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Figure 6-5

6-04.3 Coordinate Conversions

Conversions between geodetic coordinates and WCS83 coordinates are normally made
using computer programs. The programs also calculate plane convergence angles and grid
factors for each position. Though grid factors will differ from point to point because of
change in elevation and latitude, as a general rule, a mean grid factor is selected for each
project. This policy will usually cause no appreciable loss in accuracy and will eliminate
confusion caused by multiple grid factors. However, for higher-order control surveys
where the elevations of points vary significantly, or for projects extending to large north/
south distances, assigning more than one grid factor might be appropriate.

WCSS83 coordinates are specific for each zone because each WCS83 zone is a unique
Lambert projection. WSDOT projects that extend from one zone into another use

WCSS83 coordinates based only on one zone. WCS coordinates for one zone can be easily
converted to coordinates of a second zone by first converting to geodetic coordinates and
then converting to WCS83 for the second zone.

In Washington, the effect of the changing datums from NAD27 to NAD83-91 was to shift
and rotate geographic coordinates roughly three hundred feet to the southwest. There

is no precise mathematical conversion for coordinates between WCS27 and WCS83.
Conversion programs like the National Geodetic Survey’s “NADCON” and the U.S.
Army Corps of Engineers’ “Corpscon for Windows” are only approximate conversions
that are generally not accurate enough for engineering and boundary surveys. Do not

use these programs to convert coordinates on survey control points between WCS27 and
WCS83.
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The two recommended methods for obtaining WCS83 coordinates for old WCS27
surveys are:

*  Conducting a resurvey of the WCS27 survey using WA-HARN as the reference
control.

* Use GPS to establish WCS83 coordinates on the original control points for the
WCS27 survey and then recalculate coordinates for the entire network using the
original observations.

6-04.4 Computing Project Datum Coordinates From State Plane

Since surveyors measure on the Earth’s surface and not on the mathematical Ellipsoid, a
coordinate conversion is necessary to convert from Washington State Plane coordinates
to a “Project Datum”. Ground distances and angles can be measured and projects can be
layed out and constructed working with a project datum. During location and construction
of highway projects, it is much easier to work with project datum coordinates than

with Washington State Plane Coordinates. The procedure is to convert the State Plane
Coordinates of the initial control points to project datum coordinates, gather all of the
surveying data using project datum coordinates, design the project using project datum
coordinates, construct the project using project datum coordinates, then convert the
project datum coordinates back to Washington State Plane Coordinates for archiving and
future use.

It is very important to understand the difference between Project Datum and Washington
State Plane. Surveying can be performed in Project Datum or Washington State Plane
coordinates. There is however, a difference between the two datum’s (depending on
project location) and should never be combined or confused.

The WSDOT policy is to always use a Project Datum. Experience has shown that

far fewer surveying errors occur and the data provided from the Survey crews to the
Designers is consistently superior when using a project datum. Documenting the method
used to determine the combined factor and the combined factor itself is critical. The
combined factor shall be transferred with all data so future data collection can use the
same combined factor.

Any points on the project that vary significantly in elevation as well as projects that run
North and South can have an adverse affect on the combination factor. The purpose

of using project datum is so that a foot will equal a foot on the ground for location and
construction surveying, and to obtain the precision ratio required for the survey work at
WSDOT.

At the beginning of a project, a CF (combination factor) needs to be calculated, well
documented, and used throughout the project.

When using a combination factor, it is always Project Specific.

It is mandatory to provide a clear, well-documented explanation of the combination factor
and how it derived to establish the project datum coordinates. The following questions
must be answered in documenting the creation of the combined factor:

*  What published control points were used for the minimum and maximum latitudes to
determine the mean latitude?

*  What published control points were used to derive the minimum and maximum
orthometric and geoid heights to determine the mean elevation and mean geoid
height?

*  Were ellipsoid heights used in lieu of orthometric elevations and geoid heights?
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e Ifscale factors were used instead of latitudes, what are the scale factors that were
used (scale factors are published on the monument data sheets)?

