level 4 surveys will accept the single radial baseline 
solution (see Table 4.1 of the TxDOT GPS User’s Manual). The surveyor must also follow the 
manufacturers prescribed methods.

Real-time surveying technology may utilize single or dual-frequency (L1/L2) techniques for initial-
ization, but the subsequent RTK survey is accomplished using only the L1 carrier phase frequency. 
Therefore, all RTK surveys are currently subject to the limitations of the L1 frequency which is 10 
kilometers from the base station. In order to maintain a 2 cm level of accuracy, distances are usually 
considerably less than this but there may be circumstances where this maximum range may be 
extended.

Planning

As with static GPS surveying, mission planning is an important step in performing a RTK survey. 
There are times of the day when the numbers of satellites available will vary. The positions of the 
satellites at various times of the day are also a factor. Planning your work around these times 
greatly increases productivity and the quality of your results. Most, if not all software packages 
include a utility allowing you to predict satellite coverage.

The Trimble planning utility supported by Technology Services Division (TSD) is simply called 
“Planning” and offers charts, graphs, and sky plots to aid in determining the best times for GPS 
reception and data quality. Number of satellites and PDOP are the most important indicators. A 
recent almanac (approximately 12 minutes of broadcast ephemeris data collected within the last 
couple of days) is needed. The surveyor can collect this or download it from several sites on the 
internet. The Trimble site, www.trimble.com, uses a file extension of .ssf on their daily almanac 
files.

The selection of the base station sites will also affect the success of the RTK observations. Select a 
poor base stations site and you will likely have problems throughout the entire survey. Select a site 
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with good sky visibility down to 10 or 15 degrees from the horizon. Be aware of high power trans-
mitters such as microwave, TV stations, military installations, high voltage transmission power 
lines, etc.

Multi-path may be caused by radio wave reflective objects such as trees, buildings, large sign-
boards, chain link fences, etc. Because of the orbits of the satellites, obstacles to the north of the 
antenna setup are not as detrimental to reception.

It is worth the effort to get the base stations in optimum locations. A problem at the base is a prob-
lem at all rovers. A problem at one rover is only a problem at that one rover.

If possible, you should take part in the selection of any project control points in the beginning 
stages of a project to insure that the points can be surveyed with GPS and well spaced for project 
coverage of real-time kinematic (RTK) if GPS is likely to be used. Of course, the primary project 
control points should always be selected to be GPS friendly.

Preparing the Data Collector

It is important to have the Feature Code Library or a feature table loaded into the data collector 
before going to the field. A list of available existing control points that may be available should 
also be included to prevent having to type in long coordinate values. On the Trimble TSC and ACU 
data collectors the control file can simply be an ASCII file with the format: point name, northing, 
easting, elevation, feature and feature code. The extension can be .txt or it can be a .csv file.

The “job” can be created in the office and exported to the data collector or the user can enter the job 
parameters in the field. Some of the settings involved are datum, projection, scale, and scale factor 
and measurement units. The Trimble data collection software is called, “Survey Controller.”

A survey “style” is used as a template to repeat settings for a particular type of real-time kinetic 
(RTK) survey. The style contains dozens of settings to include all the base and rover radio settings, 
receiver settings, data and accuracy parameters, etc. The software comes with several styles, but the 
user will eventually want to create their own to accommodate their particular brand of radios, or 
cell phones. The user’s styles can be created in the “configuration” icon and will be saved under the 
Trimble Data folder on the hard drive of the data collector.

Setting Up the Base Station

Set the base station at one second collection rate and at 13 degrees elevation mask. It is advisable to 
use a fixed height tripod (usually 2-meters). It is possible to do the entire survey without ever hav-
ing to make an H.I. measurement – a considerable advantage over the conventional survey.

Obviously, it will be of little value to have data based on a coordinate system or datum that is unus-
able. However, control local in NAD 83 datum may sometimes be unavailable within range of the 
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RTK system. Perhaps control points have been destroyed or maybe no control was extended 
beyond the several project control points on a large project. In these instances, a proper GPS meth-
ods can be used to bring control points to areas suitable for RTK base stations. See Chapter 6 of the 
TxDOT GPS User’s Manual concerning Level 2 and Level 3 surveys for this purpose.

There is also the option of starting an RTK survey with an autonomous position for the base. While 
collecting your RTK data at the rover, have the base station log raw observables for post-processed 
GPS. After post-processing your data to establish correct coordinates you can use the corrected 
coordinates to edit your base stations position and shift the collected RTK data to its proper posi-
tions. Trimble data collectors have a selection for this purpose called a “here” option.

A similar option is to start your base station with an autonomous (here) position but then observe 
control points and calibrate or localize (manufactures use different terms) to shift the data to the 
existing control values.

There are drawbacks to using these two approaches. The problems arise from the inaccuracy of the 
position of the base stations. For each ten meters of error in the base position, introduce an addi-
tional 1ppm (1mm per kilometer) error in our baselines. (This rule holds true with all GPS 
surveying techniques you might choose to use.)

Even after the base station data is post-processed and the coordinates are determined and shifted, 
error will remain in the baselines if the 10 meter fault is present. The finding of an autonomous 
position of more than 10 meters error, especially if baselines of more than a few kilometers were 
used, may mean a redo of the survey. For this reason, it is strongly recommended that base stations 
be known control points.

If it is not possible to use a control point, there are different approaches you can use to assure that 
inaccurate base station coordinates are held to a minimum.

1. Use the Wide Area Augmentation System (WAAS) corrected signal (still only accurate to 
about 7 meters).

2. Use equipment that allows for averaging of code derived autonomous positions.

3. Predetermine position with code equipment using a correction service.

Using an unknown position for the base station in the methods described above is a poor substitute 
for the practice of occupying a known position.

The Rover

Set the rover receiver at one (1) second collection rate and 15 degrees elevation mask. The rover 
rod should always be a fixed height. Unlike conventional surveying from a total station, line of 
sight is not needed – there is no need to raise or lower the rod height. Usually a 2-meter rod is used. 
Not having to make this measurement eliminates one more chance of error.
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Before getting too far away from the base station, check the radio (or cell phone) link to the rover.

The first thing that must be done upon “starting the survey” on the data collector is to initialize the 
system (resolve the integer ambiguity). Several methods that are acceptable when preformed 
properly.

Known point initialization – this is the fastest and safest way to initialize. Where possible and 
practical this should be the method of choice. The firmware uses the three-dimensional deltas 
of the relative WGS84 positions of the base stations and the known point occupied by the rover 
as an aid in solving the integer ambiguities.

New point initialization – this is a technique that is usually used on equipment that does not 
have the ability to solve the integer ambiguity on the fly (OTF).

On-The-Fly (OTF) initialization – this is the most common technique used by most equipment 
today. There must be care taken when using this method. The possibility of an incorrect initial-
ization may be remote but remains a possibility.

To avoid the possibility of an undetected incorrect initialization use one of the following methods 
to check the system.

After the OTF initialization, observe a point, this can be a temporary mark or a point in the survey. 
Discard the first OTF initialization and OTF re-initialize by moving more than forty (40) feet away 
from the point to be used as check. After the new OTF initialization has been accomplished return 
to the point being used as a check and re-shoot. Compare the first and second shots to within an 
acceptable tolerance. If the points check, proceed with data collection with the confidence of sur-
veying with a correct initialization.

If the error between the two points is beyond the expected error one or both of the OTF initializa-
tions used for a check are incorrect. The user must change the location by a difference of more than 
two (2) feet of H.I. or more likely move more than forty (40) feet away in a different direction. This 
will usually provide enough information for you to identify the OTF initialization that is incorrect. 
Once the problem is solved, you can begin the survey. This procedure must be repeated with any 
loss of initialization.

As with any surveying techniques the user would want to check a known point in the survey before 
beginning work, apply the same logic to your RTK survey.

The user is now ready to observe points. The amount of time of occupation will vary depending on 
conditions such as obstruction, multi-path, noise, etc. The user may have to resort to:

increasing occupation time to a couple of minutes at one second epochs

a more stable setup (use of a tripod or bipod)

use of a ground plane when in a multi-path environment
TxDOT Survey Manual 3-45  TxDOT 01/2008



Chapter 3 — Preliminary Surveying Section 7 — GPS RTK Surveying
The use of the most recent list of TxDOT feature codes is mandatory. As of November 2003, the 
“txdot2k” is the most recent. This TxDOT list is available in Trimble format as “txdot2k.fcl” and in 
CAiCE ™ format as “txdot2k.ftb.” Topographic data should be collected in a manner similar to a 
conventional topographic survey in that the rover operator(s) must be aware of the fact that they are 
collecting chains of connected points to create break lines that will not be crossed in the creation of 
the TIN file.

The selection of feature codes for “as-builts” and various features will also determine what points 
will or will not be included in a DTM. TxDOT’s Technology Services Division (TSD) provides a 
class on Survey Data Management System ® (SDMS) for data collection that would be helpful in 
understanding the procedures for collecting data with RTK for topo work.

There are two screens associated with each measurement on the Trimble data collector: the “mea-
sure” screen and the “attribute” screen. The initial (default) screen is the “measure” screen, which 
will allow the user to key in the feature code. Before pressing “measure” however, open the 
“attribute” to answer the prompts such as FG: or GM: or whatever else appears, then make the 
measurement.

If the user has not checked the “prompt for attributes” box this will not appear. Users can continue 
shooting points without going back to the attributes screen, until the situation changes when a new 
figure number, geometry setting, or whatever else the user might want to change is needed.

A good rule of thumb is to reoccupy about 25% of all points requiring the accuracy of a Level 3 
survey after a new initialization or about 10% of the points in a topo survey.

Upon successful completion of the user’s observations, the user will now have a radial survey. 
Users must move the base station to a second control point and repeat the process for surveys that 
will not allow single baseline solutions (Level 3).

If radial lines are permitted, such as on a topographical survey or wing panel locations, it is still a 
good idea to occupy a second base station if another control point is nearby to randomly check a 
few of the points already established.

Post Processing

An alternative method of performing a kinematic survey is to collect the data and process it at a 
later time. This does not require the use of a communications link (i.e. radio or cell phone) and can 
be combined with RTK to perform infill when the link is temporarily down. Post processed kine-
matic survey methods provide the surveyor with a technique for high production measurements and 
can be used in areas with minimal obstructions of the satellites.

PPK uses significantly reduced observation times (i.e. 0.5 to 3 minutes, usually 10-30 seconds per 
point) compared to static or fast-static/rapid-static observations. This method requires a least 
squares adjustment or other multiple baseline statistical analysis capable of producing a weighted 
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mean average of the observations. Post processing will allow kinematic surveying to be used for 
some Level 3 surveys.

Integrating Conventional Measurements

To be added in a later edition

Using Networked RTK (VRS)

To be added in a later edition

The End Product

When topo data is collected with real-time kinematic (RTK), the output format most often will need 
to be in Survey Data Management System ® (SDMS) format. The TxDOT supported TGO software 
exports directly to the SDMS ® format. There must be point connectivity (break lines) and the stan-
dard TxDOT feature codes will insure this. The file is available at district offices in Trimble format 
for Trimble TSC-1, TSC-e and ACU data collectors. As mentioned above, the file name is 
“txdot2k.fcl”. Conventional data collected on the Trimble data collector using Survey Controller 
can be included in the same .dc (job file).

The .dc (job file) can be downloaded to the PC with the Trimble Data Transfer program or using 
Microsoft ActiveSync with a USB connection. By importing into Trimble TGO, the user can see 
the work graphically and do some editing if necessary before exporting the final product as an 
ASCII or SDMS.cal file.

The use of LandXML format is being investigated as an alternative standard of transfer.

If an ASCII file of final coordinates is needed, the most often requested format is: name, northing, 
easting, elevation, feature code.

NOTE: that all data passing hands should include notes on datum, projection, geoid model, and 
date of survey. Coordinates should be designated as state plane coordinates or surface 
adjusted coordinates with an accompanying CAF or SAF factor.
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Section 8

Geodetic Surveying

Overview

Unless otherwise instructed, latitude and longitude will be presented as degrees, minutes, and sec-
onds. Direction indicators N or W will prefix the value and seconds will be carried out five (5) 
places right of the decimal when using published National Geodetic Survey (NGS) latitude/longi-
tude (geographic) values.

Units

The coordinate system used by TxDOT is the State Plane Coordinate System (SPCS) in NAD 83 
datum. However, units of length for northings and eastings will be in U.S. Survey Feet, rather than 
the defining units of length which is in meters. It should be noted that the U.S. Survey Foot is des-
ignated by the Texas Legislature to be the state standard, rather than the International Foot, used in 
some states (Texas Natural Resources Code, Subchapter D, §21.071 – 79). Horizontal coordinates 
should be carried out to .001 ft. unless otherwise instructed.

Processing and adjusting GPS data may be done in the metric system, but all project data must be 
converted and delivered in U.S. Survey Feet. Conversion from meters to U.S. Survey Feet must be 
made using the following formula:

Meters * 3937/1200 = U.S. Survey Feet

The factor is 3.280833333333 and working with state plane coordinates (SPC’s) in the millions, 
one must carry the factor out to 12 places to the right of the decimal just as shown here.

Datums

All geodetic surveying will be done in the NAD 83 horizontal datum. A horizontal datum is defined 
as an ellipsoid model with a designated reference point. The most recent datum used in Texas, 
before NAD 83 was the NAD 27. The latitude and longitude coordinates of a particular point on the 
ground will differ by about one second of arc between NAD 27 and NAD 83, which equates to 
about 100 ft.

