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Introduction

During the nineties, NORAD sponsored a project of disaster prevention in Central America. The Seismology part of the project was carried out by the University of Bergen (UiB) and NORSAR. NORSAR was mostly involved in the hazard aspects while UiB dealt with practical aspects like network operation, earthquake location etc. During 10 years of work in central America many contacts have been made and the purpose of this NORAD sponsored trip was to maintain contacts, see how things are going and if possible, help with a few practical aspects like latest software upgrades. The allocated time was 2 weeks for one person. Due to other commitments in the region, it was possible for 2 persons from UiB to travel for almost 2 weeks each. One more travel will be made by UiB next year. In addition there are several internal travels in the region.

Summary

Operation and general seismological activities have continued at the same level or better in 4 out of 6 countries and most of the equipment and software installed during the project is still in operation or have been upgraded. In Honduras, all activities have ceased 6 months ago due to lack of funds and personnel resources. In Panama the situation has degraded due to internal political problems at the Institute of Geoscience, University of Panama (UPA) and few UPA stations are operating. However a small private network is doing well. The personnel situation is stable in most countries and most of the key people in the region are the same as in year 2000.

The Central American Seismic Center (CASC) in Costa Rica has worked very well and provided good service for the region. However, CASC has no permanent status and no regional funding from CEPREDENAC (Centro de Prevencion de Desastres Naturales en America Central) so this is an important political problem to solve for the region.

One of the main problems of the region is the aging equipment, particularly the analog networks (and associated digitizers), however few funds are available for modernization. Guatemala and part of Costa Rica are in the process of modernizing. The seismic stations around the volcanoes have been (Nicaragua and El Salvador) or will be (Guatemala) improved with new equipment from the US Geological survey (USGS).  There was therefore a general interest in getting together to discuss how this modernization could be done in the simplest and most economical way and a workshop is proposed for next year in connection with the UiB visit (see Appendix).

It seems that the 10-year effort of training and coordinated effort in sharing data and software has paid off and has provided the region with a solid platform for future development.

COUNTRY BY COUNTRY REPORT

Panama

The University of Panama network (UPA) network used to operate reliable. However, after the departure of Eduardo Camacho (former director) and Jose Luis Palacios (chief engineer) due to political problems, the network and its operation has been much reduced.  This is compounded by the low operational budget allocated to the institute by  the university. The private seismic network operated in Chiriqui by Angel Rodriguez partly compensates the loss of stations by UPA for events in northern Panama and both UPA and Sistema Nacional de Proteccion Civil  (SINAPROC) uses data  from Angel’s network. Until the political problems are solved, and more funds allocated for the operation and maintenance, the situation does not look good.

Angel Rodriguez’ network: 9 to 10/2 2003, J. Havskov

The network consists of 5 short period three component stations and one broadband station. All stations are of SEISLOG type and are connected in a TCP/IP network through microwave links, that are also used for internet connection in the region (also operated by Angel). All data are collected in a server where they are publicly available. Currently the data are used by Panama and Costa Rica. A seismic array is  under construction and the data will be added to the public data bank. This is the first seismic array in Central America. The network is the most modern network in its functionality in Central America. Some of the sensors and digitizers are below professional quality of comparable equipment (and very economical), however the quality is still superior to the majority of analog station operated in the region.

Activities:

· Go through instrument setup and processing

· Visit sites of proposed broad band (BB) station and the array site, make noise measurements both places. Result: current BB site near Angel’s house is as good as a new rock site, so probably the BB will remain near the house.
· Discuss future instrument development in order to make better and more standardized products for the region. This could be an important step in modernizing existing networks at a reasonable cost.
· Install a new SEIAD18 digitizer (18 bit) with the BB sensor. The old digitizer used was too insensitive so this new digitizer will mean a significant improvement.
· Discuss further software developments. Angel is currently working on a new data collection system similar to SEISNET, but simpler. This new software would be able to replace SEISNET for simpler homogeneous networks using only TCP/IP protocol and ftp servers.
CEPREDENAC: 11/2 2003  J. Havskov

Meeting with the new director Geronimo Giosto-Robelo together with Eduardo Camacho to explain the purpose of the round trip. The future of CASC was discussed. Apparently there is no firm commitment from CEPREDENAC for future support of CASC. In the end of the previous project, there was a suggestion to make a firm commitment to CASC, but it was apparently never carried out. Geronimo Giosto-Robelo will investigate further. The importance of CASC was stressed by both Havskov and Camacho, however it is up to the country representatives of CEPREDENAC to take up this matter. CEPREDENAC has supported CASC in previous years with money from the ‘old’ project, but no money is planned for this year.

