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Presenter Notes
Presentation Notes
My presentation will provide some best practices in making, operating and maintaining a continuously operating GNSS reference station, also known as a CORS.

--PLEASE FEEL FREE TO ASK QUESTION DURING THE WEBINAR
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Presenter Notes
Presentation Notes
--Introduce the CORS team. 
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Presentation Notes
--Introduce the CORS team. 
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Presenter Notes
Presentation Notes
This is the NOAA CORS Network

More than 1800 stations

--Contributed by over 200 organizations

--NGS owns less than 40

The NOAA CORS Network provides products and support for rapid and precise 3-D positioning and other geophysical applications throughout the United States and its territories. 
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Presenter Notes
Presentation Notes
--This is the type of CORS we are looking for
	
--Mature, linear timeseries with little horizontal and vertical deviations or jumps.

--It’s stations like P094 that we rely on to define and maintain the NSRS.
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Presenter Notes
Presentation Notes
--P307 in San Juaquin Valley has non-linear position time series
	
	--Notice the different rates of vertical velocity

	--Good for monitoring subsidence

	--Not good for survey control or helping define a reference frame

--MOSG normally good, but notice the changes in the last couple of years

	--We at NGS will keep watching 

	--But we need your help not only to monitor these stations, but to install, operate and maintain them to good standards.





WITG Tigerton, Wisconsin_


Presenter Notes
Presentation Notes
Composition of a CORS:

The GNSS antenna is attached to a monument  

A good CORS site like this one is free of nearby obstructions such as trees and buildings which block or bounce GNSS signals, and affect the quality of the station coordinates.

The receiver is in the building where it gets power and internet.





Presenter Notes
Presentation Notes
This is GUAX on Guadalupe Island a few hundred kilometers off the west coast of Baja California.  

The GNSS antenna is inside the gray protective dome, and the tripod-looking structure it’s sitting on is the type of CORS monument I’m more accustomed to working with since starting my career in 1996. 

This BRACED monument consists of stainless steel legs anchored into the earth and welded together. 

Station is solar powered, and has wireless communication to download data and monitor equipment.  

All these things together--the monument, solar, and wireless communication--allow high quality CORStations to be installed almost anywhere on land.


chokering GNSS antenna

SCIGN D3


Presenter Notes
Presentation Notes
For new CORStations with modern antenna leveling adapters, we’re now requiring the use of the Geometric Reference Point (or GRP).  It’s a physical non-moveable point on the bottom part of a modern antenna adapter to which the official coordinate function of a CORStation is referred to.  With coordination and training from NGS, surveyors wanting to tie to or from a CORStation with non-GNSS survey methods can have access to its GRP.

The concept of a GRP is not new to the continuous GNSS community.  The SCIGN D3 fixed-height antenna leveling adapter shown here has been extensively used in networks such as SCIGN, PANGA and PBO since it was developed by Scripps Institution of Oceanography 25 years ago.  

NEXT SLIDE



SECO 2072



Presenter Notes
Presentation Notes
The SECO 2072 antenna leveling adapter is very common in the NOAA CORS Network.  Here’s its GRP in case you don’t know.  When properly leveled and oriented north, a GNSS antenna using this mount is exactly 35 mm above the GRP.  It says so right on the adapter.

NEXT SLIDE




Presenter Notes
Presentation Notes
Antenna reference point is not where we expect it




Presenter Notes
Presentation Notes
If you’re a surveyor, the concept of a CORS Geometric Reference Point should make sense with this slide.  The GRP is exactly the same as a point on a bench mark you survey to for your work.  It’s that simple.

NEXT SLIDE


Comments on NGS Proposed CORS Monumentation

Duncan Carr Agnew, Yehuda Bock, Frank Wyarnt

Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego

1. Introduction

The National Geodetic Survey (NGS) Frocess Action Team 20 has developed a
design for site monumentation for Continuously Operating Reference Stations (CORS) of
a national GPS network. This design is described in admirable detail in the Team’s final
report of 20 December 2000 (hereafter the “Report™). It does not appear that any input
from outside of NGS was sought during the development of the design; this note is an
attempt to offer such input, with the perspective of a long involvement with issues of sta-
ble monumentation, and particularly close knowledge of the monumentation adopted for
the Southern California Integrated GPS Network (SCIGN).

Since much of this note will raise some objections to the NGS Report, it should be
said at the outset that it represents a step towards an important goal, namely better CORS
monumentation. Cerainly, this design is likely to be an improvement over some of the
systems now in use (for example, mounting the antenna on a roof). Also, it can be
installed at relatively low cost.