An adjustment, done in Texas (using GPS) resulted in the 1993 High Accuracy Reference Network 
(HARN). The network was extended to nearly all old, conventionally surveyed federal monumen-
tation monuments. Projects should be referenced to the published HARN coordinates of NGS 
monumentation monuments.

Elevations will be referenced to the NAVD 88 vertical datum. An older datum, NGVD 29, has been 
superseded. Differences between the two range from almost none in Southeast Texas to about a foot 
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in Northwest Texas. NGS data sheets specifically indicate bench mark elevations as 1.) monu-
mented and surveyed in the newer NAVD 88 datum, 2.) re-surveyed to the new datum or 3.) 
transformed to the new datum by means of an interpolation software called VERTCON.

Where design survey accuracy is required, TxDOT will not accept any datum transformations 
based upon a single control point. There is no way to transfer NAD 27 coordinates to NAD 83 
datum accurately. CORPSWIN and other conversion software are based on NADCON algorithms, 
which perform a rubber sheeting adjustment, are not at all accurate in most parts of the state.

If a change to the NAD 83 project datum is needed for comparison of old surveys, two control 
points can be resurveyed (GPS or conventional) from references in the new datum. Then a transla-
tion-rotation-scale can be done holding to the two points common to both datum. Alternatively, if 
original raw GPS data is available, it can be reprocessed holding the new datum coordinates rather 
that than the original datum coordinates.

There are several programs, such as CORPSWIN, available through the NGS for conversion of 
geographic coordinates to state plane coordinates. CORPSWIN, one of the best software available 
is for the mathematical conversion of a.) Metric to U.S. Survey Foot (or visa-versa) b.) SPC zones 
to adjoining SPC zones c.) UTM to SPC’s and d.) Lat/Lon to SPC’s.

Besides these strictly mathematical conversions, CORPSWIN provides useable outputs to 
determine a combined adjustment factor (CAF) at the specific location of a point, if the eleva-
tion is included in the input. Users should note that this is computed using the sea level factor of the 
NAD 27 datum, and does not utilize the height above ellipsoid (HAE) method of NAD 83. The pro-
grams published by NGS use a mean radius of the earth (20,906,000 feet) for the continental U.S. 
Other commercially published programs, such as Trimble Geomatics Office, compute a CAF for 
each point using a terrestrial radius computed for the latitude at that point.

State Plane Coordinates

Background. Because surveys are performed on the curved surface of the earth and at different 
elevations, measurements from different starting points will not mesh nor will the lines be rectilin-
ear. This may not present a problem in a few miles of work, but in order to seamlessly connect 
survey work over greater distances, a working plane with a rectangular grid must be used. For engi-
neering applications, the State Plane Coordinate System (SPCS) is used most often.

The SPCS was developed in the 1930’s and was based on NAD 27. With a few changes, it was 
adapted to the present day NAD 83 datum. Coordinates from NAD 27 and NAD 83 do not at all 
resemble each other, however. Differing false eastings and northings were assigned to the two 
datums to prevent confusion between coordinates computed on each datum.

Coordinates are given as X (east) and Y (north) in meters. The projection used in Texas to project 
from the earth’s curved surface to a developable plane was the Lambert conformal conic projection. 
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Five plane coordinate projections zones — North (TX4201), North-central (TX4202), Central 
(TX4203), South-central (TX4204) and South (TX4205) are used.

The State Plane-to-Surface Transition

One of the most troublesome issues often faced when dealing with SPCSs is the fact that, except for 
a few very small areas, a distance measured on the ground (surface) will differ from the inversed 
distance between State Plane Coordinate System (SPCS) values. Depending on how far north or 
south the project falls in the state plane zone and depending on the elevation of the area, coordi-
nates in the SPCS most likely will need to be adjusted so that lengths measured on the surface will 
coincide with lengths inversed on the state plane grid.

One component of the adjustment involves the projected position from the curved surface of the 
earth to the plane. It is a ratio, which reflects the difference between a length measurements on the 
grid versus one lengths made computed on the ellipsoid. A factor suitable for a conversion of any 
position on the surface to a position on the state plane grid can be found in tables or derived by a 
number of software programs. This is called the scale factor.

The other component of the conversion is a function of a point’s elevation. It reflects the fact that a 
sea level (or ellipsoid-level) distance measured between two lat/lon points is shorter than a surface 
distance. The elevation factor is computed by the formula:

20,906,000 / (20,906,000 + n)

where n is the orthometric height and 20,906,000 is the mean radius of the earth

For most surveys, this calculation is adequate (see the sample calculations beginning on page 56). 
For extremely accurate work, the difference between the orthometric elevation and height above 
the ellipsoid should be taken into account.

Since a user would not use one of these factors without the other, they may as well be combined 
into one. To derive a combined adjustment factor (CAF), we multiply the scale factor by the eleva-
tion factor. TxDOT has calculated a very general combination factor for each county in the state. It 
is the reciprocal value of the CAF meaning that it is multiplied times a state plane baseline length 
(or coordinate) to arrive at a surface value. This multiplier, know as a surface adjustment factor 
(SAF) and a list can be obtained from the district surveyor if the use of project specific factors is 
not required.

The only way of maintaining integrity between points on the surface and the state plane grid over 
long distances is to apply an individual CAF for each leg of a traverse between two stations of 
known state plane coordinates. With the size and nature of most of TxDOT’s projects, the practice 
of choosing a single CAF for a project has become common. Just as with the countywide SAF, the 
factor is applied equally to all project coordinates rather than an individual factor for each baseline 
length.
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Choosing an Appropriate Project CAF

A CAF can be calculated for any individual point. There may be quite a change in elevation 
from one end of the project to the other, and if the corridor runs north and south, there may be a sig-
nificant scale change. The factor should be chosen to minimize these 
influences in surface to grid distances. A CAF for use on the 
entire project is usually feasible for projects of less than three 
to five miles. For larger projects or smaller surface to grid dif-
ferences, the project will have to be broken down into segments and 
a separate CAF be determined for each segment.

There are several ways to select a single factor for a project or 
segment of a project. The TxDOT surveyor or engineer may take an 
average of the CAF’s of each control point of a project or simple 
pick a point central to the project. Using the CAF provided on the 
NGS datasheet for a station located near the center of the project 
is an easy way to obtain a useable value.

Another source is one of the software programs that deal with coor-
dinate calculations. CORPSCON, for instance provides the CAF for 
any latitude, longitude (or state plane coordinate) and elevation 
given. The value is generally carried out eight decimal places so 
that others using it will arrive at the same figure to the nearest 
thousandth of a foot.

An option, if rapidly increasing differences outward of the center 
of the project is not of much concern, is to use the less precise 
TxDOT surface adjustment factor assigned for the entire country. 
It is not important what value is used, but it is absolutely neces-
sary that the value be included in the metadata so that the 
coordinates can be backed down to state plane coodinates for mesh-
ing with adjoining work or for reassigning a preferred CAF at a 
later date.

Highway projects with several CAF’s pose no problem when all coordinates can be taken back to 
state plane coordinates so that everything will mesh. However, the juncture of two project 
segments needs to be well identified to ensure that all measurements stop or begin at a common 
point of that juncture.

Occasionally, surface coordinates may need to be returned to state plane coordinates (SPC’s) so that 
a more accurate CAF or one used by another consultant can be applied. Ideally, if enough care is 
taken to arrive at accurate CAF’s, and if the areas (to which new CAF’s are calculated) are kept 
small enough, there would be very little accumulation of irreconcilable surface/grid difference.
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Truncating Coordinates

With NAD 83 SPC’s, coordinates have values well into the millions. If an across-the-board CAF is 
applied to project points in state plane coordinates, the coordinates change by a huge amount. Two 
coordinate pairs that both represent the same point, could be over 1,000 feet apart. A shift of that 
magnitude will occur for every coordinate pair to which the factor is applied. The intent was to 
change the relationship between points by just a few hundredths or tenths but in the process all the 
coordinate values were shifted and moved about a thousand feet. Note that the inverse azimuths 
between the points will not change in this process, only the distances.

When the calculation is done to convert from grid-to-surface or vice versa, the new coordinates can 
be easily confused with state plane coordinates. In addition, if one truncates the coordinate value – 
reduce all northings by the same amount and reduce all eastings by another amount – the solution 
can cause more dilemma than the original inconvenience. Coordinates in this altered state will also 
not fit the standard TxDOT seed files in MicroStation ® “J” and furthermore, if the truncated 
amount is not recorded, there will be many more problems later.

Identifying Delivered Coordinates

All coordinates delivered, whether hardcopy or in digital medium, must contain metadata indicat-
ing the CAF (or SAF), horizontal datum and adjustment, vertical datum (Geoid model if 
applicable), units of measure and the date of the fieldwork. This would include hard copy drawings, 
CAD drawings, the data sheets, and each sheet containing coordinates in a report, and ASCII or 
LandXML files.

If coordinates have been truncated for easier calculations or for identification, they must be 
returned to their full configuration before delivery. This is not only for standardization but also so 
that they will work in the seed files for MicroStation®.

Calculations

Note: Software is available to perform all of the following calculations; however, “by-hand” solu-
tions are used to illustrate the procedures involved.

This section covers most of the different types of calculations that might be encountered when 
working on the State Plane Coordinate System. With few exceptions, placing a survey on the sys-
tem will require only conversion of surface distance to grid. On some surveys, it may be necessary 
to convert a geodetic (“true”) azimuth to grid azimuth. Fortunately, both of these calculations are 
very simple.
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Surface Distance to Geodetic Distance

Before a surface distance can be converted to grid it must first be converted to geodetic (reduced to 
sea level).

From the figure of surface distance below the following relationship can be derived:

where Rm is the mean radius of the earth or 20,906,000 ft.

Figure 3-8. Surface Distance to Geodetic Distance. 

To be more precise, the ellipsoid (GRS80) does not coincide with sea level by an amount equal to 
the geoid height (approximately 100 ft. for Texas). Neglecting this difference will result in an error 
of approximately 1/200,000. If this is significant, then the following equation should be used:

ElevationRm
Rm

Distance Surface
Distance Geodectic

+
=

Distance Surface X
Elevation  Rm
Rm  Distance Geodetic

+
=
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The term Rm/(Rm + Elevation) is frequently referred to as the sea level factor. Rm and elevation 
must be in the same units, either both in feet or both in meters. Depending on survey accuracy 
requirements and differences in elevation within the project area, the average elevation taken from 
a USGS quadrangle map is sufficient. For high accuracy requirements, the average elevation of 
each line should be used. The mean radius of the earth (Rm) is assumed to be 20,906,000 feet.

Geodetic Distance to State Plane Grid Distance

To convert geodetic distance to grid, the projection scale factor (scale ratio) is used where:

or

Scale factor is a function of latitude and can be obtained from the appropriate projection table. 
Depending on accuracy requirements and the extent of the project area in a north-south direction, 
the average latitude as obtained from a quad sheet is sufficient. For high-precision surveys a 
weighted average of scale factor for each line can be used. But there are usually more important 
things to worry about—adjustment of optical plummets, ppm correction, baseline calibration, etc. It 
should be noted that for all practical purposes, scale factors did not change from SPCS 27 to SPCS 
83 in Texas.

Surface Distance to State Plane Grid Distance

Converting a surface distance to the state plane grid involves multiplying the distance times both 
the elevation factor and scale factor.

Grid Distance = Surface distance x Elevation factor

If an average elevation and latitude for the project area is being used, these two factors can be mul-
tiplied to obtain a single factor (combined adjustment factor (CAF)), which is in turn multiplied 
times all of the field measured distances, either slope or horizontal.

Distance Surface  X
Ht. Geoid.Elev.Rm

RmDistance Geodetic
++

=

Distance eodeticDistance/G Grid Factor  Scale =

Factor Scale x Distance Geodetic  Distance Grid =
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EXAMPLE:

Given:

Horizontal Distance = 2,640.00 ft.

Average Elevation = 1,400 ft.

Average Latitude = 32o 54'

83 North-central Zone

Solution:

Scale Factor = 0.99987611

(Refer to Appendix B, enter with Latitude = 32o 54')

Combined Scale Factor (CSF) = 0.99987611 x 0.99993304 = 0.99980916

Grid Distance = 2,640.00 x 0.99980916 = 2,639.50 ft.

EXAMPLE:

Given:

Horizontal Distance = 2,640.00 ft.

Average Elevation = 350 ft.

Average Latitude = 32o 04'

83 Central Zone

Solution:

Scale Factor = 1.00005440

(Refer to Appendix B, enter with Latitude = 32o 04')

Combined Scale Factor = 1.00005440 x 0.99998326 = 1.00003766

Grid Distance = 2,640.00 x 1.00003766 = 2,640.10 ft.

9993304.0
400,1000,906,20

000,906,20 Factor  Level Sea =
+

=

99998326.0
350000,906,20

000,906,20  Level Sea =
+

=
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Geodetic Azimuth to Grid Azimuth

To convert geodetic azimuth to grid azimuth the following equation is used:

The second term can be neglected for most surveys (see Appendix B for use of second term); there-
fore, the above equation reduces to:

Figure 3-9. Geodetic to Grid Azimuth. 

Mapping angle or grid declination is a function of longitude and can be computed from the follow-
ing equation:

where Longitude of Central Meridian and l are projection zone constraints. They are listed below as 
well as in the projection tables found in Appendix B of this manual.