SINAPROC: 11/2 2003 J. Havskov

Together with Camacho, a short visit was made at SINAPROC (Arturo Alvarado and Frida Dominguez). SINAPROC is worried about the political problem of the network since it is important for them to get quick reliable information in case of an earthquake. In order to get quick information, one of Angel’s stations was installed in the basement. A noise measurement revealed that a significant improvement could be obtained in installing the sensor just outside the building. Despite the high noise level, the station had recorded a few stronger events.

UPA, Informatics department, J Havskov 11/2 2003

Meeting with the director Alvaro Pino and Jose Luis Palacios together with Camacho. The informatics department has acquired two large Sun computers with data base software and a backup system. Pino offered to store the Panamanian seismic data base including waveform data. This could be a good way of safeguarding a permanent data base and at the same time making it available to the public in a user-friendly way like through SEISWEB. The complete data base is too big to be stored on any of the computer now used for processing in Panama and some of the data is probably also lost.

UPA: 12/2 2003 J. Havskov, 26-28/2 2003 T. Utheim

Despite the political problems, processing has continued and is up to date. Due to the few stations in operation (5), data is also occasionally used from Angel’s network.

Network status:

· 4 telemetered stations and local SP, LP and accelerometer sensors in operation with one SEISLOG

· Broad band station at UPA with Terra digitizer and SEISLOG

· Portable equipment : 2 K2

Activities

· Meeting with all personnel in seismology including the director Jaime Torral

· Attempt to install new processing software (SEISAN), however some components were missing and the Sun used (6-7 years old) was a bit old for the new software

· Adjustment of SEISLOG parameters

· Fixing calibration files for broad band station

· Installation of new SEISAN software on PC

· Training for new personnel installation of SEISLOG and QNX

Costa Rica

Universidad de Costa Rica (UCR): J. Havskov  12 to 13/2 2003

UCR had a double role in the project since it both operates its own network and also is responsible for the Central American Seismic Center (CASC). Both activities have continued uninterrupted and everything worked very well with all equipment in operation as at the end of 2000. CASC is still working well with all CASC equipment in good order.

Network status:

· 20 short period analog stations recording on SEISLOG, including accelerometer

· One BB (intermediate period) recording with Terrra 24 bit digitizer

· Field stations: 3 GeoSig GBV.

Activities:

· Meeting with personnel in Seismology and CASC: Mario Fernandez, Carlos Redondo, Wilfredo Rojas, Luis Brennes, and Magda Taylor

· Install latest SEISAN

· Install latest SEISNET 

· Discuss operation and future of CASC

CASC

The center has worked continuously since the end of the project. The online collection of data via internet has worked with Panama, Nicaragua and Honduras while the modem collection with El Salvador and Guatemala has been unstable and does not work anymore. The collection of data from Honduras has also ceased since the stations have stopped operating and internet no longer is available at the university in Tegucigalpa. However, important data are still collected by CD from all centers (except Universidad Nacional de Costa Rica (UNA) to be included in the final CASC data base. CASC regularly sends out information about recent events and final processing including all parameter and waveform data is processed and distributed via CD. The CASC data base is also available via public ftp and the data base is without doubt the most important and complete data base of events in Central America. All countries expressed interest in CASC and there seem to be many active users of CASC.

CASC has so far enough computer capacity to continue operation for a year or two, however most equipment is now 5 years or older so replacement must be planned. One of the limiting factors for CASC has always been slow or no internet communication. It seems that internet still is very slow into UCR. The modem connections have been very unstable, however, both El Salvador and Guatemala now have internet so there might be a solution in the near future to also connect these to countries online. The problem with Honduras might be solved if a new seismic network will be installed in the near future.

CASC has received a bit of economical support from CEPREDENAC but there are apparently no plans for further support. This is something UCR could take up with CEPREDENAC considering the general support in the region for CASC.

