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ABSTRACT 
The Metropolitan Water District (MWD) of Southern California, in collaboration with the 
Scripps Orbit and Permanent Array Center (SOPAC) at University of California, San Diego, 
has undertaken the design and implementation of a 30-station real time GPS network (RTN). 
MWDRTN is currently in the final field installation stage (first phase) and the initial field-
testing phase. The network is designed for use by MWD surveyors and engineers for 
construction projects, pipeline locations, mapping, GIS studies and projects, deformation 
studies (including an existing dam deformation system at Diamond Valley Lake) and various 
other positional needs within our service area (5200 square miles of Southern California). 
 
MWDRTN utilizes continuous GPS (CGPS) sites that were installed (1995 to 2002) by the 
Southern California Integrated GPS Network for seismic and crustal motion research and 
several newly installed (2004) sites from Earthscope’s Plate Boundary Observatory project. 
Some of the SCIGN stations were previously converted to real-time operations, with the raw 
1 Hz data recorded at SOPAC for earthquake monitoring. Each of the approximately 20 
CGPS sites chosen for the network (scattered across both Riverside and San Bernardino 
Counties) are equipped with a wireless LAN (WiLAN) radio, a data buffer and appropriate 
antenna, cables, etc. The sites communicate with the MWD enterprise communications 
backbone via the WiLAN radios on an IP-based system. The data are collected at a main 
server using Geodetics, Inc’s RTD (Real Time Dynamics) software, a server/client 
application providing users with precise instantaneous network positioning through TCP/IP 
(cell phone modems).  
 
The primary objective of installing this network is the increase in labor efficiency (and 
therefore cost savings) that we expect to achieve. MWD has a large workload of projects, 
undertaken by both employees and contractors.  MWD will gain from the ability of both work 
forces to utilize the RTN for conjoint projects. Productivity should increase by utilizing one-
person crews and by having access to instantaneous turn around for construction projects and 
emergency repairs. Using RTD’s network-based approach we will also achieve better 
accuracy and reliability than using a standard RTK-based solution, by allowing users access 
to instantaneous multiply determined position solutions. 
 
This paper will describe the network design, first phase of installation, and initial results. 
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Figure 2. CGPS site at the East Dam 

Figure 1. Typical 
SCIGN CGPS site 

1. OVERVIEW OF MWD REAL-TIME GPS NETWORK (MWDRTN) 
 
The Metropolitan Water District (MWD) Field Survey Team has designed and implemented a 
Real time Global Positioning System (GPS) Network (MWDRTN), in collaboration with the 
Scripps Orbit and Permanent Array Center (SOPAC; http://sopac.ucsd.edu) at University of 
California, San Diego (UCSD). We’ve benefited from the support of the Plate Boundary 
Observatory (PBO) project managed by UNAVCO (http://pbo.unavco.org) in Boulder 
Colorado, the California Spatial Reference Center (CSRC; http://csrc.ucsd.edu) at UCSD, the 
Riverside County Flood and Water Conservation District and the 
United States Geological Survey (USGS), Pasadena, California 
office (http://pasadena.wr.usgs.gov/ ). 
 
This project was undertaken to allow MWD surveyors to better 
utilize the continuous GPS (CGPS) sites that were installed on 
MWD property in the late 1990’s. The CGPS sites were installed 
by the Southern California Integrated GPS Network (SCIGN; 
www.scign.org) [8] after the 1994 Northridge earthquake to study 
the crustal motion in southern California. The typical SCIGN site 
has a deeply anchored (~10 m), drill-braced monument (Figure 
1). The CGPS sites have been used by MWD since their 
installation for static GPS surveys (control surveys, deformation 

studies, boundary surveys) [5, 7], but we have not 
been able to utilize their capabilities for real-time 
surveys. 
  
MWD had previously installed two (concrete 
pillar type monument) CGPS sites, with 
conventional real-time kinematic (RTK) 
capabilities, for use during the construction of the 
Diamond Valley Lake (DVL) facility (Figure 2). 
Our survey crews (and the project contract crews) 
used these two RTK sites extensively during the 
five years of construction of the water reservoir. 
The sites provided great efficiency and timeliness 

to the numerous earth quantity surveys. After construction was completed, the two CGPS 
sites were incorporated into a real-time GPS monitoring system for the three dams, which 
included five more pillar type CGPS sites (installed after construction) as part of the 
deformation monitoring system of the completed project [6]. Currently our surveyors use the 
CGPS sites for all types of surveys (both RTK and static) in the DVL facility area. 
 