For most work, the longitude of the beginning point of the survey must be accurately known to con-
vert geodetic azimuth to grid. Since this is usually a triangulation station or other point of known 
coordinates, the longitude is given or can be computed from the coordinates. Scaling longitude 

Table 3.10 State Plane Zones

Zone LCM l

83 North 101o30'00'' 0.579535862261

83 North-central 98o30'00'' 0.545394412971

83 Central 100o20'00'' 0.515058882235

83 South-central 99o00”00'' 0.489912625143

83 South 98o30'00'' 0.454006848165

Term Second   γ-Azimuth  Geodetic Azimuth  Grid +=

 γ-Azimuth  Geodetic Azimuth  Grid =

1 x Station) of Longitudes -Meridian Central of (Longitude  γ =
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from a USGS quad sheet may be sufficient; however, for Texas a scaling error of 5'' of longitude 
will result in approximately 2'' to 3''of error in  

EXAMPLE:

Given:

Geod. Az. from Tri Station to Pt. A = 241o12'37''

Long. of Tri Station = 105o10'15''2758

83 Central Zone

Solution:

Long. of Central Meridian = 100o20'00'' (Refer to Appendix B or table above)

l = 0.515058882235

= -2.49164o

= -1o29'30''

Grid Az. = 241o12'37''- (-2o29'30'') = 243o42'07''

Given:

Geod. Az. To Backsight = 127o48'36''

Long. of Instrument Station = 94o39'28''

83 South-central Zone

Solution:

Long. of Central Meridian = 99o00'00'' (Refer to Appendix B or table above)

l = 0.489912625143

= (99o00'00'' - 94o39'28'') x 0.489912625143

= +2o07'38''

Grid Az = 127o48'36'' - (+2°07'38'') = 125o40'58''

Astronomic Azimuth to Geodetic Azimuth

Astronomic azimuth is based on the true shape and rotation of the earth; whereas, geodetic azimuth 
is based on the mathematical approximation of the earth’s shape. Astronomic azimuth is obtained 

.γ

22350.51505888x )2758"15'10105"00'200100(γ °−°=

°+= 12731.2γ
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when making a celestial observation (sun or Polaris). Astronomic azimuth can be converted to geo-
detic from the following equation:

Geodetic Azimuth = Astronomic Azimuth + Laplace Correction

The Laplace correction is less than 3'' for most of Texas and does not exceed 6''. If accuracy 
requires use of the correction, values can be obtained from NGS.

Geodetic Angle to Grid Angle. If the second term is neglected, grid angle is the same as geodetic 
(grid) angle. Therefore, field angles can be used when computing grid azimuths.

Plane Coordinates to Geographic Coordinates (Lat. and Long.)

To compute latitude and longitude from N and E coordinates, the following equations are used:

N' = N - Nb

E’ = E - Eo

Enter the projection tables with R and interpolate to obtain latitude.

Nb, Eo, Rb and l are constants for the zone. When working on the 83 system, coordinates used in the 
above equations must be in meters. In solving the above equations, the calculator/computer must be 
capable of computing to at least 10 digits.

'NR
ETan γ

b −
=

1 /  γ-Meridian  Cent. Lon.  Lon.=

 γcos
N'RR b −

=
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Figure 3-10. Computation Sample. Plane Coordinates to Geographic Coordinates. 

EXAMPLE:

Given:

N = 2,256,876.543 m

E = 225,025.678 m

83 North-central Zone

Solution:
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Nb = 2,000,000.000 m

Eo = 600,000.000 m

Long. Cent. Meridian = 98o 30'00''

Rb = 9,964,225.7538 m

l = 0.545394412971

N’ = 2,256,876.543 - 2,000,000.000 = 256,876.543

E’ = 225,025.678 - 600,000,000 = - 374,974.322

Rb – N' = 9,964,225.7538 - 256,876.543 = 9,707,349.2108

Using Equations:

R = 9,707,349.2108

cos (-2.2121147004) = 9,714,588.7428

Or using R - P (for HP: E' in y reg. and Rb-N' in x reg).

R = 9,714,588.7428 (display)

Long. = 98o 30' 00'' - (- 2.2121147004/0.545394412971)

= 98o30'00'' - (- 4o03'21''.5667)

= 102o33'21''.5667

Enter projection tables with R and interpolate for latitude. Computed R is between 33o55' 
and 33o56'.

R = 9,714,712.237 & diff. = 30.81105 (at lat. = 33o55', Appendix B)

2108.349,707,9
322.974,374Tan γ −

=

°−= 2121147004.2γ

Y)X(2121147004.2γ <>−=
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Lat. = 33o55'04''.0081

7439,714,588. - 2379,714,712. R =Δ

"0081.4
81105.30

494.123.ΔLat ==
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Enter projection tables with R and interpolate for latitude. Computed R is between 33o55' 
and 33o56'.

R is obtained from projection tables by entering with latitude and interpolating.

Geographic Coordinates (Lat. and Long.) to Plane Coordinates

To compute N and E coordinates from latitude and longitude, the following equations are used:

Nb, Eo, Rb and l are constants for the zone. When working on the 83 system, coordinates will be in 
meters. In solving the above equations, the calculator or computer must be capable of computing to 
at least 10 digits.

1 x Lon.) -Meridian  Cent. (Lon.  γ =

bb N   γcos RRN +−=

oESin γ RE +=
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Figure 3-11. Computation Sample. Geographical Coordinates Lat./Lon. to Plane Coordinates. 

EXAMPLE:

Given:

Latitude = 29°55'41''.2345

Longitude = 94°52'36''.5432

83 South-central Zone

Solution:

Nb = 4,000,000.000 m (Appendix B)

Eo = 600,000.000 m (Appendix B)
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Long. Cent. Meridian = 99°00'00 (Appendix B)

Rb = 11,523,512.5584 m (Appendix B)

l = 0.489912625143 (Appendix B)

Enter projection tables with latitude

R = 11,292,620.462 & diff. = 30.78941 (For= 29°55', Appendix B)

R = 11,292,620.462 - 1,269.586

=11,291,350.876

Using Equations

N = 11,523,512.5584 - 11,291,350.876 x cos (2.0199991353) + 4,000,000.000

= 4,239,178.303 m

E = 11,291m350.876 x Sin (2.0199991353) + 600,000.000

= 998,001.292 m

Using P - R (For HP: in y reg. and R in x reg.)

(Rb – N’) = 11,284,334.255 (display)

N’ = 11,523,512.5584 - 11,284,334.255 + 4,000,000.000 = 4,239,178.303 m

E’ = 398,001.292 (x<>y)

E = 600,000.000 - 398,001.292 =998,001.292 m

Conversion from SPCS 27 to SPCS 83: For all practical purposes, there is no accurate means to 
convert from NAD 27 to NAD 83. NGS has software available (CORPSCON) to make a rough 
transformation from one system to the other, but its accuracy is limited to approximately one-half 
foot.

Example Problems

(1.) Compute state plane coordinates in area.

1,269.586  B)Appendix  ,55'29 (For  41.2345 x 30.78941 R =°==Δ

°=°=°= 0199991353.2434899126251.0x )5432".523694"00'0099(γ
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Figure 3-12. Computation Sample: Area. 

83 Central Zone Grid Az. to Az. Mark = 195°54'16''

Ave. Lat. = 31°21' NT =3,190,394.533 m

Ave. Elev. = 2,900' ET = 420,496.711 m

Convert beginning coordinates to U.S. Survey Feet.

NT = 3,190,394.533x3937/1200 = 10,467,152.73 ft.

ET = 420,496.711x3937/1200 = 1,379,579.63 ft.

Combined Scale Factor = 0.99990018 x 20,906,000 / (20,906,000 + 2,900) = 0.99976150

Angle Rt.: Az. Mk/T/A = 268°31'41' (given)

Grid Az. T - A = 195°54'16' + 464°22'57'' = 104°22'57''
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The following is a listing of computation information:

Grid Area = 13,767,229 sq. ft. = 316.0521 acres

Surface Area = Grid Area / (Combined Scale Factor)2 = 316.2029 acres

For the above problem, assume azimuth mark cannot be found.

From Polaris observation: Az. T - A = 102o 55'11

Table 3.11 Computation Information for Problem 1

Pt. Adj. Ang.
(given)

Grid Az. Hor. Dist. 
(given)

Grid D. Lat.(N) Dep.(E)

T

104-25-57 4,163.05' 4,162.06' -1,037.35' 4,030.71'

A 84-27-11

8-54-08 2,769.68 2,769.02 2,735.66 428.50

B 99-37-46

288-31-54 5,307.22 5,305.95 1,686.38 -5,030.82

C 61-53-08

170-25-02 3,433.23 3.432.41 -3.384.52 571.40

T 114-00-55

15,669.44 +0.17 -0.21

Pt. Adj. Lat. Adj. Dep. N E

T 10,467,152.73’ 1,379,579.63’

-1,037/39Ν 4,030.76’

A 10,466,115.34 1,383,610.39

2,735.63 428.54

B 10,468,850.97 1,384,038.98

1,686.32 -5,030.75

C 10,470,537.29 1,379,008.18

-3,384.56 571.45

T 10,467,152.73 1,379,579.63
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Nb = 3,000,000.000 m (Appendix B)

Eo = 700,000.000 m (Appendix B)

Rb = 10,770,561.1034 m (Appendix B)

N’ = N - Nb = 3,190,394.533 - 3,000,000.000 = 190,394.533

E’ = E - Eo = 420,496.711 - 700,000.000 = -279,503.289

Rb – N’ = 10,770,561.1034 - 190,394.533 =10,580,166.5704

Using R - P:

Grid Az. T - A = 102°55'11'' - (1°30'48'') = 104°25'59''

(2.) Compute state plane coordinates (in meters) for the traverse below.

Figure 3-13. Computation Sample: Traverse. 

Given:

N1 = 4,253,992.557 m N4 = 4,253,195.719 m South-Cent. Zone

E1 = 734,141.809 m E4 = 737,212.927 m

N)E/(RTan γ b −=

30'48"1-  1.51327-  γ °=°=
TxDOT Survey Manual 3-67  TxDOT 01/2008



Chapter 3 — Preliminary Surveying Section 8 — Geodetic Surveying
Ave. Lat. = 30°07' Ave. Elev. = 700 ft.

From Polaris: Geod. Az. 1 - 2 = 96°45'39'' (neglecting Laplace)

Geod. Az. 4 - 3 = 331°13'49''
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Solution:

Convert Geod. Az. To Grid Az.

Nb = 4,000,000.000 m

Eo = 600,000.000 m

Rb = 11,523,512.5584 m

At Sta. 1: N' = N - Nb = 253,992.557

E’ = E - Eo = 134,141.809

Rb – N' = 11,269,520.001

Grid Az = 96°45′39'' - (0°40′55') = 96°04'44''

At Sta. 4: N' = N - Nb = 253,195.719

E’= E - Eo = 137,212.927

Rb = N’ = 11,270,316.839

Grid Az. =331°13'49'' - (0°41'51'') = 330°31'58''

CSF = 0.99995611 x (20,906,000 / (20,906,000 + 700)) = 0.99992263

The following is a listing of computation information:

* Az. Closure =150°31'50'' - (330°31'58'' - 180°) = -08''

Table 3.12 Traverse Computation for Problem 1

Pts. Ang. 
Rt.

Grid Az. Adj. Az.* Grid Dist. Lat. Dep.

1

96-44-04 96-44-06 1,219.700 143.043 1,211.283

2 151-
38-15

68-22-19 68-22-23 1,309.875 482.770 1,217.664

3 262-
09-31

150-31-50 150-31056 1,305.675 -1,136.675 642.256

4 3,835.149 796.948 3,071.203

"55'400γ °=

"51'410γ °=
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Angles measured at four stations: Adj./Sta. = +02''

Computed Closure:

N4 = 4,253,992.557 - 796.948 = 4,253,195.609

E4 = 734,141.809 + 3,071.203 = 737,213.012

Error in N (Lat.) = 4,253,195.609 - 4,253,195.719 = -0.110

Error in E (Dep.) = 737,213.012 - 737,212.927 = +0.085

Adjust Lats. and Deps. by compass rule and compute coordinates.

(3.) Convert coordinates and grid azimuth from N.-Cent. to Cent. Zone.

Given:

N = 2,041,990.909 m 83 N.-Cent. Zone

E = 203,858.434 m

Grid Azimuth = 207º 40'32''

Compute:

N, E and Grid Azimuth in 83 Central Zone.

Table 3.13 Adjustments for Problem 2

Pt. Adj. Lat. Adj. Dep. N E

1 4,253,992.557 734,141.809

143.008 1,211.256

2 4,253.849.549 735,353.065

482.808 1,217.635

3  4,254,332.357 436,570.700

-1,136,638 642.227

4 4,253,195.719 737,212.927
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Procedure:

Convert N and E to Lat. and Lon., and Grid Az. to Geod. Az. Using constants and table for 83 
North-central Zone. Then convert Lat. and Lon. to N and E, and Geod. Az. to Grid Az. using con-
stants and table for 83 Central Zone.

For 83 North-central Zone:

Nb = 2,000,000.000 m (from Appendix B)

Eo = 600,000.000 m (from Appendix B)

Long. Cent. Meridian = 98º 30'00'' (from Appendix B)

Rb = 9,964,225.7538 (from Appendix B)

= 0.545394412971 (from Appendix B)

N’ = N - Nb = 41,990.909

E’ = E - Eo = -396,141.566

Rb – N’ = 9,922,234.845

Using R - P

R = 9,930,139.599

= 98º 30'00'' - (-2.2862986088/0.545394412971)

= 102.692009589°

Enter tables with R and interpolate for Latitude.