A summary of the comments made in more detail below would include the follow-
ing points:

*  The aim of a single design does not seem appropriate, given the range of geology in
which a monument may need to be set.

The criteria for monument stability used in the Report do not match those deter-

mined from other studies.

The design given requires drilling a relatively large hole. Such drilling (unless done

with fairly massive equipment) is likely to stop at the first moderately hard material

(probably not “bedrock™), thus ensuring that the monument will not be coupled to

stable material.

The emphasis put on avoiding all metal in construction is not justified. Concrete

also will scatter the signal, and tests of metallic monuments show that they can be

built to have no significant effect on GFS positions.

The Report does not include any discussion of the desirability of a stable eleciro-

magnetic environment.

The cost estimate for the CORS monument does not show the total cost; when all

costs are included the cost ratio between this and other monuments is not large,

especially given the long lifetime expected for a geodetic monument.

13 July 2001






Presenter Notes
Presentation Notes
Braced monuments started to be installed at NGS sites a few years before I joined.


Carlsbad Caverns National Park, February 2023


Presenter Notes
Presentation Notes
Hosting braced monument installation workshops with willing partners.

--This is a shallow drilled braced monument


Sarasota County, Florida, February 2023
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Presentation Notes
--This is a driven braced monument

	--ELABORATE…




Presenter Notes
Presentation Notes
--This is a DEEP drilled braced monument

	--Elaborate…







Presenter Notes
Presentation Notes
--Getting away from bad monuments like this

--Perhaps good enough for survey control, but does not meet the needs of modern geodesists using techniques which are getting more precise and accurate.





1
N
o
N
m
a
<
k)

irgin

Fan Mountain, V



Presenter Notes
Presentation Notes
--NGS concrete pillars starting to crumble
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Presentation Notes
Two stations, 5 km apart on the Oregon coast

ORSB on a NOAA building in Newport bay

P367 at a nearby airport—deep drilled braced monument

Look at the position time series
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Differences?

Geology?

Building collapse?

Poor foundation?
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CORS Operation and
Maintenance
Best Practices


Presenter Notes
Presentation Notes
Take a look at some operation and maintenance best practices.
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Presenter Notes
Presentation Notes
In this slide I’d like to point out the need to prevent vegetation from overwhelming a CORStation.  CHMS in California’s Mojave Desert, is not part of the NOAA CORS Network, but it’s a station I helped install and operate 20 years ago when I was with the SCIGN consortium.  That tree was not there when we built the station in 2001.  A few years later the school principal planted a mulberry tree next to the station, and it grew and grew.  Each winter the leaves would fall off and each summer they would grow back again.

Look closely at the yellow highlighted areas.  The 2-centimeter horizontal and 5-cm vertical oscillations in the position time series were not caused by the ground moving, but from the negative impact the tree had on the station from 2006 to when the tree was finally cut down in 2011.

Notice the green highlight where there was real ground displacement of about 12 millimeters north. That was caused by the magnitude 7.1 Ridgecrest earthquake about 125 kilometers away. 

The lesson here is even if you have a good stable monument, the CORStation will require good routine maintenance of hardware AND surroundings.
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Things to look out for on a roof-mounted CORS

Hardware like air conditioning units

Don’t hang stuff off of your GNSS antenna mount!

Watch out for roofers!
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Talk about GOOD multipath
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Snow removal equipment
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The impact of snow and ice on GNSS antennas
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Presentation Notes
Watch out for corrosion due to dis-similar metals in the presence of water

Antenna degradation due to UV radiation and acid rain

bird poop, nests from ants, hornets and birds.

Even dead animals,
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Presentation Notes
The benefits of radomes despite NGS not promoting their use in the past.




Presenter Notes
Presentation Notes
The need for good station photos

--MOMF in Missouri is a recent good example


Date & Time: Thu, Feb 23, 2023

Position: +032.173679° / -104 454983 (=510}

Altitude: 1371m (+3.0m) "

Datum: WGS-84 i
Azimuth/Bearing: 3572 NO3W. 6347mils True (= 12°)"
Elevation Angle: -11.4°

Horizon Angle: -00.2°

Zoom: 0.5X

Tick marks every 5°
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The need for good station photos

--Promote the use of apps such as THEODOLITE for iPhone

Give time, location, horizontal direction, and vertical angel information
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Presentation Notes
Diagnostic tools such as data quality plots and station status maps.

--Enjoy with morning coffee!




Presenter Notes
Presentation Notes
Lastly, please reach out to us for guidance and if you’d like training.

Join other influencers such as Gary Thompson, Michigain, Phoenix…


~ john.galetzka@noaa.gov
ngs.cors@noaa.gov
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