To expand our real-time surveying capability over our extensive service area (Figure 3), we 
decided to upgrade the other CGPS sites located on our property. These sites and those sites 
that had already been upgraded by SOPAC in this area constitute the MWDRTN.  
 
We are utilizing software called Real Time Dynamics (RTD-Pro) developed by Geodetics, 
Inc., San Diego, CA (www.geodetics.com/WebSite/products/RTDFamily/RTDPro.html) for 
the real time data stream communication and processing of our network. The RTD program 
handles the adjustment of the network for the real time data streams on an every epoch (1 Hz) 
basis [2-4]. It provides instantaneous wide-area network RTK functionality, but at the same 
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Figure 3. MWDRTN in Riverside and San Bernardino Counties in southern 
California covering a region of 250 miles x 50 miles. Circles centered at CGPS 
sites are of 20 km radius.  

time, it monitors the deformation or the station degradation of the CGPS sites that are 
included in the network. 
 
This paper describes the design and implementation of the MWDRTN. 
 

 
2. NETWORK AND RADIO COMMUNICATION DESIGN 
 
We needed to coordinate our efforts with the USGS, PBO and SOPAC to upgrade the CGPS 
sites to real-time operations without interfering with their data flow, since these sites are 
actively used for seismic studies.  Currently, there are 16 CGPS sites installed on MWD 
property, excluding the more localized DVL monitoring system (which is nine more, but 
pillar type monumentation). MWD has an existing communication network that spans our 
service area (6 counties, 5200 square miles). Working in conjunction with SOPAC, we 
designed a TCP/IP based radio system utilizing the existing MWD enterprise communications 
network throughout the target area. 
 
The survey team worked with the communications team to determine the best approach to 
link the real-time data flow from the RTN sites to the MWD communications network (and 
ultimately to the Internet). It was decided to use wireless spread spectrum radios and antennas 
to link the CGPS sites to the MWD network at the closest communications backbone site. 
(The backbone sites are where the MWD radio towers and other communications systems 
“pick up” remote, wireless data flow from our various facilities to connect to the MWD 
enterprise network.). The network was designed based on radio line of sight and distance to 
the various communication backbone sites. Once on the enterprise network, the data is 
directed by IP to the appropriate location. It was decided to use WiLAN radios 
(www.wilan.com), an IP-based wireless LAN radio system, that has been widely used in other 
successful MWD applications. Working with MWD’s Information Technology (IT) team, an 
IP subnet was designed that would be solely dedicated to the RTN. We assigned IP addresses 
and gateways to each CGPS site (WiLAN radio and telemetry buffer) based on which 
backbone site would pick up the data link. 
 
The complete RTN was laid out to include a total of eight communication “backbone” site 
locations and thirty CGPS sites (Figure 4). In the first phase of installation, six of the 
backbone sites and nine CGPS sites were installed. Together with the already upgraded GPS 
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sites in the target area, MWDRTN now consists of 33 sites, with the remaining sites to be 
upgraded during the next fiscal year with MWD and partner funds. 
 

Figure 4. Overview of MWDRTN network and server communications. Geodetics 
CommLinkProxy (CLP) software allows us to split the raw data stream via TCP/IP to 
multiple locations (in our case to the MWD server in Los Angeles and to the 
SOPAC/CRTN server in San Diego). Geodetics RTD-Pro software controls all aspects of 
network operations, including receiver control, data flow, CGPS network analysis 
(server side), precise instantaneous network positioning (client side), data archiving, and 
data dissemination. 
 
3. EQUIPMENT REQUIREMENTS AND INSTALLATIONS 
 
In general, to upgrade a CGPS site to real-time capability, we installed a transmitting antenna, 
a radio and a telemetry buffer. The Scripps telemetry buffer allows us to protect the GPS data 
during periods of short-term to long-term radio disruptions. We installed at the 
communications backbone sites a receiving antenna, a radio and an enterprise LAN 
connection. All of the CGPS sites run on solar power and backup batteries, while all of our 
backbone sites have AC power complete with backup generators. We used semi-parabolic 
grid antennas to achieve the maximum gain allowed per the FCC. These antennas have a 
narrow beam width, low cost and are suitable for the southern California climate. They are 
mounted with horizontal polarization to isolate local traffic. Also needed at each site were 
miscellaneous parts like antenna mast, pipe clamps, strain relief connections, power-over-
Ethernet (PoE) cable (provides power to radio through the buffer which is directly connected 
to power source), the telemetry buffer and receiver cables, RJ45 connections and various 
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