R = 9,930,957.217 & diff = 30.80324 (At = 31°58', from Appendix B)

Lat = 31º 58' 26.5432''

= 207º 40' 32'' + (-228629861°)

= 205º 23' 21'' 3

°−= 2862986088.2γ

1/γ"00'3098Lon. −°=

618.817599.139,930,9217.957,930,9R =−=Δ

"5432.2680324.30/618.817Lat. ==Δ

 γ Az. Grid.  Az. Geod. +=
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For 83 Central Zone:

Nb = 3000,000.000 m (from Appendix B)

Eo = 70,000.000 m (from Appendix B)

Long. Cent. Meridian = 100º 20' 00 (from Appendix B)

Rb = 10,770,561.1034 (from Appendix B)

l = 0.581899128040 (from Appendix B)

= (100º 20’ 00”- 102.692009589°) x 0.515058882235

= 1.21485715596°

Enter tables with latitude and interpolate for R.

R = 10,515,580.239 & diff. = 30.80257 (For = 31°58', from Appendix B)

R = 10,515,580.239 - 817.599 = 10,514,762.640

Using P - R

Rb – N' =10,512,399.125

N’ = 258,161.978

N = N' + Nb = 3,258,161.978 m

E - Eo = 222,930.513

E = 477,069.487 m

= 205º 23' 21'' 3 - (-1.2148571560°)

= 206º 36' 15''

1Lon.)x  - 20'00"(100 γ °=

817.599  26.5432" x 30.80257R ==Δ

γGeod.Az.Grid.Az. −=
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Summary:

Latitude = 31° 58' 26.5432''

Longitude = 102° 41' 31.2345''

Footnotes

Table 3.14 Converted Coordinates for Grid Azimuth for Problem 3

Zone N E Grid Az.

83 N.-cent. 2,041,990.909 m 203,858.434 m 207°40'32''

83 Cent. 3,258,161.978 m 477,069.487 m 206°36'15''

Footnotes

i. The complete text for these standards can be found at http://www.asprs.org/resources/standards/
photography.htm
 ii. As defined for “The Photogrammetry for Highways Committee, 1968” for Spot Elevations, as 
printed in the “Manual of Photogrammetry, Fourth Edition.”
iii. As defined for “The Photogrammetry for Highways Committee, 1968” for Spot Elevations, as 
printed in the “Manual of Photogrammetry, Fourth Edition.”
iv. Utilize version of Microstation currently in use by TxDOT.
v. Available from the TxDOT TSD website
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Types
Section 1

Descriptions and Definitions of Survey Types

Overview

Information contained in this section is the result of discussions of the Standing Committee on Sur-
veying (SCOS), or is excerpted in its entirety and/or adapted for this manual from the Texas Society 
of Professional Surveyors, Category 6.

Topographic Survey

A topographic survey is a survey performed to determine the configuration, relief or elevations of a 
portion of the earth’s surface, including the location of natural and/or man made features thereon. A 
topographic survey is necessary in order to prepare an accurate topographic map and requires the 
expert skill of a Registered Professional Land Surveyor (RPLS) well versed in maintaining accu-
racy and precision in detail mapping. Unless noted to the contrary, a topographic survey is not 
intended as a boundary survey, although some boundaries may necessarily be defined.

Topographic Map

A topographic map is a two dimensional (2D) map that presents the horizontal and vertical posi-
tions of the features represented; distinguished from a planimetric map by the addition of relief in 
measurable form. A topographic map usually shows the same features as a planimetric map but 
uses contours or comparable symbols to show mountains, valleys, and plains.

Planimetric Map

A planimetric map is a map that presents the horizontal positions only for the features represented; 
distinguished from a topographic map by the omission of relief in a measurable form.

Digital Terrain Model (DTM)

A digital terrain model (DTM) is a mathematical model of a project surface that becomes a three 
dimensional representation (3D) of existing and proposed ground surface features. Critical calcula-
tions and processes based on the DTM include contouring, cross sections and quantities, drainage 
models, watersheds, hydraulics, water catchment areas, and cross sections sheets.

A DTM is created through the construction of a Triangulated Irregular Network (TIN) and is based 
on modeling the terrain surface as a network of triangular facets that are created by simply connect-
ing each data point to its nearest neighboring points. Each data point (having x, y and z coordinates) 
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is the vertices of 2 or more triangles. The advantage of the TIN method is its mathematical simplic-
ity- all DTM calculations are either linear or planar.

The processes and the resulting DTM offer many advantages over a topographic survey. Field data 
for a DTM is collected in a way that allows TxDOT to use the latest in automated survey technol-
ogy. Traditional data collection (for a topographic survey) involves taking cross sections, typically 
every 100 feet, along a horizontal control line or in a grid pattern. Digital terrain modeling has vir-
tually eliminated this practice.

Data points (shots) are taken at every break in elevation with no particular pattern being required. 
The emphasis is on identifying all features and changes in elevation within project limits. Data is 
collected using an electronic data collector with an electronic total station. The data points are 
assigned feature codes, attributes, descriptions, comments, and connectivity linking codes to add 
intelligence to a point at the time of data entry into data collector.

Information is downloaded from the data collector to a computer, either in the field or later in an 
office, and is processed using AASHTOWare ® Survey Data Management System ® (SDMS) soft-
ware. A SDMS ® calculated file is generated for importation into CAiCE ™ or 
GEOPAK Survey ™ for further review. The file is then imported into GEOPAK ® for project 
design.

Route Survey

A route survey is an application of the above described topographic or DTM survey along a deter-
mined linear ROW route, either existing or proposed, for a utility or roadway.

Purposes

A topographic survey is made for the purpose of gathering relevant information that will be repre-
sented on either a topographic map or in a DTM. Typically, highway planning, engineering design 
and ROW design are the primary purposes.

Special Note For TxDOT Purposes. When this text discusses procedures or standards relating to 
either a topographic survey or survey for a digital terrain model, the accuracy, standards, equipment 
and basic procedural methods employed will be the same. A topographic survey will be performed 
and a DTM can be used for most all TxDOT applications where route design and engineering are 
required, whereas a topographic map may be better suited for large area site design and 
development.

This specification is intended for use in developing a design survey, a digital terrain model, or a 
topographic survey, with accuracy sufficient to meet TxDOT design needs and requirements.

A 3D model or a DTM may be preferred for purposes such as:
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highway/roadway planning, design

ROW design

drainage studies

site development, planning

architectural planning, design

landscape design.

A significant advantage of a DTM is that it offers the ability to view, inspect, and smoothly navi-
gate through, over and across a DTM in a 3D environment for the purposes of locating, editing, and 
correcting raw field data (points and chains) in 3D.

Considerations - Other Technology

A computer model or a DTM is the ultimate work product of any of these newer methods of data 
acquisition. Depending on the critical factors of each project, including type, terrain, accuracy, pre-
cision required, cost, traffic conditions, and safety, such advanced methods may warrant serious 
consideration as a compliment to conventional data gathering or as a replacement of common or 
conventional surveying methods.

While conventional aerial photogrammetry may still be viable; however, as technology continues 
to advance, existing methods such as photogrammetry with airborne Global Positioning System 
(GPS) control become more accurate and even more cost effective. Other newer methods of terrain 
modeling are also available. One such method is airborne Light Detection and Ranging (LiDAR), 
which is a laser imaging scan done from a helicopter. Another, more advanced method is FLIMAP, 
or Fast Laser Imaging Mapping and Profiling, which employs laser scanning, incorporated with 
GPS for navigation and position. A DTM is produced as the deliverable.

Ground based LiDAR is an automated collection of data by reflector-less laser which involves high 
density scanning of an object or location to collect a “point cloud” of data points. The point cloud 
of data is further processed into a 3 dimensional computer model image. Typically done from a 
remote instrument location or multiple locations, 3D Laser scanning is especially good for sites or 
objects that are difficult to access, have high traffic volumes, involve extreme detail or have other 
extreme dangers or conditions associated.

This method has also been utilized in place of conventional topographic or digital terrain model 
(DTM) surveying with much success, especially where high traffic volumes or lane closure issues 
(safety) were critical factors. Presently the accuracy of the scanned data is said to equal or even 
exceed that of conventional survey methods, even electronic total station work, with the additional 
advantage of a greater number of data points all throughout the structure or project. Other methods 
or technology should be discussed with and approved by the district survey coordinator before use.
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Work Product

A DTM or Topographic Survey requires:

A control survey network, with horizontal and vertical positions on primary control points that 
are monumented, referenced, and placed near or on the project site.

Points of secondary control, which are based upon and supplement primary control to facilitate 
data acquisition within a project.

A description and location sketch of each control point.

See Chapter 3 for specifications on horizontal and vertical control networks and information on 
point descriptions, location sketches, and other pertinent information.

While a topographic map (2 dimensional) may be the typical end product of a topographic survey, 
for TxDOT purposes a processed computer file for a DTM (3 dimensional) is the primary deliver-
able product. Even when hard copy maps are specified as a part of the deliverable, electronic 
graphics files (2D and/or 3D) for the final product must be furnished to TxDOT for each project.

Required files include:

Computer files of collected raw data, as required by the respective TxDOT office. These com-
puter files should at a minimum, consist of raw, unprocessed data as originally collected in the 
field by Survey Data Management System ® (SDMS) or other approved, TxDOT supported 
data collection method and software.

Processed data in a form that is fully compatible and usable in TxDOT supported software pro-
grams such as CAiCE ™, GEOPAK ®, and MicroStation®.

Information Required

The Standing Committee on Surveying (SCOS) has adapted and approved information within this 
subsection from the Texas Society of Professional Surveyors, Category 6.

Information may be furnished to the surveyor by TxDOT, or the surveyor may be required to 
research TxDOT files and/or public records, if so directed and agreed upon. Information should 
include the following:

project or site location shown on a map

ROW maps depicting current ROW width(s) and other land, ownership and survey 
information

ownership information of adjacent tracts

intersecting road ROW information, documentation

construction plans of existing facilities if available
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intended use of the survey and required form of deliverable, files required, etc.

accuracy required and method of display (contours, spot elevations, etc.)

horizontal and vertical datum upon which the survey should be based if this varies from the 
TxDOT standard. Example: match existing project datum instead of NAD 83 or NAVD 88

availability and need of special data, whether current or historic, which may include: Existing 
data or mapping from other agencies, county, flood control/drainage district, FEMA, Corps of 
Engineers, etc.

for state forces and all consultants, permission must be secured prior to entry on private prop-
erty to survey outside of state ROW

research on subject tracts/parcel ownership also includes name(s) of tenants or parties in 
charge and special conditions or considerations required or requested by the owner

existing National Geodetic Survey (NGS) and/or United States Geological Survey (USGS) 
survey control information and data sheets for horizontal and vertical monumentation

recent aerial photographs (particularly for large sites), USGS quadrangle sheets, or computer 
files of the same.

Monuments

Reference points and control monuments for a topographic survey may include temporary stakes, 
hubs, nails in pavement, iron rods, or reinforced concrete monuments.

A wooden hub or stake, nail or iron rod is considered as secondary control (temporary bench mark 
or control point) which only supplements primary survey control monumentation to facilitate data 
acquisition.

Primary control points, whether set by GPS or conventional survey methods, shall be of reasonable 
permanence and should conform to the requirements and specifications 
shown in Appendix C, “Monumentation” of this manual.

A “datum point” rod or a rock setting is required for GPS Level 1 control points, but the “standard 
TxDOT concrete setting can be used for GPS Level 2 surveys. The standard concrete setting was 
formerly depicted in the old M-92 drawing for Right of Way (ROW) monuments.

Control monuments shall be well referenced, named according to 
district procedure, indexed in the project data or field notes and 
identified in the computer file final deliverable. Point names may 
be furnished for a state-wide or a district monument numbering sys-
tem by the TxDOT District Survey Coordinator. A location sketch and 
data sheet for each monument should be furnished to the project 
manager prior to completion of work.
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Example of a monument stamping: 000-0000
where, 000 refers to the County number

and 0000 refers to a discrete monument number for each district and 
is determined by district surveyor personnel.

Conditions

The effect of location, such as rural, suburban, urban, or urban business district, on conditions of a 
DTM or topographic survey will be minor and will be most dependent upon the purpose of the 
survey.

The need for appropriate control and tolerances will be the deciding factor when the purpose of the 
survey is for roadway or ROW design in determining reasonably accurate quantities of construction 
materials, such as water, spoil, fill, concrete, etc.

For TxDOT needs, the following shall be covered under Condition I regardless of location (rural or 
urban), unless TxDOT gives directed and prior approval:

roadway design

bridge design

ROW design

environmental site

historical site.

Extended area topography (i.e.: drainage area outside of a ROW) may fall under Condition II, but is 
subject to direction by the TxDOT project manager.

DTM and topographic survey tolerances are typically confined to the Condition I and II.

Field Procedures

DTM or topographic surveys require a reliable horizontal and vertical control system based on 
acceptably closed and adjusted traverses and level loops. Attention should be given toward devel-
oping this control system before any detail work is begun.

