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The goal is to incorporate GNSS as part of a digital, seismic station such that many of the resources, namely power, communication, and permitting, can be shared.

Site Selection

1)  Visual site selection (from http://facility.unavco.org/kb/questions/159/Permanent+GNSS%7B47%7DGPS+Stations+-+Reconnaissance+Guidelines+and+Security+Considerations)
· Sky View: A clear view of the sky with no obstructions above an inclination angle of 10-15 degrees is ideal. 

· Foliage: Tall, dense trees and foliage near the site can contribute to intermittent signal loss, just as buildings do. Be aware of the impact of seasonal foliage when reconnaissance is conducted during the cold or dry season. If small trees are present but do not block the sky appreciably, assess their rate of growth if the station is to be occupied for several years.

· Reflectors:  Flat surfaces (vertical or horizontal) near the antenna can cause serious multipath interference. As a rule of thumb, a one-story building should be at least 50 feet away while taller buildings need to be farther away. Other potential fixed reflectors include chain-link fences, metal objects located in the vicinity, and time-varying reflectors such as parked cars, moving vehicles, scaffolding, etc. 

· Radio interference: Potential sources of radio interference include high-power television or microwave transmission towers. Ideally, the site should be kept at least 1 km away from such structures.

· Weather: Weather conditions are not normally a factor for permanent site selection since automation is a primary goal and maintenance visits can be arranged during periods of good weather. The local climate will mainly dictate the choice of equipment installed at the site; for instance, in a cold climate, snow accumulation on the antenna may become a factor, and an antenna radome should be considered.

· Data quality: During the initial visit to the proposed site, try to collect data for at least 2 hours (preferably 24 hours) to assess the quality of the site.
2)  Surface and near surface materials. To be useful for both scientific studies and EEW, the monument to attach the GNSS antenna should be installed in materials that will provide both long term stability (securely “anchored” to depth) and good response to earthquake shaking. Geology, and in particular, weathering has the most impact on stability. However, even though a site might not be “bedrock” in the middle of Nevada, there are some monument styles that are preferred. A good, basic comparison of GNSS monuments can be found at: http://facility.unavco.org/kb/questions/104/UNAVCO+Resources%3A+GNSS+Station+Monumentation.  For arid sites in “bedrock”, the GNSS monument can be very simple; a stainless steel mast or “rock pin” drilled into the host rock. On the other hand, typically in soft materials such as “Bay mud” or near-fault soil with high clay content, a heavily engineered monument is required; that being a deep drill brace monument (DDBM). This requires a drill rig on site. In between the two is a short drill braced monument (SDBM) for which the legs of the monument are drilled into the local rock using equipment that can be hauled to the site with a light-duty truck.  Finally, if it is thought that a candidate site for which a monument that can not exhibit long term stability or can't meet item #1's requirements, then a monument should not be installed. (It is assumed most sites will allow construction of a monument that would provide adequate response in terms of accurately measuring displacements for a large earthquake).

· Continuous outcrop of rock in arid areas; Stainless steel mast (2 inch dia) cemented into rock; depth of drilling will control height of antenna above ground's surface.  Consider a SDBM to provide rigidity.

· For areas of mixed rock and soil, a SBDM should be installed at minimum. A DDBM would be ideal especially if a drill rig is onsite to install broadband, seismic instruments

· For soil sites with low clay content and no-obvious nearby landslides, a DDBM (using an auger rig) should be installed.

· There are a lot of areas, that are mostly known, thanks to InSar, that exhibit large changes in height (and horizontal displacements, too) due to anthropogenic causes, primarily ground-water pumping. These areas should be avoided as these sites are decoupled from measuring tectonic displacements.

· Sites where soil has high clay content should be avoided (how do you quantify clay content?)

· Obviously, candidate sites on a side of a hill would be subjected to downhill creep and those sites should be avoided.

3) To minimize reflections or multipath, the site's solar panels should be located 8-meters or farther from the GNSS antenna either directly east or west of the antenna. Placing the solar panels due north of the GNSS antenna s=is to be avoided.
Communication:

1) If the site is to be used not only for the immediate EEW detection, but to monitor deformation in the  minutes to days following a significant earthquake, the reliability of the telemetry is required. For instance, telemetry that requires 3-rd party providers, such as cell, are may not be provide to reliable communication following an earthquake. On the other hand, communication technology, namely line of sight radios, could be the most robust delivery mechanism provided that the equipment survives the earthquake and the has a robust source of power, solar with battery back-up.

2) Bandwidth  3MB/s for 1-sample per second and a combination of GPS and GLONASS satellite tracking.

Power:  See item #1 under communication

1) Modern GNSS receivers are typically 3 to 5 watts at 12 volts.

2) One should plan to have a low voltage disconnect set at ~11 volts