Universidad Nacional de Costa Rica (UNA) J. Havskov 13/2 2002

A short visit to UNA was made. UNA was originally involved with the project but difficulty with data exchange reduced the cooperation very much at the end of the project. UNA has now moved to a new large building with very good facilities. A new master program in earth sciences for Central America is being built up. The program is sponsored by SAREC and the program is financed for several years. Federico Guendel is responsible. UNA has a good cooperation with institutions in the US and Europe.

Network status:

· About 15 stations of the old analog type are operating with one SEISLOG system, thus no modernization so far. 

· The processing is rather lacking due to brake down of only Sun computer allocated to processing and only one person (Betty Vega) involved part time in processing. 

· New digital Guralp stations have been ordered (digital radio transmission), which could mean a significant improvement of the network capability.

Activities:

· Tour of the new building

· Talk with Federico Guendel about status of activities

· Discussion with Betty Vega about status of network, processing and new possibilities with SEISLOG and SEISAN.

Nicaragua

INETER   T. Utheim and J Havskov, 14-16/2, 2003

The seismology group is very active and has expanded the network and general project activities since 2000. Software and processing is up to date so essentially INETER is doing very well.

Network status:

· 36 telemetric stations of old analog type connected to SEISLOG system.

· One broad band sensor (Trillium) connected to TerraTech digitizer and SEISLOG installed in basement at INETER.

· One broad band station close to Boaco. 

· 18 ETNA and 1 K2 accellrographs of which 10 are connected to internet.

· Complete description of total network (in Spanish) at: http://www.ineter.gob.ni/geofisica/sis/redsis.html.

Activities:

· SEISLOG 8.49 was installed on spare PC

· TerraTech digitizer was set up and tested

· The Trillium broad band sensor from Kinemetrics was connected directly to TerraTech digitizer. Sequence of components to be checked by INETER

· SEISLOG multichannel system. Memory ringbuffer size changed from 1 Mb to 3 Mb to avoid problems with long events. SEISLOG re-compiled and restarted.

· Modify CAT_EVT to allow for start of user process when CAT_EVT is started. A comment was added on the right place in the program to indicate where and how to do this.

· Reviewing latest software developments

· Discussion plans for an array, demonstration of Wilfried’s array processing software

Honduras

UNAH T.Utheim 16-18/2 2003

Discussions at UNAH with Carlos Tenorio, Gonzalo Cruz Jose Jorge and Amilcar Santamaria.

Activity ceased at least 6 months ago. However, a couple of weeks before our arrival, 3 stations (Cerro de Hula, Las Haradas and UNAH) were repaired and the SEISLOG restarted. 

The SEISLOG for the broadband station had no Ethernet card installed and was very unstable. The TerraTech digitizer was set up and tested. It was possible to run the setup program, but digitized output looked strange. The broadband sensor was connected to the control box, but neither the sensor nor the control box showed any sign of life. The sensor had been opened and revised on an earlier occasion.

Connectors on digitizer, sensor and all cables had been exposed to heavy corrosion.

Attended meeting at COPECO to discuss future seismic network for Honduras.

From COPECO:Hugo Arevalo, Mario Castaneda 

From Datacom: Jacobo Gandour

From MultiData: Jenny Mondragon

From UNAH: Carlos Tenorio, Jose Jorge, Gonzalo Cruz, Amilcar Santamaria.

COPECO is planning a new seismic network for Honduras and invited us to this meeting to discuss technical solutions concerning communications, types of sensors, digitizers, maintenance and training.

Guatemala

INSIVUMEH  T. Utheim 10-14/2 2003  and 18-23/2 2003. J. Havskov, 16-23/2 2003

The visit in Guatemala was mainly related to installation of a new digital network sponsored by the Spanish Government. 

The group is well organized and activities have continued more or less as before and data are processed regularly. The personnel situation is stable and sufficient.  There is finally an internet connection which will facilitate cooperation with other countries in the region. There has been economical problems of maintaining the old analog network so only 10 station are now in operation. The new network has been installed, however there are still some problems with communication to be solved by the Spanish company delivering the network. There is a good cooperation with Comite Nacional de Emergencia (CONE) (Juan Pablo Ligorria). CONE has a broad band station to be installed in Guatemala City. CONE also has an accelerograph  network.