Field work shall be performed to achieve the specified or intended accuracy and results as stated in 
this manual, in accordance with accepted technical methods, i.e.: TxDOT, NGS, or the TSPS Man-
ual of Practice, and as directed by the manufacturer of the surveying instrument(s) or equipment 
used.
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For GPS applications, the Federal Geodetic Control Subcommittee’s (FGCS) Geometric Geodetic 
Accuracy Standards and Specifications for Using GPS Relative Positioning Techniques and/or the 
TxDOT GPS User’s Manual shall be followed.

Field personnel shall be well trained in the technical aspects of surveying as related to their respec-
tive duties.

Surveying instruments shall be checked and kept in close adjustment according to their manufac-
turer’s specifications or in compliance with textbook standards.

Electronic distance measuring devices shall be compared against a standardized baseline at 6 
month intervals, however a comparison check should always be done as needed, especially if 
an instrument has been dropped, damaged or is suspect of the same. A calibrated baseline cer-
tified by NGS is the preferred standard.

This comparison includes electronic total stations or any other electronic measuring instru-
ment, and may be done by more up to date methods as agreed upon by TxDOT.

Total stations and theodolites shall be compared against a standard known angle at a 6 month 
interval; however, a comparison check should always be done as needed, especially if an 
instrument has been dropped, damaged or is suspect of the same.

Levels, auto or digital should be checked by the “2 peg test” or the reading the elevation differ-
ence between two reference points taken from 1.) a middle setup between points and also 2.) 
from an end setup. Failure to get the same difference of elevation indicates an out of adjust-
ment condition, which usually requires a shop cleaning and adjustment.

Auxiliary tapes, cloth or fiberglass, shall only be used for rough measurements where precision 
is not important, such as determining the width of ditches, the location of excavations or other 
irregular improvements. Tapes of this sort shall not be used to measure distances in excess of 
100 feet.

Field measurements of angles and distances shall be performed in such a manner as to attain the 
closures and tolerances as found in this manual and see Table 4-1, TSPS Manual of Practice Chart 
for Tolerances for Conditions, at the end of this section.

Surveys for vertical or horizontal monumentation for control of a DTM or a topographic survey 
shall refer to the following sources:

TxDOT Survey Manual

NGS special publications

NGS standards for horizontal or vertical control monuments that will be registered

Department of the Army (Corps of Engineers)

Additional guides or manuals shall also include the TxDOT GPS User’s Manual.
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Where aerial photogrammetry is to be used to compile the topographic map, the surveyor shall con-
sult with the photogrammetrist as to specific requirements for the photo control and for additional 
supplemental information required by conditions of a specific project or location.

Horizontal and vertical photo control (picture points) shall be based on and looped to the con-
trol system.

Identification of photo control (picture points) must be precise and clear since these points will 
be used to build the network from which the photogrammetrist must work.

Photo control points, set before the aerial photography is made, shall be located from, and 
looped to the control system. The density and pattern for paneled picture points shall be deter-
mined through consultation and coordination with the photogrammetrist.

For TxDOT purposes, methods that are more modern are normally used such as the DTM survey 
that incorporates methods described in the section below.

Surveying procedures with electronic total station or with GPS shall incorporate control points that 
are tied to a primary control system network of an appropriate level of precision and accuracy for 
the project.

Acquisition of field data may require running secondary control and bench marks that begin and 
end at points on the primary control system.

The use of open ended legs or “spur” lines should be avoided whenever possible. When such lines 
are necessary, appropriate checks shall be made on all field data before leaving the vicinity.

Any field notes written in a field book shall be kept in a neat and orderly manner on all control 
points, primary or secondary. Appropriate annotations on location, description of point and refer-
ence to identifying specific features located during the DTM or topographic survey shall be made.

Topographic Features

The perimeter limits of any unique or special features such as historical structures, cemeteries, 
burial grounds or grave sites known or found within the project limits or adjacent to and which may 
be affected (existing or proposed ROW) and shall be shown by actual location.

Buildings and improvements, including distance from proposed ROW up to 50'. See Chapter 5, 
ROW Surveying of this manual and the TxDOT ROW Manual Volume 1 - Procedures Preliminary 
to Release. The project manager and/or district surveyor may extend this distance.

center lines of dry creeks, gullies or other confined intermittent watercourses

paths, car trails, pasture roads, etc.

borders, boundaries - city limits, county line or state line
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additional data points shall be collected along such features, outside of state ROW, as required 
and directed by TxDOT. These additional features may include the following:

creeks, streams, rivers and water bodies, shown and identified by name. Water levels shall 
be determined and displayed by elevation, time, and date of observation.
drainage areas - field information on drainage area(s) of a project shall be collected in the 
same manner as other information to the extent as directed by the project manager and/or 
district surveyor.

Electronic Data

In nearly all cases, field work is automated by the use of computer software and hardware for col-
lecting, reviewing, editing and processing field data. A data collector may be connected to the 
instrument (total station, GPS receiver, digital level, etc.) to store the raw measurement data and 
perform coordinated geometry (COGO) functions while in the field. Original raw data must be 
saved as a file for retention, as a matter of record, before any data editing or processing is done.

Data Collection

Field data in electronic form should be collected in the SDMS ® collection form and processed in 
SDMS ® Processor. This software was developed through the American Association of State High-
way and Transportation Officials (AASHTO) and supported by TxDOT Technology Services 
Division. It is provided gratis to TxDOT consultants under TxDOT’s license agreement with 
AASHTO. Its purpose is to provide a more flexible and user definable method of recording hori-
zontal angle, vertical angle and slope distance from most of the total stations and in a standard 
format recognized by the survey review or design software.

There are numerous ways to provide connectivity. When performing radial topography surveys for 
a DTM, points in the same chain such as edge of pavement, centerlines and ditch lines can be 
linked together. These survey chains can ultimately be ported to mapping files or to DTM files as 
DTM break lines. Standard TxDOT feature codes and cells have been developed for use in the field 
to insure standardization of line weight, color, levels, and symbology.

These feature codes also determine where the points and chains will go, either to a mapping file or 
a DTM file. Topographic surveys, traverses and level runs may be collected in Survey Data Man-
agement System ® (SDMS) Collector software. The data can then be reduced to coordinates on a 
desktop PC using SDMS ® Processor, which uses a least squares type of adjustment. There are a 
number of useful reports that can be generated in this software.

Office Analysis

Survey review and DTM - In order to view the results of a survey for troubleshooting and delivery 
of a .dgn file, pre-design software will be used. TxDOT uses CAiCE ™ Visual ® Transportation, 
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GEOPAK Survey ™, and SDMS ® Processor to serve as the tool(s). This software will accept the 
SDMS .cal file as input with the TxDOT feature table attached, and will graphically display the 
project for analysis. Corrections and additions can be made and the DTM can then be created. Pho-
togrammetry files, background maps, macros for visualization and other enhancements may be 
utilized before 2D or 3D graphics are exported as a .dgn file for GEOPAK® / MicroStation® use 
by the designer.

TxDOT Deliverables - Computer Files, Maps, and Drawings

Printed maps or plan sets of topographic surveys or digital terrain model (DTM) shall be repre-
sented by neat, reproducible drawing sheets. These drawing sheets are plotted for urban projects at 
a typical scale of 1'' = 50' (Full Size or scale) or 1'' = 100'. Half size, scale, or rural projects may 
use a typical scale of 1'' = 100' and 1'' = 200', unless otherwise approved or directed and shall accu-
rately depict the results and details of the field work, research, and computations as compiled and 
checked.

For initial submission, plotted drawings may be on paper, in the same sizes listed above, in a size 
prescribed by TxDOT graphics standards, the TxDOT ROW Manual Volume 1 - Procedures Prelim-
inary to Release, or as requested by the TxDOT project manager. Information may also be 
submitted in electronic form according to district standards.

For the TxDOT final work product, all final drawings shall be plotted on Mylar film medium and 
other typed documents on a quality bond paper. All drawings and the information shown shall be 
plotted or printed on standard sizes and shall be according to TxDOT graphics standards, the 
TxDOT ROW Manual Volume 1 - Procedures Preliminary to Release, or standards contained in this 
manual, as may be applicable.

Typically, full size drawings shall be plotted on 22'' x 34'' medium. Half (½) scale drawings shall be 
on an 11'' x 17''size medium. Bond paper may be used for initial submittal. Mylar shall be used for 
all final drawings.

No plat, map or drawing shall be made on a sheet size smaller than 8 ½'' x 11''

All information, existing topographic features, monuments - ROW or control monuments, or prop-
erty corners, whether found or set, etc. shall be represented on a map and in the computer file(s), in 
the proper dimensioned location by using the most current TxDOT cell library (example: 
TxDOT2K.cel) for symbol standardization. Some projects (i.e.: ROW acquisition) may require that 
other features are labeled and dimensioned as to size, height, width, or depth and referenced to the 
nearest ROW or property line. Site maps for architectural design may require other symbology.

All maps or drawings, whether printed, plotted or in a computer file shall have a north arrow and 
shall be oriented so that north is toward the top of the sheet unless otherwise directed by TxDOT.
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The Texas Coordinate System, based upon NAD 83 (HARN), shall be used with the proper zone, 
adjustment factor, theta angle and reference monument information used shall be noted.

For TxDOT purposes, a statement containing the above information shall be placed on all drawings 
and/or included with all computer files that provide reference information or “metadata” on the 
control monumentation, NGS, or other that is used as a basis for all projects.

Title Sheet

A title/cover sheet shall be prepared for each project (examples accessed from TxDOT ROW Man-
ual Volume 1 - Procedures Preliminary to Release, and shall show the following items:

location of the route or project being mapped shall be shown on a title/cover sheet prepared for 
each project

appropriate location sketch

station numbers of the projects beginning and end

charge numbers (CSJ, both Construction and ROW)

stated scale of the drawing with a graphic scale

project description

survey date

larger projects, a sheet index may be preferred

statement of the basis for horizontal and vertical control, including information listed in sec-
tions below

if prepared by a consultant, the company name, address and phone number shall be shown.

Horizontal Control

Horizontal control deliverables shall include the following:

For TxDOT purposes, the Texas Coordinate System of 1983/93 HARN adjustment shall be 
used.

Map coordinates and distances shall be in surface measurements and the combined 
adjustment factor (CAF) must be indicated to allow for return to 
state plane coordinates (SPC).

A statement shall also be made specifying the proper zone, referenced traverse or triangu-
lation station(s), and the published coordinates of the station(s) used along with elevation.

The appropriate mapping angle (theta angle) for the site shall be shown on the map.
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It should be noted that the TxDOT Surface Adjustment Factor (SAF) 
is the reciprocal of the CAF.

As mentioned, TxDOT works in surface coordinates, but project 
size/length, number of counties or SPC zones crossed or other fac-
tors may justify showing all information in grid coordinates.

Unless otherwise directed by TxDOT, all deliverables shall be fully compatible with CAiCE ™ 
and/or GEOPAK ® and be native MicroStation ® files. Graphics standards are available from 
TxDOT.

Vertical Control

Typically, TxDOT elevation basis is either 1.) an existing project (datum specified by project) or 2.) 
NAVD 88.

A statement of the basis of elevations shall be made in computer files and placed on all map prints 
similar to one of the following examples:

1. Elevations refer to a BM set near the N. E. corner of the intersection of First St. and Ave. B 
(Location), an “X” on top of a concrete inlet (description). Elevation is 200.00 ft., and is refer-
enced datum of Project CSJ 0000-00-000.

2. Elevations are based upon NGS bench mark A1422, NAVD 88, Published elevation—326.042 
ft. (1988 Adjustment).

Per TxDOT policy (see Contract for Surveying Services) and as agreed to in survey contracts with 
the state, all original work products become property of the state. A consultant performing work 
under contract with the state may keep a copy for company records.

Certification

While TxDOT contract requirements call for supervision and monitoring by a Registered Profes-
sional Land Surveyor (RPLS) signing and sealing a topographic survey, a digital terrain model 
(DTM) or preliminary design survey is not usually required, but may be called for by district 
standards.

Right of Way- Descriptions with Plats (Exhibit A) and ROW Maps

If descriptions and plats of parcels become necessary for ROW acquisition, all descriptions and 
plats (combined as property descriptions and labeled as TxDOT Exhibit A of the ROW Map pack-
age), shall be prepared according to Chapter 5, ROW Surveying of this manual and the TxDOT 
ROW, Volume 1 - Procedures Preliminary to Project Release 
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(available online at: ftp://ftp.dot.state.tx.us/pub/txdot-info/gsd/manuals/ppr.pdf). Any additional 
information needed or required by the district shall also be included as directed.

The following chart is excerpted from the TSPS Manual of Practice.
Table 4.1 TSPS Manual of Practice Chart for Tolerances for Conditions

Condition I II

Urban Business, Dis-
trict Urban, Suburban 

& Industrial

Rural & Broad 
Area General 

Mapping

Remarks & Formulae

Error in Traverse Closure 1:100000 1:7500 System Control Loop

Unadjusted Level Loop Closure 
(ft.)

.04 .08 System Control Loop M=Miles

Secondary Traverse Closure 1:7500 1:5000 Between System Control Points

Secondary Level Loop Closure 
(ft.)

.05 0.2 Between System Control Points

Positional Error of Any Primary 
Monument (horizontal)

1:15000 1:10000 For monuments used for Triangula-
tion or Radial Surveying in respect 

to another

Positional Error of Any Primary 
Monument (vertical)

± .03 ft. ± 0.15 ft. For permanent bench marks

*Contour Interval 2 ft. 10 ft. Or as needed by the State

Contour Accuracy ± ½ Contour Interval ± ½ Contour 
Interval

Positional error of any Photo 
Control Point (horizontal and/or 
vertical)

0.50 ft. 2 ft. Or as recommended by 
Photogrammetrist

Location of Improvements, 
Structures, and Facilities during 
survey

± 0.05 ft.
± 0.50 ft.

