A Brief Introduction to
the Puerto Rico and Virgin
Islands GPS Network
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GPS + Weather + Seismic + TideGauge

N The Seismic-GPS-TideGauge Integrated Earthquake Monitoring and Tsunami Early-Warning Network
Operated by the Puerto Rico Seismic Network (PRSN)
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Mona Island Seismic Observation Station
GPS+Accelerometer+Velocitymeter+TideGauge+WeatherSensor
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A Real-Time Velocitymeter—Acceleronletgr;'fiPS Ihtegrated Earthquake Observation Station
at Mona Island, Puerto Rico
' June 14, 2009



StrongMotion Accelerograph—Short and Middle Periods
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GPS + Weather Sensors

“*Weather Forecasting




Installation

“* Pre-Investigation: 1-2 week

Short Drilled
Braced GPS

“* MOU (Memorandum of Understanding ): 2 Y SR

months
A Great Challenge: Signatures Acquisition

X Fleld Installatlon 2-3 days




1-GB Internal CompactFlash Card (Trimble NetRS)

e15-sec
2.5 years
el1-Hz

2.5 years
*10-Hz

January 12, 2010 Haiti EQ (M7.0)
May 16, 2010 Puerto Rico EQ (M 5.7)
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Data Archiving

UNAVCO Data Archive Interface
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Real Time Data Streams (RTCM3.0)
NTRIP Server and Caster: gpsl.uprm.edu
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* Major Users, e —
|l ocal Land Surveying hountpoing + YD

password : yes
tattempti to connect : @ in\%Z secondiaiR%;tzggséggé -
7 | d Id - - protocol : yes : c:\Programme X
.0
¢ _Oca Lan S I e Monltorlng running since : Mon Aug B9 15:00:42 2010

0 it k ize : 139 rage d p ¢ 1472.739 b
2 1GS real-time GNSS data  |* ™™ sk dls fo ¢ 0T B

average transmission interval : 8.9992¢

d isse m I n ation netWO rk' caster connection successful after 1 attempt(s)

*NASA's JPL-GPS Real Time
Earthquake and Tsunami
Alert Project

Port : 21061

PONCA

yes

: @ in 52 second(s) interval(s)
yes = c:\Programme \NTRIP\LOG\PONC. txt

punning since : Mon Aug B9 15:00:40 2010
t packet size : 182 average data rate @ 164.258 hytes/s

average packet size : 163.627 hytes
average transmission interval : 0.9961¢

caster connection successful after 1 attempt(s)



**Plate Tectonics, Micro-Plate Tectonics

‘*Large Earthquake Monitoring & Tsunami
Early Warning (PRSN)

‘*Hurricane Intensity Forecasting (UCAR)
‘*Landslide Monitoring
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Accumulative Precipitation
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Real-Time Kinematic Monitoring

**» TrackRT Developed at
MIT

*JPL’s GREAT (GPS
Real Time Earthquake -
and Tsunami) Alert
Project

Real-Time PPP




GPS Real Time Earthquake and Tsunami Alert Project

Local Networks Augmentatlon

GDGPS-based PPP enables local networks
to be anchored to the ITRF

Yoaz eLaLi


http://www.gdgps.net/products/index.html

Near Real-Time Rapid Static Monitoring

 Real Time GAMIT
FTP—Hourly Raw Data

FTP---1GS Ultra-Rapid Orbits (updated every 6-hours)

GAMIT---Hourly Position

Precision:
Single Base 1--3 cm

24-Hour 1-Hz Real-Time PPP
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: SL ide itoring: Rainfall
A Ch a||enge for GPS Landslide GPS Landslid Tunltorlng Accuracy vs. Rainfal
Monitoring!

60 Sep--Nav., 2009

*»* Most catastrophic landslides
happened during or after heavy

rainfall events.
* Rainfall events can significantly
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_ GPS Station
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Jerk (g/s)

Continuous of Phase Measurements (L1--black, L2--red, 1 sps )
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GPS Seismograms Were Clipped!

_ Strong Motionsat CCSP | 20T Strong Motions at CCSP . trong Mations at STL
g 10 100-sps Accelerometere v 10F 100-sps Accelerometere ) . 100-sps Acc.
e —- I - E
‘g 0 bt < 0 < 0f
g -10 g 10y £ 5
-20 i PREIPEE RPEEPREP U PSS -20 L [ EET V) L T N RUTN WS FST YN LY RALY YO (0T _-IO:...AI.. PR T R S S
100 loss-ofslock  phase Observations 100 -_ loss-of-lock phase Observations 0 _L—\\Displacements at SA%
e 5 —_—— r
50 I . 0 — ik : f.‘\\/
0 Displacements at CONZ 0 Displacements at CONT ; . -3
20 \Wv -30 40F \’
~-100F NS -100 FNS , . : NS ¥ 35 sec
E PR | PREPIEPI Dr S URPI B s L L L . R - [ IS PO
v £ [ E‘ 3 G = —
- 0 Kinematic GPS Positions E 0 gty Kinematic GPS Pasitions ;‘3 : '—"-""\ Bt GPS Positions
o -100 1-sps o -100k \ 1-sps o 30F \
£-1oor 8 ol £
] Q 18] L ) |
v -200 \ o -200F ‘w o ek . N Y Y
© s ™\ | - ' ‘ © . v 1
a-300 - EW 2 300 | EW SN 2 t EW 4 1-sp
v AAlA.AAlA.AAI.E L4 (AR SN N (AT VRN Ml S Y TNT VS AL W ALY 5_90’..‘.|.. P T X2 N VY T L3253
o 100 — 100 — ,
L 20 -
sob s S0 N of pmg NN
K [ MMN F v
- fOa 0 pt’ 'V\'. o 5
I A e AAAA 5o | VEIEEL U d
3 > i L _ '_ g (]
solvertieal ™ ] L SOFNencal ¢
0 50 100 150 200 0 a0 100 160 200 50 100 150 200 250
Time (seconds from 6:34:30, 2/27/2010) Time (seconds from 6:34:30, 2/27/2010) Time (seconds from 6:34:30, 2/27/2010)
CONZ CONT SANT

TPSCR3-GGD ASH700936E ASH700936D-M



Evaluation of Earthquake Resistant

Ability of a Total GPS Seismic station
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The Invention of a Seismic Isolation
Device for Mounting GPS Recelvers

The failure of (Loss-of-Track) was caused by

large Acceleration or Jerk suffered by the GPS
receiver and/or antenna.