Network status:

· 10 analog field stations operating and connected to one SEISLOG system

· Accelerometer and local SP station connected to one SEISLOG system

· BB with Terra digitizer connected to a SEISLOG system

· New digital radio network currently being installed with 7 three component SP stations.

· Portable equipment:  3 Kinemetrics K2 (from CEPREDENAC), 2 GBV (Spanish project)

· The volcanological part of network will be modernized by the US Geological Survey (USGS) in the near future.

Activities

· New network

· Testing new equipment

· New software of new Sun

· FBA-23 now connected directly to SEISLOG with Earth Data Digitizer without amplifier. SEISLOG 8.49 installed.

· Timing with 1 pulse per second worked ok.

· TerraTech digitizer found to be ok.

· SEISLOG PCs old and unstable.

Communication with CASC:

According to company that had sold the Firewall system, it was not possible to open up for e.g. only SEISLOG QNX3 for a specific user outside the firewall. To make a test to simulate CASC connecting to a SEISLOG at INSIVUMEH, we installed a SEISLOG (SeisComp) with a public ip number as shown below. The Firewall was configured to allow for ping and telnet from turmalin in Norway. The configuration files for the SEISLOG:

Net&

/bin/Net.ether82557&

sleep 2

/usr/ucb/Socket xmg &

sleep 2

/usr/ucb/ifconfig en1 xmg netmask 255.255.255.248 up

/usr/ucb/inetd&

/usr/ucb/route add default 200.49.167.81

resolv.conf

domain www.insivumeh.gob.gt
nameserver 200.49.160.31

nameserver 200.49.160.35

hosts

200.49.167.83 xmg xmg

With this setup we could login directly to the SEISLOG system from turmalin in Norway. There was no time to test the connection from the CASC machine, but the firewall setup should be the same as for turmalin Norway, with the appropriate ip numbers.

El Salvador

The old center at CIG (Centro de Investigaciones Geotecnicas) do not exist anymore and the seismological network has moved to a new location and a new organization Servicio Nacional de Estudios Territoriales (SNET). The seismology section is headed by Griselda Marroquin and seismology is under the Geological Service section headed by Carlos Pullinger.

The seismic network has been upgraded with USGS funds and now consist of

 20 analog stations for volcanological and general monitoring.

· 10 K2 accelerograph stations, connected via telephone 

· Local dual gain FBA accelerometer

· Seislog system recording all analog stations including local FBA

· EarthWorm system recording the same as the SEISLOG system

A new sun computer was added. The section is very well organized and processing is going well.

Activities: 

· Meeting with most personnel and a short discussion with Carlos Pullinger about purpose of trip.

· Installation of latest SEISAN on new Sun

· Installation  of latest SEISNET on new Sun. Binaries of Expect, Tcl/Tk and libggc was downloaded and installed on the SUN to allow for the installation of SEISNET.

· Installation of latest SEISLOG version 8.49. The memory ringbuffer size was increased from 1 Mb to 3 Mb to avoid problems with long events.

· Connecting SEISLOG to Ethernet. Several boards were tested, but were not recognized by QNX. A 3Com Etherlink brought from Norway was configured and worked ok. A spare board of same type, same configuration was left with SNET.

· Training. QNX and SEISLOG, CD distributions, were installed and configured several times as training for new personnel.

· Timing. Time correction parameter was set to –0.350 to compensate for a fixed error of 0.6 seconds in the data. The error vas verified by connecting a known minute pulse to one of the analog inputs of the a/d converter.

· Testing and training in use of new GVB field recorders

· Attempt to repair Terra digitizer. Nelson finally “touched” some loose connector or may be the eprom battery, and the unit worked ok. The unit was setup and tested with a Ranger sensor.

· Local noise measurement

· Installation of a SEISLOG WIN system recording acceleration from a K2 system and a STS2 BB seismometer. The noise level above 1-2 Hz was quite high, while the noise level below 1 Hz is comparable to a hard rock site down to 0.01 Hz. However, horizontal components are unstable due to temperature changes and local movements. Sensor should be installed without direct contact with building and well temperature insulted.

· During stay, a representative from COPECO (Mario Castaneda) also visited SNET in order to get advice on how to build the future network in Honduras. 
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APPENDIX                Proposal for instrument meeting:

This proposal is just a start. We invite all to provide more ideas so we can make a joint plan which realistically can be done in a week.