± 0.1 ft.
± 1 ft.

Vertical (inverts, flow lines)
Horizontal

Plotted location of Improve-
ments, etc.

± 1/40 in. ± 1/40 in. Symbols may be used for large 
scale maps indicating Center point

Scale of maps sufficient to show 
detail, but no less than

1'' – 200' 1'' – 2000' Drawings are to show location of 
survey monuments and bench 

marks

M M

M M
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Section 2

Differential Leveling

Overview

Differential leveling is the process of measuring vertical distances from a known elevation point to 
determine elevations of unknown points. The most common methods to determine elevation are 
through the use of 1) a compensator type, automatic (engineering level) and level rod(s), and 2) an 
electronic digital barcode leveling instrument with barcode rod. A thorough knowledge of leveling 
principles and proper application of methods and equipment will prevent costly delays and generate 
the needed results and accuracy.

Preferred methods of obtaining elevations (in order of preference/accuracy) are:

Differential Leveling - control bench marks, cross-sections, point elevations

Trigonometric Leveling - for Digital Terrain Model (DTM), 3D Model

Indirect leveling (and location) by measuring horizontal distances and vertical angles

Three-dimensional coordinates - both horizontal position and elevation are computed by pro-
cessing the measurements

GPS survey - given the appropriate equipment, procedure and data collection. See the TxDOT 
GPS User’s Manual.

Other forms of leveling are available but are not discussed in this manual as they are not preferred 
or their use may be limited.

Figure 4-1. Illustration of Differential Leveling. 

This method (Figure 4-1 above) uses the difference in elevation between a known elevation and the 
height of the instrument, and then the difference in elevation from the height of instrument to an 
unknown elevation point.
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Equipment

The Rod
Rods are, in essence, a tape supported vertically, and used to measure the vertical distance 
(difference of elevation) between a horizontal line of sight and a required point above or 
below it. The most common types are the Philadelphia rod- a 2 piece rod usually 13' in 
length, the Frisco rod- a 3 piece rod 12'-15' in length, the Lenker rod- a moveable face, 
direct reading rod, and the fiberglass-rod- a multi-section, extension rod from 8' - 45' in 
length. Electronic digital levels use a barcode marked rod. Precision leveling, known as 
First Order leveling, to extend or establish vertical control over long distances, requires 
use of invar scale rods.
All rods should be checked and maintained to ensure consistent readings. Cleaning and 
adjustment or repair should be done as needed.

The Level
The compensator type, automatic (engineer) level is made by various manufacturers, and 
is a precision, self-leveling instrument, equipped with a built-in compensator that auto-
matically maintains a horizontal line of sight and has a telescope with approximately 30-
power magnification. The level mounts on a standard surveying tripod, or a fixed-leg tri-
pod for more precise leveling.
The electronic digital level is also a precision, self-leveling instrument with additional 
advantages. Advanced capabilities include automatic measurement of height and distance 
by reading a barcode rod, high precision by employing image processing technology, data 
display and data recording either internally or to a data collector, installed software for ele-
vation stake-out or other leveling procedures. The digital level offers greater productivity 
and simplicity in all applications of leveling work.
All leveling equipment must be checked regularly and properly maintained to ensure that 
it remains in proper working condition and that systematic errors are eliminated to pro-
duce the expected results. This includes daily checks, periodic routine maintenance and 
yearly cleaning and adjustment by a qualified repair shop.
Daily - keep the instrument clean by wiping occasionally, especially when used in dusty or 
wet environment. Operate and adjust the motions. With a compensator type, automatic 
level, observe the compensator while adjusting level screws to make sure that motion is 
smooth. If erratic compensator movement is detected, have a qualified repair shop service 
the instrument.
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Instrument Check

On a regular basis and before beginning a leveling project, perform a peg test for collimation error 
to make sure that readings are consistent. If not, have the instrument serviced.

Anytime an instrument is dropped or severely bumped, or suspected of the same, it should be 
checked immediately. If questionable, have the instrument serviced before continuing use.

Leveling Methods

2nd Order for primary elevation control, extending or establishing bench marks on a project.

3rd Order intermediate or temporary bench marks, turning points on a project; aerial photo 
mapping control; major structures.

General data collected for a DTM, topographic mapping, cross sections, or other purpose.

Leveling Tolerance

See Table 4.1, Chart for Tolerances for Conditions, for specifications and survey conditions.

Datum

The NAVD 88 vertical datum shall be used on all TxDOT projects unless specified by TxDOT 
prior to the beginning of the survey.

Three-Wire Leveling

Three-wire leveling is the process of reading and recording a rod reading for each of the three hori-
zontal cross-hairs on each shot, then averaging the readings for agreement with the center reading. 
This method is most accurate as it gives immediate results and a check/confirmation of rod reading. 
If a difference is detected a check can be done on the spot, before moving on.

An electronic digital level can perform and record this process automatically, after sight of the rod 
is made. Automated data collection eliminates transposition errors and data is downloaded into a 
computer for complete analysis.

This is the preferred method for setting or checking control bench marks. Three-wire leveling will 
be used for all orders of leveling except general.
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Bench Marks (BM) and Temporary Bench Marks (TBM)

The primary purpose of running a level loop is to establish points of known elevation or bench 
marks. They are solid, well protected points that can be relied upon to remain undisturbed and 
unchanged. They should be positioned so as to be usable from a wide area and away from the con-
struction as much a possible so as to remain undisturbed. Consideration should be given to 
construction activities such as utility re-location proposed within the ROW. It is preferred that 
bench marks are located in a public ROW, to allow for continued accessibility.

The exact location of the bench mark should be carefully selected, then sketched and recorded in 
notes, a field book or a data collector.

The numbering or identification system should be consistent with district numbering convention, if 
any and should be identified with enough detail for another crew to locate the benchmark easily. 
Bench marks set should always be turned through as part of a closed level loop.

Examples of good bench marks are an iron rod driven to refusal or a TxDOT cap set vertically in a 
concrete monument (similar to a Type II ROW Monument), a ROW monument, a point or corner of 
a stable concrete structure, or occasionally a spike set in a large tree or utility pole. It is usually 
advisable to use a variety of types of bench mark monuments as utility relocation or construction 
activity may remove objects from a ROW.

The bench marks should not include objects subject to tampering or removal.

Two or more bench marks should be used from the specified reference datum (NAVD 88 unless 
directed by TxDOT). These bench marks should be identified, confirmed undisturbed, and eleva-
tions proved by running a complete level loop between the two, returning to the starting bench 
mark.

Distance between bench marks should be confirmed with the TxDOT project manager or the dis-
trict survey coordinator before beginning a project.

Turning Points/Temporary Bench Marks (TP/TBM)

Turning points may be points set either before or during the course of the survey, or natural or man-
made points in the area. They must be solid, well defined (or marked) and permanent enough to 
remain intact until the level loop is finished. Points with a small, sharply defined top are preferred 
to large flat surfaces.

Turning points should be marked when used so as to insure that the rod is in the exact same place 
when the backsight and foresight are taken. They are also marked because turning points that are 
part of a closed level loop are points of known elevation that may have value during future surveys 
in the area.
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Temporary bench marks can be turning points that remain or additional intermediate bench marks 
placed for added convenience.

Temporary bench marks set in trees or power poles should consist of a spike (railroad spike, boat 
spike, or large nail spike) set horizontally approximately 1 to 2 ft. above ground elevation, also free 
of above obstructions to the level rod.

General Considerations / Objectives

During the course of running a level loop, choose/set turning points and bench marks to accomplish 
the required objective and accuracy.

Balance shot distances – The rodman and instrument man must work as a team to balance the 
backsight and foresight distances. This can be accomplished by use of a digital level, estimating 
distance by pacing, three-wire stadia difference or, when available, by observing stationing marked 
on the project. Balanced backsights and foresights, essential in precise leveling, will help eliminate 
errors caused by refraction, the curvature of the earth and an instrument that is out of adjustment 
and are an especially necessary procedure when establishing control bench marks.

Maximum sight distance – care should always be given to observe recommended or required dis-
tance of sight, depending on the purpose of leveling. See the NGS specifications and Table 4.1 of 
this chapter, “Chart for Tolerances for Conditions,” or manufacturer’s recommendations.

Control points and bench marks should always be set to the highest level of accuracy suitable for 
the project or a higher level if it can be justified.
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Section 3

Trigonometric Leveling

Overview

Calculating the difference in elevation between points is accomplished with trigonometric leveling. 
Differences in elevations are determined by measuring vertical angles and slope distances. Trigono-
metric leveling is often used where accurate elevations are not available or when elevation of 
inaccessible points must be determined. In Texas, most highway surveying does not require this 
type of leveling.

Trigonometric Leveling Use

The establishment of vertical control using the total station or theodolite is not recommended. The 
slightest variance of vertical angle on the instrument is amplified over the long distances normally 
associated with trigonometric leveling. In addition, balancing the shots has no effect in compensat-
ing for instrument calibration error. Shots of over approximately 1,000 feet must have curvature 
and refraction calculations factored in. Spirit leveling with a conventional automatic level or a dig-
ital level is normally recommended; there will be few instances in Texas where rugged terrain 
would require trigonometric leveling for highway surveys.

Elevations for topographical work relative to an occupied control point are perfectly acceptable 
using the total station. The processing of total station data produces DTM’s of adequate quality and 
in an economic manner. Only topographic surveys and other non-critical work, however, should be 
performed using data derived from trigonometric calculations.
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Section 1

Overview

Boundary Survey

A property survey is a survey performed to determine the length and direction of boundaries, and to 
establish or retrace the position of these lines on the ground. The purpose of a property survey is 
not only to determine the metes and bounds, but most importantly, any conflict in ownership or 
existing rights of others that affect the ownership of the land.

TxDOT uses property surveys to acquire rights of way, easements, real property for facilities, and 
lease sites. The property survey is the basis for appraisal and offers to purchase land. The property 
survey is the basis for taking by eminent domain in the event of condemnation.

The majority of TxDOT survey projects will be corridor surveys. These may be limited to surveys 
of a small extent located inside one or two parent tracts, or they may encompass project limits 
many miles in length. One project can contain urban, industrial, suburban, and rural properties.

Farmland, pasture, industrial parks, railroads, irrigation canals, rivers, and central business districts 
can all be crossed in the course of a transportation route survey. The function of the TxDOT sur-
veyor is to provide professional land surveys that are legally defensible and managed in an efficient 
manner.
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Section 2

Phases of a Boundary Survey

Overview

Information contained within this section is excerpted in its entirety and/or adapted for this manual 
from the Texas Board of Professional Land Surveying (TBPLS).

Preliminary Research

The foundation of any land survey is record research. According to the current rules of the Texas 
Board of Professional Land Surveying (TBPLS), the land surveyor must perform research adequate 
for the assignment.

22 Texas Administrative Code §663.16 (c). Boundary Construction

A land surveyor assuming the responsibility of performing a land survey also assumes the responsi-
bility for such research of adequate thoroughness to support the determination of the location of 
intended boundaries of the land parcel surveyed. The surveyor may rely on record data related to 
the determination of boundaries furnished for the registrants’ use by a qualified provider, provided 
the registrant reasonably believes such data to be sufficient and notes, references, or credits the 
documentation by which it is furnished.

Related Boundary Construction Information

Some sources of record data are:

Texas General Land Office – Field Notes, Roll Sketches, County Maps, Working Sketches, 
Correspondence, Survey Reports, Patents

County Clerk - Deed Records, Plat Records, Commissioner’s Court minutes, Patent Records, 
County Surveyor’s Records

County Central Appraisal District – Tax Parcel Maps

District Court Clerk

River Authorities

Irrigation Districts

Utility Companies

Municipal – Planning, Public Works, Engineering, GIS

Oil Companies, Lumber Companies, Railroads
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Private Surveyors.

An abstract of title or a title run sheet may be of great assistance in determining which conveyances 
affect the land. The purpose of the title search for the land surveyor is not to determine title from a 
legal standpoint; it is to retrace the history of the land as it affects the boundaries. The title must be 
searched back in time sufficiently far enough to uncover all of the pertinent information. In many 
cases, this will be to the sovereignty of the soil.

After assembling the record information, a working sketch is prepared (Surveying Wildcat Lease 
Blocks in Texas, F.D. Smith, Proceedings of the Third Annual Texas Surveyors Association Short 
Course, 1954). A working sketch of the patent notes will assist in determining how the original 
cadastre was formed from the public domain. Careful plotting of the original and corrected field 
notes will reveal data about junior/senior rights, conflicts and vacancies, original monuments, and 
other information vital to the retracement of the footsteps of the original surveyor. This is the para-
mount duty of the modern boundary surveyor.

According to the 22 TAC §663.16 (a), when delineating a property or boundary line as an integral 
portion of a survey, the surveyor shall respect junior/senior property rights, footsteps of the original 
surveyor, intent of the parties involved, the proper application of the rules of dignity or the priority 
of calls, and applicable statutory and case law of Texas.

Draft Deed Record Sketch

In densely populated areas of the state, the original grants have frequently been subdivided into 
numerous small tracts. It may be necessary to draft a subsequent deed record sketch of the deeds 
inside each original grant. This plot will contain information similar to the working sketch. The 
subject tract, description of corners called for in the deed, conflicting elements of the deeds (if any) 
and easements affecting the subject tract are shown on the deed record sketch.