*  Were the numbers and calculations checked independently?

It is also necessary to clearly state the combined factor (CF), and add a constant of
sufficient size to make it impossible to mistakenly believe the Project Datum coordinates
to be State Plane Coordinates. WSDOT adds 100 000.000 meters to both the northing and
easting coordinates to avoid confusion.

The following are items to consider in determining the projection for the project:
CONVENTIONAL SURVEY METHOD

Take the size of the project into consideration. For example, if the project is 6 miles long,
find the closest published quality Control Station monuments (Wa-Harn, PRN, GPS, NGS
etc. monuments) at the beginning and ending of the project. A minimum of one control
station is used at each end of the project to establish the scale factor which is determined
from the mean latitudes of the control stations chosen. See Figure 6-7.

Legend .
& Control Station End Project

Begin Project

Determining Control Stations to use for
Conventional Survey Methods

Figure 6-7
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RTK SURVEY METHOD

If GPS/RTK (Real Time Kinematics) is used to survey any portion of the project, use the
same control points selected for the Calibration Box of the project (a minimum of four
which encompasses the project) to calculate the project datum combination factor (See
Chapter 8 for procedures on Project Geometric Framework. See Figure 6-8.

End Project

Begin Project

Legend
A\ Control Stations

Proiect Geometric Framework
for RTK Survey Methods

Figure 6-8

If possible, try not to exceed 6 miles of total project length when developing the

“Project Datum Combination Factor”. If the project exceeds 6 miles and/or there is a
large difference in elevation within the project, separate combination factors within the
project area may need to be used. Generally, this is not recommended due to the potential
confusion and errors it can create. It is always best to only have one combination factor
per project whenever possible.

DETERMINING THE COMBINED FACTOR
Determining a Combined Factor is a two-step process.
First you determine the project Scale Factor (SF) and the project Elevation Factor (EF).

The SF is determined based on the mean scale factors of the project control that has been
established surrounding the project. See appendix A for a worksheet to help you calculate
the SF.

The EF is determined based on the mean elevation of the project. See appendix A for a
worksheet to help you calculate the EF.

Then you calculate a Combined Factor (CF). Multiplying the SF by the EF does this. See
appendix A for a worksheet to help you calculate the CF.

APPLYING THE COMBINED FACTOR TO YOUR CONTROL POINTS

First, state plane grid coordinates values (in metric) on ALL of your initial control points
are divided by your combined factor (CF). See appendix A for a worksheet to help you
apply the CF.
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Now add 100,000 meters to the northing and easting values of all of your control
points to make their appearance very different from WSPC. We do not want State
Plane coordinates and Project Datum coordinates to be confused. See appendix A for a
worksheet to help you apply the 100,000 meters.

For the conversion of coordinates from metric to english units, 1 meter is equal to 39.37
inches (RCW 58.20.190). Therefore, since WSDOT typically works in english units; a
conversion from metric to english is necessary. See appendix A for a worksheet to help
you convert from metric to english units.

Apply these steps to any project control. The process of projecting state plane coordinates
to a project datum needs to only be done once at the start of a survey project and ALL
data gathered on the project will use the original CF.

After applying the CF to the control points, the surveyor will gather all of the data for the
project with a scale factor of 1.0000000 in their data collectors, designers will design the
project with no scale factors, construction will be accomplished with no scale factors.

When the project is completed and ready for archiving, the conversion from project
datum coordinates to Washington State Plane Coordinates are calculated in the reverse
order. So, English units are converted to metric, subtract 100,000 meters from each
coordinate, then multiply the coordinate values by the combined factor. The result is the
entire project is then based on the Washington State Plane Coordinates system and ready
for archiving, GIS, transfer to others, etc.

Computer spreadsheets have been developed for ease of these calculations.

Check with the Regional Survey Coordinator or the State CAE Survey Coordinator for
help with the computer conversion spreadsheets.
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