Public domain software and hardware systems for making inexpensive high quality seismic stations and networks

Introduction

Central America and other regions are due for a significant upgrade of seismic networks and equipment. Traditional solutions, as provided by most manufactures, are high cost. Considering the development in communication technologies, it is now possible to make low cost seismic networks based on public communication and public domain hardware and software,  

The purpose of the workshop is to get people in the region (and selected people from elsewhere) together to evaluate current network situation, to get exposed to the next generation technologies (including hands on experience) and together plan how to proceed from there. 

The meeting will consist of 1/3  talks and 2/3 practical work or demonstrations with equipment.

Duration: 6 days

Site: Angel’s hotel in Volcan in  Panama.

Documentation

All speakers must beforehand give a 2-5 page extended abstract to be available well before the meeting. There will be a summary of conclusion and guidelines for the future (possibly a paper ?).

To be given to participants: Extended abstract volume, instrumentation book, CD with  public domain software.

To be offered to participants: Possibility to buy latest version digital sensor a la Mauro at the meeting, must be ordered in advance.  

Themes: 

· Current description/status of networks in the region, also examples of other networks worldwide. 

· Hands on: Login to the networks, demonstrate how this works, how stations are checked etc. Guidelines to be provided by authors in abstract.

· Communication, the key to future networks

· General principles of TCP/IP network

· How to set up physically, cookbook to which elements are needed

· Hands on: Make a small wireless network to demonstrate how Angel is doing it, put some real seismic stations on network, visit a field site.

· Data collection from many stations in an IP network

· Manual and automatic connection, protocols

· Software for automatic data collection: SEISNET, MSEISNET (Angel’s mini version) and others.

· Triggers and/or continuous data (why do we need continuous data ?)

· Hands on: Install MSEISNET on test network, make ‘events’ and collect automatically, use MSEISNET to create a virtual subnet using existing stations in the region or worldwide, observe data coming in.

· How to modernize existing networks in the region

· How to make new networks

· Public domain data acquisition systems

· General principles

· SEISLOG QNX and Linux

· SEISLOG Windows

· SEISLOG pocket PC

· Earth Worm

· PSN systems

· Others

· Hands on: Install at least one system, sit down and work with at least 2 systems and try basic set-up and operation with real sensors.

· Equipment, digitisers.

· Equipment available and prices.

· Price versus performance, how to select the right equipment to the job and not overspend.

· Low cost public domain equipment.

· Hands on: 

· Install and test different digitisers and amplifiers

· How to evaluate noise level and dynamic range

· Sensors

· When do we need BB sensors

· What is the limit for the 1 Hz sensor

· What is the limit for the 4.5 Hz sensor

· How to install sensors

· How does amplifier/digitiser limit sensor performance

· Hands on

· Connect different sensors to recorder at the same time and observe differences in signals.

· Compare earthquake recordings for same event on different sensors

· Visit sites with sensor installations

· Recorders

· Portable equipment, what is available and what is needed for different jobs

· Equipment on the market, prices

· Description of specific units

· Hands on

· Field test with different units

· The amateur equipment, how well suited to modern networks

· The seismic array, a useful option for Central America ?

· Principle of the array, what parameters obtained

· Software needed, how to process

· Installation, equipment needed

· Hands on

· Visit Angel’s array

· Do some test processing

Equipment to be available at workshop or seen in the field:

· Geophones, SP and BB sensors, accelerometers

· GBV

· Etna /K2

· Sprengnether recorder

· Seiscomp PC104 system

· Laptop with Seislog

· Pocket PC with Seislog

· Earth Worm ?

· Digitisers: Mauro, SeisProd, Ortiz, Earth Data, Terra, others 

· Laptops

· Communication equipment a la Angel

· Terminals to used for internet

Opinion: While BB is desirable, a huge progress would be to use 18 bit digitisers with current sensors. Even a 4.5 Hz sensor with an 18 bit digitiser (equalizer or not) would provide high quality data down to 0.2 Hz compared to current systems.
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Questions: 

· Should we invite USGS and equipment manufacturer to broaden the scope ? I have mixed feelings about inviting commercial people, since we want to try to decide and select equipment independently.

· Would it be possible to discuss the creation of a CA instrument buyers organization making joint decisions what and how to buy, possibly get things manufactured using among other the amateur providers ?
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