A preliminary report shall be written analyzing the construction of the working sketches. The pre-
liminary report is a supplement to the graphic depiction and analyses shown in the working 
sketches. The report will list the sources of the records used to prepare the maps. A summary of the 
history of surveys affecting the subject lands will generally be best prepared in a chronological 
sequence. Any potential title problems discovered by the analysis of the records will be emphasized 
in the report.

Field Work

All fieldwork will be related to the NAD 83 datum through a control network of TxDOT survey 
points established before the commencement of the boundary survey. Surveys may be performed 
by GPS techniques, such as real-time kinematic methods in terrain suitable for their employment 
(see the TxDOT GPS User’s Manual).
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Conventional survey methods may be needed in wooded, urban, or mountainous environments, or a 
mixture of GPS receivers and conventional total stations. Survey techniques shall comply with the 
procedures specified in Chapter 3, Preliminary Surveying, of this manual. The surveyor will com-
pute state plane coordinates on the Texas Plane Coordinate System for all survey measurements. 
Surface coordinates will be computed using methods acceptable to TxDOT.

After the preliminary office research is complete, the surveyor will plan the field work based upon 
the results of the preliminary report. The working sketch will indicate what original corners may 
be recovered. An original corner that is well known and its use accepted by the local surveying pro-
fession is often the most effective beginning point. A careful inspection of the working sketch will 
frequently reveal the footsteps of the original surveyor that must be retraced for a defensible survey.

The courts have established the duty of the modern boundary surveyor to be the retracement of the 
footsteps of the original locating surveyor (Vanishing Footsteps of the Original Surveyor, Clayton 
Orn, Report of the Fifth Texas Surveyors Short Course Conference, 1952). The surveyor shall exert 
every reasonable effort to recover the corners established by the original surveyors of the grants 
included in the project area.

The question is not where an entirely accurate survey would locate the lines, but where did the 
original survey locate such lines (A Treatise on the Law of Surveying and Boundaries, F.E. Clark, 
1939). This may require multiple visits to the vicinity to search for the best remaining evidence.

The surveyor will begin by locating or retracing as many corners of the original grants as required 
to construct the boundaries of the lands included in the project for future takings. Subsequent to 
locating the original grant boundaries and preparing a boundary construction, the surveyor may 
locate corners and lines of any junior survey interior to the original grants. In this manner, the sur-
veyor will build up a logical scheme of boundary construction.

Final Survey

Upon completion of the retracement survey, a boundary construction map shall be prepared. This 
map will depict all survey evidence recovered in the survey. The surveyor will prepare a survey 
map showing the corners recovered, the courses, and distances of the boundaries and areas of lands 
considered in the project.

A survey report will be written summarizing the findings of the surveyor and particularly the 
boundary construction of the surveyed properties. Any boundary discrepancies or survey problems 
found during the survey shall be analyzed and reported. These will also be shown on the survey 
map.

The survey map will show record and calculated dimensions to facilitate the comparison of deeds 
with the survey construction. A background map of available aerial photography and digital ortho-
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photographs will aid in delineating lines of occupation and natural terrain features having a locative 
effect.

A final determination of boundaries and construction of surveys in the project area will be made in 
consultation with the TxDOT surveyor. A final report shall be written giving details of the bound-
ary construction of properties involved in the ROW project.

Once the boundary construction of the lands affected by the project has been finalized, the location 
of the proposed acquisitions may proceed. At this stage, an initial overlay of the proposed takings 
may point out areas where the proposed right-of-way may be rationalized.

The surveyor will consult with TxDOT staff to minimize uneconomic remainders and the taking of 
small slivers of land. The cost of acquiring miniscule gores of land from a parent tract can far 
exceed the value of the property. If possible, these parcels will be eliminated from the final ROW 
footprint. In addition, the review should examine the mitigation of utility adjustments through pos-
sible modification of the proposed ROW.

After the ROW is approved, the surveyor will prepare parcel plats with metes and bounds descrip-
tions. The plats and field notes comprise together the property description. Permanent parcel 
corners will be set in compliance with TBPLS rules and TxDOT policy.

Aluminum caps stamped “TxDOT ROW” with 1/2'' or 5/8'' diameter rebar will be set at all property 
corners, angle points, and points of curvature and tangency. Relative locations of the corner monu-
ments set shall comply with the positional tolerance established by the TBPLS rules. A Preliminary 
ROW Map will be prepared from the property descriptions.

The Preliminary Right of Way Map will satisfy the requirements of the current edition of the 
TxDOT ROW Manual Volume 1 - Procedures Preliminary to Release. The map will utilize com-
puter graphics software currently required by the department.

The Preliminary Right of Way (ROW) Map is not a survey plat certified by a Registered Profes-
sional Land Surveyor (RPLS). It is a graphic representation of ROW conveyances in relation to the 
proposed roadway alignment. Appraisers, negotiators, ROW administrators and attorneys and other 
staff involved in the acquisition of ROW will use the Preliminary ROW Map. The surveyor must 
take into consideration this fact in the preparation of the ROW map. As such, the ROW map func-
tions not as a survey plat, but as a graphic index map to the parcels to be acquired by the state.
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Section 3

Field Work Instructions

Overview

Information contained within this section is excerpted in its entirety and/or adapted by the Standing 
Committee on Surveying (SCOS) for this manual from the TxDOT ROW Manual Volume 1 - Proce-
dures Preliminary to Release.

Encroachments

An encroachment is defined as any obstruction intruding upon the property of another. An 
encroachment may indicate the existence of an unwritten right that may evolve into a title right. 
Under the Texas and United States Constitutions, it is a fundamental duty for TxDOT to determine 
and compensate the owners for all rights acquired in the taking of property.

Describe and tie all encroachments or possible encroachments in the survey field record.

Exercise special care in observing aerial encroachments such as overhead electric and telephone 
lines with cross-arms. Record these items in the field record. Other encroachments may include:

fences

rock walls

power poles

guy wires

driveways

buildings or structures

underground utilities including water, sanitary sewer, communication, electricity, oil and gas 
pipelines, etc.

sidewalks

persons occupying the tract

clearing in the trees

disturbed ground.

Roads and driveways crossing the subject tract shall be noted. These roads may be used by adjoin-
ing landowners for access to their property. Locate all dirt roads; as they may lead to a cemetery or 
be ingress and egress to another tract.
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All improvements within, along, beside, or up to 50 feet outside the property lines must be located 
in relation to a property line, identified and dimensioned.

Fence Ties

Property line fences shall be accurately located. Ties will be made as needed. The field survey 
record will note:

age of fence

type of fence

condition of fence.

The intersection of cross fences with property line fences shall be located. A sketch of cross fences 
in the interior of a tract shall be made if an aerial photograph is unavailable. Cross fences in the 
interior of a tract shall not be surveyed unless requested by the RPLS in responsible charge.

Adjoining fences along the property line shall be located in the survey field record. A sketch of 
such fences will be made if low-level high-resolution aerial photography is unavailable.

Wire fences that meander from tree to tree shall not be located unless they are boundary division 
fences. When tying tree to tree fences, note in the survey field record as to where the fence begins 
to go from tree to tree and where the fence ends from tree to tree with periodic ties to fence from a 
traverse line. Each individual tree does not need to be tied unless required by the RPLS in responsi-
ble charge.

Easements

An easement is “an interest in land created by grant or agreement which confers a right upon own-
ers (private or public) to some profit, dominion, or lawful use of the estate of another.”

All surface evidence of utilities corresponding to known easements of record shall be located in the 
field survey record.

The surveyor will locate all facilities crossing the subject tract to verify the location of the object in 
relation to the location of a recorded easement.

The surveyor will note:

new excavations

pipeline markers

buried cable route signs

cleared routes across property
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manholes, and

any feature that suggests aerial or buried utilities whether or not they were constructed under 
benefit of an easement of record.

Evidence of all cemeteries or possible cemeteries will be located and noted in the survey field 
record.

Gates found on the perimeter of the tract shall be located. Apparent frequency of use and condition 
shall be noted. Sketches of roads entering and exiting the tract shall be made. Aerial photographs 
may be used as a base map to approximate the location of roads or trails across the property.

Boundary Checklist

The following boundary checklist shall be reviewed before the beginning and end of a boundary 
survey:

Fences:

Are all boundary fences located?

Note fence type, approximate age, type of wire.

Locate all significant angle points in fences and plot on sketch and/or aerial photographs.

Prepare detailed sketch of fence at major corners.

Locate intersection of cross fences at division fences.

Utilities

locate serial electric, telephone and cable TV lines (unless previously located by topographic 
survey)

locate all utilities flagged by one call system

note the number of wires and brief description of cross bar poles

locate all guy wires and down guys

locate all sanitary sewer manholes, water valves, and fire hydrants

locate all inlets

locate all underground pipelines, communication and electric lines (locate route signing and 
vents of underground utilities)

locate all above ground pipeline and oil or gas well appurtenances such as valves, cathodic 
protection facilities, tank batteries, pumps, etc., if not previously surveyed.
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Property Corners

locate all monuments on points of curvature and points of intersection of ROW fronting tract

locate sufficient monuments of ROW adjacent to and on either side of tract, and across public 
roadways, to determine location of tract to adjoining tracts of ROW taking

prepare detailed description of property corners located and survey control points set (1/2'' 
IRON ROD FOUND, 1'' IRON PIPE FOUND, 2X2 HUB AND TACK SET, 3/8'' IRON ROD 
IN ROCK MOUND FOUND, etc.); it is essential to note and markings of found monuments

set survey control points in places that will be undisturbed in the future

ensure there is sufficient information from deed plot or subdivision plats to tie in to adjoining 
property.

Locate Structures in Interior of Parcel near Proposed Taking

barns

concrete slabs and foundations

houses or any permanent structures

water wells.

Locate Natural Features Referred to in Deeds

drainage features

ridge lines or summits

wooded mottes or woods / prairie boundaries.

Locate Roadways Entering and Exiting the Property

any dirt or gravel roads or driveways being used for access to adjacent properties

any abandoned roadways.

Flag All Survey Points

guard stake and lath set on property corners of the subject parcel

control points

survey control points shall be set in such locations to facilitate setting calculated corners in the 
near future to complete the boundary survey.
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TSPS Survey Categories

Information in this subsection is excerpted and/or adapted for this manual from the Texas Society 
of Professional Surveyors (TSPS) Manual of Practice.

The Texas Society of Professional Surveyors (TSPS) has published the Manual of Practice for 
many years. Although aimed at the surveyor in the private sector, this manual contains much infor-
mation useful to the TxDOT surveyor. In particular, the “Chart for Tolerances of Conditions” 
(which appears below) may be appended to a “Work Authorization” as a survey specification. The 
manual contains categories of surveys and tolerances, or specifications, for each category of survey. 
The categories are further subdivided into conditions.

Category 1A provides specifications for a Land Title Survey. It is designed to fulfill the normal 
requirements of all title insuring agencies.

Category 1B is specified as a Standard Land Survey. A Standard Land Survey is not intended to 
support title insurance activities. Category 1B surveys will be used to locate real property, write 
legal descriptions, or for platting.

Category 2 is defined as a Route Survey. This type of survey is used for the planning of the location 
and the acquisition of property for rights of way.

The following chart is excerpted from the TSPS Manual of Practice:
Table 5.1 Chart of Tolerances for Conditions

Conditions IV III II I

Rural Suburban Urban

Urban 
Business 
District

Remarks & 
Formulae

Error of Closure 1:5,000 1:7,500 1:10,000 1:15,000 Loop or between Con-
trol Monuments

Angular Closure 30'  25''  15'' 10'' N = Number of Angles 
in Traverse

* Accuracy of Bearing in 
Relation to Source

40 sec. 30 sec. 20 sec. 15 sec. Sin α = denominator 
in Error of Closure 

Divided into 1 
(approx.)

Linear Distances Accurate 
to:

0.2 ft. per 
1,000 ft.

0.15 ft. per 
1,000 ft.

0.1 ft. per 
1,000 ft.

0.05 ft. per 
1,000 ft.

Sin α x 1000 (approx.) 
where ± = Accuracy of 

Bearing

Positional Error of Any 
Monument 

AC
5,000

AC
7500

AC
10,000

AC
15,000

AC = Length of Any 
Course in traverse

N N N N
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NOTE: *TxDOT policy requires all bearings or angles be based on the following source: Grid 
bearing of the Texas Coordinate System of 1983, with the proper zone and epoch 
specified.

Information Provided by the State for ROW Mapping

work authorization to begin work

copy of the department’s Survey Crew Safety handbook to the surveyor

an example of a ROW map, traverse closure sheet, and property description

existing horizontal control information to the surveyor

existing applicable Rights of Way maps of the project area if available to the surveyor

 a planimetric map in “MicroStation ® compatible” media showing existing topography if 
available to the surveyor

Calculation of Area —
Accurate and Carried to:

0.001
.01
.1
.3

0.001
.01
.1
.2

0.0001
.001
.01
.1

0.0001
.001
.01
.1

To 1 acre
To 10 acres

To 100 acres
To 1000 acres

Elevations for Boundaries 
by Tides, Contours, Rivers, 
etc. Accurate to

0.2 ft. 0.1 ft. 0.05 ft. 0.03 ft. Based on sea level 
datum.

Location of Improvements 
Structures, Paving, etc.

1.0 ft. 0.5 ft. 0.2 ft. 0.1 ft. Tie Measurements

Scale of Maps Sufficient to 
Show Detail but no less 
than

1''= 2,000' 1''= 1,000' 1''=400' 1''=200'

Positional Error in Map 
Plotting not to Exceed: 
(Applies to Original only)

50 ft.  
1''=2,000'

25 ft.  
1''=1,000'

10 ft.  1''=400' 5 ft.  1''=200' Generally 1/40th inch 
(National Map accu-
racy calls for 1/50th 

inch).

Adjusted Mathematical 
Closure of Survey no less 
than 

1:50,000 1:50,000 1:50,000 1:50,000

Table 5.1 Chart of Tolerances for Conditions

Conditions IV III II I

Rural Suburban Urban

Urban 
Business 
District

Remarks & 
Formulae
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authorization and aluminum caps to stake the new ROW

inspect and approve surveys, property descriptions, and ROW maps

pay the surveyor for work performed and accepted.
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Section 4

ROW Mapping Requirements

Overview

Information in this section has been excerpted in its entirety and/or adapted and modified by the 
Standing Committee on Surveying (SCOS) from the TxDOT Right of Way Division’s ROW Man-
ual Volume 1 - Procedures Preliminary to Release.

The TxDOT Right of Way (ROW) Division has published procedures for right of way surveying in 
its Right of Way Manual Collection. The Volume 1, Procedures Preliminary to Release, contains 
the updated policies and requirements of ROW surveying for TxDOT. The current requirements for 
ROW mapping and surveying are available on-line.

Surveying for ROW Acquisition

Necessity for Correct Property Descriptions. Property descriptions prepared with the intent to 
convey title to the state must define adequately and clearly the location of the property. State law 
stipulates that any property description prepared with the intent to convey title to the state consti-
tutes a boundary survey, falling under the jurisdiction of the Texas Board of Professional Land 
Surveying (TBPLS).

Surveying for ROW Acquisition. Right of entry must be obtained from each landowner before 
performing any type of surveying on private property. TxDOT will provide standard right of entry 
forms that should be signed by each landowner before entry is attempted. A verbal right of entry 
may be obtained but every attempt shall be made to secure a written right of entry before the survey 
is completed.

All surveying necessary for ROW acquisition must be performed under the supervision of an 
RPLS. All surveying must conform to all applicable surveying laws and the Professional Land Sur-
veying Practices Act and must follow the General Rules of Procedures and Practices of the 
TBPLS. The Texas Society of Professional Land Surveyors Manual of Practice may be used as a 
guide in determining accuracy requirements and specifications in the preparation of the survey.

Texas State Plane Coordinate System

All projects must be tied to the Texas State Plane Coordinate System and must be located relative to 
all adjoining projects. The Technology Services Division has a published set of standard electronic 
graphics seed files with the correct map projection parameters for a particular area of the state.

Metadata, including the state plane zone, combined adjustment factor (CAF), mapping angle 
(theta angle) horizontal datum and adjustment, and (if CORS stations were used 
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for a GPS tie) the epoch date shall be shown on the title sheet of the ROW map. A control 
sheet of the ROW map showing survey control stations, coordinate values, and type of adjustment 
used for the survey may be prepared.

General ROW Map Requirements

A ROW map is a compilation of engineering data, property descriptions, parcel plats, appraisal 
information, and improvements related to a transportation project. All ROW maps must be pre-
pared under the supervision of an Registered Professional Land Surveyor (RPLS). Under an 
agreement between TxDOT and the Texas Board of Professional Land Surveyors (TBPLS), ROW 
maps are not required to be signed and sealed by an RPLS. ROW maps are recognized as internal 
engineering plans and asset management documents. ROW maps are not considered to be survey 
plats.

Preparation of ROW maps normally begins after obtaining schematic design approval.

During schematic design, the design engineer determines the amount of ROW needed to 
accommodate the proposed transportation facility.

The surveyor is responsible for the boundary analysis of the proposed ROW parcels and prep-
aration of the property descriptions (parcel plats and metes and bounds descriptions), ROW 
maps, and surveyor’s reports.

All ROW maps are reviewed and approved for technical completeness, compliance with TxDOT 
guidelines and adherence to the Professional Land Surveyors Practices Act by the district. The 
ROW Division will conduct an administrative review of all maps and advise the district of any defi-
ciencies found. Sample ROW map sheets and title sheets are available as guides for preparing 
maps.

All ROW map sheets for a project must be uniform in size, form and arrangement. The uniformity 
must conform to TxDOT standards and guidelines and include similar font styles and sizes for each 
map sheet, as well as a neat and legible arrangement of data on each sheet. The entire ROW map 
will be bound by the left margin of each sheet.

All ROW projects are authorized by the Texas Transportation Commission and include defined 
limits. If the Commission authorization for a project does not cover continuous procurement of new 
ROW, then the map must show both existing and new ROW.

All sheets will consist of double matte, 4-mil Mylar sheets measuring 22 inches by 34 inches. The 
border shall be positioned ½ inch from the top, bottom, and right edge, and 2 inches from the left 
edge of the sheet.

Sufficient topography shall be reflected on either side of the centerline of the highway to show the 
required ROW parcel and the parent tract of land from which the parcel is to be acquired or a dis-
tance of 600 feet, whichever is lesser. Details of all improvements bisected by or within 50 feet of 
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the ROW line not reflected on topographic information furnished by the state shall be shown on the 
drawings.

All utility easements within or crossing the proposed ROW shall be shown or identified. Proposed 
roadway planimetric details shall be shaded and shown on each plan sheet.

The surveys, along with their abstract numbers, shall be shown and identified throughout the entire 
project. Portions of existing subdivisions along the route shall be shown to clearly and accurately 
reflect the required ROW parcels. The name of the subdivision and intersecting streets, together 
with lot and block numbers, shall be appropriately shown on the drawing. Each tract of land 
required for highway ROW purposes shall be identified by a parcel number, by ownership, by 
amount of required land (in acres for rural land and in square feet for urban land), and the approxi-
mate amount remaining in the parent tract of land.

ROW maps may contain the following sheets:

Title Sheet.

Parcel Index Sheet - Shows an overall view of project parcels and plan sheets. This sheet may 
be omitted if all applicable data can be placed on individual map sheets.

Control Sheet - Shows an overall view of the project and the relationship of monumentation 
and control. Alternatively, this information may be included on the Parcel Index sheet.

Plan Sheets.

For additional references for preparation of ROW maps and general surveying, see the following 
publications:

Table 5.2 Reference Publications for ROW Map Preparation

Publication Author

TxDOT GPS User’s Manual
SCOS

TxDOT ROW Manual Vol. 1- Procedures Preliminary 
to Release

TxDOT ROW Division

TSPS Manual of Practice Texas Society of Professional Surveyors

Professional Land Surveyors Practices Act Rules and 
Regulations

Texas Board of Professional Land Surveyors
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ROW Parcel Numbering

General Objectives in Parcel Numbering. The methodology of numbering ROW parcels must be 
correct and consistent to avoid problems in the appraisal process or with record maintenance 
through the ROW information system. Anyone preparing ROW maps must communicate regularly 
with the district for uniformity of methodology.

There are specifics of parcel numbering which may be unknown by surveyors or district design 
engineers. For example, on an urban project one or more contiguous properties may be under com-
mon ownership. If the preliminary data shows contiguous properties have a unity of use, then two 
or more properties may be combined into one marketable unit having one parcel number.

If the appraisal data shows contiguous ownership, but the properties do not have unity of use, then 
assign each property a separate parcel number, and compute a separate value for each.

Rural projects are usually handled the same as urban projects, with the focus being placed on the 
parent tract. A parent tract is simply defined as a single property not divided by a public way or 
platted as a subdivision. However, a parent tract may be defined by several smaller purchases that 
comprise one large tract of land under a single ownership. If an undivided tract has common owner-
ship but discrete land uses, then each land use area must be partitioned into separate parcels with a 
unique number. Parcel numbering does not necessarily have a one-to-one correspondence to prop-
erty boundaries.

In addition, one parcel may be composed of more than one part. For additional guidance, see the 
examples in Table 5.3 of this chapter.

Usually, properties divided by existing public ways or by separate ownership are considered sepa-
rate parcels, although they may have common ownership. However, sometimes the unity of use 
supports combining parcels. In this case, assign the whole property one parcel number, with each 
divided property being an associated part.

TxDOT uses the term “parcel” to denote a real property acquired by the state, whether through pur-
chase, donation, or exchange. In the event TxDOT sells or exchanges state land, the term “tract” is 
used to describe the land unit. The terms should not be used interchangeably. Careful use of these 
definitions allows the instant identification of the ownership of a property adjoining a state ROW.

Standard Numbering System for ROW Parcels. Number ROW parcels from left to right on each 
ROW map sheet, based on ownership and land use data available when the preliminary map is pre-
pared. Parcel numbering should begin with number 1 and continue in sequence throughout the 
limits of the project.

If practical, the stationing should increase from south to north and west to east; or, it should match 
stationing on the schematic.
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This system is typically easier to use on rural projects than on urban projects, because rural parcels 
are often comprised mainly of larger tracts having the same ownership for many years.

Variation of the number sequencing is sometimes acceptable due to hardship acquisitions or protec-
tive buying.

The following are examples and explanations to clarify the standard parcel numbering system and 
are also found in the TxDOT ROW Manual Volume 1 - Procedures Preliminary to Release. Figure 
numbers in this manual differ slightly from the above ROW manual.

Table 5.3 Parcel Numbering System

Example Parcel No. Explanation

1 1, 3, 4, etc. Normal parcel numbers. See Figures 5-1, 5-3, 5-4, 5-5, and 5-7 on 
the following pages.

2 58(E) Usual outfall or channel easement. Easements of this type are 
located outside of actual ROW and differ from ROW easements 
sometimes acquired on County/City acquisition projects which are 
shown as normal ROW parcels. See Figure 5-2.

3 2-Part 1
Part 2 

One parcel composed of two parts. Both parts will be included in a 
single appraisal report, only one value will show on value forms, 
and only one deed and one title policy or title certificate is to be 
obtained. See Figure 5-6.

4 3(E)-Part 1
Part 2

Two channel or outfall easements from one tract. Same as Example 
3 except that a channel or outfall easement is involved rather than a 
ROW parcel. See Figure 5-3.

5 2
2(E)

Normal parcel with one outfall or channel easement. See Figure 5-
1

6 3
3(E)-Part 1
Part 2

Normal parcel with two channel or outfall easements. Each 
appraiser will make one report setting out separate values for the 
ROW parcel and the easements. Values for both easements will be 
combined into one value on value forms. One deed and one title 
policy or title certificate will be obtained for the ROW parcel and 
only one instrument of conveyance and one title policy or title cer-
tificate (State Acquisition Projects) will be secured for the channel 
easements. See Figure 5-3

7 2A
2B

Normal Parcel No. 2 divided into two parcels. Could be caused by 
error in original numbering or due to part of original parcel having 
been sold since ROW map was prepared. See Figure 5-8. The orig-
inal Parcel No. 2 cannot be used alone again.

8 2A(E)
2B(E)

Usual outfall or channel easement divided when parcel as in Exam-
ple 6 is divided. See Figure 5-8.
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Land taken for widening projects that adjoin existing parcels are best numbered with the original 
parcel numbers but with an alphabetic letter added after the number.

9 2A
2A(E)
2B
2B(E)-Part 1
Part 2

Parcel divided with one easement with one parcel and two ease-
ments with second parcel. See Figure 5-9

10 26-Part 1
Part 2

Figure 5-10 shows parent tract in two counties and two projects 
with one parcel number divided into parts. Only one appraisal but 
has division of values. This is applicable to both state and LPA 
acquisition projects and also to a combination involving both state 
and LPA acquisition on a project.

11 33(RR) Crossings held in joint use with a railroad (operating a railroad 
ROW) by joint use agreements, license, or permit should be num-
bered in the same manner as a regular parcel of land with the 
addition of the designator “RR” (e.g., parcel 1RR). To be used for 
crossings only!

12 34(JUA) Joint Use Agreement - Joint use of TxDOT right of way with 
others.

13 57(W) Wetlands - used for property that is acquired for wetland 
mitigation.

14 30(X) Overlooked Improvement - Used when a parcel has been acquired 
and an overlooked improvement (e.g., private water, water well, 
root cellar, etc.) is found on the parcel that still needs to be 
removed.

15 16(TE) Temporary easements acquired through the normal acquisition 
process.

16 28(M) Mitigation: Environmental mitigation, except wetlands.

17 1(AC) Access rights only. NO ROW TO BE ACQUIRED! See Figure 5-
11.

18 71(OAS) Outdoor Advertising Sign Only - NO LAND ACQUISITION!

19 1AAQ Advance Acquisition Parcel - Acquired in advance of ROW project 
release.

20 Tract 4UR An uneconomic remainder parcel.

21 U1 A number assigned to uniquely identify a utility facility; does not 
involve land.

Table 5.3 Parcel Numbering System

Example Parcel No. Explanation
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Figure 5-1. Sample ROW Parcel Numbering Convention. 
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Figure 5-2. Sample ROW Parcel Numbering Convention
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Figure 5-3. Sample ROW Parcel Numbering Convention. 
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Figure 5-4. Sample ROW Parcel Numbering Convention.
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Figure 5-5. Sample ROW Parcel Numbering Convention. 
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Figure 5-6. Sample ROW Parcel Numbering Convention. 
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